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Abstract
Purpose of the review This review highlights the role immune cells and markers such as natural killer (NK) cells, cytokines
and human leukocyte antigen (HLA-G) play in predisposing HIV-infected women who are on HAART to develop PE, thus
contributing to a better understanding and early diagnosis of PE with a subsequent reduction in maternal foetal and neonatal
deaths.
Recent findings Pregnant women infected with the Human Immunodeficiency Virus (HIV) have a 25% risk of mother to
child transmission. This risk, however, decreases to 2% if the women is on treatment. Highly active antiretroviral therapy
(HAART) is the recommended treatment for both pregnant and non-pregnant women infected with HIV. Treatment with
HAART is reported to potentiate predisposition to the development of hypertensive disorders of pregnancy such as preeclampsia (PE). Pre-eclampsia accounts for 7–10% of abnormal pregnancies worldwide. Studies demonstrate that pregnant
women with HIV have PE at lower frequencies than uninfected women, however, the converse is observed upon HAART
initiation. HIV-infected women on HAART exhibit a greater tendency to develop PE, emanating from immune reconstitution induced by HAART.
Summary There is paucity of information as to the pathogenesis of PE upon HAART initiation and there are, therefore,
controversial data as to whether HAART predisposes women to a lower, equal or higher risk of PE development compared
to the general population, further investigations on the impact of HIV infection and HAART on the immune response and
rate of PE development in HIV infected pregnant women are urgently needed.
Keywords Highly active antiretroviral therapy · Human immunodeficiency virus · Immune markers · Pre-eclampsia ·
Pregnancy
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Pre-eclampsia is a pregnancy specific disorder that effects
3–17% of pregnancies world-wide [1]. It is the leading
cause of both maternal and neonatal morbidity and mortality in low and middle income countries (LIMCs) [1–3].
Pre-eclampsia presents with elevated blood pressure, i.e.,
systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg, and proteinuria
(> 300 mg/24 h) at or after 20 weeks of gestation in a previously normotensive woman [4–6]. Pre-eclampsia may be
classified by gestational age into early (< 33weeks + 6 days)
or late (> 34 weeks + 0 days) onset PE [7]. Early onset preeclampsia (EOPE) has a prevalence rate of 0.3–12% and
has a higher risk of maternal and fetal complications than
late onset pre-eclampsia (LOPE). It is associated with extensive overall endothelial and villous/vascular lesions of the
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placenta [8]. Late onset pre-eclampsia has a prevalence of
2.7%, with minimal placental pathological changes which
induces maternal inflammatory response leading to the
development of PE, eclampsia and maternal death [9, 10].
The exact cause of PE remains unknown. Risk factors
for PE include nulliparity, multi-fetal gestations, previous
history of hypertensive disorders of pregnancy, [(gestational
hypertension, PE, severe PE, eclampsia, chronic hypertension and the HELLP syndrome (haemolysis, elevated
enzymes and low platelets)], obesity, diabetes mellitus,
connective tissue disorders like systemic lupus erythematosus and anti-phospholipid antibodies, African American
ethnicity [11, 12] and immune maladaptation [13]. The frequency of PE may also be affected by immunosuppressive
conditions, such as HIV infection and acquired immunodeficiency syndrome (AIDS) [14]. In addition highly active
antiretroviral therapy (HAART) has been reported to alter
the maternal immune response and leads to the development
of pre-eclampsia in HIV infected pregnancies [15–17].

