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Abstract
Given the high prevalence of HIV infection and pre-eclampsia (PE) in South Africa, this study evaluated and compared the 
placental immunostaining of progesterone (P) and progesterone receptors (PR) in the synergy of HIV-infected PE compared 
to normotensive pregnant women using immunohistochemistry interfaced with morphometric image analysis. Progesterone 
immunostaining was expressed widely across exchange and conducting villi within mesenchymal, endothelial, and tropho-
blast cells. In contrast, PR was expressed within syncytiotrophoblasts and was absent within endothelial cells. In exchange 
villi, P and PR immuno-expression was significantly lower in PE compared to the normotensive group (p = < 0.0001 and 
p = < 0.0001, respectively) and within the early-onset pre-eclampsia (EOPE) compared to the late-onset pre-eclampsia 
(LOPE) group (p = < 0.0001 and p = < 0.0001, respectively). Progesterone immuno-expression was significantly lower in the 
HIV+ compared to the HIV− group (p = < 0.0001), whilst PR was non-significant. In conducting villi, P and PR immuno-
expression was significantly lower in the EOPE compared to the LOPE group (p = < 0.0001 and p = < 0.0001, respectively) 
and in the HIV+ compared to the HIV− group (p = < 0.0001 and p = 0.0009, respectively). Progesterone immuno-expression 
was slightly higher in the PE compared to normotensive group, and PR immuno-expression was non-significant. There was 
a significant difference between P and PR within exchange versus conducting villi regardless of pregnancy type, with villi 
type accounting for 34.47% and 15.28% of total variance for P and PR, respectively. Placental P and PR immuno-expression 
is downregulated in the duality of PE and HIV+ infection. The use of combined antiretroviral therapy (cART) may result in 
defective P synthesis, which causes insufficient binding to its receptors. Consequently, PI3K/AKT, JAK-STAT, and MAPK 
signalling pathways are affected, impairing trophoblast invasion and leading to pre-eclampsia development. Notably, the 
decrease in P and PR immuno-expression in EOPE validates their effect on placentation.
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Abbreviations
P  Progesterone
PR  Progesterone receptor
PE  Pre-eclampsia
EOPE  Early-onset pre-eclampsia
LOPE  Late-onset pre-eclampsia

HIV  Human immunodeficiency virus
cART   Combined antiretroviral therapy
PI3K/AKT  Phosphoinositide 3-kinase/protein kinase B
JAK/STAT   Janus kinase/signal transducers and activa-

tors of transcription
MAPK  Mitogen-activated protein kinase

Introduction

South Africa is the epicentre of the human immunodefi-
ciency virus (HIV) pandemic. Moreover, the 40% prevalence 
rate of HIV infection amongst pregnant women is unac-
ceptably high (Woldesenbet et al. 2021). This is alarming 
and remains a grave public health challenge because HIV 
infection and hypertensive diseases of pregnancy, such as 
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pre-eclampsia (PE), are the primary causes of maternal mor-
tality in South Africa (StatsSA 2017).

Pre-eclampsia is a placental condition that manifests after 
20 weeks gestation and is defined by hypertension (blood 
pressure of ≥ 140/90 mmHg) with or without proteinuria 
(≥ 300 mg) (Magee et al. 2022). It is classified according to 
gestational age into early-onset pre-eclampsia (EOPE) and 
late-onset pre-eclampsia (LOPE), with the former being 
the more severe subtype (Steegers et al. 2010; Gomathy 
et al. 2018). Pre-eclampsia is a two-stage condition, char-
acterized in stage 1 by aberrant placentation with incom-
plete myometrial spiral artery remodelling. The resultant 
hypoxic environment predisposes the excessive release of 
anti-angiogenic substances into circulation causing maternal 
signs and symptoms (stage 2) (Roberts and Hubel 2009). 
The definitive treatment of PE is delivery of the neonate and 
placenta (Uzan et al. 2011).

The placenta is chiefly responsible for the production of 
the steroid hormone, progesterone (P), during pregnancy 
(Fox and Sebire 2007). Progesterone is a lipophilic, four-car-
bon ring molecule that is derived from a cholesterol precur-
sor molecule, pregnenolone (Taraborrelli 2015). It ensures 
pregnancy success by stimulating uterine vascularization, 
inhibiting lactation, and decreasing myometrial contractions 
(Raghupathy and Szekeres-Bartho 2022). A decline in P lev-
els during the early stages of pregnancy causes increased 
myometrial contractions, which could lead to rejection of 
the foetus (Mesiano 2007).

