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Abstract

Background: The glucocorticoid receptor (GR) and progesterone receptor (PR) are very
closely related in terms of their amino acid sequence and three-dimensional structure. PR
ligands have been previously reported to cross-react with the GR. The cross-talk effects of
certain PR ligands via the GR may impact immune function and risk of acquiring sexually
transmitted infections (STIs). This suggests that GR and PR expression levels are relevant to
immunity against pathogens in the female genital tract (FGT) and systemic immunity. PR
protein expression is well characterised ex vivo in FGT tissues while very little is known about
GR protein expression ex vivo in the FGT. Immune cells patrol the FGT but the expression of
GR as well as PR proteins in resident immune cells of the FGT has not been previously

reported.

Aims and Hypotheses: This study aims to assess potential cross-reactivity of GR and PR
primary antibodies as it is hypothesised that the antibodies exhibit cross-receptor binding,
confounding data interpretation. Another aim is to evaluate GR and PR protein expression in
FGT epithelial and stromal cells, with the hypothesis that both GR and PR proteins are
expressed in FGT epithelial and stromal cells. The study also seeks to determine and compare
GR and PR expression in FGT-resident CD4* and CD8" immune cells, hypothesising that these
cells express more GR than PR proteins. Finally, the study aims to determine and compare GR
and PR protein expression in systemic immune cells, hypothesising that systemic CD3", CD4",

and CD8" T lymphocytes, as well as CD14" monocytes, express higher levels of GR than PR.

Models and methodologies: PR-negative COS1 cells overexpressing exogenous GR or PR

proteins were used to assess cross-reactivity of primary antibodies by western blot analysis,



immunofluorescence staining and flow cytometry. FGT ectocervical tissue explants were used
as a model for the FGT. These were stained by immunofluorescence for GR and PR as well as
for CD4" and CD8" markers. Immunofluorescence staining in ectocervical tissue samples was
visualised by confocal microscopy. Peripheral blood mononuclear cells (PBMCs) were used as
a model to investigate protein expression levels of GR and PR in systemic CD3*, CD4", CD8"

and CD14" cells by flow cytometry.

Results: Western blotting, immunofluorescence staining and flow cytometry in COS1 cells
overexpressing GR and/or PR confirmed that the anti-GR antibodies did not cross-react with
PR proteins and the anti-PR antibodies did not cross-react with GR proteins. Confocal imaging
of ectocervical tissue sections demonstrated relatively high levels of expression of GR in
epithelial cells, whereas PR expression was predominantly observed in stromal cells. GR was
also expressed in some, but not all, FGT CD4" and CD8" cells. In contrast, PR fluorescence
was absent in CD4* and CD8* cells within the FGT. Additionally, no notable trend was
observed in GR expression density, PR expression density and the relative expression density
of GR versus PR between CD4" and CD8" cells. Flow cytometric analysis of PBMCs revealed
a high frequency of GR™ cells among the systemic immune cells including CD3*, CD4" and
CD8"* T cells, with significantly lower frequency of CD14*GR* cells. There was no significant
difference in the expression density of GR among systemic CD3*, CD4*, CD8", and CD14"
cells. Conversely, PR detection in systemic CD3*, CD4*, CD8*, and CD14" cells was
problematic due to non-specific signals and gating challenges. After adjusting for these issues
with appropriate controls and gating strategies, flow cytometry data indicated a lack of PR

protein expression in systemic CD3*, CD4", CD8", and CD14" cells.



Conclusion: The lack of cross-reactivity of GR and PR primary antibodies ensures the
reliability of antibody-based protein detection assays employed in the thesis. The widespread
expression of GR across different FGT cells, including epithelial, stromal and specific T
lymphocytes as well as systemic T lymphocytes and monocytes, signifies its diverse roles
throughout the body. These findings suggest a pivotal role of GR in cells regulating FGT barrier
function and systemic immunity. In contrast to the GR, PR expression is more restricted and is
primarily found in FGT stromal cells. Its presence in FGT epithelial cells is minimal and absent
in FGT and systemic T lymphocytes and/or monocytes. The limited expression of PR compared
to GR suggests that certain progestogens, such as progesterone and medroxyprogesterone
acetate (MPA), may exert off-target effects through the GR in cells crucial for women's
immune and reproductive systems. Collectively these findings provide insights on the potential
implications of progestins-based hormonal contraceptives (HCs) such as depot MPA (DMPA)

for women's health.
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Chapter 1: Introduction

1. 1. Steroid receptors and their functions

Steroid receptors (SRs) are ligand-activated transcription factors that mediate the actions of
steroid hormones. The steroid receptor family, a subfamily of the nuclear receptor superfamily,
consists of the progesterone receptor (PR), glucocorticoid receptor (GR), androgen receptor
(AR), mineralocorticoid receptor (MR), and estrogen receptor (ER) (Mangelsdorf et al., 1995).
In the absence of ligands, SRs are localised in the cytoplasm, bound to heat-shock proteins
(HSPs) such as HSP90. SRs undergo conformational changes upon binding to their respective
hormones/ligands, releasing HSP90 (Gehring, 1998). The ligand-receptor complexes are then
translocated to the nucleus where the activated SRs regulate gene transcription via
transactivation or transrepression. Activated SRs upregulate gene transcription by binding
directly to specific DNA sequences called steroid-responsive elements (SRES) (transactivation)
and repress transcription of target genes by indirectly interacting with other transcription
factors such as nuclear factor-kappa B (NFxB) and activator protein-1 (AP-1) (transrepression)

(Figure 1.1) (Beato and Klug, 2000, Africander et al., 2011).
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Figure 1.1: General mechanism of action of ligand-activated SRs in transcriptional gene
regulation. SRs are activated by their cognate ligands and regulate gene transcription either by
binding SRE and acting as a transcription factors or by interacting with other transcription
factors to inhibit their actions. Image adapted from (Africander et al., 2011). HSP 90: heat-
shock protein 90, MPA: medroxyprogesterone acetate, SR: steroid receptor, SRE: steroid

response element, NFkB: as nuclear factor-kappa B, AP-1: activator protein-1.

1.1.1. Glucocorticoid receptor
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The GR exists in two major isoforms, namely GRa and GRB. GRa is the more transcriptionally
active isoform, and GRp is not activated by glucocorticoids (Oakley and Cidlowski, 2011,
Timmermans et al., 2022). Inactivated GRa proteins reside in the cytoplasm in complex with
chaperone proteins (Pratt and Toft, 1997, Grad and Picard, 2007) and are rapidly translocated
to the nucleus when activated by glucocorticoids (Beato and Klug, 2000). The main
glucocorticoid in humans is cortisol which is secreted in a circadian manner by the adrenal
cortex and released in response to stress (Oakley and Cidlowski, 2013). Once in the nucleus,
ligand-activated GRs transactivate and transrepress target genes (Oakley and Cidlowski, 2011),
amounting to about 20% of the human genome (Galon et al., 2002). The GR is expressed in
nearly all human tissues (Sapolsky et al., 2000, Oakley and Cidlowski, 2013). Hence, it is not
surprising that glucocorticoids act on a diverse range of physiological processes involved in
the proper functioning of the central nervous system, skeletal, hematopoietic, renal, and
reproductive systems, as well as metabolism of carbohydrates, proteins and fats (Barnes, 1998,
Sapolsky et al., 2000). Furthermore, GR signalling plays a major role in the control of
inflammatory responses, mainly by inducing the transcription of anti-inflammatory genes and
suppressing the transcription of proinflammatory genes (Oakley and Cidlowski, 2013,
Vandevyver et al., 2013). For example, the GR promotes increased transcription of anti-
inflammatory genes coding for lipocortin-1, serum leukoprotease inhibitor, Clara cell protein
10 (CC10), interleukin (IL)-1 receptor antagonist, IL-10, neural endopeptidase, and mitogen-
activated protein kinase (MAPK) phosphatase-1, but represses the transcription of pro-
inflammatory cytokine genes coding for TNF-a, GM-CSF, IL-1b, IL-2, IL-3, IL-6, IL-8, and
IL-11 (Pace and Miller, 2009, Vandevyver et al., 2013, Cruz-Topete and Cidlowski, 2014,
Nicolaides et al., 2018). Glucocorticoids are used to treat inflammatory diseases, autoimmune
diseases, and organ transplant rejection due to their anti-inflammatory and immunosuppressive

effects (Boumpas et al., 1993, Oakley and Cidlowski, 2011).
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1.1.2. Progesterone receptor

The PR exists in two major isoforms, PR-A and PR-B, where PR-B is more transcriptionally
active than PR-A (Mulac-Jericevic et al., 2000, Conneely et al., 2002). The PR mediates the
actions of the endogenous hormone progesterone. Progesterone is involved in processes
responsible for the development and normal functioning of the female reproductive system,
including the maturation of oocytes, ovulation, embryo implantation, parturition, and
maintenance of pregnancy (Graham and Clarke, 1997, Smith, 2007, Obr and Edwards, 2012,
Salehnia and Zavareh, 2013). During the menstrual cycle, the PR is responsible for the
functioning of ovarian cells to release eggs during ovulation (Salehnia and Zavareh, 2013).
During pregnancy, the PR induces changes in uterine tissues to prepare for the fertilised egg to
implant and grow (Navot et al., 1989, Dinh et al., 2019). The PR is also responsible for the
normal proliferative activity and differentiation of epithelial and ductal cells in female
mammary glands (Mulac-Jericevic et al., 2003). In males, the PR influences the functions of
the male gametes and regulates fertility (Aquila and De Amicis, 2014). In addition to its well-
documented reproductive functions, the PR is also activated by progesterone in the brain,
thymus, bone, lungs and vasculature in both males and females (Lin et al., 2022). Furthermore,
the PR is reported to play an anti-inflammatory role in female reproductive tissues by inhibiting
the activation of the NFkB pathway (Hardy et al., 2006, Fedotcheva et al., 2022). Direct
interaction of ligand-activated PR with the transcription factor NFkB suppresses the expression
of pro-inflammatory cytokine genes such as TNF-a, IFN-y and IL-12. The PR also upregulates
gene transcription of anti-inflammatory cytokines such as IL-10, contributing to tissue repair

and the reduction of inflammation (Patel et al., 2015).
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1.1.3. Other SRs: estrogen receptor, androgen receptor and mineralocorticoid receptor

The ER mediates the actions of the endogenous hormone estrogen (E-) that plays a role in the
development of reproductive and mammary tissues. ER-mediated signalling regulates growth
factor pathways that are involved in tissue repair, tumour growth and fibrogenesis, during
morphogenesis in mammary glands, prostate, and lungs. In addition to the development and
maintenance of reproductive tissues and mammary glands, the ER also exerts effects on the

innate and adaptive immune system (Heldring et al., 2007).

In humans, the AR is activated by androgens, the male sex steroids. The main androgens
include testosterone and the active metabolite of testosterone, dihydrotestosterone (DHT)
(McEwan and Brinkmann, 2000). Androgens are responsible for male sexual differentiation,
male reproductive functions and the development of prostate organs (McEwan and Brinkmann,
2000, Lu et al., 2006, Dehm and Tindall, 2007). Circulating concentrations of androgens are
higher in men than in women. In both males and females, the AR regulates the transcription of
genes involved in cell cycle progression, protein synthesis and cell death (Lu et al., 2006, Tan

etal., 2015).

The mineralocorticoid receptor (MR) mediates the actions of the endogenous mineralocorticoid
ligand, aldosterone. The MR is responsible for maintaining electrolyte homeostasis and blood
pressure by regulating the transport of water, sodium and potassium, and it plays a role in

metabolism and stress response, in both males and females (Gaeggeler et al., 2005).
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Aldosterone, via the MR, regulates bone formation and bone resorption in osteocytes and

osteoblasts (Altieri et al., 2018).

1.1.4. Cross-receptor binding of SRs ligands

The general structure of SRs is comprised of distinct domains: a transcriptional activation
function-1 (AF-1) domain, a DNA-binding domain (DBD) and a C-terminal ligand binding
domain (LBD). SRs display homology in their amino acid sequences and three-dimensional
structures (Figure 1.2) (Griekspoor et al., 2007). The DBD is highly conserved among the SRs
with about 90% homology, while the LBD of PR, GR, AR and MR share about 50-57%
homology (Szapary et al., 2008, Africander et al., 2011). The GR and PR are very closely

related. Their DBDs and LBDs are 90% and 55% identical, respectively (Szapary et al., 2008).

DBD LBD
ERo AB gl o E F
ERD
GR T TS
PR: (T I D
PRa A/B I o E

AR VT  CEENED

MM
AF-1 AF-2

Figure 1.2: The structure of SRs consists of an activation domain (A/B), a DNA binding

domain (DBD) and a ligand binding domain (LBD). The amino acid sequences of the SRs
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suggest that they share structural similarities, particularly in their LBD. Figure taken from

(Griekspoor et al., 2007).

Given the structural similarities between the SRs (Figure 1.2), it is not surprising that many
SR ligands have been shown to cross-react with other SRs. For example, progesterone
antagonises the activation of the AR and the MR (Rupprecht et al., 1993, Africander et al.,
2014). The MR is not selective for aldosterone and binds to the glucocorticoid cortisol with a
similar affinity (Arriza et al., 1987, Gorini et al., 2019). While these various cross-reactivities
of endogenous steroids are physiologically important, and important for women’s health, it is
beyond the scope of this study to discuss and investigate all of them. Therefore, for the rest of

the introduction, crosstalk between only GR and PR ligands will be discussed.

Progestogens are compounds that exert progestogenic effects by binding to PR. These include
both endogenous progesterone and synthetic progestogens known as progestins (Hapgood et
al., 2014a). Progesterone, at high concentrations, i.e. greater than 200 nM, can also bind to the
GR as a weak agonist (Stanczyk et al., 2013). Progestins such as medroxyprogesterone acetate
(MPA), norethisterone (NET), levonorgestrel (LNG) and etonogestrel (ETG) (Figure 1.3) are
commonly used in menopausal hormone therapy (MHT) and as hormonal contraceptives (HCs)
(Bick et al., 2021, Africander et al., 2011). They were designed to mimic progestational actions
of progesterone and possess higher affinity, relative to progesterone, for the human PR
(Africander et al., 2011). However, MPA binds to the GR with an equilibrium dissociation
constant (Kq) of 4 — 11 nM and has a higher affinity for the GR than the endogenous
glucocorticoid cortisol (Koubovec et al., 2004). MPA is a partial to full agonist for the GR,

while NET, LNG and ETG have lower affinity for the GR and are less efficacious via the GR
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than MPA (Africander et al., 2011, Huijbregts et al., 2014, Komane et al., 2022). Both MPA

and NET are also partial to full agonists for the AR (Stanczyk et al., 2013).

Medroxyp;'ogesterone Norethisterone Levonorgestrel Etonogestrel
acetate (MPA) (NET) (LNG) (ETG)

Figure 1.3: Commonly used progestins in MHT and HC, such as MPA, NET, LNG and ETG
in HCs, share chemical structural similarities with the endogenous hormone, progesterone.

Taken from (Bick et al., 2021).

Cross-reaction of PR ligands to the GR is physiologically relevant at different reproductive
stages in women, particularly when progesterone levels increase. For example, when ovulation
occurs, progesterone levels start to increase and continue to do so for approximately 7 days, at
which time the levels peak, before decreasing prior to menstruation. The period of high
progesterone levels is also known as the luteal phase of the menstrual cycle, where
concentrations of progesterone increase to approximately 80 nM (Thurman et al., 2016, Bick
et al., 2022). At the onset of pregnancy, progesterone levels also increase and can reach a

concentration of up to 1 uM (Lissauer et al., 2015, Polikarpova et al., 2019). Additionally,
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women taking HCs or MHT, particularly DMPA, possess serum concentrations of MPA of up

to 420 nM (Hedley et al., 1985, Hapgood et al., 2018).

Altogether, receptor binding theory and the biological concentrations of progestogens during
specific reproductive phases or following progestin administration suggest that cross-talk

between PR ligands and GR is likely to occur, potentially impacting women’s health.

1.1.5. Involvement of the GR and PR in physiological disorders, immunity and sexually

transmitted infections

SRs are involved in several physiological disorders, including atherosclerosis, vascular
inflammation, osteoporosis, and the incidence and progression of cancers (Caratti et al., 2015,
Moss and Jaffe, 2015, Altieri et al., 2018, Dehm and Tindall, 2007). These are generally
associated with increased SR levels, abnormal concentrations of steroid hormones and/or
increased activation of SRs. For example, effects mediated via the GR impair bone remodelling
in osteoblasts, osteocytes, and osteoblasts, causing plaques (Altieri et al., 2018). Differential
GR expression levels have also been demonstrated to alter pathological states in patients with
systemic lupus erythematosus and leukaemia (Lauten et al., 2003, Du et al., 2009). Steroid
hormones used in HCs are reported to increase the risk of invasive cervical cancers and are
associated with increased PR levels in higher-grade carcinomas (Monsonego et al., 1991,
Moodley et al., 2003). Therefore, during cancer screening, PR expression is analysed to
diagnose the type of cancer and to determine appropriate treatments. Furthermore, activation
of the PR affects the incidence and progression of cancer cells in mammary glands (Ogara et
al., 2019). PR is also associated with pancreatic and periampullary cancers (Andersson et al.,

2019).
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SRs are key immune regulators, modulating the production of cytokines, chemokines and
inflammatory markers by targeting transcription factors such as NFkB and AP-1 (Lawrence,
2009, Cruz-Topete and Cidlowski, 2014, Moss and Jaffe, 2015, Fedotcheva et al., 2022). GCs,
via the GR, display potent anti-inflammatory and immunosuppressive effects. They suppress
inflammation by suppressing pro-inflammatory genes encoding cytokines, chemokines, cell
adhesion molecules, inflammatory enzymes and receptors (McMaster and Ray, 2008, Cruz-
Topete and Cidlowski, 2014). Moreover, fluctuating levels of sex hormones, particularly
progesterone, is one of the key regulators of the function of epithelial, stromal, and immune
cellsinthe FGT. The luteal phase, characterised by an increased concentration of progesterone,
is regarded by some researchers as a ‘window of vulnerability’ to increased HIV/STI infection
period (Wira and Fahey, 2008). During this phase, the innate and adaptive systems in female
reproductive tissues undergo changes to optimise conditions for fertilisation and implantation.
In the FGT, components of adaptive, innate, humoral and cell-mediated immunity, such as
migration of immune cells, expression of coreceptors, secretion of antibodies, antimicrobial
peptides, cytokines, and chemokines are suppressed during the luteal phase (White et al., 1997,
Yeaman et al., 2003, Wira and Fahey, 2008). Similar to the luteal phase, high progesterone
levels during pregnancy are associated with dampened immunity, where protective functions
of the adaptive immune system are impaired to promote maternal-foetal tolerance (Hardy et

al., 2006, Yao et al., 2017, Hellberg et al., 2021).