Highly active antiretroviral therapy
on the risk of pre‑eclampsia development:
HIV infected pregnancies
HIV/AIDS, are major global causes of disease and death
[18]. Approximately 17.4 million women worldwide are
HIV infected [19], many of whom are of childbearing age
[20].The current recommended treatment for HIV infection
in pregnant and non-pregnant women is HAART [14]. The
use of HAART in pregnancy is important for the reduction
of perinatal transmission by several mechanisms, including
lowering maternal antepartum viral load and pre-exposure
and post-exposure prophylaxis of the infant [21]. However,
it has been reported that HAART may predispose HIVinfected pregnant women to PE development [22]. The rate
of PE is reported to be lower in HIV-infected pregnancies
[16]. HIV-infected women have been reported to have a significantly higher risk of PE development compared to HIVuninfected women [23]. However, the risk of PE increases
with HAART administration which induces immune reconstitution induced by HAART and results in PE development
[23]. In the pre-HAART era, PE was an uncommon disorder of pregnancy in HIV-infected women and its occurrence
was less frequent (none of 61 who presented before 1994;
p = 0.0087) compared to the general population (12 preeclamptics in 214 HIV-uninfected women) [24, 25]. However, with the routine use of HAART, the reported incidence
of PE in HIV-infected women is reported to have escalated
to a level similar to that of HIV-uninfected women. A cohort
study conducted by Wimalasundera et al. has shown that
there was no significant difference between the rate of PE in
HIV-1-infected women on treatment and uninfected controls
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(12 of 214; p = 0·2) [25]. In agreement, three independent
cohort studies conducted in the United States and Europe
also showed no difference in the risk of PE development
in HIV-infected HAART treated vs HIV-uninfected pregnant women [26–28]. In contrast, a cohort study from Brazil
demonstrated a significantly lower risk of PE development
in HAART treated women compared to HIV-uninfected
women [29]. These findings are further corroborated in
another study that demonstrated that HIV-infected women
on HAART are not predisposed to PE development [30].
Interestingly, a survey of 36 hospitals from 11 European
countries has identified PE as the most common pregnancy
complication in women receiving HAART [31]. Similar
findings were observed in a retrospective secondary analysis
study done in South Africa by Sebitloane et al. who reported
that treatment with HAART reduced the protective effect
against the development of PE [17]. In addition, Suy et al.
demonstrated a low rate of PE among HIV-infected women
not receiving HAART, suggesting that HIV-infected treatment naïve women are at a lower risk of PE development
than HIV-uninfected women [32].There are, therefore, controversial data as to whether HAART predisposes women to
a lower, equal or higher risk of PE development compared to
the general population, further investigations on the impact
of HIV infection and HAART on the immune response and
rate of PE development in HIV-infected pregnant women
are urgently needed.
Currently, there are very few studies done on the incidence of PE in HIV-associated pregnancies; most of the
current studies indicating low rate of PE in HIV-positive
HAART treated women are representative of studies done
in different racial groups, e.g. (Whites, Black, Asian), and
from these groups; the number of studies in the white ethnic
women were found to be greater than in studies in other
racial groups [29, 30, 32]. Pre-eclampsia is reported to be
more prevalent in Black, Indian, and Pakistani women [33].
Therefore, more studies investigating the incidence of PE in
HIV-associated pregnancies needs to be conducted in these
ethnic groups to reduce bias.
In the province of KwaZulu-Natal in South Africa, the
prevalence of HIV infection amongst pregnant women is
40% [34]. Pre-eclampsia is also a common disorder in this
province (12%) [35]. Although controversial reports have
been published on what causes an increase in the risk of PE
in HIV-infected women on HAART, recent evidence points
towards the immune restoration induced by HAART which
predisposes HIV-infected women to PE development [15].
Other reports suggest that this predisposition is believed to
emanate from a direct toxic effect on the liver rather than
immune restoration [36].
This review will focus on the role of HAART on the
risk of PE development by highlighting immune markers
involved in HIV associated pre-eclampsia and normotensive
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pregnancies. Understanding the role of immune markers that
predispose HIV-infected women to PE when initiated on
HAART treatment is necessary for early diagnosis of PE
and its management to reduce maternal and foetal deaths.
Table 1 lists studies that have reported on the prevalence of
PE in HIV-infected pregnancies.

Pathogenesis of pre‑eclampsia
There is general agreement that the pathogenesis of PE
originates from the presence of placenta [37]. Various environmental and genetic factors are also implicated. Nonetheless, an imbalance in immunological factors initiates the
cascade of events that cause impaired placentation [29, 38].
Immune maladaptation during implantation may result in
poor trophoblast invasion which then leads to poor spiral
artery remodeling within the myometrium which leads to
insufficient placental perfusion with resultant placental
ischemia or hypoxia [5]. The hypoxic placenta releases pathogenic factors such as (Th1 cytokines, proteolytic enzymes,
and free radical species) into the maternal circulation that
contributes to vascular endothelial dysfunction that leads to
the second stage of the disorder or the maternal syndrome
[13]. This pathognomonic endothelial vascular dysfunction
contributes to the development of maternal hypertension,
proteinuria and other clinical manifestations of the disorder
such as maternal renal insufficiency, liver involvement, neurological or haematological complications, utero-placental
dysfunction and/or foetal growth restriction [39, 40].

