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Abstract

The menstrual cycle is a complex system of dynamically interacting hormones, growth factors,
cytokines and cells. The cycle is regulated by the combined effects of both the 17p-oestradiol
(E2) and progesterone hormones. An in-depth understanding of complex systems can be
obtained if all of the processes that constitute the system are evaluated individually. Therefore,
this study aimed to assess the individual effects of both E; and medroxyprogesterone acetate
(MPA) on human endometrial stromal cells (HESCs) in vitro. The effects of these hormones
on the expression of ESR-a, PGR, TGF-f1 and VEGF A was assessed using Real-Time gRT-
PCR, and the secretion of VEGF A and IL-6 was assessed using ELISA. A successful and
financially feasible methodology for the isolation of HESCs using endometrial biopsies was
established. The cryopreservation technique used in this study resulted in low cell viability,
and the data could not be statistically validated. However, the results do show similarities to
published data. In the presence of Ez, ESR-a expression was minimally altered, and PGR
expression was minimally increased. Additionally, an increase in growth factor expression was
observed. VEGF A was upregulated in the presence of both E; and MPA, whereas TGF-f1 was
only upregulated in the presence of E>. Despite the fact that the data could not be statistically
validated, the study provides valuable insight into the individual actions of E> and MPA on the
menstrual cycle. Furthermore, the study highlights the importance of cryopreservation in the

discipline of cell culture.
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Chapter 1: Introduction

1.1. The menstrual cycle

The endometrium is the final target for hormonal signals originating from the hypothalamic-
hypophyseal-ovarian axis (Tabibzadeh, 1998) and these signals ultimately result in the
menstrual cycle. The menstrual cycle, which has a median duration of 28 days, is divided into
three distinct phases: menstruation, proliferative, and secretory (Deligdisch, 2000). The
proliferative phase is initiated through the release of oestrogen from the ovaries (Deligdisch,
2000). The increased levels of oestrogen results in the proliferation and growth of cells within
the endometrium (Deligdisch, 2000). In response to the prolonged increased concentration of
oestrogen, the anterior pituitary secretes luteinising hormone (LH) resulting in an LH surge
(Gibson and Hammoud, 2013). The surge in LH initiates the ovulation process, releasing a
follicle from one of the ovaries. Following ovulation, a remnant of the follicle still present in
the ovary differentiates into the corpus luteum. The corpus luteum contains cells which begin
secreting progesterone (Gibson and Hammoud, 2013). The presence of progesterone
influences further priming within the endometrium and the changes which occur result in the

secretory phase of the menstrual cycle (Gibson and Hammoud, 2013).

1.2. Hormones involved in the menstrual cycle

1.2.1. Oestrogen

Endogenous oestrogens are naturally occurring steroid hormones present in both males and
females. In women, this hormone is essential in both the hypothalamic-hypophyseal-ovarian

axis (Tabibzadeh, 1998) as well as in ancillary sexual characteristics (Santoro et al., 2016).

The female body produces three endogenous oestrogens which are derived from the cleavage
of cholesterol, namely oestrone (E1) (Figure 1), 17p-oestradiol (Ez) (Figure 1) and oestriol (E3).
These hormones are produced in different regions of the body and function locally as well as
throughout the body (Gruber et al., 2002). E», derived from the aromatisation of testosterone,
is synthesised within the ovaries by the theca and granulosa cells, as well as the luteinised
forms of these cells (Ryan, 1982). E1 and Es, derived from the aromatisation of androstenedione

and 160-hydroxytestosterone respectively, are predominantly formed within the liver through



the metabolism E> (Gruber et al., 2002). Of these three oestrogens, E: is the most potent, acting
both locally within the ovaries, as well as within the uterus. During the menstrual cycle, E: is
secreted from the granulosa cells within the ovary to initiate the proliferative phase and
eventual LH surge which results in both ovulation and the luteinisation of the theca and
granulosa cells (Deligdisch, 2000). Luteinisation of these cells results in the formation of the
corpus luteum and the secretion of progesterone (Gibson and Hammoud, 2013).

1.2.1.1. The oestrogen receptor

Oestrogen receptors (ESRs) are a group of ligand-activated receptors which form part of the
nuclear hormone receptor superfamily. These receptors consist of three clearly defined
structural domains: an NH»-terminal (A/B) domain, the C Deoxyribonucleic acid (DNA)
binding domain, and the ligand binding (D/E/F) domain (Nilsson et al., 2001). Within the body
there are two distinct and identifiable forms of ESRs, namely oestrogen receptor alpha (ESR-
a) and oestrogen receptor beta (ESR-P) and the differences of which, at the amino acid level,
are dependent on the domain. The DNA binding domain of both ESRs is highly homologous
(97%); however, major differences occur within the other two domains where the ligand
binding domain and the NH.- terminus is 56% and 24% homologous respectively (Dahlman-
Wright et al., 2006).

The ligand binding domains of ESR-a and ESR-B display a similar affinity to endogenous
oestrogens such as E;, despite their poor homogeneity (56%) (Kuiper et al., 1997). However,
their tissue expression patterns differ markedly. ESR-a shows much larger mRNA expression
within the endometrium, cervix, vagina and breast, whereas ESR-# has shown a greater mMRNA
expression within the ovaries, spleen, hypothalamus, thymus and lungs (Couse et al., 1997). In
addition to its expression within whole tissues, ESR-a is present within endothelial cells (Trenti
et al., 2018). Evidence suggests that this receptor assists E» with increasing both the migration
and proliferation of endothelial cells, both important factors required for angiogenesis
(Simoncini et al., 2006).

Immunostaining has confirmed that ESR-a is prominently expressed during the proliferative
stage of the menstrual cycle in both the epithelial and stromal cells of the endometrium. The
receptor remains prominent within both cell types up until the mid- to late- secretory phase
where its prominence is only retained within the stromal cell compartment (Classen-Linke et

al., 1998). The activation of ESR-a through E> within the endometrium plays a vital role in



ensuring the progression of the menstrual cycle, which is achieved through the upregulation of
progesterone receptor expression (Kastner et al., 1990).

c@bcéﬁoéﬁj
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Progestins Androgens Estrogens
(I:N
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O (o] HO
Progesterone Androstendione Estrone
OH OH
O o
Teslosterone Estradiol

Figure 1: Biosynthesis of the major androgens

The 27-carbon cholesterol molecule is the precursor to the progestins, androgens and

oestrogens (estrogen). Image taken from Gupta and Chia, (2013).



1.2.2. Progesterone

Progesterone is an endogenous hormone primarily produced following ovulation and the
formation of the corpus luteum. Low concentrations of this hormone are also produced and
secreted by the adrenal glands of women (King and Brucker, 2011). The function of
progesterone is in the regulation of normal female reproductive processes such as the growth
and maintenance of the uterine endometrial lining during the secretory phase, the support of
blastocyst implantation, the maintenance of the early stages of pregnancy and the lobular and
alveolar development of the mammary gland (Clarke and Sutherland, 1990). Therefore, the
primary role of progesterone is the maintenance of normal female reproductive processes.
Additionally, progesterone has been shown to be essential in the prevention of osteoporosis
(Balasch, 2003) as well as having a neurosteroidal function in the brain (Genazzani et al.,
2000).

Progesterone belongs to the steroid hormone class of progestogens. Progestogens are divided
into endogenous progestogens and progestins, with the latter encompassing all synthetic
compounds which act on progesterone receptors (King and Brucker, 2011).
Medroxyprogesterone acetate (MPA) is one example of a progestin. MPA is a synthetic
progestin compound used as an oral contraceptive and in hormone replacement therapy
(Ghatge et al., 2005). It has been found that this progestin can mimic the effects of regular
progesterone regarding its gene expression profile (Ghatge et al., 2005). Progesterone is the
principal type of endogenous progestogen and like other progestogens is characterised by its
pregnane (21-carbon) skeleton (Al-Asmakh, 2007).

The precursor of progesterone is cholesterol, and its synthesis occurs within the corpus luteum
where cholesterol side-chain cleavage enzyme (P450scc) and 3pB-hydroxysteroid
dehydrogenase catalyse the pathway converting cholesterol into progesterone (Figure 1)
(Kamada et al., 1997).

During the menstrual cycle, the formation of the corpus luteum and the conversion of theca
and granulosa cells into their lutein counterparts, enables the production and secretion of
progesterone (Ross and Pawlina, 2006). The secretion of progesterone signifies the start of the

secretory phase of the menstrual cycle (Ross and Pawlina, 2006).



1.2.2.1. The progesterone receptor

Progesterone Receptors (PGRs) belong to the superfamily of DNA-binding receptors (Baulieu,
1991). These receptors have four distinct domains: an N-terminal transcription domain, a
centrally placed DNA binding domain, a hinge region and a C-terminal ligand binding domain
(Baulieu, 1991). The PGR is found in two dominant distinct molecular forms: PGR-A and
PGR-B, with PGR-B being 164 amino acids longer than PGR-A (McDonnell and Goldman,
1994). Numerous other PGRs have been described such as PGR-C, PGR-M, and PGR-S;
however, none of these alternative PGRs have been proven to be expressed at physiologically
acceptable concentrations in vivo (Samalecos and Gellersen, 2008).

Progesterone functions by binding to both PGR-A and PGR-B, and even though both receptors
act indistinguishably by allowing for the binding of progesterone, the downstream effect of
these two receptors is markedly different. In mice, it has been shown that PGR-A acts
predominantly on ovarian and uterine function, while PGR-B is essential in the development
of the mammary gland (Mulac-Jericevic and Conneely, 2004). Studies suggest that when bound
to a ligand PGR-A functions as an inhibitory molecule (Vegeto et al., 1993). When bound to a
ligand, the receptor has shown little transcriptional activity but rather curtails other steroid
receptors, including PGR-B and ESRs (Vegeto et al., 1993).

Within the endometrium, the expression of both PGR-A and PGR-B is dependent on the stages
of the menstrual cycle as well as the cell type. PGR-A is highly expressed in human endometrial
stromal cells (HESCs) throughout all three stages of the menstrual cycle. In comparison, the
expression of PGR-A within epithelial cells of the endometrium decreases as the secretory
phase progresses (Mote et al., 1999). In contrast, the expression of PGR-B peaks during the
mid-proliferative phase of the menstrual cycle in both HESCs and epithelial cells and then
gradually declines as the menstrual cycle progresses (Jabbour and Critchley, 2001). Due to its
permanency in expression during the menstrual cycle, PGR-A is suggested to be the dominant
of the two receptor isoforms within HESCs (Mote et al., 1999). It has also been found that
PGR-A plays a larger role in the transactivation of decidual prolactin promoters within stromal
cells (Gao et al., 2000).

The functional and the basal layer form the two distinct regions of the endometrium (Ross &
Pawlina, 2006). Changes within the functional layer of the endometrium are most evident

during the menstrual cycle. The cells associated with the endometrium, experience an increased



level of growth, proliferation and differentiation (Ross & Pawlina, 2006). One cell type which
undergoes such changes is HESCs (Ross & Pawlina, 2006).

1.3. Human endometrial stromal cells (HESCs)

The origin of tissue culture is deeply embedded in a period of scientific discovery which saw
a wealth of many developmental models proposed by scientists such as Wilhelm Roux and
August Weismann (Sander and Schneider, 1991). In 1885 Roux successfully removed the
medullary plate of a chick embryo and maintained it in a warm saline solution for days (Gruber
and Jayme, 1994). Even though this experiment was a far cry from cell and tissue culture, it
laid the groundwork for the ideology of cell culturing to be used as an in vitro model of
experimentation (Gruber and Jayme, 1994). At the turn of the twentieth century, a
methodology for the study of animal cells in vitro was devised by Harrison et al. (1907).
Harrison (1907) successfully managed to isolate developing nerve fibres from frog embryos
and keep these fibres alive in lymph from an adult frog for upwards of a week. It was also
found that these developing nerve fibres continued to grow within the lymph until they died.
Harrison’s discovery allowed for cells and tissues to be studied without the variations which

may arise within in vivo models (Freshney, 2005).

The ability to study cells in vitro was transposed to the study of normal uterine cells in the late
1960’s (Luginbuhl, 1968) and it was not until 1979 that a fixed methodology for the isolation
of human endometrial cells was established (Satyaswaroop et al., 1979). Satyaswaroop et al.
(1979) managed to not only isolate endometrial glands from uterine tissue but described a
method that depicted stromal cell isolation as well. Since then, many methodologies published
regarding the isolation of cells from the human endometrium have been based on the work
conducted by Satyaswaroop et al. (1979) (Varma et al., 1982; Fernandez-Shaw et al., 1992;
Arnold et al., 2001). Research in the field of reproductive biology was significantly improved
with the successful isolation of the Ishikawa cell line. The Ishikawa cell line is a well-
differentiated endometrial adenocarcinoma cell line, which is positive for the presence of both
oestrogen and progesterone receptors (Nishida et al., 1985; Nishida, 2002). Even though
Ishikawa cells have a tendency to transform into undifferentiated cells after long-term culture,
they still represent a good in vitro model for numerous research opportunities in reproductive
biology (Nishida, 2002).