Furthermore, increased progesterone concentrations and the administration of progestin-based
HCs also predispose women to viral infection, such as by human papillomavirus (HPV) and
HIV, in the FGT (Wira and Fahey, 2008, Moodley et al., 2003, Bick, 2018, Bick et al., 2022,

Hapgood et al., 2014b). The mechanisms associated with this reportedly include changes in the
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recruitment or differentiation of viral target cells, suppression of innate and adaptive immune
functions, enhanced expression of coreceptors that aid binding to viruses, a thinner epithelial
layer, and modulation of pro- and anti-inflammatory cytokines and chemokines (Wira and
Fahey, 2008, Wira et al., 2014, Hapgood et al., 2018). However, some but not all of these
mechanisms are consistent with the reported effects of high progesterone in the luteal phase.
Investigators carried out ex vivo and in vitro studies, which suggested that the actions of certain
progestogens, such as progesterone and MPA, on suppression of immune function could be
mediated via the GR and not the PR (Lei et al., 2012, Bick et al., 2022, Bick, 2018, Ray et al.,
2019, Hapgood et al., 2014b). The presence of GR antagonist, and not PR antagonist, was able
to prevent progesterone- or MPA-induced responses in human myometrial cells (Lei et al.,
2012), cultured CD4"* T cells (Tomasicchio et al., 2013) and PBMCs (Bick, 2018). Moreover,
GR knockdown using siRNA reversed the effects of progesterone and MPA in both FGT cell
lines and PBMCs (Lei et al., 2012, Govender et al., 2014, Louw-du Toit et al., 2014, Bick,
2018). Lastly, it was demonstrated that the relative levels of GR and PR affect inflammatory

and immune responses of HIV-1 target cells to progestins in vitro (Bick, 2018).

Altogether, the above-mentioned studies suggest that GR and PR receptor levels, along with
endogenous hormone and progestin concentrations, can modulate the responses of certain
tissues to hormonal ligands, thus affecting susceptibility to pathogens and the progression of
cancers. Additionally, high physiological concentrations of progesterone or administration of
progestin-only HCs suppress immunity in the FGT, thus predisposing to sexually transmitted
infections (STIs). Further research indicates that the relative expression of GR to PR is
associated with differential responses to progestogens. Hence, the interplay between the

endocrine and immune systems influences women’s health and is a major area of research.
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1.2. The role of the FGT and systemic immune cells in controlling infections

1.2.1 Structural and immunoregulatory functions of FGT compartments

The cervix is subdivided into the ectocervix, transformation zone (CTZ) and endocervix
(Figure 1.4A). The ectocervix, endocervix and CTZ constitute of mainly epithelial and stromal
cells (Figure 1.4B). The endocervix is lined by a single layer of tall columnar mucinous
epithelial cells and forms part of the upper FGT (Figure 1.4A). The endocervix is not directly
exposed to the external environment and is thus considered to be more sterile than the
ectocervix. The CTZ is the region where the endocervix and ectocervix meet and is
characterised by the transition of simple columnar epithelial cells to stratified squamous
epithelial cells. The ectocervix, unlike the endocervix, is lined by layers of nonkeratinized
stratified squamous epithelial cells and constitute the lower FGT (Figure 1.4A) which is
associated with heavy microbial presence. Furthermore, the lower FGT is considered as the
first site of contact with pathogens during heterosexual transmission. In the ectocervix, the
epithelial and stromal tissues are separated by a layer of cells known as the basal layer (Figure
1.4B). The stromal tissue layer which is composed of fibroblasts, smooth muscles, lymphatic,
nerve and vascular connections that collectively provide structural tissue support (Shukla et al.,
2018). Both the epithelial and stromal tissues play important roles in mounting immunity

against pathogens through several mechanisms (De Tomasi et al., 2019).
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allow entry of pathogens and sperm respectively. Epithelial cells also secrete antimicrobial
peptides, cytokines and chemokines. Cytokine and chemokine signalling act on immune cells
such as dendritic, B, T and NK cells, leading to their differentiation or migration to provide

appropriate immune responses (Wira et al., 2015, De Tomasi et al., 2019).

The stroma is a collagen-rich matrix and plays an important role in cervical remodelling during
pregnancy and parturition (Socha et al., 2022). Furthermore, immune cells are also found to be
scattered in the stroma and are responsible for fighting pathogens that infiltrate the cervix pass
the epithelial barrier (Wira et al., 2015, De Tomasi et al., 2019). Other studies also suggest that
stromal cells can indirectly influence functions of epithelial cells through paracrine signalling

of cytokines and chemokines secreted by stromal fibroblasts (Wira et al., 2005b).

1.2.2 Functional roles of FGT immune cells

Besides epithelial cells and stromal fibroblasts, the ectocervix comprises of immune cells that
patrol the epithelium and the stroma. Dynamic immune cell populations migrate throughout
various sites of the FGT including the fallopian tubes, uterus, cervix and vagina, providing
protection against foreign pathogens (Wira et al., 2005a, De Tomasi et al., 2019). Leukocytes
account for 6-20% of the total number of cells in the FGT, with T lymphocytes (CD3* cells)
representing the predominant immune cell subset. Other immune cells, such as B lymphocytes,
macrophages, granulocytes, and monocytes, are present in lower proportions (Givan et al.,
1997). Additionally, lymphoid aggregates, which comprise of macrophages, B lymphocytes,
and T lymphocytes, are also present but are uniquely localized to the uterus (De Tomasi et al.,

2019). The leukocyte population in the ectocervix consists predominantly of T lymphocytes
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accounting 30-60% of all leukocytes (Givan et al., 1997, Poppe et al., 1998). CD3" cells are
further subdivided to CD4" and CD8" cells and CD3", CD4", CD8" T cells are distributed
across the epithelium and the stroma of the ectocervix (Trifonova et al., 2014, Zhou et al.,
2018). CD8"* T cells are more abundant than CD4* T cells, constituting of 60% and 40% of T
cells, respectively (Trifonova et al., 2014). During pregnancy, CD4* T cells play important role
by maintaining inflammation for foetal-maternal acceptance (Polikarpova et al., 2019). CD4*
T cells are also the most preferred target cell of HIV since during the early steps required for
HIV cell entry, gp120 attaches to the extracellular receptor, CD4, on host cells (Trifonova et
al., 2014, Hapgood et al., 2018). CD8"* T cells are cytotoxic cells and are able to sustain
pathogens by inducing effective local cellular responses against microbes. Their antiviral
effects allow them to control further transmission of viruses in the FGT (Koh et al., 2023).
Macrophages (CD14" cells), natural killer (NK) cells (CD56" cells) and B lymphocytes are
also present in the FGT and represent very small percentage of total immune cells (Mselle et
al., 2007, Trifonova et al., 2014, Zhou et al., 2018, De Tomasi et al., 2019). CD14" cells in the
FGT act as antigen-presenting cells (APCs) to CD4" and CD8* cells. Cervical CD14" cells may
also transmit pathogens such as HIV-1 viruses to CD4* and CD8" cells (Donaghy et al., 2004,
Trifonova et al., 2014, Trifonova et al., 2018). Some dendritic cells, which are also CD14*
cells, express cell surface receptors known as DC-SIGN that bind and internalise viruses (Su

et al., 2003).

1.2.3 Functional roles of peripheral blood mononuclear cells (PBMCs)

PBMCs consist of heterogenous cell populations that include lymphocytes, monocytes and

dendritic cells. In humans, lymphocytes account for 70-90%, monocytes range from 10-20%
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and dendritic cells represent 1-2% of total PBMCs (Kleiveland, 2015, Polikarpova et al., 2019).
The lymphocytes population comprise of mainly of CD3" T cells (70-85%) while the minority
are B cells (5-10%) and NK cells (5-20%) (Kleiveland, 2015). CD4* and CD8" T cells form
part of the adaptive immune system and mount appropriate immune responses by secreting
cytokines and chemokines. CD4* T cells differentiate to helper T cells which then induce
activation of B cells’ antibody production and cytotoxic CD8" T cells (Swain et al., 2012).
CD8* T cells are cytotoxic cells that recognise and kill infected cells by releasing cytotoxic
chemokines, cytokines or granules (Koh et al., 2023). CD14" cells in the blood are primarily
monocytes but macrophages and dendritic cells also express CD14. CD14" cells express major
histocompatibility complex (MHC) molecules such as HLA-DR enabling them to function as

APCs to CD4" T and CD8* T cells (MacDonald et al., 2002).

Taken together, the above data suggests that the structure of the cervix, features of the epithelial
and stromal tissues and distribution of immune cells make the cervix well equipped to support
immunological and reproductive functions. Collectively, the epithelial cells, stromal fibroblasts
and immune cells of the FGT contribute to a pool of cytokines, chemokines and antimicrobial
peptides, conferring protection to the FGT. FGT CD4* and CD8* T cells are the predominant
leukocytes, exhibiting specific function and differential susceptibility to STIs compared to each
other. Hence, FGT cells, FGT CD4" and CD8" immune cells are appropriate models to
investigate GR and PR expression. PBMCs are also suitable models as they consist of several
immune cells including T lymphocytes (CD3" cells), CD4" T cells, CD8" T cells and CD14*

monocytes that are relevant for establishment, control or progression of STls.
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1.3. Expression of GR and PR in FGT tissues and systemic immune cells

1.3.1. Expression of GR and PR in FGT tissues

Data on GR expression in the FGT is limited while the expression of PR is well-characterised
across various FGT tissues (Table 1.1). In the endometrial tissue, GR protein has been reported
to be expressed in stromal fibroblasts, endothelial cells and lymphocytes but not in endometrial
glands (Bamberger et al., 2001). One study demonstrated the presence of GR proteins in the
ectocervical epithelium but GR expression in the stroma was not investigated (Buxant et al.,
2009). In the cells of the endometrium and the ectocervical epithelium, GR proteins appeared
to localise to the nuclei (Bamberger et al., 2001, Buxant et al., 2009). GR mRNA was also

detected in normal ectocervical tissue explants (Ray et al., 2019).

In contrast to GR, expression of PR protein in fresh FGT tissues such as the endometrium, the
endocervix and the ectocervix is well documented. Both PR isoforms, i.e PR-A and PR-B were
expressed in normal endometrium tissues (Wang et al., 1998) and previous work conducted in
the Hapgood research group also confirmed the expression of both isoforms at the protein level
in ectocervical tissue explants (Ray, 2015). Other studies have shown that PR proteins were
expressed in glandular and stromal cells, but not in endothelial cells of the endometrium (Wang
et al., 1998, Bamberger et al., 2001, Patel et al., 2015). In the endometrial tissues of pregnant
women, PR proteins were observed in stromal cells but were absent in glandular epithelial cells
(Perrot-Applanat et al., 1994). PR proteins were detected in columnar endocervical epithelial
cells but were absent in the ectocervical epithelium of fresh human cervical tissues (Cano et
al., 1990). However, a more recent study demonstrated PR protein expression in basal epithelial

and stromal ectocervical cells (Ackerman et al., 2016). Similar to the GR, PR proteins were
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localised to nuclei of FGT cells specified above (Cano et al., 1990, Bamberger et al., 2001,
Ackerman et al., 2016). PR expression, at the mRNA level, was also detected in normal

ectocervical tissue explants (Ray et al., 2019).

1.3.2. Expression of GR and PR in primary FGT cells and cell lines

Primary cell cultures of cervical stromal fibroblasts were shown to express GR protein whereas
PR protein expression was lost in those cells when cultured in vitro (Ackerman et al., 2016).
In FGT cell lines such as HelLa, End1/E6E7 endocervical epithelial, Ect1/EGE7 ectocervical
epithelial, TZM-bl cervical cancer and VK2/EGE7 vaginal epithelial cell lines, GR was shown
to be expressed at both mRNA and protein levels (Table 1.1) (Africander et al., 2011,
Govender et al., 2014, Louw-du Toit et al., 2014, Maritz et al., 2018). PR, on the other hand,
was not detected in those FGT cell lines at protein level nor at mMRNA level (Govender et al.,

2014, Maritz et al., 2018, Mahajan et al., 2022).
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Table 1.1: Summary of GR and PR expression in frozen FGT tissues, primary FGT cells and FGT cell lines. The methodologies employed to

detect expression at protein or mRNA level are also recorded.

GR was expressed in stromal compartment of endometrium but not in endometrial glands

Immunohistochemistry (protein):
GR was expressed in the ectocervix

gRT PCR (MRNA):
GR mRNA was expressed in ectocervical tissue

FGT tissue
PR Immunocytochemistry (protein): Non-stimulated (Ackerman et
PR was detected in the stromal and basal epithelial cells of ectocervix al., 2016)
(Perrot-Applanat
Immunohistochemistry (protein): etal., 1994)
PR was expressed in stromal cells and arterial cell wall cells of endometrium (Bamberger et
al., 2001)
Immunohistochemistry (protein): (Ray, 2015)
PR was expressed in endometrial glands (Ray etal.,
2019)
Western blot (protein):
PR-A and PR-B was expressed in ectocervical tissue explants. Higher expression in
follicular than luteal phase
gRT PCR (MRNA):
PR mRNA was expressed in ectocervical tissue
GR Immunohistochemistry (protein): Non-stimulated (Bamberger et

al., 2001)
(Buxant et al.,
2009)

(Ray etal.,
2019)
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Primary cervical stromal fibroblasts

PR Immunofluorescence staining (protein): Estrogen (173-E2) (Ackerman et
PR was expressed in the nuclei priming al., 2016)
Western blot (protein):
PR-A and PR-B were expressed
gRT-PCR (mMRNA):
PR-A and PR-B were expressed
GR Immunofluorescence staining (protein): Non-stimulated (Ackerman et
GR was constitutively expressed in the nuclei al., 2016)
FGT cell lines
PR Western blot (protein): Non-stimulated or (Mahajan et al.,
PR was not detected in AN3 endometrial cancer cell line, RL95-2 endometrial cancer cell progesterone-estrogen 2022)
line, HeLa, End1/E6E7 endocervical epithelial cell line, Ect1/E6E7 ectocervical epithelial treatment (Govender et al.,
cell line, TZM-bl cervical cancer cell line and VK2/EGE7 vaginal epithelial cell line 2014)
(Maritz et al.,
gRT-PCR (MRNA): 2018)
PR was not detected in AN3, RL95-2, HelLa, End1/E6E7, Ectl/EGE7 and TZM-bl cells (Louw-du Toit
etal., 2014)
(Africander et
al., 2011)
GR Western blot (protein): Non-stimulated (Govender et al.,
GR was detected in HelLa, End1/E6E7, TZM-bl and Ect1/E6GE7 cells 2014)
(Maritz et al.,
gRT-PCR (MRNA): 2018)
GR was detected in HelLa, End1/E6E7 and TZM-bl cells (Louw-du Toit
etal., 2014)
(Africander et
al., 2011)
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1.3.3. Expression of GR and PR in systemic immune cells

Other studies also analysed the expression of GR and PR in systemic immune cells. It was
shown that GR protein was expressed in peripheral blood mononuclear cells (PBMCs)
(Tomasicchio et al., 2013, Bick et al., 2022) but PR protein expression was not detected
(Tomasicchio et al., 2013). Similarly, RNA analyses of GR and PR in total PBMCs revealed
that GR mRNA was expressed but PR mRNA was undetectable (Tomasicchio et al., 2013,
Polikarpova et al., 2019, Brundin et al., 2021). In specific immune cell types, GR protein was
identified in CD3" and CD14" cells, where CD3" cells were positive for GR at higher frequency
than CD14" cells (Du et al., 2009). PR protein was found to be expressed in innate immune
cells such as CD56* NK cells (Arruvito et al., 2008) whereas in the same study and others, low
to no immunoreactivity to PR proteins was observed in CD3" T cells, CD4* T cells and CD20"
B cells (Arruvito et al., 2008, Dosiou et al., 2008). High expression of GR mRNA was detected
in CD4" T cells, CD8" T cells, CD14* monocytes, CD56" natural killer (NK) cells and CD19*
B cells sorted from PBMCs (Brundin et al., 2021), while PR mRNA expression was not
observed in peripheral blood leukocytes or CD4" T cells, CD8* T cells and dendritic cells

(Dosiou et al., 2008, Hughes, 2011, Polikarpova et al., 2019).
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Table 1.2: GR and PR expression in PBMCs and immune cell subsets sorted from PBMCs.

The methods used to detect their expression at mMRNA or protein level are also noted.

GR was expressed in CD3* T cells and CD14*
monocytes
%CD3*GR* cells > %CD14*GR" cells

Manual gPCR (mMRNA):
GR was highly expressed in CD4* T cells, CD8* T

cells, CD14* monocytes, CD56* NK cells and CD19*
B cells

PBMCs (whole population)
PR Western blot (proteins): PR was not detected Non-stimulated (Dosiou et al.,
2008)
(Hughes, 2011)
(Tomasicchio et
al., 2013)
gRT-PCR (mRNA): Nuclear *! PR mRNA was not (Polikarpova et
detected al., 2019)
(Brundin et al.,
2021)
GR Western blot (protein): GR was detected Non-stimulated (Tomasicchio et
al., 2013)
(Brundin et al.,
gRT PCR (MRNA): GR mRNA was detected 2021)
(Bick et al., 2022)
PBMC:s (sorted)
PR Western blot (protein): Non-stimulated (Dosiou et al.,
PR-A and PR-B in peripheral blood natural killer 2008)
(NK) cells was detected (Arruvito et al.,
2008)
RT-PCR (MRNA): Non-stimulated (Polikarpova et
PR was not detected in peripheral blood leukocytes al., 2019)
IF staining/confocal microscopy (protein): P4 stimulation
PR in CD56* NK cells was detected (2h)
Flow cytometry (protein): Non-stimulated
Expression of PR was observed in NK cells (63.63
%).
Very low immunoreactivity was observed in
peripheral blood purified CD3* T cells, CD4* T cells
and CD20* B cells
GR Flow cytometry (protein): Non-activated (Du et al., 2009)

(Brundin et al.,
2021)

36



*L |t is important to note that in this study, the authors also explored the expression of
membrane progesterone receptors (PRs) (Polikarpova et al., 2019). However, for the purposes

of the present investigation, the primary focus is on the classical nuclear PR.

In summary (data summarised in Table 1.1 and Table 1.2), GR expression was detected in
almost all types of FGT tissues, cultured primary stromal fibroblasts, FGT cell lines and
primary systemic immune cells. Nevertheless, there is limited data on GR protein expression
in the lower FGT, more specifically in the epithelial and stromal compartments of the
ectocervix. Additionally, differences in GR expression and protein expression density among
CD3*, CD4", CD8" and CD14" cellular subsets are yet to be elucidated. PR expression is well
established in the ectocervix at the protein level while its expression in specific systemic
immune cells such as CD3*, CD4*, CD8" and CD14" cells is questionable. Besides, no studies

by thus have investigated the expression of GR and PR in immune cells residing in the FGT.