Immune maladaptation
Role of major histocompatibility complex (MHC)
in placentation
During placentation, the major histocompatibility complex
(MHC) antigens on trophoblast cells play a crucial role in
maintaining the maternal–foetal tolerance. The MHC antigens are divided into classical class I antigens: (HLA-A, -B
and -C) and non-classical class I antigens (HLA-E, -F and
-G) [41]. Invasive extravillous cytotrophoblast cells express
HLA-C, -E, -F and -G antigens [41, 42]. These antigens
interact with maternal immune cells in the decidua, especially the uterine natural killer (uNK) cells enabling successful placental development. Moreover, the interaction with
uNK cells is mediated through the binding of cytotrophoblast antigens (HLA-C, -E, -F and -G) to their appropriate
receptors on the NK cells [41].
The HLA-C, -E, -F and -G antigens on EVTs interact with
the maternal immune cell receptors (CD94/NKG2A and
KIR2DL4) enabling successful maternal–foetal tolerance

during pregnancy [43]. Importantly, the binding of HLA-G
with the uterine cell receptors stimulates the production
of pro-inflammatory and immune-regulatory cytokines,
together with factors involved in the control of angiogenesis,
which are believed to be important in spiral artery remodelling [44]. Moreover the interaction of trophoblast cells
lacking HLA-G with the uterine natural killer cells leads
to their lysis [45] with consequential reduced trophoblast
cell invasion [46, 47]. Additionally, this may also result in
chronic immune activation which then causes the development of PE [43, 48].

The role of human leukocyte antigen (HLA‑G)
in pregnancy and HIV infection
Human leukocyte antigen (HLA-G) is an important nonclassical immuno-regulatory molecule which has seven
isoforms including HLA-G1, HLA-G2, HLA-G3, HLA-G4,
HLA-G5, HLA-G-6 and HLA-G7; with HLA-G1, HLA-G2,
HLA-G3, and HLA-G4 isoforms been soluble [49]. This
molecule plays a pivotal role in maternal–foetal tolerance
during pregnancy and is also expressed in malignant transformation, autoimmune and inflammatory diseases, transplantation and infectious diseases. During pregnancy the
HLA-G molecules react with NK cells and T-cell inhibitory
receptors such as KIR, KIR2DL4, LILRB1, LILRB2, ILT-2
and ILT-4, thus protecting the foetal trophoblast cells from
maternal uterine natural killer cell invasion [50, 51]. The
inhibition of NK and T cells creates an anti-inflammatory
environment, due to a release of cytokines such as interleukin 10 (IL-10), that upregulates HLA-G [52] and mediates
successful trophoblast invasion.
HLA-G expression in cells is known to be upregulated
following human cytomegalovirus (CMV) and HIV infection [53–55]. The expression of the HLA-G molecule in
the early stage of HIV infection and its progression is well
documented. During HIV-1 infection, the HLA-G1 isoform
is downregulated via a Vpu-dependent mechanism, which
recognizes a double lysine residue in positions 4 and 5 of
the C terminus [56]. Also the HLA-G1 isoform has the ability to present viral peptides to CD8 + T lymphocytes [57];
therefore, the recognition of HIV-1 infected cells by CD8 + T
lymphocytes could depend on the expression of HLA-G1
[56].
In contrast, Lozano et al., report a high surface expression of HLA-G on monocytes and on some T lymphocytes
in HIV positive patients with or without antiretroviral treatment. These authors hypothesize that this upregulation of
HLA-G was induced by HIV-1, [54]. Alternatively this
increase may be caused indirectly as a consequence of high
levels of IL-10 expression [52].
Donaghy et al. observed high circulating levels of soluble HLA-G (sHLA-G) in HIV-1-infected individuals and
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[28]

[26]

[32]

[29]

[25]