Progesterone exerts its action on target cells by binding 
to progesterone receptors (PRs) on the cell membrane or in 
the cytoplasm (Szekeres-Bartho et al. 2009). With the aid of 
co-regulators, the activating and inhibiting functional com-
ponents of PRs promote and repress transcriptional activity, 
respectively (Rekawiecki et al. 2020). Progesterone recep-
tors contain an N-terminal domain which allows for post-
translational modification (Scarpin et al. 2009). There are 
three isoforms of PRs, and the PR-C isoform is expressed 
abundantly in the syncytiotrophoblast of placental villi (Tay-
lor et al. 2006). In mammalian cells, PRs take part in cyto-
plasmic or membrane-associated signalling complexes that 
trigger the Src/Ras/Raf/ mitogen-activated protein kinase 
(MAPK) signalling cascade to regulate cellular prolifera-
tion (Mani and Oyola 2012).

Studies of P regulation in PE are conflicting. Whilst 
some studies report increased P production in PE (Moon 
et al. 2014; Park et al. 2018), others indicate that serum and 
placental immuno-expression of P and PRs are decreased 
(Wan et al. 2018; Garrido-Gomez et al. 2021). Nonetheless, 
it is implied that dysregulation of steroidogenesis occurs in 
PE, leading to altered P immuno-expression (Berkane et al. 
2018).

HIV infection is associated with decreased P levels, ema-
nating from the use of protease inhibitors (Papp et al. 2015). 

Women receiving combined antiretroviral therapy (cART) 
for HIV prophylaxis are at an increased risk for PE devel-
opment (Sikhosana et al. 2022). Progesterone is crucial in 
uterine vessel dilation before the tenth week of pregnancy, 
which helps to lower systemic blood pressure along with 
reducing vascular resistance (Maliqueo et al. 2016). It is 
postulated that a decrease in P levels could contribute to 
the pathophysiology of hypertensive disorders of pregnancy 
(Powis and Shapiro 2014); however, there is a scarcity of 
data in this area.

In an attempt to understand the role of P and PRs in the 
duality of HIV infection comorbid with pre-eclampsia, 
this study aims to morphometrically evaluate the immuno-
expression of P and its receptor by pregnancy type, HIV 
status, gestational age (early- and late-onset PE), villi type 
(exchange and conducting villi), and across all study groups.

Materials and methods

Study population

The placental samples were collected from primigravid and 
multigravid pre-eclamptic and normotensive Black South 
African pregnant women who attended the antenatal clinic 
of a regional hospital in Umlazi, eThekwini, KwaZulu-Natal, 
South Africa. A sample size of 180 placentae was stratified 
by pregnancy type, into normotensive (N; n = 60) and pre-
eclampsia (PE; n = 120). The pre-eclamptic group was fur-
ther grouped by gestational age into early-onset PE and late-
onset PE (n = 60 per group). Both groups were stratified by 
HIV status into N− (n = 30), N+ (n = 30), EOPE− (n = 30), 
EOPE+ (n = 30), LOPE− (n = 30), and LOPE+ (n = 30).

Inclusion criteria

Pregnant women ≥ 18 years of age with known HIV status 
and diagnosed with PE were included in the study. PE was 
defined as sustained systolic blood pressure ≥ 140/90 mmHg 
taken twice at least 6 h apart, with/without proteinuria 
(≥ 300 mg in a 24-h urine sample or +2 on the urine dipstick 
analysis) (Magee et al. 2022).

Exclusion criteria

The following criteria excluded women from this study: 
unknown HIV status; abruption placentae or intra-uterine 
death; chorioamnionitis; chronic hypertension; gestational 
diabetes and diabetes mellitus; epilepsy; heart failure; 
chronic renal disease; connective tissue disease; systemic 
lupus erythematosus; sickle cell disease; anti-phospholipid 
antibody syndrome; thyroid disease; history of smoking 
and substance abuse; treatment with aspirin, warfarin, 
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non-steroidal anti-inflammatory drugs, lipid-lowering anti-
biotics, or anti-hypertensive drugs; and asthma medication.