1.4. Strategies, methodologies and challenges in detecting GR and PR in FGT tissues and

systemic immune cells

Both GR and PR protein were observed in fresh FGT tissues by immunohistochemistry (Perrot-
Applanat et al., 1994, Bamberger et al., 2001, Buxant et al., 2009, Ackerman et al., 2016).
Immunohistochemistry is recognised as a powerful technique to visualise protein expression in
tissues ex vivo (Gremel et al., 2014). It enables detection of the proteins in their native form
and can provide information on their spatial localisation in tissues or subcellular compartments.
Previously in the Hapgood research group, western blot analyses were conducted on

homogenised cervical tissue explants to probe for GR and PR proteins (Ray, 2015). The
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expression GR and PR proteins were detected but the spatial localisation of the proteins could
not be determined using this technique. Nevertheless, the molecular weights of the signal
obtained confirmed the identity of the proteins of interest and revealed the presence of different
isoforms of the proteins (Ray, 2015). Further studies cultured cervical fibroblasts in vitro and
explored GR and PR protein expression by immunofluorescence microscopy. This method
generated high resolution images demonstrating that GR and PR proteins were expressed in
the nuclei of primary cervical fibroblasts (Ackerman et al., 2016). Moreover, protein
expression of GR and PR was investigated in FGT cell lines by western blot analyses which is
less complex to perform and less expensive compared to immunocytochemistry techniques
using tissue samples (Bamberger et al., 2001, Govender et al., 2014, Louw-du Toit et al., 2014,
Maritz et al., 2018). However, in vitro analyses may not fully replicate the in vivo environment
and potentially lead to inaccurate conclusions. Indeed, PR proteins were reportedly expressed
in fresh FGT tissues but were not detected in any of the FGT cell lines summarised in Table
1.1 (Perrot-Applanat et al., 1994, Bamberger et al., 2001, Govender et al., 2014, Louw-du Toit
etal., 2014, Ackerman et al., 2016, Maritz et al., 2018). Several studies also performed mRNA
analyses by using real-time quantitative reverse transcription PCR (QRT-PCR) to examine and
quantify mRNA transcripts of GR and PR in FGT tissues, primary FGT cells and FGT cell
lines (Govender et al., 2014, Ackerman et al., 2016, Maritz et al., 2018, Ray et al., 2019,
Mahajan et al., 2022). However, the presence of MRNA does not necessarily mean that the

protein is expressed.

For determination of GR and PR in systemic tissues, PBMCs isolated from human blood
samples are repeatedly used as a model as they constitute of several types of immune cells.
Western blotting has been conducted previously on whole population PBMCs to check for

protein expression of GR and PR (Tomasicchio et al., 2013). Conventional PCR was also
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performed on whole population PBMCs to examine mRNA expression of GR and PR
(Tomasicchio et al., 2013). GR protein and mMRNA was easily detected in the whole PBMC
population, while PR protein and mRNA could not be detected using Western blot analysis and
PCR (Tomasicchio et al., 2013). However, PR proteins were detected by flow cytometry or by
immunofluorescence in certain immune cells such as natural killer cells (CD56" cells)
following sorting of PBMCs. PBMCs constitute of 70% of T cells which do not express PR
(Brundin et al., 2021) and hence the lack of expression of PR in T cells could mask the
expression of PR in other immune cells such as macrophages and NK cells (Dosiou et al.,
2008). Fluorescence-activated cell sorting (FACS) is a more advanced method that enables
sorting of immune cell subtypes and therefore, protein or mMRNA analyses can be conducted in
specific immune cell population (Arruvito et al., 2008, Brundin et al., 2021). Flow cytometry
is a direct method for detection of specific markers in sorted immune cells whereas other
researchers harvested the sorted immune cells and performed immunofluorescence staining,

western blotting (Arruvito et al., 2008) or PCR (Brundin et al., 2021).

Taken together, the information gathered from literature suggest that immunofluorescence
technique coupled with confocal microscopy is the most powerful method to use for protein
detection of GR and PR in the FGT, as it provides information on spatial expression of proteins
in tissues and expression density can also be quantified in specific cells. However, no such
study has investigated or quantified GR or PR expression in specific FGT immune cells such
as CD4" and CD8" cells. In PBMCs, the flow cytometry method is the most suitable method
where the immune cells can be sorted as well as determination of the frequency of specific
immune cell subset and the expression density of the protein of interest. However, none of the
studies in Table 1.1 and Table 1.2 that investigated GR and PR proteins expression,

demonstrated that the primary antibodies used to detect GR and/or PR do not cross-reacted
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with the non-target receptor. Given the sequence and structural homology among SRs, as

discussed earlier, this is of extreme importance.

1.5. Thesis rationale, research gap, hypotheses and aims

1.5.1. Thesis rationale and research gap

As mentioned previously, progesterone concentration fluctuates during the menstrual cycle,
menopausal stages and at the onset of pregnancy. During these fluctuations, steroid receptor
theory and binding affinities suggest that the PR is the main SR through which progesterone
acts at low progesterone concentrations (Graham and Clarke, 1997, Africander et al., 2011,
Hapgood et al., 2018). However, when progesterone concentrations are very high, particularly
during the luteal phase and pregnancy, progesterone could also be acting via the GR
(Africander et al., 2011, Stanczyk et al., 2013, Hapgood et al., 2018). Similarly, certain
progestins such as MPA also react with the GR at physiological concentrations in women
taking HCs or MHT (Hapgood et al., 2018). Several lines of evidence suggest that high
progesterone levels during the luteal phase and the use of progestin-based HCs impact immune
function in women and increase their risk of acquiring STIs (Asin et al., 2008, Saba et al., 2013,
Morrison and Nanda, 2012, Morrison et al., 2015, Byrne et al., 2016, Polis et al., 2016, Bick et
al., 2022). Some of these biological responses are likely due to the crosstalk effects of certain
progestogens with the GR (Lei et al., 2012, Hapgood et al., 2014a, Hapgood et al., 2018, Bick
etal., 2022, Komane et al., 2022). This is particularly relevant in the FGT, which is the primary
site of STIs. Epithelial cells and resident immune cells in the FGT are target cells for viruses

such as HIV-1, HPV and herpes (Horvath et al., 2010, Wira et al., 2014, Wira et al., 2015).
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Additionally, systemic immune cells are exposed to progestogens in circulation, where their

responses are regulated by hormonal changes (Omollo et al., 2021, Bick et al., 2022).

It is unclear via which SRs progestogens exert their biological effects in these tissues. Most
FGT cell lines (summarised in Table 1.1), including Ect/E6E7 cells (Louw-du Toit et al.,
2014), have been demonstrated to respond to progesterone and progestins but lack expression
of PR protein (Africander et al., 2011, Govender et al., 2014, Maritz et al., 2018, Mahajan et
al., 2022). On the other hand, very little is known about GR protein expression in vivo in lower
FGT tissues and its cellular compartments. Moreover, protein expression of GR and PR is not
characterised in FGT CD4" and CD8* immune cells. Similarly, a comparison of GR and PR
expression at the protein level among systemic T lymphocytes (CD3*, CD4", CD8" cells) and

monocytes (CD14" cells) has not been previously investigated.

1.5.2. Hypotheses and aims

The primary aim of this study is to investigate GR and PR protein expression in tissues that

regulate women’s reproductive and immune systems.

Due to structural and amino acid sequence homology between GR and PR (Szapary et al., 2008,
Africander et al., 2011), it is possible that the anti-GR and anti-PR antibodies used for protein
detection methods can non-specifically bind to the PR and GR, respectively. This may have
confounded the results of published data (Table 1.1 and Table 1.2 and references therein) since

cross-reactivity testing of the antibodies was not reported.
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It is therefore hypothesised that the primary antibodies used for detection GR and PR bind non-

specifically to each other’s receptors, leading to potential cross-reactivity.

Hence, for this project, the first aim is to assess whether the primary antibodies used for
GR and PR detection display reciprocal receptor cross-reaction and whether the

antibodies are optimal for sensitive protein detection methods.

Ex vivo, PR protein has previously been detected in basal epithelial and stromal cells of the
ectocervix (Ackerman et al., 2016). GR protein was previously detected in primary ectocervical
stromal fibroblasts and the ectocervical epithelial cell line, ECt/E6E7 (Louw-du Toit et al.,
2014, Ackerman et al., 2016).

It is therefore hypothesised that the ectocervical epithelial and stromal cells express both GR

and PR.

This study aims to characterise GR and PR protein expression in the epithelial and

stromal compartments of the ectocervix using immunofluorescent microscopy.

Additionally, CD4* and CD8" immune cells located in the ectocervix protect the FGT and act
as potential target cells for certain viruses (Trifonova et al., 2014, Hapgood et al., 2018) (Koh
et al., 2023). Their immune responses are also regulated by fluctuating levels of progestogens
(Chandra et al., 2012, Edfeldt et al., 2022). Currently, no information is available on GR or PR
protein levels in immune cells within the FGT. Nevertheless, previous research demonstrated
that GR but not PR was expressed in systemic T lymphocytes (Arruvito et al., 2008, Dosiou et

al., 2008).
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Based on this, the second hypothesis is that as in the case of systemic T lymphocytes, all FGT
CD4" and CD8" cells express GR and a relatively low amount of PR protein. There may also

be differences in the expression density of GR and PR between FGT CD4* and CD8" cells.

Another aim is to investigate GR and PR protein expression in ectocervical CD4* and

CD8" cells using immunofluorescent microscopy.

It has been previously demonstrated that tissue-resident immune cells in the FGT display
different functions compared to systemic immune cells (De Tomasi et al., 2019, Wira et al.,
2015). According to previous studies (summarised in Table 1.2), GR but not PR was detected
in total PBMCs. Within the PBMC population, T lymphocytes constitute the majority while
macrophages and monocytes represent minor components (Kleiveland, 2015). Interestingly,
when looking at specific cells within the total PBMC population, one study reported that CD3*
T lymphocytes express GR at a higher frequency than CD14" monocytes (Du et al., 2009)
(Table 1.2). The expression of GR in other immune cell types, such as CD4" T cells, CD8* T
cells and CD14* monocytes, is unknown. Similarly, while PR protein expression has been
observed in CD56" natural killer (NK) cells and detected at low levels in CD3" T cells, CD4*
T cells, and CD20* B cells (Polikarpova et al., 2019), there is no information on PR protein
expression in CD8" T cells or CD14" monocytes. (summarised in Table 1.2). While a thorough
investigation of GR and PR expression in all the cell types comprising total PBMCs is required,
such a comprehensive study is beyond the scope of this thesis. As a starting point, this study
set out to determine GR and PR expression in T cells, which are the most prevalent immune
cell type in total PBMCs, and monocytes, which are the second most prevalent.

Taking all known literature into account, the third hypothesis is that systemic T lymphocytes

and monocytes express relatively more GR than PR protein. It is also hypothesised that a higher
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proportion of T lymphocytes (CD3* cells; including CD4" and CD8" cells) compared to

monocytes (CD14" cells) express GR.

Lastly, the present study seeks to determine and compare GR and PR protein expression

levels among CD3*, CD4*, CD8* T cells and CD14* monocytes using flow cytometry.
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Chapter 2: Material and Methods

2.1. Ethics and biosafety

This research is a sub-study linked to HREC 210/2011. This study was approved for the use of
human cervical explant tissue from Groote Schuur Hospital and blood bank buffy coats from
Western Cape Blood Services by the Human Research Ethics Committee at the University of
Cape Town with reference number HREC REF: 590/2022. The ethics approval letters are

uploaded in Section 6.4.

All biosafety procedures, with approval number BSC 004-2018, established by the Health and
Safety Committee of the Department of Molecular Cell Biology at the University of Cape
Town were followed for all experiments carried out in Biosafety Level (BSL) Il and I+

facilities.

2.2. Antibodies and reagents

Unconjugated primary antibodies for GR (mouse anti-GR, G-5; Santa Cruz Biotechnology,
USA), PR (mouse anti-PR, NCL- LPGR-312; Leica Biosystems, UK) and GAPDH (mouse
anti-GAPDH; Santa Cruz Biotechnology, USA) were used for immunofluorescence staining
and/or western blot analysis. Fluorescently labelled secondary antibodies, anti-mouse Alexa
Fluor (AF) 488 (Jackson ImmunoResearch, USA) and anti-rabbit Cy3 (Jackson
ImmunoResearch, USA) were used for immunofluorescence and HRP-linked anti-mouse

secondary antibodies (Santa Cruz Biotechnology, USA) were used for western blot analysis.
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The unconjugated primary antibodies mouse anti-GR, G-5, mouse anti-PR, NCL- LPGR-312
and the secondary antibodies anti-mouse AF488 and anti-mouse AF647 (Jackson

ImmunoResearch, USA) were also used for flow cytometry.

Primary antibodies conjugated to fluorochromes were used for staining by flow cytometry. A
panel was designed for the antibodies such that their excitation and emission spectral profiles
do not overlap. The antibodies mouse anti-human CD3 AF700, mouse anti-human CD4 APC
Fire 750, mouse anti-human CD8 PerCP and mouse anti-human CD14 PE Dazzle were
purchased from Biolegend, USA, while the monoclonal anti-GR FITC and anti-PR eFluor™
660 antibodies were obtained from Thermo Scientific, South Africa, and mouse anti-CXCR4

BV605 from BD, USA.

The dilution or volume titre of all antibodies is tabulated below in Tables 2.1-2.3.

Table 2.1: Dilutions of primary and secondary antibodies used for western blot analysis.

Markers Primary antibody | Secondary antibody | Conjugate
dilution dilution
GR mouse anti-GR anti-mouse HRP Horseradish
1:3000 1:3000 peroxidase (HRP)
PR mouse anti-PR anti-mouse HRP HRP
1:1000 1:3000
GAPDH mouse anti-GAPDH | anti-mouse HRP HRP
1:2000 1:3000
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Table 2.2: Dilutions of primary and secondary antibodies used

staining of COS1 cells or cervical tissue explants.

for immunofluorescence

Markers Primary antibody Secondary antibody Fluorophore
dilution dilution (colour)
Single marker staining
GR mouse anti-GR anti-mouse AF488 AF488 (green)
1:250 1:500 dilution
PR mouse anti-PR anti-mouse AF488 AF488 (green)
1:1000 dilution 1:500 dilution
Double markers staining
GR mouse anti-GR anti-mouse AF488 AF488 (green)
1:250 dilution 1:500 dilution
PR mouse anti-PR anti-mouse AF488 AF488 (green)
1:1000 dilution 1:500 dilution
CD3 rabbit anti-CD3 anti-rabbit Cy3 Cy3 (red)
1:1000 dilution 1:1000 dilution
CD4 rabbit anti-CD4 anti-rabbit Cy3 Cy3 (red)
1:200 dilution 1:1000 dilution
CD8 rabbit anti-CD8 anti-rabbit Cy3 Cy3 (red)
1:1000 dilution 1:1000 dilution

Table 2.3: Volume titres and fluorochromes of conjugated primary antibodies used for flow

cytometry.

Marker Antibody Volume Fluorochrome
(nL)**

CD3 mouse anti-CD3 AF700 0.5 AF700
CD4 mouse anti-CD4 APC Fire 750 0.5 APC Fire 750
CD8 mouse anti-CD8 PerCP 1 PerCP
CD14 mouse anti-CD14 PE Dazzle 594 2 PE Dazzle 594
GR mouse anti-GR FITC 5 FITC
PR mouse anti-PR efluor660 5 Efluor660
CXCR4*? mouse anti-CXCR4 BV605 - BV605

*! titre of antibodies in pL used per test for staining 1 million cells
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*2 CXCR4 was used as a marker for Zombie to distinguish between live and dead cells

The media used for cell culture was Dulbecco’s modified Eagle’s medium (DMEM; D6429,
Sigma Aldrich, South Africa). For tissue culture or storage, tissue freezing medium (Leica
Biosystems, United Kingdom), also known as optimal cutting temperature (OCT) medium, and
Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma Aldrich, South Africa) were
used. Supplements for the media were foetal calf serum (FCS; Thermo Scientific, South
Africa), L-glutamine (Sigma Aldrich, South Africa), Penicillin, Streptomycin (Gibco,

Invitrogen, UK) and IL-2 (Gentaur, United Kingdom).

The reagents for preparing Luria Broth (LB) medium for bacterial culture were tryptone, yeast
extract, NaCl and ampicillin (Sigma Aldrich, South Africa). Either Dulbecco’s PBS (Sigma
Aldrich, South Africa) or 1X PBS solution (Thermo Scientific, South Africa) were used for

washes and dilutions.

Other reagents used for western blot analysis, including Dodecyl sodium sulfate (SDS),
bromophenol blue, ammonium persulfate (APS), glycerol, methanol and B-mercaptoethanol
were purchased from Sigma Aldrich, South Africa. N,N,N’,N'-tetramethylethylene-diamine

(TEMED) and acrylamide were obtained from Bio-Rad.

For plasmid preparations, the pcDNA-hGR plasmid, which is a pcDNA3 vector containing
full-length human GR, was a gift from D. W. Ray, University of Manchester, UK (Ray et al.,
1999) , and the pMT-hPRB plasmid, which is a pMT vector consisting of the full-length human

PR-B was a gift from S. Okret, Karolinska Institute, Sweden (Cairns et al., 1993).
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2.3. Mammalian cell culture

COS1 cells (America Type Culture Collection (ATCC), USA) isolated from the kidney of an
African green monkey were cultured in Full DMEM, which is DMEM solution containing 10%
(v/iv) FCS, 2 mM L-glutamine, 100 IU/mL Penicillin and 100 mg/mL Streptomycin. The cells
were maintained in 75 cm? flasks (Greiner Bio-one International, Austria) in humidified
chambers at 37°C and 5% CO2. The cultured cells were routinely checked for mycoplasma by
staining the cells with Hoescht (ThermoFisher, South Africa) as described in Section 2.10.1.
The stained cells were then visualised under a Nikon Ti-E Inverted Microscope with a Double
Port FRET System at the Department of Molecular and Cell Biology, University of Cape Town.

Cells that were negatively tested for mycoplasma were used for subsequent experiments.

2.4. Sample collection and storage

Ectocervical tissue samples were obtained from pre-menopausal and HIV-1 negative female
donors undergoing hysterectomy for benign reasons with approved consent at the Groote
Schuur hospital in Cape Town, South Africa. The tissue sample from one of the patients who
was using contraception was harvested 3 days after the last dose (Tissue sample ID: Prog 179).
Blood samples of the tissue donors were tested for endogenous luteinising hormone (LH),
follicle-stimulating hormone (FSH), estrogen (E2) and progesterone by the National Health
Laboratory Services (NHLS, Groote Schuur Hospital, South Africa). Tissue samples were
washed with Dulbecco’s PBS followed by RMPI-1640 medium supplemented with 10% (v/v)

charcoal stripped-FCS (cs-FCS), 2 mM L-glutamine, 100 IU/mL Penicillin and 100 pg/mL
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Streptomycin. Harvested tissues were flash frozen in OCT and were stored at -80°C in the BSL

I1+ facility at the Department of Molecular and Cell Biology, University of Cape Town.