Design

Cohort size

Adjustment

Prevalence of pre-eclampsia: main findings

Age, parity (primiparous n = 132, multiparous Lower risk of pre-eclampsia in non-treated HIV
United Kingdom Matched cohort N = 428
positive women (none of 61 who presented
n = 296), ethnicity (African n = 348, White
214 HIV + women (mono therapy, dual therapy,
before 1994; p = 0.0087) or on mono or dual
n = 76, Asian n = 4), gestation (weeks), diagtriple ART and untreated)
therapy (one of 77; 1%; p = 0.018) than triple
nosis, blood pressure (mm Hg), proteinuria,
214 HIV– women
ART treated HIV positive women (8 of 76;
platelets (109/L), creatinine (µmol/L), alanine
odds ratio 15.3, 95% CI 0.9–270, p = 0.0087)
transaminase (IU/L), CD4, CD8, HIV-1 RNA
No difference in risk of pre-eclampsia between
(copies/mL), antiretrovirals, NRTI
treated HIV positive women and HIV negative
controls (12 of 214; p = 0.2)
Lower risk of preeclampsia in HIV positive
Age, ethnic groups [(Black n = 30, White
Spain
Cohort
N = 1831
women on mono or triple therapy (0.8% n = 1)
n = 102, and Mulatto n = 68)], parity (Pri123 HIV + women (mono or HAART)
as compared to controls (10.6% n = 182)
miparous n = 54, and Multiparous n = 146),
1708 HIV− women
(P = 0:0017)
therapy, CD4, HIV-1 RNA (copies/ml)
Higher risk of pre-eclampsia in treated HIV
Age, parity (Nulliparity n = 5291 Multiparity
Brazil
Cohort
N = 8768
positive women compared to HIV negative
n = 3949), race (White n = 7855, non-white
From 1985 until July 2003 472 HIV + women
n = 1385), tobacco smoking, intravenous drug women
8296 HIV– women
use, no. foetuses, median known duration of
HIV infection [months (IQR)], median CD4
cell count [cells/ml (IQR)], antiretroviral
therapy prior to pregnancy [No. (%)], antiretroviral therapy during pregnancy [No. (%)]
No difference in hospitalization rates for
Age, insurance type, hospital location, drug
United States
Cross-sectional N = 4,513,890 HIV + women: 6143 in 1994,
preeclampsia between HIV positive women
abuse, anemia, urinary tract infection, sexu6235 in 2003
(no treatment information) and HIV negative
ally transmitted infections, clinically relevant
HIV– women: 4,283,347 in 1994, 4,507,655
women
comorbidities
in 2003
No difference in risk of pre-eclampsia between
Age, parity (No previous births n = 147 One
Netherlands
Matched cohort N = 339
treated HIV positive women and HIV-negative
previous birth n = 103, two or more previous
143 HIV + women
controls
births n = 89, ethnicity (white n = 69, Black
196 HIV−women
n = 244, other n = 26), year of delivery, drug
abuse, tobacco use, CD4 count, HAART use
before pregnancy, HAART in first trimester,
HAART with PI
No difference in risk between treated HIV posiAge, parity, ethnicity, year of delivery, insurUnited States
Matched cohort N = 453
tive women and HIV negative women when
ance type, hospital location, mode of deliv151 HIV + women
tobacco and cocaine use were adjusted for
ery, drug abuse, tobacco use, co-morbidities
302 HIV– women
(e.g. chronic hypertension), HAART
Age, parity n=% (primiparity n = 55, multiple No difference in risk between treated HIV posiToronto
Matched cohort N = 364
tive women and HIV negative women in the
pregnancy n = 55 Race n =% (White n = 52.9,
91 HIV + women
odds of preeclampsia (3.3% vs. 5.1%; adjusted
Black n = 27.4, Other n = 19.7, mode of
273 HIV− women
odds ratio [aOR] 0.59; 95% CI 0.11–3.08)
delivery, drug abuse, tobacco use, history of
PE, chronic hypertension, urinary tract infection, sexually transmitted infections, diabetes
mellitus

Author Country

Table 1  A comprehensive list of studies in this review examining the prevalence of pre-eclampsia in HIV-infected treated, non-treated and non-infected women
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speculated that this elevation of HLA-G was dependent on
the release of the membrane-bound isoform thereby inducing immune tolerance [58]. In keeping with the findings of
Donaghy and colleagues, Murdaca et al. also reported elevated serum levels of sHLA-G in HIV-infected individuals
[59]. These results correlate with parameters of immunological and virological response to antiretroviral treatment, and
the authors report decreased levels of sHLA-G in patients
in whom the replication of HIV-1 was suppressed during
HAART treatment. Levels of sHLA-G remain elevated in
women with high levels of HIV-RNA after 36 months of
receiving antiretroviral therapy. The elevated serum sHLA-G
may depend on the increased production of cytokines during HIV-1 infection, contribute to the immunosuppressive
state of the HIV-1-positive individuals and facilitate their
progression to AIDS [59].
Additionally, Lajoie et al. performed a longitudinal study
evaluating sHLA-G plasma levels in HIV-1-infected patients
with different rates of clinical progression to determine
whether sHLA-G expression was associated with HIV-1
expansion. The findings of this study indicated elevated
levels of sHLA-G in the early stages of HIV-1 infection,
whereas in the chronic stage, in untreated normal progressor, and in long-term progressor the sHLA-G levels were
restored to normality, as a result of the immune system’s
ability to control the HIV-1 infection. Furthermore, they
concluded that sHLA-G elevation in HIV infection was
associated with disease progression. Although HLAG has
been shown to play a role in the immune system during HIV
infection, there is a paucity of data interrogating the role
of HLA-G in HIV associated pregnant women receiving
HAART.

