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ABSTRACT
The field of recurrent miscarriage and recurrent implantation failure has
been under ongoing rigorous and extensive research in trying to understand the
phenomena underlying the patho-aetiological factors. Yet despite all this, the
aetiological factors in 50 % of cases of pregnancy losses remain a mystery. This
idiopathic groupis of great challenge to both the clinician and the individual couples.
Without a diagnosis, couples live in a world of uncertainty for their future
pregnancies and may be exposed to unnecessary, expensive, non evidence-based
investigations and treatment. The consensusis that within the idiopathic group, there
is considerable heterogeneity with multiple underlying pathological mechanisms.
Therefore, it is not surprising that in trying to unveil the aetiological
mysteries surrounding unexplained pregnancy losses and implantation failure, the
endometrium has become the focal point. Perhaps in this idiopathic group, the
answerlies in the pre-implantation endometrium.
This thesis provides an in depth analysis of the pre-implantation
endometrium in women with idiopathic reproductive failure. It focuses on patterns of
expression of uNKcells and cell adhesion molecules amongthe different subgroups
of recurrent miscarriage and recurrent implantation failure. The majorfindingsare:
1.

The endometrium of women with recurrent miscarriage was found to
have high numbers of uNKcells comparedtofertile controls.

2.

It was demonstrated that high numbers of uNKcells in the
pre-implantation endometrium of women with recurrent miscarriage
could be reduced with the administration of prednisolone.It has
previously been reported that 20 mg of prednisolone for three days was
sufficient to reduce peripheral NK cell numbers. However,this is the
Ill

first report of prednisolone reducing endometrial NK cell numbers.
3.

Different patterns of adhesion molecule expression were observed in
women

suffering

different

types

of recurrent

pregnancy

loss.

Endometrium from women with recurrent fetal loss had increased
expression of integrins 0481, a1B1 and avB3 in the luminal epithelium
and greater expression of a481 and a1f1 in the glandular epithelium
than recurrent loss of empty gestation sac. No significant differences
were observedin the expression of osteopontin and MUCI.
4.

Endometrium with high numbers of uNKcells also had altered integrin
expression. The alB1 stroma integrin expression had a significant
positive correlation with high numbers uNK cells. No significant
correlation had been demonstrated for a4B1 and avB3.

The evidence for an endometrial factor in reproductive failure is slowly
accumulating. There is increasing evidence that uNK cells have a role to play.
However, their exact role is currently unknown.It is for the time being controversial
whether

immunotherapy

for

recurrent

miscarriage

is

effective.

However,

immunomodulation of pre-implantation endometrium opens new avenues for
treatment of recurrent miscarriage. Further evidence-based research is needed before
prednisoloneis used to treat women with recurrent miscarriage.
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CHAPTER1
INTRODUCTION

1.1

Recurrent Miscarriage

1.1.1

Definition
Recurrent Miscarriage (RM)is a very complex and challenging condition to

both clinicians and patients. Despite significant and rapid advances in reproductive
medicine and technology, no identifiable cause can be found in 50% of cases. This has
led to a lack of evidence based treatment (Stirrat, 1990; Quenby and Farquharson, 1993:
Li, 1998). There is a wide variation in the definition of RM. Traditionally it has been

defined as the loss of three or more consecutive pregnancies before 24 weeks of
gestation (Stirrat, 1990; Li, et al. 2002; Bricker and Farquharson, 2002). Some studies

have included two consecutive pregnancy losses (Stephenson et al. 1998). Others have
included womenwith either any two mid trimester losses orfirst trimester losses of three
or more even if the pregnancy losses have not been consecutive (Clifford et al. 1996;
Stephensonetal. 1998). Lack of a universal definition has a great impact on the analysis
of outcomesof variousstudies. Until such a time when a universally accepted definition
is available, caution must be applied when comparingresults from different studies.

1.1.2

Incidence
RM is a very distressing condition affecting 1 to 2% of couples. The

incidence is reported to be even higher in studies that have included two pregnancy
losses (Rai and Regan, 2006). Up to 50% of conceptuses fail to developinto a clinically
recognised pregnancy and of those that are clinically recognised, 15% end up in
miscarriage (Warburton and Frazer,

1964; Wilcox et al.

1988; Chard,

1990).