HESCs are fibroblasts found within the endometrium. The origin of these cells is unclear,

however, research indicates that these cells may potentially differentiate from endometrial
6



mesenchymal stem cells (Spitzer et al., 2012), which themselves originate from bone marrow-
derived mesenchymal stem cells (Aghajanova et al., 2010). HESCs are influenced by the
ovarian steroid hormones, oestrogen and progesterone, which alter the cells structurally and
functionally (Ren et al., 2015). Observations have been made that progestins such as MPA alter
these cells in a similar way (Vereide et al., 2006; Ren et al., 2015). During the menstrual cycle,
these cells undergo a process known as decidualisation (Dunn et al., 2003; Aghajanova et al.,
2010), which is characterised by a series of morphological and biochemical alterations
(Gellersen and Brosens, 2003).

The process of decidualisation of the stromal cells is a result of the initial priming of these cells
by E», and then the action of both E> and progesterone in a time-dependent manner during the
menstrual cycle (Logan et al., 2013). These differentiated endometrial stromal cells (decidual
stromal cells) become rounded, acquire myofibroblast characteristics and secrete a variety of
cytokines including prolactin (PRL) and insulin-like growth factor binding protein-1 (IGFBP-
1) (Tabanelli et al., 1992). These stromal cells also undergo a series of molecular changes,
which lead to altered steroid hormone receptor expression, extracellular matrix and
cytoskeleton remodelling as well as altered gene expression (Brar et al., 2001). During the
menstrual cycle it has been found that stromal cell decidualisation is initiated at the start of the
secretory phase (Dunn et al., 2003). Stromal cells begin to decidualise around spiral arteries
within the functional layer of the endometrium (Kajihara et al., 2013). This differentiation
extends throughout the functional layer of the endometrium until all stromal cells within this
layer are decidual (Kajihara et al., 2013). In the absence of pregnancy, the functional layer
within the endometrium becomes ischemic and decidual cells are sloughed off during
menstruation (Gellersen and Brosens, 2003). However, when blastocyst attachment occurs, and
pregnancy proceeds, the decidual reaction extends into the basal layer of the endometrium
(Brosens et al., 2002; Gellersen and Brosens, 2003). The extension of the decidual reaction
into the basal layer is essential for both trophoblast invasion and placentation (Brosens et al.,
2002).

The effect of hormonal stimulation on HESCs, such as those seen in decidualisation, is not
limited to morphological alterations. HESCs are molecularly altered during hormonal
stimulation, which results in the differential expression of cytokines, hormones and their
receptors (Tabanelli et al., 1992). Several cytokines such as transforming growth factor beta
(TGF-p) (Stoikos et al., 2008), vascular endothelial growth factor (VEGF) (Zhang et al., 1995;
Huang et al., 1998), and interleukin-6 (IL-6) (Tabibzadeh et al., 1989) are affected by the

hormonal stimulation of HESCs.



1.4. Cytokines affected by hormonal stimulation

1.4.1. Transforming growth factor f (TGF-f)

TGF-Bs are dimeric, disulphide linked peptides which belong to the Transforming growth
factor B superfamily. With the exception of TGF-fs, this superfamily consists of inhibins,
activin, bone morphogenic proteins (BMPs), anti-Mdllerian hormone, decapentaplegic and
vitellogenin-1 (Vg-1). There are five recognised isoforms of TGF-p (TGF-B1-s) found within
this superfamily of which three (TGF-B1 .3) are present within mammals (Massagué et al.,
1992). TGF-B isoforms, within the endometrium of humans, have been implicated in regulating
normal endometrial function, the regulation of decidualisation and placental development and
function (Jones et al., 2006b).

Due to the involvement of TGF-Bs in the tissue proliferation and remodelling process, the
isoforms of TGF-f found within humans (TGF-B. - 3) are differentially expressed in the
endometrium (Gold et al., 1994). It has been found that within the endometrium of humans,
TGF-p. is predominantly localised to the endometrial stromal compartment, whereas TGF-f1
and TGF-Bs are found in stromal cells and within luminal epithelial cells (Gold et al., 1994).
Within the human endometrium, it has been shown that TGF-B1 expression is regulated by E>
stimulation (Takahashi et al., 1994).

1.4.2. Vascular endothelial growth factor (VEGF)

VEGF is a platelet-derived growth factor which belongs to the super-gene family VEGF-
Platelet-derived growth factor (-PDGF). Initially described as vascular permeability factor
(VPF) (Senger et al., 1983), varying forms of this molecule have been identified in a multitude
of organisms, leading to the inclusion of the suffix A (VEGF A) when described in humans
(Mattei et al., 1996).

The endometrium of humans is host to a complex and dynamic vasculature, which is influenced
by the cyclical hormonal changes throughout the menstrual cycle (Girling and Rogers, 2009).
During the menstrual cycle, VEGF A is essential in the remodelling process of the endometrial
vasculature through angiogenesis (Girling and Rogers, 2005), lymphangiogenesis
(Koukourokis et al., 2005) and vascular maturation (Fraser et al., 2008). HESCs have exhibited
alterations in VEGF A expression in response to hormonal stimulation. There are multiple
studies which report an upregulation of VEGF A messenger ribonucleic acid (mRNA)
expression in response to either E»> (Huang, Liu and Dawood, 1998; Classen-Linke et al., 2000)
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or progesterone (Zhang, Rees and Bicknell, 1995) treatment. This implies an essential
regulatory role of these hormones in ensuring menstrual cycle progression through the control

of the endometrial vasculature (Girling and Rogers, 2009).
1.4.3. Interleukin-6 (IL-6)

IL-6 is a long chain a-helix bundle protein from the hematopoietin cytokine family (Bazan,
1990). This pleiotropic cytokine is involved in several biological processes such as
immunoregulation, hematopoiesis and inflammation (Kishimoto, 2010).

Through the regulation of immunity and inflammation within the endometrium, IL-6 ensures a
highly controlled environment allowing for blastocyst attachment and immunosurveillance
(Hunt, 2006). This cytokine shows cyclical expression during the menstrual cycle (Von Wolff
et al., 2002), partly due to the regulatory roles of the ovarian hormones oestrogen and
progesterone. E> (Tabibzadeh et al., 1989) and progesterone (Kim et al., 2012), inhibit the

expression of IL-6 which promotes a non-inflammatory environment.



1.5. Aim and objectives

The menstrual cycle is a complex system of dynamically interacting hormones, growth factors,
cytokines and cells controlled by its regulatory hormones. The complexity of this system is a
direct result of the role of the uterus in pregnancy. Therefore, the menstrual cycle is crucial in
ensuring successful pregnancy. The menstrual cycle is highly regulated by oestrogen and
progesterone, which act in unison to induce responses that are pivotal for the progression of

the menstrual cycle.

Research efforts from multiple studies have focussed on understanding the complex regulation
of the menstrual cycle. However, the most successful way to understand the dynamics of such
an intricate system is to gain a deeper understanding of the individual processes that constitute
the system. Therefore, an investigation into the independent roles of oestrogen and
progesterone will add valuable insight into the combined action of the two steroid cycle
hormones, which will supplement the expanding knowledge base on hormonal regulation

during the menstrual cycle.

The aim of this research is to understand the individual functions of oestrogen and progesterone

in receptor expression and cytokine profiles within human endometrial stromal cells.
The specific objectives of this study were to:

e Isolate HESCs.

e Prove successful isolation of HESCs through light microscopy.

e Test the viability of the HESCs.

e Hormonally stimulate the HESCs with E2 and MPA.

e Assess the effect of E2 and MPA on the expression of E2 and MPA receptors in HESCs
using real-time polymerase chain reaction (Real-Time gRT-PCR).

e Assess the effect of E2 and MPA on TGF-f1 expression in HESCs using Real-Time
gRT-PCR.

e Assess the effect of E2 and MPA on VEGF A expression in HESCs using Real-Time
gRT-PCR and an enzyme-linked immunosorbent assay (ELISA).

e Assess the effect of E2 and MPA on IL-6 expression from HESCs using an ELISA.
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Chapter 2: Experimental Procedures

2.1. Ethical considerations

The use of the endometrial tissue was in accordance with the Human Research Ethics
Committee — Medical (HREC — Medical), University of the Witwatersrand, Johannesburg,
South Africa (Clearance certificate number: M1511106) (see Appendix A).

2.2. Tissue collection

Endometrial biopsies were obtained from 5 healthy, reproductively active women undergoing
dilation and curettage (D&C), following informed consent (see Appendix B). The female
patients had no clinical history of hormonal dysfunction, or any infectious or malignant
endometrial disease. Endometrial biopsies obtained were in the secretory phase of the
menstrual cycle. Biopsied tissue was transported from Vitalab to the laboratory at Wits Medical
School on ice. Roswell Parks Memorial Institute (RPMI) 1640 culture medium, containing L-
glutamine (Lonza), 5% foetal calf serum (FCS) and 0.2% Penicillin-Streptomycin-
Amphotericin 100X (Lonza) was used for transportation. Biopsied tissue was stored overnight

at 4°C in the aforementioned transport medium.

2.3. Human endometrial stromal cell isolation

The tissue dispersion protocol, and isolation of endometrial stromal cells, was based on a
modified version of the procedures conducted by Arnold et al. (2001). The entire procedure
was carried out in sterile conditions, under a laminar flow hood. Tissue was removed from the
transport medium and thoroughly rinsed using Dulbecco’s phosphate buffered saline (PBS),
pH 7.4 (see Appendix A). Following rinsing, unwanted tissue was discarded, and the remainder
was minced into 1 mm?® pieces. Once minced, the tissue was rinsed in PBS, pH 7.4 and
immersed in a RPMI 1640 with L-glutamine (Lonza) and 0.25% collagenase type 1 (Sigma
Aldrich) solution. Tissue was incubated for 2 hours in a 37°C shaking water bath, to allow for
enzymatic digestion. The tissue digest was vigorously aspirated to ensure that the remaining
tissue pieces were broken up. The tissue was then passed over a 100 um sieve, which retained
any glandular tissue and allowed both stromal cells and red blood cells to pass through. Cells
which passed through the sieve were centrifuged at 400 x g for 5 minutes and resuspended in
3 ml of growth media containing RPMI 1640 with L-glutamine, 10% FCS and 0.1% Penicillin-
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Streptomycin-Amphotericin 100X (Lonza). Red blood cells were removed by layering the cell
suspension over 3 ml of Histopaque 1077 (Sigma-Aldrich). The solution was centrifuged at
400 x g for 10 minutes and the white cellular interface was collected. The cellular suspension
was rinsed in PBS, pH 7.4, and centrifuged at 400 x g for 5 minutes in a wash step, which was
performed twice. Cells were resuspended in 5 ml of growth media containing RPMI 1640 with
L-glutamine, 10% FCS and 0.1% Penicillin-Streptomycin-Amphotericin 100X (Lonza). Cells
were transferred to a 25 cm? culture dish for growth. Once 80% confluency was reached, as
verified by light microscopy, the samples were trypsinised in 2 ml 0.25% Trypsin-
ethylenediaminetetraacetic acid (-EDTA) (Sigma-Aldrich) for 15 minutes at 37°C.
Trypsinisation was halted post-incubation by the addition of 2 ml growth media containing
RPMI 1640 with L-glutamine, 10% FCS and 0.1% Penicillin-Streptomycin-Amphotericin
100X (Lonza). The cellular suspension was transferred to a centrifuge tube for centrifugation
at 400 x g for 5 minutes. The cellular suspension was rinsed in PBS, pH 7.4, and centrifuged
at 400 x g for 5 minutes in a wash step, which was performed twice. Samples were divided into
separate samples, and either resuspended in 5 ml growth media containing RPMI 1640 with L-
glutamine, 10% FCS and 0.1% Penicillin-Streptomycin-Amphotericin 100X (Lonza) for
passaging; or resuspended in 1 ml of freezing media containing RPMI 1640 with L-glutamine,
10% FCS and 10% dimethyl sulfoxide (DMSO) (Sigma-Aldrich) for storage.