Blood bank buffy coats from female donors aged 16-40 years old were collected at the WCBS,

and PBMCs were isolated on the same day of collection as described in Section 2.5.

2.5. PBMC isolation

PBMCs were isolated according to procedures previously described (Tomasicchio et al., 2013).
Briefly, pre-warmed 15 ml Histopaque (Sigma Aldrich, South Africa) was added in Leucosep
tubes (Greiner, Cape Town) and the tubes were centrifuged in a swing-bucket centrifuge
(Heraeus Megafuge 40 centrifuge; Thermo Scientific, South Africa) at 2500 revolutions per
minute (rpm) for 1 minute (min). Blood was diluted by adding 20 mL blood to 10 mL of RMPI-
1640 medium and 10 mL of Dulbecco’s PBS. The diluted blood was added to the Histopaque-
containing Leucosep tubes and centrifuged at 2500 rpm for 15 mins with brakes off. Following
centrifugation, the white buffy PBMC layer was harvested, transferred to a clean 50 mL tube
and washed by adding 40 mL PBS Wash solution (Dulbecco’s PBS supplemented with 1%
(v/v) cs-FCS) and centrifuged at 1200 rpm for 5 mins. The supernatant was discarded, the cell
pellet resuspended in dead volume, and 40 mL Full RMPI medium (RPMI medium containing
10% (v/v) cs-FCS, 2 mM L-glutamine, 100 IU/mL Penicillin, 100 pg/mL Streptomycin, 30
U/mL IL-2) was added. The PBMCs were incubated overnight at 37°C and used the following

day for staining by flow cytometry.
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2.6. Plasmid purification

Glycerol stocks of pcDNA-hGR and pMT-hPRB were inoculated in 5 mL LB. LB was prepared
using 1% (wi/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) NaCl and was supplemented
with 100 pg/mL ampicillin. The cells were incubated for 8 hours (hrs) at 37°C with shaking,
and 500 puL of this culture was inoculated in 200 mL LB containing 100 ug/mL ampicillin. The
cultures were incubated overnight for 16 hrs at 37°C with shaking. Following incubation,
plasmid DNA was purified using the Nucleobond Xtra Midi kit for transfection-grade plasmid

DNA (Thermo Scientific, USA) as per the manufacturer’s instructions.

2.7. Restriction enzyme digestion and agarose gel electrophoresis

The integrity and identity of the plasmids was confirmed by restriction enzyme digestion. The
digestion reaction was carried out according to the manufacturer’s instructions by incubating
300 ng DNA with 1 unit (U)/ul restriction enzyme (Fermentas, Thermo Scientific, USA) or an
equivalent volume of water for undigested control in 1X FastDigest universal buffer for 10

mins at 37°C.

Digested and undigested DNA samples were separated by electrophoresis on a 0.8% (w/v)
agarose gel made in 1 X Tris-Acetate-EDTA buffer containing 10 pg/mL ethidium bromide
(Sigma Aldrich, South Africa). The gel was viewed under ultraviolet light using a Syngene,

G:Box (Vacutec, England) to confirm the identity of plasmids by their digestion patterns.
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2.8. Overexpression of GR and PR by transfection

Constructs of human SR were transfected in COS1 cells using XtremeGENE-9 transfection
reagent (Roche Applied Science, South Africa) according to the manufacturer’s instructions.
For immunofluorescence staining, 1.0 x 10* COS1 cells were seeded on coverslips in a 6-well
plate, allowed to grow for 48 hrs, and transfected with 300 ng of DNA. For western blot
analysis, 1.5 x 10° COS1 cells were seeded in a 12-well plate and transfected with 500 ng of
DNA, while for flow cytometry, 1.5 x 10° cells COS1 cells were seeded in a 10 cm dish and
transfected with 5pg of DNA. The transfection mix containing DNA was added dropwise to
COSL1 cells. For mock transfection, no DNA was added to the transfection mix. The cells were

incubated for 24 hrs at 37 °C and 5% CO2.

2.9. Western blot analysis

Western blot analysis was performed according to the procedures previously described
(Sambrook et al., 1989). Following transfection, the cells were washed with 1X PBS and lysed
by adding 50ul of 5X SDS sample buffer (62.5 mM Tris-HCI, pH 6.8, 25% glycerol, 2% SDS,
0.01% bromophenol blue and 5% B-mercaptoethanol). The cell lysates were harvested, and
equal volumes of 10 uL of cell lysates were loaded on SDS-polyacrylamide gels. The protein
samples were stacked on a 4% SDS-polyacrylamide gel (30% acrylamide, 0.5 mM Tris-HCI
pH 6.8, 10% SDS, TEMED, 10% APS) and were separated on an 8 % SDS-polyacrylamide
gel (30% acrylamide, 1.5 mM Tris-HCI pH 8.8, 10% SDS, TEMED, 10% APS). The gels were
run at 70 V for 30 mins (for stacking) and at 120 V for 1 hr (for separation) in 1X SDS running

buffer (25 mM TRIS-HCI, 250 mM glycine, and 0.1% (v/v) SDS pH 8.4) to separate the
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proteins. The samples were then transferred onto a Hybond-ECL nitrocellulose membrane
(Amersham, South Africa) at 180 mA in ice-cold 1X transfer buffer (25 mM TRIS, 200 mM
glycine, 20% (v/v) methanol) for 1 hr using the Mini Protean Il blotting system (Bio-Rad,
USA). After protein transfer, the membranes were blocked with 4% ECL blocking reagent, that
is, 4% (w/v) ECL Advance blocking powder (Amersham, South Africa) made in 1X TRIS-
buffered saline (50 mM TRIS, 150 mM NaCl, pH 7.6; TBS) containing 0.1% (v/v) Tween
(TBS-Tween; TBST). The membranes were subsequently incubated, shaking overnight at 4°C
with primary antibodies. Primary antibodies were made in 4% ECL-TBST using appropriate
dilutions (Table 2.1). The following day, the membranes were washed once for 10 mins and
twice for 5 mins with 1X TBST. The membranes were then incubated with anti-mouse HRP-
linked secondary antibodies (sc-516102; Santa Cruz Biotechnology, USA) at appropriate
dilutions (Table 2.1) prepared in 5% (w/v) skim milk powder in 1X TBST with shaking for 1
hrat RT. The washes were repeated as described previously with 1X TBST, and the membranes
were incubated for 1 min in ECL-chemiluminescent western blotting substrate (Amersham,
South Africa). The membranes were then exposed to Amersham HyperfilmTM MP higher-
performance autoradiography film (Amersham, South Africa), and films were incubated in a
development buffer (Bio-Rad, USA) to visualise the protein bands. The films were rinsed with

water, fixed with fixing buffer (Bio-Rad, USA) and were allowed to dry.

2.10. Immunofluorescent microscopy

2.10.1. Staining of COS1 cells
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Following transfection, the cells seeded on coverslips were washed twice with 2 mL ice-cold
1X PBS solution, and 2 mL ice-cold methanol was added to fix the cells. The cells were
incubated for 10 mins at -20°C, methanol was aspirated, and the cells were washed with 1X
PBS solution. The cells were then blocked with 5% Bovine Serum Albumin (BSA) (Sigma
Aldrich, South Africa) for 30 mins at RT before the coverslips were transferred to a clean 6-
well plate. The cells were incubated with primary antibodies made up in 5% BSA at their
appropriate dilutions (Table 2.2) in a humidified chamber for 1 hr at RT. Following incubation,
the primary antibodies were discarded, and the cells were washed thrice with 2 mL 1% BSA
for 5 mins each. Fluorescently labelled secondary antibodies were prepared in 5% BSA at their
appropriate dilutions (Table 2.2) and added to the cells. The cells were incubated in the dark
at RT for 1 hr and washed afterwards thrice with 1% BSA. Thereafter, the cells were incubated
with 1 pg/mL Hoescht for 5 mins at RT in the dark to stain cell nuclei and washed once with
1X PBS. The coverslips containing the cells were then removed and mounted on microscope
slides with 30 uL. Mowiol (Merck, South Africa) containing antifade. The slides were allowed
to dry in the dark overnight at RT before being stored at 4°C in the dark until used for

microscopy.

2.10.2. Staining of ectocervical tissue explants

Frozen ectocervical tissue samples in OCT medium were sectioned at 8 um using a Leica
Cryotome cryostat (Leica Biosystems, Germany. The tissue sections were mounted onto
SuperFrost Plus slides (ThermoFisher Scientific, USA) by inverting and placing the slides onto
the tissue slices. The tissue sections were fixed with 2% Formaldehyde diluted in 1X PBS

solution for 15 mins at RT, washed twice with ice-cold 1X PBS solution for 5 mins and
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permeabilised for 10 mins with 1X PBS solution containing 0.25% Triton-X-100 (Sigma
Aldrich, South Africa). All subsequent washes were done by shaking the slides gently with 1X
PBS solution three times for 5 mins. Following permeabilization, tissue sections were washed
and blocked with 1% BSA made in PBS containing 1% Tween-20 (Sigma Aldrich, United
Kingdom) (PBS-T) for 30 mins at RT. Primary and secondary antibodies were made in 1%
BSA in PBS-T at their respective dilutions (Table 2.2). After blocking, the tissue sections were
incubated overnight in the dark with appropriate primary antibodies or with 1% BSA in PBS-
T for the controls at 4°C in a humidified incubation chamber to avoid evaporation of antibodies.
Thereafter, the sections were washed, incubated with fluorescently labelled secondary
antibodies for 1 hr in the dark and washed following incubation. For double staining, the tissue
sections were blocked again and stained with primary and secondary antibodies, as described
above. After the washes, the tissue sections were incubated with 1 pg/mL Hoescht for 5 mins
at RT in the dark to stain cell nuclei. The slides containing the tissue sections were rinsed with
1X PBS and coverslips were mounted on the slides with 30 pL. Mowiol. The prepared slides
were allowed to dry overnight at RT in the dark before being stored at 4°C in the dark until

further use.

2.10.3. Confocal microscope imaging and image analysis

The stained tissue sections were viewed either under the Carl Zeiss 880 LSM confocal
microscope with Fast Airyscan technology at the Confocal and Light Microscope Imaging
Facility, Department of Human Biology, University of Cape Town (tissue sample IDs PROG
173 and PROG 175) or under ZEISS LSM780 confocal microscope at the Department of

Physiological Sciences, Stellenbosch University (tissue sample ID PROG 179).
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The slides were first viewed with 20X magnification to obtain a greater field of view and locate
the epithelial and stromal tissues. Three regions in the epithelium and three regions in the
stroma were chosen at random for the visualisation of stained cells at higher magnification
(63X). Z-stack images were captured at 63X magnification and were converted to maximum
intensity projection (MIP) 2D images. The images were analysed on the Carl ZEISS ZEN lite
software (blue and black editions) version 2009, where the mean fluorescence intensity (MFI)
in ectocervical cells was determined. Cells were selected manually on the images and the MFI
was generated by the software. The steps for determining MFI in the cells are described in

detail in Section 3.1.4.

2.11. Flow cytometry

2.11.1. Staining of COS1 cells

For the cross-reactivity experiment, transfected COS1 cells, as described earlier, were lifted
from the transfection dish using Accutase buffer (Sigma-Aldrich, South Africa) according to
the manufacturer’s instructions and centrifuged at 400 x relative centrifugal force (rcf). The
buffer was discarded, and cells were resuspended in PBS Wash. The cells were counted on the
TC20 automatic cell counter (Bio-Rad) by staining 10 ul of resuspended cells in PBS Wash
with Trypan blue (Sigma Aldrich, South Africa) in a 1:1 ratio. The remaining resuspended cells
were centrifuged at 400 rcf to pellet the washed cells. The supernatant was discarded, and
depending on the number of cells obtained, the cell pellet was resuspended in the appropriate

amount of Full DMEM solution for a concentration of 5 x 10° cells per mL. The cells were
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seeded in Corning Falcon round bottom tubes at 6 x 10° cells per tube, and the tubes were
centrifuged at 400 rcf. Each transfection group had their own set of controls, which included
an unstained control (no Zombie dye, no antibody) and a Zombie-only control (Zombie dye
only, no antibody). The Zombie dye stain is used to distinguish between live and dead cells.
The Zombie dye staining was performed using Zombie Aqua™ Fixable Viability Kit
(Biolegend, USA) by adding 0.5 pL of Zombie Aqua™ made up to 50 puL with 1X PBS to each
sample, except for the unstained control, and incubating at 4°C for 15 mins in the dark. The
cells were washed by adding 1 mL of PBS Wash and centrifuging at 400 rcf for 5 mins at RT.
The supernatant was discarded, and the cells were permeabilised using the Transcription Factor
Buffer Set (BD Pharmigen, USA) by incubating the cells in 1 mL 1X Fix/Perm Transcription
Factor Buffer (4X Fix/Perm diluted with TF diluent buffer) for 40 mins at 4°C in the dark. The
cells were subsequently washed with 1 mL 1X Perm/Wash solution and centrifuged at 400 rcf
for 5 mins to pellet the cells. The supernatant was discarded, and the cells were incubated for
45 mins at 4°C in the dark with the monoclonal GR FITC and/or PR eFluor™ 660 antibodies
made up to 50 pL in 1X Perm/Wash solution. Following incubation, the cells were washed by
adding 1 mL 1X Perm/Wash and centrifuging at 400 rcf for 5 mins. The supernatant was
discarded, and another wash was performed by adding 2 mL 1X Perm/Wash and centrifuging
at 400 rcf for 5 mins. The supernatant was discarded, and the cells were resuspended in 1X
Cell Fix (BD, USA). The samples were then stored overnight at 4°C. On the following day, the
cells were acquired on an LSRII flow cytometer (BD, USA) by Dr Michele Tomasicchio,

Division of Pulmonology, University of Cape Town.

2.11.2. Staining of PBMCs
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2.11.2.1 PBMC counting and Zombie staining

For staining of PBMCs, isolated PBMCs in full RPMI medium were centrifuged at 1200 rpm
for 5 mins in a swing bucket-centrifuge. The supernatant was discarded, the PBMC pellet was
resuspended in dead volume, and 40 ml PBS Wash was added. The cells were counted
following the same procedure as described previously using Trypan blue, and the remaining
cells in PBS Wash were centrifuged at 1200 rpm for 5 mins. The supernatant was discarded,
the cells were resuspended in dead volume, and an appropriate volume of full RPMI medium
was added to obtain a concentration of 5 x 10° cells per mL. Thereafter, 1 x 108 cells were
aliquoted in Corning Falcon round bottom tubes and centrifuged at 1200 rpm to pellet the cells.
The cells were washed by adding 1 mL of PBS Wash to each tube and centrifuging at 1200
rpm, followed by staining for Zombie with the Zombie Aqua™ Fixable Viability Kit for 15

mins at 4°C in the dark as described in Section 2.10.1.

2.11.2.2 Staining of extracellular markers

Cells were washed with PBS Wash solution and stained for extracellular markers with the
following conjugated antibodies: mouse anti-CD3, mouse anti-CD4, mouse anti-CD8 and
mouse anti-CD14 with their respective titres (Table 2.3) made up to 50 uL with Brilliant Stain
buffer (BD, USA) for 30 mins at 4°C in the dark. The cells were washed by adding 1 mL PBS

Wash and centrifuging at 1200 rpm for 5 mins at RT.
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2.11.2.3 PBMC permeabilization and staining of intracellular receptors (GR and PR)

The supernatant was discarded, and the cells were permeabilised by incubation in 1 mL 1X
Fix/Perm Transcription Factor Buffer for 40 mins at 4°C in the dark. The cells were
subsequently washed with 1 mL 1X Perm/Wash solution and centrifuged at 1200 rpm for 5
mins. The supernatant was discarded and the cells were incubated for 45 mins at 4°C in the
dark with the monoclonal GR FITC and PR eFluor™ 660 antibodies made up to 50 uL in 1X

Perm/Wash solution (Table 2.3).

A different antibody mixture for the detection of GR and PR by flow cytometry was previously
used, which consisted of primary antibodies for GR and PR raised in mice that were not
conjugated to fluorophores. Anti-mouse secondary antibodies conjugated to fluorophores were
therefore pre-incubated with the unconjugated mouse primary antibodies. The antibody
mixtures for intracellular staining of GR and PR were prepared by incubating mouse anti-GR
with anti-mouse AF488 and mouse anti-PR with anti-mouse AF647 for 1 hr at 4°C in the dark.
The ratio of primary antibody to secondary antibody used was 5:1. Aliquots of 5 uL and 2 puL
of GR and PR antibody mixes, respectively, were added to PMBCs for staining following

permeabilization as described above.

For this experiment, a set of fluorescence minus one (FMO) controls were included and are

described in Section 2.11.3. Following incubation, the cells were washed by adding 1 mL 1X

Perm/Wash and centrifuging at 1200 rpm for 5 mins.
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2.11.2.4 PBMC washing and fixing

The supernatant was discarded, and another wash was performed by adding 2 mL 1X
Perm/Wash and centrifuging at 1200 rpm for 5 mins. The supernatant was discarded, and the
cells were resuspended in 1X Cell Fix. The samples were then stored overnight at 4°C and then
acquired on an LSRII flow cytometer the following day by Dr Michele Tomasicchio at the

Division of Pulmonology, University of Cape Town.

2.11.3. Compensation and FMO controls

Compensation controls were included for each antibody for all flow cytometry experiments.
The ABC Total Antibody Compensation Bead Kit (ThermoFisher Scientific, USA) was used.
Two drops of negative compensation beads, 2 drops of positive compensation beads and 2 puL
of antibody were added. The samples were incubated for 20 mins in the dark at RT and 1 mL
PBS Wash was added. The samples were centrifuged at 250 x g for 5 mins, supernatants were
discarded, and the beads were resuspended in 500 puL Dulbecco’s PBS. All the samples were
then stored overnight at 4°C. On the following day, the beads were acquired on the LSRII flow

cytometer.

To identify negative and positive populations used to set the gates of specific cells or markers
during FACS analysis, FMO controls were included. For FMO controls the cells were seeded
and stained as described in Section 2.10.2, but one specific antibody was excluded during
antibody staining. For example, in the CD3 FMO, the cells were stained with Zombie dye and

all the antibodies except the anti-CD3 antibody. Similar FMO controls were made for all the
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antibodies. Other controls included an unstained control where Zombie dye and antibodies
were not added, as well as a Zombie-only control where Zombie dye was added, but antibodies
were not added. For the unconjugated antibody mixture, a control was included where the
primary antibodies for GR and PR were excluded, but the secondary antibodies were added to
the antibody mixture. For the conjugated antibodies, ‘no GR and PR control’ was also included,
where antibodies for GR and PR were not added, but Zombie dye and antibodies for
extracellular markers were added. These staining controls were intended to act as negative
controls for GR and PR, where it was expected to obtain negative signals for GR and PR in the

immune cell subsets.