Immunostaining

Placental samples were previously fixed in 10% buffered for-
maldehyde and embedded into paraffin wax blocks in accord-
ance with standard laboratory practice (Burton et al. 2014). 
The placental wax-embedded tissue blocks were cut into 
3-µm sections using a rotary microtome (Leica Microsys-
tems, Germany) and mounted onto adherent slides. Sec-
tions were deparaffinized with xylene and rehydrated with 
decreasing concentrations of ethanol. Slides were immersed 
in antigen retrieval, and endogenous peroxidase was used 
as a blocking agent. Non-specific binding was prevented by 
using a protein block, after which the tissue was incubated 
overnight in a humidity chamber at 4 °C with the primary 
antibody, monoclonal (mouse IgG1 κ) progesterone antibody 
(1:200, Novus Biologicals, USA). The manufacturer vali-
dated the primary antibody using mouse cervix tissue. After 
washing, the placental sections were incubated for 10 min 
at room temperature with the secondary antibody, bioti-
nylated goat anti-mouse IgG (H + L) from a mouse-specific 
diamino-benzidine (DAB) detection immunohistochemistry 
(IHC) kit (1.5 µg/ml, Abcam, Cambridge, United Kingdom). 
The manufacturer validated the secondary antibody using 
human tissue microarrays on human colon carcinoma tis-
sue. Visualization was enabled via the DAB chromogen fol-
lowed by haematoxylin as a counterstain. Sections were then 
dehydrated and mounted with dibutylpthalate polystyrene 
xylene (DPX).

Normotensive, HIV-negative placental tissue was utilized 
as method controls and was incubated with and without pri-
mary antibody. Negative controls involved substituting the 
primary antibody with diluent (DAKO REAL diluent).

Morphometric analysis

Placental sections were viewed with the Axioscope A1 
microscope (Carl Zeiss, Germany). Four fields of view per 
slide were selected, and images were captured at 40× objec-
tive magnification using AxioVision software (Carl Zeiss, 
Germany; version 4.8.3). The percentage of immunostain-
ing specific to P and PR antibody expression was quanti-
fied using colour deconvolution on Fiji ImageJ software 
(Jensen 2013; Crowe and Yue 2019). Colour deconvolution 
involves separating colours of an image into three channels, 
red, green, and blue. For this investigation, the red channel 
represents DAB staining, and blue represents haematoxylin 
staining. The percentage of P and PR expression was deter-
mined by dividing the percentage of DAB staining by the 
total tissue area.

Statistical analysis

Statistical analysis was performed using GraphPad Prism™ 
(San Diego, CA, USA). In order to compare the effects of 
pregnancy type (normotensive vs pre-eclamptic), HIV sta-
tus (HIV+ vs HIV−), and PE subtype (EOPE vs LOPE), 
the Mann–Whitney test was employed. A one-way analy-
sis of variance (ANOVA) non-parametric Kruskal–Wallis 
test was utilized, followed by Dunn’s multiple comparisons 
test for comparative analysis across all six study groups. A 
two-way ANOVA was used to compare villi type (exchange 
vs conducting) and pregnancy type. The data was summa-
rized using descriptive statistics, median and interquartile 
range (IQR). A p value of < 0.05 determined statistical 
significance.

Ethical approval

This is a prospective cross-sectional study that utilized 
archived wax-embedded placental samples. Institu-
tional ethics consent was obtained for use of the samples 
(BCA338/17). Informed consent was obtained from all par-
ticipants in the primary study, and the anonymity of partici-
pants was maintained.

Results

Clinical characteristics

Maternal age (p = < 0.0001), systolic blood pressure 
(p = < 0.0001), diastolic blood pressure (p = < 0.0001), and 
parity (p = 0.0023) differed significantly across the groups 
(Table 1).

Immuno‑localization of placental progesterone 
and its receptor

Progesterone was immunostained within endothelial, mes-
enchymal, and trophoblast cells within conducting (stem) 
and exchange (intermediate and terminal) villi. Progesterone 
receptor immuno-expression was restricted to trophoblast 
cell types (cytotrophoblast and syncytiotrophoblast), with 
minimal immunostaining within the mesenchymal core 
(Figs. 2 and 4).

