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ABSTRACT

The Role of the Endocannabinoid System in Fertility Control

Tiilay Karasu

Endocannabinoids are endogenous ligands for cannabinoid receptors that play a pivotal
role in fertilisation, embryo development, transport, implantation and pregnancy
maintenance

The endocannabinoid system (ECS) consists of ligands (e.g. anandamide, AEA),
receptors (e.g. CB1, CB2 and TRPV1) and ligand modulating enzymes (e.g. NAPE-
PLD and FAAH).

The ECS interacts with sex steroid hormones and cytokines to regulate reproduction.
Progesterone (P4), essential for pregnancy maintenance, increases FAAH activity in
human lymphocytes, keeping AEA levels low.

An elevated plasma AEA level is detrimental for implantation and pregnancy
maintenance and any ECS dysregulation adversely affects pregnancy outcome. The
hypothesis therefore was that manipulating the ECS could be an effective way of
interrupting implantation.

(a) The effect of RU486, a P4 antagonist used to initiate medical termination of
pregnancy (MTOP), on plasma AEA levels and levels of AEA and the ECS in
trophoblast were investigated. These were examined using UHPLC-MS/MS,
immunohistochemistry, qRT-PCR and Western Blotting.

(b) The effect of exogenously administered AEA to female rats during the implantation
window was studied.

The results show that ethnicity and BMI can affect the ECS, increasing AEA levels.
RU486 administration causes a rise in plasma (p=0.005) and trophoblast (p=0.0062)
AEA levels. Trophoblast NAPE-PLD (p=0.0006), FAAH (p=0.021), TRPVRI1
(p=0.042) and CB1 (p=0.03) are significantly elevated at the mRNA level but not at the
protein level though protein levels were generally higher.

Exogenous administration of AEA to rats, around the day of implantation causes a
reduction in viable implantation sites and an increase in resorbed units. At gestation day
14 there was a significant correlation between number of viable embryos and plasma
AEA levels (p=0.0091). The complete ECS was detected in implantation, inter-
implantation and resorbed units at day 14.

These studies have shown that manipulating the ECS can interrupt implantation
showing the importance of this system in pregnancy maintenance.
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Chapter 1

Introduction



1.1 FERTILISATION

Human fertilisation is the fusion of an egg with a spermatozoon. In preparation for
fertilisation, the oviduct captures the cumulus-oocyte complex after it is released from
the ovarian follicle, maintains its viability and controls the ascent of the spermatozoa to
the site of fertilisation. The muscular, ciliated and secretory cells of the oviduct are
responsible for this tubal transport of the ovum and spermatozoa. The capacitated sperm
and oocyte interact in the ampulla of the fallopian tube (Ikawa et al. 2010). The sperm
head binds to the zona pellucida, a glycoprotein coat surrounding the egg. The binding
of the spermatozoon to the receptor galactosyltransferase (GalT) initiates the acrosome
reaction, whereby the enzyme hyaluronidase is released and digests the matrix of
hyaluronic acid surrounding the oocyte and thereby degrading the zona pellucida. This
is followed by the fusion of the oocyte and sperm plasma membranes to form a diploid
cell called zygote. Once the sperm enters the cytoplasm of the oocyte a cortical reaction
occurs which prevents other sperm from fertilizing the same oocyte (Nixon et al. 2001).
The zygote then begins to divide during its passage to the uterine cavity and becomes a
blastocyst by the time it reaches the uterus and is ready for implantation into the
endometrium; usually 6 days post-fertilisation (Guzeloglu-Kayisli, Kayisli & Taylor
2009). The blastocyst consists of trophectoderm and the inner cell mass (ICM). The
placenta and extraembryonic membranes are developed from the trophectoderm

whereas the embryo is developed from the ICM (Dey et al. 2004).

1.2 IMPLANTATION

Successful implantation is crucial for procreation and requires the interplay of many
systems which ensure that the endometrium is receptive to the blastocyst at a defined
period known as the “implantation window” (Harper 1992). The synchronized
development of the embryo to the blastocyst stage and the differentiation of the uterus
to the receptive state are critical to this process. For this purpose, an effective ‘cross-
talk’, which involves several endocrine, paracrine and autocrine factors, exists between
maternal and fetal tissues (Guzeloglu-Kayisli, Kayisli & Taylor 2009). Implantation has
three stages: apposition, adhesion and invasion. Immune cells, cytokines, growth
factors, chemokines and adhesion molecules are among the many components involved

in this process (Dimitriadis et al. 2005).



The ovarian steroid hormones have a central role in initiating implantation. Estrogen
and progesterone (P4) are necessary for uterine differentiation. P4 is the crucial
determinant of the window of implantation in humans, which starts after 6 days of P4
production and lasts for 3-4 days (Nikas et al. 2000) (Dominguez et al. 2003). This
window is approximately between days 19-23 of the menstrual cycle. P4 influences
endometrial receptivity indirectly by enhancing or suppressing expression of apposition
and attachment molecules, cytokines and growth factors, e.g. interleukins (IL), vascular
growth factor (VEGF) are up-regulated and B-3-inegrin and leukaemia inhibiting factor
(LIF) are down-regulated (Hoozemans et al. 2004). The endometrium changes from
fibroblast-like stromal cells into larger more rounded cells (decidualisation) (Dunn,
Kelly & Critchley 2003) and large apical protrusions (pinopodes) and microvilli emerge
on the luminal epithelium (Paria et al. 2002). During apposition, the blastocyst attaches
to the endometrium using adhesion molecules. This interaction becomes stronger during
adhesion and is mediated by adhesion molecules, immune cells and cytokines
(Dominguez et al. 2005). The trophectoderm develops into trophoblast tissue.
Trophoblast invasion and decidualisation are critical for the establishment of a
pregnancy. Many growth factors, cytokines and angiogenic molecules control
trophoblast motility suggesting that a complex network of cell types, mediators and
signalling pathways are involved in the regulation of trophoblast invasiveness
(Pollheimer, Knofler 2005, Fitzgerald et al. 2008, Burrows, King & Loke 1996,
Fitzgerald et al. 2005). During invasion, the trophoblast penetrates the endometrial
epithelium, destroys the basal membrane and invading the stroma, up to the uterine
vessels (Pijnenborg et al. 1981b) and the inner third of the myometrium (Pijnenborg et
al. 1981a). Metalloproteinases (MMP) digest the major constituents of the endometrial
matrix (Bischof, Meisser & Campana 2002). Their activity is controlled by specific
inhibitors including tissue inhibitors of metalloproteinases (TIMPs) or indirectly by
cytokines. A balance between trophoblast invasion and maternal control of invasion is
paramount for the successful process of implantation (Graham, Lala 1992). While the
features of trophoblast invasion have been characterised, the interplay between different
cell types and growth factors and the “cross talk” between distinct signalling pathways

involved in maternal control of implantation remains to be well characterized.



1.3 FEMALE FERTILITY

Fecundability, the probability of conceiving per menstrual cycle, declines with age with
this decline accelerating markedly after the age of 35 (Practice Committee of the
American Society for Reproductive Medicine 2006). The overall fertility rate in the UK
reached 1.96 children per woman in 2008 and this has been the highest since 1973.
There has been a steady increase in the average maternal age at the birth of a first child.
In 2008 the mean age at giving birth to a first child was 29.3 years, 3 years older than in
1978 (Office for National Statistics 2009). The major reasons for this age increase are
education, employment and the need to be socially and financially ready for a child
(Bromer, Patrizio 2008). These lifestyle choices have led to an increase in fertility

control.

1.4 FERTILITY CONTROL

There are three main strategies for birth control:

e prevention of fertilization in the form of contraception
e prevention of blastocyst implantation

e termination of a pregnancy (TOP).

There are many different contraceptive options available with different degrees of
efficacy. Barrier methods like the male condom have been used for a long time but
hormonal methods are more effective. In 1960 the FDA approved the first form of
hormonal contraception, the combined oral contraceptive in the form of synthetic

estrogen and progesterone.

Where any of the methods fail or are not used, emergency (postcoital) contraception is
an option. Unintended pregnancy especially in teenagers is common and remains a
major problem in the United Kingdom (Harden et al. 2009). Emergency contraception
is currently offered in the form of either the levonorgestrel-only pill (levonelle),
Ulipristal acetate or the copper containing intrauterine contraceptive device (Prabakar,
Webb 2012). Levonelle is a high dose progestin-only pill which can be taken within 72
hours of unprotected sexual intercourse and reduces the risk of a pregnancy by 57-93%

(Hamoda et al. 2004, von Hertzen et al. 2002). Its effectiveness is highest if taken



within 12 hours and declines with time (Anonymous1998). Levonelle has an effect on
the developing follicle and delays or prevents ovulation before the rise in luteinizing
hormone (LH) has begun (Gemzell-Danielsson 2010). Ullipristal acetate is a synthetic
selective progesterone receptor modulator which can be used for up to 120 hours after
unprotected sexual intercourse (Richardson, Maltz 2012). It prevents or delays
ovulation, even when taken on the day of LH peak (Brache et al. 2010). A recent study
comparing Levonelle and Ullipristal acetate within 72 hours after unprotected sexual
intercourse showed similar effectiveness (Creinin et al. 2006). The copper intrauterine
device (IUCD) can be used for up to 5 days after unprotected intercourse. It works
primarily by stopping fertilisation through its toxic effects on the sperm and secondarily
by preventing implantation (Stanford, Mikolajczyk 2002). The estimated efficacy is
99% (Trussell 1995). However, emergency contraception has not reduced the number
of unintended pregnancies and the need for a termination of pregnancy (Glasier et al

2013).

1.5 TERMINATION OF PREGNANCY

In 1995 it was estimated that there were 46 million terminations of pregnancy (TOP)
worldwide. Only 26 million of these were legal terminations. World-wide, there are 26
induced abortions per 100 pregnancies, excluding miscarriages and stillbirths
(Henshaw, Singh & Haas 1999). In the United States in 2003 88.2% of the TOP were
performed at 12 gestational weeks or earlier, about 10% from 13-20 weeks and just
above 1% at or after 21 weeks (Strauss et al. 2006). The total number of abortions in
England and Wales in 2010 was nearly 200,000. Ninety percent of terminations were
before 13 weeks; 43% of those reported were medical using a progesterone-antagonist
RU486 (MTOP) and surgical vacuum extraction was the method of choice in 52% of
cases (Department of Health 2011). In 5% of the cases dilatation and evacuation (D&E)
was performed, recommended for pregnancies above 15 weeks gestation (Department
of Health 2011). The highest termination rate was for women aged 19 years
(Department of Health 2011). In the UK, termination of pregnancy is allowed until 24
gestational weeks where there are no abnormalities or threat to the mother’s life
(Human Fertilisation and Embryology Act 1990). Surgical TOP (STOP) using vacuum

aspiration is performed up to 15 weeks gestation. Risk factors with STOP are bleeding,



uterine perforation, cervical trauma, infection and failed procedure which occur in 2.3

out of every 1000 cases (RCOG 2011).

Medical termination undertaken up to 63 days of amenorrhoea was first approved in
1991 in the UK (Smith et al. 1991). It is performed with oral anti-progesterone RU486
(200 mg Mifepristone) followed by prostaglandin (Misoprostol, 800 ng) vaginally 24 to
48 h after the RU486. Over 90% of women will pass products of conception within 4 h
of Misoprostol administration (el-Refaey et al. 1995). Misoprostol can be repeated after
4 h if the products have not been expelled (RCOG 2011). Combining RU486 and
misoprostol offers a higher efficacy than RU486 alone and lower rates of side effects
(Kulier et al. 2011). A large case series showed that 200 mg mifepristone followed by
800 pg misoprostol vaginally was effective in 97.5% of cases (Ashok et al. 1998). This
regimen is currently recommended by several guidelines for terminating pregnancies up
to 63 days (World Health Organisation 2003, RCOG 20011). The efficacy of RU486 is
only 60-80% if used alone (Ulmann et al. 1992).

1.5.1 RU486 (Mifepristone)

RU486 (Mifepristone) is a progesterone receptor antagonist with only slight agonistic
action (Baulieu 1991), a glucocorticoid receptor antagonist and a weak androgen
receptor antagonist (Cadepond, Ulmann & Baulieu 1997). It is a 19-norsteroid
substituted at the 11B position by a p-(dimethylamino) phenyl group. RU486 enters
target cells and binds to the progesterone receptor, glucocorticoid receptor and to a
lesser extent, the androgen receptor. RU486 has dose dependent antiglucocorticoid
effects with a significant increase of adrenocorticotropic hormone and cortisol
concentrations after administration of > 200 mg of RU486 (Gaillard et al. 1984).
Progesterone suppresses uterine contractions due to hyperpolarisation of the cell
membrane, which makes the myocytes less sensitive to electrical stimulation and
inhibition of gap junction formation which counteracts coordinated uterine contraction
(Garfield, Blennerhassett & Miller 1988, Gemzell-Danielsson, Bygdeman & Aronsson
2006) . RU486 blocks the action of P4 and thereby increases uterine contractility and
sensitises the myometrium to prostaglandins (PG) (Bygdeman, Swahn 1985) which is
known to stimulate uterine contractions (Tang, Gemzell-Danielsson & Ho 2007).

Additionally, RU486 increases PG release from the decidual cells and reduces the



activity of the prostaglandin dehydrogenase, which is the main inactivating enzyme of

PG (Norman, Thong & Baird 1991, Cheng et al. 1993).

1.5.2 RU486 Pharmacokinetics and Metabolism

Peak plasma concentrations of RU486 are reached 1-2 h following oral administration
of 100 and 200 mg in women (Shi et al. 1993) and its half-life is 24-48 h analysed by
high- performance liquid chromatography (HPLC) (Heikinheimo 1989, He et al. 1989).
The bioavailability is about 40% due to the first-pass effect i.e., metabolism and
excretion by the liver before entry into the general circulation (Van Look, Bygdeman
1989). In human serum, RU486 binds to al-acid glycoprotein (AAG) which is an acute
phase protein primarily synthesised in hepatocytes (Heikinheimo et al. 1987b). Three
metabolites of RU486 have been identified which are excreted in the urine (10%) and in
faeces via bile (90%) (Lahteenmaki et al. 1987, Heikinheimo et al. 1987a). These
metabolites are mono-demethylated (RU 42633) and di-demethylated (RU 42848)
derivatives and the hydroxylated metabolite (RU 42698) (Heikinheimo et al. 1987a,
Heikinheimo et al. 1987b). These metabolites are active like RU486. They add 23-33%
of the antiprogestagenic and 47-61% of the antiglucocorticoid effect of RU486
(Heikinheimo et al. 1987a).

1.5.3 Misoprostol

Misoprostol (15-deoxy-16-hydroxy-16-methyl prostaglandin E1) is a prostaglandin E1
(PGE1) analogue. It is inexpensive and is effective when given orally, sublingually,
vaginally or rectally. The side effects are mainly shivering and diarrhoea (Hamoda,
Templeton 2010). Despite misoprostol only being licensed for the treatment and
prevention of gastric ulcers it has been used in MTOP since the early 1970s (Weeks,
Fiala & Safar 2005, Kulier et al. 2011).

1.5.4 Misoprostol Pharmacokinetics

Misoprostol is rapidly absorbed after oral or sublingual administration with human
plasma concentrations peaking at about 12 min and has a short half-life of only 20-40

min. Vaginal administration has the advantage of a delayed time to peak concentration



and a longer half life compared to the oral administration (Zieman et al. 1997, Tang et

al. 2002).

1.6 PHYTOCANNABINOIDS AND REPRODUCTION

Cannabinoids are found naturally in Cannabis sativa (phytocannabinoids or
exocannabinoids) or endogenously in both vertebrates and invertebrates
(endocannabinoids). Cannabis is the most widely used recreational drug (UNODC.
World drug report 2010). Its’ medical properties have been known for millennia but
only in the second half of the twentieth century was its mechanism of action understood
following the identification of A’-tetrahydrocannabinol (THC) the primary
psychoactive component and the cannabinoid receptors through which THC exerts its’
effect (Devane et al. 1988). These discoveries then led to the identification of the
endogenous cannabinoid receptor ligands, the endocannabinoids (Devane et al. 1992).
These initial investigations in brain and CNS were soon followed by identification of
endocannabinoids and their receptors in peripheral organs and systems and an

association with several pathophysiological roles.

Cannabis is the most commonly used illicit drug amongst women of reproductive age.
In 2004, a Survey of Drug use and Health showed that 4.6% of American women
smoked marijuana during pregnancy (Substance Abuse and Mental Health Services
Administration 2005). The detrimental effect of cannabis on female fertility is still
controversial. However THC is detectable in reproductive organs (Huizink 2009) and
cannabis use during pregnancy is associated with reduced birth weight, impaired
neurodevelopment, spontaneous miscarriage, preterm birth and mild developmental
abnormalities (Hatch, Bracken 1986, Fergusson et al. 2002, Huizink, Mulder 2006,
Campolongo et al. 2009, Jutras-Aswad et al. 2009). Moreover cannabis is associated
with both male and female infertility (Maccarrone, Finazzi-Agro 2004, Klonoff-Cohen,
Natarajan & Chen 2006,). The negative effects of exogenous cannabinoids on
pregnancy suggest that endocannabinoids and their receptors are involved in the normal

reproductive function.



1.7 THE ENDOCANNABINOID SYSTEM AND
REPRODUCTION

Endocannabinoids are fatty acid derivates that bind to and activate signalling pathways
via the cannabinoid receptors (Di Marzo 1998) and have several roles within both the
CNS and the periphery (Fride 2002). The first endocannabinoid, anandamide (N-
arachidonylethanolamide, AEA) (Devane et al. 1992) was isolated from porcine brain,
closely followed by 2-arachidonoylglycerol (2-AG) (Mechoulam et al. 1995, Sugiura et
al. 1995). Most studies conducted to date involve either AEA or 2-AG, however,
several novel endocannabinoids have been identified including O-
arachidonoylethanolamine (virodhamine) (Porter et al. 2002), N-arachidonoyldopamine
(Bisogno et al. 2000) and N-arachidonoyl taurine (Saghatelian et al. 2004). In addition,
N-oleoylethanolamide = (OEA),  N-palmitoylethanolamide @ (PEA) and  N-
stearoylethanolamide (SEA) are examples of endocannabinoid congeners that are
thought to exhibit an ‘entourage’ effect by inhibiting AEA and 2-AG degradation by
acting as sacrificial substrates (Ben-Shabat et al. 1998, De Petrocellis, Cascio & Di
Marzo 2004).

The roles of endocannabinoids in reproduction are varied and include regulation of
processes like folliculogenesis (El-Talatini et al. 2009), spermatogenesis (Wang, Dey &
Maccarrone 2006, Taylor et al. 2007, Battista et al. 2008b), fertilization, oviductal
transport (Horne et al. 2008), implantation and embryo development (Wang, Dey &
Maccarrone 2006, Taylor et al. 2007, Battista et al. 2007, Battista et al. 2008a, Taylor et
al. 2010, Bambang et al. 2010). These events are under the control of steroid hormones
and cytokines that have direct effects on various elements of the endocannabinoid

system (Maccarrone et al. 2000, Maccarrone et al. 2003, Karasu et al. 2011).

1.8 THE ENDOCANNABINOID SYSTEM

Endocannabinoids including AEA and 2-AG bind to G protein-coupled cannabinoid
receptors (CB1 and CB2) (Pertwee, Ross 2002, Sugiura et al. 2002). The cannabinoid
receptor-dependent biological effects of AEA and 2-AG are negated by cellular uptake

via a putative endocannabinoid membrane transporter (EMT) followed by intracellular



enzymatic degradation (see below). The endocannabinoids, their congeners, the
cannabinoid receptors, the EMT, together with the enzymes involved with
endocannabinoid synthesis and degradation form the endocannabinoid system (ECS).

This system is summarised in Figure 1.1.
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Figure 1.1: The endocannabinoid system (ECS).

The ECS: synthesis and degradation of AEA and 2-AG (Taylor et al. 2010). AEA and
2-AG bind to the putative endocannabinoid membrane transporter (EMT). Intracellular
AEA can also bind to the transient vanilloid receptor type 1 (TRPV1). AEA is
synthesised from lipid precursors by the enzymes N-acyltransacylase (NAT) and N-
arachidonoylphosphatidyl-ethanolamine-hydrolyzing phosopholipase D (NAPE-PLD)
and degraded by fatty acid amide hydrolase isoforms (FAAH1/2) to arachidonic acid
(AA) and ethanolamine. Cyclooxygenase-2 (COX-2) converts AEA to prostaglandin-
ethanolamide. 2- AG is synthesised by sn-1-DAG lipase (DAGL) and degraded by
monoacylglycerol lipase (MAGL)/FAAH-2 to AA and glycerol. Abbreviations: PLC,
phospholipase C; CBR, cannabinoid receptor.
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1.8.1 Metabolism: Biosynthesis, Transport and Degradation of AEA
and 2-AG
1.8.1.1 Biosynthesis

The biosynthesis of AEA occurs on demand from its precursor N-
arachidonoylphosphatidylethanolamine (NAPE) and it is formed by the transfer of
arachidonic acid from the sn-1 position of 1,2-sn-di-arachidonylphosphatidylcholine to
phosphatidylethanolamine. NAPE synthesis is catalyzed by a calcium-dependent N-
acyltransacylase (NAT) (Sugiura et al. 2002). NAPE is hydrolysed to AEA and
phosphatidic acid by NAPE phosopholipase D (NAPE-PLD) a calcium sensitive
metallo-lactamase (Okamoto et al. 2004b, Wang et al. 2006).

Recently, three alternative pathways for the synthesis of AEA have been proposed: (1.)
the double deacylation of NAPE by o/f hydrolase 4 (Abh4) to generate
glycerophospho-N-arachidonylethanolamine (GP-AEA) which is then cleaved by a
phosphodiesterase to AEA (Simon, Cravatt 2008), (2.) cleavage of NAPE by a
phospholipase C to phosphoanandamide (pAEA) followed by dephosphorylation to
release AEA (Liu et al. 2006) and (3.) secretory phospholipase A, (sPLA;) hydrolyzes
NAPE to lyso-NAPE, which is then further hydrolyzed to AEA by a lyso-phospholipase
D (lyso-PLD) (Sun et al. 2004). Figure 1.2 summarizes these synthetic pathways of
AEA. The synthesised AEA is released into the extracellular space where it may act in

an autocrine or paracrine way through activation of cannabinoid receptors (see below)

(Piomelli et al. 2000).
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! NAPE-PLD
phosphodiesterase lyso-PLD phosphatase

Figure 1.2: Biosynthetic pathways of AEA.

NAPE, produced from membrane phospholipids by NAT is the key intermediate for
AEA synthetic pathways as described in the text. Abbreviations: PE,
phosphatidylethanolamine; PC, 1,2-sn-di-arachidonylphosphatidylcholine; NAT, N-
Acyltransferase; NAPE, N-arachidonoylphosphatidylethanolamine; Abh4, o/f
hydrolase 4; GP-AEA, glycerophospho-N-Arachidonylethanolamine; sPLA,, secretory
phospholipase A,; lyso-PLD, lyso-phospholipase D; PLC, phospholipase C; pAEA,
phosphoanandamide.
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2-AG is released from phospholipid membranes on demand by the hydrolysis of
diacylglycerol (DAG) by sn-1-DAG lipase (Piomelli 2004). The key intermediate DAG
is produced from phosphatidylinositol (PI) by phospholipase C (PLC) activity or from
phosphatidic acid (PA) by a phosphatidic acid hydrolase (Bisogno et al. 1999). Another
pathway for 2-AG synthesis involves the actions of a phosphatidylinositol-preferring
phospholipase A; (PLA,), producing lyso-PI, and of lysophosphatidylinositol selective
phospholipase C (lyso-PLC) (Sugiura et al. 2002) (Figure 1.3).

phosphatidicacid phosphatidylinositol

phosphohydrolas

Figure 1.3: Biosynthetic pathways of 2-AG.

2 AG is produced via a DAG or lyso-PI intermediate. DAG can also be produced via
phosphatic acid. Abbreviations: DAG, Diacylglycerol; DAGL, sn-1-DAG lipase; PLC,
phospholipase C; PLA;, phospholipase A;; lyso-PI, lyso-phosphatidylinositol.
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1.8.1.2 Transport and Degradation

The activity of AEA is terminated by its removal from the extracellular space via a
putative endocannabinoid membrane transporter (EMT) (Ben-Shabat et al. 1998) and
then by intracellular degradation by fatty acid amide hydrolases, FAAHI (McKinney,
Cravatt 2005), FAAH2 (Wei et al. 2006) or the lysosomal N-acylethanolamine-
hydrolyzing acid amidase (NAAA) (Tsuboi et al. 2005) to arachidonic acid (AA) and
ethanolamine (De Petrocellis, Cascio & Di Marzo 2004). There are alternative
pathways for AEA degradation such as transformation to 12- hydroxyeicosatetraenoyl
ethanolamide (12-HETE-EA) by 12-lipoxygenase (12-LOX) (Van der Stelt et al. 2002)
or oxidation by COX2 to prostaglandin-ethanolamide (PGE,-EA) (Rouzer, Marnett
2008) (Figure 1.4a). There is still controversy over the transmembrane movement of
AEA. Some cellular models support the hypothesis of a carrier protein for AEA
transport in a process of facilitated diffusion (Hillard, Jarrahian 2000, Giuffrida et al.
2000) but this protein has not been identified (Glaser et al. 2003). Other hypotheses
include simple diffusion (Kathuria et al. 2003) or intracellular sequestration of AEA
(McFarland et al. 2004). In general, AEA cellular uptake is dependent on its
concentration gradient and does not require ATP (Hillard et al. 1997).

2-AG is degraded by both FAAH and monoacylglycerol lipase (MAGL) to arachidonic
acid (AA) and glycerol (Fergusson et al. 2002). MAGL is primarily found in the cytosol
and FAAH in membranes of the microsomal and mitochondrial sub-cellular fractions.
In addition, COX2 and lipoxygenase can metabolise 2-AG to prostaglandin-glyceryl
esters (PGE,-GE) (Kozak et al. 2002) and hydroxyeicosatetraenoyl-glycerols,
respectively (Van der Stelt et al. 2002) (Figure 1.4b).
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2 FAAHL/ 2/ NAAA

> AA+ Ethanolamine
COX2
a) AEA > PGE,-EA
12-LOX
> 12-HAEA

MAGL/ FAAH
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AA+ Glycerol

COXx2

b) 2-AG

v
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12-LOX i
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Figure 1.4: Degradation of AEA (a) and 2-AG (b).

Abbreviations: AA, arachidonic acid; FAAH, fatty acid amide hydrolase; COX2,
cyclooxygenase2; FAAH , fatty acid amide hydrolase; 12-HETE-EA, 12-
hydroxyeicosatetraenoyl  -ethanolamide;  12-HETE-G, hydroxyeicosatetraenoyl-
glycerols; 12-LOX, 12-lipoxygenase ; MAGL, monoacylglycerol lipase, NAAA, N-
acylethanolamine-hydrolyzing acid amidase PGE;-EA, prostaglandin E2 ethanolamide;
PGE,-GE, prostaglandin E2 ethanolamide -glyceryl esters.
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1.8.1.3 Endocannabinoid Receptors
1.8.1.3.1 Cannabinoid Receptors — CB1 and CB2

Endocannabinoids are ligands for the cannabinoid receptors type 1 (CB1) and type 2
(CB2) (Howlett et al. 2002). These are G protein-coupled seven transmembrane
receptors that share 44% overall identity (Devane et al. 1988, Howlett et al. 2002). CB1
was first described in rat brain (Devane et al. 1988) and thought to be present mainly in
the central nervous system, but now is known to be present in peripheral tissues like the
ovary, uterine endometrium, testis, liver, heart, small intestine, urinary bladder and
lymphocytes (Bouaboula et al. 1993, Pertwee 1997, Pertwee, Ross 2002). The CB2
receptor was first isolated from rat spleen and human myeloid cells (Munro, Thomas &
Abu-Shaar 1993) and was initially thought to be mainly expressed in immune cells
(Pertwee 1997, Howlett et al. 2002, Pertwee, Ross 2002) but has now been localised in
tissues such as embryonic stem cells (Sharov et al. 2003), placenta (Helliwell et al.
2004), myometrium (Dennedy et al. 2004), ovary (El-Talatini et al. 2009),
gastrointestinal tract (Fioramonti, Bueno 2008), liver (Mallat, Lotersztajn 2008) and
heart (Pacher, Steffens 2009).

Activation of the CB1 receptor stimulates mitogen-activated protein (MAP) kinases
(Bouaboula et al. 1995) and inhibits adenylyl cyclase (Paria, Das & Dey 1995) causing
reduced levels of cyclic adenosine monophosphate (cAMP). A reduction in cAMP
inhibits the opening of voltage gated calcium channels and stimulates potassium
channels (Howlett et al. 2004). CB2 activation like CB-1 activation stimulates MAP
kinases but also stimulates cytosolic phospholipase A2 (PLA2). CB2 does not regulate
ion channels. In addition CB2 activation inhibits nitric oxide synthase whereas CB1
activates it (Howlett et al. 2004, Demuth, Molleman 2006). Nitric oxide has an
important role in several critical processes in female reproduction including ovulation,
implantation, pregnancy maintenance, labour and delivery (Maul et al. 2003, Vaisanen-
Tommiska 2008, Krause, Hanson & Casanello 2011). The regulation of nitric oxide

levels by CB2 activation suggests a critical role for CB2.

The relevance of ligand levels for this receptor-related research is complex. Whereas
AEA has a high affinity for the CB1 receptor 2-AG has a low affinity for the receptor
but a high efficacy (Sugiura et al. 1999). Alternatively, AEA is only a partial agonist of
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CB2, but 2-AG has a high affinity for the CB2 receptor. 2-AG is therefore a full agonist
for both the CB1 and CB2 receptor (Howlett et al. 2004, Demuth, Molleman 2006).

1.8.1.3.2 Non-CB1/ CB2 G-protein-coupled Receptors

In addition to CB1 and CB2, two putative cannabinoid receptors GPR55 and GPR119,
have been identified. These are orphan G protein-coupled receptors (McPartland et al.
2006) which recent data have associated with the ECS (Ross 2009, Godlewski et al.
2009, Moriconi et al. 2010, Pertwee et al. 2010).

Little is known about GPR55 but GPR55 mRNA has been located in various brain
regions, testis, ileum, spleen, tonsil and adipose tissue (Brown 2007). Several studies
have shown that AEA and 2-AG have no consistent effect on GPR55, but PEA is a
potent and selective agonist of GPR55 (Ryberg et al. 2007, Henstridge et al. 2009, Yin
et al. 2009). However, lysophosphatidylinositol (LPI) appears to be a more potent
ligand for GPR55 than AEA or 2AG (Henstridge et al. 2009, Yin et al. 2009,
Nevalainen, Irving 2010) and triggers extracellular signal-regulated kinase (ERK)
phosphorylation and a rise in intracellular calcium levels (Oka et al. 2007). GPRSS5

seems to be involved in pain control (Staton et al. 2008).

Less is known about GPR119, but GPR119 mRNA has been found mainly in pancreatic
and gastrointestinal tissues (Chu et al. 2007, Lauffer, lakoubov & Brubaker 2009) and
seems to play a role in obesity and diabetes. OEA has a strong affinity for GPR119 and
thereby increases intracellular cAMP and may impact on diabetes and obesity (Overton
et al. 2006). GPR119 activation in addition to stimulating adenylyl cyclase and protein
kinase A activities also promote glucose-induced insulin secretion and improved
glucose control (Chu et al. 2007, Lauffer, lakoubov & Brubaker 2009). Therefore
GPR119 may be a new therapeutic target for treatment of type 2 diabetes (Ohishi,
Yoshida 2012).

1.8.1.3.3 Vanilloid Receptor

The transient receptor potential vanilloid type-1 (TRPV1) (Szallasi, Blumberg 1999) is
a ligand-gated non-selective cationic channel that belongs to the TRP family of proteins
(Pertwee et al. 2010). TRPV1 is activated by capsaicin and stimuli like heat and pH
(Szallasi, Blumberg 1999). TRPV1 is synthesised in cells outside the peripheral nervous
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system, like keratinocytes, epithelial and endothelial cells (Caterina 2003) and has also
been found in various brain areas which are involved in pain transmission or

modulation (Mezey et al. 2000).

Endovanilloids are the endogenous ligands for TRPV1 (Di Marzo et al. 2001a, Van Der
Stelt, Di Marzo 2004). The first identified endovanilloid was AEA (Zygmunt et al.
1999). AEA, but not 2-AG, binds to TRPV1 at a cytosolic binding site triggering non-
selective ion channel activation of protein kinases, calcium influx and release of

cytochrome c (Szallasi, Blumberg 1999, Maccarrone, Finazzi-Agro 2003).

TRPV1 receptors are found in the same organs, tissues and cells as cannabinoid

receptors, where receptor binding by AEA can have either opposing or similar functions
(Ahluwalia et al. 2003, Cristino et al. 2006).

TRPV1 is involved in pain modulation and also plays a pivotal role in thermoregulation
(Gavva 2008). Furthermore, TRPV1 has been detected in the gastrointestinal tract and
there is some evidence for a role in diabetes, pancreatitis and obesity (White, Urban &
Nagy 2011). TRPV1 in urothelial cells of the urinary tract takes part in pain sensation
and frequency of bladder contractions (Avelino, Cruz 2006). Less is known about the
role of TRPV1 when expressed in the respiratory and auditory systems (White, Urban
& Nagy 2011).

1.9 ENDOCANNABINOID SYSTEM AND FEMALE
REPRODUCTION

In animal studies the ECS plays a pivotal role in fertilization, oviductal transport,
implantation, embryo development and maintenance of early pregnancy (Taylor et al.
2007, Battista et al. 2007, Battista et al. 2008a, Taylor et al. 2010). AEA is thought to
be the key link between the developing embryo and the endometrium, ensuring their

synchronous development for on-time implantation.

After fertilisation in the oviduct, the fertilised egg undergoes mitotic divisions to form a
morula. The morula develops into a blastocyst, which consists of an inner cell mass
(ICM) and the trophectoderm. The ICM forms the embryo and the trophectoderm

develops to become the placenta and extra-embryonic membranes. A reciprocal
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interaction between the blastocyst and receptive uterus is essential for successful

implantation (Sun, Dey 2008).

Mice express CB1 and CB2 receptor mRNA and protein in pre-implantation embryos
(Paria, Das & Dey 1995, Paria et al. 2001, Wang et al. 2004). CBI1 mRNA is detected
from the 4 cell stage to the blastocyst stage and CB2 mRNA is detected from the 1 cell
stage onwards (Paria, Das & Dey 1995, Battista et al. 2007) (Figure 5). CB2 is
expressed in the embryonic stem cells but not in the trophectoderm while CBI1 is found
in the trophectoderm, but not in the inner cell mass (Paria, Das & Dey 1995). In
contrast, only CB1 mRNA has been detected in the oviduct and uterus (Das et al. 1995,
Wang et al. 2004).

CBI1 plays an important role in the control of oviductal transport and embryo
implantation. CB1 knockout mice showed pregnancy loss (Paria et al. 2001, Wang et al.
2004) suggesting that the expression of CBI is required for implantation. CBI
deficiency in CB1 knockout female mice also caused embryo retention in the oviduct
and resultant ectopic pregnancy (Wang et al. 2004). Embryos were also retained in the
oviduct when wild type females were exposed to high doses of either the stable AEA
analogue methanandamide or to THC (Wang et al. 2004). Recently, a lower CBI1
mRNA expression was confirmed in fallopian tubes of women with tubal pregnancies
compared to normal fallopian tubes in the luteal phase or menstrual from women
undergoing surgery for benign gynaecological conditions (Horne et al. 2008). A lower
CB1 mRNA expression was also measured in the endometrium of women with tubal
pregnancies compared to endometrium from intra-uterine pregnancies (Horne et al.
2008). Therefore, perturbation of cannabinoid signalling can impair correct embryo

implantation.

Normal gestation requires an early immunological adaptation involving peripheral T-
lymphocytes (Maccarrone, Finazzi-Agro 2004). CB2 is involved in releasing cytokines
related to fertility (Correa et al. 2005, Borner, Hollt & Kraus 2006). CB2 receptors have
been found in first trimester human placenta (Helliwell et al. 2004, Habayeb et al. 2008)

suggesting a role in placentation and maternal-fetal signalling (Maccarrone 2008).

The enzymes involved in the synthesis and degradation of endocannabinoids normalize
levels of AEA for successful implantation. NAPE-PLD is present in the cytoplasm of

cells in the pre-implantation mouse embryo from the 1 cell stage to the blastocyst stage
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while FAAH is expressed from the 2 cell stage in the outer cell layers of morulae and
trophectoderm. NAPE-PLD is also found in the oviduct with higher levels at the
isthmus than the ampullary region, whereas the expression of FAAH is higher in the

ampullary region (Wang et al. 2006) (Figure 1.5).

AEA plays an important role in directing uterine implantation (Paria et al. 2001). High
levels of NAPE-PLD and low levels of FAAH are present in the inter-implantation sites
of the mouse uterus on day 5-7, whereas at the same time high levels of FAAH and low
levels of NAPE-PLD are found in the implantation sites (Wang et al. 2007) (Figure
1.5). Consequently, a four-fold reduction in AEA levels is associated with the
implantation site (Paria, Deutsch & Dey 1996, Schmid et al. 1997). The implanting
blastocyst also regulates uterine AEA levels by an inhibitory effect on uterine NAPE-
PLD (Guo et al. 2005) by the release of an as yet unidentified putative lipid “FAAH

activator” (Maccarrone et al. 2004).
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Figure 1.5: The ECS in the pre-implantation embryo and at the blastocyst implantation

site in mice (Karasu et al. 2011).

Low NAPE-PLD and high FAAH levels were found in the ampullary region of the
oviduct and high NAPE-PLD and low FAAH levels in the isthmus. During embryo
development CB2 and NAPE-PLD were present from the 1 cell stage, FAAH from the
2 cell stage and CB1 from the 4 cell stage onwards. In implantation sites low NAPE-
PLD and high FAAH levels led to low AEA levels whereas high AEA levels were

measured in inter-implantation sites.
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The “FAAH activator”, produced by both the ICM and trophectoderm, up-regulates
FAAH in the uterine cavity and thereby reduces AEA levels.

The exposure of two-cell embryos to high levels of endocannabinoids in-vitro results in
developmental arrest (Paria, Das & Dey 1995, Paria et al. 1998). This arrest can be
prevented by selective CB1 antagonists (SR141716A, AM251), but not by a specific
CB2 antagonist (SR144528), suggesting a CBl-dependent effect of the
endocannabinoids on the pre-implantation embryo. High AEA levels have a pro-

apoptotic potential in mouse blastocysts (Maccarrone et al. 2000).

Endocannabinoid signalling downstream of CBI in the embryo is concentration-
dependent. In mice, low concentrations of AEA (7nM) activate the extracellular
regulated kinase (ERK) signalling pathway via CB1 in the trophectoderm cell surface of
the blastocyst and thereby make the blastocyst competent for implantation whereas
higher levels (28nM) do not activate ERK but inhibit calcium mobilisation (Wang et al.
2003). This is clinically relevant as elevated peripheral AEA levels in women are
associated with spontaneous miscarriage (Maccarrone et al. 2000b). A pilot study of
women with threatened miscarriage showed that all women who subsequently
miscarried had higher peripheral AEA levels (greater than 2.0 nM) than women that
didn’t go on to miscarry (Habayeb et al. 2008). In IVF pregnancies higher plasma AEA
levels were associated with failure to achieve an ongoing pregnancy after embryo
transfer (Maccarrone et al. 2002). Similarly, women undergoing IVF/ ICSI required low
AEA levels at the time of implantation for a successful pregnancy (El-Talatini, Taylor

& Konje 2009).

With regards to FAAH, decreased activity in peripheral blood lymphocytes may be a
marker of early spontaneous miscarriage (Maccarrone et al. 2000b). Taken together
these results suggest that FAAH activity and plasma AEA may be used for the

monitoring of early pregnancies.

Although the ECS has not been studied extensively during pregnancy, two cross-
sectional studies of plasma AEA levels show that these are high in the first trimester
comparable to the luteal phase, fall between first and second trimesters consistent with
successful pregnancy maintenance and then rise significantly at term and still further
during labour (Habayeb et al. 2004, Lam et al. 2008). Low AEA levels are thus thought

to maintain pregnancy while high levels are associated with labour onset (Habayeb et
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al. 2004). Recently, a crucial role for CB1 was demonstrated for the onset of labour in
mice (Wang, Xie & Dey 2008). CB1 deficiency altered corticotrophin-releasing
hormone activity leading to abnormal ovarian E2 (17B-estradiol) and P4 secretion and
induction of preterm birth (Wang, Xie & Dey 2008). The effects of ECS on female

fertility are summarised in Table 1.1.