Considering the fact that this figure is based on hospitalstatistics, the actual risk may
2

even be higher as some women who miscarry in the communities do not present
themselves to the hospital (Everett, 1997). Based on the population risk of 15% for
sporadic miscarriage, the probability of RM in fertile couples would therefore be
approximately 0.3 — 0.4 % (Quenbyet al. 2002). Regardless of the variations in defining
RM,the incidence of RM is higher than expected by chance alone. This discrepancy
implies that a proportion of women with RM will have an underlying pathological
explanation for their miscarriage.

1.1.3

Psychological and economical impact
RMisveryfrustrating for the clinician and the couple looking for an answer

to explain their condition. The patient’s anticipation that something has to be done puts
tremendous pressure on the clinician and the lack of diagnosis has a profound
psychological impact on the patient. Unfortunately, the psychological morbidity of
pregnancylosses has not been rigorously investigated and medical professions looking
after these women often miss it. In most cases, clinicians are not familiar with formal

psychiatric assessmentandthe lack of simple psychometric measures further compounds
the problem (Carter et al. 2007). There is increasing evidence that pregnancy loss can
lead to symptomsof anxiety, lowered self-esteem, depression, anger, marital disruption,
and denial (Lee and Slade, 1996; Serrano and Lima, 2006). The uncertainty that

surrounds future pregnancies, self-blaming and feelings of guilt all contribute to the
intensity of the grieving processthat can last for several years (Serrano and Lima, 2006).
A third of these patients suffer from depression and onein five have levels
of anxiety similar to those found in psychiatric outpatient populations (Rai and Regan,

2006). The highlevels of stress and psychological trauma may contribute to even having
further miscarriages through psychoneuroendocrine mechanisms (Kaplan, 1991).
Couples suffering from RM require emotional and psychological support. Some studies
have shown that emotional and psychological support in early pregnancy reduces the
risk of miscarriage (Stray-Pendersen, 1984; Clifford, 1997; Li, 1998; Brigham et al.

1999; Craig, 2002). However, the majority of the studies are non-randomised and have a
small sample size. To date, the majority of treatments and investigations to prevent
miscarriage remain largely untested by randomised controlled trial (RCT). The resulting
consequences have been disappointing for both patients and health care providers.
Exposing couples suffering from RM to expensive robust investigations and treatments
that are not evidence based mayresult in even more psychological trauma and wastage
of resources.

1.1.4

Risk factors

1.1.4. a

Previous miscarriage
Data on previous obstetric history as a single independent predictor of

future pregnancy outcome in women with RM are conflicting. Several studies have
attempted to quantify a woman’s risk of a further miscarriage after each successive
pregnancy loss. Due to variations in study designs, population samples and methods
employed in analysing the data, there is a wide variation in the reported figures ranging
from 20% to 70% (Quenby and Farquharson, 1993; Clifford, 1997; Regan and Rai,

2000; George et al. 2006). Some studies have shown that a woman’s risk of miscarriage
increases after each successive pregnancy loss - reaching 45% after three consecutive

pregnancylosses (Reganet al. 1989; Brigham et al. 1999; Andersenet al. 2000). In other
studies, a significant increase was only observed beyond three pregnancy losses
(Quenby and Farquharson, 1993; Clifford et al. 1997; Raj and Regan.2006). Despite
these variations, the studies do demonstrate that women with several miscarriages have a
higher incidence of subsequent pregnancylosses.
Similarly, different evidence exists on the importance of a history of
previous live birth and the risk of pregnancy loss. Some studies have reported that
primgravidas and womenwitha history oflive births have a lower risk of miscarriage in
their subsequent pregnancy compared to womenwith unsuccessful history (Reganetal.
1989). Others have found that a history of a live birth had no influence on the outcome
of the next pregnancy (Quenby and Farquharson, 1993; Clifford et al. 1997; Brigham et

al. 1999).

1.1.4. b

Maternalage

The recent increased global trend of delaying child bearing among women
is perhaps due to career pressures and may have an impact on the reproductive
behaviour in our society. Well known studies have shown that advanced maternalage is
a risk factor for miscarriage with steep rise of up to 75% after the age of 35 (Brigham et
al. 1999; Dominguezet al. 1991; Andersen et al. 2000; Bricker and Farquharson, 2002;

George et al. 2006; Maconochie et al. 2007). This is probably due to the increased
chance of chromosomally abnormal pregnancies. The chances of a successful pregnancy
in a woman aged 40 years or more is poor, often complicated by miscarriage, ectopic
pregnancy,orstillbirth (Andersen et al. 2000). Furthermore, it is known that advanced
maternal age affects the chances of successful in vitro fertilisation (IVF) treatment. The

5

impact of age on reproductivefailure is profound within the large infertility populations
undergoing infertility treatment.