Morphometric image analysis

Exchange villi

Progesterone The immunoexpression of P was significantly 
lower in PE compared to the N group, regardless of HIV 
status [25.42% (24.07–27.04) vs 23.82% (21.69–26.33); 
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p = < 0.0001]. Also, irrespective of HIV status, P was lower 
in EOPE compared to the LOPE group [22.76% (20.93–
25.22) vs 24.88% (22.85–27.07); p = < 0.0001]. Regardless 
of pregnancy type, a lower percentage of P was immunoex-
pressed in HIV+ compared to HIV− participants [25.70% 
(23.58–27.32) vs 23.55% (21.52–25.52); p = < 0.0001] 
(Fig. 1).

Progesterone receptor

Irrespective of HIV status, PR immuno-expression 
was lower in PE compared to the N group [13.17% 
(11.89–14.84) vs 11.60% (9.91–12.95); p = < 0.0001]. 
Based on gestational age and regardless of HIV sta-
tus, PR immuno-expression was lower in EOPE com-
pared to LOPE groups [10.88% (9.31–12.20) vs 12.17% 
(10.74–13.83); p = < 0.0001]. The percentage of PR 
expressed was not significant between HIV+ compared 
to HIV− groups [11.99% (10.27–13.72) vs 12.14% 
(10.66–13.85); p = 0.4291] (Fig. 2).

Conducting Villi

Progesterone A slightly higher immuno-expression of P 
within the conducting villi was observed in PE compared to 
the normotensive group, regardless of HIV status [18.98% 
(17.03–20.74) vs 19.42% (17.64–22.27); p = 0.0326]. The 
percentage of P immuno-expression was lower in EOPE in 
comparison to LOPE, irrespective of HIV status [21.60% 
(18.16–24.17) vs 18.58% (17.50–20.01); p = < 0.0001]. 
Regardless of pregnancy type, p was significantly lower 
in the HIV+ group compared to the HIV− group [20.07% 
(17.91–23.32) vs 18.74% (17.03–20.38); p = < 0.0001] 
(Fig. 3).

Progesterone receptor

The immuno-expression of PR in PE was not significant in 
comparison to N groups, irrespective of HIV status [10.14% 
(8.90–11.41) vs 9.99% (8.79–11.38); p = 0.6935]. Regardless 
of HIV status, PR immuno-expression is lower in the EOPE 
group compared to the LOPE group [9.33% (8.18–10.69) 
vs 10.89% (9.76–11.96); p = < 0.0001]. Irrespective of 
pregnancy type, the percentage of PR immuno-expression 
in the HIV+ group is lower than the HIV− group [10.54% 
(9.07–11.70) vs 9.81% (8.54–11.10); p = 0.0009] (Fig. 4).

Immuno‑expression across all groups

The comparative analysis of all six study groups yielded 
significant results in both exchange and conducting 
villi (p = < 0.0001); results are outlined in Table 2. The 
EOPE+ group demonstrated the lowest immuno-expression 
of both P and PR (Figs. 5, 6).

Immuno‑expression between villi types

Progesterone A two-way ANOVA was utilized to assess 
the effect of villi type (exchange vs conducting) on the 
results. Villi type accounts for 34.47% of the total variance 
(F = 594.29, p = < 0.0001), whilst pregnancy type accounts 
for 10.25% of the total variance (F = 35.34, p = < 0.0001). 
The Bonferroni post hoc test was utilized to determine a 
significance of p = < 0.0001 between the exchange and con-
ducting villi of each group (N−, N+ , EOPE−, EOPE+ , 
LOPE−, LOPE+).