The precise mechanism by which endocannabinoids influence reproduction is uncertain,
but cyclooxygenase 2 (COX2) is thought to have a major role. For example, one route
of AEA degradation is by COX2-dependent biotransformation to prostamides
(prostaglandin ethanolamides) (Yu, Ives & Ramesha 1997, Kozak et al. 2002). COX2
is an inducible enzyme which is elevated during inflammation, carcinogenesis and
pyrexia. COX2 is essential in female reproduction where it is involved in several
critical processes including ovulation, fertilization, implantation and decidualisation
(Lim et al. 1997). In mice, COX2 is expressed at the implantation site, but is hardly
detectable at the inter-implantation sites (Wang et al. 2007) and therefore contributes

with FAAH to the differential concentrations of AEA at these sites (Wang et al. 2007).

Table 1.1: Main effects of the endocannabinoid system on female fertility (Karasu et al.
2011)

Effects of low levels ECS Component Effects of high levels ‘
Embryo implantation AEA Miscarriage
Embryo development Pro-apoptotic mouse blastocyst

Induction of labour

Preterm birth
Miscarriage FAAH Embryo implantation
Embryo development
Ectopic pregnancy CB1 Oviductal transport
CB2 Embryo development
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1.10 ENDOCANNABINOIDS AND SEX STEROID HORMONES

In addition to the direct effects proposed for endocannabinoids on reproduction the ECS
also interacts with sex steroid hormones and cytokines to regulate reproduction

indirectly. These interactions are discussed in the following sections.
1.10.1 The Role of Progesterone

Progesterone (P4) is a steroid hormone produced predominantly after ovulation by the
corpus luteum and in pregnancy by the placenta. Its” major physiological functions are
in reproduction like ovulation, implantation and maintenance of a pregnancy (Graham,
Clarke 1997). Furthermore, P4 is involved in the lobular-alveolar development in the
mammary gland for milk secretion and mediates signals in the brain. Its primary action
is through the nuclear progesterone-receptor which is induced by estrogen (Graham,
Clarke 1997). This amplification by estrogen may be mediated through the estrogen
receptors which have been shown to up regulate the expression of progesterone
receptors.

It is well known that reproduction is dependent upon tight immunoregulation. Type-2
T-helper (Th2) cytokines promote fertility and type-1 T-helper (Thl) cytokines inhibit
fertility. P4 creates a suitable endometrial environment for implantation and maintains
the pregnancy by contributing to a protective immune milieu. Consequently, P4 induces
the production of the pro-fertility Th2 cytokines and inhibits the anti-fertility Thl
cytokines (Piccinni, Romagnani 1996). P4 stimulates leukaemia inhibitory factor (LIF)
release through IL-4, which has also been demonstrated to promote implantation and
pregnancy continuation (Maccarrone et al. 2001). Furthermore P4 is involved in the
maintenance of endocannabinoid levels. P4 up-regulates lymphocyte FAAH activity
through the transcription factor Ikaros (Maccarrone et al. 2001, Maccarrone et al. 2003)
and thereby decreases AEA levels in lymphocytes (Table 1.2) (Figure 1.6). P4 has a
minimal effect on EMT, NAPE-PLD and CB1 expression in lymphocytes (Maccarrone
et al. 2001, Maccarrone et al. 2003) but has been shown to down-regulate uterine
NAPE-PLD expression in mice, possibly leading to a decrease in uterine AEA levels
consistent with a decline in AEA levels in first trimester pregnancy (see earlier) (Guo et

al. 2005). Unexpectedly, the activity of uterine FAAH, localised in murine glandular
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and luminal epithelium, is also decreased below basal levels by progesterone which is

expected to lead to an increase in AEA levels (Maccarrone et al. 2000).

Changes in P4 levels and lymphocyte FAAH expression are well correlated during the
menstrual cycle (Lazzarin et al. 2004). This is in agreement with the previously
observed up-regulation of the FAAH gene by P4 (Maccarrone et al. 2003). However
there does not seem to be a correlation between plasma AEA levels and those of P4 in
normally cycling women (El-Talatini, Taylor & Konje 2010) and of pregnant women
during implantation and early pregnancy (El-Talatini, Taylor & Konje 2009). It has
therefore been concluded that plasma AEA in women is most likely not regulated by P4
(El-Talatini, Taylor & Konje 2009). However, the source of plasma AEA has not been
identified and we cannot rule out possible regulation of AEA by P4 in placenta or other

target tissues.

Table 1.2: Effects of progesterone and estrogen on the ECS in female fertility

Hormone Reproductive Process Effect on ECS
Progesterone Implantation = Increases FAAH through
Pregnancy maintenance transcription  factor Ikaros and
reduces AEA

* Increases LIF via IL4 and IL4
enhances FAAH activity

= Promotes pro-fertility Th2 cytokines
and thereby enhances FAAH activity

Estrogen Folliculogenesis = Stimulates NAPE-PLD activity and
Implantation inhibits FAAH activity and leads to
an increased AEA content in
endothelial cells
* Down regulates NAPE-PLD and
inhibits FAAH in uterine epithelium
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Figure 1.6: AEA-hormone-cytokine network.

AEA is removed from the extracellular space via the putative, not yet identified
endocannabinoid membrane transporter (EMT) and degraded by FAAH to arachidonic
acid (AA) and ethanolamine. Leptin promotes up regulation of the FAAH promoter via
signal transducer and activator of transcription 3 (STAT3) and thereby decreases AEA
levels. P4 up regulates the FAAH promoter via the transcription factor Ikaros. AEA
reduces LIF release via the CB1 Receptor.

1.10.2 The Role of Estrogen

Estrogens are steroid hormones which up-regulate the expression of many genes via

activation of estrogen receptors (ERa, ERp).

Estrogens are involved in reproduction, cardiovascular system, bone integrity and
cognitive function (Deroo, Korach 2006). Estrogens are produced primarily by
developing follicles and also by the corpus luteum in ovaries, and by the placenta.
Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) stimulate the
production of estradiol (E2) by the ovaries. Some estrogens are produced in smaller

quantities by other tissues such as the liver, adrenal glands, and the breasts. E2 modifies
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many responses and is known to increase prolactin secretion (Fink 1988) and to be

involved in the regulation of the ECS (Gorzalka, Dang 2012).

E2 stimulates NAPE-PLD activity and inhibits FAAH activity, causing the
accumulation of AEA in endothelial cells which then modulates the cardiovascular and
immune systems (Maccarrone et al. 2002). In contrast, uterine NAPE-PLD expression
(mRNA) is down-regulated by E2 suggesting a role in decreasing AEA levels (Guo et
al. 2005). NAPE-PLD activity correlates with uterine AEA levels (Guo et al. 2005). In a
separate study a decrease in mouse uterine FAAH activity was demonstrated by E2
(Maccarrone et al. 2000) (Table 1.2). The contradictory nature of these studies
demonstrate that it is difficult to speculate on the effects of E2 on AEA levels based
upon the expression of the ECS and that studies measuring the actual levels of AEA
may be more useful.

Circulating plasma AEA levels during the menstrual cycle of healthy women
demonstrated a positive correlation with E2 suggesting that E2 may be involved in the

regulation of AEA (El-Talatini, Taylor & Konje 2010) or that both AEA and E2 are co-
regulated by another factor. A positive correlation between E2 and AEA was also

demonstrated in non pregnant women after in-vitro fertilization and embryo transfer

(El-Talatini, Taylor & Konje 2009).

1.11  ENDOCANNABINOIDS AND CYTOKINES
1.11.1 The Role of Leukaemia Inhibitory Factor

Leukaemia inhibitory Factor (LIF), a member of the interleukin (IL) 6 family, plays
important roles in the immune, haematopoetic and reproductive systems (Smith,
Charnock-Jones & Sharkey 1998). Amongst its biological roles are cell proliferation,
differentiation and survival (Hilton 1992). Downstream signalling is triggered after
binding of the LIF receptor-f (LIF-Rp) to glycoprotein gp130 (Heinrich et al. 2003).
Signal transduction involves activation of several different pathways, but the main ones
are JAK/Stat, Src homology 2-domain-containing tyrosine phosphatase (SHP-2)/Ras/
extracellular signal regulated kinase (ERK) and phosphatidyl-inositol-3-kinase
(PI3K)/Akt pathways.
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LIF knockout mice are infertile due to failed implantation, however, LIF o embryos can
implant in wild type female mice or after supplementation with LIF to female LIF”"
mice (Stewart et al. 1992, Chen et al. 2000). Endometrial LIF and not embryonic LIF is
therefore critical for implantation. Interestingly, gp130 knockout mice also present with
failed embryo implantation (Ernst et al. 2001). In-vitro studies in mice have
demonstrated a role for LIF in blastocyst hatching, trophoblast outgrowth and
implantation of cultured mouse embryos (Lavranos, Rathjen & Seamark 1995, Cai, Cao
& Duan 2000). LIF expression has been detected in the human endometrium with a
peak LIF mRNA concentration in the luteal phase at the time of implantation
(Charnock-Jones et al. 1994, Kojima et al. 1994). Furthermore, LIF is expressed in
human fallopian tubes and may therefore be involved in blastocyst development (Keltz
et al. 1996). LIF-RB mRNA, but not LIF, has been demonstrated in human blastocysts
(Charnock-Jones et al. 1994).

IL1B and leptin up-regulate LIF-RB in human endometrium (Gonzalez et al. 2004).
Studies in cultured endometrial cells show that TNF-a, and IL6 also stimulate LIF
production (Laird et al. 1997). Addition of seminal fluid increases LIF expression in
human endometrial cells in-vitro (Gutsche et al. 2003). Furthermore, it is suggested,
that the human blastocyst is involved in the regulation of endometrial LIF expression
(Perrier d'Hauterive et al. 2004), whereby human chorionic gonadotrophin (hCG) has a
stimulating effect on LIF expression. LIF can stimulate hCG production by the
trophoblast (Nachtigall et al. 1996). LIF also enhances blastocyst development and
differentiation in-vitro (Dunglison, Barlow & Sargent 1996, Cai, Cao & Duan 2000).

LIF is involved in decidualisation as high LIF expression is detected in trophoblast and
placenta (Hilton 1992, Nachtigall et al. 1996, Laird et al. 1997, Sharkey et al. 1999).
Furthermore, LIF production by cultured endometrial tissue from women affected by
idiopathic infertility is lower than that of fertile women (Delage et al. 1995) and lower
levels of LIF are found in some women with recurrent miscarriage (Piccinni et al.
1998). Secretion of gpl130 is reduced in infertile women (Sherwin et al. 2002). LIF
levels in uterine flushings have been investigated as a predictor of successful
implantation. LIF levels decrease in the late luteal phase of the menstrual cycle (Laird
et al. 1997, Sharkey et al. 1999) and increased LIF levels are measured in women who

fail to conceive (Ledee-Bataille et al. 2002). A suggested explanation for a failed
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conception is a delayed LIF expression following a delayed development of the
endometrium.

T-lymphocytes play a significant role in implantation and successful pregnancy
(Piccinni et al. 1998); Type 2 T-helper (Th2) cytokines inhibit type 1 T- helper (Thl)
cytokine responses allowing the survival of the fetus (Piccinni, Romagnani 1996). Th2
cytokines such as interleukins IL-3, IL-4 and IL-10 stimulate trophoblast growth
through inhibition of natural killer cells. Thl cytokines like IL-2, IL-12 and interferon
(INF)-y damage the trophoblast through stimulation of natural killer cells and secretion
of tumour necrosis factor (TNF)-a. The ECS is thought to be involved in the
modulation of this immune system in human fertility. For example FAAH expression is
regulated by the Thl and Th2 cytokines (Maccarrone et al. 2001): IL-4 and IL-10
enhance FAAH activity whereas IL.-2 and INF-y reduce FAAH expression.

IL-2 inhibits the release of LIF and IL-4 stimulates its release (Maccarrone et al. 2001,
Maccarrone et al. 2002). AEA reduces the release of LIF from T cells via a CBI
receptor-dependent mechanism (Maccarrone et al. 2001, Brown 2007) and thereby

carries out its anti-fertility action (Figure 1.6).

P4 induces pro-fertility Th2 cytokines and stimulates LIF release through IL-4 (Piccinni
et al. 1998, Maccarrone et al. 2001). Treatment of women with the anti-progesterone
RU486 after ovulation reduces the LIF expression of the glandular epithelium but not in
the luminal epithelium or stromal cells (Danielsson, Swahn & Bygdeman 1997).
Furthermore RU486 was shown to have no effect on LIF expression in the fallopian
tube (Li et al. 2004). These results suggest that there are different regulatory

mechanisms in the different tissues.

LIF is essential for implantation and the ECS is involved in the modulation of the

immunological changes occurring during early pregnancy.
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1.11.2 The Role of Leptin

Leptin, a 16kDa helical cytokine, is a product of the obese gene (0b) (Zhang et al.
1994). 1t is produced by adipose tissue, ovary and the placenta (Henson, Castracane
2000, Reitman et al. 2001, Margetic et al. 2002) and was first described in relation to
food uptake and energy homeostasis (Friedman, Halaas 1998). Mutations in ob are
associated with obesity and pituitary dysfunction in humans (Clement et al. 1998).
Homozygous, knockout (ob/ob™) female mice are infertile though exogenous leptin can
restore their fertility (Chehab, Lim & Lu 1996). Therefore leptin has a critical role in
reproduction (Clarke, Henry 1999).

Leptin regulates the growth and development of the conceptus (Kiess et al. 1998) and
angiogenesis (Park et al. 2001, Bouloumie et al. 1998). The human leptin receptor
exists in long and short isoforms which couple to different signal transduction
pathways. The long isoform (OB-RI) couples to the Janus kinase 2 and signal
transducer and activator of transcription 3 (JAK2/ Stat3) signalling pathway (Tartaglia
1997) and the short isoform (OB—Rs) signals through the mitogen-activated protein
kinase (MAPK) pathway (Bjorbaek et al. 1997). Leptin and its receptors have been
located in human placental syncytiotrophoblast (Ashworth et al. 2000, Maymo et al.
2011) and the human endometrium (Gonzalez et al. 2000). Low leptin levels have been
found in women with spontaneous miscarriage in the first trimester (Lage et al. 1999).
Enhanced leptin secretion from the endometrium occurs in the presence of a blastocyst
in human. Therefore it seems that leptin is important for implantation (Gonzalez et al.
2000). Leptin stimulates the development of mouse embryos in-vitro (Kawamura et al.
2002). However, high levels of leptin also interfere with mouse embryo development
and zona pellucida hatching and cause apoptosis in blastocysts (Fedorcsak, Storeng

2003).

Leptin levels vary in relation to gender and body composition. For example, women of
reproductive age have higher serum levels than men (Hickey et al. 1996) and
postmenopausal women (Shimizu et al. 1997). Serum leptin levels also change during
the menstrual cycle with lower levels during the follicular phase compared with the
secretory phase (Hardie et al. 1997). Maternal serum leptin concentrations are greater

than in non pregnant women indicating that leptin may play a role in pregnancy
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maintenance. During early pregnancy leptin concentrations rise in conjunction with E2
levels (Hardie et al. 1997). E2 regulates leptin levels via the leptin promoter (Machinal
et al. 1999). Leptin concentrations correlate well with P4 levels during the luteal phase
of the menstrual cycle and with hCG concentrations during pregnancy (Hardie et al.
1997). Consequently, this suggests a relationship between obesity, leptin levels and
reproduction (Linne 2004, Henson, Castracane 2006, Metwally, Ledger & Li 2008).
Leptin concentrations in plasma are related to the amount of body fat (Considine et al.
1996, Hardie et al. 1997). Obese women undergoing IVF treatment have lower
conception rates (Wang, Davies & Norman 2000, Fedorcsak et al. 2004) and there is an
increased risk of early pregnancy loss with obesity (Fedorcsak et al. 2000, Wang,
Davies & Norman 2002, Maheshwari, Stofberg & Bhattacharya 2007). Weight
reduction before IVF treatment increases the chances for a successful pregnancy
(Fedorcsak et al. 2004). Successful appetite control and therefore reduction of obesity
has been demonstrated with the CB1 antagonist rimonabant (Leite et al. 2009) but there
is insufficient data available on the effects of this drug with regard to the reproductive
system. As a centrally acting CBI antagonist rimonabant showed unacceptable side
effects preventing further development and application as a weight loss drug. However,
CBI1 receptor blockers selective for peripheral receptors may achieve weight loss

without the adverse psychiatric effects (Christopoulou, Kiortsis 2011).

Leptin is also integrated into the regulation of the endocannabinoid-hormone-cytokine
network. It reduces the levels of AEA and 2-AG in the hypothalamus of ob/ob” mice
(Di Marzo et al. 2001b, Kirkham et al. 2002). Uterine AEA and 2-AG are up regulated
in ob/ob” mice due to reduced activity of EMT, FAAH and MAGL and increased
activity of DAGL. Normal endocannabinoid levels were rescued by treatment with
leptin (Maccarrone et al. 2005). These results suggest that leptin down-regulates the

endocannabinoid signalling.

In humans, leptin up-regulates the promoter region of the FAAH gene expression
through STAT3 signalling (Maccarrone et al. 2003) and concomitantly reduces AEA
levels in T cells (Figure 1.6). Consequently inhibition of LIF release by AEA is reduced
(Maccarrone et al. 2002).
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1.12 HYPOTHESIS

Endocannabinoids play a pivotal role in gametogenesis, early embryo development
including blastocyst maturation, oviductal transport, implantation and maintenance of
early pregnancy. Manipulating this system may be an effective way of interrupting
implantation leading to the development of new post coital contraceptives which would

be effective within five to six days of unprotected sexual intercourse.
This leads to the following hypotheses:

1. The anti-progesterone RU486 will elevate AEA levels during MTOP because
progesterone normally up-regulates FAAH leading to low levels of AEA pivotal
for successful implantation.

2. Exogenously administered AEA will prevent implantation.
These hypotheses were investigated independently:

a) The effect of RU486 on AEA levels were investigated in a cohort of women
undergoing a termination of pregnancy. If high AEA levels were indeed
detrimental to successful implantation and maintenance of pregnancy, then this
anti-progesterone should cause a rise in the AEA levels.

b) Secondly the effects of exogenously administered AEA to female rats following
mating were investigated on the basis that these will increase AEA levels in the

uterus and thus prevent implantation.

These hypotheses were tested by a series of experiments designed to answer these

specific questions in humans and rats:

1. Do plasma levels of AEA increase following the administration of RU486
during MTOP?
2. What are the effects of RU486 on the ECS in human trophoblast?

3. How do the changes (if any) in AEA levels relate to those of leptin which is
essential for pregnancy maintenance?

4. Does exogenously administered AEA prevent embryo implantation in rats?

5. What is the dosing window for successful post-coital contraception with AEA in

rats?
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Chapter 2

The Effect of the Anti-progesterone Mifepristone
(RU486) on Plasma Ethanolamides and Leptin in First

Trimester Pregnancy
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2.1 INTRODUCTION

Blastocyst implantation is a complicated process involving regulatory molecules like
sex steroids, proteases, growth factors and cytokines (Fitzgerald et al. 2005). The ECS
is also a key element involved in the synchronous development of the blastocyst and
endometrial receptivity required for a successful early pregnancy (Taylor et al. 2007).
It has been suggested that the correct “AEA tone” is important throughout the
reproductive process for successful implantation (Schuel 2006). P4 is an essential
steroid hormone for pregnancy maintenance and it participates in sustaining the correct
“AEA tone” by up-regulating the AEA degrading enzyme FAAH and thereby lowering
plasma AEA levels (Maccarrone et al. 2003). Leptin has been shown to participate in
implantation, placental development and fetal growth and development (Castellucci et
al. 2000, Henson, Castracane 2000). Leptin supports trophoblast cell proliferation
through the JAK-2 and STAT-3 pathways (Magarinos et al. 2007) and prevents
apoptosis by the mitogen-activating protein kinase (MAPK) pathway (Perez-Perez et al.
2008). Leptin together with progesterone interact with the ECS and reduces AEA levels
by up-regulation of the FAAH promoter (Maccarrone et al. 2003). This advocates a
cross-talk between cytokines, steroid hormones and the ECS. The studies in this part of
the thesis were to determine in women undergoing termination of pregnancy the effect
of the anti-progesterone RU486 on the plasma levels of the ethanolamides N-
arachidonoylethanolamine (AEA), N-oleoylethanolamine (OEA) and
palmitoylethanolamine (PEA) and serum leptin levels and to investigate the effect of
factors like ethnicity, gestational age and BMI on N-acylethanolamides (NAE) and

leptin levels.

2.2 MATERIAL AND METHODS
2.2.1 Subjects

These were women undergoing medical termination (study group) and those
undergoing surgical termination (control group) of pregnancy at the University
Hospitals of Leicester NHS Trust, at the Leicester Royal Infirmary. All women had a

pelvic ultrasound scan prior to the procedure to confirm gestational age and viability.
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All volunteers gave written informed consent to take part in the study. The study was
approved and conducted according to the guidelines of the Leicestershire and Rutland

Local Research Ethics Committee (Appendix 4).

2.2.2 Power Calculation

Data from previous publications by the Endocannabinoid Research Group (ERG) of the
University of Leicester and of other groups suggested that a minimum of 50 volunteers
in the study and 50 women in the control group were required to detect a minimum

difference of 20% in AEA levels for an alpha of 0.05 and a power of 80%.

2.2.3 Inclusion Criteria

These were as follows:

1. BMI<30 kg/m’
2. Accurately dated singleton pregnancy using ultrasound

3. Written informed consent

2.2.4 Exclusion Criteria

These were as follows:

1. Previous or current use of recreational drugs
2. Presence of any systemic disease like diabetes, hypertension
3. Smoker of more than 20 cigarettes a day

2.2.5 Chemicals

All chemicals and solvents were of high-performance liquid chromatography (HPLC)
grade. AEA, OEA, PEA, deuterated AEA (AEA-dS8), deuterated OEA (OEA-d2) and
deuterated PEA (PEA-d4) were purchased from Cayman Chemicals (Ann Arbor, MI,
USA). Each had a purity of >98%. HPLC grade water was obtained using a water
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purification system (Maxima ELGA, ELGA, High Wycome, UK). Acetonitrile,
chloroform, formic acid, ammonium acetate and methanol were obtained from Fisher
Scientific (Loughborough, UK). Polytetrafluoroethylene (PTFE) filters of 0.2 pm, 47
mm diameter and Oasis HLB solid phase extraction (SPE) cartridges (1cc, 30mg) were
purchased from Waters Ltd (Elstree, UK).

2.2.6 Preparation of Standards

Supplied stock solutions of AEA, OEA, PEA, AEA-d8, OEA-d2 and PEA-d4 were
dried under a gentle stream of nitrogen gas and reconstituted in acetonitrile to a
concentration of 5 mg/ml for AEA, OEA and PEA and 100 pg/ml for their deuterated
equivalents. All stock solutions were stored at -20°C. Further dilutions were made in
acetonitrile on ice on the day of analysis.

The preparation of AEA-dS, OEA-d2 and PEA-d4 (internal standard) is as follows:

A. Deuterated internal standards for calibration curves

1:25 dilution: 20ul 6.272 pmol/pul AEA-d8 + 20ul 6.272 pmol/ul OEA-d2 + 20ul 6.272
pmol/ul PEA-d4 + 440ul acetonitrile = 500ul 0.25 pmol/pl

B. Deuterated internal standards for sample extraction

1:100 dilution: 10ul 6.272 pmol/ul AEA-d8 + 10ul 6.272 pmol/ul OEA-d2 + 20ul
6.272 pmol/ul PEA-d4 + 960ul acetonitrile = 1000p1 0.06272 pmol/ul

2.2.7 Recruitment and Blood Sample Collection

Volunteers were recruited at the time of their first visit to the Fertility Control Clinic
when requesting a termination of pregnancy. An ultrasound scan was performed to date
the pregnancy. Those women opting for a medical termination of pregnancy were
recruited as the study group while those opting for a surgical termination were recruited
into the control group. Women were matched for age and their demographic
characteristics. Blood samples were collected from the clinic from both groups at the
time of their routine blood investigations.

A second blood sample was collected from those on the study group when they attended

the hospital for their RU486 medication. The blood sample was collected immediately
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prior to RU486 administration (200mg). A third blood sample was taken about 24 hours
later, just prior to the administration of Misoprostol, a prostaglandin (800ug).

For the control group, a second blood sample was taken on the day of their surgery, just
before the routine vaginal administration of prostaglandin (400ng). A third blood
sample was taken in the anaesthetic room before induction of general anaesthesia. A
final blood sample was collected in the recovery area approximately 10 min following

the STOP procedure.

On each occasion above approximately 8 ml was collected into EDTA monovettes for
plasma and into serum gel monovettes for serum. The blood samples were kept on ice

and transported to the analytical laboratory for processing within 60 min of collection.

2.2.8 Sample Processing

In the laboratory, the blood samples were centrifuged at 1200 x g for 30 min at 4°C to
separate plasma/ serum from blood cells. Plasma and serum were transferred into clean
7 ml Kimble scintillation vials (Kinesis, St. Neots, Cambs, UK). EC extraction was

either performed immediately or the samples were stored at -80°C for later analysis.

2.2.9 Extraction of AEA, OEA and PEA from Human Plasma

Solid phase extraction (SPE) was used to extract the EC from human plasma (Marczylo
et al. 2009). Plasma (0.5 ml) was spiked with 2.5 pmol/ml AEA-d8, 2.5 pmol/ml OEA-
d2 and 5 pmol/ml PEA-d4 internal standards and diluted to 1 ml with deionized water.
All samples were vortexed thoroughly for 10s. The samples were loaded onto Oasis
HLB 1 cc cartridges (Waters UK Ltd) which had been preconditioned with 1 ml of
methanol followed by 1 ml of distilled water. The samples were drawn through the
cartridges under gentle vacuum at a flow rate of approximately 1 ml/min using a
Vacmaster vacuum manifold (Biotage, Uppsala, Sweden). Cartridges were washed with
1 ml of 40% aqueous methanol and the EC were eluted in 1 ml of acetonitrile. The
eluant was evaporated under a gentle stream of nitrogen. The dried extract was
reconstituted in 80ul of acetonitrile and transferred to an HPLC vial. Quantification of

AEA, OEA and PEA was achieved using Ultra Performance Liquid Chromatography-
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Tandem Mass Spectrometry (UPLC-MS/ MS, Waters Ltd) (Lam et al. 2008, Marczylo
et al. 2009, Marczylo et al. 2010).

2.2.10 Construction of Calibration Curves

Seven point calibration curves were prepared in triplicate from stock solutions in
acetonitrile (ACN) on ice. The concentration ranges for AEA and OEA were 0.2375-19
pmol/ml and 0.9-76 pmol/ml for PEA. Standards were spiked with deuterated internal
standards (IS, 2.5 pmol of AEA-d8, OEA-d2 and PEA-d4). The serial dilutions of AEA,
OEA and PEA were conducted as shown in Table 2.1.

Table 2.1: Serial dilutions of stock solutions of AEA, OEA and PEA

Standards Serial Dilution NAE Concentration
AEA, OEA
A 200 pl stock' +200 ul ACN 1 uM 4 uM
B 100 pl A +900 ul ACN 100 nM 400 nM
C 200 pl B+ 300 ul ACN 20 nM 80 nM
D 500 ul C + 500 pul ACN 10 nM 40 nM
E 500 ul D + 500 pl ACN 5nM 20 nM
F 400 pl E + 600 ul ACN 2nM 8 nM
G 500 ul F + 500 ul ACN 1 nM 4 nM
H 500 ul G + 500 pl ACN 0.5 nM 2nM
I 500 ul H + 500 pl ACN 0.25nM 1 nM

"1 ml stock solution of 2 uM AEA, 2 uM OEA and 8 uM PEA (MM) was prepared
from 20pul 100 uM AEA + 20ul 100 pM OEA + 80ul 100 uM PEA + 880ul acetonitrile
(ACN).

38



Standard curves were conducted in triplicate. Each replicate was from a separate serial
dilution. 190ul of standard (C-I) was transferred to an HPLC vial and 10ul of 0.25
pmol/ul AEA-d8, OEA-d2 and 0.5 pmol/ul PEA-d4 added. Following UHPLC-MS/MS
analysis, linear regression analysis was used to establish the slope, intercept and
coefficient of correlation of the calibration lines of concentration versus relative

response ([peak area endocannabinoid] / [internal standard (IS) area/ IS concentration]).

2.2.11 Stability of Endocannabinoids in Human Blood

One concern with respect to EC measurement is that EC concentrations may change in
proportion to processing time. To examine the effect of processing time on the
concentrations of the EC, whole blood samples were divided into 4 identical aliquots.
The aliquots were centrifuged and EC extracted at different time points: immediately,

30, 60 and 120 min after collection.

The stability of AEA, OEA and PEA in human plasma during storage at -80°C was also
examined in samples after a single freeze-thaw cycle. One aliquot was processed on the
day of sample collection and 3 other aliquots were stored at -80°C. After 1 week, 2
weeks and 4 weeks of storage the aliquots were thawed on ice, and EC extracted as
described above and analysed. Values from the day of sample collection were compared
with the values obtained after one freeze-thaw cycle and the stability expressed as the

percentage change in concentration.

2.2.12 Quantification of AEA, OEA and PEA

Quantitative analysis of AEA, OEA and PEA was performed using an ultra high
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/ MS)
system comprising an Acquity UHPLC connected to a Quattro Premier tandem mass
spectrometer (Waters Ltd.) The column, an Acquity UPLC BEH C;s (92.1 x 50 mm, 1.7
um) was maintained at 40°C. The mobile phases comprised A (2mM ammonium
acetate containing 0.1% formic acid) and B (acetonitrile containing 0.1 % formic acid)
and were filtered through 0.2 um PTFE filters prior to use. LC gradient conditions
were: 0-0.5 min, 20% B; 2.5 min, 100% B; 3.5 min, 20% B and then re-equilibrated at
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20% B until 4 min. Samples were maintained at 4°C. Tandem electrospray mass
spectrometry in positive ion mode (ES") was used to quantify the analytes of interest in
multiple reaction monitoring (MRM) mode. Source parameters were as follows:
capillary voltage of 1 kV, cone voltage 21 V, source temperature 120°C, desolvation
temperature 440°C, cone gas flow 49 L/ h and desolvation gas flow 800 L/ h.
Subsequently, MS/MS conditions for monitoring each precursor [M+H]" ion included
entry, collision and exit energies of 6, 16 and 2eV, respectively. MRM mode was used
to monitor product ions with mass transitions employed as follows: AEA (m/z
348.25>61.9), AEA-d8 (m/z 356.25>62.9), OEA (m/z 326.5>61.9), OEA-d2 (m/z
328.2>61.9), PEA (m/z 300.5>61.9) and PEA-d4 (m/z 304.2>61.9). Samples and
standards (7pul) were injected with the needle overfill preference. 7-point calibration
curves in triplicate were performed. Peaks from standards and analytes were integrated
using Masslynx software version 4.1 (Waters Inc., Milford, MA). Quanlynx software
(Waters Inc.) and the concentrations of AEA, OEA and PEA were determined using

calibration curves of concentration against relative response using the formula:

Peak area
(IS area/[IS))

relative response (y) =

Peak area= the peak area of AEA
IS area= the peak area of the AEA-d8 internal standard

[IS]= the concentration of the internal standard

2.2.13 Quantification of Serum Leptin Concentration

Blood samples were taken from women attending for MTOP and serum extracted by
centrifugation as described above. Serum leptin concentrations were measured using a
solid-phase sandwich enzyme-linked immunosorbent assay (ELISA) for total leptin
(Invitrogen, California, USA Cat. No KAC2281). All samples were measured in
duplicate and the content of leptin was calculated from a standard curve generated for
each plate with recombinant leptin. The minimal detectable level of leptin for this assay

was 3.5 pg/ml. The intra-assay and inter-assay precision were 3% and 3.9%,
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respectively. The serial dilutions employed to generate the standard is shown in Table
2.2.

Serum samples were diluted to 1:100 with Standard Diluent Buffer and mixed well.
100pul of the standards and samples were pipetted into the microtiter wells, which were
coated with a monoclonal antibody specific to human leptin. This was followed by
100u1 of the secondary biotinylated monoclonal anti-human leptin antibody. During the
2 hour incubation the leptin binds to the immobilised human leptin antibody and is also
bound by secondary antibody. Following washing to remove any excess secondary
antibody, 100ul of Streptavidin-Horse Radish Peroxidase (HRP enzyme) was added to
each well except the blank well which was followed by an incubation of 30 min to
allow Streptavidin-HRP to bind to the biotinylated antibody. Unbound streptavidin was
removed with washes and 100ul of stabilized chromogen was added to each well and
left for 30 min. The stabilized chromogen is biotransformed by the bound enzyme and
produces colour. The intensity of the colour in each well is proportional to the
concentration of leptin in the sample. Finally 100ul of the STOP solution was added to
each well. The absorbance was read by a plate reader at 450 nm. The values obtained

were multiplied by 10 to correct the 1:100 dilution.

Table 2.2: Human leptin standard curve

Human Leptin Reconstituted Standard Standard Diluent Buffer

1000 pg/ml 100pu1 resuspended standard 900pu1
500 pg/ml 300l of 1000 pg/ml 300l
250 pg/ml 300l of 500 pg/ml 300l
125 pg/ml 300pul of 250 pg/ml 300l
62.5 pg/ml 300l of 125 pg/ml 300l
31.2 pg/ml 300pul of 62.5 pg/ml 300l
15.6 pg/ml 300pl of 31.2 pg/ml 300l

0 pg/ml 0 300l
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2.2.14 Statistical Analysis

Statistical analyses were performed using GraphPad Instat version3, Graphpad
Software, San Diego, California, USA. The data is presented as mean + SEM. A p-

value <0.05 was considered statistically significant.

2.3 RESULTS

2.3.1 Stability of NAEs in Human Blood and the Consequences of
Sample Handling

AEA, OEA and PEA concentrations were measured in plasma and serum from the same
volunteers and no significant difference was found between them (Table 2.3).
Consequently, all further studies measured the AEA, OEA and PEA concentrations in

plasma alone.

There were no differences in AEA, OEA and PEA plasma values, irrespective of
whether the blood samples were centrifuged at 4°C or 20°C (Table 2.4). It was
therefore decided to centrifuge all samples at 4°C, as done in previous studies by the

Endocannabinoid Research Group.

Table 2.3: Plasma NAE levels in plasma and serum

Analyte Plasma Serum p-value

AEA (nM) 0.8+0.05 0.8+0.07 0.982
OEA (nM) 4.38+0.27 4.42+0.26 0.7249
PEA (nM) 4.72+1.39 4.03+1.26 0.09

Data are presented as mean =SEM, p-values were calculated using paired Student’s t-
test (n=10)
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Table 2.4: Plasma NAE levels and the effects of centrifugation temperature

Analyte 4°C 20°C p-value

AEA (nM) 1.10.23 0.83+0.12 0.089
OEA (nM) 4.52+0.40 3.47+0.33 0.116
PEA (nM) 4.510.99 3.79+1.34 0.265

Data are presented as mean +SEM, p-values were calculated using paired Student’s t-
test (n=6).

When whole blood samples were kept on ice prior to centrifugation, there was a non-
significant, time-dependent increase in the plasma levels of AEA, OEA and PEA after
30 and 60 min compared to samples processed immediately. AEA, OEA and PEA
levels after keeping on ice for 120 min were significantly higher than samples
processed immediately (p=0.0002, p=0.018, p=0.041, respectively) (Table 2.5).
Consequently, all blood samples in the following studies were processed within 1 h of

sample collection.

Concentrations of AEA, OEA and PEA did not change significantly after a single
freeze-thaw cycle over 2 weeks storage at -80° C. However, there was a significant
variation in the concentrations of AEA, OEA and PEA after 4 weeks storage at -80° C.
AEA levels rose significantly (p=0.0059) while OEA and PEA levels declined after 4
weeks storage (p=0.0013 and p=0.0185). It was therefore recommended that storage of

plasma samples should not exceed 2 weeks before processing.

Table 2.5: The effect of blood processing time on plasma NAE concentrations

Analyte 0 min 30 min 60 min 120 min p-value

AEA (nM) 0.47+0.11  0.67+0.08 0.61+£0.09  0.86 £0.07***  *¥%(.0002

OEA (nM) 2.91+40.64  3.55+0.54 3.78+0.49 3.90+0.50* *0.018

PEA (nM) 3.86+0.68 5.1+0.99 5.31£1.27 6.06+1.53* *0.041

Data are presented as mean =SEM, p-values were calculated using the paired one way
analysis of variance (ANOVA) test with Bonferroni ad hoc post test (n=7, 5 and 5,
respectively for AEA, OEA and PEA).
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2.3.2 Concentrations of AEA, OEA and PEA in healthy First

Trimester Pregnancies

113 patients attending the LRI for a termination of pregnancy were recruited for this
study at their first clinic visit. The demographic characteristics of the women are
summarised in Table 2.6. Of these, there were 68 Whites, 31 Asians, 9 Black Africans

and 5 of mixed ethnicity as shown in Figure 2.1.

Table 2.6: Characteristics of women recruited prior to termination of pregnancy

Mean (range)

Number (n) 113
Age (years) 26.9 (15-43)
BMI (kg/m”) 24.3 (18.0- 29.6)
Parity 1.1 (0-6)
Gestation at recruitment (days) 54.9 (35-73)
Gestation at procedure (days) 61.1 (39-84)
Interval between clinic and procedure (days) 5.8 (1-16)
Ethnicity

EWhite ®mAsian m®Black African = Mixed

8% 4%

28%

60%

Figure 2.1: The percentage of different ethnicities recruited in clinic.
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Additionally eight women with a BMI>30 kg/m* were recruited to allow for the
examination of the effect of weight on NAE levels. Their mean age was 30 years (range
23-42) with a mean BMI of 33.0 kg/m” (range 30-35) and a mean gestation at the first
clinic visit of 56.4 days (range 35-81).

The mean plasma concentrations, SEM and 95 % Confidence Interval (95% CI) of
AEA, OEA and PEA of women with a BMI<30 kg/m’ are shown in Table 2.7.

There was no significant correlation between NAE plasma levels and gestational age in
women attending clinic for TOP independent of ethnicity (AEA: R*=0.0018; p=0.65,
OEA: R’=0.0018; p=0.1572, PEA: R’= 0.0086; p=0.4412) (Figure 2.2).

Likewise, when all non Caucasian women were excluded from the data, there was no
significant increase in AEA, OEA and PEA concentrations with increasing gestational

age (AEA: R*=0.011; p=0.4, OEA: R*=0.0267; p=0.2 and PEA: R*=0.011; p=0.5).

There was a significant positive correlation between plasma concentrations of AEA and

OEA (R*=0.4983; p<0.0001) and OEA and PEA (R*=0.076; p=0.0189) (Figure 2.3).

Table 2.7: Concentrations of AEA, OEA and PEA in human plasma during first
trimester pregnancy

Analyte n Mean SEM 95% CI

AEA (nM) 113 0.53 0.02 0.48-0.57
OEA (nM) 111 3.27 0.12 3.02- 3.51
PEA (nM) 74 7.75 0.41 6.94- 8.57

All samples were measured in duplicate.
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Figure 2.2: Correlation between plasma AEA, OEA and PEA levels and gestation.

There was no correlation between NAE levels and gestational age (linear regression
analysis).
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Figure 2.3: Correlation between plasma concentrations of AEA, OEA and PEA.

There was a significant positive correlation between plasma concentrations of AEA and
OEA as well as OEA and PEA (linear regression analysis).
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2.3.3 Ethnicity and Plasma Concentrations of NAEs

Gestational age was not significantly different in the different ethnic groups (p=0.1881)
(Table 2.8). Plasma AEA levels were significantly higher in women of Asian and Black
African decent compared to White women (p=0.01 and p=0.0003, respectively). Plasma
OEA levels were higher in Black African women compared to White women, but this
was not statistically significant (p=0.2). Plasma PEA levels did not show any significant

differences between the three different ethnic groups (p=0.8) (Figure 2.4).

Table 2.8: Ethnicity and gestational age at recruitment

Ethnicity (n) Gestation in days (range) ‘
White (68) 55.2 (35-78)
Asian (31) 53.4 (40-69)
Black African (9) 59.1 (42-67)

Data is presented as mean (range).
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Figure 2.4: Ethnicity and plasma NAE levels.