2.11.4. Flow cytometry data analysis and statistics

Flow cytometry data was analysed on FlowJo software version 10.9.0 (Treestar Inc., Ashland,
Ore). The cells were gated using the unstained, Zombie-only and FMO controls. The frequency
of CD3*, CD4*, CD8" and CD14" cells positive for GR and PR were determined. The
expression density of GR and PR in each immune cell subset was also compared by examining

the MFI of the GR and PR antibodies.

The cellular frequencies and MFI values for each immune cell type from the 6 donors (n=6)
were plotted. Statistical analysis was performed using GraphPad Prism software Version 10.1.0
(264). The flow cytometry data was analysed using one-way ANOVA for multiple

comparisons.
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Chapter 3: Results and discussion: GR and PR expression in the

FGT

3.1. Results

3.1.1. Cervical explant donor information

This section aims to investigate GR and PR protein expression in FGT cells, including immune
cells. Ectocervical tissue explants were obtained from three premenopausal women undergoing
hysterectomy for benign reasons. One donor was not on any HC method (PROG 173), the HC
use status was unknown for one donor (PROG 175), while another donor was using the Mirena
contraceptive (PROG 179). Endogenous LH, FSH, E», and progesterone levels are tabulated
(Table 3.1), and the stages of their respective menstrual cycles are determined according to the

NHLS guidelines (Table 6.1, Appendix 6.1) (Kratz et al., 2004).

Table 3.1: Serum concentrations of endogenous hormones, phase of menstrual cycle and type

of HC use of tissue donors.

Patient Hormone concentrations Phase ofiType of HC
number LH* FSH*2 Eo*? Progesterone** |menstrual |use

cycle
PROG 173 4.4 8.1 303 <0.2 Follicular  [None
PROG 175 (3.8 2.7 447 26.5 Luteal N/A
PROG 179 (1.3 5.3 128 <0.2 Luteal Mirena

*1 JU/L; *2 IU/L; ** pmol/L; **nmol/L; N/A = not available
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3.1.2. Unconjugated anti-GR and anti-PR antibodies do not cross-react with PR and GR,

respectively

Unconjugated primary antibodies against GR and PR were tested for cross-reactivity to
determine whether the GR antibody binds to the PR and the PR antibody binds to the GR.
COS1 cells were used as a model to assess the cross-reactivity of antibodies by overexpressing
GR or PR, respectively. This cell line does not express endogenous PR and is easy to transfect.
GR and PR expression were assessed by probing with anti-GR and anti-PR antibodies and
confirmed by western blot analysis. With the mouse anti-GR antibody, a band corresponding
to ~ 95 kDa, corresponding with the molecular weight of GR, was obtained (Figure 3.1A, lane
3). Endogenous expression of GR in untransfected and mock-transfected samples was not
observed (Figure 3.1A, lanes 1 and 2). No signal was detected in COSL1 cells transfected with
PR (Figure 3.1A, lane 4). Similarly, the mouse anti-PR antibody did not bind to overexpressed
GR, as a signal was not obtained in cells transfected with GR when the mouse anti-PR antibody
was used for immunoblotting (Figure 3.1B, lane 3). Two bands at ~ 96 kDa and ~ 116 kDa
corresponding to the molecular weights of PR-A and PR-B, respectively, were detected in
protein lysates of COS1 cells transfected with PR (Figure 3.1B, lane 4). Endogenous
expression of PR was not observed in untransfected and mock-transfected COS1 cells (Figure
3.1B, lanes 1 and 2). These results demonstrate that the GR and PR primary antibodies did not

cross-react.
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Figure 3.1: Unconjugated primary antibodies of GR and PR do not cross-react to their
non-corresponding proteins as examined by western blot analysis. COS1 cells were
transfected with 500 ng pcDNA3-hGR (lane 3) or pMT-PRB (lane 4). An untransfected control
(lane 1) and a mock-transfected control (lane 2) were included. Twenty-four hrs later, the cells
were harvested, equal amounts of protein were separated on a 0.8% SDS-PAGE gel, transferred
onto nitrocellulose membranes, and the membranes were probed with either mouse anti-GR

(A) or mouse anti-PR (B) to test for cross-reactivity of the antibodies.

While western blot analysis showed that the GR and PR antibodies did not cross-react under
denaturing conditions, it is possible that cross-reactivity could occur under non-denaturing
conditions. Therefore, cross-reactivity was investigated by immunofluorescence. Following
overexpression of exogenous GR and PR in COSL1 cells, the cells were stained for either GR
or PR by immunofluorescence and visualised on a confocal microscope. When the cells were
stained for GR, faint green fluorescence was observed in some but not all nuclei of mock-
transfected COS1 cells (Figure 3.2A, row 1), indicating that COS1 cells express low levels of
GR protein, consistent with the literature (Yudt and Cidlowski, 2001). In GR-transfected COS1
cells, the fluorescence of GR staining was at a higher intensity compared to mock-transfected

COSL1 cells, thus confirming the successful transfection and expression of GR. GR fluorescence
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staining was also visible in the cytoplasm adjacent to the nuclei of GR-transfected COS1 cells
compared to mock-transfected COS1 cells (Figure 3.2A, row 2). In the PR-transfected COS1
cells, faint fluorescence for GR staining signal was observed (Figure 3.2A, row 3). The
fluorescence of GR staining was of the same intensity in mock- and PR-transfected cells,
indicating that the faint signal in the PR-transfected COS1 cells was due to the low amount of
endogenous GR protein in COSL1 cells (Figure 3.2A, row 1 and row 3). This suggests that the

GR primary antibody does not cross-react with overexpressed PR protein.

Fluorescence staining of PR was not apparent in mock-transfected COS1 cells, indicating that
COS1 cells do not express endogenous PR. (Figure 3.2B, row 1). Similarly, in GR-transfected
COS1 cells, PR fluorescence staining was not observed (Figure 3.2B, row 2). This suggests
that the mouse anti-PR antibody did not cross-react with overexpressed GR proteins in GR-
transfected COSL1 cells in western blots. Moreover, fluorescence staining of PR was observed
in COSL1 cells transfected with PR, thus confirming successful transfection and PR expression.
PR fluorescence staining was also seen in the cytoplasm of PR-transfected COS1 cells (Figure

3.2B, row 3).
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Figure 3.2: Immunofluorescent staining of transfected COS1 cells demonstrates that
unconjugated primary antibodies of GR and PR do not cross-react to PR and GR,
respectively. GR and PR were overexpressed in COS1 cells and the transfected cells were
stained with anti-GR or anti-PR antibodies. A mock-transfection control was included to
visualise endogenous expression of GR or PR proteins. The cells were visualised on a confocal
microscope on the AF488 channel (panel 1) to detect GR or PR and the AF488 channel was
merged with the DAPI channel (panel 2) to confirm the presence of cell nuclei. (A) Confocal
images of COS1 cells stained with mouse anti-GR antibody following exogenous expression
of GR or PR. (B) Confocal images of COS1 cells stained with mouse anti-PR following

exogenous expression of GR or PR.

Altogether, the results from western blot analysis and immunofluorescence staining in GR and

PR overexpressed COS1 cells validate that primary antibodies for GR and PR do not cross-
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react, thus confirming their suitability for the detection of GR and PR in ectocervical tissue

samples by immunofluorescent staining.

3.1.3. In the ectocervix, GR is highly expressed in epithelial cells while PR is primarily

expressed in stromal cells

GR and PR expression were characterised by cell type in ectocervical tissue explants by
immunofluorescence staining. The ectocervix was observed to comprise two distinct cellular
compartments: the epithelium and the stroma (Figure 3.3A, panel 2). Epithelial cells were
tightly packed and stacked in several layers facing towards the exterior of the FGT, while
stromal cells were scattered and located on the interior side of the ectocervix (Figure 3.3B,
panel 2). Confocal z-stacks images were captured from both the epithelium and the stroma to

compare the spatial expression of the two receptors.

GR was observed in most epithelial cells, while, in the stroma, fewer cells were positive for
GR (Figure 3.3A). Epithelial cells appeared to have a stronger fluorescence signal, indicative
of higher GR expression density per cell, compared to the stromal cells (Figure 3.3B). In
addition, GR seems to be localised to the nuclei of the cells, as the nuclei staining overlaps with

GR staining (Figure 3.3, merged images).
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Figure 3.3: GR expression in ectocervical epithelial and stromal cells. Ectocervical tissue
sections of 8 um were stained for immunofluorescence using mouse anti-GR antibody (green
fluorescence) and counterstained with Hoescht (blue). (A) A snapshot was captured at 20X
magnification for examining GR expression across the ectocervical epithelial and stromal
layers. (B) MIP of z-stacks images taken at 63X magnification comparing GR expression
between epithelial and stromal cells. Panel 1: Green fluorescence (GR staining) visualised on
the AF488 channel; Panel 2: Nuclei staining (Hoescht) visualised on the DAPI channel; Panel
3: Merged image of both channels. Confocal images of a representative donor (PROG 179) are
shown. The blue squares represent the fields of view that were selected for imaging at higher

magnification and the corresponding images are indicated by blue arrows.
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Fluorescence staining of PR was visible in comparatively fewer cells of the epithelium (Figure
3.4). PR was primarily detected in the stroma where fluorescently stained nuclei were apparent
in some stromal cells (Figure 3.5). PR expression was apparent in stromal regions deeper
within the ectocervical tissue (Figure 3.5) and fluorescence staining of PR was visible in the

nuclei of the ectocervical cells (Figure 3.4B and 3.5B).

Stroma Epithelium

Epithelium

Figure 3.4: PR expression in ectocervical epithelial and stromal tissues. Ectocervical
sections of 8 um were stained for immunofluorescence with mouse anti-PR and anti-mouse
AF488 antibodies and were counterstained with Hoescht. The stained sections were eventually
imaged by confocal microscopy. (A) A snapshot image taken at 20X magnification visualising
staining of PR at the epithelial-stromal junction. (B) MIP of z-stacks images taken at 63X
magnification showing PR staining in epithelial cells. Panel 1: Green fluorescence (PR
staining) visualised on the AF488 channel; Panel 2: Nuclei staining (Hoescht) visualised on
the DAPI channel; Panel 3: Merged image of both channels. Confocal images of a

representative donor (PROG 179) are shown. The blue square represents a field of view that
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was selected in the epithelium for imaging at higher magnification and the image is indicated

by a blue arrow.

A

Stroma further
from epithelium

Stroma

Figure 3.5: PR expression in ectocervical stromal cells. Ectocervical tissue explants were
sectioned at 8 um and stained with anti-PR and anti-mouse AF488. The sections were
eventually counterstained with Hoescht and visualised by confocal microscopy. (A) A snapshot
taken at 20X magnification in a specific region in the stroma distal to the epithelium to visualise
fluorescence staining of PR. (B) A region from the field of view in (A) was focused at 63X
magnification showing PR staining in stromal cells. Panel 1: Green fluorescence (PR staining)
visualised on the AF488 channel; Panel 2: Hoescht staining (Nuclei staining) visualised on the
DAPI channel; Panel 3: Merged image of both channels. The blue square represents a field of
view that was selected in the stroma for imaging at higher magnification and the image is

indicated by a blue arrow.

Furthermore, in one of the three tissue donors (Prog 173), relatively faint staining of PR was
observed in cells of the basal layer of the epithelial cells compared to stromal cells

(Supplementary figure 6.3.1).
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3.1.4. Some ectocervical CD4* and CD8" cells express GR, but none expresses PR

GR and PR protein expression was investigated in ectocervical CD4" and CD8" immune cells.
This was achieved by double-labelling for the extracellular immune markers CD4 and CDS8,
and the GR and PR. CD4 or CD8 marker staining was visualised in the Cy3 channel, GR or PR

staining in the AF488 channel and nuclei (Hoescht) staining in the DAPI channel.

CD4" and CD8" cells, as indicated by the red fluorescently labelled cell surface markers, were
observed at seemingly random regions throughout the ectocervical tissue, both in the epithelial
and stromal layers (Figures 3.6 - 3.9). Snapshots were taken at 20X magnification to illustrate
the spatial distribution of GR or PR in CD4" and CD8* cells in the ectocervical tissue (Figure
3.6A, Figure 3.7A, Figure 3.8A and Figure 3.9A). Thereafter, z-stack images were captured
at 63X magnification for quantitative analysis (Figure 3.6B, Figure 3.7B, Figure 3.8B and

Figure 3.9B).

Confocal imaging revealed that ectocervical CD4" cells express GR, as evident by the presence
of green fluorescent staining for GR (Figure 3.6A). Moreover, it can be observed that a greater
number of CD4" cells in the epithelium expressed GR compared to stromal CD4* cells (Figure
3.6B). GR also appeared to be expressed in some but not all CD8" cells of the ectocervix
(Figure 3.7A). However, there was no visibly discernible difference in GR expression density
per cell between the epithelial and stromal layers, as assessed by visual comparison of the

intensity of green fluorescent signals in the CD8" cells (Figure 3.7B).
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Fluorescent staining of PR was not detected in CD4* and CD8" cells at 20X (Figure 3.8A and
Figure 3.9A) or at 63X (Figure 3.8B and Figure 3.9B) magnifications in either the epithelial

or stromal regions of the ectocervix.
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Figure 3.6: Protein expression of GR in ectocervical epithelial and stromal CD4* cells. Ectocervical tissue sections were stained sequentially by immunofluorescence
for CD4 markers and GR. (A) Snapshots were captured at 20X magnification to show CD4 and GR staining across the epithelial and stromal layers. Panel 1: CD4 staining
(red fluorescence); Panel 2: GR staining (green fluorescence); Panel 3: Merged image of CD4 and GR staining; Panel 4: Merged image of all channels. (B) Fields of view
in epithelial and stromal regions were focused at 63X magnification to examine GR staining in CD4* cells, z-stacks images were captured and converted to MIP. Panel 1:
Merged images of CD4 and GR staining. Panel 2: Merged images of all channels. White arrows demonstrate CD4* cells with visible green fluorescent staining for GR,

whereas pink arrows indicate CD4* cells without apparent green fluorescent staining for GR. Confocal images of a representative donor (PROG 179) are shown.
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Figure 3.7: Protein expression of GR in ectocervical epithelial and stromal CD8" cells. Ectocervical tissue sections were stained sequentially by immunofluorescence
for CD8 markers and GR. (A) Snapshots were captured at 20X magnification to show CD8 and GR staining across the epithelial and stromal layers. Panel 1: CD8 staining
(red fluorescence); Panel 2: GR staining (green fluorescence); Panel 3: Merged image of CD4 and GR staining; Panel 4: Merged image of all channels. (B) Fields of view
in epithelial and stromal regions were focused at 63X magnification to examine GR staining in CD8* cells, z-stacks images were captured and converted to MIP. Panel 1:
Merged images of CD8 and GR staining. Panel 2: Merged images of all channels. White arrows demonstrate CD8™ cells with visible green fluorescent staining for GR,

whereas pink arrows indicate CD8* cells without apparent green fluorescent staining for GR. Confocal images of a representative donor (PROG 179) are shown.
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Figure 3.8: Protein expression of PR in ectocervical epithelial and stromal CD4* cells. Ectocervical tissue sections were stained sequentially by immunofluorescence
for CD4 markers and PR. (A) Snapshots were captured at 20X magnification to show CD4 and PR staining across the epithelial and stromal layers. Panel 1: CD4 staining
(red fluorescence); Panel 2: PR staining (green fluorescence); Panel 3: Merged image of CD4 and PR staining; Panel 4. Merged image of all channels. (B) Fields of view
in epithelial and stromal regions were focused at 63X magnification to examine PR staining in CD4" cells, z-stacks images were captured and converted to MIP. Panel 1:
Merged images of CD4 and PR staining. Panel 2: Merged images of all channels. White arrows demonstrate CD4* cells with visible green fluorescent staining for PR,

whereas pink arrows indicate CD4* cells without apparent green fluorescent staining for PR. Confocal images of a representative donor (PROG 179) are shown.
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Figure 3.9: Protein expression of PR in ectocervical epithelial and stromal CD8* cells. Ectocervical tissue sections were stained sequentially by immunofluorescence
for CD8 markers and PR. (A) Snapshots were captured at 20X magnification to show CD8 and PR staining across the epithelial and stromal layers. Panel 1: CD8 staining
(red fluorescence); Panel 2: PR staining (green fluorescence); Panel 3: Merged image of CD4 and PR staining; Panel 4: Merged image of all channels. (B) Fields of view
in epithelial and stromal regions were focused at 63X magnification to examine PR staining in CD8" cells, z-stacks images were captured and converted to MIP. Panel 1:
Merged images of CD8 and PR staining. Panel 2: Merged images of all channels. White arrows demonstrate CD8* cells with visible green fluorescent staining for PR,

whereas pink arrows indicate CD8* cells without apparent green fluorescent staining for PR. Confocal images of a representative donor (PROG 179) are shown.
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For quantitative analysis, the MFI of the GR and PR was measured in CD4" and CD8" cells,
as well as in the surrounding regions of the cells, which corresponds to background
fluorescence. Confocal z-stack images of double-labelled ectocervical tissue sections were
converted to MIP images, which were then used to measure the MFI of GR or PR fluorescence
in the immune cells of the ectocervix. Cells that were stained for the extracellular markers CD4
or CD8, revealed red fluorescence circles around them, consistent with these markers being
present on the cell surface. The cells were drawn around the red fluorescence in the Cy3
channel (Figure 3.10C) and the MFI in the AF488 channel (i.e., green fluorescence
corresponding to GR or PR staining) (Figure 3.10D) of the selected region was generated by
the software. For background fluorescence, rectangles were drawn in surrounding regions of
the cells, and the MFI in the AF488 channel in the rectangular areas was generated. The
Hoescht channel was also used to confirm the presence of nuclei, cells, or background spaces
(Figure 3.10E). These steps were repeated for all the MIP images captured in three different

regions in the epithelium and three different regions in the stroma from the three donors.
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Figure 3.10: Strategy for measuring GR MFI in ectocervical CD4* cells or MFI of
background regions. Z-stack images of double-labelled immunofluorescence staining of CD4
and GR were converted to MIP images. (A) Confocal image showing CD4 and GR staining
only in the ectocervix. (B) Confocal image showing CD4 and GR staining with all the channels
merged. (C) Visualisation of CD4 staining in the Cy3 channel only for drawing of CD4" cells.
(D) Visualisation of GR staining in the AF488 channel only for GR MFI measurement. (E)
Visualisation of nuclei staining in the DAPI (Hoescht) channel only to confirm the presence of
cells/nuclei. (F) Merged image of all three channels in (C-E). The circular drawings represent
the selection of CD4" cells and are indicated by pink arrows, whereas the rectangles represent

the selected areas for background fluorescence and are indicated by white arrows.
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Thereafter, the GR and PR MFI in CD4" and CD8" cells in the ectocervical epithelial and
stromal tissue layers of the three tissue donors were plotted. Notably, the GR and PR MFI
values for the three donors were not combined, as the stained tissue sections for PROG 173

and PROG 175 were imaged using a different confocal microscope than those for PROG 179.