Progesterone receptor

Villi type accounts for 15.28% of the total variance for PR 
(F = 193.75, p = < 0.0001), whilst pregnancy type accounts 

Table 1  Maternal demographics across the study population

Level of significance: *(p < 0.05), **(p < 0.01), ***(p < 0.0001)

Parameters Normotensive 
HIV−
(n = 30)

HIV+ 
(n = 30)

EOPE 
HIV−
(n = 30)

HIV+ 
(n = 30)

LOPE 
HIV−
(n = 30)

HIV+ 
(n = 30)

p value

Maternal age 
(years)

24.5 (21.75–
29.25)

27 (24.75–32) 23 (20–30.5) 32 (27–37) 22.5 (19–26) 27 (25–33) < 0.0001****

Maternal weight 
(kg)

73 (61.93–
96.12)

75 (55.35–
87.43)

67.58 (59.75–
95.25)

79 (68.48–
87.55)

69.85 (55.75–
81)

85 (69.8–94.5) 0.1086

Systolic BP 
(mmHg)

110.5 (105.5–
116.3)

111 (104.3–
117.3)

151 (143–160) 148 (136–161) 153 (146- 173) 145 (142–153.5) < 0.0001****

Diastolic BP 
(mmHg)

71 (65.5–79) 70.5 (63.5–76.5) 95.5 (90.75–
104.3)

92 (90–98) 101 (94–108.8) 96 (91–98.5) < 0.0001****

Parity 2 (2–3) 2 (2–3) 2 (1–3.25) 2 (2–4) 1 (1–2) 2 (2–3) 0.0023**
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for 9.55% of the total variance (F = 24.22, p = < 0.0001). 
The Bonferroni post hoc test determined a significance of 
p = < 0.0001 between the exchange and conducting villi of 
each group (N−, N+ , EOPE−, EOPE+ , LOPE−, LOPE+) 
(Fig. 7).

Discussion

The findings of this study demonstrate a significant 
decrease of P and PR immunostaining in the exchange 

Fig. 1  Progesterone immuno-localization in exchange villi. a HIV-
negative, normotensive healthy controls (N−); b HIV-positive, nor-
motensive (N+); c HIV-negative, EOPE (EOPE−); d HIV-positive, 
EOPE (EOPE+); e HIV-negative, LOPE (LOPE−); and f HIV-pos-

itive LOPE (LOPE+). Magnification ×40, scale bar length 20  μm. 
Morphological observations: SK syncytial knot, STB syncytiotropho-
blast
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villi of pre-eclamptic compared to normotensive placen-
tas, regardless of HIV status. Progesterone is primarily 
produced by the placenta after the eighth week of gesta-
tion (Pylypchuk and Pylypchuk 2021), and the abundant 
immuno-expression of P and PRs in normotensive placen-
tal tissue is expected. The decrease of P observed in our 
study is corroborated by several studies that noted lower 

circulating levels of P in PE, suggesting a hormonal defi-
ciency in PE (Iou et al. 2005; Kiprono et al. 2013; Wan 
et al. 2018; Chowdhury et al. 2020).

Target tissues can be affected by P through membrane-
initiated PR signalling, which activates phosphoinositide 
3-kinase (PI3K)/AKT, JAK-STAT, and MAPK cascades. 
These signalling pathways are involved in trophoblast 

Fig. 2  Progesterone receptor immuno-localization in exchange villi. 
a HIV-negative, normotensive healthy controls (N−); b HIV-positive, 
normotensive (N+); c HIV-negative, EOPE (EOPE−); d HIV-posi-
tive, EOPE (EOPE+); e HIV-negative, LOPE (LOPE−); and f HIV-

positive LOPE (LOPE+). Magnification ×40, scale bar length 20 μm. 
Morphological observations: SK syncytial knot, STB syncytiotropho-
blast
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invasion and differentiation (Gupta et  al. 2016). It is 
widely accepted that PE is characterized by defective 
interstitial invasion of extravillous trophoblasts and the 
lack of  a physiological transformation of myometrial 
spiral arteries (Rana et al. 2019). Progesterone promotes 
trophoblast invasion and prevents the apoptosis of tropho-
blasts, with the possibility of alleviating PE symptoms 

(Pei et al. 2022). PE is associated with elevated apoptosis 
of trophoblast cells (Naicker et al. 2013). In our study, the 
decreased immuno-expression of progesterone receptors in 
trophoblasts of PE placentas limits the binding of P to its 
receptors, which inhibits the activation of cell-signalling 
pathways such as MAPK, PI3K/AKT, and JAK-STAT and 
thereby impairing trophoblast invasion. This reinforces the 

Fig. 3  Progesterone immuno-localization in conducting villi. a HIV-
negative, normotensive healthy controls (N−); b HIV-positive, nor-
motensive (N+); c HIV-negative, EOPE (EOPE−); d HIV-positive, 
EOPE (EOPE+); e HIV-negative, LOPE (LOPE−); and f HIV-pos-

itive LOPE (LOPE+). Magnification ×40, scale bar length 20  μm. 
Morphological observations: SK syncytial knot; STB syncytiotropho-
blast, FN fibrinoid necrosis
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implication of impaired P production and receptor signal-
ling in the pathogenesis of PE.