Plasma AEA levels were significantly lower in white women compared to Asian and
Black African women (p=0.01 and p=0.0003). Plasma OEA and PEA were not
significantly different in different ethnic groups (One Way ANOVA with Bonferroni
post hoc test for AEA, OEA and PEA).
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2.3.4 BMI and Plasma Concentrations of NAEs

Plasma AEA levels were statistically higher in women with a BMI>30 kg/m® compared
with women with a BMI<25 and a BMI of 25-30 kg/m* (p=0.007). Furthermore, plasma
OEA levels of obese women were higher than in those women with a BMI<25 and a

BMI of 25-30 kg/m* (p=0.029 and p=0.016). Plasma PEA levels did not significantly
change with BMI (Figure 2.5).
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Figure 2.5: BMI and Plasma NAE levels.

Plasma AEA and OEA levels were statistically higher in women with a BMI>30 kg/m’
compared to women with a BMI<25 and BMI 25-30 kg/m’. Plasma PEA levels were
not significantly different (One way ANOV A with Bonferroni post hoc test).

2.3.5 Plasma NAE Concentrations in Women attending for STOP

Fifteen White women attending the day surgical unit (DSU) for surgical termination
provided serial blood samples. The first blood sample was taken when they arrived at
the DSU and before receiving misoprostol. The second blood sample was taken in the

anaesthetic room before the administration of an anaesthetic agent and 1-4 h after
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receiving misoprostol and the last in the recovery room following removal of products

of conception. The demographic data of this cohort of women are presented in Table
2.9.

There was a significant increase in plasma AEA levels between the first blood sample
and that taken in the anaesthetic room (p=0.0284). AEA levels fell thereafter, but this
was not statistically significant. Likewise OEA levels significantly increased in the
anaesthetic room and declined after the procedure. Plasma OEA levels were
significantly higher in the recovery room when compared to those on the DSU
(p<0.0001). Higher plasma PEA levels were also measured in the anaesthetic room,

however, this was not statistically significant (p=0.68) (Figure 2.6).

In order to evaluate the relevance of these observations to pregnancy, 6 healthy non-
pregnant women in the reproductive age group who attended DSU for a diagnostic
laparoscopy due to pelvic pain were recruited and serial bloods were collected for AEA,
OEA and PEA quantification. These were: on arrival to DSU, in the anaesthetic room
and 5-10 min after the procedure in the recovery room. Plasma AEA, OEA and PEA
levels increased in the anaesthetic room and decreased in the recovery room, but this

was not statistically significant (p=0.454, p=0.052 and p=0.06) (Figure 2.6).

Table 2.9: Characteristics of women attending DSU for serial blood tests

Mean (range) ‘

Number (n) 15

Age (years) 23 (15-43)
BMI 22.9 (18.1-29.4)
Gestation at recruitment (days) 59 (41-77)
Gestation at procedure (days) 68 (57-85)
Interval between clinic and procedure (days) 7.2 (1-20)

49



pregnant women non-pregnant women
0.8+

1.5
S os s
- = _
p o 1.0 _l_
€ o4 g e |
(1] -
E g E : I
7] = -
8 0.2 S
o e ﬁ-
0.0- T T ':-:.\:T:. : T
DsSU anaesthetic room recovery room DsU anaesthetic room recovery room
A *p=0.0284 D p=0.454
L ok 1
6 I' Fkk 4 ; 84
e ——
s e e =3
E ] S £ |
- < e
p ﬁ-iﬁ w e |
2 Sy = R
g 24 %Em-} % e
£ z e £ ﬁ-.-.-.-.-ﬁ
e
: e oo
= T T B T
DsuU anaesthetic room recovery room DSU anaesthetic room recovery room
B **p=0.0001 E p=0.052
20+
20+ —I—
= [ . T T T
£ e z e
e © e
g e % e
N 8 :-Q-N-H::-:ﬁ
K o "
a e e
e
L} T
anaesthetic room recover'y — DSU anaesthetic room recovery room
C F p=0.064

Figure 2.6: Serial plasma concentrations of AEA, OEA and PEA in pregnant (n=15)
and non pregnant women (n=6) with White ethnicity.

A significant increase in AEA (A) and OEA (B) levels were observed in pregnant
women between arrival at DSU and in the anaesthetic room (p=0.0037 and p<0.0001).
The OEA plasma levels (B) were significantly higher in the recovery room than on
DSU (p<0.0001). PEA levels (C) showed no statistically significant changes (p=0.06).
In the non pregnant women AEA (D), OEA (E) and PEA levels (F) did not show any
statistical significance (p=0.454, p=0.052 and p=0.064) (n=6) (repeated measures one
way ANOVA with Bonferroni post hoc test) and were not statistically different to the
pregnant women.
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In order to evaluate the relevance of intravaginal misoprostol used for cervical ripening,
we recruited 6 White women attending DSU for STOP where misoprostol was omitted
and serial blood samples were taken as described above. The mean age was 31 (21-38)

years and the mean BMI was 23.6 (19.8-30) kg/m’>. The mean gestational age at
procedure was 66 (54-77) days.

In the women not receiving misoprostol, plasma AEA, OEA and PEA levels increased
between arrival at DSU and in the anaesthetic room, however this was only statistically
significant for OEA levels (p=0.0014). The AEA levels dropped significantly in the

recovery room after surgery (p=0.02). The PEA levels did not show any significant
changes (Figure 2.7).
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Figure 2.7: Serial NAE plasma concentrations.

Plasma AEA, OEA and PEA levels in 6 pregnant women without the use of
intravaginal misoprostol prior to surgery. Plasma AEA levels in the anaesthetic room
were significantly higher than in the recovery room (p=0.02), whereas OEA levels
taken on DSU were significantly higher than in the anaesthetic room (p=0.0014)
(repeated measures One way ANOV A with Bonferroni post hoc test).
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With regards to ethnicity, plasma AEA and PEA concentrations were consistently
higher in Asians (n=5) compared to White women (n=15) but these were not

statistically significant (p>0.05) (Figure 2.8). No Black African women were recruited
into this study.
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Figure 2.8: Plasma AEA levels in White and Asian women attending for STOP.
Plasma AEA and PEA levels were higher in Asian compared to White women, but not
reaching statistically significance (p>0.05) (Two way ANOVA with Bonferroni post

hoc test).

Women with a BMI greater than 30 kg/m® (n=4) had significantly higher AEA
concentrations on DSU compared to women with a BMI lower than 30 kg/m® (n=22)
(p<0.05). The difference was even more significant when AEA levels were taken in the
anaesthetic room and in the recovery room (p<0.01). OEA levels did not show any
significant difference and PEA levels are not determined in a large enough sample set

for analysis (Figure 2.9).
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Figure 2.9: Serial blood tests in women with STOP with a BMI<30 and BMI>30
kg/m’.

AEA levels in women with a BMI>30 kg/m* were significantly higher than in women
with a BMI<30 kg/m* when taken in DSU (p<0.05), anaesthetic room (p<0.01) and
recovery room (p<0.01). OEA levels were not significantly different in women with
BMI>30 kg/m* compared to women with a BMI<30 kg/m’. The time difference was
significant for AEA (p=0.0003) and OEA (p=0.0004) (Two-way ANOVA with
Bonferroni post hoc test).

2.3.6 Plasma NAE Concentrations of Women attending for MTOP

Sixty eight women undergoing MTOP were recruited. Their demographic
characteristics are shown in Table 2.10. Plasma AEA, OEA and PEA levels increased
one day after the administration of RU486, but this was only significant for AEA and
PEA values (p=0.005 and p=0.025) (Figure 2.10).
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Table 2.10: Demographics of women attending for MTOP

Ethnicity White Asian Black African
Number (n) 48 15 5
Age (years) 26 (16-41) 26 (18-40) 28 (22-39)
BMI (kg/m”) 23.2 (18-30)  22.8(18-28) 26.1 (23-28)
Gestation at recruitment (days) 49 (35-63) 47 (31-57) 51 (42-61)
Gestation at procedure (days) 54 (44-64) 52 (44-59) 56 (49-62)
L *% ]

1.5- ' ' 8-
< <
w ]
< O 4
© ]
Eos E
K} 8 24
a [ H a 1 L

0.0 0

before RUA486 after RUA486 before RU486 after RU486
p<0.01 p>0.05
*
251 I ]
< 20- —
£
< 15-
o
S 10-
(1]
1]
o 54
. 1 i
before RU486 after RU486
p<0.05

Figure 2.10: Plasma NAE concentrations in all women with BMI<30 kg/m® (n=68).
Plasma AEA and PEA levels increased significantly 1 day after RU486 (p=0.005 and
p=0.025 respectively), (Wilcoxon matched-pairs signed rank test).
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2.3.6.1 Ethnicity and Plasma Concentrations of AEA, OEA and PEA
in Women undergoing MTOP

Figure 2.11 shows differences in the NAE levels in women attending for MTOP based
on their ethnicity. Black African women had significantly increased plasma AEA and
OEA levels than White or Asian women (p<0.01 and p<0.05). Plasma AEA levels in
White women increased significantly after RU486 administration (p=0.038); in Asian
women plasma AEA and PEA levels increased significantly (p=0.015 and p=0.014)

whereas in Black African women there were no significant changes.
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Figure 2.11: Plasma NAE levels before and one day after RU486 in women of different
ethnicities.
(Two-way ANOVA test with Bonferroni post hoc test) (*p<0.05, **p<0.01)
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2.3.6.2 Serial Plasma NAE Concentrations after RU486

Twenty three women agreed to have an additional blood test one hour after the
administration of RU486. Their demographic data are shown in Table 2.11. Plasma
AEA levels dropped slightly one hour after RU486 but increased significantly one day
later (p=0.0006) whereas OEA levels did not change significantly and PEA levels
increased after both one hour and one day (p=0.044) (Figure 2.12). However, when
only women of White and Asian ethnicity with a BMI<30 kg/m* were included (n=18)
AEA, OEA and PEA levels increased significantly after RU486 (p=0.0005, p=0.02 and
p=0.0073) (Figure 2.13).

Table 2.11: Demographics of women with serial blood tests after RU486

Mean (range)

Number (n) 23

Ethnicity White n=16 Asiann=6 Black African n=1
Age (years) 29 (19-41)

BMI (kg/m”) 24.9 (19.2-33.9)

Gestation at procedure (days) 53 (44-63)
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Figure 2.12: Serial plasma NAE concentrations after RU486.

Plasma AEA levels before and 1 hour after the administration of RU486 were
significantly lower than 1 day after RU486 (p=0.0006). Plasma PEA levels were also
lower before the administration of RU486 than 1 day later (p=0.044) (paired one way
ANOVA analysis with Bonferroni post hoc test).
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Figure 2.13: Serial plasma NAE concentrations after RU486 of White and Asian
women with a BMI<30 kg/m’.

Plasma AEA, OEA and PEA levels were significantly lower before than 1 day after the
administration of RU486 (p=0.0035, p=0.02 and p=0.0073, respectively). Plasma AEA
levels 1 hour after the administration of RU486 were also significantly lower than 1 day
later (p=0.0005) (paired one way ANOV A analysis with Bonferroni post hoc test).
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There were seven White women with a BMI<30 kg/m”* who had an additional blood

sample after expulsion of the products of conception. Plasma AEA, OEA and PEA

levels did not change significantly in this cohort of women (p=0.57, p=0.47 and p=0.2)
(Figure 2.14).

1.0+
[ |
S 0.8+
=
< 06 ° ﬁ'.— “a
w ) A
R — e .
©
c 0.44 I
8 °® A
[an 0.24
0.0 T T — -
before RU486 1d after RU486  after tissue expulsion
blood samples
5_
j 31 AA
s —4
3 o = —
= 2 ~ " AA
< )
o 14
0] T T . v .
before RU486 1d after RU486 after tissue expulsion
blood samples
15+
A
= [ )
L | |
2 ——
©
g 5 ° [
© u A
o
o0
0]

]
before RU486

I I
1 d after RU486 after tissue expulsion
blood samples

Figure 2.14: Plasma NAE concentrations after RU486 (n=7).
There were no significant differences in plasma AEA, OEA and PEA levels before and
1 day after RU486 and after tissue expulsion (paired one way ANOV A analysis).
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2.3.6.3 The Effect of Gestational Age on RU486-induced NAE

Concentrations in Women undergoing MTOP

Sixty eight women provided blood samples before and 1 day after the administration of
RU486. 12 women were 6 weeks gestation, 28 at 7 weeks and 28 at 8 weeks pregnant at
the time of procedure. Plasma AEA, OEA and PEA levels varied with gestation, but

this was not statistically significant (Figure 2.15).
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Figure 2.15: Plasma NAE levels and gestational age of women undergoing MTOP.
There was no significant difference in Plasma AEA, OEA and PEA levels before and
after the administration of RU486 in women with different gestational ages (Two-way
ANOVA with Bonferroni post hoc test).

2.3.7 NAE Concentrations in Women attending for STOP and MTOP

For this arm of the study 36 women who attended for MTOP and 36 who had STOP
were recruited. They were all White women with a BMI<30 kg/m* who were matched
for age, BMI and gestational age. Their demographic characteristics are shown in Table
2.12. Plasma NAE levels from the clinic and when they attended the ward were
compared. Plasma AEA, OEA and PEA levels did not change significantly between the
two groups (Figure 2.16).
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Table 2.12: Demographics of matched women undergoing MTOP and STOP

MTOP (n=36) STOP (n=36)
Age (years) 26 (16-43) 27 (16-42)
BMI (kg/m’) 23.1(19.8-29.6) 23.5(18.1-29.4)
Gestation in clinic (days) 52 (42-62) 55 (38-65)
Gestation on ward (days) 57 (50-63) 61 (53-67)
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Figure 2.16: Plasma NAE levels of women attending for MTOP or STOP.

There was no significant difference in the plasma NAE levels (p>0.05) (Two-way
ANOVA test with Bonferroni post hoc test).
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2.3.8 Plasma Leptin Levels in Women undergoing MTOP

Typical results for a standard curve for human leptin are shown in Table 2.13 and

Figure 2.17.

Table 2.13: Standard curve for human leptin

Standard Human Leptin (pg/ml)

Optical Density (450nM)

1000 2.37
500 1.3
250 0.7
125 0.36
62.5 0.22
31.2 0.17
15.6 0.14
0 0.1
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Figure 2.17: Standard curve of human leptin
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Forty-nine women had additional blood samples taken for the analysis of leptin levels.
The demographic data of these patients are shown in Table 2.14. There was no
significant difference in serum leptin levels between White and Asian women (p=0.139)
(Figure 2.18). No significant correlation between serum leptin levels and gestation
(p=0.66) and or BMI (Figure 2.19) could be established. Overweight and obese White
women had significantly higher leptin levels compared to White women with a normal

BMI throughout the first trimester (p<0.0001) (Figure 2.18).

Table 2.14: Demographic data of women with leptin results

Mean (range)

Ethnic groups White Asian
n=37 n=12
Age (years) 26 (16-42) 26 (18-33)
BMI (kg/m’) 24.5 (19.5-35) 22.2 (18-28)
Gestation on ward (days) 54.4 (44-63) 52.2 (44-58)
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Figure 2.18: Serum leptin levels and ethnicity and gestation.

(A) No significant difference in serum leptin levels was seen in White and Asian
pregnant women (Mann-Whitney U-test).

Correlation of leptin levels and gestation: (B) All patients with leptin results (n=49), (C)
patients divided according to their BMI with BMI<25 kg/m* and BMI>25 kg/m’. No
significant correlation was found between serum leptin levels and gestation (BMI<25
kg/m’: p=0.42, R*=0.039; BMI>25 kg/m’: p=0.82 R’=0.004). However women with a
BMI>25 kg/m” had significantly higher serum leptin levels when compared to women
with a BMI<25 kg/m” (p<0.0001) (linear regression analysis).

There was a significant positive correlation between serum leptin levels and BMI
(p<0.0001) as well as plasma AEA levels and BMI (p=0.012) (Figure 2.19). However
no significant correlation between serum leptin and plasma AEA, OEA or PEA levels
could be identified (Figure 2.20). Women with a BMI<30 kg/m” were included in the
analysis of leptin levels before and 1 day after RU486 administration. No significant
differences were seen in leptin levels before and after RU486 either in the full cohort or

when data for White or Asian women were analysed separately (Figure 2.21).
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Figure 2.19: Correlation of serum leptin and BMI and plasma AEA and BMI.
There is a positive significant correlation of serum leptin levels and plasma AEA levels
with BMI (p<0.0001 and p=0.012, respectively) (linear regression analysis).
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Figure 2.20: Correlation of serum leptin and plasma AEA, OEA and PEA levels.
Plasma AEA, OEA and PEA levels did not show a significant correlation with serum
leptin levels (n=48) (linear regression analysis).
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Figure 2.21: Serum leptin levels before and after RU486 in (A) all women (B) White
women only and (C) Asian women only.

All women had a BMI <30 kg/m’. No significant difference in leptin levels before and 1
day after RU486 were identified. (A), (B) Wilcoxon matched pairs signed rank test; (C)
paired t-test.
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2.4 DISCUSSION

The ECS plays a critical role in implantation and successful pregnancy for example,
elevated plasma AEA levels (Habayeb et al. 2008) and reduced FAAH activity in
lymphocytes (Maccarrone et al. 2000b) are associated with subsequent spontaneous
miscarriage. Plasma AEA levels have been shown to fluctuate throughout pregnancy
with lower levels in the first and second trimester, followed by an increase in the third
trimester and a 2-4 fold increase with the onset of labour (Habayeb et al. 2004, Lam et
al. 2008). In this study, there was no significant correlation between maternal plasma
NAE levels and gestational age between 5 and 11 weeks, in contrast to published data
where the plasma AEA levels decreased in the first trimester (Habayeb et al. 2004, El-
Talatini, Taylor & Konje 2009) and FAAH activity in peripheral lymphocytes are
increased in normal healthy pregnancies (Maccarrone et al. 2002). The latter

observation suggests AEA levels should decline until 10 weeks and thereafter increase.

The women in this study came from different ethnic backgrounds. When ethnicity was
examined as a variable it was found that Black African and Asian women had
significantly higher AEA levels compared to White women (Figure 2.4). OEA and PEA
levels were also higher in Black African women compared to White women but this
was not statistically different. It would seem that the ethnicity should be taken into
consideration when interpreting NAE in pregnancy. Even when women of different
ethnicity were examined independently a reanalysis of the gestational age data did not
show a significant change in NAE levels with increasing gestational age. Interestingly,
the Black ethnic group suffer more from spontaneous miscarriages in assisted
reproductive technology (ART) cycles than White women with the Black ethnic group
being an independent risk factor for failure to achieve a live birth (Feinberg et al. 2006,
Seifer, Frazier & Grainger 2008). Similarly, Asian women also have a lower clinical
pregnancy rate and decreased live birth rate after ART when compared to Caucasians.
Asian ethnicity is regarded as an independent predictor of poor outcome in ART cycles
(Purcell et al. 2007). These poor outcomes in Black and Asian women may be
associated with their high AEA levels as previous research has demonstrated an
association between increased AEA levels and miscarriage (Habayeb et al. 2008). In
our study Black African and Asian women had significantly higher AEA levels in

normal pregnancies compared to White women. It would therefore be logical to suggest
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that ethnicity should be taken into consideration when interpreting NAE in pregnancy.
There needs to be caution exercised here as the numbers are small. Although our cohort
of patients was from a different geographical location, these ethnicity associated
observations warrant further investigation especially around implantation and very early

pregnancy.

Another factor influencing plasma NAE levels is the BMI. Obese women with a BMI
greater than 30 kg/m” had statistically significant higher plasma AEA and OEA levels
compared to women with a BMI less than 30 kg/m’, whereas PEA levels did not
significantly change with BMI (Figure 2.5).

Similarly, obese women attending for STOP had higher AEA levels on the ward, in the
anaesthetic room and in the recovery room compared to non-obese women. Of note is
an increased risk of miscarriage in obese women (Fedorcsak et al. 2004, Boots,
Stephenson 2011) and this may also be associated with increased AEA levels. NAEs are
known to regulate food intake and energy metabolism (Lambert, Muccioli 2007,
Cavuoto, Wittert 2009) (Matias, Di Marzo 2007) with AEA and OEA involved in the
regulation of appetite (Hansen, Diep 2009). Obesity elevates EC production by
adipocytes (Matias et al. 2007). Our findings are therefore consistent with observations
of higher AEA, 2-AG and OEA levels in obese women compared with normal weight
women (Engeli et al. 2005, Joosten et al. 2010). Therefore in these studies we

considered women with a BMI>30 kg/m” separately.

Serial blood sampling in women attending the DSU for STOP has provided insights
into how NAE concentrations alter before and after termination of a healthy pregnancy.
All women attending for STOP received prostaglandin (PG) for cervical ripening
shortly after their arrival on the ward. This was associated with a significant increase in
plasma AEA levels. The increase in AEA levels may be a consequence of the
prostaglandin causing uterine contractions, since labour is associated with increase in
prostaglandin. These findings are in agreement with previous observations that plasma
AEA levels increased in spontaneously labouring women compared with non labouring
controls at term and also following induction of labour after 37 weeks gestation
(Habayeb et al. 2004, Nallendran et al. 2010). Similarly, women at risk of preterm birth
presenting with Braxton Hicks myometrial contractions also showed higher AEA levels

if they delivered preterm compared with women who continued with the pregnancy
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until term (Nallendran et al. 2009). Ex vivo myometrium from pregnant women relaxed
on exposure to AEA (Dennedy et al. 2004), an effect which has been confirmed in the
ERG laboratory using primary human myometrial cells and a human myometrial cell
line (Brighton et al. 2009). The importance of prostaglandin for the elevation of AEA
was intimated by the lack of a significant rise in AEA concentration in pregnant women
attending for STOP who did not receive prostaglandin prior to surgery. Similar
observations were observed in non-pregnant women undergoing surgery. However, the

number of patients in these studies was small.

OEA levels increased more than AEA levels in women attending for STOP. This may
also be related to the prostaglandin administration, but OEA levels also increased
significantly in the women undergoing STOP without the administration of
prostaglandin. No increase was seen in non-pregnant women undergoing minor
gynaecological procedures therefore suggesting the rise in OEA may be related to the
loss of products of conception but independent of prostaglandin. Further studies are

necessary to understand the relationship between increases in OEA and pregnancy loss.

One explanation for these changes is that women attending hospital, especially for
surgery, be stressed and endocannabinoid signalling is regulated by acute stress (Hill,
McEwen 2010, Finn 2010). This could potentially affect the levels measured here.
Hohmann et al. demonstrated an immediate and transient increase in 2-AG and AEA in
the periaquaductal grey of rats after a brief exposure to a food shock stress (Hohmann et
al. 2005). Rats also showed decreased AEA and increased 2-AG levels in most limbic
brain structures following stress (Hill et al. 2007). Human studies have not shown a
significant effect of stress on serum AEA, but 2-AG levels significantly increased
following administration of TSST (Trier Social Stress Test) while PEA and OEA
significantly declined during the stress recovery phase (Hill et al. 2009). These latter
studies suggest that it is less likely that the increased AEA levels in the anaesthetic

room may be caused by acute stress.

Non pregnant women attending for minor gynaecological surgery had no significant
changes in AEA, OEA and PEA concentrations from the time of admission on to the
ward to just before induction in the anaesthetic and in the recovery rooms. The
anaesthetic propofol was used for induction and maintenance of general anaesthesia in

all the women. Propofol is highly protein-bound and mainly metabolised in the liver
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(Favetta et al. 2002). It works through the potentiation of gamma aminobutyric acid
(GABA) A receptor activity (Krasowski et al. 2001) and by blocking sodium channels
(Haeseler et al. 2008). It is commonly used for sedation as well as general anaesthesia
due to its characteristic rapid onset and recovery. Recent findings suggest that the
endocannabinoid system may contribute to the anaesthetic action of propofol (Fowler
2004). Patel et al. observed that propofol inhibits FAAH in mice after intraperitoneal
administration and thereby increases AEA levels (Patel et al. 2003). Increased AEA
blood levels during orthopaedic surgery under total intravenous anaesthesia with
propofol were noticeable at 10, 20 and 40 min after induction (Schelling et al. 2006).
However, a more recent study on endocannabinoids and anaesthesia with propofol on
14 women and 14 men showed decreased AEA plasma levels and could not confirm
previous findings (Jarzimski et al. 2012). In this study, no increase in AEA plasma
levels were seen following the onset of anaesthesia, however no blood was collected
until 15 min following surgery and cessation of anaesthesia (the STOP procedure itself
takes about 10 min). It may be that AEA levels were not increased in these samples
after cessation of propofol as it is a short acting agent and may have a transient effect
upon AEA. However, further research needs to be undertaken to explain the precise

effects of propofol on the ECS.

In terms of the effect of RU486 on the ECS published studies predicted that there
should be a rise in AEA levels following the administration of RU486. RU486 binds to
the P4 receptor (PR) and blocks its activity. In-vitro experiments demonstrated that P4
stimulates FAAH activity and expression in human lymphocytes at the transcriptional
and translational level. The P4/PR complex enhances the transcription of FAAH gene
and RU486 fully reverses this effect (Maccarrone et al. 2001). FAAH was also up-
regulated by Th2-type cytokines and down-regulated by Thl-type -cytokines
(Maccarrone et al. 2001). High FAAH activity in lymphocytes is paralleled by low
plasma AEA levels. In the study group, AEA and PEA levels significantly increased
one day after RU486 administration. Peak plasma concentrations of RU486 are reached
1-3 hours following oral administration and therefore another blood sample was taken
in a subgroup of patients one hour after RU486 administration. However, this did not
show any significant changes in AEA, OEA or PEA levels in the plasma. This indicates
that the effect of RU486 on NAE levels may take more than one hour.
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In a subgroup of women undergoing MTOP an additional blood sample was collected
after passing products of conception. The timing was on average about 3-4 hours after
the prostaglandin administration. No significant changes in NAE levels could be
identified. This could be explained by the short half-life and the short time to achieve
peak concentrations of prostaglandin. Ideally it would have been more informative to
take more blood samples at different time periods to see serial changes in AEA levels.
Unfortunately it was not possible to apply this as it was outside of the remit of the

ethics for these studies.

Studies have demonstrated an interaction between the ECS and the cytokine leptin in
the regulation of reproduction (Maccarrone et al. 2003, Maccarrone et al. 2005).
Together with sex steroid hormones, they form the endocannabinoid-hormone-cytokine

network to regulate human fertility (Maccarrone et al. 2002, Karasu et al. 2011).

In this study, leptin levels in South Asian women were higher than in White women but
this was not significantly different. The Asian women recruited were all from South
Asia. A previous study of ethnicity and leptin levels in 1176 women and men with a
mean age of 50 years found significantly higher leptin levels in South Asians when
compared to Chinese and Europeans (Mente et al. 2010). This difference was still
present when male participants were excluded. The study by Lilja et al. confirmed these
findings and also excluded seasonal leptin variations as an explanation for the observed
ethnic differences (Lilja et al. 2010). A different study investigating 183 premenopausal
women with an average age of 43 years showed that East Asian (Japanese, Chinese, and
Filipino) women had significantly lower leptin levels when compared to White women

(Conroy et al. 2011).

Leptin levels correlate with BMI in non pregnant (Considine et al. 1996) and pregnant
adults (Highman et al. 1998). The findings here also confirmed the positive correlation
between BMI and serum leptin levels. During pregnancy leptin levels increase
dramatically due to increased adipose tissues and placenta production (Hauguel-de
Mouzon, Lepercq & Catalano 2006). Leptin levels in early pregnancy (12-14 weeks)
are significantly increased when compared to that in pregravid women (Highman et al.
1998). A correlation between early gestation (6- 9 weeks) and leptin levels was absent
in this study, even when normal and obese women were examined separately. It may be

due to the narrow window of gestation. Leptin levels in overweight and obese women
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were higher compared to levels in women with a normal BMI throughout early
pregnancy. This finding is in accordance with the results of Misra et al. (Misra, Trudeau
2011). An explanation for the findings here could be that at an early gestation between
6-9 weeks maternal adipose tissue has a higher contribution to leptin production than

placenta.

Leptin also has a relationship with the ECS, it enhances FAAH expression and thereby
reduces AEA levels in human lymphocytes as mentioned in Chapter 1 (Maccarrone et
al. 2003). Furthermore, P4 activates FAAH synergistically with leptin (Maccarrone et
al. 2003). Against this background the plan was to identify whether there is a
relationship between plasma AEA levels and serum leptin levels in pregnant women
between 6 and 9 weeks gestation. These results did not show a significant relationship
between plasma AEA, OEA or PEA and leptin levels. Furthermore, leptin levels did not
change after the administration of RU486 unlike plasma AEA levels. This is
contradictory to another study where a decrease of leptin levels was observed when
taken pre- RU486 and pre- misoprostol (Honkanen et al. 2005). What would be
interesting is, to measure FAAH activity in lymphocytes before and after the
administration of RU486 in order to establish any in-vivo interactions between leptin,

P4 and AEA.

These modest changes in plasma NAE levels raise the interesting question of where
these NAE are produced. One hypothesis is that changes in plasma NAE levels after
RU486 administration may be a consequence of changes to the ECS present in first
trimester trophoblast. The following chapter investigates the ECS in the first trimester

trophoblast in relation to the anti-progesterone RU486.
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Chapter 3

Localisation and Quantification of the
Endocannabinoid System and Modulation by
Mifepristone in Human First Trimester Placental

Tissues
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3.1 INTRODUCTION

In Chapter 2 it was shown that plasma AEA levels in healthy women in the first
trimester pregnancy are significantly increased one day after the administration of the
antiprogesterone RU486 (Figure 2.10). This finding indicates that there may be a
relationship between the endocannabinoid system (ECS) and progesterone (P4) and that
any changes to this delicate endocannabinoid-hormone network may lead to pregnancy
loss. Previous studies have shown that P4 is involved in maintaining endocannabinoid
(EC) levels (Maccarrone et al. 2002, Karasu et al. 2011). P4 stimulates FAAH in human
T lymphocytes and thereby decreasing AEA levels (Maccarrone et al. 2001). In women
with threatened miscarriage low plasma AEA levels are associated with normal ongoing
pregnancies, whereas higher plasma AEA levels are observed in those who

subsequently miscarried (Habayeb et al. 2004).

It has been shown that the ECS is expressed in the first trimester placenta and has a
function in trophoblast proliferation (Habayeb et al. 2008, Taylor et al. 2011). Although
the localisation and expression of the ECS in viable trophoblast has been studied before,
there are no data available on the ECS in trophoblast after the administration of RU486
in women undergoing medical termination of pregnancy (MTOP). It is therefore
important to examine the ECS in trophoblast after the administration of RU486 in order
to gain a better understanding of how the ECS is involved in the regulation of early

pregnancy and to explain the relationship between the ECS and P4 in trophoblast.

The aims of this part of the study are therefore
(1) to quantify N-acylethanolamide (NAE) levels in trophoblast, decidua and
membranes from viable 1% trimester pregnancies from women undergoing
medical termination of pregnancy (MTOP) and surgical termination of
pregnancy (STOP) and to compare them to the plasma levels and
(2) to study the expression of NAPE-PLD, FAAH, CB1, CB2 and TRPVI in
trophoblast from women undergoing MTOP and STOP.
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3.2 MATERIAL AND METHODS
3.2.1 Measurement of NAE Levels in Tissue by UHPLC-MS/MS
3.2.1.1 Subjects

Women attending the Leicester Royal Infirmary at the University Hospital of Leicester
NHS Trust for medical termination (study group) or surgical termination (control
group) of pregnancy were recruited. All patients gave written informed consent. The
study was approved and conducted according to the guidelines of the Leicestershire and

Rutland Local Research Ethics Committee (Appendix 4).

3.2.1.2 Tissue Collection

Tissue samples were collected immediately after either surgical or medical termination
of pregnancies. Excess blood was removed by repeated washing with ice cold sterile
phosphate-buffered saline. Initially, products of conception from terminations of
pregnancies were kept on ice and transported to the Histology department of the
Leicester Royal Infirmary. The tissues were separated into trophoblast, decidua and
membrane, flash-frozen in liquid nitrogen and stored separately at -80°C until further
analysis. In later studies, tissues from terminations of pregnancies were collected in
Kimble vials with RNAlater an RNA Stabilization Reagent and transported to the
laboratory at room temperature. The tissue in RNAlater was then left for at least 24

hours at 4°C before being stored at -80°C until further analysis.
3.2.1.3 Tissue Preparation

The frozen tissue (trophoblast, decidua and membrane) was ground to a fine powder in
a mortar and pestle and collected into Kimble vials. After weighing the disrupted tissue
(around 100mg), 1ml phosphoric acid together with 12.5 pmol/g AEA-dS8, 12.5 pmol/g
OEA-d2 and 25 pmol/g PEA-d4 internal standards were added. The samples were
vortexed thoroughly and diluted with 1 ml deionized H,O. All samples were then
homogenized with an Ultra Turrax homogenizer and then centrifuged at 3000 rpm for
15 min at 4°C. The supernatant was transferred to a clean Kimble vial and re-

centrifuged at 3000 rpm for 15 min at 4°C.
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3.2.14 Extraction of AEA, OEA and PEA from Tissue

Solid phase extraction (SPE) was used to extract the NAE from human tissue (Marczylo
et al. 2009). Extraction from tissues was performed in the same way as that from human
plasma (see section 2.2.9). Quantification of AEA, OEA and PEA was achieved using
Ultra high Performance Liquid Chromatography- Tandem Mass Spectrometry
(UHPLC-MS/ MS, Waters Ltd) (Lam et al. 2008, Marczylo et al. 2009, Marczylo et al.
2010).

3.2.1.5 Statistical Analysis

Statistical analysis of the data was performed using GraphPad Prism version 5.00 for
Windows (Graph Pad Software, San Diego California USA). Data of groups that were
not normally distributed were compared using Mann-Whitney U-test and for normally
distributed groups the Student’s t-test was used. Parametric data were analysed by
Pearson correlation and non-parametric data by Spearman correlation. The level of
significance was set at p<0.05. A power analysis based on previous work by the
Endocannabinoid Research Group and that of other published data (Maccarrone et al.
2002) with a = 0.05 and B = 0.2 showed that a minimum of 6 subjects were required in

both the MTOP and STOP groups.

3.2.2 Immunohistochemistry
3.2.2.1 Tissue Collection

Trophoblast was collected immediately after surgical or medical termination of
pregnancies and fixed in 10% neutral-buffered formalin for 4 days, dehydrated through
70% and 99%  industrial methylated spirits (IMS) and cleared with Xylene before
embedding in paraffin wax for immunohistochemistry. This was performed in a LEICA
ASP3000 automated vacuum tissue processor. The blocks were cut into 4 pum thick
sections, picked up on a vectabond coated slide and stored at room temperature until

further use.
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3.2.2.2 Immunostaining

Immunohistochemistry was undertaken for NAPE-PLD, FAAH, CB1 and CB2.
Myometrial biopsies obtained from hysterectomy samples for benign reasons acted as a

positive control. The primary antibodies and the dilutions are shown in Table 3.1.

Negative controls were rabbit IgG from Vector Laboratories (Peterborough, UK,
Catalogue number X0903) and normal rabbit serum from Dako (Glostrup, Denmark;
Catalogue number: X0902). They were used at the same concentrations as for the

primary antibodies.

The Avidin-Biotin blocking kit was obtained from Vector Laboratories (Catalogue
number: SP2001). An ABC detection system (ABC Elite, Vector Laboratories;
Catalogue number: PK-6100 series) was used with 3, 3’-diaminobenzidine (DAB,
Vector laboratories; Catalogue number: Sk4100) to identify immunoreactive complexes
for anti-NAPE-PLD, anti-FAAH anti-CB1 and anti-CB2 antibodies (Taylor et al. 2011).
The secondary antibody was biotinylated goat anti-rabbit antibody from DAKO
(Catalogue number: E 0432) and used at a dilution of 1:400. DPX mounting medium
was from BDH (Poole, Dorset, UK).

Table 3.1: Primary antibodies and their dilutions used for Immunohistochemistry.

Antibody Company Product Number Type Dilution
NAPE-PLD Abcam ab 119259 rabbit polyclonal 1:1000
FAAH Abbiotec 200189 rabbit polyclonal 1:100
CB1 Sigma-Aldrich C1108 rabbit polyclonal 1:500
CB2 Abcam ab3561 rabbit polyclonal 1:100
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3.2.2.2.1 Immunohistochemical Protocol for NAPE-PLD, FAAH and
CB2

Figure 3.1 shows the pathway for the immunohistochemical studies. Briefly, paraffin
embedded tissue sections were dewaxed in xylene and rehydrated in graded alcohol and
water. Endogenous peroxidase activity was blocked with 6% hydrogen peroxide (H»0,)
in water for 10 min. Slides were then washed in running tap water for 5 min, followed
by TBS (Tris-buffered saline = 2.4g Tris Base, 8.7g NaCl, pH 7.5 in 1 litre of distilled
water (dH,0)) containing 1ml of Triton-X-100 (TBS/ 0.1% Triton-X-100) for another 5
min. Vectastain blocking serum was prepared by adding 150ul of normal goat serum to
10ml of TBS/ 0.1% Triton-X-100/ 3% BSA. 100ul of Vectastain blocking serum was
applied to each slide and left in a humid chamber for 20 min at room temperature. The
slides were drained and the sections blotted dry and avidin (100ul) added for 15 min.
Avidin was made up by 200ul of avidin stock and 1ml of Vectastain blocking serum.
After that the slides were rinsed briefly with TBS 0.1% Triton-X-Buffer and biotin
(100ul) was added for 15 min. Biotin was made up of 200ul biotin stock and 1ml of
normal serum. Excess liquid was drained from each slide. Primary antibody, normal
rabbit serum or Ig G diluted as mentioned in Table 1 (100ul) was applied to the slides
and incubated overnight at 4°C in a humid chamber. The following day the slides were
washed in TBS/ 0.1% Triton-X-100 for 20 min and 100ul of Vectastain secondary
biotinylated anti-rabbit antibody was applied and left in a humid chamber for 30 min at
room temperature. Following a 20 min wash with TBS/ 0.1% Triton-X-100 the slides
were incubated with ABC Elite solution (Vector Laboratories) for 30 min at room
temperature and washed again with TBS/ 0.1% Triton-X-100 for 20 min. Afterwards
3,3’-diaminobenzidine (DAB) (Vector Laboratories) (100ul) was applied to each slide
for 5 min at room temperature and the slides were washed in distilled water for 5 min
before counterstaining with Mayer’s haematoxylin (Sigma-Aldrich) for 1 min.
Thereafter the slides were washed under running tap water for 5 min and then
dehydrated through graded ethanol, cleared in xylene and mounted in DPX mounting
medium (BDH Poole, Dorset). Slides were visualised at 10x, 20x or 40x magnification
on an Axioplan transmission microscope and images obtained with a Sony analogue
camera connected to Axiovision image capture and processing software (Axiovision

version 4.4, Carl Zeiss Ltd, Welwyn Garden City, Hertfordshire, UK).
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Dewax the paraffin embedded tissue sections in xylene and rehydrate in 99% and 95%

industrial methylated spirits (IMS) and distilled H,0

l

Block in 6% H,0, (10 min) and wash with running water (5 min)

l

Apply Vectastain blocking serum (100p1) for 30 min at room temperature

Apply primary antibody (100ul) and incubate overnight at 4°C

l

Wash slides in TBS/ 0.1% Triton-X-100 (20 min)

l

Apply Vectastain secondary antibody (30 min at room temperature)

l

Wash slides in TBS/0.1% Triton-X-100 (20 min)

l

Apply ABC Elite solution (30 min at room temperature)

l

Wash slides in TBS/0.1% Triton-X-100 (20 min)

l

Apply DAB (5 min at room temperature)

l

Wash slides in distilled H,0 (5 min)

l

Counterstain in haematoxylin

l

Dehydrate in graded IMS, clear in xylene and mount in DPX

Figure 3.1: Flow diagram for the immunohistochemical protocol for NAPE, FAAH and
CB2
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3.2.2.2.2 Immunohistochemical Protocol for CB1

After dewaxing and washing of the slides, microwave antigen retrieval was performed
with 10mM citric acid buffer (pH 6.0). The slides were next placed in 500 ml citric acid
buffer and then in a microwave for 10 min at 700 watts and thereafter cooled down for
20 min. Afterwards the slides were placed in water for 5 min. Endogenous peroxidase
activity was blocked with 6% H,0O, for 10 min. Slides were then washed under running
tap water followed by Tris-buffered saline with 0.1% bovine serum albumin (TBA)
each for 5 min. 200ul of 1:10 Normal Goat Serum (NGS) in TBA was applied on each
slide and left for 20 min at room temperature. The slides were drained and avidin
blocking solution (200ul/ml in 10% NGS/ TBA) applied for 15 min and thereafter
washed in TBA for 5 minutes. The slides were drained and a biotin blocking solution
(200ul/ml 10% NGS/ TBA) applied for 15 min. After draining the slides, 200ul of
primary CBI rabbit antibodies diluted at 1:500 in either blocking solution (10%NGS/
TBA), NGS or Ig G were added and the slides incubated in a humid chamber overnight
at 4°C. Slides were washed in TBA for 20 min; biotinylated goat anti-rabbit antibody
(Dako, Denmark) (200ul) diluted to 1:400 in TBS was applied to each slide for 30 min
at room temperature, followed by another wash in TBA for 20 min. Thereafter ABC
Elite reagent (Vector Laboratories) (200ul) was applied according to the manufacturer’s
instructions for 30 min followed by a wash in TBA for 20 min and application of 3, 3°-
diaminobenzidine (Vector Laboratories) on each slide for 5 min. The slides were then
washed in distilled water for 5 min, counterstained by immersion in Mayer’s
haematoxylin (Sigma-Aldrich) for 1 min and washed under running tap water for 5 min.
Thereafter the slides were dehydrated through graded ethanol, cleared in xylene and

mounted in DPX mounting medium (BDH Poole, Dorset).