2.4. Sample storage

Isolated HESCs were stored at -80°C in 1 ml freezing media, containing RPMI 1640 with L-
glutamine, 10% FCS and 10% DMSO (Sigma-Aldrich). Cells were frozen using a Nalgene®
Mr. Frosty, which allowed for the incremental freezing of cells at a cooling rate of 1°C every
minute. Isolated HESCs were stored at -80°C until sample processing was required. When
samples were required, they were thawed at room temperature. Freezing media was diluted in
2 ml PBS, pH 7.4, and centrifuged at 400 x g for 5 minutes. The cellular suspension was rinsed
in PBS, pH 7.4, and centrifuged at 400 x g for 5 minutes in a wash step, which was performed

twice to ensure the complete removal of DMSO.
2.5. Cell counts and viability

Cells were counted, and viability was established, using the TC20™ Automated Cell Counter
(Bio-Rad). Samples were mixed gently, and 20 pl aliquots of the cellular suspension were
added to 20 ul of 0.4% trypan blue dye. Aliquotted samples were mixed thoroughly, and 10

pl of each aliquot was pipetted into the cell counting chamber. Cell counts were done in
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duplicate in 0.4% trypan blue staining. Counting was completed within 5 minutes, to ensure
accuracy of the cell counts. Cell counts for individual samples were separated according to
diameter. The mean cell count for each diameter (5-25 pm), mean total cell count, mean live
count and the mean live percentage of cells were obtained.

2.6. Hormonal stimulation

One sample for each patient was removed from storage at -80°C, and allowed to incubate at
37°C for 24 hours prior to hormonal treatment. After 24 hours, samples were rinsed in PBS,
pH 7.4, and centrifuged at 400 x g for 5 minutes in a wash step, which was performed twice.
Each patient sample was divided into two experimental groups and a control group. After
division into groups, samples were resuspended in 6 ml growth media containing RPMI 1640
with L-glutamine, 10% FCS and 0.1% Penicillin-Streptomycin-Amphotericin 100X (Lonza) to
which either 1 x 107 M 17p-Oestradiol (Sigma-Aldrich) or 2 x 107 M Medroxyprogesterone
Acetate (Sigma-Aldrich) was added to the experimental groups. Only RPMI 1640 with L-
glutamine was added for the control group. Patient samples for each group were then divided
into two, and transferred into 6-well culture plates, and allowed to incubate at 37°C for 48
hours. Following incubation, samples were aliquotted and centrifuged at 400 x g for 5 minutes.
The supernatant was collected and stored at -80°C for ELISA. Cells were resuspended in 350
pul Buffer RLT (Qiagen) containing 1% p-Mercaptoethanol (Sigma-Aldrich) for RNA

extraction.
2.7. RNA Extraction

RNA extraction was done using the RNeasy® Mini Kit (Qiagen), using the protocol from the
RNeasy® Mini Handbook (Qiagen). Cells were homogenised in 350 pl Buffer RLT containing
1% B-Mercaptoethanol (Sigma-Aldrich). Homogenised cells were passed through a 20-gauge
needle, attached to a ribonuclease (RNase)-free syringe, 15 times. One volume of 70% ethanol
was added to the homogenised lysate and aspirated. Seven-hundred microlitres of lysate was
transferred to an RNeasy® column and centrifuged for 15 seconds at 8000 x g. Following
centrifugation the flow-through was discarded, and the process was repeated until all of the
lysate was passed through the column. All flow-through was always discarded, unless specified
otherwise. Three-hundred-and-fifty microlitres of RW1 solution was added to the column and
centrifuged for 15 seconds at 8000 x g. Eighty microlitres of deoxyribonuclease (DNase) 1
incubation mix was pipetted directly onto the spin column membrane, and allowed to incubate

at room temperature for 15 minutes. Following incubation, 350 pl of RW1 solution was added
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to the spin column, and centrifuged for 15 seconds at 8000 x g. Subsequently, 500 ul Buffer
RPE solution was pipetted onto the spin column and centrifuged for 15 seconds at 8000 x g.
An additional 500 pl of Buffer RPE solution was pipetted on to the spin column and centrifuged
for 2 minutes at 8000 x g. The RNeasy® spin column was centrifuged at 10000 x g and
transferred to a new 1.5 ml collection tube, to ensure that no Buffer RPE solution was
transferred to the new collection tube. Fifty microlitres of nuclease-free water was pipetted
onto the spin column and centrifuged for 1 minute at 8000 x g. The flow-through in the
collection tube was pipetted onto the spin column and centrifuged for 1 minute at 8000 x g.
The RNA yield was established using the NanoDrop™ technology, and samples were stored
at -80°C.

2.8. RNA precipitation

In order to increase the working concentration of RNA, by reducing the total volume of diluent
from 50 ul to 10ul, alcohol precipitation was done. The protocol used for ethanol precipitation
was adapted from Zumbo, (n.d.). Extracted RNA was allowed to thaw on ice. Once thawed,
7.5 ul of 2 M sodium acetate, and 1 pl of 20 mg/ml glycogen was added to each sample and
mixed gently. Once mixed, 58 pl isopropanol was added to each sample, mixed gently, and
allowed to incubate overnight at -20°C. After incubation, samples were centrifuged at 4°C for
30 minutes at 12000 x g. The supernatant was discarded, whereas the pellet remained fixed to
the centrifuge tube. The RNA pellet was resuspended in 110 pl of 75% ethanol, and centrifuged
at 4°C for 15 minutes at 12000 x g. Samples were incubated at room temperature for 15
minutes, to ensure co-precipitated salts were dissolved. Once incubation had occurred, samples
were centrifuged at 4°C for 5 minutes at 12000 x g. The supernatant was discarded, and the
pellet was not disturbed. The 75% ethanol rinse step, and all subsequent steps were repeated.
RNA pellets were left to dry for 15 minutes at 37°C on a dry heat block. Once dry, the RNA
pellets were resuspended in 10 ul of nuclease-free water, and incubated for 15 minutes at room

temperature to ensure complete RNA solubilisation.
2.9. Complementary deoxyribonucleic acid (cDNA) synthesis

Synthesis of cDNA for all samples was done using the High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems), according to kit specifications. The kit components
which were used to create the master mix were thawed on ice. A sufficient volume, for 65
reactions, of master mix was prepared for all samples (60). The master mix contained 130 pl
10x reverse transcriptase (RT) buffer, 52 pl 25x 100 mM deoxynucleotide (dNTP) mix, 130 ul
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10x RT random primers, 65 pl Multiscribe™ reverse transcriptase, and 273 pl nuclease-free
water (H20), mixed together to produce a total volume of 650 pil. Master mix (10 pl) was added
to each sample, which contained the full volume of RNA (10ul), and mixed gently. Reverse
transcription was performed using a thermal cycler using the following settings: 25°C for 10
minutes, 37°C for 120 minutes and 85°C for 5 minutes. Following cDNA synthesis, samples
were stored at -20°C until required for Real-Time gqRT-PCR.

2.10. Primer design

Primers were designed using the Integrated DNA Technologies PrimerQuest® online tool.
Primers were designed for TGF-f1, TGF-f2, TGF-f3, ESR-a, ESR-$, PGR and VEGF A. mMRNA
sequences were obtained from the National Center for Biotechnology Information (NCBI)
Reference Sequence Database (RefSeq) database. Sequences were run through Basic Local
Alignment Search Tool (BLAST) search to ensure that there were no similarities in sequences.
In the case of transcript variants, the transcript variant with the largest mMRNA sequence was
downloaded. This sequence was analysed against all the known transcript variants using the
sequence alignment BLAST search. Once the sequence alignment was established, the aligned
sequence present in all transcript variants of the gene was analysed using a BLAST search. A
sequence was considered specific for a gene when the BLAST search acquired similarity to
only the transcript variants of the gene of interest. Primers were only designed for the sequence
that was specific to the gene of interest. PrimerQuest® (Integrated DNA Technologies) was
used for all primer design and primer parameters were set to specific Real-Time gRT-PCR
standards. The most viable primers were chosen according to their sequence length, melting

temperature and GC content (%) from the list of possible primers provided.

2.11. Real-Time Quantitative Reverse Transcription PCR (Real-Time gRT-PCR)

The samples used for Real-Time qRT-PCR were thawed on ice prior to plating, and a separate
plate was used for each gene that was measured. Sample cDNA was diluted in a 1:1 ratio with
nuclease-free water prior to use. cDNA from a metastatic ovarian cell line (provided by Prof.
Raquel Duarte) was used as a positive control, at a working concentration of 7.5 ng/ul, diluted
in nuclease-free water. Each plate contained all of the samples, and both the positive control as
well as a no template control (NTC) containing the master mix specific to the gene of interest.
Each well contained 7.5 pl of master mix, composed of 2.1 pl nuclease-free water, 0.2 pl

forward primer (Integrated DNA Technologies), 0.2 pl reverse primer (Integrated DNA
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Technologies) and 5 pl PowerUp™ SYBR™ Green Master Mix (Applied Biosystems). Each
sample well contained 2.5 pl cDNA from the gene of interest, the positive control wells
contained 2.5 pul cDNA from the control sample, and the NTC contained 2.5 pl nuclease-free
water. Prior to Real-Time gRT-PCR analysis, plates were sealed and centrifuged at 300 x g for
1 minute. Real-Time gRT-PCR was run on 96-well plates using the PikoReal™ Real-Time
PCR System (Thermo Fisher Scientific). The cycling conditions specified for PowerUp™
SYBR™ Green Master Mix (Applied Biosystems) were used: Uracil-DNA-glycosylase (UDG)
activation at 50°C for 2 minutes, Dual-Lock™ DNA polymerase at 95°C for 2 minutes,
denature at 95°C for 15 seconds and anneal at 60°C for 1 minute (50 cycles). A melt curve was
established during the Real-Time qRT-PCR run using the following conditions: 95°C for 15
seconds (ramp rate of 1.6°C/second), 60°C for 1 minute (ramp rate of 1.6°C/second) and 95°C
for 15 seconds (ramp rate of 0.15°C/second).

The quantitation cycle (Cq) values and the melt curve for each sample was acquired using
PikoReal™ Software Version 2.2 (Thermo Fisher Scientific). Real-Time qRT-PCR runs were
considered valid if the positive control expressed a Cq value and the NTC did not. Analysis of
the measured genes was conducted by calculating the normalised relative quantification (NRQ)
of a gene to the two reference genes, Ubiquitin C (UBC) and tyrosine 3-
monooxygenase/tryptophan 5-monooxygenase activation protein zeta (YWHAZ) using the data

obtained with the relative fold gene expression formula:

fold gene expression = 2 AACq

2.12. Enzyme-linked immunosorbent assay (ELISA)

DuoSet® ELISAs (R&D Systems) were performed for VEGF (DY293B) and IL-6 (DY06) on
the culture media of the hormonally stimulated cells (Section 2.6.), as per the manufacturer’s
instructions. The 96-well microplates were incubated at room temperature overnight using 100
pl of 1 pg/ml capture antibody for VEGF A and 2 pg/ml capture antibody for IL-6. The
microplates were then washed by pipetting 400 pl of wash buffer into each well, and aspirating
the contents out. The wash step was performed three times. Blocking was initiated by the
addition of 300 pl of reagent diluent, containing 10% bovine serum albumin (BSA) solution,
into each well, and samples were incubated for 1 hour at room temperature to ensure complete
blocking. A triplicate wash step was then conducted using wash buffer. Standards were
prepared through seven serial dilutions. VEGF was diluted from 2000 pg/ml to 31.3 pg/ml and

IL-6 was diluted from 600 pg/ml to 9.38 pg/ml. One-hundred microlitres of each sample,
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standard or positive control was added into individual wells and incubated for 2 hours at room
temperature. Wells were subsequently washed in triplicate using 400 ul of wash buffer. Each
well was incubated with 100 pl of 100 ng/ml detection antibody for VEGF A and 50 ng/ml
detection antibody for IL-6 for 2 hours at room temperature. A triplicate wash step was
performed using 400 pl of wash buffer. A 40-fold dilution of Streptavidin-horseradish
peroxidase (-HRP) (100 pl) was added to each well and incubated in the dark at room
temperature for 20 minutes. Four-hundred microlitres of wash buffer was added to each well
in triplicate after incubation. Once washed, 100 pl of substrate solution was added to each
well, and the plate was incubated in the dark at room temperature for 20 minutes. Fifty
microlitres of stop solution was added to each well and mixed thoroughly. The optical density
of each sample was analysed using a wavelength of 450 nm. The experiment was considered
successful if the following criteria were met: a standard curve could be constructed; the blanks
did not express, and the positive controls showed expression. Results were analysed and a five-
parameter logistic curve for the standards was established using the online tool obtained from

https://www.myassays.com.

2.13. Statistical analysis

The Spearman’s rank correlation coefficient formula was used to determine the correlation of

live mean cell percentage (Section 2.5) with the percentage of genes expressed (Section 2.11):

63 d?
p=1—m (1)

p is the Pearson correlation coefficient, di is the difference between the two ranks of each

observation and n is the number of observations.