1.1.4.c

Obesity
The global growing epidemic of obesity in our societies has serious medical,

psychosocial and economic consequences. According to the World Health Organisation,
it is projected that seven million people will be affected by the year 2015. The
prevalence of obesity among womenin the reproductive age group hasalso dramatically
increased (Lewis, 2007).

Obesity as defined by World Health Organisation is body mass index of
>30. It affects about 21% of women between 35 to 64 years of age. Studies have shown
obese womenhave a three to four fold increased risk of having recurrent miscarriage
(Lashen et al. 2004). Infertility studies have shown that obesity is an independent risk
factor for miscarriage for women undergoing infertility treatment (Wang et al. 2000).
Obesity causes major changes in maternal metabolism with insulin resistance being the
underlying mechanism.It is probable that the presence of this insulin resistance may
contribute to the increased risk of miscarriage though the actual mechanismis not fully

understood. Therefore, pre-pregnancy counselling should be offered and women should
be encouragedto lose weight prior to conception.

1.1.4. d

Environment

Available evidence on alcohol consumption and smokingasrisk factors for
RM iscontroversial. It is well known that excessive alcohol consumption in pregnancy
has an adverse effect on fetal development. However,its causal link with miscarriage is
6

poorly understood. Some studies have found a dose dependent risk while others have
failed to find any association (Parazzini et al. 1994; Windhamet al. 1997; Rasch, 2003).

Most studies assessing environmental risk factors are done on sporadic miscarriages
rather than RM andtheresults are often conflicting, biased by difficulties in controlling
confounding variables (Rai and Regan, 2006).
Somestudies have found an increased risk of miscarriage among smokers
(Rasch, 2003; George et al. 2006). Cigarette smoking has been shown to have adverse

effects on trophoblast function, even though the underlying mechanismisalso notfully
understood (Jauniaux and Burton, 2005). However, a recent UK based study has failed

to demonstrate an association between smoking and first trimester miscarriage
(Maconochie et al. 2007).

Very few studies have investigated the effect of caffeine consumption
during pregnancy. The results so far have been inconclusive (Signorello and
McLaughlin, 2004). There has been relationship displayed between higher levels of
caffeine consumption and increased rates of miscarriage, especially in coffee drinkers
(Parazzini et al. 1998). Nevertheless, other studies have failed to show any association in
their analysis (Mills et al. 1993).

The effect of recreational drug use on pregnancy outcomeis difficult to
analyse. The results are often confounded by multiple variable factors that are difficult
to control. These include maternal malnourishment, anaemia, smoking, alcohol

consumption and inadequate or absent antenatal care. Heroin and methadone use in
pregnancy is associated with an increased perinatal mortality rate and the neonatal
abstinence syndrome. However, there is no evidence for an increased risk of miscarriage
over and above that associated with the other associated confounding factors. Cocaine
7

has also been shown to be independently associated with spontaneous miscarriage
throughpossible vasoconstriction ofuterine, placental, and umbilicalvessels resulting in
miscarriage (Woodsetal. 1987; Ness, et al. 1999).

A healthy lifestyle should be recommended to couples with RM and they
should be offered advice on smoking, alcohol and caffeine consumption.

1.1.5

Classification
The advances in medical science and technology have shed somelight on the

complexity of early pregnancy development and reproductive failure. In the past,
recurrent pregnancy losses have all been lumped together under one umbrella term of
‘abortion’. As our knowledge of the intricacies of early pregnancy development
expands,it is now becoming more apparentthat different pathologies occur at different
stages of pregnancy. The pathophysiology mechanism of recurrent miscarriage in a
woman whohadlate recurrent pregnancy losses may differ from one with early losses.
Subsequently, it may also differ between those with a previouslive birth and those who
had never been successful.
Thus, different groups can be identified and should be assessed separately,
as the risk of subsequent miscarriage among these groupsvaries. Hence,classification of
RM is a crucial tool in investigating the pathophysiological mechanisms. Even though
this is a complex process, it avoids subjecting the women to unnecessary investigations
and treatment. Currently, there is no universally agreed classification of RM. Some
studies have classified recurrent pregnancy losses into primary and secondary loss
(Christiansen et al. 2005). The primary recurrent miscarriage group consists of those