A previous study reported that P mitigates hypertension 
in response to placental ischemia in a reduced uterine per-
fusion pressure rat model (Kiprono et al. 2013). Wen et al. 
(2009) demonstrated that progesterone has a protective effect 
on vascularization by increasing endometrial vascularity and 
blood flow. The decreased immuno-expression of P and PRs 

observed in our study could negatively impact vasculariza-
tion and blood flow to the foetus.

The findings of our study report lower immuno-expres-
sion of P and PRs based on gestational age; being down-
regulated in the EOPE compared to the LOPE group, 
regardless of HIV status. A recent study by Garrido-Gomez 
et al. (2021) observed disrupted estrogen receptor 1 and pro-
gesterone receptor B gene expression in severe PE, which 

Fig. 4  Progesterone receptor immuno-localization in conducting villi. 
a HIV-negative, normotensive healthy controls (N−); b HIV-positive, 
normotensive (N+); c HIV-negative, EOPE (EOPE−); d HIV-posi-

tive, EOPE (EOPE+); e HIV-negative, LOPE (LOPE−); and f HIV-
positive LOPE (LOPE+). Magnification ×40, scale bar length 20 μm. 
Morphological observations: SK syncytial knot, FN fibrinoid necrosis
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correlates with our findings of decreased PR expression in 
the EOPE group, as EOPE is associated with greater sever-
ity and adverse outcomes for both the mother and the baby 
(Gomathy et al. 2018). Progesterone synthesis by the pla-
centa is dependent upon the mitochondria, and a review 
by Marín et al. (2020) described the altered mitochondrial 
structure and function within syncytiotrophoblast cells 
which effect oxidative stress and cell apoptosis in EOPE 

and LOPE. Notably, mitochondrial dysfunction promotes 
impairment of P synthesis, leading to increased trophoblast 
apoptosis associated with EOPE development (Marín et al. 
2020).

Currently, the subtypes of PE are classified by gestational 
age, where EOPE is associated with defective placentation 
of placental origin, and LOPE is associated with maternal 
metabolic defects of maternal origin (Burton et al. 2019). 

Table 2  Immuno-expression of 
placental progesterone and PR 
across all six study groups

Exchange villi Conducting villi

Progesterone
p = < 0.0001****

PR
p = < 0.0001****

Progesterone
p = < 0.0001****

PR
p = < 0.0001****

N− 26.62 (25.10–28.66) 13.72 (12.12–15.52) 19.16 (16.79–21.62) 10.40 (9.06–11.59)
N+ 24.47 (23.29–25.95) 12.68 (11.72–14.05) 18.91 (17.66–20.30) 10.04 (8.86–11.22)
EOPE− 24.88 (22.76–26.63 10.93 (9.29–12.22) 23.81 (21.14–26.30) 9.61 (8.40–11.05)
EOPE+ 21.17 (18.80–22.82) 10.79 (9.13–12.14) 18.78 (15.84–21.62) 8.96 (7.73–9.92)
LOPE− 25.18 (23.14–27.32) 11.60 (10.30–12.99) 18.58 (17.60–20.10) 11.20 (10.08–12.82)
LOPE+ 24.74 (22.66–26.70) 12.71 (11.50–14.87) 18.61 (17.11–20.01) 10.44 (9.65–11.55)

Fig. 5  Percentage progesterone and PR immuno-expression in the 
exchange villi. The % progesterone within the exchange villi was 
quantified and compared between a pregnancy type, b PE subtype, 

and c HIV status. The % PR immuno-expression was also compared 
between d pregnancy type, e PE subtype, and f HIV status
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Furthermore, recent studies have investigated potential 
biomarkers distinguishing EOPE and LOPE, such as miR-
NAs and differentially expressed genes of placental and 
peripheral blood (Lykoudi et al. 2018; Guo et al. 2021). 
The progesterone/oestrogen  ratio varies in PE, accord-
ing to the disease sub-type, phenotype, and severity (Kale 
et al. 2020). In our study, the downregulation of P and PR 
immuno-expression in EOPE compared to LOPE placentae 
presents the possibility of P and PRs as a potential biomarker 
for subtyping PE.