3.2.23 Image Capture and Evaluation of Immunostaining

Trophoblast areas (cytotrophoblast and syncytiotrophoblast) of 6 samples of MTOP and
5 samples of STOP were assessed by histomorphometric analyses. The samples were
from pregnancies at 7-8 weeks gestation. Images were captured using an Axioplan
microscope (Carl Zeiss, Hertfordshire. UK) and a DXC-151P colour video camera
(Sony CCD/RGB).10-13 randomly selected fields per slide at 400x magnification were
captured during normal daylight and medium neutral filters with the lamp set at 6,400K
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(Taylor et al. 2010). The levels of immunostaining in cytotrophoblast and
syncytiotrophoblast were analysed using an unbiased histoscore method within the
Imagescope software package version 10.2.2.2319 (Aperio Technologies Inc., Vista,
CA. USA). The area of interest was outlined using the positive pen tool of Imagescope
and then analysed using the positive pixel count algorithm version 9.1. The pixel count
was calculated automatically and shown as red for strong positive, orange for positive,

yellow for weak positive and blue for negative staining (Figure 3.2).

B

Figure 3.2: A) FAAH immunostained trophoblast slide, B) Pixel count of above slide
using Imagescope software.

The area of interest is outlined. The different colours represent the staining intensities as
follows: red- strong positive, orange- positive, yellow-weak positive and blue- negative
staining.
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The total number of pixels (NT) was determined by adding the positive and negative
ones. A score of 0 was assigned to unstained areas, 1 to weakly stained areas, 2 to
moderate stained and 3 to strongly stained areas as determined by the software. The

immunohistochemical score (H-score) was calculated as follows:
H-score = 3x Nsp/NT+ 2x Nnp/NT +1x Nwp/NT +0x No/NT
Nsp= total number of strong positive
Nnp= total number of normal positive
Nwp= total number of weak positive

Nn= total number of negative

3.2.2.4 Statistical Analysis

Statistical Analysis of the data was performed using GraphPad Prism version 5 for
Windows (GraphPad Software, San Diego California, USA). The histomorphometric
data were normally distributed and the groups were compared using the unpaired

student t-test with p<0.05 being set as significant.

3.2.3 Polymerase Chain Reaction (PCR)
3.2.3.1 Principles of Reverse Transcription PCR (RT-PCR)

PCR is able to calculate the starting quantity of DNA after exponential amplification.
Following RNA extraction, digestion of contaminating genomic DNA from the sample
occurs, so that the genomic DNA does not get amplified at the PCR. The RNA samples
are then reverse transcribed to create copy DNA (cDNA) from messenger RNA
(mRNA). The resulting single cDNA is used as a template for subsequent PCR
amplifications. RT" reactions contain the reverse transcriptase enzyme whereas in RT"
reactions the enzyme is omitted. The RT" sample is used as a negative control during

the PCR. A positive signal may indicate genomic DNA contamination.
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During the PCR, double stranded DNA is converted to single stranded DNA upon
which the enzyme DNA polymerase acts and binds deoxyribonucleotides to build the
complementary sequence for the single strand DNA. Two sets of DNA oligonucleotide
primers are designed to bind to the specific area of DNA with the genetic code of

interest

PCR involves repeated thermal cycles, each one with 3 stages (Figure 3.3). During the
first stage of each cycle high temperatures lead to denaturation where the double-
stranded DNA separates. This allows specific oligonucleotide primers to bind to the
strands at a lower temperature in the second stage called hybridisation or annealing. In
the final extension stage complimentary bases are added in a 5° to 3’ direction with the
help of heat stable DNA polymerase. The DNA template quantity is exponentially
amplified.

Double stranded DNA

Denaturation

Primers Annealing

DNA synthesis

Figure 3.3: Schematic drawing of one PCR cycle.

Following the separation of double stranded DNA in high temperatures (denaturation),
specific primers bind to the single strands (annealing) and DNA synthesis with the heat
stable DNA polymerase occurs.
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3.2.3.2 Principles of quantitative Real Time PCR (qRT-PCR)

The Real Time PCR thermal cycler can measure the relative quantity of DNA after each
cycle by a fluorescent probe (e.g. SYBR green, Tagman). The fluorescence is plotted
against the number of cycles which results in an amplification curve (Figure 3.4).
During the exponential phase, a doubling of the DNA template takes place if the
reaction is 100% efficient. When the starting materials (template, Oligonucleotides,
primers, fluorescent probe) are getting low, the linear phase of reaction begins and by
the plateau phase, the reaction has ended (Figure 3.4). There is a detection threshold,
below which the amplicon (PCR product) DNA cannot be distinguished from the
background noise. The cycle at which this discrimination occurs is called the threshold
cycle (Ct). The Ct value is dependent on the starting quantity of template cDNA: high

initial concentrations will have low Ct values.

Delta Rn vs Cycle
1.0e+001

1.0e+000 V7

1 Ne-001 - : PAANV

Delta Rn
Sy

1.08-002 | /—\ o SO ol "',/\'#}
) J )T | it

T

1.0e-003

_—

1.0e-004

103 3 4 5 @ 708 8 10 1114313 14 151617 18 19:200:21 22 23 24 35 26 273830 30 31 8233 34 35 36 37 38 3940

Cycle Nurmber

Figure 3.4: Example of amplification curve.
The first plot from the left (turquoise, arrow) has the highest amount of template and

therefore the lowest numbers of cycles are necessary to reach the fluorescence detection
level (green line). The last plot (purple) has the lowest initial template and therefore
requires the highest number of amplification cycles to pass the detection threshold.
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3.2.3.3 PCR Quantification

To get relative quantification, the Ct value of a gene of interest (GOI) is normalised
against an endogenous control gene/ reference gene (RG). It is important to choose the

reference gene very carefully, as it should remain constant during the experiment.

The AACt Method is an approximation one which assumes that the efficiencies of the

GOI and reference genes are similar.

The highest Ct value of the GOI is identified and subtracted from all other Ct values of
the same GOI in order to obtain a delta Ct value (A Ct) as seen in the following

formula:
ACt = Ct GOl max — Ct GOI
Then the following equation was applied:
fold change = 2" — ACt

All the data are presented relative to the expression of the sample with the lowest

expression.

And to identify the fold change in GOI expression relative to the reference gene (RG),
the following formula was applied if the PCR reaction was 100% efficient:

fold change in GOI expression

Rati GOl lon =
atio of expression fold change in RG expression

Another way of quantifying mRNA levels using real-time PCR is the Pfaffl method
(Pfaffl 2001) where the equation incorporates the PCR efficiencies of the reference
gene (RG) and gene of interest (GOI) and thereby increases the accuracy in the final

relative fold value. This formula is demonstrated below:

Efficiency (GOI)ACT GOI (control — treated)
Efficiency (RG)ACT RG (control — treated)

ratio =
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There are two main fluorescent probes for quantitative real-time PCR: SYBR Green and

Tagman probe.

SYBR Green

SYBR Green is a DNA specific dye, which fluoresces when it binds to double stranded
DNA (Schneeberger et al. 1995). The specificity of the amplified products can be
checked by analysis of a dissociation curve/ melting curve, whereby a single sharp fall
in fluorescence is seen. A melting curve is performed by slowly increasing the
temperature from e.g. 65°C to a high temperature. At a low temperature all PCR
products are double stranded and bound to SYBR Green, which leads to fluorescence,
whereas at a higher temperature PCR degrades and the fluorescence rapidly falls. The
change in fluorescence with time is measured against the temperature and plotted
resulting in a curve with a peak at the respective melting temperature (Tm). If the Tm
is lower than that for a specific PCR product, primer-dimers (primers annealing to
themselves) may have formed. The formation of non specific products leads to a
dissociation curve with stepped or gradual falls in fluorescence (Wittwer et al. 1997,
Lutfalla, Uze 2006). A disadvantage is the nonspecific binding of SYBR Green to any
double stranded DNA and therefore production of dimeric primer compounds.

Contaminating genomic DNA should be minimised.
Tagqman "™ PCR

Tagman probes are fluorogenic hydrolysis probes with a fluorophore tag at the 5’ end of
the probe and a quencher tag at the 3’ end. They work through 5’ exonuclease activity
of Taq polymerase (Heid et al. 1996). When the two tags are close, no fluorescence
signals occur. During the complementary extension the probe is hydrolysed and the
fluorophore released. Tagman probes are very specific and only bind to the target of

interest (Figure 3.5).
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Figure 3.5: Schematic drawing of the process of amplification and probe cleavage
using Tagman® probe system.

The Tagman Probe binds to single stranded DNA and the Taq polymerase extends the
primer to synthesise DNA. The 5’ to 3’ exonuclease activity of the polymerase degrades
the probe and fluorophore gets released. The fluorescence is then measured by the RT-
PCR thermal cycler (Adapted from Wikipedia image).



3.2.3.4 Primer Design

A primer consists usually of not more than 30 nucleotides and is a starting point for
DNA synthesis. Primer sequences need to be selected for the specific region of DNA. In
order to avoid the possibility of contaminating genomic DNA being amplified in place
of RNA during PCR, the primers were designed to cover exon-exon junctions. Exons
are the DNA sequences that are transcribed into mRNA whereas introns are found in
between exons and are not transcribed. In this way the genomic DNA containing the
intron will not be able to compliment the primer (Figure 3.6). Primers against the genes
of interest were designed using Primer Express version 2.0.0 (Applied Biosystems,

Warrington, UK) and ordered from Sigma Aldrich (Poole, UK).

DNA
Exon A Exon B Exon C
intron intron
forward primer reverse primer

Exon-Exon junction

Figure 3.6: Schematic drawing of Primer Design.

The DNA consists of exons and introns. The exons are transcribed into m-RNA. The
primers chosen are covering exon-exon junctions in order to avoid DNA amplification
from the introns.
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The sequences of the primer pairs investigated for determination of NAPE-PLD,

FAAH, TRPV1, CB1 and CB2 mRNA/cDNA are summarized in Table 3.2.

Table 3.2: Primer sequences for PCR amplification.

Gene Primer Sequences

NAPE-PLD_01 Forward 5’-AAGAGATAGGAAAAAGATTTGGACCTT
Reverse 5’-CTGGGTCTACATGCTGGTATTTCA
NAPE-PLD_02 Forward 5’-CAAACAAAGAAATCTATGGCAATTCA
Reverse 5’-ATCTTCAGCGTTAAGTCCGTATCTC
FAAH_01 Forward 5’-CATGCTCTGGAGACCCTGTCA
Reverse 5’-CCAGCAGTCCTTTAAGCCATTG
FAAH_02 Forward 5’-GGAGACCAAACAGAGCCTTGAG
Reverse 5’-CTGAAGAGCCCACCTGTTGAC
TRPV1_01 Forward 5’-GCTGGAGGTGATCGCCTACA
Reverse 5’-AGGCAGTAGACCAGGAAGTTGAA
TRPV1_02 Forward 5’-GAAGCCGTTGCTCAGAATAACTG
Reverse 5’-AGCATGGCTTTCAGCAGACA
CB1_01 Forward 5’-TGCTGAACTCCACCGTGAAC
Reverse 5’-TCCCCCATGCTGTTATCCA
CB1_02 Forward 5’-CCCCTGGCCTATAAGAGGATTG
Reverse 5-TGGGAAAATGTCTGAGCAAACA
CB2_01 Forward 5’-TGGCAGCGTGACTATGACCTT
Reverse 5’-CCACGGGTGAGCAGAGCTT
CB2_02 Forward 5’-GCCCAGCCACCCACAAC
Reverse 5’-GCTATCTCTGTCACCCAGCATTC

NAPE-PLD, N-arachidonylphosphatidylethanolamine phospholipase 1; FAAH, fatty
acid amine hydrolase; TRPVI1, transient receptor potential vanilloid type 1; CBI,
Endocannabinoid receptor 1; CB2, Endocannabinoid receptor 2.
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3.2.35 Tissue Homogenisation

Human trophoblast was collected in RNA later RNA stabilisation reagent from women
undergoing MTOP and women undergoing STOP. The tissue was stored at -80°C until
analysis. About 40mg of tissue was ground to a fine powder under liquid nitrogen using
a mortar and pestle. The tissue powder was then transferred to a 1.5ml sterile
(DNase/RNase free) Eppendorf tube and lysis buffer added. At this stage RNA

extraction was performed or the homogenate was stored at -80°C for several months.

3.2.3.6 RNA Extraction Methods

Two different ways of RNA extraction were used to isolate total RNA from human
trophoblast: (a) the phenol: chloroform organic extraction, (b) the Qiagen miRNeasy
mini kit (Qiagen, Crawley/West Sussex/UK).

A) Phenol:Chloroform organic Extraction

I ml of a phenol/guanine thiocyanate solution (TRI reagent, Sigma) was used as a lysis
buffer for the tissue and the tissue homogenized using Ultra-Turrax T8 for 40 s. The
samples were incubated at room temperature for 5 min. 200ul of 1-bromo-3-chloro-
propane (Sigma B9673) was added. It is claimed to lessen genomic DNA contamination
of the RNA preparation compared to Chloroform which is usually used. The eppendorf
tube was vortexed and then centrifuged at 10,000 x g for 15 min at 4°C. Three distinct
liquid phases form in the tube: a top clear phase containing RNA, a white interphase
with DNA and a red/pink phase containing protein. The upper aqueous phase (about
600ul) was transferred to a fresh tube and 600ul of 70% isopropanol was added. This
was mixed and incubated at room temperature for 10 min to precipitate RNA. The
sample was then centrifuged at 10,000 x g for 10 min at 4°C. The supernatant was
aspirated and discarded. The RNA pellet was washed with 1 ml of ice cold 75%
ethanol, gently vortexed and centrifuged at 10,000 x g for 5 min. The previous step was
again repeated. The final ethanol wash was poured off and the sample left uncovered
for 20-30 min so that the remaining trace of ethanol could evaporate. The pellet
containing RNA was resuspended in 50ul of RNase-free water and stored at -80°C for

later use.
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The concentration of RNA was calculated by recording the absorbance at 260nm using
the NanoDrop™™ 8000 spectrophotometer (Thermo Scientific, Wilmington, USA). RNA
quantity and integrity was checked with the Agilent 2100 Bioanalyzer (Agilent
Technologies, Berkshire, UK). More details about the Bioanalyzer are presented in
Chapter 3.2.3.7.

DNase treatment

TURBO™ DNase (Applied Biosystems) was used to degrade genomic DNA present in
total RNA. 10pg of RNA was included in each reaction and the reaction mixture (Table
3.3) was incubated for 30 min at 37°C. The DNase activity was stopped by adding 5ul
of the inactivation reagent. This was mixed and allowed to stand for 3 min at room
temperature and then centrifuged at 10,000xg for 2 min at room temperature to
sediment the inactivation substance. The supernatant containing the RNA was removed

into a fresh tube and stored at -80°C until reverse transcription.

Table 3.3: Reaction volumes for TURBO™ DNase treatment.

Component Volume per reaction
10xbuffer Sul
DNase I Tul
RNase-free water 44ul
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B) RNA Extraction using the Qiagen miRNeasy Mini Kit (silica gel based

purification method)

700ul of QIAzol Lysis Reagent was added to the powdered tissue. The homogenate was
left at room temperature for 5 min to promote the dissociation of nucleoprotein
complexes. Then 140ul 1 bromo3 chloropropane was added to the homogenate and the
tube was shaken vigorously. The tube was left at room temperature for 3 min and then
centrifuged for 15 min at 12000 x g at 4°C. This separated the sample into 3 phases.
The upper clear phase (350ul) containing nucleic acids was transferred to a new tube
and 525ul of 100% ethanol was added and mixed by pipetting up and down. 700ul of
the sample were pipetted into a miRNeasy Mini spin column in a 2 ml collection tube.
At this stage the RNA binds to the membrane and phenol and other reagents were
washed away. The tube was centrifuged at 8000 x g for 15 s at room temperature and
the flow-through discarded. On column DNase digestion was performed to remove any
contaminating DNA. Lyophilized DNase I (1500 Kunitz units) was dissolved in 550ul
of RNase-free water in order to prepare the DNase I stock solution, divided into
aliquots and stored at -20°C. 350ul RWT Buffer was pipetted onto the miRNeasy Mini
column and centrifuged at 8000 x g for 15 s at room temperature and the flow-through
discarded. 10pul DNase I stock solution was added to 70ul RDD buffer and mixed
gently by inverting the tube. The mix (80ul) was pipetted directly onto the column and
left at room temperature for 15 min. This was followed by washes with RWT buffer
(350ul) and RPE buffer (500ul) for 15 s at 8000 x g at room temperature. The flow-
through was always discarded. Another 500ul of RPE buffer was added onto the
column and centrifuged for 2 min. After that the miRNeasy Mini spin column was
transferred to a new 1.5 ml collection tube and 50ul of RNase-free water was added
onto the column. This was centrifuged at 8000 x g for 1 min at room temperature to
elute the RNA. This was stored at -80°C until further analysis or transported on ice for
RNA quantification.

RNA samples from the organic extraction with phenol-chloroform can frequently be
contaminated with proteins, ethanol and phenol-chloroform as well as genomic DNA.
Furthermore this extraction has to be carried out in fume hood and adds more time to
the procedure. The column RNA extraction method does not require the use of toxic

organic solvents; it is simple, less time consuming with a good RNA yield and minimal
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protein contamination. Digestion with DNAse is important to remove any DNA traces

that can give false positive results in qRT-PCR and increase the background noise.

3.2.3.7 RNA Quantity and Quality Assessment

The RNA integrity can be assessed by various methods:

e Gel optical density (OD) measurement
e OD measurement via Nano-Drop
e Agarose gel-electrophoresis

e Bioanalyzer 2100 (Agilent Technologies, USA)

The quality and quantity assessment with a spectrophotometer uses the wave lengths
260nm for specific nucleic acids and 280nm for specific proteins. The quantity is
assessed on the OD of 260, and the quality by the ratio of OD 360280 With a value >1.8
for good RNA quality (Manchester 1996). The advantage of the NanoDrop is that it
uses only 1ul of your sample. All samples selected for qRT-PCR had OD 260/280

absorbance ratios greater than 1.9.

Another method involves gel electrophoresis with RNA either stained with SYBR
Green dye or ethidium bromide (Le Pecq, Paoletti 1966, Bonini, Hofmann 1991,
Bustin, Nolan 2004). Clear ribosomal bands at 18S and 28S confirm RNA integrity and
a ratio of 28S: 18S band of 2.0 is considered to be high quality RNA whereas smearing
of the bands are signs of degradation. However, this method is subjective and there is
no numerical output for unbiased quality assessment. Furthermore ethidium bromide is

mutagenic.

RNA samples were run on a 1.5% Tris Borate EDTA (TBE) agarose gel and were

stained with ethidium bromide according to the following protocol.

The recipe for 2 litres of 10x TBE is: 218g Tris Base, 110g Boric acid, 9.3g EDTA. The
ingredients are dissolved in 1.9 litre of distilled water (pH 8.3) and made up to 2 litres
with distilled water. Then 100 ml of 10x TBE are mixed with 900 ml of distilled water
for the preparation of 1x TBE.

93



For 1.5% TBE agarose gel 0.75g agarose was added to 50 ml 1xTBE Buffer and
swirled to mix. The agarose solution was heated in the microwave for 1 min on full
power and then cooled down to ~65°C. After that it was poured onto a gel support, the
comb was inserted and allowed to cool down for about one hour. In the meantime the

samples and the RNA ladder were prepared.

Ing RNA was added to RNase free water up to a volume of 10ul into a microfuge tube
and mixed before adding 3pl loading buffer. The loading buffer gives colour and
density to the sample. It is negatively charged in neutral buffers. The loading buffer
consists of 25mg bromophenol blue, 4g sucrose and water up to 10ml. It is stored at
4°C. 1pl of the RNA ladder was diluted with 9ul RNase free water and 3l loading
buffer and mixed. The RNA ladder and the samples were denatured at 70°C for 3 min
and cooled down at 4°C for 2 min in a PTC 225 Peltier Thermalcycler and then loaded
onto the gel submerged in 1XTBE (running buffer). Electrophoresis was performed at
80V until the bromophenol blue dye migrated two-thirds of the gel length. As RNAs are

negatively charged they migrate to the anode during electrophoresis.

Thereafter, the gel was transferred into a plastic container filled with tap water
containing 0.5 pg/ul ethidium bromide. The plastic container was left on a shaker for 30
min to stain the gel. Then the fluid was discarded and the gel washed with water. The

gel was visualised and an image taken in a UV Transilluminator (302nm).

The Agilent 2100 Bioanalyzer (Agilent Technologies, Berkshire, UK) uses lab-on-chip
technologies to access the integrity and quantity of extracted RNA. RNA samples on a
chip get electrophoretically separated and detected via laser induced fluorescence.
Integrity is assessed by the visualisation of 18S and 28S ribosomal RNA bands. Signs
of degradation are an elevated threshold baseline and a decreased 28S:18S ratio
(Schroeder et al. 2006) (Figure 3.7). High intensity 18S and 28S rRNA peaks are seen
with intact RNA (Figure 3.8). A broad band shows DNA contamination.

Samples get an RNA integrity number (RIN) from 1 to 10: score 1 means highly
degraded RNA and score 10 represents completely intact RNA. This facilitates
comparison of samples. In human tissue RIN scores can vary due to problems with
tissue collection and sampling, handling and storage and RNase enzymatic activity
(Fleige et al. 2006). In solid tissue a RIN score between 6 and 8 are considered as

reliable RNA (Strand et al. 2007). Studies have reported a good correlation between
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RIN values and qRT-PCR results (Fitzpatrick et al. 2002, Fleige et al. 2006). A RIN
score >6 is a suitable RNA to justify further analysis (Fitzpatrick et al. 2002, Strand et
al. 2007). Therefore all samples included in this study had intact RNA without DNA

contamination and with a RIN score>6.
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Figure 3.7: Electropherogram of micro-capillary electrophoresis from RNA
showing a degraded sample with a shift towards shorter fragments (RIN=2).

[FU]

50—

- BT n HIL—..—..—"_'FII-_

I I I I I I [ I [
15 20 25 30 35 40 45 50 55 [s]

Figure 3.8: Electropherogram of micro-capillary electrophoresis from RNA
showing intact, high quality RNA with intense peaks at 18S and 28S representing rRNA
and a small peak at 5S RNA (RIN=9.2).
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We used 200ng of RNA sample with the Agilent RNA 6000 Nano kit. The samples
were heated at 70°C for 2 min for denaturation and then transferred to ice. We prepared
12 samples per chip according to the manufacturer’s instructions. In brief, 65ul of the
RNA 6000 Nano gel and 1pl of RNA 6000 Nano dye concentrate were mixed and
centrifuged at 13000 x g for 10 min at room temperature. The Nano chip was placed on
the chip priming station and 9ul of the gel-dye mix was pipetted in the well marked
with G and the chip priming station closed. A plunger was pressed down for 30s and the
priming station reopened. Then 9ul of the gel-dye mix was added to 2 wells marked
with G and 5pl of the Nano marker was pipetted to all 12 sample wells and the well
marked with a ladder. Finally, 1ul of the ladder was put into the well marked with a
ladder and 1pl of sample into the 12 sample wells. The chip was vortexed for 1min at
2400 rpm and run in the Agilent 2100 bioanalyzer within 5 min. The results were
available within 30 min. Samples with RIN scores >6 were included for further

analysis.

3.2.3.8 Reverse Transcription and cDNA Synthesis

Reverse transcription of 2ug DNase-treated RNA was performed using the high-
capacity cDNA reverse transcription kit (Applied Biosystems). The 20ul reaction
volume consisted of 10ul of 2x RT buffer, 1ul of 20x RT enzyme and 2pg of total RNA
diluted with RNase/ DNase free water to a volume of 9ul. A no RT control was used by
replacing 1pl 20x RT enzyme with 1ul RNase/ DNase free water in order to determine
any genomic DNA contamination. The samples were mixed and placed in a thermal

cycler with the following programme:

Stepl: 37°C 60 min
Step2: 95°C 5 min
Step3: 4°C indefinite

The samples were then stored at -20°C until PCR was performed.
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3.2.3.9 Quantitative Real Time PCR

Quantitative real time PCR (qRT-PCR) reactions were run using SYBR Green
fluorescence probes. The 25ul reaction mix for custom designed primers contained
12.5ul SYBR Green PCR Master Mix (Applied Biosystems; AmpliTaq Gold® DNA
polymerase, dNTPs, PCR buffer, MgCl,, passive reference dye (ROX) and SYBR
Green [ dye), 0.45ul (500nM) forward primer, 0.45ul reverse primer, 10.6ul
RNase/DNase free water and 1ul cDNA template (Table 3.4). The 20ul reaction mix for
the reference gene consisted of 10ul SYBR Green PCR Master Mix (Applied
Biosystems), 300nM of resuspended reference gene primer mix, 8ul of RNase/DNase
free water and 1pl of diluted cDNA (10x diluted cDNA from samples) (Table 3.5).

Table 3.4: Components for the PCR Reaction.

Component Volume (pl)
SYBR Green 12.5
Forward Primer (500nM) 0.45
Reverse Primer (500nM) 0.45
RNase/DNase free water 10.6

cDNA 1

Table 3.5: Mastermix for the assessment of reference genes.

Component Volume (pl)
SYBR Green 10

Primer (300nM) 1
RNase/DNase free water 8

cDNA 1
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The reaction mix was centrifuged at 1000 rpm for 5 min at 4°C. Reactions were run in
duplicate or triplicate using an ABI PRISM® 7000 real-time PCR system (Applied
Biosystems, Warrington, UK). RT- samples were used to detect any genomic DNA
contamination. A 96 well optically clear microtitre plate (Applied Biosystems) was
utilized for analysis. The plate was spun down in a centrifuge before it was loaded into
the real time PCR machine. PCR conditions started with a denaturation step of 95°C for
10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min for denaturation,
annealing and primer extension. A dissociation curve was generated and melting curve
analysis was performed to confirm the presence of specific products. In order to check
for the PCR efficiency of the two primer pairs for the analysis of the ECS serial cDNA
dilutions were made and a standard curve of Ct values was generated for each primer
pair. The log of input cDNA was plotted against the Ct value and the PCR efficiency

calculated according to the following formula:

Efficiency = 10 ~ (-1/slope of standard curve).

3.2.3.10 Selection of Reference Genes

To normalise the expression of the GOI, expression levels are usually assessed in
relation to a reference gene which should have stable gene expression. Twelve
reference genes were tested. It is important to choose the correct reference gene(s) for
the specific experiments as it should not be affected by the experiment. Commonly used
reference genes, like GAPDH and B-actin, can vary across different tissues and with
different experimental settings and therefore may be inappropriate for normalisation of
gene expression (Tricarico et al. 2002). There is no universal reference gene and
therefore selection of these genes should be undertaken for each experimental setting to
get an accurate normalisation (Vandesompele et al. 2002). To find the appropriate
reference gene or genes for the tissues in the experiment here the geNorm™™ Reference
Gene Selection Kit with 12 reference genes (PrimerDesign, Southhampton, UK) was

employed. The reference genes are listed in Table 3.6.
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Table 3.6: 12 human reference genes tested for human trophoblast tissue with their Genbank number and function.

Abbreviation

Genbank Number

Function

Reference gene

B-actin ACTB NM 001101.3 Cytoskeletal structural protein

Glyceraldehyde-3-phosphate GAPDH NM 002046.3 Oxireductase in glycolysis and gluconeogenesis

dehydrogenase

Ubiquitin C UBC NM 021009.5 Protein degradation

3-2-microglobulin B2M NM 004048.2 Beta chain of major histocompatibility complex class I
molecules

Phospholipase A2 YWHAZ NM 001135699.1 Signal transduction by binding to phosphorylated serine
residues on a variety of signalling molecules

Splicing factor 3a, subunitl SF3A1 NM 200094.1 Involved in mRNA splicing

18S rRNA gene 18S NR 003286.2 Small ribosomal subunit

Cytochrome c-1 CYC1 NM 001916.3 Subunit of electron transport chain

Eukaryotic translation initiation EIF4A2 NM 001967.3 Binds mRNA to the ribosome

factor 4A, isoform-2

Succinate dehydrogenase complex SDHA NM 004168.2 Electron transporter in the TCA cycle and respiratory chain

Topoisomerase (DNA) 1 TOP1 NM 003286.2 Enzyme to regulate winding of DNA

ATPsynthase ATP5B NM 001686.3 Catalysis ATP synthesis

99




The data obtained from the qRT-PCR were used to evaluate the gene stability with two

freely available and downloadable software programmes GeNorm (version 3.4, Center

for Medical Genetics, Ghent University, Belgium. http://medgen.ugent.be/genorm) and
Normfinder (version 0953, Molecular Diagnostics Laboratory, Dept of Clinical
Biochemistry, Aarhus University Hospital, Aarhus, Denmark,

www.mdl.dk/publicationsnormfinder/). GeNorm ranks the reference genes according to

their stability and calculates the variation of reference gene stability in order to establish
the optimal number of reference genes necessary for normalisation. The M-value is
defined as the average pair wise variation of a gene with all other control genes. Genes
with the lowest M-value are the most stable genes (Vandesompele et al. 2002).
Normfinder looks at the intra and inter group variation of the sample subgroups and
calculates a gene expression stability value to each reference gene (Andersen, Jensen &

Orntoft 2004). The most stable reference genes are used to normalise the Ct values.

The AACt relative quantification method was used for analysis (Livak, Schmittgen
2001), where the Ct value of the samples of interest are expressed relative to the Ct
value of the reference genes (see above). When more than one reference gene is
employed for normalisation, the geometrical mean of the Ct values of the different

reference genes is used for normalising these results.

3.2.4 Western Blotting

Western Blotting was used for qualitative and semi-quantitative analysis of protein
expression of the endocannabinoid enzymes NAPE-PLD and FAAH in human
trophoblast.

3.2.4.1 Protein Extraction

Trophoblast tissue stored in RNA later was weighed and the homogenization buffer (20
mM HEPES buffer, 2 mM EDTA, 10 mM KCI, 1.5 mM MgCly; 1:500 dilution) was
added together with Protease Inhibitors benzamide, pepstatin, leupeptin and
phenylmethylsulfonyl fluoride (PMSF) (1:1000) to inhibit protease activity. The tissue

was then homogenized using an Ultra Turrax homogenizer for 30 s. The homogenates
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were then centrifuged at 3000 rpm for 10 min at 4°C, the supernatant was decanted to a
fresh tube and re- centrifuged at 13000 rpm for 30 min at 4°C. The supernatants were

taken and total protein quantification performed or stored at -80°C until required.

3.2.4.2 Protein Quantification

Protein was quantified using the Bio-Rad Protein Assay (Bradford Reagent, Catalogue
number: B6916, Sigma) according to the manufacture’s protocol. Bovine serum
albumin (BSA, Catalogue number: A2153, Sigma) was used as a protein standard at
concentrations of 0.06, 0.125, 0.25, 0.5,1 and 2pg/ul (Table 3.7). The samples were
diluted to 1:20 with 0.1M NaOH and 20l of the diluted sample or standard in duplicate
was assayed with 1ml dye reagent. The absorbance was detected at 595 nm in a
spectrophotometer after 15 min of incubation at room temperature. The absolute protein
concentration was calculated from the standard curve created from the serial dilution of

BSA and the absorbance of their protein concentration.

Table 3.7: BSA Standard Curve

Volume of BSA Volume of 0.1M NaOH (ul) Amount of Protein

2mg BSA 1000 2 mg/ml

300 pl of 2mg/ml 300 1 mg/ml
300 pl of Img/ml 300 0.5 mg/ml
300 pl of 0.5mg/ml 300 0.25 mg/ml
300 pl of 0.25mg/ml 300 0.125 mg/ml
300 pl of 0.125mg/ml 300 0.06 mg/ml

0 300 0
3.24.3 Preparation of the Gel

Polyacrylamide gels (1.5 mm thick) were used for the separation of protein. 10%

running gel and 5% stacking gel were prepared as summarized in Table 3.8.
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Table 3.8: Composition of SDS-polyacrylamide gels.

Components (ml) Running Gel (10%) Stacking Gel (5%) ‘
H;O 7.9 8.25
30% Acrylamide Mix 6.7 1.95
1.0 M Tris (pH 6.8) 0 1.5
10%SDS 0.2 0.12
10% Ammonium Persulfate 0.2 0.12
TEMED 0.008 0.012
1.5 M Tris (pH 8.8) 5.0 0
Total Gel Volume 20 12

TEMED and 10% ammonium persulfate (APS) were added just before pouring the gel
in order to start polymerisation. 0.5ml of isopropanol was added on top of the running
gel to ensure a level interface between the two gels. The resolving gel set within 20 min
and the isopropanol was removed. TEMED and 10% APS were then added to the
stacking gel before pouring on top of the running gel and allowing to polymerize with

the 1.5 mm comb in place to set the wells required for loading samples.

3.24.4 Separation of Proteins by SDS-polyacrylamide Gel

40pg of sample lysate in sample buffer was denatured at 100°C for 5 min and loaded
into each well. The positive controls were kindly provided by Drs. Jon Willets and
Anthony Taylor (Reproductive Sciences Section, Department of Cancer Studies and
Molecular Medicine, University of Leicester). Positive controls were human
recombinant NAPE-PLD and FAAH proteins prepared from HEK-293 cells transfected
with expression plasmids containing human cDNA for NAPE-PLD (Okamoto et al.
2004a) and FAAH (Giang, Cravatt 1997). Proteins were denatured using the anionic
detergent 1x sodium dodecyl sulphate (SDS) buffer (Tris HCL 100 mM, EDTA 1%,
NaCl 200 mM, Igepal 1.25%, SDS 0.2% w/v). SDS breaks the three dimensional
structure of proteins and coats them with negative charges. The samples were

centrifuged and the supernatant aliquoted, snap-frozen in liquid nitrogen and stored at -
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80°C. 30 pg of the protein suspension was added to SDS sample buffer (final
concentration 63 mM Tris, pH 6.5, 100 mM dithiothreitol, 1% SDS, 11.6% glycerol and
0.02% bromophenol blue) and loaded into a well. 10ul of pre-stained SDS marker
(Catalogue number: SDS7B2, Sigma) and 7.5ul of biotinylated protein marker
(Catalogue number: 77278S, Cell Signalling) were loaded to one well. The buffers used
for Western Blotting are listed in Table 3.9. The tank was filled with running buffer.
The gel was run at 140 Volts (Minigel apparatus (BioRad)) for 1- 2 h until the coloured
marker had just run off of the gel.

Table 3.9: Composition of buffers used for Western Blotting.

Buffer Reagent Volume/ Weight
0.125M Tris 2.5ml
2x Sample Buffer (pH 6.8) (10ml) 170 SDS o=,
20% Glycerol 2ml
10% 2-Mercaptoethanol Iml
Bromophenol Blue 0.01g
distilled H,O 0.5ml
Running Buffer (1L) stock 100ml
distilled H,O 900ml
Transfer Buffer (pH 8.3) (1L) 25mMTris 3g
191mM Glycine 14.4g
Methanol 200ml
Washing Buffer (TBS-T) (pH 7.5) 5M NaCl 30ml
(1L) IM Tris 20ml
Tween 20 500l
distilled H,O Made up to 1L
Semi-dry blotting buffer (1L) Tris base 5.8¢g
Glycine 2.9¢g
SDS 0.037%w/v 0.37g
Methanol 20% 200mls
distilled H,O Made up to 1L
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3.24.5 Protein Transfer and Blocking

A nitrocellulose membrane was cut to the size of the gel, soaked in methanol for 30 s
and distilled water for 4 min and then washed in semi-dry blotting buffer. Two filter
papers (Catalogue number: 1703968, Bio-Rad) cut to the same size as the gel were also
washed in semi-dry buffer. One filter paper was placed on the wet semi-transfer plate
with the nitrocellulose membrane on top of it. The gel and the second filter paper were
put on top of the nitrocellulose membrane (Catalogue number: EP4HYO00010,
Anachem) (Figure 3.9). Air bubbles were removed. It is important not to dry out the
membrane during transfer. The lid was placed on the sandwich and a potential
difference of 21V applied for 25 min to transfer proteins from the gel to the

nitrocellulose membrane.

Filter paper

| . Gel

| | Nitrocellulose Membrane

Filter paper
+

Figure 3.9: Schematic representation of protein transfer assembly.
The nitrocellulose membrane and gel are sandwiched by two filter papers. The current
enables to transfer proteins from the gel to the nitrocellulose membrane.
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3.2.4.5.1 Immuno-detection of Proteins

After protein transfer the membrane was washed in blocking solution (5% non-fat milk
in TBS-T) for 60 min at room temperature on a rocker in order to remove any non
specific binding. Thereafter the membrane was incubated with the diluted primary
antibody overnight at 4°C. The primary antibodies and their dilutions are listed in Table
3.10.

The following day the membrane was washed in TBS-T for 45 min and then incubated
with secondary antibody and anti biotin horseradish peroxidise-linked antibody
(1:2000) in blocking solution for 60 min on a rocker. This was followed by washes with
TBS-T. All the secondary antibodies and the reagents for Western Blotting are detailed
in Table 3.11 and Table 3.12.

Table 3.10: Primary antibodies used in Western Blotting.

Antibody Company Product Number Dilution
Anti- NAPE- Cayman 10306 Rabbit polyclonal 1:250
PLD
Anti- NAPE- Abcam 77474 Rabbit polyclonal 1:500
PLD
Anti-FAAH Cayman 101600 Rabbit polyclonal 1:500
Anti-FAAH Abbiotec 100189 Rabbit polyclonal 1:500
Anti-FAAH  Santa Cruz Sc-26428 Goat polyclonal 1:100
Anti-CB1 Cayman 10006590 Rabbit polyclonal 1:100
Anti-TRPV1  Santa Cruz Sc-12498 Goat polyclonal 1:100
Anti-TRPV1 Tocris 2233 Rabbit polyclonal 1:1000
Anti- -  Santa Cruz Sc-55529 Mouse monoclonal 1:100
Tubulin
Anti-GAPDH Abcam 9484 Mouse monoclonal ~ 1:4000
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Table 3.11: Secondary antibodies used in Western Blotting

Antibody Company Product Number  Dilution
Anti rabbit IgG/HRP Sigma A6154 1:1000
Donkey anti-Goat IgG/HRP Santa Cruz SC-2020 1:10000
Anti-mouse IgG/HRP Sigma A4416 1:1000
Anti biotin horseradish Cell Signalling 7075 1:2000
peroxidise linked antibody

Table 3.12: Reagents for Western Blotting

Reagent Company Product Number
Benzamide Sigma 135828
Pepstatin Sigma 77170
Leupeptin Sigma L2884

PMSF Sigma 78830
Trizma Base Sigma T6066
Isopropanol Sigma 109827
Ultrapure Protoflowgel arylamide Flow Bioscience ~ H16996
TEMED Sigma T7024

SDS Fisher BPE166-100
Methanol Fisher M/4000/PB17
Tween 20 Fisher BPE337-500
DTT Sigma D9163

Ultra Pure 10x Tris/Gly/SDS (Running Geneflow B9-0032
buffer)

Ammonium persulfate (APS) Sigma 215589
Bromophenol blue Sigma B5525
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3.24.6 Optimization of Antibodies for Western Blotting

The Western Blotting method was optimized using different dilutions for each of the
primary and secondary antibodies. The anti-CB1 antibody was abandoned as it yielded
several bands at the expected molecular weight. This was consistent with the published
observations of Grimsey et al. using a number of commercially available anti-CB1
antibodies (Grimsey et al. 2008). No TRPVRI was detected using the anti-TRPV1
antibody and after several attempts with different dilutions this part of the experiments

with this antibody was abandoned. A summary of the optimization process can be seen
in Table 3.13.