Additionally, another Spearman rank correlation coefficient was established to measure
whether the total live cell count correlated with the total percentage of genes expressed. If
samples expressed the same rank a correction factor was added to the Spearman rank
correlation coefficient formula:

m(m?—1)

CF= ——F—— (2)

CF is the correction factor and m is the number of times an item or rank is repeated.
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Combining equation 1 and equation 2 gives:

. 6Xd}+CF
TR .

p Is the Pearson correlation coefficient, di is the difference between the two ranks of each
observation, CF is the correction factor and n is the number of observations.
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Chapter 3: Results

3.1. Human endometrial stromal cells (HESCs)

26 samples of endometrial biopsies were obtained from healthy, reproductively active women
undergoing D&C, following informed consent. Of these 26 samples, only 5 were successfully
isolated.

3.1.1. Predisposition to microbial infection

Endometrial samples showed a predisposition to microbial infection, and increasing the

concentration of antimicrobial agents in solution improved cell yield.

The biopsied tissue collected and used for the isolation of HESCs were observed to exhibit a
predisposition to bacterial and fungal infection prior to initiation of stromal cell isolation. The
initial transport media (RPMI-1640 with L-glutamine (Lonza), 5% FCS and 0.1% Penicillin-
Streptomycin-Amphotericin 100X (Lonza)) showed inadequate efficacy in limiting bacterial
or fungal infection post-collection. Increasing the concentration of Penicillin-Streptomycin-
Amphotericin 100X (Lonza) from a 0.1% to a 0.2% solution within the transport media

displayed positive results and decreased the observed levels of infection post-isolation.
3.1.2. Presence of blood during isolation procedure

Blood exhibited deleterious effects on HESC isolation. The removal of blood and its subsequent

coagulation improved cell yields through isolation.

Collected tissue samples were intensely haematic post-collection. The blood contained within
the tissue biopsies affected the isolation of stromal cells, particularly during the tissue mincing
and collagenase digestion stages of isolation. The blood present within the tissue biopsy was
removed by the immersion of samples in PBS, pH 7.4, prior to both the tissue mincing and
collagenase procedures. The washing steps visibly reduced the quantity of blood present within
the endometrial biopsies, which in turn decreased the coagulation normally associated with
tissue mincing. The addition of extra washing steps improved the amount of viable tissue which

could be minced, and increased the yield of cells post-isolation.

Minced tissue expressed a propensity towards aggregation during collagenase incubation. This
was observed as the aggregation of minced tissue decreased the effectiveness of collagenase in

breaking cellular bonds. Additional PBS rinse steps were added, prior to incubation with
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collagenase, to alleviate tissue clumping. Furthermore, the tissue was vortexed every 10
minutes during incubation. Additional wash steps in conjunction with cyclical vortexing

decreased the levels of tissue aggregation, which improved the overall yield of isolated cells.
3.1.3. Morphology in vitro

3.1.3.1. Morphology after 24 — 48 hours

Initial cellular attachment occurred 24 — 48 hours post-isolation. Stromal cells were more
numerous than epithelial cells.

The procedure used for the isolation of HESCs yielded cells post-isolation. Isolated cells
exhibited initial attachment to culture flasks 24 - 48 hours after isolation. The majority of cells
did not exhibit specific morphology under light microscopy, and appeared small and circular
(Figure 2). Regions of growth appeared, with small clusters of cells forming in multiple regions
throughout the culture flask (Figure 2). There were two distinct cell types present 24 — 48 hours
post-isolation: HESCs and epithelial cells. HESCs appeared more numerous and formed larger
colonies than epithelial cells 24 — 48 hours post-isolation (Figure 2). HESCs appeared long and
spindle-like with cytoplasmic projections extending throughout the culture flask. These cells
exhibited clearly defined cytoplasmic borders and had visible nucleoli, and were also the larger
of the two cell types observed (Figure 2). Epithelial cells appeared smaller and established smaller

clusters of cells. The growth of these cells occurred as a whorl-like formation (Figure 2).

3.1.3.2. Morphology after 72 — 96 hours

HESCs exhibited greater distribution throughout the flask and displayed varying morphologies

72 — 96 hours post isolation.

Larger cell colonies appeared 72 - 96 hours post-isolation and fewer small isolated cells were
present (Figure 3). Again, HESCs were more numerous and exhibited greater distribution
throughout the culture flask compared to epithelial cells (Figure 3). HESCs established larger
colonies than those exhibited by epithelial cells. Additionally, HESCs on the periphery of the
colony exhibited typical stromal cell morphology: large spindle-like cells with long cytoplasmic
projections and clearly defined borders (Figure 3). The cells towards the centre of the colonies
displayed a polygonal morphology with fewer visible cytoplasmic projections; however, cells

still displayed clearly defined borders (Figure 3).
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Figure 2: Cell colonies from human endometrial samples present in vitro 48 hours post-
isolation

The white arrow indicates the stromal cell colony. The black arrow indicates the epithelial cell
colony. The vyellow arrow indicates the cells with no particular morphology. X40

magnification.
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Figure 3: Cell colonies from human endometrial samples present in vitro 72 hours post-
isolation

The white arrow indicates the entire stromal cell colony. The black arrow indicates the centre
of the colonies, which exhibit a polygonal morphology with fewer visible cytoplasmic
projections. The yellow arrow indicates cells with no particular morphology. X40

magnification.
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3.1.3.3. Confluency after 192 — 240 hours
Confluent HESCs displayed polygonal morphology and clearly defined borders.

Confluency was reached after 192 — 240 hours (8 — 10 days) in primary culture. Colonies of
cells were no longer visible, and there was very limited space between cells (Figure 4). Cells
did not exhibit any specific arrangement and cytoplasmic projections appeared to extend in
multiple directions throughout the flask. Stromal cells exhibited a polygonal morphology and
were stacked closely together. However, the morphology was difficult to establish due to the
presence of the cytoplasmic projections (Figure 4). Cells exhibited clearly defined cytoplasmic
borders and appeared to overlap other cells and cytoplasmic projections (Figure 4). The
appearance of clearly visible nuclei was limited due to the overlapping of cells; however, when
the nuclei were visible, they appeared large and round with prominent nucleoli (Figure 4)

3.2. Human endometrial stromal cell (HESC) viability
3.2.1. Post-cryopreservation

Cells exhibited impaired attachment and poor viability after being stored at -80 °C.

Cell samples stored at -80 °C (see section 2.4.) showed impaired function during passaging
following the isolation and initial passaging procedures. Cells displayed impaired attachment

capabilities to culture-appropriate plastic ware.
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Figure 4: Cell colonies from human endometrial samples present in vitro 240 hours post-
isolation

The white arrow indicates the clearly defined cytoplasmic border. The black arrow indicates

the large, round nuclei with prominent nucleoli. X40 magnification.
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3.2.2. Troubleshooting

Troubleshooting proved unsuccessful in improving cell viability.

Troubleshooting aimed to improve the growth and attachment rates of cells; however, all
methods proved to be unsuccessful. Initial troubleshooting methods aimed at ensuring that the
cells were adequately washed prior to incubation. Additional washing steps ensured the total
removal of DMSO; however, cells continued to show insignificant growth and attachment.
Culture flasks were replaced with flasks of known efficacy. The alteration of culture plastic-
ware displayed negligible improvement to the survivability of cells. All culture media and
constituents of growth media (FCS and Penicillin-Streptomycin- Amphotericin) were replaced
with ones of known efficacy. However, these alterations did not improve the viability of cells.
Multiple incubators were used; however, low cell viability remained unchanged.
Troubleshooting was halted due to a finite amount of sample. Due to the inability to culture
more cells in vitro, it was decided to retain remaining sample stock, to ensure progression of

the research.

When samples were required, two cryovials were removed from the freezer, washed with PBS,
pH 7.4, and left to grow at 37°C for 24 hours in growth media (RPMI 1640 with L- glutamine,
10% FCS and 0.1% Penicillin-Streptomycin-Amphotericin 100X (Lonza)). All cell samples
were counted in duplicate using a TC20 automatic cell counter (Bio-Rad) with trypan blue

(0.4%) counterstain post-incubation.
3.2.3. Viability counts

Cell counts were low in each patient sample (Figure 5 & Table 1). Mean total populations
(Figure 5) for individual samples were all below 3 x 10° cells. Patient 1 had the highest cell

count, whereas Patient 3 had the lowest cell count. No mean live cell count exceeded 5 x 104
cells (Figure 5), and all mean live cell percentages were below 20%. Patient 5 had the highest

live cell percentage, whereas Patient 4 had the lowest live cell percentage (Table 1).
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Figure 5: Mean cell counts of patients

The mean total count (m) and the live count (m) of patients 1-5 were calculated in 1 pl of

solution.

26



Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Mean Live Cells
(%)

16.15%

16.37%

13.95%

8.34%

16.92%

Table 1: Mean percentage of living cells in Patients 1 — 5
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3.2.3.1. Patient 1
Patient 1 displayed the highest mean total cell count and mean living cell count.

Patient 1 displayed both the highest mean total cell count (2.75 x 10°) and mean living cell
count (4.44 x 10%) (Figure 5). Cells were counted and separated according to diameter (Figure
6). Dead cells were more numerous than living cells at all diameters (Figure 6). Cell diameter
ranged from 5 um to 16 um, with the highest populations seen in the ranges 5 um to 7 um and
9 umto 11 um. The dead cells exceeded living cells by 7-fold in the 5 um to 7 um range and
by 5-fold in the 9 um to 11 pm range.

3.2.3.2. Patient 2

Patient 2 had a mean total cell count of 1.70 x 10° and a mean living cell count of 2.78 x 10*
(Figure 5). Individual cell counts for Patient 2 were separated according to diameter (Figure
7). Dead cells were more numerous than living cells at all diameters (Figure 7). Cell diameter
ranged from 5 um to 19 um with the highest populations seen in the ranges 5 pm to 6 pum and
10 pm to 13 um. The dead cells exceeded living cells by 10-fold in the 5 um to 6 pum range
and by 2-fold in the 10 um to 13 pum range.

3.2.3.3. Patient 3

Patient 3 displayed the lowest mean total cell count and joint lowest mean living cell count.

Patient 3 exhibited the lowest mean total cell count of all five samples (1.20 x 10°) and the joint
lowest mean living cell count (1.67 x 104) (Figure 5). The mean percentage of living cells was
second lowest out of all five patient samples (Table 1). Cell counts for Patient 3 were separated
according to diameter (Figure 8). Dead cells were more numerous than living cells at all
diameters (Figure 8). Cell diameter ranged from 5 um to 17 pum with the highest populations
seen in the ranges 5 umto 7 umand 12 um to 14 um. The dead cells exceeded living cells by

7-fold in the 5 um to 7 um range and by 3-fold in the 12 um to 14 um range.
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according to diameter.
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3.2.3.4. Patient 4

Patient 4 displayed the second highest mean total cell count and joint lowest mean living cell

count.

Patient 4 displayed the second highest mean total cell count (2.00 x 10°) and the joint lowest
mean living cell count (1.67 x 10%) (Figure 5). Therefore, the mean percentage of living cells
was the lowest out of all five patient samples at for Patient 4 (Table 1). Cell counts for Patient
4 were separated according to diameter (Figure 9). Dead cells were more numerous than living
cells at all diameters (Figure 9). Cell diameter ranged from 5 um to 18 pum. The highest
populations of cells were seen in the range of 5 um to 9 um, and dead cells exceeded living
cells by 13-fold.

3.2.3.5. Patient 5

Patient 5 exhibited the highest mean percentage of living cells.

Patient 5 had a mean total cell count of 1.64 x 10° and a mean living cell count of 2.78 x 10*
(Figure 5). The mean percentage of living cells for Patient 5 was the highest of all 5 patient
samples at (Table 1). Cell counts for Patient 5 were separated according to diameter (Figure
10). Dead cells were more numerous than living cells at all diameters (Figure 10). Cell diameter
ranged from 5 um to 17 um with the highest populations seen in the ranges 5 pum to 8 um and
11 pmto 14 um. The dead cells exceeded living cells by 6-fold in the 5 um to 8 um range and
by 4-fold in the 11 pum to 14 um range.
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The mean cell count of live (¢) and dead () cells for patient 4 in 10 pl of solution are shown

according to diameter.
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according to diameter.
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3.3. Real-Time Quantitative Reverse Transcription PCR (Real-Time qRT-PCR) setup

and analysis

3.3.1. Primer Design

Primers were designed for TGF-p1, TGF-f2, TGF-f3, ESR-a, ESR-f, PGR and VEGF A
according to the general procedure described in chapter 2.10. Table 2 indicates the primer pairs
that were designed for each of the aforementioned genes. Each gene analysed has a varying
amount of transcript variants. The details pertaining to the transcript variant design strategy per

gene are available in Appendix B.