Natural killer cells
During normal pregnancy the maternal decidua consists of
a unique subset of immune cell populations such as macrophages, NK cells, and regulatory T cells which express
human leukocyte antigens that actively contribute to the
tolerance and function of the placenta [60–63]. It has been
reported that 70% of decidual leukocytes are NK cells,
20–25% are macrophages and 1.7% are dendritic cells
[64–66]. Hence this maternal immune tolerance involves
crucial interaction between maternal immune cells (helper
and cytotoxic T lymphocytes, regulatory T cells, macrophages, dendritic cells and uNK cells) in recognizing
and accepting the foetal antigens and facilitating placental
growth.
Natural killer cells are crucial components of the innate
immune system. NK cells can be classified into two subsets, depending on their immunophenotype and function:

CD56dim and CD56bright. CD56dim constitutes 90% of the
total NK cell population in peripheral blood [67].

Uterine natural killer cells
The majority of uNK cells are similar to tissue-resident NK
and a small subset of peripheral NK cells express CD56 but
not CD16 and CD3− [68]. Uterine natural killer cells are less
cytotoxic and produce large amounts of cytokines compared
to peripheral NK cells. Uterine natural killer cells located
within the non-pregnant endometrium are called endometrial NK cells whilst in the decidua are called decidual NK
(dNK) cells. Decidual NK cells constitute the major lymphocyte population in the uterus during early gestation with a
decrease after 20 weeks of gestation when trophoblast invasion is complete [69]. They produce transforming growth
factor-beta (TGF-β) and other angiogenic factors such as
angiopoietin (Ang) 1, Ang 2, vascular endothelial growth
factor (VEGF), and placental growth factor (PlGF) [70, 71].
These factors induce and support the invasion of the extravillous trophoblasts into the maternal spiral arteries to achieve
the remodelling of the spiral arteries required for adequate
placental perfusion [45, 72].

Natural killer cell receptors
The function of NK cells is controlled by a wide range of
receptors that are expressed on the cell surface. These receptors are either inhibitory or activating in nature. The family of inhibitory receptors consists consist of: (1) the killer
immunoglobulin-like receptors (KIRs) or Ig-like receptors
(CD158), which recognize mainly HLA-A, HLA-B, and
HLA-C expressed in any host cell; (2) the C type lectin
receptors (CD94/NKG2), which recognizes the non-classical
MHC molecule, HLA-E and (3) leukocyte inhibitory receptors (LIR1, LAIR-1) [73]. On the other hand, the activating
receptors are; the natural cytotoxicity receptors (NKp30,
NKp44, NKp46), C type lectin receptors (NKG2D, CD94NKG2C), and Ig-like receptors (2B4) [72, 74, 75].
Natural killer cells receptors in normal and pre‑eclamptic
pregnancy
During normal pregnancy, the interaction between the
maternal natural killer cells and fetal cells occur via
cytotrophoblast MHC antigen recognising and accepting maternal NK cells inhibitory receptors, thus preventing the killing of trophoblast cells. However, in PE NK
cell expression is altered leading to abnormal trophoblast
cells invasion. Bachmayer et al. reported that levels of
inhibitory NKG2A and activating NKG2C are higher in
PE compared to normotensive healthy pregnant women.
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They concluded that the peripheral NK cell pool is altered
in women with PE with enhanced NKG2A and NKG2C
levels on NK cells [76].