Table 3.13: Optimization of primary antibodies.

Primary Antibody Dilution Secondary Dilution Result

Antibody
Anti-NAPE-PLD 1:250 anti-rabbit 1:1000 Good bands
(Cayman)
Anti-NAPE-PLD 1:500 anti-rabbit 1:1000 No bands
(Abcam)
Anti-FAAH 1:500 anti-rabbit 1:1000 Very light bands
(Abbiotec) with background

noise

Anti-FAAH  (Santa 1:100 anti-goat 1:1000 Very light bands
Cruz)
Anti-FAAH (Cayman) 1:500 anti-rabbit 1:1000 Good bands
Anti-CB1 (Cayman) 1:100 anti-rabbit 1:1000 No bands
Anti-TRPV1  (Santa 1:100 anti-goat 1:20000  Light bands
Cruz)
Anti-TRPV1 (Tocris)  1:100 anti-rabbit 1:20000  no bands
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3.2.4.7 Chemiluminescence Detection

Chemiluminescence is the emission of light due to a chemical reaction. It is based on
the horseradish peroxidase (HRP) catalysed oxidation of luminol in the presence of
peroxide. The light emission is a result of the excitation decay of the luminol. Chemical
enhancers like phenol are used to enhance the light emission to be much prolonged and
very intense (Figure 3.10). The reagents A and B from the enhanced
Chemiluminescence (ECL) Detection kit (Catalogue Number: RPN 2109, GE
Healthcare, UK) were prepared in a 1:1 solution and pipetted onto a glass plate. The
membrane was placed face downwards onto the glass plate and incubated for 5 min.
The membrane was then wrapped in saran wrap and exposed to X-Ray film for various
time durations depending on the band intensity. The film (Catalogue Number:
28906844, GE Healthcare, UK) was developed using an AGFA Curix 60 film
developer. Signal intensities were quantified by using the GeneGnome image analysis

system and software (Syngene, Cambridge, UK).

Oxidised product

Peracid
Primary Antibody  secondary AB-HRP

: 2H20+ Luminol+Enhancer

Western nitrocellulose membrane

Light

Figure 3.10: Schematic overview of principles of chemiluminescence detection.

The primary antibody is attached to the antigen on the membrane. The secondary
antibody is linked with horseradish peroxidase (HRP). The oxidation of luminol by
horseradish peroxidase (HRP) in the presence of an enhancer results in light emission
which can be captured by X-ray film.
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3.24.8 Loading Control for Western Blotting

Two primary antibodies (anti-B-Tubulin and anti-GAPDH) were checked to identify a
suitable control protein to assess loading accuracy. These proteins have expression
levels that remain unaltered under various conditions and therefore the expression
levels of the loading control do not change in different samples. Using this method
verifies that all the lanes have been equally loaded. This is important for confirmation
of any changes in the expression levels of a protein in different samples. § -Tubulin is a
protein present in the whole cell and cytoplasm with a molecular weight of 55kD.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) is also found in the whole cell
and cytoplasm and plays a role in glycolysis. The molecular weight of GAPDH is
40kD.

Different dilutions of primary and secondary mouse antibody were used to optimize B—
Tubulin and GAPDH detection (Table 3.14). As anti-GAPDH worked better with the

samples the use of GAPDH as the loading control was continued.

Table 3.14: Dilutions of antibodies used for loading control.

Primary Dilution  Secondary  Dilution

Antibody Antibody

Anti-$-Tubulin 1:500 anti-mouse 1:1000  Too much background

Anti-$-Tubulin 1:500 anti-mouse 1:2000  Too much background

Anti-$-Tubulin 1:100 anti-mouse 1:5000 Bands too light

Anti-GAPDH 1:4000 anti-mouse 1:1000 Bands clearly visible
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3.24.9 Data Analysis and Statistics

Statistical analysis was done using GraphPad Prism 5.0. The unpaired t-test (two groups
of variables) and one way ANOVA (for more than two groups of variables) followed by
Bonferroni ad hoc test were used for data with Gaussian distribution. For non-
parametric data the Mann Whitney U-test (for two groups of variables) or Kruskal
Wallis Test (for more than two groups of variables) were used. All the tests were two-

tailed and differences were considered to be statistically significant for a p-value<0.05.

3.3 RESULTS
3.3.1 NAE Levels in Tissues from TOP
3.3.1.1 NAE Levels in Trophoblast

Trophoblast tissue obtained following 17 MTOP and 13 STOP as controls were
anlaysed for AEA, OEA and PEA levels. Levels of the three NAE in trophoblast were
7.24+1.06, 26.34+2.28 and 76.36+5.21 pmol/g (mean + SEM) for AEA, OEA and PEA
respectively. There was a negative correlation between gestational age and NAE levels
in trophoblast of the pooled data set (MTOP and STOP combined); this was significant
for OEA and PEA (AEA: R2=0.11, p=0.068; OEA: R2=0.156, p=0.031; PEA:
R’=0.202, p=0.016) (Figure 3.11). However, there was no significant correlation
between gestational age and NAE levels in trophoblast when the samples were sub-
divided into MTOP (AEA: R*=0.00036, p=0.942; OEA: R*=0.037, p=0.457 and PEA
R’=0.126, p=0.177) (Figure 3.12) and STOP (AEA: R’=0.0588, p=0.42; OEA:
R’=0.0085, p=0.764 and PEA R*=0.8, p=0.348) (Figure 3.12).
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Figure 3.11: Correlation between NAE levels in first trimester trophoblast and
gestation (n=30).
Significance was determined by Spearman Correlation for AEA and PEA and Pearson
Correlation for OEA (r= correlation coefficient).
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Figure 3.12: Correlation between NAE levels in trophoblast after MTOP, STOP and

gestation.

Spearman Correlation was used for (A, D-F)) and Pearson Correlation for (B-C) (linear

regression analysis).
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When NAE levels in trophoblast were related to plasma obtained from the same
patients after TOP there was no significant correlation (Figure 3.13). When these were
sub-divided into MTOP and STOP groups, there was a significant negative correlation
between OEA levels in trophoblast and plasma in the MTOP group (p=0.025,
R’=0.33): high trophoblast levels were correlated with low plasma OEA levels.
However, there was no significant relationship for AEA and PEA (Figure 3.14).
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Figure 3.13: Correlation between NAE levels in trophoblast and plasma levels

of MTOP and STOP combined (n=26).
Spearman correlation was used for AEA levels and Pearson Correlation for OEA and

PEA levels.

113



A MTOP

30_
5 . p=0.44
3 . R?=0.046
E 2 e
& ‘...___----------'-___,,
o 10 T
E '__n_----.o-'o.__‘_' .
] [
3 0 y T T e
8 02 04 08 08 10
= ol Plasma AEA (nM)

B

80+
—_ *p=0.025
T R?=0.33
0
(o}
o 204
=
@
el :

-20- Plasma OEA (nM)

C

300+
= . p;0.726
o =
S, R?=0.01
< — ® e
o TememaagemmeT
g 100- .___l___’.-———__
= . e

0 y r y : ;

0 5 10 15 20 25

Plasma PEA (nM)

Tissue AEA (pmol/g)

Tissue OEA (pmol/g)

Tissue PEA (pmolig)

D STOP
10+
8 L. p=052
- e R?=0.052
6 P
.
“ Y
o _.-37 Tm——
2 - <t .
c T T T T 1
0.0 0.2 04 06 0.8 1.0
plasma AEA (nM)
E
50_
40- p=0.053
R?=0.354
30
204
104
0 T 1
1 5
s plasma OEA (nM)
F
1504
p=0.75
. R?=0.009
100 . L
_____________ Y -
_'___________4————
ot QR
- "--._‘
o] T T T 1
0 10 20 30 40
plasma PEA (nM)

Figure 3.14: NAE levels in trophoblast and plasma from women undergoing MTOP
(n=15) and STOP (n=11).
A significant correlation could only be established between OEA levels in trophoblast
and plasma (p=0.025, R*=0.33) (B). The significance was calculated by Spearman (A)
and Pearson Correlation (B-F).
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In order to compare NAE levels in trophoblast from MTOP and STOP, a matched
analysis was performed of 13 MTOP and 9 STOP samples. The demographic data are
shown in Table 3.15. Trophoblast AEA, OEA and PEA levels were significantly higher
after MTOP when compared to STOP (p<0.0062, p<0.016 and p<0.0029) (Figure 3.16).

Table 3.15: Demographic data of women with MTOP and STOP.

MTOP (n=13) STOP (n=9)
Age (years) 28 (20-39) 24 (17-35) p=0.14
BMI (kg/m’) 23.3 (20.6-30) 24.1 (19.2-29.4) p=0.54
Ethnicity White n=10 White n=7
Asian n=3 Asian n=2
Gestation (days) 57 (51-61) 62 (54-69) p=0.08

The number of samples (n) is given for each group. Data presented as a mean (range).
Mann-Whitney U-test was used for the analysis of BMI and gestation whereas student’s
t-test was applied for the analysis of age.
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Figure 3.15: NAE levels from trophoblast after MTOP and STOP.

Trophoblast NAE levels were significantly increased in MTOP (n=13) compared to
STOP (n=9). The boxplot is representing lower quartile, median and upper quartile with
whiskers from minimum to maximum. The Mann-Whitney U-test was used for AEA
and OEA and the unpaired Students t-test for PEA.
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3.3.1.2 NAE Levels in Trophoblast, Decidua and Membrane

NAE levels were quantified in fetal membranes and decidua obtained from a cohort of
volunteers who had TOP. The demographic data can be found in Table 3.16. NAE
levels in trophoblast from MTOP were the highest followed by membrane and decidua.
AEA and PEA levels in trophoblast from MTOP were significantly higher than in
decidua (p=0.0059 and p=0.438) (Figure 3.16). In the STOP samples, the differences in
levels were less distinct between the different tissues; only OEA levels in trophoblast

were significantly higher than in decidua (p=0.035) (Figure 3.16).
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Table 3.16: Demographic data of women undergoing MTOP and STOP and providing membrane, trophoblast and decidua for UHPLC
analysis.

Membrane Trophoblast Decidua
MTOP STOP MTOP STOP MTOP STOP

Age (years) 21 (19-29) 25 (18-39) 27(18-39) 25 (18-35) 25 (20-32) 26 (19-39)

BMI (kg/m”) 21.5 22.9 23.3 22.7 21.9 22
(18-25) (19-29.4) (18-30) (18.4-29.4) (18-25.6) (19.2-23.7)

Ethnicity

White n=4 n=12 n=11 n=10 n=3 n=9

Asian n=1 n=1 n=4 n=1 n=1 n=0

Mixed Asian/ White n=2 n=2 n=1
Gestation (days) 51 (45-56) 65 (57-80) 54 (45-61) 66 (57-80) 54 (48-62) 68 (57-80)

Data is presented as a mean (range).
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Figure 3.16: NAE levels in membrane, trophoblast and decidua tissues

obtained from women undergoing MTOP (A-C) and STOP (D-F).

The boxplot is representing lower quartile, median and upper quartile with whiskers
from minimum to maximum. Statistical differences between tissues were investigated
using one way ANOV A with Bonferroni post-hoc test.
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3.3.2 Immunohistochemistry

Immunoreactive staining for the cannabinoid enzymes NAPE-PLD and FAAH as well
as the cannabinoid receptors CB1 and CB2 were demonstrated in healthy 1% trimester
trophoblast as shown previously (Helliwell et al. 2004, Habayeb et al. 2008, Taylor et
al. 2011).

Human myometrium was used as a positive control as it is known to express NAPE-
PLD and FAAH and the cannabinoid receptors CB1 and CB2 (Brighton et al. 2009).
Rabbit IgG and normal goat serum (NGS) were used as negative controls for secondary

antibody non-specific binding.

Histomorphometric analysis was performed on trophoblast samples from MTOP (n=6)
and STOP (n=5), as described in section 3.2.2.4. The samples were all from gestational

age 8 - 9 weeks. The demographic data of the patients are shown in Table 3.17.

Table 3.17: Demographic data of women with MTOP and STOP and
histomorphometric analysis of trophoblast tissue.

MTOP (n=6) STOP (n=5)
Age 24 (18-43) 26.8 (19-37) 0.36
BMI 21.50 (19.8-25.3) 21.42 (19.8-23.6) 0.94
Gestational age 58.3 (54-62) 59.2 (54-70) 0.78

Data is presented as mean (range). Significance was calculated using Mann-Whitney U-
test for age and gestational age and unpaired Student’s t-test for BMI.
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3.3.2.1 NAPE-PLD

Immunostaining of NAPE-PLD was detected in 1% trimester trophoblast after both
STOP and MTOP. It was mainly localised in the cytotrophoblast and
syncytiotrophoblast layers. There was also nuclear staining in the cytotrophoblast.
Some nuclei of the mesenchymal core also showed positive staining for NAPE-PLD
(Figure 3.17 and 3.18). NAPE-PLD immunoreactivity was more intense in the
cytotrophoblast and syncytiotrophoblast of tissues obtained from STOP compared to
that from MTOP (Figure 3.19).

3.3.2.2 FAAH

Immunoreactive FAAH was localised in the mesenchymal core, cytotrophoblast and
syncytiotrophoblast layers of 1% trimester trophoblast. It was present throughout the
cytoplasm of the cells with some nuclear staining (Figure 3.17 and 3.18). Trophoblast
obtained after MTOP showed an increased FAAH expression when compared to that

after STOP, but this was not statistically significant (Figure 3.19).
3.3.23 CB1

CB1 immunoreactivity was present in 1% trimester trophoblast collected after both
STOP and MTOP. It was detected in the cytoplasm of syncytiotrophoblast, in the
cytoplasm and nuclei of cytotrophoblast, in the mesenchymal core and the endothelial
cells of the blood vessels. However, there was no CB1 immunostaining in either fetal
blood cells or maternal plasma cells (Figure 3.17 and Figure 3.18). CB1 expression in
trophoblast collected after MTOP was stronger when compared to tissue collected after

STOP, but this was not statistically significant (Figure 3.19).
3.3.2.4 CB2

CB2 was also detected in trophoblast from 1% trimester pregnancies. However the
staining was weak when compared to CB1 staining in trophoblast. CB2
immunoreactivity was demonstrated in cytoplasm of cytotrophoblast and
syncytiotrophblast and the mesenchymal core (Figure 3.17 and Figure 3.18). The
expression of CB2 was significantly increased in trophoblast collected after MTOP

when compared to that collected after STOP (p=0.031) (Figure 3.19).
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Figure 3.17: Specificity of the ECS antibodies.

Staining of NAPE-PLD, FAAH, CB1 and CB2 is illustrated in first trimester
trophoblast following STOP. NAPE-PLD was found in the cytoplasm and some nuclei
of syncytiotrophoblast (sy) and cytotrophoblast (ct). FAAH was also present in both
syncytiotrophoblast and cytotrophoblast. CB1 was observed in cytoplasm of
syncytiotrophoblast and nuclei and cytoplasm of cytotrophoblast. There was no CB1
staining in fetal blood wvessels (v). CB2 was visible in the cytoplasm of
syncytiotrophoblast and cytotrophoblast. Normal goat serum (NGS) (middle panel) and
rabbit IgG isotype (right panel) were used as negative controls at equivalent
concentrations. Images are representative of trophoblast samples at 8 and 9 weeks
gestation. All images were captured at 200x magnification.
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NAPE-PLD

Figure 3.18: Immunoreactivity of NAPE-PLD, FAAH, CB1 and CB2 in first trimester
trophoblast.

Immunostaining for NAPE-PLD was detected in cytoplasm and some nuclei of
syncytiotrophoblast (sy) and cytotrophoblast (ct) and fibroblast (f) cells. FAAH
immunoreactivity was confined to the syncytiotrophoblast and cytotrophoblast. CB1
staining was seen in the cytoplasm of the syncytiotrophoblast and the cytoplasm and
nuclei of cytotrophoblast. It was also detected in the cytoplasm of fetal endothelial cells
(ec). CB2 was visible in the cytoplasm of the syncytiotrophoblast and the
cytotrophoblast. All the tissues are from surgical termination of pregnancies at 8 weeks
gestation. Images are representative of trophoblast samples at 8 and 9 weeks gestation.
Images on the left panel were taken at 200x magnification and images on the right panel
were captured at 400x magnification.
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Figure 3.19: Immunohistological localisation and staining intensities
of NAPE-PLD, FAAH, CB1 and CB2 in first trimester trophoblast collected after

medical and surgical termination of pregnancies.

Images were taken at 200x magnification and are representative of trophoblast samples
from 8 and 9 weeks gestation. The histoscore value for each antigen is shown as mean +
SEM. Each histoscore consists of 10 random fields/ slide for 6 MTOP and 5 STOP
samples. NAPE-PLD expression was significantly decreased in trophoblast from MTOP
when compared to STOP. FAAH and CBI1 expression did not change significantly. CB2
expression in tissue from MTOP was significantly higher when compared to STOP.
Unpaired student’s t-test was used to compare the two groups.
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3.3.3 PCR
3.3.3.1 Agarose Gel Electrophoresis for RNA Quality Assessment

The first tissue samples were collected and transported on dry ice to the Histopathology
department, where they were separated into decidua, trophoblast and fetal membranes
(see section 3.2.1.2), flash frozen in liquid nitrogen and stored at -80°C until further
analysis. RNA was then extracted and assessed for its quality using Agarose gel
electrophoresis. Unfortunately all the samples were degraded as can be seen by the
smearing and absence of defined bands on Figure 3.20. Therefore all further tissues
collected following termination of pregnancies were immediately stored in RNAlater.
The RNA integrity of the samples in RNAlater was checked with the Agarose gel

electrophoresis which confirmed intact RNA in all samples but one sample in lane 5

(Figure 3.20). Further RNA quality assessment was performed with the Bioanalyser.

A B

Figure 3.20: Agarose gel electrophoresis of samples collected with (A) and without (B)
RNAlater.

A. Lane 1= ladder, lanes 3-4 trophoblast samples from MTOP, lanes 5-8 trophoblast
samples from STOP. B. Lane 1= ladder, lanes 2-5 and 7-8 trophoblast samples from
MTOP, lane 6 trophoblast sample from STOP.
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3.3.3.2 Comparison of two different RNA Extraction Methods

RNA extraction was performed on three samples from tissues collected following
STOP with the Qiagen miRNeasy mini kit and the phenol-chloroform extraction
method. The RNA integrity was checked with the Bioanalyser and the results are
presented in Table 3.18.

The RIN scores with both extraction methods confirmed a good integrity of RNA that
could be used for qRT-PCR. The membrane tissue used for RNA extraction with the
Qiagen miRNeasy mini kit was very small and therefore only a very small RNA yield
was available and this was not enough to determine an RIN score. Further RNA
extraction was performed with the Qiagen miRNeasy mini kit as it is simpler and less

time consuming than the organic extraction.

Table 3.18: RNA yield and RIN score in STOP tissues after RNA extraction using the
Qiagen miRNeasy mini kit and the phenol-chloroform extraction.

tissue Qiagen miRNeasy mini kit Phenol- chloroform extraction

RIN score RIN score

RNA concentration

RNA concentration

(ng/pl) (ng/ pl)
trophoblast 816.53 7.7 685.17 7.5
decidua 320.99 7.5 116.95 7.4
membrane 21.04 ND 1109.21 8.6

ND= not determined
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3.3.3.3 Dissociation Curves

Dissociation curves were produced for all the PCR products in order to detect any non
specific cDNA amplification. The dissociation curves for all genes analysed were
specific with a single peak at the melting temperature of the PCR product. Dissociation
curves for NAPE-PLD and FAAH qRT-PCR reactions are shown in Figures 3.21 and
3.22, respectively.
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Figure 3.21: NAPE-PLD qRT-PCR dissociation curve on trophoblast tissues obtained
from MTOP and STOP.

All tissues were stored in RNA later. There is a single sharp peak at the melting
temperature of NAPE-PLD at 78°C.
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Figure 3.22: FAAH dissociation curve on tissues from MTOP and STOP trophoblast.
All the tissues were stored in RNA later. There is a single sharp peak at the melting
temperature of FAAH at 83°C.

3.3.34 Identification of Reference Genes most suited for

Normalisation of Data from MTOP and STOP Trophoblast

To find the appropriate reference gene or genes for normalisation of qRT-PCR data
obtained from the tissues the geNorm' ™ Reference Gene Selection Kit (PrimerDesign,
Southhampton, UK) was used. 12 reference genes were tested in 12 human trophoblast
samples. The Ct values showed a variation of expression. The lowest Ct values were
found with the reference gene 18S, which means it is a highly expressed gene in the
trophoblast and the highest Ct values were present with the reference gene SF3Al
(Figure 3.23). The Ct values from the qRT-PCR were converted to relative gene
expression values and analysed using the programs geNorm and Normfinder (see

section 3.2.3.10).
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Figure 3.23: The Ct values of 12 reference genes tested in 12 human trophoblast
samples.

The lowest Ct values were measured in the reference gene 18s and the highest Ct values
were seen with the reference gene SF3A1. The data are presented as boxplots whereby
the box shows the upper and lower quartiles and the median; and the ends of the
whiskers represent the minimum and maximum values.
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3.3.3.4.1 GeNorm Analysis of Housekeeping Gene Expression in First
Trimester Trophoblast

GeNorm calculates the average gene expression stability known as the M-value of a
reference gene and ranks the reference genes. The lower the M-value the more stable
the gene. The ranking order of the reference genes for first trimester trophoblast from
MTOP and STOP were (least stable to most stable): B2M> Actin B> SDHA> SF3A1>
UBC> 18S, TOP1> GAPDH> YWHAZ> CYC1> ATP5B and EIF4A2 (Figure 3.24).
In addition, the geNorm analysis also determines the optimal number of reference genes
for this data set by normalisation with the pairwise variation (V ,n+1) analysis between
consecutively determined normalisation factors of n and n+1 genes (Vandesompele et
al. 2002) (Figure 3.25). At a cut-off value of below 0.15, no additional reference gene is
required. In this study the V2/3 value was 0.102 and therefore the top 2 reference genes

were required for normalisation and these were ATP5B and EIF4A2.

o

(o)

(6]
!

Average expression stability M

B2M  ActinB SDHA SF3A1 UBC 18S TOP1 GAPDH YWHAZ CYC1 ATPS5B
EIF4A2

<:::: Least stable genes Most stable genes ::::>

Figure 3.24: Average expression of stability values of the 12 reference genes
for human first trimester trophoblast (n=12) using the geNorm analysis.
Results are according to the output file of the geNorm software.

130



0.12

0.102

0.10
0.088
0.083
0.08 0.076  0.075
0.066
0.064 (op1
0.06 - 0.057 0.055
0.04
0.02
0.00 i T T T T T T T T T

V2/3 V3/4 V4/5 V5/6 V6/7 V7/8 Vv8/9 V9/10 V10/11 V11/12
Pairwise Variations

Figure 3.25: Determination of the optimal number of reference genes

for normalisation of trophoblast qRT-PCR with the pairwise variation (V) calculated by
geNorm. Results are according to the output file of the geNorm software following
analysis of human first trimester trophoblast (n=12).

3.3.3.4.2 Normfinder Analysis of Reference Gene Expression in First

Trimester Human Trophoblast

The Normfinder program ranks the genes according to their intragroup (Figure 3.26)
and intergroup (Figure 3.27) expression variation as a measure of their expression
stability. The best single gene was EIF4A2 with a stability value of 0.05 and the best
combination of two genes involved ATP5B and EIF4A2 with a stability value of 0.04
(Table 3.19). They were followed by the following less stable genes: GAPDH, CYC1,
18S, YWHAZ, SDHA, Actin B, TOP1, B2M, UBC and SF3A1 (Table 3.20).
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Table 3.19: Best reference gene and best combination of reference genes
For normalisation in human trophoblast tissues (n=12) obtained following MTOP and
STOP according to the Normfinder program.

Best gene EIF4A2

Stability 0.05

Best combination of two genes ATPSB and EIF4A2

Stability value for the combination of two genes 0.04

Table 3.20: Stability value of reference genes in trophoblast tissues (n=12)
obtained following MTOP and STOP as calculated by the Normfinder program.

Gene name Stability value

EIF4A2 0.05
ATPSB 0.056
GAPDH 0.074
CYC1 0.085
18S 0.091
YWHAZ 0.095
SDHA 0.100
Actin B 0.110
TOP1 0.113
B2M 0.122
UBC 0.122
SF3A1 0.128
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Figure 3.26: Intragroup variation of the Ct values obtained for reference genes in
trophoblast following MTOP and STOP according to Normfinder.
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Figure 3.27: Intergroup variation of the reference genes in trophoblast tissues following
MTOP and STOP (n=12) calculated by the Normfinder program.
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3.3.35 qRT-PCR Primer Efficiencies

Initial characterisation of the primers was undertaken to optimise the primer
concentrations for each target cDNA. Optimal primer concentrations were determined
by serial dilutions and were 2ug. To calculate the primer efficiencies of each primer
pair standard curves were constructed (Figure 3.28 A, B). Therefore serial dilutions of
the template trophoblast cDNA and PCR were performed. The obtained Ct values and
the template quantity showed a linear correlation (Figure 3.28). PCR efficiency was
calculated from the gradient of the standard curve according to the formula (see section
3.2.3.3). All standard curves showed good regression analysis (R*>0.98). The PCR
efficiencies of the primers were between 105% and 109% (Table 3.21).

The PCR efficiencies for reference gene primer pairs were calculated in the same way
(Figure 3.29). The PCR efficiencies for ATP5B and EIF4A2 were 99% and 101%
(Table 3.22).
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Figure 3.28: Efficiencies of the qRT-PCR primers for NAPE-PLD and FAAH (A) and
the receptors TRPV1, CB1 and CB2 (B).

The PCR efficiency was calculated from the slope of the linear curve generated by
serial dilution of the template cDNA.
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Table 3.21: PCR efficiency for the primers.

Standard Curve Primer
Equation Efficiency (%)
NAPE-PLD y=-3.119x + 34.644 0.997 109
FAAH y=-3.2195x + 37.857 0.999 105
TRPV1 y=-3.14x + 38.145 0.996 108
CB1 y=-3.145x + 39.617 0.986 108
CB2 y=-3.185x +39.352 0.996 106
40 -
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Figure 3.29: Efficiency of primer pairs for qRT-PCR of the reference genes ATP5B
and EIF4A2.
The PCR efficiency was calculated from the slope of the linear curve.

Table 3.22: PCR efficiency of the reference genes ATP5B and EIF4A2.

Standard curve R’ value  Primer Efficiency
equation (%)
ATP5B y=-3.567x + 33.755 0.995 99
EIF4A2 y=-3.300x + 33.356 0.997 101
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3.3.3.6 Real-time quantitative RT-PCR

Trophoblast tissue was collected from women undergoing MTOP (n=11, study group)
and STOP (n=11, control group). These were matched for gestation at the time of the
procedure, BMI and ethnicity. The demographic data of the patients is shown in Table
3.23.

Table 3.23: Demographic data of patients undergoing MTOP and STOP that were
employed for qRT-PCR analysis of ECS.

MTOP n=11 STOP n=11 p-value
Ethnicity White n=9 n=9
Asian n=2 n=1
Mixed n=1
Age 27 (17-41) 25 (17-33) 0.39
BMI (kg/m’) 23.2 (19.5-30) 23.7 (20.5-26) 0.68
Gestation (days) 53 (47-61) 57 (52-61) 0.09

Data are presented as mean (range).
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3.3.3.6.1 Expression of NAPE-PLD, FAAH, TRPV1, CB1 and CB2 in
Trophoblast

Transcript levels of NAPE-PLD, FAAH, TRPV1, CBI1 and CB2 were detected in all
trophoblast specimens collected from healthy first trimester pregnancies following

MTOP and STOP.

A. NAPE-PLD Expression

The trophoblast transcript levels for NAPE-PLD in trophoblast obtained from MTOP
were significantly higher when compared to trophoblast from STOP (p=0.0006). The
mean NAPE-PLD expression in trophoblast from MTOP was 1.5 whereas the mean
expression in trophoblast from STOP was 0.7 (Figure 3.30).
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Figure 3.30: Normalised NAPE-PLD transcript levels in first trimester trophoblast
(n=11).
Significance was calculated using unpaired Student’s t-test. Data are presented as mean
+ SEM.
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B. FAAH Expression

FAAH transcript levels in trophoblast obtained after MTOP were significant higher

when compared to trophoblast from STOP (p=0.021). The mean FAAH expression was
1.34 in trophoblast from MTOP and 0.62 in trophoblast from STOP (Figure 3.31).
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Figure 3.31: FAAH transcript levels in first trimester trophoblast following MTOP and

STOP.

Statistical analysis was performed by unpaired Student’s t-test (n=11) and data are

presented as mean = SEM.

C. TRPV1 Expression

TPRV1 expression varied hugely in the trophoblast after MTOP. The mean normalised

expression was 1.76 with a range of 0.33 to 4.7. The TRPV1 expression in tissue from

STOP was more consistent with a mean of 0.77 and a range of 0.25 and 1.78.
Significantly higher TRPV1 mRNA levels were identified in tissues from MTOP
compared to STOP (p=0.042) (Figure 3.32).
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Figure 3.32: TRPV1 transcript levels in first trimester trophoblast following MTOP

and STOP (n=11).
Data were analysed by unpaired Student’s t-test and are presented as mean + SEM.

D. CB1 Expression

The relative CBI1 transcript levels fluctuated extensively in the trophoblast of MTOP.
The mean normalised expression was 1.6 and ranged from 0.25 to 4.1. The CBI1
expression in trophoblast after STOP was also broad but was still significantly lower

than in MTOP with a mean of 0.5 and a range of 0.05 to 1.48 (p=0.03) (Figure 3.33).
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Figure 3.33: Normalised CB1 transcript levels in first trimester trophoblast following

MTOP and STOP (n=11).
Data were analysed by unpaired Student’s t-test and are presented as mean + SEM.
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E. CB2 Expression

The expression of CB2 mRNA in first trimester trophoblast from STOP was low
compared to from MTOP. Here a mean relative expression of 0.94 with a range of 0.57
to 1.39 was identified in STOP trophoblast whereas the relative expression in
trophoblast from MTOP ranged considerably from 0.29 to 8.1 and the mean was 2.35.
However, there was statistically no significant difference in the CB2 expression of

trophoblast from MTOP and STOP (p=0.18) (Figure 3.34).
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Figure 3.34: Normalised CB2 transcript levels in first trimester trophoblast samples

obtained following MTOP and STOP (n=11).
Data were compared using unpaired Student’s t-test and are presented as mean + SEM.
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An overview of the ECS transcript levels in trophoblast obtained after MTOP and
STOP are shown in Figure 3.35.
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Figure 3.35: ECS transcript levels in trophoblast of MTOP and STOP.

Transcript levels of the enzymes (A) NAPE-PLD and (B) FAAH and the receptors (C)
TRPV1, (D) CBI1 and (E) CB2. Data are presented as mean + SEM and were analysed
by unpaired Student’s t-test.
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3.3.3.6.2 Expression of the ECS in Trophoblast from different

Ethnicities

Since the endocannabinoid levels in plasma were different in the various ethnic groups
(section 2.3.3) these experiments were undertaken to identify whether there is an altered
expression of the ECS in trophoblast from different ethnicities. Therefore trophoblast
from women undergoing STOP with White (n=7) and Asian ethnicity (n=5) were
collected for qRT-PCR analysis. There was not enough tissue from women from other
ethnicities hence they were excluded. Trophoblast samples were matched for gestation,

BMI and age and the demographic data is in Table 3.24.

qRT-PCR analysis was performed on the first trimester trophoblast from the above
volunteers. The relative expression levels of trophoblast NAPE-PLD, FAAH, TRPV1,
CBI1 and CB2 did not alter significantly between White and Asian women (p=0.73,
p=0.97, p=0.54, p=0.39 and p=0.56) (Figure 3.36).

Table 3.24: Demographic data of White and Asian women undergoing qRT-PCR
analysis of the ECS in trophoblast following STOP.

White (n=7) Asian (n=5)
Age 28 (19-38) 26 (21-30) 0.36
BMI 24.3 (20-29) 22.5(18.3-25) 0.35
Gestation 61 (58-69) 62 (56-69) 0.87
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Figure 3.36: qRT-PCR analysis of the ECS transcript levels in first trimester
trophoblast from White (n=7) and Asian (n=5) women who underwent STOP.
Data are presented as mean + SEM and were analysed by unpaired Student’s t-test.
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3.3.4 Analyses of NAPE-PLD and FAAH Protein Levels in First
Trimester Trophoblast by Western Blotting

Western blotting for NAPE-PLD and FAAH proteins was carried out on trophoblast
from 16 patients in total undergoing MTOP and STOP. 40ug of sample lysates were
separated on both a 10% and a 5% SDS-PAGE gel, transferred to nitrocellulose
membrane and immunoblotted with anti-NAPE-PLD and anti-FAAH antibodies (see
section 3.2.4.3). GAPDH was used as a loading control.

Typical Western blots for NAPE-PLD and FAAH protein expression in trophoblast
after MTOP and STOP are shown below (Figure 3.37 and Figure 3.38).

NAPE-PLD Wi A S . s i < <02
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Figure 3.37: Typical Western blot showing protein expression of NAPE-PLD and
GAPDH in trophoblast after MTOP and STOP.
Lanes 1, 3, 5, 7= STOP trophoblast, Lanes 2, 4, 6, 8= MTOP trophoblast.
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Figure 3.38: Typical Western blot showing protein expression of FAAH and GAPDH
in trophoblast after MTOP and STOP.

Lanes 1, 3, 5, 7 = trophoblast samples after MTOP, lanes 2, 4, 6, 8 trophoblast samples
after STOP
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Semi quantitative densitometric analyses of NAPE-PLD and FAAH protein bands
showed that there were no significant differences in protein expression of neither
NAPE-PLD nor FAAH in trophoblast after MTOP and STOP (p=0.66 and p=0.27)
(Figure 3.39).
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Figure 3.39: Densitometric analysis of NAPE-PLD and FAAH protein expression in
trophoblast after MTOP and STOP.

Data analysis was performed by Student’s t-test and data are presented by mean + SEM
(n=8).
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3.4 DISCUSSION

These results demonstrate that elements of the ECS in trophoblast from MTOP are
altered when compared to trophoblast from STOP. Tissue levels of AEA, OEA and
PEA were significantly higher in trophoblast from MTOP than STOP. Plasma AEA and
PEA levels were also significantly higher in women undergoing MTOP than STOP as
described in Chapter 2. To my knowledge this is the first study looking into NAE levels
in trophoblast following MTOP. The results support the hypothesis that the P4 receptor
antagonist RU486 reduces the up-regulation of FAAH by P4 and thereby increases
AEA levels in trophoblast. Looking at NAE levels in trophoblast, decidua and
membrane, the highest NAE levels were found in trophoblast. Significantly higher AEA
and PEA levels were identified in trophoblast after MTOP when compared to decidua.
Significantly higher OEA levels were observed in trophoblast after STOP when
compared to decidua. Low P4 receptor expression in human first trimester decidua after
MTOP and very low P4 receptor expression in trophoblast after MTOP and STOP have
been reported (Milne et al. 2005, Hill et al. 1990). This could explain why AEA levels
in trophoblast were higher than in decidua. However, the numbers in these studies,
especially of deciduas were small and the results would need to be verified with a

bigger sample size.

OEA levels in plasma and trophoblast had a significant negative correlation (p=0.025),
but this was not the case with AEA and PEA, the other members of the NAE family.
The lack of consistently significant correlation between plasma and trophoblast NAE
levels implies that the regulation of EC synthesis and degradation in the trophoblast and
blood are independent as has previously been suggested in the mouse and the rat (Wang
et al. 2007, Fonseca et al. 2010). In addition these observations suggest that NAE
produced by the trophoblast in the first trimester pregnancy may not contribute

significantly to circulating NAE levels in plasma.

NAPE-PLD, FAAH, CB1 and CB2 were localised in the trophoblasts from women after
STOP in agreement with previous observations in trophoblast from first trimester
pregnancies (Helliwell et al. 2004, Habayeb et al. 2008) and also in trophoblast from
MTOP (Taylor et al. 2011). The presence of all the components of the ECS in
trophoblast supports the belief that the ECS plays a role in early pregnancy

maintenance. Immunoreactive NAPE-PLD protein was identified in fetal membranes,
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cytoplasm and the nuclei of the cytotrophoblast and syncytiotrophoblast. However,
another study had showed immunoreactive NAPE-PLD mainly in nuclei of
cytotrophoblast cells in trophoblast from STOP and in nuclei of cytotrophoblast and
syncytiotrophoblast from MTOP (Taylor et al. 2011). Nuclear staining of NAPE-PLD
has also been found in rat decidual cells (Fonseca et al. 2010) and in the normal human
ovary (El-Talatini et al. 2009). The presence of NAPE-PLD in the nucleus is interesting
as AEA is produced on demand from membrane precursors. It may suggest that the
enzyme in the nucleus is not active or that AEA is synthesised within the cell. In this
study NAPE-PLD staining intensities were significantly lower in trophoblast from
MTOP when compared to STOP. This is in contrast to the study by Taylor et al. where
no significant differences between MTOP and STOP were present (Taylor et al. 2011).

Immunoreactive FAAH was also mainly in the cytoplasm of cytotrophoblast and
syncytiotrophoblast as seen in previous studies (Habayeb et al. 2008, Taylor et al.
2011). Trophoblast from MTOP demonstrated non-significantly higher staining
intensities of FAAH when compared to STOP. This has also been observed in a

previous study (Taylor et al. 2011).

The pattern of CB1 immunoreactivity was similar to that previously published work
showing immunoreactive staining in the syncytiotrophoblast and cytotrophoblast layers,
in the mesenchymal core and in endothelial cells of the blood vessels (Taylor et al.
2011). However, nuclear staining in cytotrophoblast layers was demonstrated in the
studies here. There is now increasing evidence for a functional intracellular role for G-
protein-coupled receptors (Gobeil et al. 2006, Jiang, Benovic & Wedegaertner 2007,
Goetzl 2007, Boivin et al. 2008). It is thought that receptors on the cell surface are
responsible for immediate effects whereas intracellular receptors are involved in long-
term responses (Marrache et al. 2005). This could explain the presence in CB1 staining
in the nucleus and cytoplasm of trophoblasts. CBI signal intensity was stronger in
trophoblast from MTOP when compared to STOP, but this was not significantly
different. In another study a decrease of CB1 signal intensity was observed in
trophoblast from MTOP, but this was also not significantly different (Taylor et al.
2011). In contrast to the finding here no CB1 was identified in first trimester placenta in
the study of Helliwell et al. (Helliwell et al. 2004). However, this could be related to the
different antibody used in that study.
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CB2 immunoreactivity in trophoblast showed a similar distribution to previous studies
and was detected in syncytiotrophoblast and cytotrophoblast, in the mesenchymal core
and endothelial cells of the blood vessels (Habayeb et al. 2008, Taylor et al. 2011). CB2
staining intensities significantly increased in trophoblast from MTOP compared to
STOP. These findings are similar to those from a previous study that examined ECS in
human trophoblast after miscarriages, MTOP and STOP (Taylor et al. 2011). AEA
inhibits trophoblast cell proliferation via the CB2 receptor (Habayeb et al. 2008).
Elevation of CB2 in MTOP trophoblast may be an indication that part of the mechanism
involved in RU486-induced MTOP is an inhibition of cell proliferation via CB2;

however, this hypothesis requires considerable further investigation.

To the best of my knowledge this is the first study evaluating the choice of reference
gene for normalisation of qRT-PCR data in human first trimester trophoblast. In other
qRT-PCR studies of the ECS, one reference gene was been randomly selected without
validation. However, some commonly chosen reference genes can vary with different
cell types, time or the experimental design (Sturzenbaum, Kille 2001). Therefore,
validation of reference genes is now recommended by the MIQE guidelines (Bustin et
al. 2009). The MIQE guidelines propose a minimum amount of information regarding
qRT-PCR experiments so that studies with inconsistent and misleading results can be
avoided, including the use of multiple validated reference genes instead of a single
reference gene to minimise bias and give more accurate results. In the experiments here
the two reference genes ATPS5B and EIF4A2, as indicated by both geNorm and
Normfinder, were most stably expressed in these trophoblast samples and therefore

were most suitable for normalisation.