3.3.2. Primer Analysis

Four of the seven designed primers (TGF-$1, ESR-a, PGR and VEGF A) were tested for
efficacy using Real-Time qRT-PCR. The genes were measured using a control sample of
known gene expression (protein free metastatic ovarian cell line). All tested primers expressed

only the gene of interest (Figure 11 and Table 3).
3.3.3. RNA Isolation

RNA concentration determination for HESCs was attempted using the NanoDrop™. However,
the results produced were inconclusive. RNA concentration levels were too low for accurate

readings to be achieved.
3.3.4. RNA Precipitation

Patient samples were subjected to precipitation and the total volume of RNA was reduced from
50 ul to 10 pl, to increase the working concentration of RNA. In order to preserve the limited
RNA, precipitation was verified through the use of the experimental runs of Real-Time qRT-

PCR analysis.
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Table 2: Designed primers for TGF-g1, TGF-g1, TGF-g1, ESR-a, ESR-#, PGR and VEGF A

Gene

Type

Sequence
5--3)

Start

Length
(bp)

Tm
(°C)

GC
(%)

Amplicon
(bp)

TGF-B:

Forward

Primer

CCTGCCTGTCTGCACTATTC

2 243

20

62.29

55

Reverse

Primer

TGCCCAAGGTGCTCAATAAA

2 340

20

62.41

45

Product

98

TGF-B2

Forward

Primer

CGGAGGTGATTTCCATCTACAA

1612

22

61.96

45.46

Reverse

Primer

AAGGGCGGCATGTCTATTT

1750

19

61.93

47.37

Product

139

TGF-Bs

Forward

Primer

GAGAGTCAAGTCCAAGGGAATG

119

22

62.23

50

Reverse

Primer

CTGCTCCGGAAAGCTGTTAT

204

20

62.19

50

Product

86

ESR-a

Forward

Primer

GCTTCGATGATGGGCTTACT

568

20

61.99

50

Reverse

Primer

CCTGATCATGGAGGGTCAAATC

678

22

62.43

50

Product

109

ESR-8

Forward

Primer

GATCGCTAGAACACACCTTACC

422

22

62.17

50

Reverse

Primer

AGTGAGCATCCCTCTTTGAAC

532

21

62.16

47.62

Product

111

PGR

Forward

Primer

ATTACCAGTGTTCCCGTCTTC

7436

21

61.85

47.62

Reverse

Primer

CCTGTACTTCCTCCAGCATAAG

7 546

22

61.80

50

Product

111

VEGF A

Forward

Primer

TGGTGTCTTCACTGGATGTATTT

2195

23

62

39.1

Reverse

Primer

AGTCTCTCATCTCCTCCTCTTC

2272

22

62

50

Product

99
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Table 3: Cq and melting temperature of analysed genes

Mean Melting | SD of Melting
SD of Cq
Mean Cq © Temperature Temperature
(g
(°C) (o)
TGF-p1 29.44 0.20 80.93 0.03
ESR-a 40.47 0.24 78.75 0.03
PGR 32.76 0.42 77.49 0.00
VEGF A 22.09 0.02 80.13 0.05
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3.3.5. Real-Time Quantitative Reverse Transcription PCR (Real-Time gRT-PCR)
Analysis

The Real-Time gRT-PCR results showed very little statistical significance, as a result of the
low RNA yield. However, the results obtained from the specific genes that were analysed show
possible trends.

3.3.5.1. Reference Genes

HESC samples contained low levels of initial RNA in comparison to the positive control
sample.

RNA isolation and precipitation using HESCs was verified through the amplification of
reference genes. Samples were run in duplicate and the mean was calculated (Table 4). RNA
from HESCs showed gene amplification for the reference genes UBC and YWHAZ. Melting
temperatures for UBC were similar between HESC and Protein Free samples (Table 4). The
Cq values for the HESC samples were higher than that of the Protein Free sample (Table 4).
The Cq values for the HESC ranged from 33.80 to 42.44 cycles whereas the mean Cq value for
the protein free sample was 18.72 (Table 4). Similar results were seen in YWHAZ gene
expression. Melting temperatures were similar between HESCs and the positive control sample
(Table 4). The Cq values of the HESCs and Protein Free sample were dissimilar (Table 4).
These results suggest that while RNA was present, and that the same gene was being expressed
in both the HESCs and Protein Free samples (similar melting temperature), RNA was more

abundant within the Protein Free sample (lower Cq value).

3.3.5.2. Oestrogen receptor a (ESR-a)

ESR-a expression did not increase in the presence of MPA.

Only Patient 1 and Patient 2 showed any expression of ESR-a. In the Patient 1 sample, only the
one biological replicate in the MPA treatment group and control group expressed ESR-a.
Patient 2 only showed expression of the gene in one of the control biological replicates. There
appeared to be relatively minimal differences between the relative expression levels of ESR-«
between the Control (3.71) and MPA (3.95) group (Figure 12). When both groups were

compared, ESR-a showed a 6% increased expression level within the MPA group (Figure 12).
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Table 4: Mean Cq and Melting Temperatures for UBC and YWHAZ genes

) Mean Melting Mean Melting
Patient Mean Cq Mean Cq
Sample Name Temperature Temperature
Number UBC YWHAZ
UBC (°C) YWHAZ (°C)
E;1l 35,52 83,19 36,04 78,92
E,2 35,98 83,04 35,11 78,81
MPA 1 36,09 83,04 36,02 78,82
Patient 1
MPA 2 34,05 82,12 34,68 78,76
Control 1 33,85 81,73 34,71 78,80
Control 2 34,25 82,40 36,26 78,83
E;1l 35,57 83,11 35,35 78,83
Es1l 35,55 82,96 35,76 78,75
MPA 1 35,14 82,89 35,41 78,67
Patient 2
MPA 2 35,43 82,90 35,18 78,72
Control 1 37,33 82,89 35,79 78,71
Control 2 38,01 82,86 35,43 78,66
Es1l 36,05 83,03 35,20 78,82
E,2 - - - -
MPA 1 - - 37,32 78,71
Patient 3
MPA 2 42,44 82,80 36,32 78,70
Control 1 35,98 82,88 37,41 78,69
Control 2 35,28 82,91 35,84 78,75
Es1l - - - -
E,2 - - - -
MPA 1 36,47 82,87 35,27 78,71
Patient 4
MPA 2 37,26 82,83 36,84 78,69
Control 1 - - - -
Control 2 36,33 82,85 36,90 78,77
Es1l 35,03 83,08 35,47 78,84
E;2 33,80 83,01 36,39 78,76
MPA 1 34,02 82,96 35,81 78,73
Patient 5
MPA 2 33,99 82,86 35,97 78,66
Control 1 33,83 82,915 34,37 78,71
Control 2 34,08 82,93 34,86 78,745
Positive ]
Protein Free 18,72 82,68 20,15 78,41
Control
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Figure 12: Normalised relative quantities of ESR-a

The mean log of the NRQ of samples from patients 1 and 2 is shown for ESR-a within the
HESC groups
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3.3.5.3. Progesterone receptor (PGR)
PGR exhibits minimal increased expression in the presence of E..

Patient 1 and Patient 5 produced gene expression in two of the three experimental groups. Both
patients expressed the gene for the PGR in the E; treatment group, and in the control group.
Patient 3 expressed the PGR gene in the E> treatment group. The PGR displayed minimal
differences in relative gene expression within the E; treatment group (3.84) when compared to
the expression levels of the control group (3.59) (Figure 13). When the two groups were
compared, the control group expressed a decreased gene expression of PGR by 7%.

3.3.5.2. Transforming growth factor f (TGF-f1)
TGF-p1 expression is increased in the presence of Eo.

Patient 1 showed the highest propensity for gene expression. The E> biological replicates and
one of the control group biological replicates expressed the gene TGF-f1. Patient 3 showed
expression in one of the E> biological replicates, and Patient 5 showed TGF-f1 expression in
one of MPA biological replicates. The relative gene expression of TGF-51 appeared to have
higher expression levels of TGF-#1 within the E> treatment group when compared to the
expression levels of both the MPA and control groups. In comparison with the control group,
TGF-p1 presented a 35% increase when treated with E>. TGF-f1 showed similar expression
levels between the control and MPA groups with the control group expressing 4% more TGF-
f1 than the MPA treatment group (Figure 14).

3.3.5.4. Vascular endothelial growth factor A (VEGF A)

VEGF A gene expression is increased when exposed to either E; or MPA.

Only Patient 1 and Patient 5 expressed the VEGF A gene. Patient 1 expressed VEGF A in both
E> biological replicates, in both MPA biological replicates, and in one of the control biological
replicates. Patient 5 expressed VEGF A in one E> biological replicate and in one MPA
biological replicate, as well as in one control biological replicate group. The relative gene
expression of VEGF A exhibited higher expression levels of VEGF A within the E2 treatment
group and the MPA treatment group, when compared to the expression levels within the control
group (Figure 15). VEGF A showed a 20% increase in gene expression when treated with E,
and a 19% increase when treated with MPA, when compared with the control group (Figure
15)
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The mean log of the normalised relative quantities (NRQ) of samples from patients 1, 3 and 5

is shown for PGR within the HESC groups.
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Figure 14: Normalised relative quantities of TGF-g1

The mean log of the normalised relative quantities (NRQ) of samples from patients 1, 3 and 5

is shown for TGF-£1 within the HESC groups.
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Figure 15: Normalised relative quantities of VEGF A

The mean log of the normalised relative quantities (NRQ) of samples from patients 1 and 5 is

shown for VEGF A within the HESC groups.
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3.4. Enzyme-linked immunosorbent assays (ELISAS)

3.4.1. Interleukin-6 (IL-6)

The five-parameter logistic curve was used to measure the concentration of IL-6 present within
the supernatant of the samples and the control. Concentrations were established from the
standards (Figure 16). A detectable concentration of IL-6 was not expressed in the sample
supernatant of any of the experimental groups. The three positive controls, when measured
against the standard logistic curve, all expressed measurable concentrations of IL-6. Positive
Control 1 showed the highest concentration of IL-6 (7627 ng/ml), when compared to Positive
Control 2 (404.40 ng/ml) and Positive Control 3 (10.44 ng/ml) (Figure 16).

3.4.2. Vascular endothelial growth factor A (VEGF A)

The five-parameter logistic curve was used to measure the concentration of VEGF A present
within the supernatant of the samples and the control (Figure 17). No VEGF A was detected in
the supernatants of samples in any of the experimental groups. The positive control, when
measured against the standard logistic curve, expressed a measurable concentration of VEGF
(21.77 ng/ml) (Figure 17).

3.5. Statistical Analysis

3.5.1. Real-Time Quantitative Reverse Transcription PCR gene expression

An in-depth statistical analysis of patient-derived Real-Time gRT-PCR results could not be
conducted because all genes exhibited low levels of expression, with the exception of the
reference genes (Table 4). The Real-Time gRT-PCR data show possible trends in gene
expression of the various treatment groups (Figure 12 — 15). However, results were not

statistically significant, and a definitive correlation could not be obtained.
3.5.2. Spearman rank correlation

The Spearman rank correlation coefficient (see equation 1 in section 2.13.) showed a strong
correlation (p = 0.70) between the live mean cell percentage and the percentage of genes
expressed within the sample (Table 5). Additionally, an amended Spearman rank correlation
coefficient (see equation 3 in section 2.13.) indicates a very strong correlation (p = 0.90)
between the total live cell count correlated and the total percentage of genes expressed (Table
6).
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Figure 16: Five-parameter logistic curve expressing to concentration of I1L-6

The concentration data of the seven standards are shown in duplicate (e) with the line of best

fit (—) fitted to a five-parameter logistic curve.
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Table 5: Data for p calculation for the correlation of the percentage of live cells with the
percentage of genes expressed

Rank of
Rank of
) ) Genes Genes
Live Cells | Live Cell X—-Yy
n Expressed | Expressed d?
(%) Percentage (d)
(%) Percentage
(x)
v)
Patient 1 16,15 3 66,67 5 -2 4
Patient 2 16,37 4 38,89 3 1 1
Patient 3 13,95 2 33,33 2 0 0
Patient 4 8,34 1 16,67 1 0 0
Patient 5 16,92 5 52,78 4 1 1

n — number of samples; x — rank values of the live cell percentage; y —rank values of the percentage of genes

expressed; d — difference between the rank values.
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Table 6: Data for p calculation for the correlation of the total live cell count with the
percentage of genes expressed

Rank of
Rank of
Total ) Genes Genes
] Total Live X—y
n Live Cell Expressed | Expressed d?
Cell Count (d)
Count (%) Percentage
(x)
v)

Patient 1 44400 5 66,67 5 0 0
Patient 2 27750 3,5 38,89 3 0.5 0,25
Patient 3 16675 1,5 33,33 2 -0.5 0,25
Patient 4 16675 1,5 16,67 1 0.5 0,25
Patient 5 27750 3,5 52,78 4 -0.5 0,25

n — number of samples; x — rank values of the total live cell count; y —rank values of the percentage of genes

expressed; d — difference between the rank values.
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Chapter 4: Discussion

4.1. Establishment of human endometrial stromal cell lines as a successful in vitro model

The ever-evolving and rapidly growing nature of in vitro fertilisation research has led to an
intense research effort within this field. Progress in this field relies heavily on the availability
of viable in vitro models as they provide a wealth of evidence within the boundaries of both
practical and ethical concerns (Osteen et al., 1989). The methodology for the successful
isolation of endometrial cells from endometrial biopsies is well documented (Osteen et al.,
1989; Matthews et al., 1992; Zhang et al., 1995; Trundley et al., 2006). The present study
aimed to developed a financially feasible methodology for the isolation of HESCs by utilising
established protocols (Osteen et al., 1989; Matthews et al., 1992; Zhang et al., 1995; Trundley
et al., 2006). Understanding and addressing the complications in establishing in vitro HESC
models was an essential component of this research; if these complications are not addressed

the success of any prospective in vitro model will be jeopardised.