GR MFI was higher than the background in only some of the ectocervical CD4" and CD8* cells
(Figure 3.11 A-C). Additionally, GR MFI was measured in other epithelial and stromal cells
that lacked CD4 and CD8 staining but displayed visible green fluorescence (green bars; Figure
3.10 A-C). The graphs show that some CD4* and CD8" cells exhibited lower GR MFI than
these epithelial and stromal cells. This is consistent with the previous observation that the GR
is expressed in some but not all CD4* and CD8* cells (Figures 3.6 —3.7). Comparison of green
bars between the epithelium and stromal tissues from all three donors further supports the
observation that epithelial cells generally express GR at higher levels than stromal cells (Figure

3.11 A-C).

GR and PR expression density was also compared between CD4" and CD8* cells. Due to an
insufficient number of samples for statistical analysis, trends observed only from the plots of

GR and PR expression density in ectocervical CD4* and CD8" cells are reported.

GR expression density between the two immune cell subtypes across the ectocervical tissue
layers varied between the donors. In all three donors, CD4" epithelial cells exhibited higher
median GR expression density compared to CD4" stromal cells. For CD8" cells, GR expression
density was similarly higher in the epithelium than in the stroma for two of the donors (PROG
173 and PROG 179; Figure 3.11A and Figure 3.11C), while the reverse trend was observed

in the third donor (PROG 175; Figure 3.11B). Epithelial CD4" cells demonstrated higher
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median GR expression compared to epithelial CD8" cells in two of the donors (PROG 173 and
PROG 175). However, in the FGT tissue of the Mirena user (PROG 179), epithelial CD8" cells
displayed higher median GR expression density compared to the epithelial CD4* cells. In the
stroma, there seemed to be no difference in GR expression density between CD4* and CD8"
cells in donor PROG 173, whereas in donors PROG 173 and PROG 175, stromal CD8" cells
had a higher GR expression density than stromal CD4" cells (Figure 3.11A-C). Overall, these
findings suggest that there is variability in GR expression between CD4* and CD8" cells across

ectocervical tissue layers as well as between different donors.

Unlike the GR, PR was more apparent in stromal cells than epithelial cells, as shown by the
confocal images (Figures 3.4 — 3.5). This was evident when comparing the PR expression
density between the epithelium and the stroma in PR* cells in donor PROG 175 (green bars in
Figure 3.12B). PR MFI in those cells was higher than background MFI, confirming the
presence of PR. The same comparison of PR expression density was not obtained in the other
donors, PROG 173 and PROG 179 (green bars in Figures 3.12A and 3.12C), although fewer

cells in the epithelium than stromal cells possessed PR MFI above background.

PR staining in ectocervical CD4" and CD8" cells was not observed by immunofluorescence
microscopy (Figures 3.8 — 3.9). When comparing the PR MFI in CD4* and CD8" cells (blue
bars) to the background MFI (orange bars) as well as to PR* cells (green bars), the PR MFI
values in CD4" and CD8" cells appeared to be closer to background MFI values. This suggests
that a small percentage of CD4" and CD8" cells might be expressing low levels of PR or might
not be expressing PR at all (Figure 3.12A-C). This observation was consistent for all three
donors. In the case of the Mirena tissue donor (PROG 179), PR expression was hard to detect

in stromal cells by confocal microscopy (Figure 3.5B) due to high background fluorescence.
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The PR MFI in PR cells in this donor was also found to be low, just above background
fluorescence (Figure 3.12C). Furthermore, few cells expressed PR in the epithelium (Figure

3.4B), at a higher concentration than in the stroma (Figure 3.10E).
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Figure 3.11: GR expression density in ectocervical CD4* and CD8* cells. The GR MFI was compared between CD4" and CD8* cells (blue bars) located
in the epithelium and the stroma. The MFI of the background fluorescence in surrounding areas of the cells (orange bars) as well as in cells positively stained
for GR that lacked CD4 or CD8 staining (green bars) was also plotted. The GR MFI was normalised to the background MFI. (A) GR MFI in CD4" and CD8"
cells of the tissue donor, PROG 173, was plotted. (B) GR MFI in CD4" and CD8" cells of the tissue donor, PROG 175, was plotted. (C) GR MFI in CD4"
and CD8" cells of the tissue donor, PROG 179, was plotted. (D) GR expression density in CD4" and CD8" cells was normalised to the background
fluorescence. The data of the three donors were pooled (n=3).
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Figure 3.12: PR expression density in ectocervical CD4* and CD8" cells. The PR MFI was compared between CD4* and CD8" cells (blue bars) located
in the epithelium and the stroma. The MFI of the background fluorescence in surrounding areas of the cells (orange bars) as well as in cells positively stained
for PR that lacked CD4 or CD8 staining (green bars) was also plotted. The PR MFI was also normalised to the background MFI. (A) PR MFI in CD4" and
CD8" cells of the tissue donor, PROG 173, was plotted. (B) PR MFI in CD4" and CD8" cells of the tissue donor, PROG 175, was plotted. (C) PR MFI in
CD4" and CD8" cells of the tissue donor, PROG 179, was plotted. (D) GR expression density in CD4" and CD8" cells was normalised to the background

fluorescence. The data of the three donors were pooled (n=3).
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Next, the relative expression of GR to PR in CD4* compared to CD8" FGT cells was assessed
in the three donors. This was done by first normalising the GR MFI or PR MFI values to the
background MFI (Figure 3.11D and Figure 3.12D. Data for the three donors was pooled since
MFIs were normalised to their respective background fluorescence. Moreover, GR or PR MFI
values of CD4" and CD8" cells from the epithelium and the stroma were also pooled and were

normalised to pooled background MFI.

The normalised GR MFI in ectocervical CD4* and CD8" cells was above 1, thus confirming
GR expression. The normalised GR MFIs were higher in CD4" and CD8" epithelial cells
compared to CD4* and CD8" stromal cells, more so for CD4" cells. The normalised GR MFlIs
were the most variable in CD8* epithelial cells among the three donors, and CD4" epithelial
cells displayed the highest normalised GR expression density in the ectocervix. When pooling
the data for epithelial and stromal cells, the normalised GR protein expression of CD4* and
CD8" cells was similar (Figure 3.11D). The sample size was insufficient for formal statistical
analysis, but there was no detectable trend in differences in normalised GR expression between

ectocervical CD4* and CD8* cells.

In contrast, normalised PR MFI values are close to or below 1, suggesting undetectable PR
expression in ectocervical CD4" and CD8* cells (Figure 3.12D) for all three donors. This
observation was consistent across the epithelial and stromal tissues as well as when MFI values
from the two regions were pooled. For one of the donors; however, the normalised PR MFI of

pooled CD4" cells was above 1.5 (Figure 3.12D).

Following normalisation, the fold difference, i.e. the ratio of normalised GR MFI to normalised

PR MFI was calculated (Figure 3.13). The ratios of the normalised GR to PR MFIs for each
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immune cell subset, i.e. CD4* or CD8" FGT cells, in the epithelium and the stroma were
computed and plotted. The ratios of normalised GR MFI to normalised PR MFI of CD4" and
CD8" cells pooled from the epithelium and the stroma were also determined. In the epithelium,
CD4" cells displayed a higher GR:PR ratio than did CD8" cells, whilst in the stroma the reverse
was true. In the pooled groups, there appears to be no difference between CD4" and CD8* cells,
and the ratios were variable between the three donors (Figure 3.13). Overall, there seemed to

be no trend in GR:PR ratios between ectocervical CD4* and CD8" cells.

Ratio of
Normalised GR MFI : Normalised PR MFI
o 3

Ratio of normalised GR/P
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1

Figure 3.13: Relative expression of GR to PR in ectocervical CD4* and CD8* cells. The
ratios of the normalised GR MFI to the normalised PR MFI were calculated and plotted. MFI
values in both the epithelium and the stroma were also pooled, normalised to background MFI

and the normalised GR to PR ratios were calculated.

3.2. Discussion:

3.2.1. Detection of GR and PR protein expression in the ectocervix
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GR and PR ligands are known to exhibit reciprocal receptor cross-reactivity (Africander et al.,
2011) due to significant homology between the SRs (Griekspoor et al., 2007) (Szapary et al.,
2008). As a result, it is plausible that antibodies targeting those SRs may also cross-react.
Despite this phenomenon, studies (summarised in Tables 1.1 and 1.2) reporting detection of
GR or PR protein expression often overlook or fail to assess antibody-specificity. In the context
of this study, the use of highly specific antibodies is crucial for the accurate detection of GR
and PR proteins, prompting the assessment of potential antibody cross-reactivity. This
evaluation was conducted in COS1 cells overexpressing the target proteins by employing two
complementary protein detection techniques, namely western blot analysis and
immunofluorescence microscopy. The results from both methods indicate that the primary
antibodies of GR and PR were optimal for precise detection of the proteins by

immunofluorescence assays.

This study employs a sensitive technique, i.e immunofluorescence staining coupled with
confocal microscopy, to investigate the expression of GR and PR in the ectocervix ex vivo. In
contrast with traditional protein detection methods such as immunohistochemistry and western
blot analysis, confocal microscopy permits the acquisition of detailed three-dimensional
images and thus represents a powerful tool for immunofluorescence staining (Jew et al., 2003).
The average intensity of fluorescent staining in a specific region or cell can also be quantified
(Honzel et al., 2024). The expression density of GR and PR proteins in CD4" and CD8" FGT

cells was thereby determined to investigate and quantitatively compare their expression levels.

PR protein expression in tissues of the lower FGT, including in the epithelium and stroma of

the ectocervix, is well-documented (Ackerman et al., 2016, WHO, 2024). In contrast, GR

protein expression across different compartments and cell types within the lower FGT tissue
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remains largely unexplored. This thesis presents the first investigation into GR protein
expression in human ectocervical epithelial and stromal tissues. Furthermore, this study
introduces the comparison of GR and PR expression levels in CD4" and CD8* immune cells

within the FGT, which is also novel.

As hypothesised, this study demonstrates that GR and PR are expressed in both epithelial and
stromal cells, although their distribution varies between the two cell types. A notable
observation was that GR expression is predominantly localised in the epithelial tissue, whereas
PR expression is primarily observed in stromal cells, suggesting that the expression of SRs is
not uniform across ectocervical compartments. Previous research by (Buxant et al., 2009)
supports our findings that GR is expressed in the ectocervix, but these authors did not delineate
between the epithelium and stroma. Another study reported ubiquitous GR expression by
immunofluorescence in stromal fibroblast cells cultured from cervical tissue (Ackerman et al.,
2016). However, in this current study, GR or PR staining are present in only a subset of stromal
cells, and the specific cell types expressing these receptors remain unidentified, as specific
markers for fibroblasts, nerve cells or other stromal components were not used for the staining
process. In this thesis, PR expression also appears to be lower in epithelial cells compared to

stromal cells, consistent with Ackerman et al., 2016.

This study also demonstrates that GR proteins are expressed in some, rather than all, of CD4*
and CD8" in the FGT. This finding is novel and contrasts with the initial hypothesis which
anticipated the ubiquitous presence of GR proteins ACROSS all FGT CD4" and CD8" cells.
Furthermore, this thesis provides the first evidence that PR protein expression is undetectable

by immunofluorescence in FGT CD4* and CD8" cells.
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3.2.2. GR, but not PR, is likely to be involved in the functions of the epithelial layers of

the ectocervix

Results showing predominant expression of GR in epithelial cells of the ectocervix suggest that
the GR may play a crucial role in regulating the functions of the ectocervical epithelial barrier
in vivo. Ectocervical epithelial cells are exposed to the exterior and, therefore, to pathogens in
the FGT (Yeaman et al., 2004), against which they mount immune responses. The stratified
layer of cells acts as a physical barrier and tight junctions between the cells prevent the entry
of microbes (De Tomasi et al., 2019). Some cervical epithelial cells express MHC class 11
molecules that bind to processed antigens and present them to CD4* T cells. Anti-microbial
peptides, cytokines and chemokines are also secreted by epithelial cells to coordinate the
recruitment and differentiation of innate and adaptive immune cells (Wira et al., 2005b).
Hence, ectocervical cells mount innate and adaptive immune responses by acting as APCs and

by secreting cytokines and chemokines (Wira and Rossoll, 1995).

The thesis data further demonstrates that PR is mostly limited to the stroma rather than the
epithelium and that stromal cells express both GR and PR. Primary stromal fibroblasts were
observed by others to express both GR and PR (Ackerman et al., 2016). The primary role of
stromal fibroblasts is to prepare the ectocervix for implantation and successful pregnancy in
response to high levels of progesterone, via the PR. The stroma provides mechanical support
to the cervix during pregnancy as it comprises collagen fibres, smooth muscle and elastin (Nott
et al., 2016). Stromal fibroblasts also interact with epithelial cells through paracrine signalling,
by secreting cytokines and chemokines (Wira et al., 2005b, Nott et al., 2016). Together with

previous findings, the thesis results suggest that both GR and PR may play a role in mediating
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the effects of progestogens at relevant concentrations, regulating various functions of stromal

cells in cervical tissue.

In vitro studies demonstrated that progesterone and the progestin MPA regulated
immunomodulatory genes, including the genes for IL-12p40, 1L-12p35, and IL-10 in
Ectl/E6GE7 cells. When GR expression was silenced by siRNA in these cells, the
immunomodulatory effects of progesterone and MPA were reversed (Louw-du Toit et al.,
2014). These data suggest that the regulation of some key immune markers by progestogens in
ectocervical epithelial cells is mediated via the GR. Further research showed that biological
processes, including maintenance of barrier integrity, antigen presentation and innate and
adaptive immunity, are impacted by high progesterone levels and progestins, which could
result in increased vulnerability to STIs (Wira and Rossoll, 1995, De Tomasi et al., 2019,

Bradley et al., 2022, Edfeldt et al., 2022).

Progesterone has an affinity (Ki) of 215 nM and is a weak agonist for the human GR (Stanczyk
et al., 2013). Progesterone concentrations can reach 80 nM during the luteal phase and up to 1
UM during pregnancy (Lissauer et al., 2015, Thurman et al., 2016, Polikarpova et al., 2019,
Bick et al., 2022). MPA has a K; of 10.8 nM for the GR and therefore is 20 times more likely
to bind to the GR than progesterone (Africander et al., 2011). Serum concentration of MPA in
women using HCs or MHT can peak up to 420 nM (Koubovec et al., 2005). The thesis results
showing that epithelial cells predominantly express GR with minimal PR suggest that there is
likely to be considerable cross-reaction of progestogens with the GR during the luteal phase
and pregnancy, as well as in women using MPA. Altogether, these findings underscore the
relevance of potential progestogen binding to the GR under conditions where physiological

progestogen levels are elevated.
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Moreover, cross-reaction is likely to be more pronounced in cells expressing a relatively higher
GR to PR ratio, as found for ectocervical epithelial cells compared to ectocervical stromal cells.
This implies that changes in response to progesterone and MPA in ectocervical epithelial cells
may potentially occur mainly via the GR. In ectocervical stromal cells, responsiveness to
progestogens is speculated to be mediated via the GR and PR. Hence, the relative level of GR
to PR is crucial for predicting whether progesterone and MPA act via the PR and/or the GR at
high concentrations. This may also result in differential biological outcomes between the
epithelial and stromal cells due to their differential relative expression of GR and PR in
response to progesterone and MPA. These ratios could potentially also be regulated, for
example during the menstrual cycle, resulting in another level of control of differential

responses.

3.2.3. GR, but not PR, contributes to the functions of FGT immune cells

This study highlights the presence of CD4* and CD8" cells within the epithelial and stromal
regions of the ectocervix, although their frequencies were not quantified as in other studies
(Trifonova et al., 2014). Nevertheless, the numbers and distribution of immune cell populations
in the FGT are dynamic and can be modulated by hormonal fluctuations or in response to
infections (White et al., 1997, Yeaman et al., 2003, Wira and Fahey, 2008, Yeaman et al., 2004)
Wira et al., 2015). For instance, clinical comparisons between women using DMPA and those
not on HC revealed distinct differences in immune cell distribution in the FGT. CD4*CCR5"
cells and CD4*Langerin® cells were found to be more abundant and were superficially located

in the ectocervical epithelium in DMPA users compared to non-HC- users (Chandra et al.,

90



2012, Edfeldt et al., 2022). It was reported that the numbers of CD8" cells and CD8" cytotoxic
T lymphocyte activity remain stable throughout the menstrual cycle in the lower FGT, ensuring
constant protection against pathogens (White et al., 1997, Wira et al., 2015). The expression of
HIV-1 coreceptors CCR5 and CXCR4 on ectocervical epithelial and stromal leukocytes such
as CD4", CD8" and CD14" cells increases vulnerability to HIV-1 infection (Hapgood et al.,
2014b(Yeaman et al., 2004) Wira et al., 2015). Coupled with our results that GR proteins were
expressed by some CD4" and CD8* cells, these studies support a role for the GR in mediating
the effects of MPA. Further investigations on ectocervical tissue explants comparing the effects
of MPA, which is a GR and PR ligand, and NET, which is not a GR ligand but a PR ligand,
demonstrated that MPA, but not NET, increased CD4 HIV-1 receptor and CCR5 through GR
signalling. This effect could have enhanced HIV-1 infection in ectocervical tissues for viral
strains that require the CCR5 co-receptor for infection (Ray et al., 2019).Thus the findings of
this study, in conjunction with the studies referenced, suggest that elevated levels of
progesterone and MPA in vivo may influence CD4" and CD8" cell numbers and/or immune
functions in the FGT. These effects, potentially mediated via the GR but not the PR, may affect

immune function and increase susceptibility to STIs such as HIV-1.
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Chapter 4: Results and discussion: GR and PR expression in

PBMCs

4.1. Results

4.1.1. The use of unconjugated primary antibodies coupled with secondary fluorescent

antibodies was not successful in the detection of GR and PR by flow cytometry

This section aimed at determining GR and PR protein expression levels in systemic immune
cells such as CD3*, CD4*, CD8" and CD14" cells of pre-menopausal women. PBMCs were
isolated from buffy coats of women aged 16-40 years old and were stained for extracellular
immune markers, GR, and PR, by flow cytometry. The frequency of cells positive for GR and

PR in each immune cell subset was determined.