Reference gene selection has previously been assessed in human placenta from normal
pregnancies and those with fetal growth restriction, preeclampsia and gestational
diabetes (Meller et al. 2005, Murthi et al. 2008, Lanoix et al. 2012). Six reference genes
were measured in the placenta from pregnancies with fetal growth restriction and the
best reference genes were GAPDH, 18sRNA and YWHAZ (Murthi et al. 2008). In
contrast, from 7 reference genes investigated in placenta from pregnancies with
preeclampsia and gestational diabetes the most suitable reference genes were TBP,
SDHA and YWHAZ. In a separate study of preeclampsia and gestational diabetes
TOP1, HPRT and PPIA were the best reference genes to assess preeclamptic women

and GAPDH, YWHAZ and PPIA were best for placentas from women with gestational
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diabetes (Meller et al. 2005, Lanoix et al. 2012). All these studies used placenta from
the last trimester. This tissue is different from first trimester trophoblast and therefore it
would not necessarily be expected to generate the same optimal reference genes.
However, the findings here demonstrate that reference gene stability needs to be
checked for each experimental condition in order to avoid using inappropriate reference
genes which may lead to inaccurate results. The use of geNorm and Normfinder

facilitates the selection of the most appropriate reference genes.

Testing the RNA for integrity is especially important given the variability in the
handling of human tissue. The integrity of RNA is also crucial for good quality qRT-
PCR studies. Degraded RNA yields lower gene expression giving unreliable and
potentially misleading results. Initially there were problems with RNA degradation in a
significant number of tissue samples as the time from collecting the tissue to its being
snap-frozen in liquid nitrogen varied. Therefore the collection protocol was modified to

immediate storage in RN Alater® and thereby sufficiently reduced RNA degradation.

With the optimal housekeeping genes identified the analysis of transcript levels of ECS
by qRT-PCR was then undertaken. In addition to the changes in immunoreactivity of
the ECS proteins in trophoblast following RU486 administration, qRT-PCR
investigations also revealed changes in mRNA expression. This experiment showed that
NAPE-PLD, FAAH, TRPV1 and CBl mRNA were significantly increased in
trophoblast from MTOP when compared to STOP. CB2 mRNA transcript levels were
also higher in trophoblast from MTOP, but this was not statistically significant. The
most significant increase was in the mRNA expression of the AEA synthesising enzyme
NAPE-PLD followed by the AEA degrading enzyme FAAH. The higher AEA levels
identified in plasma and trophoblast of women undergoing MTOP may be as a result of
the up-regulation of NAPE-PLD. CB1 and CB2 mRNA expressions in trophoblast from
MTOP were also increased suggesting the elevated AEA levels following MTOP may
be amplified by the concurrently amplified receptor levels. Amplified endocannabinoid
signalling is known to induce growth arrest or apoptosis; for example in the study of
Habayeb et al. high AEA levels prevented trophoblast cell proliferation in BeWo cells
by a CB2-dependent mechanism (Habayeb et al. 2008). BeWo choriocarcinoma cells
have many characteristics of trophoblast cells and therefore they are widely used to
study placental cellular signalling. Furthermore, lower levels of AEA accelerated

trophoblast differentiation in mice whereas higher AEA levels inhibited trophoblast
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differentiation via a CBI-dependent mechanism (Wang et al. 1999). Taken together
these results suggest that the elevated ligand and receptor levels following RU486
administration inhibit cell growth and differentiation which may comprise at least in
part the mechanism of RU486-induced termination of pregnancy. A difference in the
mRNA expression of the ECS in trophoblast from White and Asian women undergoing
STOP could not be determined in contradiction to the differences in plasma NAE

levels.

Protein levels of the enzymes NAPE-PLD and FAAH determined by Western blotting
are consistent with the qRT-PCR observations of transcript levels. An increased protein
expression of NAPE-PLD and FAAH was observed in trophoblast from women
undergoing MTOP when compared to STOP, but this was not statistically significant.

A limitation of the study was the way of tissue collection. Women undergoing MTOP
passed the tissue in a non sterile bowl which led to a time delay in tissue collection.
Women undergoing STOP had a surgical vacuum extraction, whereby pregnancy tissue
can get mashed and that may have an effect on the purity of the tissues. However, as all
the tissues were handled the same way, any effect would be the same in tissues

collected after MTOP or STOP.

This chapter has offered new insights into an understanding of the possible relationship
between the ECS and P4 in the human trophoblast. The anti-progesterone RU486
resulted in high AEA levels in trophoblast and also increased the mRNA and protein
expression of the enzymes NAPE-PLD and FAAH. It is known that high AEA levels
exhibit an inhibition of trophoblast proliferation and differentiation via CB2 (Habayeb
et al. 2008) and via CB1 (Wang et al. 1999), respectively. These experiments have
provided insights into the mechanism of action of RU486 in relation to the ECS,

however, further work is required to fully appreciate and define these interactions.
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Chapter 4

The Effect of Timing and Dose of intraperitoneal

Anandamide (AEA) Administration in Rat
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4.1 INTRODUCTION

Fertility depends on the synchronized development of the blastocyst and a receptive
uterus, which depends on the regulation of steroid hormones, growth factors and lipid
mediators. Several other factors are thought to be involved in this synchronized process
and one of this is the endocannabinoid system. The latter includes the endocannabinoid
system which plays an important role in implantation whereby local AEA levels are
considered crucial. In mice, lower AEA levels are observed at implantation sites
compared with inter-implantation sites (Schmid et al. 1997). The AEA tone, which is
vital for successful implantation at each site, is maintained by the differential
expression of AEA synthesizing enzyme NAPE-PLD and the AEA degrading enzyme
FAAH. Furthermore, lower AEA levels in the blastocyst accelerated differentiation and
outgrowth whereas higher AEA levels inhibit blastocyst differentiation (Wang et al.
1999, Wang et al. 2003).

On the basis of these findings it is hypothesised that the exogenous administration of
anandamide around the time of implantation maybe expected to interfere with this
process. As it is unethical to test this hypothesis in human volunteers, the rat model was
used instead. The rat is frequently used as a model to study pregnancy-related questions
as implantation occurs via trophoblast invasion and vascular remodelling, similar to that

in human pregnancies (Caluwaerts et al. 2005, Vercruysse et al. 2006).

Rats have a 4-5 days menstrual cycle and can breed throughout the year. The rat cycle
consists of the proestrus phase with a duration of 12-14 h when follicles start growing,
the estrus phase when the female is sexually receptive (“in heat”) for 25-27 h, the
metestrus phase when the corpora lutea are formed and last for within 6-8 h and the
diestrus phase when the corpora lutea are producing progesterone for 55-57 h (Mandl
1951). If no pregnancy occurs, the corpora lutea regresses. If pregnancy occurs, the
length of gestation is usually 21 days. The first day of pregnancy is considered to be
when spermatozoa are present in the vaginal smear. The fertilised eggs undergo several
mitotic divisions resulting in blastocyst formation. The blastocyst consists of the inner
cell mass that develops to an embryo and the trophectoderm that develops to the
placenta. The blastocysts migrate via the oviduct to the uterus. Rats have an elongated
uterus consisting of the right and left horn. This enables the rat to have multiple

implantations. The horns of the uterus join together and open into the vagina. Rat
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implantation occurs 5 days after fertilisation and involves blastocyst embedding within
the endometrium (Mayer, Nilsson & Reinius 1967). At the site of blastocyst attachment
the underlying antimesometrial stromal cells differentiate to decidual cells (Mayer,
Nilsson & Reinius 1967). A few days later, on day 8, the mesometrial stromal cells
differentiate into decidual cells. They are small with a single nucleus whereas the
antimesometrial decidual cells are large with multiple nuclei. On day 10 decidual cells
begin to regress by programmed cell death from the antimesometrial site of initial
attachment to the mesometrial site of the definitive haemochorial placenta to
accommodate the developing embryo (Gu et al. 1994). The involvement of AEA in
decidual regression has been shown in rat primary decidual cells (Fonseca, Correia-da-

Silva & Teixeira 2009).

The rat placenta starts developing after blastocyst attachment. Trophoblast cell invasion
is endovascular and interstitial towards the mesometrial triangle also referred to as
metrial gland, which is a rich vascular site and an extension from the mesometrial
decidua (Vercruysse et al. 2006). There are two regions in the chorioallantoic placenta:
the basal zone and the labyrinth zone. The basal zone, also called junctional zone, is
comprised of giant trophoblast cells, spongiotrophoblast and glycogenic trophoblast
cells and is located at the maternal-placental interface. The labyrinth zone is situated at
the fetal interface and is comprised of giant trophoblast cells and syncytiotrophoblasts
(Figure 4.1). The giant trophoblast and spongiotrophoblast cells have endocrine
functions whereas the glycogen cells serve as an energy reservoir (Davies, Glasser

1968, Soares et al. 1996).

In this chapter the hypothesis was tested in an animal experiment where exogenous
AEA was given around the time of implantation to determine whether it reduced the
number of viable pregnancies in the rat. Changes to the ECS after AEA administration
were also investigated. For this purpose, AEA, OEA and PEA levels were quantified in
plasma, decidua and placenta from the rats using UHPLC-MS/MS. Furthermore, the
expression profiles of NAPE-PLD and FAAH in implantation sites were examined by
immunohistochemistry (IHC), transcript levels of AEA metabolizing enzymes (NAPE-
PLD and FAAH) and AEA receptors (CB1, CB2 and TRPV1) were analysed at
implantation and inter-implantation sites by qRT-PCR while protein levels of NAPE-
PLD and FAAH were evaluated at the implantation and inter-implantation sites by

Western Blotting.
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Figure 4.1: Schematic representation of the rat fetal-maternal interface on day 14 of
pregnancy.

The fetal-maternal interface consists of the chorioallantoic placenta and decidua. The
placenta is formed by the basal (junctional) and labyrinth zone.

4.2 MATERIAL AND METHODS
4.2.1 Animal Experiment

Nulliparous Wistar rats weighing 200-250 g (Charles River Laboratories, Barcelona,
Spain) were housed in a temperature controlled room with standard 12 h/12 h light/dark
cycle in the animal care facility of the institution in Oporto University, Portugal. The
animals had access to food and water ad libitum. All procedures involving animals were
conducted in accordance with the guidelines of the Ethics Committee of the Institute of

Molecular and Cellular Biology, Oporto University, Porto, Portugal.

A vaginal smear was performed daily at around 10:00 a.m. to determine the stage of
oestrus cycle. They were examined under the microscope and vaginal cytology was
used to determine the oestrus stage by a commonly used method described by Baker

(Baker 1979).
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A preliminary experiment was performed to determine whether the AEA dose reaches
target tissue and whether levels are maintained sufficient to prevent implantation.
Therefore, three female rats in the oestrus stage were given an intraperitoneal injection
of AEA (5 mg/kg). One rat did not receive an injection and was anaesthetised at 0 min.
The other rats were anaesthetised at 30, 60 or 120 min after the AEA injection and
intracardial blood was collected into EDTA tubes for the quantification of AEA, OEA
and PEA. After the sacrifice, uterine horns and tubes were collected for NAE analysis

and stored at -80°C.

In the main experiments, female rats in the oestrus stage were mated. The following
morning a vaginal smear was taken to check for the presence of spermatozoa. A
positive smear was used to identify day 1 of pregnancy. The pregnant rats were then

randomly allocated into groups of treated and control animals.

In an initial experiment rats were treated either with daily intraperitoneal (i.p.)
injections of AEA (0.2 mg/kg) or with the vehicle saline only on days 2, 3 and 4 of
pregnancy. Another group of rats received a single injection of AEA (0.5 mg/kg) or

saline only as a vehicle on day 4 of pregnancy.

A second experiment involved a single 500ul intraperitoneal injection of 200ug AEA
(40pl of stock solution) (Img/kg AEA) diluted in 460ul propylene glycerol and NaCl
(1:1). The vehicle consisted of 500ul propylene glycerol and NaCl (1:1). The pregnant
rats received the injection on either day 2, day 4 or day 6 of the pregnancy (Figure 4.2).
Pregnant rats were randomly allocated to the treatment groups and each group
comprised 6 animals. The vehicle was chosen according to a previous study (Wenger et

al. 1997).

All rats were sacrificed on day 14. Gestational day 14 was chosen as it corresponds to
the time when the placenta is fully developed. The uterus was collected and washed in
phosphate-buffered saline (PBS) to remove excess blood. Each gestational sac was
dissected intact. Implantation and resorbed sites (based on size and gross appearance), if
present, were counted in each uterine horn (Figures 4.3 and 4.4). The implantation
units, placentas and maternal tissues were inspected grossly for change in colour and
shape. Percent resorption was determined by dividing the number of resorbed fetuses by

the total number of implantations (including viable and resorbed fetuses).
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The following investigations were performed in the rats from the second experiment

only.

After anaesthesia intracardial blood was collected into EDTA tubes for the
quantification of AEA, OEA and PEA. After the animals were sacrificed, implantation,
inter-implantation and reabsorbed units were fixed in 10% (v/v) buffered formalin for
immunohistochemistry (IHC). Implantation sites were separated into myometrium,
decidua and placenta and stored in RNAlater for qRT-PCR together with the inter-
implantation sites or homogenized for Western blotting. Decidua and placenta collected

for NAE analysis were stored at -80°C until analysis.

— y * Single intraperitoneal
o AEA (1mg/kg) or vehicle
/??g'f f’"“\ ~S‘“ (propylene glycol: saline
L o or solution (1:1)) injection

Day2 Day4 Day 6
Day 1 of Day 5 Day 14 Sacrifice
Pregnancy Implantation

Figure 4.2: Experimental design.

Rats received a single intraperitoneal injection of either AEA (Img/kg) or vehicle
(propylene glycol: saline solution (1:1) on day 2 or day 4 or day 6 of pregnancy. They
were sacrificed on day 14.
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Tubes and ovaries

Normal implantations

Cervix

Figure 4.3: Rat pregnant uterine horns with normal implantations.
The rat uterus consists of two uterine horns with multiple implantation sites.
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resorbed site

resorbed site

unimplanted
uterine horn

Figure 4.4: Examples of rat uterine horns from day 4 (A) and day 6 (B) treated rats.
(A) The uterine horn of a day 4 treated rat showed reduced number of normal

implantation sites and also one resorbed site. (B) One day 6 treated rat had no
implantation sites in one uterine horn and one resorbed site in the other uterine horn.
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4.2.2 Extraction of AEA, OEA and PEA from Rat Plasma and Tissue

Whole blood was centrifuged at 1200 x g for 15 min at 4°C to separate plasma from the
red blood cells. Plasma was transferred into clean Eppendorf tubes and stored at -80°C

until further analysis.

The tissue (decidua and placenta) preparation was handled the same as for the human

tissue as described in section 3.2.1.3.

The extraction of AEA, OEA and PEA from rat plasma and tissue was by solid phase as
described in section 2.2.9 and quantified using the UHPLC-MS/MS (section 2.2.12).

4.2.2.1 Statistical Analysis of Tissue and Plasma Levels of NAEs

Statistical analysis was performed using GraphPad Prism version 5.00 for Windows
(Graph Pad Software, San Diego California USA). Normally distributed groups were
compared using one way ANOVA with Bonferroni post-hoc test. Data that did not
follow the Gaussian distribution were compared using the Mann-Whitney U Test for 2
groups or Kruskal Wallis Test with Dunn’s Multiple Comparison Test for multiple
groups. Correlations were made using Pearson Correlation for normally distributed data
and Spearman correlation for data that did not follow the Gaussian distribution. The

level of significance was set at p<0.05. All numerical data are shown as mean + SEM.
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4.2.3 Immunohistochemistry

4.2.3.1 Animals

Rats received a single intraperitoneal injection of AEA (I1mg/kg) or vehicle (propylene
glycol: saline) on day 2 or day 4 or day 6 of pregnancy. They were sacrificed on day 14

and the uteri were collected for immunohistochemistry.

4.2.3.2 Tissue Collection and Handling

Implantation, inter-implantation and resorbed units were fixed in 10% (v/v) buffered
formalin for 48 h. Afterwards they were processed for routine paraffin histology as
explained in Figure 4.5. The implantation sites were embedded in paraffin such that all
sections were transverse. Serial sections (4 pm) were taken and placed on slides coated
with aminopropyl-triethoxysilane (Sigma Chemical Co, St. Louis, USA). The slides

were stored at room temperature until further use.

Dehydration:
Alcohol 70% for 90 min

|

Alcohol 96% for 90 min

|

Alcohol 100% for 90 min

|

Benzol for 30 min

l

Paraffin: Benzol (1:1) for 60 min at 56°C

|

Paraffin for 60 min at 56°C

|

Inclusion in paraffin

Figure 4.5: Flow diagram for the preparation of blocks.

Tissues fixed in formalin were dehydrated in graded alcohol and benzol. Then they
were placed in a 1:1 mixture of paraffin and benzol and thereafter in paraffin only at
56°C. Finally the tissues were included in paraffin and left at room temperature.
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4.2.3.3 Immunostaining

Slides were dewaxed, rehydrated and stained with standard haematoxylin and eosin

(H&E) to determine the morphology and histology.

Localisation of NAPE-PLD and FAAH was by an avidin-biotin alkaline phosphatase
complex immunohistochemical technique (Vectastain ABC kit, Vector laboratories,
CA, USA). The slides were dewaxed, rehydrated and blocked with normal blocking
serum. The slides were then incubated overnight with the rabbit primary anti-rat NAPE-
PLD antibody (dilution 1:100) (catalog no. 10005430; Cayman Chemicals) or goat
primary anti-rat FAAH antibody (dilution 1:100) (catalog no. sc-26427; Santa Cruz) at
4°C. The following day, the slides were washed with PBS and incubated with diluted
biotinylated secondary antibody for 30 min. After another wash they were incubated
with Vectastain ABC-AP reagent for 30 min as per kit instructions. The
immunoreactive complexes for anti- NAPE-PLD and anti-FAAH were identified with
Sigma Fast Red tablets (Sigma). The slides were washed under tap water for 6 min,
counterstained with Mayer’s haematoxylin solution (Sigma diagnostics) and mounted in

an Aqua-Mount improved medium (BDH Laboratory Supplies, Poole, UK).

As negative controls, blocking peptides were used whereby the primary antibody was
incubated with an excess of the corresponding blocking peptides for NAPE-PLD
(Cayman Chemicals, Catalogue number: 10009737) and FAAH (Santa Cruz, Catalogue
number: sc 26427p). The primary antibody binds to the blocking peptide and gets
neutralized. This helps to evaluate the specificity of antibody reactivity in

immunohistochemistry.

Images were taken at 100x, 200x or 400x magnification on a Nikon Eclipse E400
microscope (Japan) attached to a Leica DC 300F digital camera with the Leica Qwin

Lite y 2.8 image capture system.

4.2.34 Image Capture and Evaluation of Immunostaining

Implantation sites from three day 4 and five day 6 treated as well as six control rats
were assessed by histomorphometric analyses. 10-13 randomly selected fields per slide

at 400x magnification were captured. The levels of immunostaining were analysed
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using an unbiased histoscore method within the Imagescope software package version
10.2.2.2319 (Aperio Technologies Inc., Vista, CA, USA). A detailed description was
given in Chapter 3.2.2.4.

4.2.3.5 Statistical Analysis of Immunohistochemical Analyses

Statistical analysis of the data was performed using GraphPad Prism version 5 for
Windows (GraphPad Software, San Diego, California, USA). The groups were
compared using Kruskal Wallis Test with Dunn’s Multiple Comparison Test and a p-

value<0.05 was set as significant.

4.2.4 Polymerase Chain Reaction (PCR)
4.2.4.1 Primer Design

The primers against the genes of interest were designed using the Primer Express
version 2.0.0 (Applied Biosystems, Warrington, UK) and ordered from Sigma Aldrich
(Poole, UK).

The sequences of the primers for NAPE-PLD, FAAH, TRPV1, CB1 and CB2 are

summarized in Table 4.1.
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Table 4.1: Primer sequences for PCR amplification.

Gene

Primer Sequences (5°-3’)

NAPE-PLD 01 Forward  5’CCTGCTTTTGAAGAGATTGGAAA
Reverse =~ 5’TCATAAACCACCTTGGCTCATAAG
NAPE-PLD 02 Forward  5’CCAGAGGATGCTGTAAGGATTCA
Reverse  5’GGCGGCTCTAAGTAATGCTCAT
FAAH_01 Forward  5’TCCTGCTGAAGCCTCTGTTTC
Reverse ~ 5’AGCTGACCGAGGACGCATA
FAAH_02 Forward  5’CGGCAGTGCAGCTTTCTCTT
Reverse =~ 5’CACAGTAGAGCTTTCAGGCATAGC
TRPV1_01 Forward  5’TTTCAGGGTGGACGAGGTAAA
Reverse  5’TGCCTGGGTCCTCGTTGA
TRPV1_02 Forward 5’TGGACAGCTACAGTGAGATACTTTTCTT
Reverse ~ 5’CCATGGCCAGGGAGAACA
CB1_01 Forward  5’CAAGCACGCCAACAACACA
Reverse  5’TCTTAACGGTGCTCTTGATGCA
CB1_02 Forward  5’TCGACAGGTACATATCCATTCACA
Reverse ~ 5’GGAGAGGCAACACAGCGATT
CB2 01 Forward  5’ATAAGCAGGAGTTGGGAGGAGACT
Reverse ~ 5’CTGAATCTGCCAGAGACAGCAT
CB2_02 Forward  5’CTCCAGGGCCTCGGATCT
Reverse ~ 5’GGACCAGAGTCTCAGCCTCTGT
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4.2.4.2 Tissue Collection and Homogenisation

Placenta, decidua, myometrium from implantation sites, resorbed sites and inter-
implantation sites were collected into RNAlater and stored at -80°C until analysis.
About 40 mg of tissue was ground to a fine powder under liquid nitrogen using a mortar
and pestle and transferred to a 1.5 ml sterile (DNase/RNase free) eppendorf tube and
lysis buffer added. The homogenate was either stored at -80°C or RNA extraction
performed with the Qiagen miRNeasy mini kit (Qiagen, Crawley/, West Sussex, UK)
(see section 3.2.3.6).

4.2.4.3 RNA Quantity and Quality Assessment

The RNA quantity and quality was assessed with a Nanodrop ND-1000 UV
spectrophotometer (Nanodrop technologies, Wilmington, DE, USA) and a Bioanalyzer
2100 (Agilent Technologies, USA). All samples selected for qRT-PCR had OD 260/280

absorbance ratios greater than 1.9 and the RIN score above 7.

4.2.4.4 Reverse Transcription and cDNA Synthesis

Reverse transcription and cDNA synthesis were performed in the same way as

described for the human tissues as detailed in section 3.2.3.8.

4.2.4.5 Quantitative Real Time PCR

SYBR Green fluorescence probes were used for the qRT-PCR reactions. cDNA from
rat placenta, decidua, myometrium, inter-implantation sites and resorbed sites were
used as templates. The 25ul final reaction volume for qRT-PCR of the designed primers
consisted of 12.5ul 2x SYBR Green PCR Master Mix (Applied Biosystems), 0.2l
(500nM) forward primer, 0.2ul (500nM) reverse primer, 11.1ul of RNase/DNase free
water and 1pl of diluted ¢cDNA (10x diluted from samples) (Table 4.2). The 20ul
reaction mix for the reference gene investigations included 10ul SYBR Green PCR

Master Mix (Applied Biosystems), 300nM of resuspended reference gene primer mix,
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8ul of RNase/DNase free water and 1pl of diluted cDNA (Table 4.3). More details are
described at section 3.2.3.9.

Table 4.2: Components for the qRT-PCR Reaction

Component Volume (pul)

SYBR Green 12.5
Forward Primer (500nM) 0.2
Reverse Primer (500nM) 0.2
RNase/DNase free water 11.1
cDNA 1

Table 4.3: Mastermix for the reference genes

Component Volume (pl)

SYBR Green 10
Primer (300nM) 1
RNase/DNase free water 8
cDNA 1
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4.2.4.6 Selection of Reference Genes

The geNorm™ Reference Gene Selection kit with 12 reference genes (PrimerDesign,
Southampton, UK) was used to identify the appropriate reference genes for the tissues
used in this experiment. The reference genes are listed in Table 4.4. The data from the
qRT-PCR were used to calculate gene stability with two freely available and
downloadable software programmes geNorm (version 3.4, Center for Medical Genetics,

Ghent University, Belgium. http://medgen.ugent.be/genorm) and Normfinder (version

0953, Molecular Diagnostics Laboratory, Dept of Clinical Biochemistry, Aarhus

University Hospital, Aarhus, Denmark, www.mdl.dk/publicationsnormfinder/). More

details are described in section 3.2.3.10.

The quantification of mRNA level was undertaken with the Pfaffl method (Pfaffl 2001)
where the equation incorporates the PCR efficiencies of the reference gene (RG) and
gene of interest (GOI) and thereby increases the accuracy in the final relative fold

value. This formula is demonstrated below:

Efficiency (GOI)ACT GOI (control — treated)
Efficiency (RG)ACT RG (control — treated)

ratio =
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Table 4.4: Reference genes tested in rat tissues with their Genbank number and function.

‘ Name of Reference gene Abbreviation = Genbank number Function
18S Ribosomal RNA 18S NR 046237 Small ribosomal subunit
ATP synthase ATP5B NM 134364 Catalysis ATP synthesis
Topoisomerase 1 TOP1 NM 022615 Enzyme to regulate DNA winding
Malate dehydrogenase 1 MDHI1 NM 033235 Enzyme in citric acid cycle catalyzes conversion of malate to
oxaloacetate
Cytochrome c-1 CYC1 NM 001130491 Subunit of electron transport chain
Calnexin CANX NM 172008 Protein of endoplasmatic reticulum, assists in protein folding
Ribosomal protein L13a RPL13A NM 173340 Structural component of the large 60s ribosomal subunit
Tyrosine 3-monooxygenase YWHAZ NM 013011 Catalyses  conversion of amino acid  L-tyrosine to
dihydroxyphenylalanine
Beta-2-microglobulin B2M NM 012512 Beta chain of major histocompatibility complex class I molecules
Ubiquitin C UBC NM 017314 Protein degradation
Glyceraldehydes-3- GAPDH NM 017008 Oxidoreductase in glycolysis and gluconeogenesis
phosphate deyhrogenase
Beta actin ACTB NM 031144 Cytoskeletal structural protein
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4.2.4.7 Statistical Analysis of qRT-PCR

Statistical analysis of the data was performed using GraphPad Prism version 5 for
Windows (GraphPad Software, San Diego, California, USA). The groups were
compared using Kruskal Wallis Test with Dunn’s Multiple Comparison Test and two
factors were analysed using Two-Way ANOVA with Bonferroni ad-hoc test. A p-

value<0.05 was set as significant. The data are expressed as mean + SEM.

4.2.5 Western Blotting

Protein expression of NAPE-PLD and FAAH in rat placenta, decidua, myometrium and

inter-implantation sites was analysed by Western Blotting.

4.2.5.1 Protein Extraction

Tissue was collected and weighed. This was then homogenized with a Potter
homogenizer in a homogenizing buffer of 20 mM HEPES buffer, 2 mM EDTA, 10 mM
KCl, 1.5 mM MgCl; (1:2), I mM phenylmethylsulphonylfluoride (PMSF) and aprotinin
(1:100). The homogenate was centrifuged at 700 x g for 10 min at 4°C, the supernatant
removed into a new tube and re-centrifuged at 12000 x g for 30 min at 4°C. The

supernatant was stored at -80°C for later analysis.

4.2.5.2 Protein Quantification

Protein was quantified using the Bio-Rad Protein Assay kit (Bradford Reagent,
Catalogue number: B6916, Sigma) according to the manufacture’s protocol (see section

3.2.4.2).
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4.2.5.3 Separation of Proteins, Protein Transfer and Detection

1.5 mm polyacrylamide gels (10% running gel and 5% stacking gel) were used for the

separation of protein. The preparation of the gels is described at section 3.2.4.3.

40pg of sample lysate in sample buffer was denatured at 100°C for 5 min and loaded
into each well. The positive controls were homogenates of rat brain. The proteins were
separated by electrophoresis and transferred onto a nitrocellulose membrane as
described at section 3.2.4.5. The membranes were incubated with primary rabbit anti-rat
polyclonal antibodies against NAPE-PLD (dilution 1:250) (Cayman, product number
10306) and FAAH (dilution 1:500) (Cayman, product number 101600) overnight at
4°C. The following day the membranes were washed, incubated with the secondary
antibody (1:1000) and anti-biotin horseradish peroxidase-linked antibody (1:2000)
(3.2.4.5). The membranes were exposed to X-Ray films and the bands were visualised
by chemiluminescence (see section 3.2.4.7). The signal intensities were quantified by
densitometry. Unfortunately, it was not possible to quantify the protein content of CB1
and TRPV1 in rat tissue using Western blotting. The primary antibodies used are listed
in Table 3.14 in section 3.2.4.6. GAPDH was used as a loading control in rat tissue. § —
Tubulin did not appear as a clear band and so normalisation with this marker protein

was abandoned (section 3.2.4.8).

4.2.5.4 Statistical Analysis of Western Blotting

Statistical analysis was performed using Two-way repeated measures ANOVA with
Bonferroni post test (GraphPad Prism version 5.0, GraphPad Software, San Diego, CA,
USA). A p-value of p<0.05 was considered as statistically significant. The data are

expressed as mean = SEM.

4.3 RESULTS
4.3.1 NAE levels in Plasma and Uterus of Female Rats

Plasma and uterine AEA levels were increased at 30, 60 and 120 min after

intraperitoneal AEA injection compared to a rat without AEA injection (Figure 4.6).
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The maximum concentration was reached within 30 min. However, plasma and uterine

OEA and PEA did not change after AEA injection (Figure 4.7).
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Figure 4.6: Plasma AEA, OEA and PEA levels in female rats after intraperitoneal AEA
injection (Smg/kg) (n=4).
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Figure 4.7: Uterine AEA, OEA and PEA levels in female rats after intraperitoneal
AEA injection (5Smg/kg) (n=4).
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4.3.2 Effect of exogenous AEA on the Number of Implantation and
Resorbed Units

In the initial experiment three rats received either a single injection of AEA (0.5 mg/kg)
or normal saline only as a control on day 4 of pregnancy. Rats in the treated group

showed a significant reduction in the number of normal implantation sites (p=0.049)
(Figure 4.8).

The other experiment involved daily injections of AEA (0.25 mg/kg) or vehicle normal
saline on day 2, day 3 and day 4. Here again a reduction in the number of normal
implantation sites with a concurrent increase in resorbed units was observed in treated

rats (Figure 4.8).

As the reduction in implantation sites with the single injection was more marked
compared to the daily injections a decision was taken to continue the experiments with
a single injection of AEA. However, in an attempt to improve efficacy, the dose of

AEA was increased to 1 mg/kg.
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Figure 4.8: Number of normal implantation sites and resorbed units after a single
injection (A, B) and after daily injections (C, D) of AEA or vehicle.

(A)There was a significant reduction in the number of implantation sites after single
dose of AEA (0.5 mg/kg) on Day 4 (p<0.049). (B) The number of resorbed units after a
single injection of AEA (0.5mg/kg) or vehicle did not differ. (C) The number of
implantation sites was reduced (D) and the number of resorbed sites was increased in
rats with daily AEA (0.25 mg/kg) injections compared to the control (Mann-Whitney U
test). The results are shown as minimum, median and maximum.
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The next experiment consisted of six rats in each treatment group (day 2, day 4 and day
6) and the control group; the AEA or vehicle was given as a single intraperitoneal
injection. After sacrifice, the uteri were examined. One rat treated with AEA on day 4
had 14 small, non viable, implantation sites and was excluded and one rat treated with
AEA on day 6 had no implantations despite a positive sperm swab but was also

excluded as an outlier.

Rats treated with AEA on days 4 and 6 had a 14% and 33% decrease in the number of
normal implantation sites, respectively compared to control animals. The left uterine
horn, close to the site of injection consistently had fewer implantation sites than the

right uterine horn (Figure 4.9 and Table 4.5).

AEA treated rats also showed more resorbed sites compared to the control group. The
percentage of resorption was highest after AEA treatment on day 6, one day after

implantation (Figure 4.10).
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Figure 4.9: Number of normal implantation sites (A) in both horns and (B) in the left
and right uterine horn of treated and control rats.

(A) Day 6 treated rats showed reduced implantation sites when compared to the control.
(B) The left uterine horns in all treated rats had reduced implantation sites compared to
the right horns. The results are illustrated as mean + SEM.
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Table 4.5: Number of implantation sites and percentage change in number of
successful implantation sites after AEA treatment.

Number of implantation sites Percentage of change in

(mean + SEM) implantation sites compared to

control animals

Left uterine Right uterine Left uterine Right uterine
horn horn horn horn
Day 2 (n=6) 5.0+0.6 6.7+0.8 -4.8 % +33.3%
Day 4 (n=3) 4.0+2.0 6.3+0.3 -23.8% +26.7 %
Day 6 (n=4) 2.3+1.3 4.3+1.5 -571 % -15.0 %
Control (n=4) 5.3%£1.0 5.0+0.9

The left uterine horn of treated animals contained less implantation sites than the
control, whereby the biggest reduction in implantation sites were observed in Day 6
treated rats.
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Figure 4.10: Effect of intraperitoneal injection of AEA on resorption rate.
A higher percentage of resorption was observed in treated rats compared to the control

rat, whereby day 6 treated rats showed the highest percentage of resorption (Kruskal-
Wallis Test with Dunn’s Multiple Comparison Test). The results are presented as
boxplots whereby the box shows the upper and lower quartiles and the median and the
end of the whisker represent the maximum value.
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4.3.3 NAE levels in Plasma and Tissue

4.3.3.1 NAE Levels in Plasma at Gestation Day 14

NAE plasma levels were measured from rats treated with AEA on day 2 (n=6), day 4
(n=5), day 6 (n=4) and control (n=6) rats at sacrifice on day 14. Plasma AEA levels in
day 2 treated rats were significantly higher than day 6 treated rats. There was no

significant difference in OEA or PEA levels between treated and control rats (Figure
4.11).

Plasma AEA levels showed a significant positive correlation with the number of normal
implantation sites as well as with the total number of implantation sites including
normal implantation and resorbed sites (p<0.0091; r=0.58 and p=0.023; R2=0.26)
(Figure 4.12 A and D). However, there was no correlation between either plasma OEA

or PEA levels with the number of implantation sites (Figure 4.12).
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Figure 4.11: Gestation day 14 plasma NAE levels in D2 (n=6), D4 (n=5), D6 (n=4)
AEA-treated and control rats (n=6).

Plasma AEA levels on gestation day 14 of day 2 treated rats were significantly higher
than day 6 treated rats (p=0.009). No significant differences were detected in OEA and
PEA levels of treated and control rats (One-way ANOVA test with Bonferroni post-hoc
test). The results are described as mean = SEM.
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Figure 4.12: Correlation between gestation day 14 plasma NAE concentration and
number of normal (A-C) and total (normal and resorbed) (D-F) implantation sites.

There is a positive correlation between AEA plasma levels and number of normal
implantation sites (A) (p=0.0071) and number of all implantation sites (D) (p=0.023).
Plasma OEA and PEA levels did not show a correlation with number of implantation
sites (B, C, D and F) (A-C Spearman Correlation and D-F Pearson Correlation).
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4.3.3.2 Day 14 NAE Levels in Rat Trophoblast and Decidua

NAE levels in decidua from treated animals were higher when compared to the
controls, but this was only statistically significant for PEA levels in day 6 treated rats
(p=0.03) (Figure 4.13). In placental tissue there were no statistically significant
differences in AEA, OEA and PEA levels between treated and control rats. However,
the highest placental NAE levels were found in day 4 treated rats, but this was only
significant for AEA when compared to day 2-treated rats (p=0.017) (Figure 4.13).

When NAE levels in decidua and placenta were compared, no significant differences
were seen with the untreated group. In day 4 treated rats, AEA levels in placenta were
significantly higher than decidua (p<0.05); there were no significant differences for

OEA and PEA levels in placenta and decidua (Figure 4.13).

There was a positive, significant correlation between PEA levels in the placenta and

decidua but not for AEA and OEA levels in these tissues (Figure 4.14).

181



Decidua

n
o

-
L

tissue AEA (pmol/g)
a o

o

» D6

Da
treatment day

control

A p=043

tissue OEA (pmol/g)

|

control

B p=014
*

250 —
B 200
g- 150 I
¢
E 100 el
@
2
2 50

o i *
D2 D4 Dé control
treatment day
C *p=0.03

Placenta

tissue AEA (pmol/g)

D2 D4 D& control
treatment day

D *p=0.017

=]
=]

s |
E 60
8 2
< 40
8 3%2
£
2 2 e
2 e

0 e

D4 Dé control

treatment day

3

E p=034

200
3 150
g I
Q. s
g 100
o e
g
&

=

o

D2 D4 D6  control
treatment day

F p=0.19

N
o
*

EA decidua
E3 placenta

8

-
o

L

tissue AEA (pmol/g)
3

o

D2 D4 D6 control

treatment day
G *p<0.05
100 .
_ 2] decidua
2 E3 placenta
£
L
i
o
4
2
D2 D4 D6 control
treatment day
H
decidua
d placenta

tissue PEA{pmol/g)

D2 D4 D& control
treatment day

Figure 4.13: AEA (A,D,G), OEA (B,E,H) and PEA (C,F,I) levels in decidua (A-C), placenta (D-F) and both decidua & placenta

(G-I) at gestation day 14.

A-F: Kruskal-Wallis Test with Dunn’s Multiple Comparison Test, G-I: Two-way ANOV A with Bonferroni post-hoc test.
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Figure 4.14: Correlation of NAE levels in decidua and placenta at gestation day 14.

A significant correlation between PEA levels in placenta and decidua was observed
(p=0.0149), but not in AEA and OEA levels (A-B: Spearman Correlation with
Spearman coefficient (r) and C: Pearson Correlation).
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4.3.3.3 Comparison of NAE Levels in Plasma and Tissue at Gestation
Day 14

There were no significant correlations in AEA, OEA and PEA levels on gestational day

14 between plasma and either decidua or placenta (Figure 4.15).

Decidua Placenta
0.8+ 0.8
* L ]
g ol ° . g o8 e
- [ ] e L]
] . . ] .
< 04 . = < 044 e
© . O
8 0.2 L - s 024 ® - L)
o o
0.0 T T T . 0.0 T T )
0 5 10 15 20 0 5 10 15
Decidua AEA (pmol/g) Placenta AEA (pmol/g)
A p=096 R2=0.00016 D p=058 R2=0.025
59 5-
g '\"\:.\r 3 v
o [ ) o ®
[v] 2 o] 24
L] a
g 14 o 1
o 20 40 60 8 100 o 0 20 30 40 50
Decidua OEA (pmol/g) Placenta OEA (pmol/g)
= 2L
B p=015 R?=0.15 E p=0.38 =08
15+ 15-
5 s
:(E‘ 101 oo P f:' 10 s o o -
i e® ~ . . B .—'“.“.—o_l_.g_.
] [ ] [ ]
E 4l - .
ki . 3 .
o o
: 0 160 260 360 . 0 STD 160 1&0 2(‘)0
Decidua PEA (pmol/g) Placenta PEA (pmolig)
C =011 R2=0.17 F p=032 R2=0.07

Figure 4.15: Correlation of AEA, OEA and PEA levels in plasma and decidua (A-C)
and plasma and placenta (D-F) on gestational day 14.

No significant correlation between NAE levels in plasma and decidua or placenta was
observed (Pearson Correlation).
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4.3.4 Immunohistochemistry

The spatiotemporal expression of the enzymes NAPE-PLD and FAAH in rat pregnancy
has been established (Fonseca et al. 2010). Here the localisation of NAPE-PLD and
FAAH on day 14 of pregnancy in rats pre-treated with AEA on day 4 and day 6 of

pregnancy and control rats was characterized.
4.3.4.1 NAPE-PLD

NAPE-PLD immunostaining was present in implantation and resorbed units. After
binding the primary NAPE-PLD antibody with excess blocking peptide no tissue
staining was seen and specific immunostaining for the antibody NAPE-PLD was

confirmed (Figure 4.16).