Microbial contamination is a serious complication, and can occur in the collection of tissue
samples for primary cell line isolation (Vierck et al., 1999). Precautions need to be taken to
negate the possibility of contamination; however, this does not guarantee that contamination
will not occur (Vierck and Dodson, 1999). The innate protection afforded to tissue is lost once
the sample is removed from its natural environment. Strict measures must be taken to prevent
the deterioration of the tissue, and to ensure that the loss of this innate protection is not terminal
to the sample. In this study, endometrial biopsies were obtained from healthy, reproductively
active women undergoing a D&C procedure in the operating theatres at Vitalab. A strict
methodology was employed throughout both sample collection and isolation, to limit the
introduction of contaminants (see section 2.2). Environmental contaminants were limited
through meticulous planning and the preparation of all consumables and work surfaces required
during the sample collection and isolation process, as described by Vierck et al. (1999). Despite
the precautions that were taken, it was observed that endometrial biopsies exhibited high levels
of bacterial infection post-isolation. Therefore, additional potential avenues of infection were

investigated.

The uterus is situated in the pelvic cavity and is connected, via the cervix, to the vaginal canal.
The direct line of contact of the uterus with the vaginal canal results in the possibility of indirect

contact of the uterus with the external environment, that may increase the risk of infection
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(Sherman, 1999). Under physiological conditions, the uterine tissue is protected from the
external environment by the cervix; however, this protection is compromised during the D&C
procedure (Davar et al., 2013). Biopsied endometrial samples need to pass through the vaginal
canal during extraction. Therefore, these biopsies are exposed to a multitude of dynamic and
complex microbial colonies present within the vaginal canal (Larsen and Monif, 2001), and
results in an increase in the probability of samples being infected during collection and
isolation. The effect of endogenous infection within samples was limited by increasing the
concentration of antimicrobials within the tissue collection media (see section 2.2. and 3.1.1.).
Observations indicated that this method successfully decreased the levels of infection (see
section 3.1.1.), thus enabling the isolation of stromal cells to proceed normally.

Observations from this study also indicate that blood has deleterious effects on HESC isolation
(see section 3.1.2.). The deleterious effects result from blood-related infection as well as
coagulation. Blood is a potential host to a multitude of microorganisms; therefore, blood can
carry an endogenous risk of infection (Weinstein and Weinstein, 2003). Bikfalvi (2004) has
shown that platelet factor 4 (PF4), a chemokine released from platelets during coagulation,
inhibits the function of collagenase in tissue culture. Inhibition of collagenase is detrimental
because it is essential to ensure a larger yield of cells post-isolation (Bikfalvi, 2004). The
findings presented here corroborate the findings by both Vierck et al. (1999) and Bikfalvi
(2004), since the washing of samples in PBS reduced both the infection rates post-isolation and

visible coagulation during enzymatic tissue digestion (see section 3.1.2.).

Optimisation of the tissue collection and HESC isolation procedures limited the effects of
infection and coagulation, and resulted in the successful establishment of an in vitro HESC
model. The success of the in vitro HESC model was shown through the use of light microscopy
to observe the characteristic morphological alterations that these cells are expected to undergo
in vitro. Isolated cells from endometrial biopsies show rapid attachment to tissue culture
plasticware, as the cells had attached after 24 — 48 hours (Figure 2). These findings correlate
with those of Fernandez-Shaw et al. (1992), who showed that cells exhibit substantial
adherence to culture dishes, following 24 — 48 hours of culture. Adherent HESCs express a
long and spindle-like morphology with cytoplasmic projections extending throughout the
culture flask (Figures 2 and 3), which is in agreement with the known cellular phenotypes
during this period (Fernandez-Shaw et al., 1992; Zhang et al., 1995; Arnold et al., 2001; Dunn
et al., 2003; Krikun et al., 2004; Kajihara et al., 2013). Human endometrial epithelial cells
appeared smaller, and established small whorl-like clusters of cells (Figure 2). This finding is

in agreement with existing literature (Fernandez-Shaw et al., 1992; Zhang et al., 1995). The
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results obtained here indicate that HESCs exhibit a greater propensity for early attachment than
human endometrial epithelial cells (Figures 2 and 3). HESCs attach with greater affinity to
plastic ware, and proliferate better than human endometrial epithelial cells (Arnold et al.,
2001). The use of untreated tissue culture plastic ware could, therefore, have resulted in the
greater propensity for early attachment displayed by HESCs. Additionally, early attachment
assisted in purifying HESCs, because growth media was discarded after the initial 48 hours of
culture, thus removing the unattached endometrial epithelial cells. The evidence presented here
indicates that confluency alters the appearance of HESCs to a more polygonal morphology
(Figures 3 and 4), a characteristic that has also been observed in other studies (Dorman et al.,
1982; Ferndndez-Shaw et al., 1992; Arnold et al., 2001). Figure 2 clearly indicates that HESCs
express different morphology, dependent on their location within the colony. Cells on the
periphery exhibit typical stromal cell morphology, and become more tightly packed towards
the centre of the colony. However, the rate at which HESCs reach confluency can vary. The
HESCs established in this study consistently reached confluency between 8 — 10 days in
culture, and research suggests that HESCs can reach confluency anywhere between 7 — 14 days
(Dorman et al., 1982; Fernandez-Shaw et al., 1992). Differences in the rate at which these cells
reach confluency in vitro can be explained by the fact that initial cell numbers, and overall cell
viability, may vary between samples (Fernandez-Shaw et al., 1992). At 80% confluency,
HESCs exhibit an almost entirely polygonal morphology (Figure 4), which closely resembles
HESCs found during the secretory phase of the menstrual cycle in vivo (Dorman et al., 1982).
It has been proposed that these polygonal HESCs can be described as predecidual, because the
cells exhibit a similar structure and ultrastructure to decidualised HESCs even in the absence

of the steroid hormones (Dorman et al., 1982).

The results from the light microscopy study (Figures 2 - 4) indicate that a successful in vitro
model for HESCs was established. Additionally, the samples obtained were able to undergo
successful consecutive passaging. However, even though a successful model was established,

the isolated HESC samples displayed poor viability following cryopreservation.

4.2. Factors affecting cell viability

Cell viability is an essential requirement for any research using cells as the sample medium
(Sheridan et al., 1998). If cell viability is decreased, the downstream applications are limited.
As discussed in section 4.1., the isolation of HESCs was successful; however, the cells

expressed poor viability following cryopreservation (Table 1 and Figures 5 - 10). In an attempt
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to revive cells and improve cell viability, extensive troubleshooting was conducted on stock
samples of passaged HESC. However, troubleshooting proved unsuccessful, and had to be
discontinued. Stock samples needed to be maintained to ensure that the research could progress,
as the collection and isolation of new tissue samples was not a viable option for this study.

The cryopreservation technique used could provide a possible explanation for the low viability
rates of cells. Cryopreservation is an essential technique in cell culture. The ability to store
cells for extended periods of time allows for the downstream use of cells for a variety of
techniques (Széstek et al., 2012; Isachenko et al., 2013; Chen et al., 2016). It is well
documented that the formation of ice crystals in cells is an inherent effect of cryopreservation
(Deller et al., 2014). Ice crystal formation can have detrimental effects on cell populations
because of mechanical damage and osmotic shock. Additionally, cell lysis can occur during
the thawing process (Deller et al., 2014). In an attempt to reduce ice crystal formation,
cryopreservation solutions are used containing organic solvents such as DMSO, since these are
recognised to promote a state known as vitrification. Vitrification refers to a state in which cells
are frozen in a glassy state, and ice-crystal formation is prevented (Szostek et al., 2012; Deller
etal., 2014; Chen et al., 2016). Cells used in this study were cryopreserved in media containing
DMSO and stored at -80°C (see Section 2.4.). However, it has been shown that cells have
improved viability when frozen and stored using liquid nitrogen at -196°C, the consequence of
which is a rapid attainment of the glassy state (Ryan, 2004). Freezing samples in liquid nitrogen
ensures the total halting of all biological processes within cells, whereas storage at -80°C only
slows the progression of these processes (Ryan, 2004). Therefore, cells will eventually lose
viability when frozen and subsequently stored for extended periods of time at -80°C. The
samples used in this study were stored at -80°C, and all presented similar viability rates, even
though their storage time at -80°C differed from two months to longer than twelve months.
This is important, as the samples stored at -80°C for longer than twelve months should have
exhibited a significantly lower cell viability than those stored for a period of two months
(Qiagen, 2010). Therefore, the low viability and attachment rates of HESCs in this study may
have been in part due to not storing the samples using liquid nitrogen. However, the similar
viability rates of samples regardless of storage time suggests a more complex reason behind

the poor attachment and viability rates observed within the samples.

HESC:s are fibroblasts found within the uterus, the function of which is the secretion of a variety
of cytokines and chemokines essential in cellular communication (Tabanelli et al., 1992; Brar
et al., 2001). The intramolecular communication of HESCs, and the intermolecular

communication of HESCs with neighbouring cells within the uterus is highly regulated and
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precise (Kajihara et al., 2013). Recently it has been shown that cryopreservation negatively
affects, and even inhibits, the secretory function of cells (Cai et al., 2017), including HESCs
(Bochev et al., 2016). The HESCs used in this study show an inhibition of their secretory
function with regards to VEGF A and IL-6 (see Section 3.4.). In both ELISAs, the supernatant
of each sample indicates that the concentrations of both VEGF A and IL-6 were immeasurable.
This evidence correlates with the research of Bochev et al., (2016), because the authors discuss
that cryopreservation significantly reduces the concentration of IL-6 secreted by HESCs, when
compared to fresh HESC samples. Additionally, inhibition of the inherent secretory ability of
cells has downstream deleterious effects on the overall function, growth and proliferation
(Bochev et al., 2016; Cai et al., 2017). Therefore, the negative effects conferred by
cryopreservation could have resulted in the low cell viability and attachment rates observed in
the HESC:s established in this study. It is important to note that future studies involving HESCs
should consider the effects of cryopreservation, in order to establish a more effective
cryopreservation protocol.

The effects of cell viability on gene expression levels were assessed to gain an understanding
of the implications of poor cell viability. The results show a strong correlation between the
percentage of viable cells and the total overall expression of genes (see Section 3.5.2.), and that
a low live cell percentage results in poor gene expression (see Section 3.5.2.). It is unknown
whether live cell percentage affects gene expression, or whether the lower number of cells
present in samples affects gene expression. It is well established that a low initial cell number
results in a lower mRNA vyield (Qiagen, 2010; Viet-Phuong Le et al., 2015), and that low
MRNA concentrations directly affect Real-Time gRT-PCR gene expression profiles (El-
Khoury et al., 2016). Therefore, perhaps gene expression is low in samples with low cell counts
because these samples have inherently lower concentrations of mMRNA, resulting in a reduced

gene expression profile (Qiagen. 2010; Viet-Phuong Le et al., 2015; EI-Khoury et al., 2016).