As mentioned previously in Section 2.11.2.3, a mixture of unconjugated primary antibodies
for GR and PR with fluorescent secondary antibodies was used for staining of GR and PR in
PBMCs. When analysing the flow cytometry results, positive signals for GR and PR (Q2) were
observed in CD3", CD4*, CD8" and CD14" cell populations of the primary antibody staining
control, i.e., the sample that excluded anti-GR and anti-PR antibodies. By way of example, the
scatter plot of the CD3" cell population indicates that a frequency of 96.5% of CD3" cells were
GR*PR™ (Figure 4.1A). Similarly, positive signals (Q2) were observed in CD3*, CD4", CD8"*
and CD14" cell populations when all the primary and secondary antibodies were added, i.e., in
a fully-stained PBMC sample. The scatter plot in the CD3" cell population shows a frequency

of 83.6% cells that are GR*PR™ (Figure 4.1B).
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Figure 4.1: Detection of GR and PR in the CD3" cell population of primary staining control
and a fully-stained PBMC sample using flow cytometry. In the primary staining control, the
primary antibodies of GR and PR were not added, while in the fully-stained PBMC sample, all
the antibodies were added. (A) Scatter plot showing staining of GR and PR in the CD3" cell
subset in a primary antibody staining control. (B) Scatter plot showing staining of GR and PR

in the CD3" cell subset in a fully-stained PBMC sample.

It was concluded that there is a possibility that the anti-mouse secondary antibodies were
binding to the mouse primary antibodies of the extracellular markers CD3, CD4, CD8 and
CD14, as the antibodies were raised in mice. Therefore, unconjugated primary antibodies for

GR and PR were not used for GR and PR analyses by flow cytometry in PBMCs.

4.1.2. Conjugated primary antibodies for GR and PR do not exhibit reciprocal receptor

cross-reaction
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Based on the previous section, the conjugated primary antibodies GR FITC and PR eFluor™
660 were used for GR and PR detection, respectively, by flow cytometry. These antibodies
were first tested for cross-reactivity using flow cytometry in COS1 cells with overexpressed
GR or PR. A mock transfection control, where the cells were incubated with transfection
reagent without plasmids for GR or PR was included to account for endogenous expression of
GR and PR. Controls consisting of an unstained (no antibodies and no Zombie dye) and a
Zombie-only control (no antibodies) were also included (refer to Section 2.11.1). The cells

were stained with GR antibody and/or PR antibody.

Gating strategies were established using the unstained and Zombie-only controls to set the alive
GR- and PR- gates (Figure 4.2). In the unstained control, COS1 cells were excluded from
cellular debris using the side scatter (SSC-A) and forward scatter (FSC-A) plots. Thereafter,
single cells were selected from the COSL1 cells before the alive cell population gate was set.
These gates were applied to a Zombie-only control where the live cell population was adjusted:;
cells that were dead took up the Zombie dye and were located higher on the Zombie axis.
Within the live cell population, quadrant gates were created on the GR and PR axes to select
GR*PR’, GR'PR" and GR*PR" cell populations. All gates were then applied to the stained
samples — GR-stained samples, PR-stained samples and GR and PR-stained samples — to

determine the cellular frequency of cells positive for GR and/or PR.
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Figure 4.2: Strategies employed for gating of COSL1 cells using the unstained and Zombie-

only controls. In the unstained control sample, COS1 cells were not stained for Zombie, GR

and PR while in the Zombie-only control, COSL1 cells were stained for Zombie but not GR and

GR. The unstained control was used to exclude COSL1 cells from debris and to gate for single

cells. Gates were then applied to the Zombie-only control. Live cells followed by GR-negative

and PR-negative cells were gated. Gates were applied to samples stained with GR, PR and both

GR and PR, to determine the cellular frequencies of the stained cells.

Staining for GR in COS1 cells revealed the presence of GR in the mock transfection and PR

transfection groups, suggesting that COS1 cells endogenously express GR. This is consistent

with the immunofluorescence results showing endogenous GR expression in COS1 cells. The
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cellular frequency of GR* COS1 cells increased from 39.1% in the mock transfection group to
50.9% in the GR transfection group upon staining for GR (Figure 4.3A, panel 1 and panel 2),
suggesting that transfection of the pcDNA3-hGR plasmid successfully resulted in the
expression of GR. Similarly, co-staining for GR and PR demonstrated an increase in GR™ cell
frequency to 53.5% in GR-overexpressing cells as compared to 38.6% in mock transfection
group (Figure 4.3C, panel 1 and panel 2). The observed frequency of GR* cells varied
between 30.6% and 53.5% in both mock transfection and GR transfection groups, showing that
endogenous and exogenous GR was not expressed in all COS1 cells. Staining for GR showed
only a negligible increase in GR™ cell frequency to 40.9 % in cells overexpressing exogenous
PR as compared to 39.1% in cells that underwent mock transfection (Figure 4.3A, panel 1 and
panel 3). Furthermore, co-staining for GR and PR did not result to increase GR* cellular
frequency in cells of the PR transfection group (30.6% GR*) as compared to cells of the mock
transfection group (38.6% GR™) (Figure 4.3C, panel 1 and panel 3), indicating that the GR

antibody was not cross-reacting with overexpressed PR proteins.

When staining of PR was performed, an increase to 34.1% of PR* cells (Figure 4.3B, panel 3)
was observed in cells overexpressed with PR compared to cells in the mock transfection group
stained for PR, where 1.38% were PR* (Figure 4.3B, panel 1). Similar observation was seen
during co-staining of GR and PR where the cellular frequency of PR* cells also increased to
34.2% when overexpressed with PR, compared to 0.23% PR in cells of the mock transfection
group (Figure 4.3C, panel 1 and panel 3). These results suggest that COS1 cells do not
express PR endogenously and that the expression of PR was successful in COS1 cells following
transfection with the pMT-hPRB vector. Staining for PR seemed to be absent in cells
overexpressing GR and in cells of the mock transfection group as the frequency PR™ cells was

below 1% (Figure 4.3B, panel 1 and panel 3). Additionally, co-staining for GR and PR also
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revealed very low frequency of PR™ cells (< 1%) during GR and mock transfections (Figure
4.3B, panel 1 and panel 2). Taken together the results suggest the PR antibody was not cross-

reacting to endogenous and exogenous GR proteins.

It can be concluded from these results that the conjugated GR FITC antibody does not cross-

react with the PR, and the conjugated PR eFluor™ 660 antibody does not cross-react with the

GR.
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Figure 4.3: Scatter plots of transfected COS1 cells showing the results of cross-reactivity
tests of GR and PR conjugated antibodies using flow cytometry. COS1 cells were
transfected with either GR or PR, stained with GR and PR primary antibodies and analysed
with flow cytometry. The mock-transfected cells were transfected with transfection reagent

only and served as a control, to investigate endogenous expression of the proteins. (A) Scatter
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plots of mock-, GR- and PR-transfected COS1 cells stained with GR FITC antibody. (B)
Scatter plots of mock-, GR- and PR-transfected COS1 cells stained with PR eFluor™ 660
antibody. (C) Scatter plots of mock-, GR- and PR-transfected COS1 cells stained with GR

FITC and PR eFluor™ 660 antibodies.

4.1.3. Gating of GR and PR in immune cell subtype

Having shown that the conjugated GR and PR antibodies do not cross-react, GR and PR protein
levels in systemic immune cell subsets were investigated. PBMCs isolated from buffy coats of
six pre-menopausal women aged 18 to 40 years old were stained for the extracellular immune

cell markers CD3, CD4, CD8 and CD14, as well as the intracellular SRs, GR and PR.

A set of gates was created and is shown in Figures 4.4-4.8 for analysis by flow cytometry of
GR and PR in immune cells. Lymphocyte and monocyte populations were first selected from
FSC/SSC plots based on size and granularity in the unstained control population. Single-cell
and live-cell (Zombie-) populations were then gated from the respective cell types
(lymphocytes or monocytes), and the live-cell gates were adjusted in the Zombie-only control
sample (refer to Section 2.11.3 for more details on the controls). CD3 and CD14 FMO control
samples were then used to set gates for T cells, i.e. CD3* cells and monocytes (CD14%),
respectively (Figure 4.4). From the CD3" cell population, CD4" and CD8" cells were identified
on the CD8/CD4 axes using the CD4 FMO and CD8 FMO, respectively (Figure 4.5).
Thereafter, in each immune cell subset, GR and PR gates were selected using GR (Figure 4.6)
and PR FMOs (Figure 4.7). Gating for PR and GR was also conducted on a GR-negative and

PR-negative control sample (Figure 4.). The results in the GR-negative and PR-negative
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control samples (Figure 4.8) were consistent with the observations in the GR FMO (Figure

4.6) and the PR FMO (Figure 4.7).
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Figure 4.4: Scatter plots of PBMCs showing strategies employed for gating of
lymphocytes and monocytes. Using an unstained control, gates for lymphocyte and monocyte
cell populations were set according to cell size and granularity. Single cells were gated from
each of the populations and the gates were applied to Zombie-only control samples. Using the
Zombie-only control sample, live cells were selected on the Zombie axis. From the live cells,

gates for CD3" cells and CD14" cells were set up using the CD3 FMO and CD14 FMO samples,

respectively.
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Figure 4.8: Scatter plots showing gating of GR and PR in immune cell subsets, CD3*,
CD4*, CD8* and CD14" using the GR- and PR-negative control sample. In the GR- and

PR-negative sample, PBMCs were stained for CD3, CD4, CD8, CD14 and Zombie only.
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4.1.4. GR is expressed in systemic CD3*, CD4*, CD8* and CD14* cells with similar

expression densities

All the gates created as described in Section 4.1.3 were applied to all the fully-stained samples
of the six donors. Following gating, immune cells that were GR* were identified in the stained
samples of all six donors. High frequencies of cells positive for GR ranging from 99.3% to
100% were observed in CD3*, CD4* and CD8" cells (Figure 4.9A). The frequency of cells
positive for GR was compared between all the immune cells from the six donors. In the CD14
subset, the frequency of GR* cells ranged from 70.7% to 79.1% (Figure 4.9A). The frequencies
of CD3", CD4" and CD8" cells positive for GR were significantly lower than the frequency of
CD14" cells positive for GR (Figure 4.9A). The cellular frequency of GR* cells was not
statistically different between CD3", CD4* and CD8* cells in the six donor samples (Figure
4.9A). This suggests that GR is highly expressed in almost all systemic lymphocytes, namely
CD3*, CD4" and CD8" T cells, while a smaller proportion of monocytes express GR. The GR
expression density was also compared according to GR MFI. The expression density of GR
exhibited variability across different immune cell types and between the donor samples.
Although it appears that CD14" cells possess a lower GR expression density, it was shown that
there was no significant difference in GR expression density among CD3*, CD4", CD8" and

CD14" cells (Figure 4.9B).
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Figure 4.9: GR is ubiquitously expressed in CD3*, CD4*, and CD8* T cells, and CD14*
cells, with CD14" cells having a significantly lower frequency and non-significantly lower
density of the GR. (A) Frequencies of GR* cells for each immune cell type (n=6). (B) GR
expression densities for each immune cell type (n=6). For statistical analysis, one-way
ANOVA (non-parametric or mixed) was performed on pooled data of the six donors (n=6). ns

= not significant; * = significant difference; p-value <0.05.

4.1.5. PR protein expression is likely to be absent in systemic CD3*, CD4*, CD8* and

CD14* cells

PR protein expression in PBMCs was investigated by flow cytometry. Immune cell
populations, including CD3, CD4, CD8 and CD14 populations, were gated as shown
previously (Figures 4.7 — 4.8). Using the PR FMO control sample, which did not include the

PR eFluor™ 660 antibody, PR gates were created. Surprisingly, two distinct populations were
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observed on the PR axis in the CD3*, CD4* and CD14" immune cell subsets although the PR
antibody was not added (Figure 4.7). This observation was also apparent on the PR axis in the
GR- and PR-negative samples (Figure 4.8). There might be spillover of another antibody in
the channel that was recording signal for the PR eFluor™ 660. Such spillover might be due to
the mouse anti-CD4 APC Fire 750, as this signal was higher in the CD4" subset than in other
cell populations (Figure 4.7). Considering the above, the gates were set up just above the two

signals.

In the fully-stained samples, there was no signal above the non-specific signals in the CD3",
CD4", CD8" and CD14" cells. The results were similar to what was observed in the PR FMO
(Figure 4.6). This suggests that PR was not present in CD3*, CD4", CD8* and CD14" cells.
The cellular frequencies were plotted while the PR MFI could not be determined as very few

cells, possibly none, expressed PR (Figure 4.10).
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Figure 4.10: Cellular frequency of CD3*, CD4*, CD8" and CD14* cells displaying positive
signal for PR above the non-specific signals observed in the PR FMO sample is negligible.

Data from the six fully-stained donor samples were pooled and plotted (n=6).
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4.2. Discussion

4.2.1. Detection of GR and PR protein expression in PBMCs

Data in the literature on GR expression in systemic immune cells, including CD3*, CD4", CD8"
and CD14" cells, is scant, whilst data on PR expression is inconclusive. The flow cytometry
results of this study provide new information on the comparison of GR and PR protein
expression among systemic CD3", CD4", CD8" and CD14" cells based on cellular frequency
and expression density. In addition, the primary antibodies for GR and PR conjugated to their

fluorophores were assessed for cross-reactivity using flow cytometry.

For this study, the expression of GR and PR was analysed using flow cytometry, a highly
sensitive technique for protein detection. However, several challenges were encountered during
the process. Previously, unconjugated mouse primary antibodies coupled with fluorescently
labelled mouse secondary antibodies were used, resulting in species cross-reactivity of
secondary antibodies to other antibodies raised in mice. Therefore, conjugated primary
antibodies for GR and PR were used for subsequent experiments, and they were evaluated for
cross-reactivity. Although GR and PR are structurally similar, the cross-reactivity of anti-PR
and anti-GR antibodies does not appear to have been previously investigated. Cross-reactivity
was investigated in this thesis in COSL1 cells overexpressing GR or PR, but this was not the
ideal cell line because COS1 cells endogenously express GR. Flow cytometry detected low
endogenous GR protein levels in COS1 cells, unlike western blot analysis, showing that flow

cytometry was more sensitive. Since the endogenous GR protein in COSL1 cells could interfere
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with the assessment of cross-reactivity between the GR-conjugated primary antibody and
overexpressed PR protein, a mock-transfected control was included in the flow cytometry
experiments. This control allowed for a comparison with the results for cells overexpressing
PR when GR staining was performed to evaluate the cross-reactivity of the anti-GR antibody

with PR protein.

When analysing the flow cytometry results, non-specific signals were observed in the channel
detecting fluorescence from the conjugated PR antibody. These signals appeared in the PR
FMO sample, which lacked the PR antibody, as well as in the GR- and PR- negative sample,
which excluded the anti-GR and anti-PR antibodies. These signals suggest possible spillover
from fluorophores of other antibodies into the channel designated for the anti-PR antibody,
since two distinct cell populations were observed on the scatter plots of the PR FMO as well
as the GR- and PR-negative samples. This is a common issue in multiparametric flow
cytometry, where overlapping emission spectra from multiple fluorophores can lead to signal
spillover and false-positive results (Bhowmick and Bushnell, 2024). Therefore, the choice of
antibodies and the use of appropriate controls, such as FMO and compensation controls, were
crucial to minimise non-specific signals that can result in false positives. Despite these efforts,
the non-specific signals could not be eliminated in this study and future studies using different
antibody panels will have to be optimised. Therefore, in this study, gating strategies were
applied to try and distinguish PR-positive populations above the background non-specific

signals.

It is demonstrated by flow cytometry in this present study that GR is expressed at a high cellular

frequency in systemic T lymphocytes, namely CD3*, CD4" and CD8" cells. A lower frequency

of systemic monocytes (CD14" cells) express GR, compared to T lymphocytes. Previous
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research in sorted CD3", CD4", CD8" and CD14" cells demonstrated that GR mRNA
expression is ubiquitous, however, the researchers did not provide a comparative analysis of
GR expression across these cell types (Brundin et al., 2021). In this present study, the GR
expression density did not differ between systemic CD3*, CD4*, CD8" and CD14" cells.
Another study, which compared systemic CD3* and CD14" cells, demonstrated that the
expression density of GR was not significantly different between these immune subsets, but

the cellular frequency was not assessed (Du et al., 2009).

Despite the challenges encountered in analysing PR expression, the data indicate that PR is not
expressed in systemic CD3*, CD4*, CD8" and CD14" cells. When the samples were stained
with the PR antibody, no signal was obtained above the background non-specific signal, and
the fully-stained samples produced results nearly identical to the PR FMO samples. According
to data in the literature, purified CD3*, CD4" cells and peripheral leukocytes displayed little to
no immunoreactivity for PR, while sorted CD56" cells were observed to express PR by
confocal microscopy and flow cytometry (Arruvito et al., 2008, Dosiou et al., 2008). Other
studies which examined PR by western blot analysis in unsorted PBMCs also showed
undetectable PR expression (Tomasicchio et al., 2013). Similarly, transcription of PR mRNA
in sorted CD3*, CD4*, CD8"* and CD14" cells was investigated and was not detected (Brundin
et al., 2021). Hence, our findings align with the published literature, providing compelling

evidence that PR proteins are not expressed in systemic CD3*, CD4*, CD8* and CD14" cells.

4.2.2. PR-mediated effects may be minimal in systemic CD3*, CD4*, CD8" and CD14*

cells
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The effects of progestogens are thought to be mediated primarily via the PR. However, the lack
of conclusive detection of PR in systemic CD3*, CD4", CD8" and CD14" cells suggests that
the PR may not be playing a significant role in endocrine signalling in these cells. Despite this,
accumulating evidence supports the role of progesterone and progestins in regulating
immunomodulatory genes in immune cells. For example, research conducted with PBMCs
obtained from healthy maternal and male donors showed that exogenous progesterone dose-
dependently regulates the production of cytokines such as IFN-y, TNF-a, IL-5, IL-1, IL-4, IL-
5and IL-10, in CD4" and CD8" T cells (Lissauer et al., 2015). In PBMCs isolated from women
at various stages of the menstrual cycle, several immunomodulatory genes were shown to be
significantly upregulated in the ovulatory and mid-luteal phase, during which time
progesterone levels peak in the menstrual cycle, compared to the follicular phase. These genes
are involved in pro-inflammatory and Th1/Th2 responses and include the genes for IL-1p,
TNF-a, IFN-y and NFxB1 (Brundin et al., 2021). Progesterone was reported to regulate the
expression of IL-1B, TNFa, and IL-6 cytokines at both mRNA and protein levels in CD4* T
cells and CD8* T cells from healthy pregnant women, as well as in THP-1 monocytes
(Polikarpova et al., 2019). Increased progesterone levels are associated with impaired cytotoxic
activity of peripheral CD8" cells during pregnancy, potentially contributing to maternal-foetal
immune tolerance (Yao et al., 2017). Interestingly, the above-mentioned reports detected the
presence of membrane PR (mPR), particularly in systemic immune cells, including CD3",
CD4*, CD8" and CD14" cells (Lissauer et al., 2015, Polikarpova et al., 2019), suggesting that
the immunomodulatory effects of progestogens might be mediated via the mPR rather than the
classical nuclear PR in systemic immune cells. Notably, mPR is structurally unrelated to
nuclear PR and acts via non-genomic signalling pathways (Wehling, 1997). Studies performed
in a human breast cancer cell line demonstrated that progesterone has a high binding affinity

of Kq of 4-8 nM to recombinant human mPR, while the progestins DHT and NET displayed no

111



competitive binding to mPR. The relative binding affinity of MPA to mPR is yet to be
determined (Thomas et al., 2007, Thomas, 2008, Stanczyk et al., 2013). Taken together these
findings highlight the need for further investigation into the actions, binding affinities and

responses of progestogens mediated via the mPR in systemic immune cells.