In control animals NAPE-PLD was expressed in decidual cells (mesometrial decidua)
and on the fetal side, only the giant trophoblast cells revealed positivity in the basal
zone. In contrast, the entire labyrinth zone was positive with immunoreactivity in
syncytiotrophoblast and glycogen trophoblast cells (Figure 4.17). The endotrophoblast

cells were negative.

In day 4 treated animals, NAPE-PLD was localised in decidual cells with cytoplasm
and nuclear staining similar to that of the controls. Endotrophoblast cells were also
negative (Figures 4.17 and 4.18). Decidual cells in resorbed units were positive

although with less intensity than normal implantation units (Figure 4.19).

The fetal side revealed differences, particularly in the basal zone, which was
immunoreactive to this enzyme (Figure 4.17 and 4.18). Immunostaining in the basal
zone showed that giant trophoblasts cells were immunopositive, and within the
labyrinth zone, the spongiotrophoblasts were also positively stained revealing nuclear

expression.

Day 6 treated animals exhibited the same pattern of NAPE-PLD expression as observed
in day 4 treated animals, though the placental architecture was more disorganized.
Interestingly, NAPE-PLD exhibited notable membrane expression in giant trophoblast
cells in control implantation units, whereas in treated animals no differentiable
membrane staining was observed (Figures 4.17 and 4.19). In resorbed sites decidual

cells were only positive for NAPE-PLD near to the resorbed embryo (Figure 4.19).
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There was no significant difference in staining intensities of NAPE-PLD in normal

implantation sites of day 4, day 6 treated and control rats (Figure 4.20).

Figure 4.16: Specificity of polyclonal antibody NAPE-PLD.
Immunoreactive NAPE-PLD on rat implantation sites (A, C, E) and negative control

(B, D, F). (A) NAPE-PLD expression in giant trophoblast (GT), spongiotrophoblast
(ST) and syncytiotrophoblast (St). Higher magnification of giant trophoblast cells (C,
D) and of syncytiotrophoblast cells (E, F).
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Figure 4.17: Immunoreactive NAPE-PLD localisation in implantation sites of control
rats.
(A) NAPE-PLD expression in decidual cells of the mesometrial pole (MD), basal zone

(BZ) and labyrinth zone (LZ) of the placenta, (B) high magnification of the square
indicated in A showing the positive giant trophoblast cells (arrows) and the negative
spongiotrophoblast cells (arrow heads), (C) giant trophoblast cells (arrows) were
immunoreactive to NAPE-PLD whereas spongiotrophoblast cells (arrow heads) were
negative (D) Apoptotic bodies (red arrows) were seen within the mesometrial pole.
BZ=basal zone.
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Figure 4.18: NAPE-PLD localisation in normal implantation and resorbed sites after
day 4 treatment.

(A) and (B) decidual cells were positive for NAPE-PLD whereas endotrophoblast cells
were negative (arrow), (C) and (D) NAPE-PLD staining in decidual cells of resorbed
sites; MD: mesometrial decidua; MG: metrial gland.
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Figure 4.19: NAPE-PLD localisation in normal implantation and resorbed sites after

Day 6 treatment.

(A) and (B) NAPE-PLD staining in cytoplasm and nucleus of decidual cells, (C) and
(D) nuclear staining of decidual cells (arrow) to NAPE-PLD, (E) positive staining of
decidual cells near the resorbed embryo (arrow), (F) positive staining of the muscle
(arrowheads). MD: mesometrial decidua; GT: giant trophoblast;  ST:
spongiotrophoblast, St: syncytiotrophoblast.
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Figure 4.20: Staining intensities of NAPE-PLD in normal implantation sites of day 4
and day 6 AEA-treated and control rats.

No significant changes in NAPE-PLD levels in placenta and decidua of treated and
control rats were detected (Kruskal Wallis Test with Dunn’s Multiple Comparison
Test). The results are presented as boxplots whereby the box shows the upper and lower
quartiles and the median and the end of the whiskers represent the minimum and
maximum value.
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4.3.4.2 FAAH

FAAH immunostaining was present in implantation and resorbed units. Specific
immunostaining using the anti-FAAH antibody was identified. No staining was seen

when the blocking peptide was incorporated as a negative control (Figure 4.21).

Control animals exhibited FAAH expression in decidual cells and giant trophoblast
cells as well as the labyrinth zone of the placenta. However, spongiotrophoblast cells

were immuno-negative to anti-FAAH antibodies (Figure 4.22).

Implantation units from animals treated on day 4 revealed FAAH expression in decidual
and giant trophoblast cells. Immunostaining in the basal zone showed that giant
trophoblasts were immunopositive. =~ Within the labyrinth zone, some
spongiotrophoblasts were also positive. Contrary to the control animal, endothelial cells

were also positive for FAAH immunostaining (Figures 4.22 and 4.23).

In the animals treated on day 6, the implantation units generally demonstrated less
expression of FAAH than implantation sites from controls. Endothelial cells were
negative. Decidual cells adjacent to the muscle layer were immunonegative for FAAH.
Also in the normal unit of day 6 treated rats, basal placenta was positive whereas the
labyrinth zone was negative. Spongiotrophoblast cells and giant trophoblast cells
revealed nuclear expression, while syncytiotrophoblast cells were negative (Figures

4.21 and 4.23).

However, there was no significant difference in staining intensities of FAAH between

implantation sites of neither day 4 nor day 6 treated and control rats (Figure 4.24).

The resorbed sites showed less FAAH staining intensity than the normal implantation
sites. Resorbed units from AEA-treated animals exhibited the same abnormalities and

expression patterns observed with resorbed units from control animals (Figure 4.23).

Overall, it was found that in AEA-treated rats, histopathological changes in FAAH
expression were more prominent on the maternal side when compared with the fetal

side of the placenta. This pattern of expression is in marked contrast to the pattern

obtained with NAPE-PLD expression.
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Figure 4.21: Specificity of polyclonal anti- FAAH antibody.
Immunoreactive FAAH on rat implantation sites (A, C) and negative control (B, D). (A)

Mesometrial decidual cells (MD) and giant trophoblast cells (GT) were immunopositive
whereas spongiotrophoblast cells (ST) were immunonegative for FAAH. (C) Higher
magnification of (A) showing FAAH expression in syncytiotrophoblast (St). (D) Higher
magnification of (B).
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Figure 4.22: Immunoreactive FAAH localisation in implantation sites from control
rats.

(A) FAAH expression in decidual cells of the mesometrial pole (MD), giant trophoblast
cells and labyrinth zone (LZ) of the placenta, (B) Higher magnification of the square in
(A). Spongiotrophoblast cells (red arrow heads) and giant trophoblast cells (arrow) were
immunopositive to FAAH, (C) and (D) FAAH expression in decidual cells (arrow
heads). BZ=basal zone, red arrow= spiral artery.
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Figure 4.23: Immunoreactive FAAH in implantation sites of day 4 and day 6 treated
rats.

(A) decidual cells, giant trophoblast (GT) and spongiotrophoblast (ST) cells were
positive for FAAH whereas syncytiotrophoblast (St) cells were immunonegative, (B)
positive staining of decidual cells (MD) in higher magnification, (C-D) decidual cells in
resorbed sites expressed less FAAH intensity than normal implantation sites, (E)
syncytiotrophoblast cells were immunonegative to FAAH, (F) decidual cells close to
the myometrium were immunonegative whereas the decidual cells close to the labyrinth
zone were immunopositive, (G) resorbed site with FAAH staining in decidual cells and
(H) a higher magnification of FAAH staining in decidual cells.
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Figure 4.24: Staining intensities of FAAH in normal day 14 implantation sites

of controls and rats treated with AEA on gestational day 4 and day 6.

There was no significant change in FAAH expression in trophoblast after AEA
treatment (Kruskal Wallis Test with Dunn’s Multiple Comparison Test). The results are
shown as boxplots whereby the box shows the upper and lower quartiles and the median
and the end of the whiskers represent the minimum and maximum value.
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4.3.5 PCR

4.3.5.1 Identification of suitable Reference Genes

The geNorm Reference Gene Selection Kit with 12 reference genes was used to identify
suitable reference genes for normalisation of qRT-PCR data from rat placenta, decidua,

myometrium and inter-implantation sites. More details can be found in section 3.3.3.4.

4.3.5.1.1 Reference Gene Selection in Rat Placenta

The reference genes were tested on 10 samples of rat placenta. No data was obtained for
the reference gene MDH suggesting this mRNA is not expressed in rat placenta. The Ct
values for the remaining genes varied as shown in Figure 4.25. These values were
converted to relative gene expression values and then transferred to the programs

geNorm and Normfinder for analysis of the data.

We inferred from the data obtained from the geNorm and Normfinder analyses that
YWHAZ, RPL13A and GAPDH were the most stably expressed reference genes in rat
placenta and utilised these 3 most stably expressed reference genes for the accurate

normalisation of the expression of genes of interest.

196



40-

S 304 —
©
3 =
[72]
o 204 ==
£ - = - =
Q
& 107 eilme
Olllllllllll
5O QL L N F o D O Q
> S O O 9 B D @ K
S L S\ N O I N 2 e
?,S OOQQ\’E OV“?"

Reference genes

Figure 4.25: Ct values of 11 reference genes in rat placenta (n=10).

The lowest Ct value was measured in 18s and CYCI had the highest Ct values. The
Boxplot is representing lower quartile, median and upper quartile with Whiskers from
minimum to maximum.

4.3.5.1.2 Decidual Reference Gene Identification

The Ct values in rat decidua varied with the different reference genes with 18s being the
lowest (Figure 4.26). The relative gene expression values were used then for the
calculations in geNorm and Normfinder. When the results from geNorm and

Normfinder were compared the 3 best reference genes for normalisation of rat decidua

were ATP5B, CANX and GAPDH.
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Figure 4.26: Ct values of 12 different reference genes in rat decidua (n=10).

The lowest Ct value was measured in 18s and YWHAZ had the highest Ct values. The
Boxplot is representing lower quartile, median and upper quartile with whiskers from
minimum to maximum.

4.3.5.1.3 Identification of Suitable Reference Genes for qRT-PCR

Normalisation in Myometrium

The stable expression of 12 reference genes was tested in 12 samples of rat
myometrium. The Ct values are shown in Figure 4.27. When the results from geNorm
and Normfinder were compared the 3 best reference genes for normalisation of rat

myometrium were RPL13A, GAPDH and UBC.
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Figure 4.27: Ct values of rat myometrium (n=12) with 12 different reference genes.
The lowest Ct value was measured in 18s and TOP1 had the highest Ct values. The
boxes present the lower and upper quartiles with medians, whiskers present the ranges.

4.3.5.1.4 Identification of Suitable Reference Genes in Rat Inter-

implantation Site

The stable expression of the 12 reference genes was tested in 10 samples of rat inter-
implantation sites. The Ct values varied with the different reference genes (Figure 4.28)

but most were very stably expressed in this tissue. Overall the three best reference

genes were YWHAZ, RPL13A and B2M.

In Table 4.6 is a summary of the optimal reference genes combinations for the different

rat tissue.
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Figure 4.28: Ct values of 12 different reference genes expressed in rat inter-

implantation sites (n=10).

The lowest Ct value was measured in 18s and CYCI1 had the highest Ct values. The
boxes present the lower and upper quartiles with medians, whiskers present the ranges.

Table 4.6: Optimal reference genes for normalisation of qRT-PCR data from different

rat tissues

Rat tissue Reference genes

Placenta YWHAZ, RPL13A, GAPDH
Decidua CANX, GAPDH, ATP5B
Myometrium RPL13A, GAPDH, TOP1
Inter-implantation YWHAZ, RPL13A, B2M
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4.3.5.2 PCR Efficiencies

Standard curves were produced to calculate the primer efficiencies as described in
section 3.3.3.5 (Figure 4.29). Two different primer pairs for each primer were evaluated
and the PCR efficiencies are shown in Table 4.7. The primers in bold were selected for

the examination of qRT-PCR expression of the ECS.

The PCR efficiencies for the reference genes were also calculated from the standard

curves (Figure 4.29) and they are shown in Table 4.8.
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Figure 4.29: Efficiencies of the qRT-PCR primers.

PCR efficiencies for (A) NAPE-PLD and FAAH (B) CB1, CB2 and TRPVI and (C)
reference genes CANX, YWHAZ and RPL13A. The PCR efficiency was calculated
from the slope of the linear curve generated by serial dilutions of template cDNA.
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Table 4.7: PCR efficiencies for the qRT-PCR primers used to access the ECS.

Gene Standard curve equation R’ value Primer Efficiency
(“o)
NAPE-PLD 01 y=-3.1833x+43.313 0.985 105.8
NAPE-PLD 02 y=-3.07x +42.001 0.999 111.7
FAAH 01 y=-3.072x +43.122 0.983 111.6
FAAH_02 y =-3.4875x + 45.046 0.98 93.5
TRPV1 01 y =-3.5435x + 48.147 0.989 91.5
TRPV1_02 y =-3.126x + 46.968 0.998 108.9
CB1 01 y =-2.475x +43.903 0.995 153
CB1_02 y =-2.9575x + 47.588 0.999 117.8
CB2_01 y =-3.1925x + 50.559 0.992 105.7
CB2-02 y =-2.205x +46.701 0.998 184

Genes in bold were used for the experiments.

Table 4.8: PCR efficiencies for the reference genes.

Standard curve equation R’ value Primer Efficiency
(“o)
RPL13A y =-3.339x +35.487 0.997 99.3
YWHAZ y=-3.3025x + 35.819 0.994 100.8
CANX y =-3.2825x + 35.294 0.989 101.6
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4.3.5.3 Investigations of ECS mRNA Expression in Day 14 Pregnant
Rats by quantitative Real-Time PCR

4.3.5.3.1 Expression of NAPE-PLD, FAAH, CB1, CB2 and TRPV1 in

Placenta and Decidua

The expression of NAPE-PLD mRNA in the day 14 placenta was reduced in all AEA-
treated rats when compared to controls but this was not statistically significant.
Placental transcript levels of FAAH and the receptors CB1, CB2 and TRPV1 did not
change significantly in AEA-pretreated rats (Figure 4.30).

In decidua, NAPE-PLD transcript levels did not alter significantly in AEA-treated rats
compared to controls whereas FAAH and CBI levels were lower in the AEA-treated
rats, but this difference did not reach statistical significance. No difference was seen in

CB2 and TRPVI1 transcript levels between AEA-treated and control rats (Figure 4.30).

The expression levels of NAPE-PLD in placenta was significantly raised compared to
the expression in decidua in day 4 AEA-treated rats (p<0.05) (Figure 4.31). This was
consistent with the increased AEA levels observed in day 14 placental tissue in day 4
AEA-treated rats (Figure 4.13G). FAAH and CB2 transcript levels in decidua and
placenta did not differ significantly. In control rats, significantly increased CBI
transcript levels were observed in decidua compared to placenta whereas in all AEA-
treated rats CBI1 transcript levels were down-regulated in decidua (p<0.01). The
expression of TRPV1 was also significantly higher in decidua compared to placenta in
control rats (p<0.05). This increased expression was also observed in day 2 and day 4

AE A-treated rats, but not in day 6 AEA-treated rats (p<0.05) (Figure 4.31).
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Figure 4.30: Transcript levels of NAPE-PLD (A, F), FAAH (B, G), CBI1 (C, H), CB2
(D, I) and TRPV1 (E, J) in placenta and decidua.

(Kruskal Wallis Test with Dunn’s Multiple Comparison Test). The boxes present the
lower and upper quartiles with medians, whiskers present the ranges.
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Figure 4.31: Endocannabinoid system transcript levels in day 14 decidua and placenta
of AEA treated and control rats.

(A) Day 4 AEA-treated rats had significantly higher NAPE-PLD expression in placenta
than decidua (*p<0.05), (B) FAAH transcript levels in placenta were higher than in
decidua of day 6 AEA-treated rats, but not significantly, (C) high CB1 transcript levels
in decidua of control rats were found when compared to placenta (**p<0.01). CBI
expression in decidua was down-regulated in all AEA-treated rats, (D) no significant
changes in transcript levels of CB2 were seen in either decidua or placenta in neither
AEA treated nor control rats, (E) TRPV1 expression in decidua of day 2, day 4 AEA-
treated and control rats were significantly higher than placenta (*p<0.05) (Two-Way
ANOVA with Bonferroni post test). Results are described as mean = SEM.
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4.3.5.3.2 Expression of NAPE-PLD, FAAH, CB1, CB2 and TRPV1 in

Myometrium

Transcript levels of NAPE-PLD, FAAH, CB1, CB2 and TRPVI1 did not change

significantly after AEA treatment when compared to control rats (Figure 4.32).
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Figure 4.32: Endocannabinoid system transcript levels in myometrium of AEA treated
and control rats.

(A) NAPE-PLD, (B) FAAH, (C) CB1, (D) CB2 and (E) TRPV1 (Kruskal Wallis Test
with Dunn’s Multiple Comparison Test). The boxes present the lower and upper
quartiles with medians, whiskers present the ranges.
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4.3.5.3.3 Expression of NAPE-PLD, FAAH, CB1, CB2 and TRPV1 in Inter-

implantation Sites

FAAH and CBI transcript levels at day 14 inter-implantation sites were increased after
AEA treatment when compared to that in the control rats, but this achieved statistical
significance only for day 4 treated rats (p<0.05) (Figure 4.33). NAPE-PLD and TRPV1
transcript levels were also higher in AEA treated rats when compared to control rats,
but these changes did not reach statistical significance. The expression of CB2 in day 2
and day 4 AEA-treated rats were also increased in comparison to that in control rats, but

once again without statistical significance (Figure 4.33).
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Figure 4.33: Endocannabinoid system transcript levels in inter-implantation sites of
AEA treated and control rats.

(A) NAPE-PLD transcript levels did not significantly change after AEA treatment, (B)
FAAH transcript levels in day 4 treated rats were significantly higher than in control
(*p<0.05), (C) CBI expression in day 4 treated rats were significantly higher than the
control (*p<0.05), (D) no significant differences in CB2 expression of treated and
control rats were seen, (E) TRPV1 transcript levels were increased in treated rats
compared to control, but not significantly (Kruskal Wallis Test with Dunn’s Multiple
Comparison Test). The boxes present the lower and upper quartiles with medians,
whiskers present the ranges.
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4.3.5.3.4 Comparison of Expression Levels of NAPE-PLD, FAAH, CB1, CB2
and TRPV1 between different Tissues in Control and AEA-treated Rats

Suitable reference genes for the comparison of expression levels in implantation and
inter-implantation sites were identified using geNorm and Normfinder software. These

were RPL13A, YWHAZ and CANX.

An investigation of components of the ECS in untreated animals showed that CB1-
mRNA expression was significantly higher in the decidua compared to placenta,
myometrium (implantation) and inter-implantation sites (p<0.001), whereas CB2
transcript levels were significantly higher at the inter-implantation sites compared with
myometrium (p<0.05). Consistent with previous observations that a reduction in local
AEA concentration is critical for implantation and pregnancy maintenance, FAAH
expression was highest in placenta and was significantly higher than at the inter-
implantation sites (p<0.05). NAPE-PLD mRNA expression was higher in decidua than
in placenta or myometrium (implantation) and inter-implantation sites, but this did not
reach statistical significance. TRPV1 expression in decidua and myometrium was
higher than in placenta and inter-implantation sites, but this was not significantly

different (Figure 4.34).

AEA treatment changed the expression of these enzymes and receptors. A significant
down-regulation of CBI1 expression in decidua of day 2, day 4 and day 6 treated rats
was observed (p<0.001, p<0.01 and p<0.001) compared with controls. In contrast, CB2
mRNA expression was significantly higher in inter-implantation sites than in the
decidua of day 4 treated rats (p<0.05) (Figure 4.34). NAPE-PLD mRNA expression
was elevated in decidua of AEA-treated rats (p>0.05) compared with placenta (p<0.05).
FAAH transcript levels in the placenta remained higher than at the inter-implantation
sites in AEA-treated animals, though significant differences were only observed in day
2 treated rats (p<0.05) (Figure 4.34). TRPV1 mRNA expression was significantly lower
in the placenta than in the decidua and myometrium (p<0.05 and p<0.01, respectively)

(Figure 4.34).
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Figure 4.34: Endocannabinoid system transcript levels of implantation and inter-
implantation sites in AEA treated and control rats.
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(A) NAPE-PLD expression in placenta of day 2 treated rats were significantly lower
than in decidua (*p<0.05), (B) FAAH expression in inter-implantation sites of day 2
treated rats and control were significantly lower than in placenta (p<0.05), (C) CB1
transcript levels in decidua of controls were significantly higher than in placenta,
myometrium and inter-implantation sites (***p<0.001), (D) Increased CB2 transcript
levels were observed in inter-implantation sites than myometrium in control rats and
decidua in day 4 treated rats (*p<0.05), (E) TRPV1 transcript levels in placenta were
significantly lower than in decidua (*p<0.05) and myometrium (**p<0.01) in day 2
treated rats (Two-Way ANOVA with Bonferroni post test). Results are presented as
means + SEM.

4.3.6 Western Blotting Analysis

Western blotting analysis of the protein levels of the enzymes NAPE-PLD and FAAH
was performed on rat decidua, placenta, myometrium (implantation site) and inter-
implantation sites from day 4 and day 6 AEA-treated and control rats. GAPDH was

used as a loading control.

NAPE-PLD and FAAH proteins were detected at both implantation and inter-
implantation sites of gestation day 14 rats. In placenta of day 4 AEA-treated rats FAAH
protein was expressed less compared to decidua, myometrium and inter-implantation
sites (Figure 4.35). However, densitometric analysis did not reveal any significant
difference in FAAH protein expression between day 4 treated and control rats (Figure
4.37). This is in agreement with the mRNA results presented in section 4.3.4.3.4. The
protein levels of FAAH in the decidua of day 6 AEA-treated rats were significantly
higher than that at the inter-implantation sites (p<0.05) (Figure 4.36). In the control
group, FAAH protein expression in decidua was significantly lower than at the inter-

implantation sites (p<0.05) (Figure 4.37).

There were no significant differences in NAPE-PLD expression at the implantation and
inter-implantation sites in neither AEA-treated nor control rats, which agrees with the

transcript results presented in section 4.3.4.3.4 (Figures 4.35, 4.36 and 4.37).
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Figure 4.35: Protein expression of NAPE-PLD, FAAH and GAPDH in implantation
and inter-implantation sites of day 4 AEA-treated and control rats.

Representative western blots for NAPE-PLD, FAAH and GAPDH proteins. Brain
homogenates were used as positive controls (PC).

I=decidua, AEA-treated, 2=control decidua, 3=inter-implantation site, AEA-treated,
4=control inter-implantation site, S=myometrium, AEA-treated, 6=control
myometrium, 7=control placenta, 8=placenta, AEA-treated.
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Figure 4.36: Protein expression of NAPE-PLD, FAAH and GAPDH in implantation
and inter-implantation sites of day 6 treated and control rats.

Representative western blots for NAPE-PLD, FAAH and GAPDH proteins. Brain
homogenates were used as positive controls (PC).

I=decidua, AEA-treated, 2=control decidua, 3=myometrium, AEA-treated, 4= control
myometrium, 5=placenta, AEA-treated, 6=control placenta, 7=inter-implantation site,
AEA-treated, 8= control inter-implantation site.
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Figure 4.37: Densitometric analysis of NAPE-PLD and FAAH protein expression.

The analysis is in implantation and inter-implantation sites of day 4 (A, C) and day 6
AEA-treated (B, D) and control rats (n=3). (A-B) There were no significant differences
in NAPE-PLD protein levels between implantation and inter-implantation sites from
day 4 and day 6 AEA-treated and control rat, (C) FAAH protein levels of implantation
and inter-implantation sites in day 4 AEA-treated and control rats did not significantly



differ, (D) whereas FAAH protein levels in decidua were significantly higher than at the
inter-implantation site of day 6 AEA-treated rats and in the controls decidua protein
levels were significantly lower than at the inter-implantation sites (Two-way repeated

measures ANOVA with Bonferroni post test; *p<0.05). Results are shown as means +
SEM.
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4.4 DISCUSSION

Implantation, embryo development and pregnancy maintenance are a series of complex
processes, involving maternal, fetal and placental factors. The ECS has been identified
as an important mediator in reproduction (Battista et al. 2007, Battista et al. 2008a,
Karasu et al. 2011, Bari et al. 2011). A successful implantation depends on a normal
pre-implantation embryo development to a blastocyst competent for implantation and a
receptive endometrium (Paria, Wang & Dey 2002). This involves a finely tuned
endocannabinoid signalling system (Paria, Wang & Dey 2002). Previous studies in
mice highlighted the role of AEA in the process of implantation (Schmid et al. 1997,
Guo et al. 2005). High AEA levels are detrimental for implantation and these high
AEA levels via CBI1 have a direct inhibitory effect on mouse blastocyst development
(Schuel 2006). Differentiation of trophectoderm cells are regulated by CB1 mediated
endocannabinoid signalling and aberrant signalling can adversely change placentation
leading to retarded fetal development, mid-gestational demise and compromised
pregnancy outcome in mice (Sun et al. 2010). These findings suggest that maternal and

fetal tissues/ organs are differentially responsible for local AEA levels.

In this study the effect of AEA administration around the time of implantation in rats on
the number of ongoing pregnancies was investigated. The rat model allows us to study
implantation and early pregnancy events, which are not accessible through studies with
human pregnancies. Nevertheless, caution needs to be used when extrapolating results
to the human. For example, rats are multiparous and have a shorter gestation than
human with a fully functioning placenta of only one week (Fonseca et al. 2012).
However, rats exhibit haemochorial placentation and trophoblast invasion like in the

human and therefore are good animal models to study those events (Caluwaerts et al.
2005).

As a tight regulation of AEA concentration is crucial for successful implantation
(Schmid et al. 1997) a detrimental effect on implantation after AEA treatment was
anticipated. Indeed a reduction in implantation sites following AEA administration near
the time of implantation was observed. Interestingly the number of implantation sites
was more markedly reduced in the left compared to the right uterine horn. An

explanation for this observation could be that AEA concentrations are much higher at
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the site of AEA injection which was in the left side of the lower abdomen. Higher AEA
levels are therefore predicted to be reached at the left uterine horn compared to the right
uterine horn. These results are in concordance with previous studies that showed
harmful effects of high AEA during the implantation process (Schmid et al. 1997, Paria
et al. 2001).

High AEA or A’ THC levels via CBI receptor inhibited pre-implantation embryo
development to blastocyst in-vitro in mice (Paria, Das & Dey 1995, Yang, Paria & Dey
1996, Paria et al. 1998). AEA treatment was also able to decrease blastocyst zona
hatching in-vitro and continuous infusion of a synthetic cannabinoid ligand prevented
implantation in-vivo in mice (Schmid et al. 1997). Furthermore, exposure of blastocysts
to AEA in culture inhibited trophoblast differentiation while low AEA levels
accelerated it (Wang et al. 1999). These findings suggested that if exogenous AEA
alters local AEA levels of the embryo and uterus it may impede successful

implantation.

In this study an increase in the number of resorbed sites after exogenous AEA treatment
around the time of implantation was also observed. AEA treatment may have
interrupted normal embryo development which resulted in a higher number of resorbed
sites. A rat does not abort but resorbs an imperfect conceptus. This is in line with a
previously reported clinical study whereby women with a threatened miscarriage and
high plasma AEA levels subsequently miscarried (Habayeb et al. 2008). AEA
treatment also had an effect on the histomorphological structure of the placenta which
was more disorganised in day 6 than day 4 AEA-treated rats. Histomorphological
changes in cultured rat primary decidual cells have been reported after exposure to high
doses of AEA (10uM) which cause apoptosis (Fonseca, Correia-da-Silva & Teixeira
2009).

Here, high plasma AEA levels were found on gestational day 14 in rats treated with
AEA on day 2, but not those treated on day 4 or day 6. OEA and PEA plasma levels on
day 14 of gestation were not different in treated and control rats. This suggests that
exogenous AEA has no long lasting effect on plasma OEA and PEA levels. Of note is
that plasma AEA levels increased with the number of implantations at day 14. This
positive correlation was more evident when only normal implantation sites were

included. However, tissue AEA, OEA and PEA levels in placenta and decidua did not
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show any correlation with the total number of implantation sites. These results suggest
that each implantation has closely regulated local AEA levels but that each implanted
embryo contributes to the circulating blood AEA pool.

There was no significant correlation between plasma and tissue (placenta and decidua)
AEA, OEA and PEA levels. In deed Fonseca et al. could not also establish a correlation
between NAE plasma and decidua levels (Fonseca et al. 2010). These observations
suggest that EC levels in placenta and decidua are more likely to be regulated locally by
metabolizing enzymes as has been shown in mice and rat (Wang et al. 2007, Fonseca et
al. 2010).

AEA, OEA and PEA levels in the decidua of AEA-treated rats were higher than in
control rats, especially when AEA was given around the day of implantation (either day
4 or day 6). PEA levels in decidua of day 6 treated rats were significantly higher when
compared to controls. Placental AEA, OEA and PEA levels were also higher in rats
treated with AEA on day 4. These results taken together suggest that intraperitoneal
injections of AEA on either day 4 or day 6 of pregnancy have a long lasting effect on
NAE levels in the placenta and decidua up to at least gestation day 14. Tissue AEA,
OEA and PEA levels in decidua and placenta of control rats did not significantly differ
from each other, but day 4 AEA-treated rats demonstrated a significantly higher AEA
level in the placenta than decidua. In order to understand how the metabolizing
enzymes may be involved in the regulation of AEA levels, qRT-PCR and Western blot

analyses were performed.

It is established that the selection of stable reference genes for qRT-PCR is necessary in
order to obtain reliable gene expression data under different experimental conditions
(Bustin et al. 2009). However, testing for the expression stability of reference genes is
not routinely performed and arbitrarily chosen reference genes are used without any
prior validation process. The most commonly used reference genes for qRT-PCR in rat
placenta are either B-Actin or GAPDH (Asami-Miyagishi et al. 2004, Lips et al. 2005,
Xu, Knipp & Cook 2005, Fonseca et al. 2010). The use of several reference genes is
also preferred to a single reference gene as it gives more accurate and reliable results,
because changes in expression of one housekeeping gene will have less effect on the
normalised expression values of the gene of interest. The optimal number of reference
genes should also be experimentally established to provide optimal normalisation of

data (Vandesompele et al. 2002). In the studies in this Chapter geNorm and Normfinder
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software were used to analyse the stability of candidate reference genes for the placenta,
decidua, myometrium and inter-implantation sites of the rat. There was a good
correlation between the results obtained with the two software tools. The optimal
number of reference genes used in this experiment was three. The best reference genes
for rat placenta were YWHAZ, RPLI13A and GAPDH; the reference genes for the
decidua were ATP5B, CANX and GAPDH; for myometrium were RPL13A, GAPDH
and UBC and for the inter-implantation YWHAZ, RPL13A and B2M were identified as
the most stably expressed reference genes. The optimal reference genes varied between
the different tissues. This demonstrates the importance of the selection of stable
reference genes in order to obtain accurate results. Interestingly the most widely used
reference gene in PCR investigations in rat placenta 3-Actin (ACTB) was not identified
in the best 5 reference genes here for any of the tissues when geNorm and Normfinder
software were used. This observation suggests that ACTB is not stably expressed in
these tissues and as such the results of previous investigations normalised with ACTB
are questionable. No previous study has analysed the stability of reference genes in rat
implantation and inter-implantation sites. These results here suggest that reference gene
stability is variable in these tissues and the intergroup variability also changes
dramatically for different genes suggesting the expression of these reference genes are
altered by the AEA pre-treatment. Consequently, reference genes should be optimised
for each tissue in any given experiment. The use of both geNorm and Normfinder

assists in selecting the reference genes for a given experiment.

The genes of interest were normalised with the 3 most stable reference genes following
both geNorm and Normfinder analyses in order to obtain our results. Where optimal
genes did not agree between the two analyses algorithms, the genes with the best three
averaged rankings were selected. The differential gene expression in implantation and
inter-implantation sites suggests that the ECS plays a role in implantation as well as
fetoplacental development. Differences between ECS expression at the implantation
and inter-implantation sites are complex. CB1 expression in decidua was significantly
higher compared to that at the inter-implantation sites in the control group, whereas
CB2 expression was significantly higher at the inter-implantation sites. These
observations suggest differential expression of cannabinoid receptors for directing
embryo implantation. Exogenous AEA treatment has a multifaceted effect on the

expression of the ECS components at gestational day 14. TRPV1 was up-regulated at
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the inter-implantation sites while CB1 expression was down-regulated in decidua. Of
note is the fact that AEA has been said to induce programmed cell death or apoptosis
via CB1 or TRPV1 depending on the cell type (Maccarrone et al. 2000a, Maccarrone,
Finazzi-Agro 2003, Contassot et al. 2004). In cultured rat decidual cells AEA caused
apoptosis via CB1 in a dose and time-dependent manner; low AEA concentrations
(10uM) induced apoptosis via CB1 whereas high AEA concentrations (25uM) had a
marked effect on cell viability and morphology which was not reversed by cannabinoid
or vanilloid antagonists (Fonseca, Correia-da-Silva & Teixeira 2009). These results
show that AEA treatment deranges CB1 expression in decidua and thereby may affect
the process of decidualisation or even decidua regression. Interestingly, low CBI
expression was demonstrated in fallopian tubes and decidualised endometrium of
women with ectopic pregnancies compared to intrauterine pregnancies (Horne et al.

2008).

To my knowledge this is the first study where TRPVI mRNA levels have been
identified in rat myometrium and inter-implantation sites. A previous study
demonstrated TRPV1 mRNA and protein in rat decidua and placenta (Fonseca et al.
2009, Fonseca et al. 2012). Immunohistochemistry also localised TRPV1 protein in the
mesometrial decidua and uterine natural killer cells (uNK), in the giant trophoblast cells
and a few spongiotrophoblast cells and some signalling was observed in the smooth
muscle layer of normal implantation sites on day 14 (Fonseca et al. 2009). Furthermore,
a spatiotemporal expression of TRPV1 receptor was demonstrated and it has been
suggested that this receptor could be involved in the induction of apoptosis in decidual
cells (Fonseca et al. 2009). It was shown here that there is a higher TRPV1 transcript
level in decidua compared to placenta in control and treated rats. The differential
expression of TRPVI1 at the implantation and inter-implantation sites implies an

involvement of TRPV1 in the process of implantation.

Additionally, it was found that the expression of NAPE-PLD mRNA in placenta of day
4 AEA-treated rats was significantly higher than in the decidua while FAAH transcript
levels in decidua and placenta were not different. This could explain the raised AEA
levels in day 14 placenta following AEA treatment on day 4. This is in keeping with a
previous study on mice, where uterine AEA was shown to be regulated by the

spatiotemporal expression of NAPE-PLD and FAAH (Guo et al. 2005, Wang et al.
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2007). When implantation and inter-implantation sites at day 14, NAPE-PLD transcript
and protein levels were compared, there was no significant difference in the levels of
day 4 and day 6 AEA-treated rats as well as controls. FAAH transcript levels at the
inter-implantation sites were lower than at the implantation sites, which is consistent
with previously reported studies in mice where lower FAAH transcript levels and
higher AEA levels were found at the inter-implantation sites (Schmid et al. 1997, Paria
et al. 1999). However, FAAH protein levels at the inter-implantation sites were higher
than at the implantation sites of the control group. It is well known that a lack of
concordance between mRNA and protein concentrations can occur (Gygi et al. 1999),
especially if the protein is part of a protein complex (Schmidt et al. 2007). The presence
of mRNA does not mean that it will be translated into protein. The variation between
mRNA and protein concentrations can be attributed to post-transcriptional and post-
translational regulation. High protein concentrations can be due to frequent

transcription, high mRNA stability, frequent translation and high protein stability.

Immunohistochemistry showed that NAPE-PLD was located throughout the
mesometrial decidua, giant trophoblast cells of the basal zone and the entire labyrinth
zone of the placenta, a finding consistent with that from a previous study (Fonseca et al.
2009). Interestingly, there was no membrane staining for NAPE-PLD in the giant
trophoblast cells in the treated rats. FAAH expression was also found in the decidua and
placenta except for the spongiotrophoblast cells of control rats, whereas in treated rats
spongiotrophoblast were immuno-positive probably to protect the embryo from high
AEA levels. These results suggest that AEA treatment has an effect on the local

expression of the metabolising enzymes in the placenta and decidua.

Immunohistochemistry of resorbed sites from AEA-treated and untreated rats revealed
that NAPE-PLD was located in decidual cells close to the embryo while FAAH
expression was reduced in decidual cells of resorbed sites when compared to normal
implantation sites. This could lead to high localised AEA levels at resorbed sites which
are linked to the abnormal pregnancies. Low FAAH expression has also been found in
first trimester trophoblast of women with a spontaneous miscarriage (Trabucco et al.
2009) and high plasma AEA levels were observed in women who miscarried (Habayeb

et al. 2008). The changes in expression of NAPE-PLD and FAAH in resorbed sites also
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confirm that dysregulation of the ECS has a detrimental effect on pregnancy outcome

(Sun et al. 2010).

Altogether the results show that AEA levels need to be tightly regulated for a successful
pregnancy and that AEA administration around the day of implantation (day 4 and day
6) causes a derangement of the ECS leading to a reduction in implantation and an
increase in resorbed sites.

Further studies are necessary to establish whether higher doses of AEA can completely
inhibit implantation. It may be worth considering the use of AEA together with a
FAAH inhibitor in order to inhibit AEA degradation and increase AEA activity or to
use methanandamide a synthetic AEA which has a longer half-life and higher potency
than AEA (Abadji et al. 1994).Further studies also need to investigate shortcomings of
these studies. For example, the concentrations of AEA reaching the implantation site
during the implantation window and the effects this has on the ECS at the time of
implantation are unknown. This should be investigated to decide whether an alternative
dosing route or regimen is necessary to increase the efficacy of AEA-induced
termination/failure to implant. Furthermore, because previous studies have linked AEA
to preterm birth and miscarriage, to fully evaluate the effects of the AEA-treatment
pregnancies should be allowed to progress to term such that incidences of live birth,

premature birth, birth weight etc. can be investigated.
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Chapter 5

General Discussion and Future Outlook
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5.1 GENERAL DISCUSSION

Numerous studies have identified the importance of the ECS in human reproduction,
e.g. in the regulation of embryo implantation and pregnancy maintenance via a finely
tuned ECS (Paria, Wang & Dey 2002). Manipulation of the ECS may interrupt
implantation which could be clinically used as a new form of post coital contraception.
The hypothesis tested in this thesis was that exogenous AEA will prevent implantation.
The first aim of the studies was therefore to investigate the relationship between P4 and
AEA in early pregnancy. Thus the effect of the anti-progesterone RU486 on plasma
AEA levels was studied and presented in Chapter 2 and on the ECS in trophoblast in
Chapter 3. The second aim was to explore the effect of exogenous AEA on implantation

success in a rat model and this is presented in Chapter 4.

In Chapter 2 the effect of the anti-progesterone drug RU486 on plasma AEA levels in
women undergoing MTOP was examined. In-vitro experiments have previously shown
an enhancement of FAAH gene transcription by P4 in human lymphocytes which was
fully reversed by RU486 (Maccarrone et al. 2001). The question here was whether
RU486 has a similar effect in-vivo. As expected significantly increased plasma AEA
levels one day following the administration of anti-progesterone RU486 but not one
hour following RU486 was found. This delayed effect of RU486 poses a number of
questions about the mechanism of recovery demonstrated in-vitro. RU486 is both a
progesterone and glucocorticoid receptor antagonist given orally as an abortifacient so
may act in multiple mechanisms. Peak plasma levels of RU486 are reached 1-3 h after
dosing therefore insufficient time may have passed for RU486 to reach the target organ
and reverse the effects of P4 on FAAH gene expression. Finally, it is unclear at this
time, where plasma AEA is derived from in women during the first trimester of

pregnancy and whether these cells are targeted by RU486.

The interpreting of plasma NAE results may be influenced by a number of factors
including ethnicity and maternal BMI. Significantly higher plasma AEA levels were
found in Asian and Black African women when compared to White women. Moreover
obese women (BMI>30 kg/m®) also had significantly higher AEA levels compared to
women with a BMI<30 kg/m’. Interestingly, Asian and Black African women have

lower clinical pregnancy and live birth rates after ART compared to Caucasians
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(Feinberg et al. 2006, Purcell et al. 2007, Seifer, Frazier & Grainger 2008).
Furthermore, obese women are at greater risk of a miscarriage after a spontaneous
pregnancy or ART (Fedorcsak et al. 2004, Brewer, Balen 2010, Boots, Stephenson
2011). These population differences in pregnancy outcome may be a consequence of
genetic predisposition or lifestyle choices that may in turn alter AEA concentrations.
The poor pregnancy outcomes may be related to these increased plasma AEA levels as
an association between increased plasma AEA levels and miscarriage have been
established (Habayeb et al. 2008). However, further studies are required to evaluate the

relevance of AEA in the susceptibility of these populations to pregnancy failure.