4.3. The importance of primer design in Real-Time Quantitative Reverse Transcription
PCR (Real-Time gRT-PCR)

The poor cell viability of the samples used in this study severely affected downstream
applications such as Real-Time qRT-PCR. Therefore, statistically significant data describing
the effect of hormonal stimulation, from E. and MPA, on gene expression could not be

obtained. However, this study still successfully identified the potential role that these hormones
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have on gene expression within HESCs through successful primer design and Real-Time gRT-
PCR.

The designing of viable primers is an integral step to ensure both the success and validity of
Real-Time gRT-PCR. There is much debate surrounding the issue of whether or not primers
should be designed on a per assay basis or purchased directly from commercial suppliers
(Bustin and Huggett, 2017). In a recent review conducted by Bustin & Huggett (2017), it was
suggested that primers should almost always be designed on a per assay basis because
commercially acquired primers are not experimentally validated for specific assay conditions.
Furthermore, the performance of a specific assay is highly dependent on the overall
experimental design used. The guidelines described in the Minimum Information for
Publication of Quantitative Real-Time PCR Experiments (MIQE) were used for successful
primer design (Bustin et al., 2009). The primers designed in this study were not scientifically
validated to the extent described by Bustin & Huggett (2017). However, the primers were
sufficiently validated because they showed negligible differences in Cq values, and the
duplicate samples displayed only single peak melting temperatures (Figure 11). Primers must
be appropriately validated for specific experimental conditions to ensure that the Real-Time
gRT-PCR results are significant (Robertson and Walsh-Weller, 1998). Real-Time gRT-PCR
has been established as a critical research and analysis tool in a multitude of scientific fields
(Robertson and Walsh-Weller, 1998; Valasek, 2005; Deepak et al., 2007; Kralik and Ricchi,
2017). Experimental data acquired from Real-Time gRT-PCR gives quantitative evidence
which is both sensitive and specific, two essential criteria required for understanding the
dynamics of gene expression within the human body (Deepak et al., 2007). Real-Time gRT-
PCR can produce data which is statistically significant, however, sufficient amounts of high

quality mRNA is required for accurate results (Bustin et al., 2009).

Unfortunately, the results could not be statistically validated because the isolated mRNA was
neither sensitive nor specific. Despite these complications, the potential role of hormones on

gene expression within HESCs was still successfully identified.

4.4. E; and MPA on receptor expression

ERa plays an important role within the endometrium (Kastner et al., 1990). This study could
not show the effect of E> on the receptor; however, this effect is well documented (Kastner et
al., 1990; Couse et al., 1997; Kuiper et al., 1997; Classen-Linke et al., 1998). E> acts by

increasing the expression of ESR-a and evidence suggests that this upregulation is essential for
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the menstrual cycle to proceed (Kastner et al., 1990; Couse et al., 1997; Kuiper et al., 1997;
Classen-Linke et al., 1998) through processes such as angiogenesis (Simoncini et al., 2006).
Simoncini et al. (2006) showed that E>’s role in activating ESR-a establishes a favourable
environment allowing for the faster migration of endothelial cells to non-vascular areas, thus
ensuring angiogenesis can occur. Furthermore, the upregulation of PGR is linked to the
increasing levels of ESR-a (Kastner et al., 1990). In the present study, MPA appeared to have
little effect on ESR-a expression. The data presented here (see section 3.3.5.2.) contradicts the
evidence presented by Giulianelli et al. (2012), who found that MPA induced both the
expression and activation of ESR-a in human T47D and c4-HD cell lines. The differences could
have resulted from the altered gene expression and functionality of the progestin-dependent
cancer cell lines used in this study (Giulianelli et al., 2012).

The PGR is an essential mediator within HESCs during the menstrual cycle (Gao, 2000).
Evidence presented in Figure 13 shows that the PGR is minimally increased in the presence of
E>. However, it is accepted that PGR is upregulated in the presence of E> as a method of
preparing the uterus for the secretory phase of the menstrual cycle (Kastner et al., 1990; Ohno
and Fujimoto, 1998).

4.5. E; and MPA on growth factor expression

TGF-p1 is an essential protein within the endometrium due to its function during the tissue
remodelling process (Jones et al., 2006b). This protein is known to regulate apoptosis within
stromal cells which is particularly important during decidualisation and embryo implantation
(Chatzaki et al., 2003). This study showed that TGF-p1 is upregulated in the presence of E:
within HESCs. The findings are similar to those reported by Takahashi et al. (1994) where
TGF-p1 expressed upregulation within the stroma of murine models in the presence of
oestrogen. Similar findings have been reported in human models as well. Stevenson et al.
(2008) reported that human dermal fibroblasts expressed an upregulation and increased
secretion of TGF-p1 in the presence of E2. The upregulation of TGF-41 in stromal cells is linked
to the regulation of apoptosis and proliferation. It has been experimentally demonstrated that
stromal cells undergo both proliferation and apoptosis during the menstrual cycle (Arends,
1999; Chatzaki et al., 2003). Both proliferation and apoptosis must be highly regulated to
ensure that they are maintained at acceptable levels. These processes are essential in controlling
important physiological phenomena such as menstrual cycle progression and blastocyst
implantation (Arends, 1999; Chatzaki et al., 2003).
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The functional importance of VEGF A is well documented (Rizk et al., 1997; Huang, Liu &
Dawood, 1998; Sharkey et al., 2000; Jensen et al., 2010; Srivastava et al., 2013) and there is
strong evidence that both E> and MPA regulate its expression within HESCs (Zhang, Rees and
Bicknell, 1995; Huang, Liu and Dawood, 1998). The evidence depicted in Figure 15 implies
that VEGF A expression is increased in the presence of either E; or MPA. These data correlate
with the results published by Zhang, Rees & Bicknell (1995) who showed a 2.5-fold increase
in the expression of VEGF A of HESCs in the presence of E> and a 2-fold increase in the
presence of MPA. Lower expression levels in this research may in part be due to the lower
incubation times of E> and MPA in culture (2 days) in comparison to those used by Zhang,
Rees & Bicknell (1995) (9 days). Higher levels of VEGF during hormonal stimulation has been
linked to the regeneration of the endometrium after menstruation (Huang, Liu and Dawood,
1998). The increase in expression of VEGF A in the presence of either oestrogen or
progesterone is linked to the functional importance that this molecule has in angiogenesis.
Research has shown that there is a strong correlation to the effect oestrogen has on VEGF A
expression and how this expression is critical for oestrogen induced vascular remodelling of
the endometrium (Fraser et al., 2008). Girling et al. (2007) emphasised the importance of the
relationship between progesterone and VEGF A through murine models. It was found that in
the presence of a VEGF antiserum there was a significant reduction in progesterone-induced

endothelial cell proliferation.

This study was unable to establish the effect E; and MPA have on IL-6 within HESCs.
However, research conducted by Von Wolff et al., (2002) show that this cytokine is
differentially expressed within the uterus during the menstrual cycle, with its maximal
expression occurring during the late secretory phase. The study alludes to this differential

expression being imperative to IL-6s role as a multi-functional cytokine.

4.6. Conclusion

Understanding the effect of both E; and MPA on HESCs in vitro is essential in gaining
perspective on the individual roles of these hormones during the menstrual cycle. The data
presented in this study indicates that E> and MPA are important for dynamic receptor and
growth factor expression of HESCs. However, the cryopreservation technique that was used
prevented conclusive validation of the specific mechanism employed by E> and MPA in the
regulation of receptor and growth factor expression of HESCs in vitro. The usefulness of data

obtained in this study is two-fold. Firstly, a successful protocol has been established for the use
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of HESC lines as a successful in vitro model. Secondly, the importance of cryopreservation for
maintaining viable cells that can be used in downstream applications has been highlighted.
Therefore, this study adds to the technical knowledge-base of cell culture techniques, and
provides insight into the individual roles of menstrual cycle hormones. This insight improves
our understanding of the affect these hormones have when acting in conjunction, on

phenomena such as HESC decidualisation.
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Appendix B: Blank consent form and information sheet

CONSENT FORM

SCHOOL OF ANATOMICAL SCIENCES, UNIVERSITY OF THE WITWATERSRAND,
JOHANNESBURG

Donation of the part of uterine tissue taken from your uterine lining during the dilation and

curettage procedure
Tissue sample to be used for the purpose of research

I, (Full name in block letters)

Consent to the donation of the tissue sample that will be taken from my uterine lining during the dilation

and curettage (D&C) procedure which | am to undergo.

I understand that this tissue sample will be used for the purpose of isolating uNK cells and/or

endometrial stromal cells as described in the project information sheet which | have read.

I understand that | will receive no remuneration in lieu of this donation. | understand too, that this is

entirely voluntary.

Signed:

At on the

(Name of the hospital)

Withesses:

Name Name
Signature Signature
Date Date

Appendix Figure 2: Blank consent form
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INFORMATION FORM (UTERINE TISSUE DONATION)

THE ROLE OF LYMPHOCYTES |IN UTERINE RECEPTIVITY FOR
IMPLANTATION

Investigator: Mrs. Aleksandra Jovanovi¢

Co-Investigator: Mr. Kyle Wiid

Dear patient,

Our names are Aleksandra Jovanovi¢ and Kyle Wiid. We are research scientists at the School
of Anatomical Sciences, the University of the Witwatersrand, Johannesburg. We are
conducting research which investigates the effects of the exogenous gonadotropins (hormones
that are routinely used in assisted reproductive technologies for patients who have problems
conceiving) on the expression of certain lymphocytes (white blood cells) called uterine Natural
Killer (uNK) cells as well as on endometrial stromal cells in the uterus, during the time when
the embryo normally implants.

UNK cells constitute the predominant lymphocyte subtypes present in the uterine endometrium
at the time of implantation and in early pregnancy. uNK cells have the role in secretion of
growth factors and other important molecules as their capacity to promote and direct embryo
invasion and endometrial vascular growth. uNK cells are involved in spiral artery remodelling
which allows adequate maternal adaptations and successful pregnancy outcome.

Endometrial stromal cells are fibroblast like cells found within the uterus. During the menstrual
cycle these cells undergo a process known as decidualisation which alters these cells both
structurally and functionally. These differentiated endometrial stromal cells, or decidual
stromal cells, become rounded, acquire myofibroblast characteristics and secrete a variety of
cytokines. These changes are essential for both embryo implantation and placentation.

Differences in the normal expression of uNK cells and the inhibition of decidualisation of
endometrial stromal cells in the uterus following hyperstimulation (the exogenous
administration of gonadotropins), may indicate the requirement of these cells in the successful
embryonic implantation of the embryo. The findings from this project will broaden the
understanding of the function and dynamics of these cells and their interaction with the uterine
lining.

We are inviting you to participate to our study

We are asking permission to use a piece of the tissue from the uterine lining which is the tissue
doctors are already taking from your uterus during the dilation and curettage (D&C) procedure.
There are no extra procedures involved. We will use this tissue to do laboratory experiments,
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which would inform how exogenous hormones work in the human uterus during initial stages
of implantation and whether they affect the expression of uNK cells.

Please Note

1) The tissue we use would only be used for this study.

2) If you agree to participate in this study you will not benefit directly in any way. Also
there will be no direct result of the analysis of your sample as we will group many results from
samples together before we will be able to see a pattern. We hope that our study may contribute
to new and better ways of combating infertility in women.

3) As with any other medical records your details will not be used by or disclosed to
anyone. We will allocate you a number and never use your name or any other information
which would allow you to be identified. All records are anonymous.

4) The researchers in this study have no financial interests or will not gain financially by
your participation in this study.

5) If you do not want to participate in this study you will continue to receive the best
available treatment. Further if you agree and later change your mind we will destroy all of the
samples you have given us and remove your record from our information sheet.

6) The study has been approved by the Human Ethics Committee of the University of the
Witwatersrand who can be contacted on 011-7171234.

If you are willing to volunteer to take part in this study we would ask you to sign this document
stating that you are volunteering and that we have explained our study to you.

Patient signature: Date
Study Number
Investigator signature: Date
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Appendix C: PBS Stock Solution

a. Ingredients:
i. NaCl
I. Nax4P04.H.0
iii. KCI
iv. KH2PO4
v. Distilled Water
b. Method:

169
2.3¢
0.44¢g
0.44¢g
21

i. Combine all ingredients together ina 2 L conical flask and ensure it is mixed

thoroughly.
ii. Establish a pH of 7.4.
iii. Autoclave PBS pH 7.4.

iv. Store at 4 °C until required.
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Appendix D: Primer Design

Primers were designed for TGF-$1, TGF-$2, TGF-f3, ESR-a, ESR-f, PGR and VEGF A. All
transcript variants were considered during primer design to ensure that the gene of interest was

accurately and precisely targeted.
TGF-p1:

TGF-f1 (NM_000660.6) has no registered transcript variants (Table 2). Therefore, the full
MRNA nucleotide sequence was used in order to establish primers. The TGF-f1 nucleotide
sequence is 2 741 base pairs long (Table 2).