While some non-genomic effects due to progesterone may be mediated by the mPR in the
absence of nuclear PR, SR receptor theory suggest that the majority of progesterone-induced
effects, as well as those of other progestins are often regulated by other SRs, such as AR, ER,
GR and MR (Hapgood et al., 2014b). For instance, progesterone, MPA, NET and LNG have
been shown to bind to the AR, where they can act as agonists or antagonists (Kemppainen et
al., 1999, Africander et al., 2011, Africander et al., 2014, Louw-du Toit et al., 2017). Other
studies showed that MPA and NET do not activate the MR at contraceptive doses, while
progesterone displayed both agonistic and antagonistic activity via the MR (Fuhrmann et al.,
1996, Quinkler and Diederich, 2002, Africander et al., 2013). MPA and NET did not activate
the ER at normal serum concentrations of HC users, but progesterone seemed to exhibit anti-
estrogenic properties (Louw-du Toit et al., 2017). Therefore, further research is needed to
delineate the contributions of non-genomic versus genomic pathways and to explore how

progestogens interact with multiple SRs in different tissue types, including immune cells.

4.2.3. High expression of GR relative to PR in PBMCs suggest that ligands that bind to
both receptors likely exert more GR effects in systemic CD3*, CD4*, CD8* and CD14*

cells
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Given that GR is known for its role in immune function, it is not surprising that it was expressed
in systemic immune cells, including CD3*, CD4*, CD8" and CD14" cells. The GR expression
densities among CD3", CD4", CD8" and CD14" cells were not significantly different, while
the cellular frequency of GR* cells in T lymphocytes (CD3", CD4" and CD8" cells) was
significantly higher than in monocytes (CD14" cells). T lymphocytes are key components of
the adaptive immune system that regulate immune function by secreting cytokines and
chemokines (Swain et al., 2012). Monocytes are professional antigen-presenting cells and
phagocytes that form part of the innate immune system (Kapellos et al., 2019). The difference
in the cellular frequency of GR-expressing T lymphocytes and GR-expressing monocytes may
be attributed to their specific functions. The higher frequency of T lymphocytes compared to
monocytes expressing GR may occur because T lymphocytes induce specific cell-mediated
responses to foreign pathogens requiring regulation by glucocorticoids, while monocytes

phagocytose pathogens to control infections.

The thesis findings describing the relatively high expression of GR in systemic CD3", CD4",
CD8* and CD14" cells suggest that progesterone and progestins may exert glucocorticoid-like
effects in these systemic immune cells. Progesterone and NET have a relatively low binding
affinity for the GR, while MPA possesses a relatively high binding affinity for the GR.
(Africander et al., 2011, Hapgood et al., 2014b). Studies in human leukocytes in vitro have
shown that MPA exhibits more potent competitive binding to the GR than that of the
endogenous glucocorticoid, cortisol (Kontula et al., 1983). Dose-response analyses conducted
in vitro indicated that progesterone exhibits weak agonistic activity via the GR, MPA exhibits
partial to full agonistic properties, while NET does not activate gene regulation via the GR.
MPA also induced regulation of anti- and pro-inflammatory genes via the GR at concentrations

ranging from 1-100 nM in vitro (Govender et al., 2014, Hapgood et al., 2014a, Maritz et al.,
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2018). Serum concentrations of MPA can reach up to 65 nM, while NET concentrations range
from 10 to 50 nM post-HCs administration (Africander et al., 2011, Hapgood et al., 2014b,
Govender et al., 2014). Endogenous progesterone concentrations in serum peak at 80 nM
during the luteal phase and may reach up to 1 uM during pregnancy (Lissauer et al., 2015).
Altogether, these data highlight the potential for systemic immune cells to respond to
progestogens via the GR. The relatively high serum concentrations of endogenous progesterone
during the luteal phase of the menstrual cycle and pregnancy as well as MPA following HC

administration may result in significant GR-mediated effects on immune cells’ gene regulation.

It is well known that the GR modulates the expression of anti- and pro-inflammatory cytokines
and chemokines (Lawrence, 2009, Cruz-Topete and Cidlowski, 2014, Moss and Jaffe, 2015,
Fedotcheva et al., 2022). At physiological serum concentrations, progesterone and progestins
can act via the GR in systemic immune cells (Hapgood et al., 2018, Fedotcheva et al., 2022).
Similar to GCs, progesterone possesses anti-inflammatory and immunomodulatory properties
(Fedotcheva et al., 2022). Treatment of PBMCs with progesterone in vitro suppressed secretion
of RANTES, MIPla, and MIP1B in CD8* cells (Vassiliadou et al., 1999). High exogenous
progesterone levels promoted Th2-type anti-inflammatory responses in a human CD4" T cell
line by increasing the production of IL-4 and IL-10 (Piccinni et al., 1995, Mauvais-Jarvis et al.,
2020). MPA was also demonstrated in vitro to repress the IL-2 gene, an effect similar to that
of the synthetic glucocorticoid, dexamethasone in normal human lymphocytes (Bamberger et
al., 1999). Other in vitro studies reported that MPA, but not NET and LNG, inhibited the
activation of human primary T cells and plasmacytoid dendritic cells (Huijbregts et al., 2014).
Hence, these findings suggest that progesterone and certain progestins, particularly MPA, may

mimic glucocorticoid-like effects in immune cells through GR-mediated pathways.
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Further research also supported a mechanism by which the GR was involved in mediating the
actions of MPA and/or progesterone. In primary CD4" T cells, MPA increased apoptosis
similarly to the glucocorticoids, dexamethasone and cortisol, while progesterone and NET did
not (Tomasicchio et al., 2013). By using the GR antagonist, RU486, the authors showed that
the increase in apoptosis was mediated by a mechanism involving the GR (Tomasicchio et al.,
2013). Moreover, MPA exhibited glucocorticoid activity similar to dexamethasone, by
suppressing the human IL-2 promoter and protein levels of IL-2 and IL-6 in PBMCs in vitro.
Some of these effects were reversed when GR was knocked down by siRNA. (Bick, 2018,
Maritz et al., 2018). These reports provide evidence that certain progestogen can exert potent

glucocorticoid-like effects in immune cells via the GR.

Altogether, the findings of this study and other reported studies support a role for the GR in

regulating immune responses in systemic CD3*, CD4*, CD8" and CD14" cells, particularly in

response to elevated levels of progesterone and MPA at normal concentrations in HC users.
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Chapter 5: Conclusions, Limitations and Future Perspectives

5.1. Conclusions

The sequence and structural homology between GR and PR have led researchers to explore the
cross-receptor binding of their ligands. Cross-receptor binding is also applicable to cross-
reactivity of their antibodies, which can result in erroneous outcomes when using sensitive
protein detection methods, particularly immunofluorescence staining and flow cytometry.
Hence, this study analysed the potential cross-reactivity of GR and PR primary antibodies to
improve the reliability of protein detection methods. Using overexpression strategies in COS1
cells, none of the primary antibodies to GR and PR used for detection cross-reacted to their

non-corresponding proteins.

GR was discovered to be expressed in both FGT and systemic tissues as well as all types of
immune cells investigated, consistent with its pleiotropic functions in humans. GR expression
was not detected in every FGT CD4" and CD8" cell, while flow cytometry results indicate that
GR expression is ubiquitous in T lymphocytes, i.e., CD3", CD4" and CD8* cells, as well as in
CD14" monocytes. The difference in GR expression observed between FGT and systemic
immune cells may be due to inconsistencies in sensitivity between the two detection methods.
However, these differences they may also reflect real differences in the GR expression levels
in FGT immune cells versus systemic cell types, which are likely to be exposed to different
signals that may regulate the levels of the receptor. On the other hand, PR expression was
limited to cells of the stroma and a small number of cells of the epithelium in the FGT.

However, PR expression levels in systemic CD3", CD4", CD8" and CD14" cells are either
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relatively undetectable compared to the GR, or absent. Nevertheless, undetectable PR
expression in FGT CD4" and CD8" cells by immunofluorescence staining is consistent with
the flow cytometry results, providing compelling evidence that PR expression was relatively

low or absent in both FGT and systemic immune cells.

Additionally, the discovery of relatively high levels of the GR compared to the PR in FGT
epithelial cells, FGT CD4" and FGT CD8" cells, as well as systemic CD3*, CD4", CD8" and
CD14" cells, indicates that progestogens may exhibit substantial binding to the GR in these
tissues and cells relevant for control of immunity and women’s reproductive health. However,
the receptor-specific actions of progestogens depend on their relative affinities for GR vs PR,
concentration of endogenous steroids and functional activities across different SRs, which are
hard to predict. While off-target binding of progesterone to the GR may contribute to immune
changes to support foetal-maternal tolerance when progesterone levels are high, off-target GR
binding by progestins can lead to effects on immunoregulatory genes coding for coreceptors,
cytokines, chemokines, and anti- and pro-inflammatory markers. These changes could
influence barrier integrity in the FGT epithelium, as well as recruitment, differentiation and
distribution of FGT resident or systemic immune cells, with implications for immunity in

women on progestin-based MHT or HCs.

5.2. Limitations

This study focused on the investigation of GR and PR levels, but other SRs, such as the AR
and MR, also exhibit homology in their sequence and structures. Off-target binding of PR
ligands to these SRs is also an important line of research, and the primary antibodies of GR

and PR may bind to these SRs, though this was not examined. Moreover, GR and PR exist in
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multiple isoforms with variable ligand-binding and transcriptional activity profiles. The
antibodies used in this study targeted the primary isoforms, GRa, PR-A and PR-B, but did not
comprehensively account for all possible isoforms. Notably, a recent report has shown variable
expression levels of PR isoforms A, B and C in systemic CD4*, CD8" and CD56" cells,
suggesting an isoform-specific distribution between immune cell types but did not assess cross-
reactivity of primary antibodies (Holmberg et al., 2024). In the FGT, PR isoforms A and B

have also been shown to be expressed (Ackerman et al., 2016, Ray et al., 2019).

Furthermore, while PR expression was confirmed in some ectocervical cells, the cell types
expressing PR remains unknown, as specific markers for fibroblasts, smooth muscles, and
lymphatic, nerve and vascular cells were not investigated by immunofluorescence.
Simultaneous analysis of GR and PR expression in FGT tissue explants was also attempted but
was hindered as the unconjugated antibodies were of the same species, and there seemed to be
some compatibility issues with the conjugated antibodies. Ultimately, the co-localisation of GR

and PR within individual cells could not be determined via this strategy.

Additionally, the number of donors of ectocervical tissue explants (n=3) and blood bank donors
(n=6) was small, limiting the scope of statistical analysis. The tissue explants were also not
visualised on the same microscope due to technical issues. Moreover, the PBMC donors could
not be classified according to their phase of the menstrual cycle due to a lack of data on their
hormone levels. The expression levels of SRs, particularly GR and PR, are regulated by
multiple signalling molecules including endogenous and exogenous hormones, such as
progesterone, progestins and E, (Ackerman et al., 2016, Bick et al., 2022). This was not
accounted for in this study as the sample sizes were small, and information on the hormone

levels of both the tissue the PBMC donors was not available.
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5.3. Future perspectives

Some refinements on the technical aspects for the detection of GR and PR, particularly by flow
cytometry, are required, to fully eliminate non-specific signals. This can be addressed by
optimising antibody selection for all the markers or correcting for fluorescence spillover, i.e.,
removing signal from all the fluorochromes except for the antibody of interest. Regarding
immunofluorescence staining of tissue explants, simultaneous detection of GR and PR could
reveal whether individual FGT cells and immune cells express GR or PR or both. Furthermore,
it was beyond the scope of this study to analyse GR and PR expression in all cell types. This
includes fibroblasts cells, smooth muscle cells in FGT tissue as well as other immune cells in
FGT tissues and PBMCs such as monocytes (CD14" cells) in the FGT, which are known to be
susceptible to viruses, and NK cells (CD56" cells), which are a key component of immune
regulation during pregnancy. Since NK cells are the only immune cells known to express PR,
this line of investigation may provide a more comprehensive understanding of PR expression
patterns across immune cell types. Thus, these above-mentioned suggestions may produce a
more comprehensive understanding results on PR expression in immune cells and provide more

detailed information on the expression of GR and PR.

Further research should also explore the expression of other SRs, namely, the AR, ER and MR,
as PR ligands are known to cross-react with these receptors (Africander et al., 2011). The cross-
reactivity of the antibodies to other SRs should also be assessed, as well as those of GR and
PR. Furthermore, the expression of specific SR isoforms, the binding affinities, relative

affinities and potencies of the PR ligands for the multiple SRs and their isoforms could be
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investigated, which would provide information on the possible SRs mediating responses in

specific types of cells.

Additionally, larger FGT sample collections from women across different menstrual cycle
phases or those using HCs are needed, to better understand how hormonal fluctuations
influence SR expression. A similar approach for PBMC samples would allow the exploration
of differences in SR expression, if any, in CD3*, CD4", CD8" and CD14" cells. In addition, it
may be valuable to perform in vitro stimulation of FGT tissues and PBMCs with physiological
concentrations of reproductive hormones/progestins — such as during follicular vs luteal phase
of the menstrual cycle, pre- vs post-menopausal, pregnancy or in women before and after
contraceptive initiation — to assess the impact of hormonal variations on SR expression in these

cells.

Lastly, further research is warranted to explore the association between SR levels and cross-
receptor binding with altered immune regulation or increased susceptibility to STIs. For
example, changes in expression levels of co-receptors and inflammatory markers or
distribution of susceptible target cells in response to changes in the GR to PR ratio could be
explored. This may shed light on mechanisms by which differential immune regulation is

associated with SR ligands.
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6.1. NHLS guidelines for menstrual phase cycle

Chapter 6: Appendix

Supplementary Table 6.1: Reference concentrations of endogenous reproductive hormones,

LH, FSH, E2 and progesterone across distinct phases of the menstrual cycle, as established by

the NHLS (Kratz et al., 2004).

LH reference ranges

Follicular phase 2.4-12.6 IU/L
Ovulatory phase 14.0 - 95.6 1U/L
Luteal phase 1.0-11.41U/L
Postmenopausal 7.7-58.5 IU/L
FSH reference ranges

Follicular phase 3.5-125I1U/L
Ovulatory phase 4.7-2151U/L
Luteal phase 1.7-7.71U/L

Postmenopausal

25.8 - 134.8 IU/L

E2 reference ranges

Follicular phase

46 — 608 pmol/L

Ovulatory phase

315 — 1828 pmol/L

Luteal phase

161 — 775 pmol/L

Postmenopausal

<18 — 201 pmol/L

Progesterone reference ranges

Follicular phase 0.6 — 4.7 nmol/L
Ovulatory phase 2.4 —9.4 nmol/L
Luteal phase 5.3 —86.0 nmol/L
Postmenopausal 0.3 —2.5 nmol/L

6.2. Immunofluorescence controls

Single-stain controls of extracellular markers were visualised by immunofluorescence and

were set up as negative controls for GR and PR staining. This was to ensure, as far as possible,

that signals obtained for GR and PR are specific. Tissue sections were stained as previously

121



described with the same combinations and dilutions of primary and secondary antibodies,
except that primary antibodies for GR and PR were replaced with 1% BSA in PBS-T. As
expected, green fluorescence for GR and PR in the AF488 channel was not detected in the
ectocervical cells when tissue explants were stained for either CD4 or CD8 only. This indicates
that non-specific immunofluorescence signals for GR or PR in CD4 and CD8 cells were not

obtained.

Cy3 channel AF488 channel

Merged

Epithelium

Stroma

Epithelium

Merged

Stroma

Supplementary Figure 6.2.1: Single stain control of CD4 markers. Ectocervical tissue
sections were stained with rabbit anti-CD4 and anti-rabbit Cy3 antibodies, followed by anti-
mouse AF488 secondary antibodies. (A) A shapshot was captured at 20X magnification,
showing CD4" cells in the epithelial and stromal layers of the ectocervix. (B) MIP of z-stack
images at 63X magnification capturing CD4" cells in the epithelial and stromal tissue layers.
Panel 1: Red fluorescence (CD4 staining) visualised on the Cy3 channel; Panel 2: Green

fluorescence (GR staining) visualised on the AF488 channel; Panel 3: Merged image of both
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channels with DAPI channel (nuclei staining). Confocal images of a representative donor

(PROG 179) are shown. The pink arrows indicate cells positive staining for CD4 markers.

Cy3 channel AF488 channel
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Supplementary Figure 6.2.2: Single stain control of CD8. Ectocervical tissue sections were
stained with rabbit anti-CD8 and anti-rabbit Cy3 antibodies, followed by anti-mouse AF488
secondary antibodies. (A) A snapshot was captured at 20X magnification, showing CD8" cells
in the epithelial and stromal layers of the ectocervix. (B) MIP of z-stack images at 63X
magnification capturing CD8" cells in the epithelial and stromal tissue layers. Panel 1: red
fluorescence (CD8 staining) visualised on the Cy3 channel; Panel 2: green fluorescence (GR
staining) visualised on the AF488 channel; Panel 3: merged image of both channels with DAPI
channel (nuclei staining). Confocal images of a representative donor (PROG 179) are shown.

The pink arrows indicate cells positive staining for CD4 markers.
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6.3. PR expression in ectocervical epithelial cells

PR protein expression was also detected in the basal epithelial layer of the ectocervix in one of
the donors, PROG 173, where relatively faint fluorescence of PR staining was visible in cells
of the basal membrane. Fluorescently labelled nuclei were also apparent in ectocervical stromal

cells of the same donor. Merged images indicate that PR is expressed in the nuclei of the cells.

A
Epithelium
Basement
Membrane
B
Stroma

Supplementary Figure 6.3.1: Relatively faint staining of PR in ectocervical epithelial cells.
Ectocervical tissue explants were sectioned at 8 pm, and the sections were stained with anti-
PR and anti-mouse AF488. The sections were then counterstained with Hoescht and visualised
by confocal microscopy. (A) MIP of z-stack images captured at 63X magnification in the
epithelial region. (B) MIP of z-stack images captured at 63X magnification in the stromal
region. Panel 1: green fluorescence (PR staining) visualised on the AF488 channel; Panel 2:

nuclei staining (Hoescht) visualised on the DAPI channel; Panel 3: merged image of both
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channels. Confocal images of the donor, PROG 173, are shown. The white arrows indicate

epithelial cells with faint green fluorescence staining for PR.
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This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
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the British Pharmaceutical Industry Guidelines (ABPI), and Declaration of Helsinki (2013) guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the ICH
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