Cytokines

The role of NK cells in HIV infection and the risk
of pre‑eclampsia

In normal pregnancy, the placenta causes a shift from
the pro-inflammatory (Th1) to anti-inflammatory (Th2)
immune response [85]. It has been proposed that the placenta is a Th2 organ that stimulates the production of Th2
cytokines [86]. In pathological pregnancies such as PE,
spontaneous abortions and intrauterine growth restriction
(IUGR), the regulation of the maternal immune system is
further altered and the shift to the Th2 immune response
does not occur leading to elevated Th1 immune response
[87]. This is usually due to an ischemic placenta which
is unable to cause a shift from a Th1 to Th2 immune
response.
Data on the shift from Th2 to Th1 immune state
observed in PE is conflicting [88, 89]. Several authors
have reported increased levels of IL-6 in PE [90–92].
Greer et al., has reported increased plasma levels of IL-6,
but normal concentrations of IL-8 in PE [90] while Olusi
et al., reported significantly lower IL-6 and IL-8 levels
in PE compared to normal pregnancy [88]. Similarly,
Hentschke et al., also reported increased soluble IL-6
receptors in PE [91]. In addition, Udenze et al., reported
increased levels of IL-6 and TNF- α in PE [92]. In contrast, Ozier et al., found no difference in the levels of IL-6
and TNF- α in PE [93]. Interestingly, previous studies have
shown increased IFN-γ and decreased levels of IL-4 in PE
[94–97]. The severe pre-eclamptic state is associated with
high levels of pro-inflammatory cytokines IL-8, IL-6, and
IFN-γ, whereas normotensive pregnancy evolves with high
levels of the regulatory cytokine IL-10. Similarly, previous studies report high levels of IL-10 in healthy pregnant
women [98–102], suggesting that successful pregnancy
reflects a predominance of regulatory cytokines. Studies
in mice revealed that IL-10 deficiency in early pregnancy
affects trophoblast growth and differentiation, causing placental failure and abortion [103]. IL-10 also increases the
resistance of trophoblasts to Fas-mediated apoptosis [104].
Inhibition of IL-10 by passive immunization (with monoclonal antibody to IL-10) during early gestation increases
blood pressure in pregnant baboons [105]. Therefore, it
may be hypothesized that decreased IL-10 production
is associated with a predisposition to PE development
[106–108].
The pathophysiology of PE may be induced by the presence of Th17 cells. These are relatively novel CD4 + lymphocyte subpopulations, which are characterized by their
secretion of IL-17. This cytokine interacts with inflammatory factors to amplify the small vascular inflammatory

NK cells are C
 D3− multifunctional effector lymphocytes
based on levels of CD56 and CD16 expression [77]. About
90% of peripheral blood NK cells are CD56dim and express
high levels of the FcγRIIIA receptor (CD16); the other
(10%) of peripheral blood NK cells are C
 D56bright and
express low levels or an absence of CD16 [78].
CD56dim are mostly cytotoxic upon activation, thereby
releasing pro-apoptotic cytoplasmic granules composed
of granzymes and perforins. C
 D56dim NK cells can also
induce cytolysis via induction of Fas/FasL-dependent or
TRAIL-dependent apoptotic signals. In addition, a minority of NK cells (CD16) binds to the constant (Fc) domain
of IgG antibodies that can bind to viral antigens expressed
on the surface of infected cells. This antibody conjugation
of NK-cell and antibody-coated target cell, strongly mediates NK-cell activation, referred to as antibody-dependent
cell-mediated cytotoxicity (ADCC) [74]. Interestingly, the
CD56 bright NK cells have a limited cytotoxic capacity and
is more abundantly found within lymph nodes [79]. These
NK cells act by producing pro-inflammatory cytokines such
as IFN-γ, TNF-α, IL-10, certain chemokines. They play a
role in modulating other subsets of lymphocytes, thereby
regulating dendritic cell maturation, differentiation of helper
T cells, and B- and T-cell-specific immune responses [80,
81]. However, during HIV infection NK cells are generally
downregulated or inhibited and are unable to target infected
or transformed cells thereby leading to uncontrolled viral
replication. Mela and Goodier report a decreased expression of NKG2A on peripheral NK cells of HIV-1 infected
individuals [82]. Although the role of NK cells in HIV infection is well described, its function in HIV associated PE has
produced debatable results [83].
Role of HAART on NK cells and risk of pre‑eclampsia
development
The use of highly active antiretroviral therapy (HAART)
suppresses HIV-1 viremia by restoring the ability of NK
cells to secrete CC-chemokines which suppress endogenous
HIV-1 replication by non-cytolytic mechanisms [84]. However, this has a negative impact during pregnancy as NK cell
activation may lead to dysregulation of trophoblast invasion
and may result in chronic immune activation which is associated with PE development.
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reactions of the placenta, damage vascular endothelial
cells, increase the permeability of blood vessels, and
release large numbers of oxygen free radicals. Together,
these constitute the pathological basis of the clinical manifestations of PE, including hypertension, vascular spasms,
oedema, and proteinuria [109].
Gergely et al. previously demonstrated that Th17 cells
were elevated in PE compared with healthy pregnant women
[110]. These findings were confirmed by Cornelius et al.,
who found that an infusion of IL-17 inhibitor given to a PE
rat model significantly decreases blood pressure and placental oxidative stress [111]. Similarly, Wallace et al. also found
that both Th17 cells and IL-17 were significantly elevated
in the reduced uterine perfusion pressure (RUPP) rat model
of PE [112]. The authors further concluded that blockage
of IL-17 significantly decreased placental ROS emanating
from the placental ischemia in RUPP rats, indicating that
increased levels IL-17 is associated with PE-related conditions [112].