The cytokine leptin is associated with obesity through regulation of energy intake and
expenditure but is also important for pregnancy and is involved in the regulation of the
ECS. In Chapter 2 the relationship between leptin, progesterone and plasma AEA levels
in healthy pregnant women was studied. There was a significant positive correlation
between serum leptin levels and BMI as previously described (Highman et al. 1998).
Serum leptin levels did not alter one day after RU486 administration unlike plasma
AEA levels and no significant correlations were observed between serum leptin and
plasma NAE levels. However, another study identified a decrease in leptin levels after
RU486 administration but before misoprostol (Honkanen et al. 2005). They measured
leptin levels by immunoradiometric assay kits (IRMA) whereas ELISA kits were used
here. Further work is required to give further insight into in-vivo interactions between

leptin, P4 and AEA.

In Chapter 3 experiments on the effect of RU486 on the ECS in trophoblast were
presented. This is the first study to measure NAE levels in trophoblast following
medical termination of pregnancy (MTOP). AEA levels were significantly higher in
trophoblast obtained after MTOP than after surgical termination of pregnancy (STOP)
supporting the hypothesis that RU486 reduces the up-regulation of FAAH by P4.
Furthermore, AEA levels in trophoblast obtained after MTOP were significantly higher
than in decidua. There was no significant correlation between plasma and trophoblast
AEA levels, suggesting an independent regulation of plasma and the trophoblast AEA
levels as shown in the mouse and rat (Wang et al. 2007, Fonseca et al. 2010). The

source of plasma AEA is as yet unconfirmed but may be white blood cells. Regulation
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of ECS in trophoblast and white blood cells may be markedly different.
Immunohistochemistry confirmed the localisation of NAPE-PLD, FAAH, CB1 and
CB2 in first trimester trophoblast as demonstrated before (Taylor et al. 2011),
confirming trophoblast as a suitable site for AEA synthesis, degradation and activity.
The presence of components of the ECS in trophoblast supports its critical role in the
establishment and maintenance of early pregnancy. Interestingly immunoreactive
NAPE-PLD was lower and FAAH higher in trophoblast from MTOP when compared to
that from STOP. As P4 is known to up-regulate FAAH expression in peripheral
lymphocytes (Maccarrone et al. 2001) it had been expected that FAAH expression in
trophoblast from MTOP will be low. However, FAAH expression in MTOP was
increased, though not significantly, as reported in a previous study (Taylor et al. 2011).
In addition, our sample size was small; trophoblast from only six samples was
examined; hence a drawback of the experiments. It may be worth increasing the sample
size. Immunoreactive CB2 was significantly increased in tissues from MTOP when
compared to that from STOP confirming the data of Taylor et al (Taylor et al. 2011).
This suggests that reduced CB2 expression is an important factor influencing early
pregnancy. AEA via CB2 inhibits trophoblast cell proliferation (Habayeb et al. 2008)
and this may explain why expression levels are kept low in ongoing pregnancy and
suggests elevation of CB2 with resultant inhibition of trophoblast cell proliferation

plays a role in MTOP.

Furthermore, the mRNA expression of the ECS was examined by qRT-PCR in
trophoblast following MTOP and STOP. This is the first study to evaluate the optimum
reference genes for normalisation of human first trimester trophoblast using the
software programs geNorm and Normfinder. The reference genes identified here were
ATP5B and EIF4A2. Analysis of ECS transcript levels revealed significantly increased
NAPE-PLD, FAAH, CB1 and TRPV1 transcript levels in trophoblast from MTOP
when compared to that from STOP. CB2 levels were also increased, though this was not
statistically significant. Protein levels of the AEA metabolizing enzymes NAPE-PLD
and FAAH respectively were also increased in trophoblast from MTOP compared to
that from STOP, but this was not statistically significant. High tissue AEA levels were
identified together with raised NAPE-PLD and FAAH levels. However, NAPE-PLD
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transcript levels were greater than FAAH transcript levels leading to a net increase of

AEA. Another possibility could be the involvement of other synthesis enzymes.

Other studies have observed that high AEA levels inhibit trophoblast cell differentiation
in mice via CB1 (Wang et al. 1999) and trophoblast proliferation in BeWo cells via
CB2 (Habayeb et al. 2008). The results in this thesis suggest that the increased AEA
levels in trophoblast following RU486 may inhibit cell growth and differentiation via an
increase in cannabinoid receptors. This may indeed be part of the mechanism for the
effectiveness of a medical termination of a pregnancy. Here, it was demonstrated for the
first time that the anti-progesterone RU486 indeed increases AEA levels not only in
plasma but also in trophoblast. These results confirm the importance of the
endocannabinoid-hormone network at the maternal-fetal interface and that a

deregulation of this network by the anti-progesterone RU486 leads to fetal loss.

Further studies are necessary to investigate the effect of ethnicity and BMI on NAE
levels. A larger cohort of pregnant women of different ethnicities ensuring that
adequate numbers from each ethnic group are recruited will help to address the
hypothesis that NAE levels vary in different ethnic groups. Additionally, the
measurement of FAAH activity may contribute to a better understanding of the in-vivo
relationship between AEA, P4 and leptin as all of these products are essential for a
successful pregnancy. In this study it was demonstrated that mRNA levels of TRPV1 in
human trophoblast are differentially expressed in tissues from MTOP and STOP. These
findings suggest a contribution of this receptor to early pregnancy. However, further
research into the role of TRPV1 in trophoblast is required. Furthermore, there is a need
for highly specific antibodies for cannabinoid receptors to specifically detect protein

levels for Western blot and immunohistochemical analyses.

In Chapter 4 the effect of high exogenous AEA administration on rat implantation and
pregnancy when given around the time of implantation (day 5) was examined. An
increase in AEA levels in plasma and the uterus was expected to prevent implantation.
Indeed a reduction in the number of implantation sites after intraperitoneal AEA
administration (1mg/kg) on day 4 or day 6 of pregnancy with less implantation sites on

the left uterine horn compared to the right one was observed. The left uterine horn was
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closer to the site of AEA injection and therefore higher AEA levels may have reached
this site and caused a more profound effect on implantation. Uterine AEA levels are
important in regulating implantation by synchronizing trophoblast differentiation and
uterine receptivity (Wang, Dey & Maccarrone 2006). In mice low AEA levels are
beneficial to implantation whereas high levels are detrimental (Wang, Dey &
Maccarrone 2006). Furthermore, low AEA levels are found at implantation sites
whereas high AEA levels are present at inter-implantation sites in mice (Schmid et al.
1997). Here, a detrimental effect of high AEA administration on implantation in rat was
shown. In addition, an effect of AEA treatment on embryo development was also
observed. There was an increase in the number of resorbed sites after exogenous AEA
on day 4 and day 6 of pregnancy. AEA treatment also caused a more disorganised
placental structure when examined histomorphologically. This was more profound in
day 6 than day 4 AEA-treated rats. Overall, AEA treatment in the rats around the time
of implantation reduced the number of successful implantations. Even when
implantation occurred, embryo development was affected or the placental structure was

disturbed potentially impairing a fully functional placenta.

Interestingly plasma AEA levels significantly increased with the total number of
implantations (normal and resorbed) and this increase was more marked with normal
implantation sites. These findings suggest that the placenta may be involved in the
origin of plasma AEA levels. However, further studies are necessary to understand this

relationship.

In AEA-treated rats, NAE levels in the decidua were higher than in the controls
whereas placental NAE levels increased mainly in day 4 treated rats. In the control
group, tissue NAE levels in the placenta and decidua were similar while in day 4 treated
rats placental AEA levels were significantly higher than decidua levels. The results
demonstrate that AEA treatment around the time of implantation still has an effect on

tissue NAE levels on day 14 of the pregnancy, the day the animals were sacrificed.

Immunohistochemistry of rat implantation sites confirmed the presence of NAPE-PLD

and FAAH in placenta and decidua as described previously (Fonseca et al. 2009). Day 6
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treated rats displayed a more disorganized placental structure than day 4 treated rats. Of
note was the absence of NAPE-PLD staining of the membrane in giant trophoblast cells
and the presence of FAAH staining in spongiotrophoblast in treated rats probably to
protect the embryo from high AEA levels. This is the first study to demonstrate the
localisation of NAPE-PLD and FAAH at resorbed sites in rat with NAPE-PLD being
present in decidual cells close to the embryo and reduced FAAH levels in the decidua
when compared to normal implantation sites. This would have resulted in increased
AEA levels in the tissue which is linked with abnormal pregnancies (Sun et al. 2010).
Another study also detected low FAAH expression in first trimester trophoblast of

women with a spontaneous miscarriage (Trabucco et al. 2009).

qRT-PCR with validated reference genes was used to demonstrate transcript levels of
NAPE-PLD, FAAH, CB1, CB2 and TRPV1 at implantation and inter-implantation sites
of treated and control rats. This is the first time to evaluate reference genes in rat
placenta, decidua, myometrium and inter-implantation site using the software programs
geNorm and Normfinder. The optimal number of reference genes was identified as
three. The best reference genes for the placenta were YWHAZ, RPL13A and GAPDH,
for decidua ATP5B, CANX and GAPDH, for rat myometrium RPL13A, GAPDH and
UBC and for inter-implantation YWHAZ, RPLI3A and B2M. Interestingly the
reference gene B-Actin commonly used for normalisation in rat placenta was not
selected here because it was routinely found to be a gene with one of the lower gene
expression stability profiles. This emphasises again the importance of validation of
reference genes for each tissue in an experiment to obtain accurate results as previously
described (Bustin et al. 2009). Differences between ECS expression in tissues at the
implantation and inter-implantation sites are complex. In control rats low CBI1
expression and high CB2 expression at inter-implantation sites suggest a differential
expression of cannabinoid receptors to direct embryo implantation. After AEA
treatment CB1 expression in day 14 decidua was down-regulated which may have
affect the process of decidualisation or decidua regression. This is the first study
describing TRPV1 transcript levels in myometrium and inter-implantation sites. A
previous study proposed the involvement of this receptor in the induction of apoptosis
in decidual cells (Fonseca et al. 2009) and here higher transcript levels in the decidua
than placenta were identified. In day 4 AEA-treated rats, NAPE-PLD expression in the

day 14 placenta was higher than in the decidua while FAAH transcript levels were not
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different. This will result in increased AEA levels in the placenta as seen earlier in the
data here. It is known that AEA levels are regulated by the spatiotemporal expression of
NAPE-PLD and FAAH (Guo et al. 2005, Wang et al. 2007). No significant difference
was seen in NAPE-PLD transcript and protein levels at the implantation and inter-
implantation sites of day 4, day 6 treated rats and control. FAAH transcript levels were
lower at the inter-implantation than implantation sites in treated and control rats which
are in concordance with findings in mice studies where low FAAH levels and high
AEA were found at the inter-implantation sites (Schmid et al. 1997, Paria et al. 1999).
FAAH protein levels at the inter-implantation sites in day 6 treated rats showed the
same pattern whereas in the control group FAAH protein levels were higher at the inter-
implantation than implantation sites. The discrepancy between transcript and protein

levels can be due to post-transcriptional and post-translational regulation.

In summary the studies have demonstrated in Chapter 4, a detrimental effect of
exogenous AEA given around the time of implantation on implantation and resorption
and furthermore a derangement of the ECS following AEA administration, which was

still present on day 14 of pregnancy.
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5.2 FUTURE OUTLOOK

In the future it would be interesting to explain this work on the components of the
endocannabinoids at the rat implantation and inter-implantation sites in treated and

control rats as listed below:

e UHPLC-MS/MS to determine NAE levels at inter-implantation sites

e [HC of CB1, CB2 and TRPV1 on implantation sites

e [HC of NAPE-PLD, FAAH, CB1, CB2 and TRPV1 on inter-implantation sites
e Western-Blotting of CB1, CB2 and TRPV1 on implantation and inter-

implantation sites

The studies here have shown that manipulating the ECS interrupts implantation as
suggested in the hypothesis. In order to consider this mechanism as a new post coital

contraceptive method more research in this area has to be done which could include:

¢ Administration of AEA on the day of implantation (day 5)

e Increasing the dose of AEA

e Using a different vehicle

e Using AEA in combination with a FAAH inhibitor to increase the effect of AEA
e Using Methanandamide, a synthetic analogue of AEA with a longer half life

e Using a different form of administration e. g. intravaginal

Overall this research confirmed the importance of the ECS in female reproductive
events and that any dysregulation of this delicate system leads to adverse pregnancy

outcomes.
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2. From fertilisation to implantation in mammalian pregnancy-modulation of
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Willets JM, Konje JC. Pharmaceuticals 2010; 3: 2910-2929.

3. Endocannabinoids and pregnancy.

Taylor AH, Amoako AA, Bambang K, Karasu T, Gebeh A, Lam PMW,
Marczylo TH, Konje JC. Clinica Chimica Acta 2010; 411:921-930.

232



Appendix 2

Oral presentations arising from the thesis

1. Determination of reference genes for use with first trimester trophoblast
RCOG World Conference, Liverpool, June 2013

2. Changes to the Endocannabinoid System after RU486 administration
RCOG World Conference Liverpool, June 2013

3. The effect of RU486 on the modulation of anandamide and leptin levels
RCOG World Conference Liverpool, June 2013

4. The effect of exogenous Anandamide on implantation
EAOGS, Cambridge, October 2012

5. The effect of Anandamide administration on implantation
Gynaecology Visiting Society Winter Meeting, Leicester, October 2012

6. Exogenous Anandamide administration decreases successful implantation

ESHRE, Istanbul, Turkey, July 2012 (nominated for the Best Basic

Science Award for oral presentation)
7. The Endocannabinoid System in Early Human Pregnancy

Reproductive Sciences Section Seminar, University of Leicester, Leicester,

May 2012
8. The Endocannabinoid System in Fertility Control

Departmental Meeting, University Hospitals of Leicester, Leicester,

January 2011

233



Appendix 3

Poster Presentations arising from the thesis

1. The effect of BMI and ethnicity on plasma anandamide and lymphocyte

anandamide hydrolase activity in early pregnant women
RCOG World Conference, Liverpool, June 2013
2. The role of ethnicity and BMI on plasma Anandamide levels

EAOGS, Cambridge, October 2012

3. Anandamide and leptin levels in women undergoing medical termination of

pregnancy

Congress of the European Society of Contraception and Reproductive

Health, Athens, Greece, July 2012

4. Endocannabinoid levels in women undergoing medical termination of

pregnancy

Congress of the European Society of Contraception and Reproductive

Health, Athens, Greece, July 2012

5. The 2-Arachidonylglycerol-Metabolising Enzyme (MAGL) and Receptor
Targets (CB1 and CB2) are up-regulated in miscarried trophoblast tissues

Annual Scientific Meeting of the Society for Gynaecologic Investigations, San

Diego, USA, March 2012
6. The effect of exogenous administration of Anandamide on pregnancy

Annual Scientific Meeting of the Society for Gynaecologic Investigations, San

Diego, USA, March 2012
7. The effect of exogenous administration of anandamide on implantation

Annual Scientific Meeting of the Society for Gynaecologic Investigations, San
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14.

Modulation of the endocannabinoid System after exogenous administration

of anandamide
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Diego, USA 2012
Changes to the Endocannabinoid System after RU486 administration

Annual Scientific Meeting of the Society for Gynaecologic Investigations, San

Diego, USA 2012
Is there an effect of exogenous prostaglandin on plasma anadamide levels?

Annual Scientific Meeting of the Society for Gynaecologic Investigations,

Miami, USA, March 2011
The effect of ethnicity on plasma anandamide levels

Annual Scientific Meeting of the Society for Gynaecologic Investigations,
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Is there an effect of exogenous prostaglandin on plasma anandamide levels?
Blair Bell Meeting, London, November 2010

Does ethnicity have an effect on plasma anandamide levels
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Leicestershire, Northamptonshire & Rutland Research Ethics Committee 1
1 Standard Court
Park Row

Nottingham
NG1 BGN

Telephone: 01159123344
Facsimile: 01159123300

13 June 2008

Professor J Konje !
Professor of Obstetrics & Gynaecology J SR

University of Leicester P} N
Robert Kilpatrick Clinical Sciences Building, 4l S IRt
Leicester Royal Infirmary '
Leicester, LE2 7LX

(== ]

Dear Professor Konje,

Full title of study: The Role of Endogenous Cannabinoids (chemicals
similar to cannabis but produced naturally in the human

body)in Reproduction
REC reference number: 06/Q2501/49

Thank you for your letter of 02 June 2008, responding to the Committee’s request for further
information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Chair.
Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocal and supporting
documentation as revised.

Conditions of approval

The favourable opinion is given provided that you comply with the conditions set out in the
attached document. You are advised to study the conditions carefully.

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

e L e S | T o A 2 2 |- e
Application 11 24 February 2006
Investigator CV 1 23 February 2006
Protocol 2 23 May 2006
Peer Review
Letter of invitation to participant — 2 23 May 2006
V menstrual cycle studies
Letter of invitation to participant - 2 | 23 May 2006
V undergeoing gynea surgery .
Letter of invitation tc participant — 2 - | 23 May 2008

| Non-P V with non-surgical gynae problem |
Letter of invitation to participant - STOP V |2 23 May 2008 ]
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Non-P V with non-surgical Gynaecological problem

Letter of invitation to participant — 2 23 May 20086
V spontaneous miscariage
Letter of invitation to participant — 2 23 May 2006
V with suspected or diagnosed ectopic pregnancy
Letter of invitation to participant — 2 23 May 2008
Early pregnancy complications
Letter of invitation to participant - 2 23 May 2006
Pregnant V - Lengitudinal study
| Letter of invitation to participant - Pregnant V at bocking | 2 23 May 2006
Letter of invitation to participant — 2 23 May 2006
Pragnant V mid-trimester Blood tests
Letter of invitation to participant - 28 weeks pregnant 2 23 May 2006
Letter of invitation to participant - 38 weeks nant 2 23 May 2006
Letter of invitation to participant - preterm labour 2 23 May 2006
Letter of invitation to participant - Normal labour 2 23 May 2006
Letter of invitation to participant - Emergency CS 2 23 May 2006
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Pregnant V in nermal labour
Participant Information Sheet. 2 23 May 2008
Pregnant V' in preterm labour
Participant Information Sheet: 2 23 May 2006
Pregnant V at 36 weeks of pregnancy
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Participant Information Sheet; 2 23 May 2006
Pregnant V at mig-trimester blood tests
Participant Information Sheet: 2 23 May 2008
Pregnant V undergoing elective caesarean section
Participant Information Sheet; 2 23 May 2006
Pregnant V undergoing emergency cassarean section
Participant Information Shest: 2 23 May 2006
V with surgical (STOP) Gynascological problem
[ Participant Information Sheet 2 01 June 2006
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Participant Information Sheet: 2 23 May 2006
Non- P V undergoing Gynaecological Surgery
Participant Information Sheet: 2 23 May 2008
Non-P V for Menstrual Cycly Studies
Participant Information Sheet: Pregnant V at booking 2 23 May 2008
Participant Information Sheet: 2 23 May 2008
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Participant Information Sheet: 2 23 May 2008
V with early pregnancy complications
Participant Information Sheet: 2 01 June 2006
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Participant Information Sheet: 2 23 May 2006
V with the complication of Spontaneous miscarraige
Participant Consent Form: Pregnant V at booking 2 23 May 2008
Participant Consent Form: 2 23 May 2006
Pregnant V_- longitudinal study
Participant Censent Form: 2 23 May 2008
V with early pregnancy complications |
Participant Consent Form. 2 23 May 2006
V with surgical (STOP) Gynaecological problem
Participant Consent Form: 2 23 May 2006
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Participant Consent Form: 2 23 May 2008
Non- P V undergoing Gynaecological Surgery

Participant Consent Form: 2 23 May 2008
Non-P V for Menstrual Cycly Studies

Participant Consent Form: 2 23 May 2008
Pregnant V undergoing elective caesarean section

Participant Consent Form: 2 23 May 20086
Pregnant V undergeing emergency caesarean section

Participant Consent Form: 2 23 May 2006
V with a suspected or diagnosed ectopic pregnancy :
Participant Consent Form: 2 23 May 2006
V with the complication of Spontaneous miscarraige

Participant Consent Form: Pregnant V in normal labour | 2 23 May 2008
Participant Consent Form: Pregnant V in preterm labour | 2 23 May 2006
Participant Consent Form: 2 23 May 2006
Pregnant V at 36 weeks of pregnancy

Participant Consent Form: 2 23 May 2006
Pregnant V at 28 weeks of pregnancy

Participant Consent Form: 2 23 May 2006
Pregnant \ at mid-trimester blood tests

Response to Request for Further Information 02 June 2006
Letter from Dr HJ Porter 11 July 2005
Letter from LJR Brown 11 July 2005
Bupa Foundation Grant 14 October 2005
Letter from LNR1 REC 12 April 2006
Letter to LNR1 REC 08 Auqust 2005

Research governance approval

The study should not commence at any NHS site until the local Principal Investigator has

obtained final research governance approval frem the R&D Department for the relevant NHS

care organisation.

Page 3

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating

Procedures for Research Ethics Committees in the UK.

I 06/Q2501/49 Please quote this number on all correspondence

With the Commitiee's best wishes for the success of this project

ycerel

Dr Carl Edwards/Ms Linda Ellis
Chair/Co-ordinator

Email: linda.ellis@rushcliffe-pet.nhs, uk

Enclosures: Standard approval conditions
Site approval form

Copy to: R&D Deparliment for NHS care organisation at lead site -

University Hospitals Of Leicester NHS Trust

An advisory committee to Leicestershire, Northamptenshire and Rutland Strategic Health Authority
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University Hospitals of Leicester INHS |

NHS Trust

Leicester Royal Infirmary
Leicester
LE1 5SWW

Tel: 0116 254 1414
Fax: 0116 258 5631
Minicom: 0116 258 6878

PATIENT INFORMATION LEAFLET
(Volunteer with a medical (MTOP) gynaecological problem)

Title of Study:
The role of endogenous cannabinoids (chemicals similar to cannabis but produced naturally
in the human body) in reproduction

Principal Investigator: Professor Justin Konje
Professor of Obstetrics and Gynaecology
Reproductive Sciences Section, CSMM
University Hospitals of Leicester NHS Trust
Leicester Royal Infirmary

Leicester, LE2 7LX

Phone: 0116 252 5826

Pager through switchboard.

Invitation paragraph

You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it
with others if you wish. Ask us if there is anything that is not clear or if you would like’
more information. Take time to decide whether or not you wish to take part.

Thank you for reading this.

1. What is the purpose of the study?

Endogenous cannabinoids are naturally occurring substances in the body, which are similar to
cannabis. Studies in animals have shown that these substances are vital for pregnancy to
succeed. High levels are associated with miscarriages but a critical level in the blood is
essential for a successful pregnancy. The precise way in which these substances influence
human reproduction is not known. While there have been lots of studies on the role of these
substances in animal reproduction, very little research has been undertaken in human beings.
The main reason for this has been the inability of researchers to measure these substances in
the blood. We very recently developed a means of measuring these substances and
successfully used the method in a small group of pregnant women and non-pregnant women.
Participant Information Sheet (Pregnant/Volunteers undergoing stop) Version 2 dated 23/05/06

Ref: 06-Q2501-49is-p(a)060223 PIL MTOP.doc

Last saved 9 Novembrgi,200& dquarters, Gwendolen House, Gwendolen Road, Leicester, LE5 4QF
Website: www.uhl-tr.nhs.uk
Chairman Mr. Philip Hammersley CBE Chief Executive Dr Peter Reading

241




Our results were very encouraging and supported our belief that these substances play a part
in successful pregnancies. Despite our results there are several unanswered questions about
the exact role of these substances in reproduction. We believe that by defining these
questions and looking for answers, we will provide opportunities for improving the outcome
of pregnancies especially in women who undergo repeated miscarriages.

We would therefore like to study further the different ways in which these substances may be
of involved in:

(a) women during normal pregnancy and

(b) women with different complications of pregnancy

In addition, we would like to investigate:

(c) the way in which these substances work in different parts of the body (for example the
womb, fallopian tubes, ovaries, placenta) in pregnant women and those who are not
pregnant,

We hope to do this by:
a. measuring the levels of these cannabis-like substances in the blood, and the
tissues which we collect
b. studying the way these substances work on the tissues we collect and
c. investigating the genes that control how the body produces them and how they
work in the various tissues we collect.
The tissue(s) collected will be used for the research but any left over will be kept in a special
bank called the “Female Reproduction Research Tissue Bank™ at the University of Leicester.
We will ask for your permission to put your tissue(s) into this Bank but before we do this,
you will be given an information leaflet about the bank to read and to give us permission by
signing a consent form. If you do not want your tissue(s) to be kept in the Tissue Bank, it will
be used only for the studies outlined above. Any future research will only be undertaken on
the tissues after the Ethics committee has given its approval.

2. Why have | been chosen?

You have been chosen because you are attending the Leicester Royal Infirmary with a
gynaecological problem for treatment. We are inviting most women like you to take part in
this study.

3. Dol have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to
take part you are still free to withdraw from the study at any time and without giving a
reason. A decision to withdraw at any time, or a decision not to take part, will not affect the
standard of care you receive.

4. What will happen to me if | take part?

If you agree to take part, a small amount of blood (one tablespoonful) will be taken from you
arm at the time you are having a drip put in your hand (just before you go to sleep) or when
the doctors take a blood test from you as you are prepared for surgery. In addition, a small
amount of tissue will be taken from the products of pregnancy removed from you at surgery.
Since these are not routinely sent to the laboratory, this should have no effect at all on your
treatment.

The tissue obtained from you will not be used to undertake any genetic tests whose results
may have adverse consequences on either you or your families insurance or employment.
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5. What do | have to do?

If you would like to take part in the study, the only thing you need to do is to sign the consent
form and allow us to take the necessary samples. There are no restrictions on what you may
or may not do.

6. Will | receive payment for the tissue that | donate for this research study?

You will not receive any payment for the tissue. The tissue is a gift - neither yourself
nor your relatives will benefit from any inventions that result from the use of the
tissue.

7. What are the side effects of any treatment received when taking part?
None, since this research does not require you to take any treatment.

8. What are the possible disadvantages and risks of taking part?
The only disadvantage to you of this study is the slight discomfort (scratch) you may feel
when your blood sample is taken.

9. What are the possible benefits of taking part?

You will not benefit directly from taking part in this study. However, with your help, we
may in future be able to help women with either various pregnancy complications or
difficulties getting pregnant.

10. What if new information becomes available?

Sometimes during the course of a research project, new information becomes available about
the substances being studied. If this happens, your research doctor will tell you about it and
discuss with you whether you want to continue in the study. If you decide to withdraw, your
research doctor will make arrangements for your care to continue. If you decide to continue
in the study you will be asked to sign an updated consent form.

11. What happens when the research study stops?

Nothing will happen to you as you will not need to do anything more after this.
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12. What if something goes wrong?

If you are harmed by taking part in this research project there are no special
compensation arrangements. If you are harmed due to someone’s negligence, then
you may have grounds for a legal action but you may have to pay for it. Regardless
of this, if you wish to complain, or have any concerns about any aspect of the way
you have been approached or treated during the course of this study, the normal
National Health Service complaints mechanisms should be available to you.

13. Will my taking part in this study be kept confidential?

If you consent to take part in the research any of your medical records may be
inspected by a member of the research team for the purposes of analysing the
results.

All information, which is collected about you during the course of the research will be
kept strictly confidential. Any information about you, which leaves the
hospital/surgery will have your name and address removed so that you cannot be
recognised from it.

14, What will happen to the results of the research study?

Please be reassured that personal information will not be published or presented. However,
the findings of the whole study will be presented at various national and international
meetings and published in medical journals. These presentations and publications will not
probably happen until at least 2 years from the start of the study to allow us to gather
information. If you would like to see the findings, a copy of this could be obtained from your
research doctor or from the medical library.

15. Who is organising and funding the research?
This is a huge research programme being funded by the University of Leicester, University
Hospitals of Leicester NHS Trust and BUPA Foundation (a UK Charity). We plan to seek for

additional funding from various UK charities and the Medical Research Council to support
this programme.
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16. Who has reviewed the study?

All research that involves NHS patients or staff, information from NHS medical
records or uses NHS premises or facilities must be approved by an NHS Research
Ethics Committee before it goes ahead. Approval does not guarantee that you will
not come to any harm If you take part. However, approval means that the committee
is satisfied that your rights will be respected, that any risks have been reduced to a
minimum and balanced against possible benefits and that you have been given
sufficient information on which to make an informed decision.

17. For more information, who do | contact?
Professor Justin Konje

Reproductive Sciences Section, CSMM

University of Leicester

Robert Kilpatrick Clinical Sciences Building

Leicester Royal Infirmary

Leicester LE2 7LX

Telephone: 0116 252 5826 or via Pager through the Leicester Royal Infirmary switchboard
on 0116 2541414,

Thank you for taking the time to read this information sheet.

You will be given a copy of the information sheet and a signed consent form for you to keep.
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University Hospitals of Leicester NHS

NHS Trust

Leicester Royal Infirmary

Patient name, address, DOB (or 1D label)

Leicester
LE1 5WW

Tel: 0116 254 1414
Fax: 0116 258 5631
Minicom: 0116 258 6878

Patient Identification Number for this trial:

CONSENT FORM

(Volunteer with a Medical (MTOP) gynaecological problem)

Title of Project:

The role of endogenous cannabinoids (chemicals similar to cannabis but naturally produced

in the human body) in reproduction

Name of Researcher / Principal Investigator: Professor Justin C Konje

Please initial box

. | confirm that | have read and understand the information sheet dated
23/05/06 version 2 for the above study and have had the opportunity to ask
questions.

2. | understand that my participation is voluntary and that | am free to withdraw
at any time, without giving any reason, without my medical care or legal
rights being affected.

3. lunderstand that | may withdraw my consent to my tissue being used at
any time without justifying my decision and without affecting my normal care
and medical management.

4. | agree to donate the tissue samples as detailed below and allow their use
in medical research as described in the Patient Information Leaflet.

5. | understand that the tissue is a gift and that | will not benefit from any
intellectual property that results from the use of the tissue.

6. | understand that tissue samples will not be used to undertake any genetic
tests whose results may have adverse consequences on my or my families
insurance or employment.

7. | agree / do not agree to my tissue samples being used to undertake
genetic research as described in the patient information leaflet
(Delete as applicable)

Consent Form (Volunteer with a medical (MTOP) gynaecological problem)

-
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8. | understand that sections of any of my medical notes may be looked at by I:'
responsible individuals from the research team, or from regulatory
authorities where it is relevant to my taking part in research. | give
permission for these individuals to have access to my records

9. lunderstand that tissue samples and associated clinical data may be
transferred to commercial / non-commercial research partners of the
University Hospitals of Leicester NHS Trust but that the information will be
anonymised prior to transfer.

10. The samples which | hereby consent to donate are:
Blood
Lining of the womb
Wall of the womb
Placenta and fetal membranes
Pieces of fallopian tubes
Muscle tissue
Blood vessels
Omentum
Pieces of ovary (only if being removed or hysterectomy)
Pieces of the neck of the womb (cervix)
Pieces of the vagina
Pieces of fat tissue
. Tissue from the bladder
Any other tissue — Please specify

S3TFTTs@roo0Tw
o

11.1 agree to take part in the above study.

Name of Patient Date Signature

Name of Parent/guardian/ Date Signature
legal representative (If applicable)
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Researcher Date Signature

Original for researcher/site file/CRF
copy for patient, copy for hospital notes
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University Hospitals of Leicester NHS |

NHS Trust

Leicester Royal Infirmary
Leicester
LE1 SWW

Tel: 0116 254 1414
Fax: 0116 258 5631
Minicom: 0116 258 6878

PATIENT INFORMATION LEAFLET
(Volunteer with a surgical (STOP) gynaecological problem)

Title of Study:
The role of endogenous cannabinoids (cannabis like compounds produced in the human body
in reproduction

Principal Investigator: Professor Justin Konje

The details of Professor Konje are given below in case you wish to contact
him.

Reproductive Sciences Section

Department of Cancer Studies and Molecular Medicine

University Hospitals of Leicester NHS Trust

Leicester Royal Infirmary

Leicester, LE2 7LX

Phone: 0116 252 5826

Pager through switchboard.

Invitation paragraph

You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully and discuss it
with others if you wish. Ask us if there is anything that is not clear or if you would like
more information. Take time to decide whether or not you wish to take part.

Thank you for reading this.

1. What is the purpose of the study?

Endogenous cannabinoids are naturally occurring substances in the body, which are similar to
cannabis. Studies in animals have shown that these substances are vital for pregnancy to
succeed. High levels are associated with miscarriages but a critical level in the blood is
essential for a successful pregnancy. The precise way in which these substances influence
human reproduction is not known. While there have been lots of studies on the role of these
substances in animal reproduction, very little research has been undertaken in human beings.
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The main reason for this has been the inability of researchers to measure these substances in
the blood. We very recently developed a means of measuring these substances and
successfully used the method in a small group of pregnant women and non-pregnant women.
Our results were very encouraging and supported our belief that these substances play a part
in successful pregnancies. Despite our results there are several unanswered questions about
the exact role of these substances in reproduction. We believe that by defining these
questions and looking for answers, we will provide opportunities for improving the outcome
of pregnancies especially in women who undergo repeated miscarriages.

We would therefore like to study further the different ways in which these substances may be
of involved in:

(a) women during normal pregnancy and

(b) women with different complications of pregnancy

In addition, we would like to investigate:
(c) the way in which these substances work in different parts of the body (for example the

womb, fallopian tubes, ovaries, placenta) in pregnant women and those who are not

pregnant,

We hope to do this by:
a. measuring the levels of these cannabis-like substances in the blood, and the

tissues which we collect
b. studying the way these substances work on the tissues we collect and
c. investigating the genes that control how the body produces them and how they
work in the various tissues we collect.
The tissue(s) collected will be used for the research but any left over will be kept in a special
bank called the “Endocannabinoid Tissue Bank™ at the University of Leicester. We will ask
for your permission to put your tissue(s) into this Bank but before we do this, you will be
given an information leaflet about the bank to read and to give us permission by signing a
consent form. If you do not want your tissue(s) to be kept in the Tissue Bank, it will be used
only for the studies outlined above. Any future research will only be undertaken on the
tissues after the Ethics committee has given its approval.

2. Why have | been chosen?
You have been chosen because you are attending the Leicester Royal Infirmary with a
gynaecological problem. We are inviting most women like you to take part in this study.

3. Do | have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to
take part you are still free to withdraw from the study at any time and without giving a
reason. A decision to withdraw at any time, or a decision not to take part, will not affect the

standard of care you receive.
4. What will happen to me if | take part?

If you agree to take part, a small amount of blood (one tablespoonful) will be taken from you
arm at the time you are having a drip put in your hand (just before you go to sleep) or when
the doctors take a blood test from you as you are prepared for surgery. In addition, a small
amount of tissue will be taken from the products of pregnancy removed from you at surgery.
Since these are not routinely sent to the laboratory, this should have no effect at all on your

treatment.
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5. What do | have to do?

If you would like to take part in the study, the only thing you need to do is to sign the consent
form and allow us to take the necessary samples. There are no restrictions on what you may
or may not do.

6. Will | receive payment for the tissue that | donate for this research study?
You will not receive any payment for the tissue. The tissue is a gift - neither yourself

nor your relatives will benefit from any inventions that result from the use of the
tissue.

7. What are the side effects of any treatment received when taking part?

None, since this research does not require you to take any treatment.

8. What are the possible disadvantages and risks of taking part?

The only disadvantage to you of this study is the slight discomfort (scratch) you may feel
when your blood sample is taken.

9. What are the possible benefits of taking part?

You will not benefit directly from taking part in this study. However, with your help, we
may in future be able to help women with either various pregnancy complications or
difficultics getting pregnant.

10. What if new information becomes available?

Sometimes during the course of a research project, new information becomes available about
the substances being studied. If this happens, your research doctor will tell you about it and
discuss with you whether you want to continue in the study. If you decide to withdraw, your
research doctor will make arrangements for your care to continue. If you decide to continue
in the study you will be asked to sign an updated consent form.

11. What happens when the research study stops?

Nothing will happen to you as you will not need to do anything more after this.
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12. What if something goes wrong?

If you are harmed by taking part in this research project there are no special
compensation arrangements. If you are harmed due to someone’s negligence, then
you may have grounds for a legal action but you may have to pay for it. Regardless
of this, if you wish to complain, or have any concerns about any aspect of the way
you have been approached or treated during the course of this study, the normal
National Health Service complaints mechanisms should be available to you.

13. Will my taking part in this study be kept confidential?

If you consent to take part in the research any of your medical records may be
inspected by a member of the research team for the purposes of analysing the
results.

All information, which is collected about you during the course of the research will be
kept strictly confidential. Any information about you, which leaves the
hospital/surgery will have your name and address removed so that you cannot be
recognised from it.

14. What will happen to the results of the research study?

Please be reassured that personal information will not be published or presented. However,
the findings of the whole study will be presented at various national and international
meetings and published in medical journals. These presentations and publications will not
probably happen until at least 2 years from the start of the study to allow us to gather
information. If you would like to see the findings, a copy of this could be obtained from your
research doctor or from the medical library.

15. Who is organising and funding the research?
This is a huge research programme being funded by the University of Leicester, University
Hospitals of Leicester NHS Trust and BUPA Foundation (a UK Charity). We plan to seek for

additional funding from various UK charities and the Medical Research Council to support
this programme.
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16. Who has reviewed the study?

All research that involves NHS patients or staff, information from NHS medical
records or uses NHS premises or facilities must be approved by an NHS Research
Ethics Committee before it goes ahead. Approval does not guarantee that you will
not come to any harm If you take part. However, approval means that the committee
is satisfied that your rights will be respected, that any risks have been reduced to a
minimum and balanced against possible benefits and that you have been given
sufficient information on which to make an informed decision.

17.  For more information, who do | contact?

Professor Justin Konje

Reproductive Sciences Section

Department of Cancer Studies and Molecular Medicine
University of Leicester

Robert Kilpatrick Clinical Sciences Building

Leicester Royal Infirmary

Leicester LE2 71X

Telephone: 0116 252 5826 or via Pager through the Leicester Royal Infirmary switchboard
on 0116 2541414.

Thank you for taking the time to read this information sheet.

You will be given a copy of the information sheet and a signed consent form for you to keep.
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University Hospitals of Leicester m

NHS Trust

Leicester Royal Infirmary
Leicester
LE1 5SWW

Patient name, address, DOB (or 1D label) Tel: 0116 254 1414
H Fax: 0116 258 5631

Minicom: 0116 258 6878

Patient Identification Number for this trial:
CONSENT FORM

Title of Project:
The role of endogenous cannabinoids (cannabis like compounds produced in the human body

in reproduction
Name of Researcher / Principal Investigator:

Please initial box

1. | confirm that | have read and understand the information sheet dated
23/02/06 version 1 for the above study and have had the opportunity to ask
questions.

2. | understand that my participation is voluntary and that | am free to withdraw
at any time, without giving any reason, without my medical care or legal _—
rights being affected.

3. | understand that | may withdraw my consent to my tissue being used at
any time without justifying my decision and without affecting my normal care
and medical management.

4. | agree to donate the tissue samples as detailed below and allow their use
in medical research as described in the Patient Information Leaflet.

5. | understand that the tissue is a gift and that | will not benefit from any
intellectual property that results from the use of the tissue.

6. 1 understand that tissue samples will not be used to undertake any genetic
tests whose results may have adverse consequences on my or my families
insurance or employment.

O OO O

7. | agree / do not agree to my tissue samples being used to undertake
genetic research as described in the patient information leaflet
(Delete as applicable)

Consent Form Version 1 dated 23/02/06
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8.
responsible individuals from the research team, or from regulatory
authorities where it is relevant to my taking part in research. | give
permission for these individuals to have access to my records

9. | understand that tissue samples and associated clinical data may be
transferred to commercial / non-commercial research partners of the

| understand that sections of any of my medical notes may be looked at by

University Hospitals of Leicester NHS Trust but that the information will be
anonymised prior to transfer.

10.The sapples which | hereby consent to donate are (enter the samples
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