BLAST search was performed on the sequence and similarities were found within TGF-$1 and
other homologous sequences. Subsequently, PrimerQuest® (Integrated DNA Technologies)
was used to evaluate the nucleotide sequences. Once designed, the primers were analysed by
performing a BLAST search which showed that both entities were unique to TGF-41 (Table 3).

TGF'ﬂZ:

TGF-f2 has two known transcript variants: transcript variant 1 (NM_001135599.3) and
transcript variant 2 (NM_003238.4) (Table 4). Transcript variant 1 has a nucleotide sequence
6 016 base pairs long whereas transcript variant 2 has a nucleotide sequence 5 932 base pairs
long. A sequence alignment was run between the two sequences to establish if an mMRNA
sequence was present in both transcript variants. Transcript variant 1 was used as the query

sequence due to its longer length (6 016) compared to transcript variant 2 (5 932) (Table 4).
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Appendix Table 1: Transcript variants of TGF-f1

) o Query cover of Base pair
Transcript Similarity Number of ] )
] ] alignment alignment
Variant (%) base pairs
(%) range
1 100 2741 100 1-2741
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Appendix Table 2: Designed forward and reverse primers for TGF-#1

Length | Tm GC | Amplicon
Type Sequence Start
(bp) [ (°C) [ (%) (bp)
Forward
) CCTGCCTGTCTGCACTATTC 2243 | 20 62.29 |55
Primer
Reverse
_ TGCCCAAGGTGCTCAATAAA 2340 |20 62.41 | 45
Primer
Product 98
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Appendix Table 3: Transcript variants of TGF-f2

) o Query cover of )
Transcript Similarity Number of | Base pair
) ] alignment ]
Variant (%) base pairs alignment range
(%)

1 100 3510 100 1-6016
1-1764;

2 100 3 466 98
1908 -6 016
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Transcript variant 2 had a query cover of 98% when compared to transcript variant 1. This
coverage was divided over two regions and it was found that the base pairs between 1 764 and
1 908 of transcript variant 1 were dissimilar. Due to the split coverage of the alignment, the
nucleotide sequence with the greater amount of base pairs (1 908 — 6 016) was chosen. A
BLAST search was performed on the chosen nucleotide sequence and the results showed a
similarity to TGF-f. and other related sequences (Table 4).

Once the unique similarity was established, the nucleotide sequence was analysed by
PrimerQuest® (Integrated DNA Technologies). Subsequently, a BLAST search confirmed that
the designed primers, when analysed as separate entities, were unique only to TGF-4. (Table
5).

TGF-fs:

TGF-f3 has three known transcript variants (NM_003239.4, NM_001329939.1 and
NM_001329938.1) (Table 6). A sequence alignment was performed to compare both transcript
variant 2 (NM_001329939.1) and 3 (NM_001329938.1) to transcript variant 1
(NM_003239.4), in order to obtain an mMRNA sequence which was present in all three transcript
variants. Transcript variant 1 was chosen as the query sequence as it contained a higher number
of base pairs (3510) that are more similar to all transcripts than transcript variant 2 (3 466) and
transcript variant 3 (2 362) (Table 6).

Transcript variant 2 had a 92% query cover when compared to transcript variant 1. The
alignment of base pairs occurred between base pairs 262 — 3 510 of transcript variant 1.
Transcript variant 3 had a 58% query cover when compared to transcript variant 1. The
alignment occurred between base pairs 1 — 2055 of transcript variant 1. Consequently, the
sequence which had a query cover of 100% for all three transcript variants was 1 793 base pairs
long and between 262 — 2 055 of transcript variant 1. Subsequenly, a BLAST search was
performed on the chosen nucleotide sequence and the results showed that the chosen sequence

only showed similarity to TGF-£3 and related sequences (Table 6).

Once the unique similarity was established, the nucleotide sequence was analysed by
PrimerQuest® (Integrated DNA Technologies). Subsequently, a BLAST search confirmed that
the designed primers, when analysed as separate entities, were unique only to TGF-ps transcript

variants (Table 7).
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Appendix Table 4: Designed forward and reverse primers for TGF-42

Length | Tm GC Amplicon
Type Sequence Start
(bp) | (°C) [ (%) (°C)
Forward
) CGGAGGTGATTTCCATCTACAA 1612 | 22 61.96 | 45.46
Primer
Reverse
) AAGGGCGGCATGTCTATTT 1750 |19 61.93 | 47.37
Primer
Product 139
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Appendix Table 5: Transcript variants of TGF-£3

) o Query cover of | Base pair
Transcript Similarity Number of | ]
] ] alignment alignment
Variant (%) base pairs
(%) range
1 100 3510 100 1-3510
2 100 3 466 92 262 — 3510
3 100 2 362 58 1-2055
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Appendix Table 6: Designed forward and reverse primers for TGF-£3

Type Sequence Start | Length | Tm GC | Amplicon
(bp) | (°C) [ (%) [ (bp)

Forward | GAGAGTCAAGTCCAAGGGAATG | 119 22 62.23 | 50

Primer

Reverse | CTGCTCCGGAAAGCTGTTAT 204 20 62.19 | 50

Primer

Product 86
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ESR-a:

ESR-a has seven known transcript variants: Transcript variant 1 (NM_000125.3), 2
(NM_001122740.1), 3 (NM_001122741.1), 4 (NM_001122742.1), 5 (NM_001291230.1), 6
(NM_001291241.1) and 7 (NM_001328100.1) (Table 8). All seven variants have nucleotide
sequences of varying length with transcript variant 4 having the longest (6 466) and transcript
variant 7 the shortest (5 421). Due to its length, transcript variant 4 was chosen as the query

sequence used in the alignment of ESR-a’s transcript variants (Table 8).

Transcript variants 1, 2, 3 and 7 showed a 100% similarity when compared to transcript variant
4 whereas transcript variants 5 and 6 were 99% similar to transcript variant 4. All transcript
variants had a 95% query cover against transcript variant 4 except for transcript variant 7 which
showed a 14% query cover. The area of alignment of transcript variant 7 was 920 base pairs
long and was found in the region between 821 — 1 740 of transcript variant 4. Transcript variant
7 had a 100% alignment on all six other ESR-a transcript variants and as a result was used in
its entirety for the primer design. A BLAST search was performed on the nucleotide sequence
of transcript variant 7 and it was found that major similarities were only present in ESR-a and

other related sequences (Table 8).

Once the unique similarity was established, the nucleotide sequence was analysed by
PrimerQuest® (Integrated DNA Technologies). Subsequently, a BLAST search confirmed that
the designed primers, when analysed as separate entities, were unique only to ESR-a transcript
variants (Table 9).

ESR-:

ESR-# has seven known transcript variants: Transcript variant a (NM_001437.2), b
(NM_001040275.1), d (NM_001214902.1), f (NM_001271876.1), g (NM_001271877.1), k
(NM_001291712.1) and | (NM_001291723.1) (Table 10). All seven of ESR- transcript
variants have nucleotide sequences of differing lengths. Transcript variant k had the longest
nucleotide sequence (4 037) and transcript variant g the shortest (1 518). Transcript variant k
was selected as the query sequence for transcript variant alignment as a result of its length
(Table 10).
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Appendix Table 7:

Transcript variants of ESR-a

) o Query cover of | Base pair
Transcript Similarity Number of | )
] ] alignment alignment
Variant (%) base pairs
(%) range
1 100 6 330 95 299 — 6 466
2 100 6 357 95 301 - 6 466
3 100 6 314 95 300 — 6 466
4 100 6 466 100 1- 6466
5 99 6 320 95 300 — 6 466
6 99 6 311 95 300 — 6 466
7 100 5421 14 8211740
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Appendix Table 8: Designed forward and reverse primers for ESR-a

Type Sequence Start | Length | Tm GC | Amplicon
(bp) | (°C) [(%) | (bp)

Forward | GCTTCGATGATGGGCTTACT 568 20 61.99 | 50

Primer

Reverse | CCTGATCATGGAGGGTCAAATC |[678 |22 62.43 | 50

Primer

Product 109
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Appendix Table 9: Transcript variants of ESR-f

Transcript Similarity (%) | Number  of | Query cover | Base pair
Variant base pairs of alignment | alignment range
(%)

a 100 2169 37 1637-3134

b 100 2 470 51 1637-3716

d 100 2 407 51 16393716

f 100 1724 37 1639 - 3155

g 100 1518 30 1639 —2 681
2948 -3 134

k 100 4037 100 1-4037

I 99 2 745 67 1-657
1633 -3716

7



Transcript variants a, b, d, f and g were 100% similar to transcript variant k whereas transcript
variants | expressed 99% similar to transcript variant k. Transcript variant | had the highest
query cover (67%) when compared to transcript variant k, which was divided over two regions;
region 1 was between 1 — 657 and region 2 between 1 633 — 3 716. Transcript variants b and d
both presented 51% alignment to transcript variant k. Transcript variant b’s alignment occurred
in region 1 637 — 3 716 and transcript variant d’s alignment occurred in region 1 639 — 3 716.
Transcript variants a and f both aligned to transcript variant k by 37%. Transcript variant a’s
alignment occurred in the region between 1 637 — 3 134 and transcript variant f’s alignment
occurred in the region between 1 639 — 3 155. Transcript variant g showed the lowest query
cover when compared to transcript variant k (30%). This coverage was divided into two
regions; region 1 was between 1 639 — 2 681 and region 2 between 2 948 — 3 134. The
nucleotide sequence which was similar in all seven transcript variants was found between 1
639 — 2 681 of transcript variant k and was 1 043 base pairs long. A BLAST search was
performed on the nucleotide sequence, and major similarities were only present in ESR- and

other related sequences (Table 10).

Once the selective similarity to ESR-# transcript variants were established, the nucleotide
sequence was analysed by PrimerQuest® (Integrated DNA Technologies). Subsequently, a
BLAST search confirmed that the designed primers, when analysed as separate entities, were

unique only to ESR-£ transcript variants (Table 11).
PGR:

PGR has four known transcript variants; 1 (NM_001202474.3), 2 (NM_000926.4), 3
(NM_001271161.2) and 7 (NM_001271162.1). Transcript variant 2 has the longest sequence
(13 037) and transcript variant 7 the shortest (10 957). Transcript variant 2 was used as the
query sequence for transcript variant alignment of PGR due to its greater length compared to

the other transcript variants (Table 12).

78



Appendix Table 10: Designed forward and reverse primers for ESR-f#

Type Sequence Start | Length | Tm GC Amplicon
(bp) | (°C) [ (%0) (bp)

Forward | GATCGCTAGAACACACCTTACC | 422 22 62.17 | 50

Primer

Reverse | AGTGAGCATCCCTCTTTGAAC 532 21 62.16 | 47.62

Primer

Product 111
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Appendix Table 11: Transcript variants of PGR

Transcript Similarity (%) | Number  of | Query cover | Base pair
Variant base pairs of alignment | alignment range
(%)
1 100 12 287 94 751-13037
2 100 13 037 100 1-13037
3 100 11981 91 751 - 2651
2954 - 13 037
7 100 10 957 84 87 - 387
2 38113037
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All three transcript variants 1, 3 and 7 were 100% similar to transcript variant 2. Transcript
variant 1 had the highest query cover (94%) when compared to transcript variant 2 which
occurred between the region 751 — 13 037. Transcript variant 3 had a 91% alignment when
compared to transcript variant 2. This alignment occurred over two regions; region 1 between
751 — 2 651 and region 2 between 2 954 — 13 037. Transcript variant 7 had the weakest
alignment coverage (84%) when compared to transcript variant 2. The alignment and transcript
variant 7 to transcript variant 7 was split over two regions; region 1 between 87 — 387 and
region 2 between 2 381 and 13 037. The nucleotide sequence present in all four PGR transcript
variants was 10 083 base pairs in length and found in the region of 2 954 — 13 037 on transcript
variant 2. A BLAST search established that similarities of this sequence were limited to PGR
and related sequences (Table 12).

Once it was established that the sequence was only similar to PGR transcript variants, the
nucleotide sequence was analysed by PrimerQuest® (Integrated DNA Technologies).
Subsequently, a BLAST search confirmed that the designed primers, when analysed as separate
entities, were unique only to PGR transcript variants (Table 13).
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Appendix Table 12: Designed forward and reverse primers for PGR

Length | Tm GC | Amplicon
Type Sequence Start
(bp) | (°C) | (%9) (bp)
Forward
) ATTACCAGTGTTCCCGTCTTC 7436 21 61.85 | 47.62
Primer
Reverse | CCTGTACTTCCTCCAGCATAAG
) 7 546 22 61.80 50
Primer
Product 111
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