Cytokine production in HIV associated
pre‑eclampsia
A similar shift from Th1 to Th2 cytokines has been reported
during the progression of HIV disease, which is counteracted with the usage of HAART [113]. A study by Maharaj
et al. demonstrated that both normotensive and pre-eclamptic HIV infected pregnant women on HAART display lower
Th1 cytokine levels (IL-2, TNF-α, and IL-6, and IFN-γ) than
both PE and normotensive uninfected pregnant women [15].
Their study also showed lower Th1 levels in HIV-infected
pre-eclamptics on HAART when compared to HIV-uninfected pre-eclamptic and no differences in Th1 (IL-2, TNFα, IFN-γ or IL-6) in PE when compared to normotensive
pregnant women. In addition, they found that there was no
differences in the Th1 immune response in pre-eclamptic

HIV-infected and non-infected women when compared
to HIV-infected and non-infected normotensive pregnant
women [15]. This might suggest that PE development in
HIV-infected women who are on HAART might not be due
to immune reconstitution, but might be due to another pathway; since it has been mentioned that HAART medication
results in the synthesis and secretion of retinol-binding proteins that lead to reduction in serum retinol concentrations,
which is associated with PE development [36].
Despite conflicting results with regards the risk of PE
development in HIV infected pregnant women; another
study found that the high levels of Th1 cytokines in HIVinfected HAART treated pregnant women when compared
to HIV-uninfected pregnant or non-pregnant women [114].
From Alonso et al. findings it was shown that Th1 immune
response is induced in HIV-infected treated pregnancies and
reduced in HIV-uninfected pregnant and non-pregnant individuals. This suggested that HAART treatment might predispose HIV-infected women to PE development by upregulating the Th1 immune response in HIV-infected pregnant
women [114] (Fig. 1).

Conclusion
It is evident that PE is less common in HIV-infected treatment naïve pregnancies; however, most studies have shown
that the risk of PE development in HIV-infected women is
greater in those receiving HAART. Therefore, more studies are required to confirm immune reconstitution following HAART usage and whether it is a risk indicator for PE
development.
This review highlighted immune markers that play a role
in predisposing HIV infected pregnant women on HAART
treatment to PE development. Both HIV and PE have a high
prevalence within South Africa and both are identified as

Fig. 1  Schematic diagram
representing pro-inflammatory
(Th1) and anti-inflammatory
(Th2) cytokine balance in
a non-pregnant or HIVuninfected, b normotensive or
HIV-infected untreated and c
pre-eclamptic or HIV-infected
on HAART. a Shows a balance
in the distribution of Th1 and
Th2. In b there is an imbalance
of cytokines with more Th2
release than Th1. This imbalance increases of HIV infection
in untreated women. In c Th1
levels are higher than Th2,
therefore, this predisposes HIVinfected HAART treated women
to pre-eclampsia development
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immune related. Amongst the selected and highlighted
immune markers in this review; NK cells, cytokines, and
HLA-G are shown to play a crucial role in both HIV and PE
pathogenesis. However, there are significant gaps in knowledge and a fair amount of research still needs to be done to
determine the involvement of these immune markers in the
development of PE in HIV associated pregnancies.

Future research
More research much concentrate on the immune reconstitution induced by HAART to identify immune markers associated with the risk of involved in PE development in pregnant
women on HAART. This will assist with early diagnosis of
PE in HIV-infected women who are on HAART treatment.
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