The findings of our study also report a decreased 
immuno-expression of P and PR in the HIV+ compared to 
HIV− group, regardless of pregnancy type. These findings 
align with a previous study by Zhou et al. (2018) which 
observed lower plasma P levels in HIV+ women during the 
first and second trimesters of pregnancy. It is plausible that 
this downregulation may be attributed to protease inhibitor-
based cART or directly from HIV infection alone. Protease 
inhibitors used in HIV management has been associated 
with mitochondrial dysfunction and impairment of villous 

trophoblast differentiation and P synthesis (Fraichard et al. 
2021). Lower P levels in women receiving protease inhibi-
tor-based cART have been reported and are associated with 
adverse birth outcomes such as foetal growth restriction 
(Papp et al. 2015).

Regardless of study group, our findings report that P and 
PR immuno-expression is significantly higher in exchange 
versus conducting villi. Furthermore, regardless of villi type, 
a significant difference was observed between groups. It is 
noted that in the conducting villi, P was marginally higher 
in the PE group compared to normotensive, and a non-sig-
nificant difference was observed in the immuno-expression 
of PRs. The differences in P and PR immuno-expression 
may be attributed to surface area of the villi, as Sankar et al. 
(2013) indicated that the villous surface area and diameter 
were reduced in placentas with PE; however, the terminal 
villi density was greater in placentas with PE than in con-
trols. Mohammadi et al. (2018) noted that changes to placen-
tal vascular formation have also been noted in HIV infection 
with cART exposure, and it is suggested that progesterone 

Fig. 6  Percentage progesterone and PR immuno-expression in the 
conducting villi. The % progesterone within the exchange villi was 
quantified and compared between a pregnancy type, b PE subtype, 

and c HIV status. The % PR immuno-expression was also compared 
between d pregnancy type, e PE subtype, and f HIV status
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supplementation could be used for enhanced placental 
function. The decline in P and PRs immuno-expression 
in our study prompts the need for further research into the 
outcomes of progesterone as a supplement during PE and 
HIV+ pregnancies.

Across all six groups in our study, the EOPE+ group had 
the lowest immuno-expression of P and PRs. In a South 
African case–control study, Sikhosana et al. (2022) observed 
that untreated HIV infection has a protective effect against 
PE; however, this protective effect is negated with the use 
of antiretroviral  drugs (ARVs), resulting in a greater risk 
of women developing PE. In contrast, Conde-Agudelo et al. 
(2008) noted that PE develops regardless of HIV treatment. 
Whilst the susceptibility of PE in HIV infection remains 
under debate, our study suggests that the combination of PE 
and HIV infection can synergistically impact progesterone 
synthesis and the expression of receptors.

A limitation of this study would be that the different types 
of PRs (PR-A and PR-B) were not specified. The immuno-
expression of the different PR receptors could vary across 
the placental tissue and could be distinctively impacted by 
PE and HIV infection. An additional limitation would be that 

the duration of cART treatment received by the HIV+ partic-
ipants was not specified, and the type of treatment received 
and duration could impact the results.

In conclusion, this study reports a downregulation of P 
and PR immuno-expression in the exchange villi of pre-
eclamptic placenta. Similarly, P and PR immuno-expression 
were also significantly downregulated in HIV+ placentas, 
with the EOPE+ group exhibiting the lowest immuno-
expression. We suggest that PI-based cART can result in 
mitochondrial dysfunction which impairs progesterone syn-
thesis. Progesterone deficiency causes insufficient binding to 
PRs, affecting signalling pathways such as the PI3K/AKT, 
JAK-STAT, and MAPK cascades, which affects trophoblast 
invasion. Of note, the EOPE group has a lower immuno-
expression of P and PRs compared to LOPE, directly linking 
the decline to its placental origin, defective placentation, the 
severity of PE, and to adverse outcomes of both mother and 
baby. Progesterone supplementation in HIV-infected women 
with PE should be considered in a large study cohort.
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