withouta live birth where as the secondary group include womenwith history of a live
birth. This classification is based on the available evidence from studies that have shown
that women with a previous history of a live birth have a lower risk of miscarriage in
their future pregnancy than those with unsuccessful history (Regan et al. 1989).
However, very few studies use this classification, as other studies have found no

correlation between previous history of live birth and subsequent future miscarriages
(Quenbyand Farquharson 1993; Clifford et al. 1997; Brigham et al. 1999).
A moreplausible classification is the one that classifies RM according to
the gestation age at which the miscarriage occurred and the details of the event i.e. the
presence or absence of fetal heart activity (Bricker and Farquharson, 2002). The

advancesin ultrasonographic technology and the emergence oftransvaginal probes has
made tremendous improvements in detecting very early pregnancy and confirmation of
fetal heart activity at an early gestation age. According to this approach, recurrent
pregnancy losses can be groupedinto pre-embryonic losses, embryo losses, fetal losses
and second trimester losses (Bricker and Farquharson, 2002; Li et al. 2002). The

recently modified version of this classification is according to the European Society of
Human Reproduction and Embryology (ESHRE), Table 1.0.

TYPEOF

[DEFINITION

ne

[TYPICAL __|

_ | oveeks)

PRINCIPAL_

|FINDING

FIRST-TRIMESTER MISCARRIAGE
Empty gestation
sac

Trophoblast
development without
the developmentof an
embryo

<12

Empty gestation sac
(diameter >20 mm, no
embryonic pole or yolk sac)
or if diameter <20 mm with
no change on rescan 7 days
later

Embryonic loss

Anearly embryo loss
before fetal heart
activity

<8

An embryo >5 mm size but
up to 8 weeks size, with no
cardiac activity. Or crown
rump length <5 mm with no
change on rescan 7 days
later

Fetal loss

Death of a fetus inthe
first trimester

8-12

Fetus of 8-12 weeks’ size
with no fetal heart activity

SECOND-TRIMESTER MISCARRIAGE
Late fetal loss

Death of a fetus inthe
second trimester

12-24

Fetus of 12-24 weeks’size
with no fetal heart activity

Spontaneous
second-trimester
loss

Pregnancy loss
associated with
spontaneous rupture
of membranes or
cervical dilation

12-24

Fetus of 12-24 weeks’ size
with fetal heart activity

Table 1.1 Classification of pregnancy loss from ‘Updated and revised nomenclature for
description of early pregnancy events,’ Farquharsonet al. (2005) ESHRE specialinterest
group for early pregnancy.
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Biochemical pregnancies include very early pregnancy losses with a
positive pregnancytest in the absence of ultrasound evidence of intrauterine or ectopic
pregnancy. Most of these biochemical pregnancies are unrecognised by the women
because they occur before or with the expected date of menses. With the availability of
very sensitive hCG tests of urine or blood, biochemical pregnancies now comprise a
significant and a growing proportion of RM. Someof these biochemical pregnancies
maybe the spontaneously resorbed ectopic pregnancies. As such, care must be taken in
methodological designs and analysis of RM clinicaltrials or studies to avoid the impact
of the biochemical pregnancies on the results. Some have even debated whether these
biochemical pregnancies should be regarded as part of recurrent miscarriages
(Christiansenet al. 2005).

Empty gestation sac is defined as a pregnancy in which there is
trophoblastic development without development of the embryo. The findings of an
empty sac greater than 20mm with no embryonic fetal pole or yolk sac on ultrasound
scanning should be diagnostic. However, this should not be confused with ultrasound

findings of an early pregnancy.It is advisable that if the gestational sac is less than 20
mm in diameter, a repeat scan should be done in seven days to confirm the diagnosis.
Embryo loss is defined as an early pregnancy loss after ultrasound
documentation of an intrauterine gestational sac with embryonic development but before
detection of fetal heart activity with typical gestation age between six to eight weeks.
Studies have shown that womenwith a history of recurrent miscarriage are morelikely
to have an embryonic loss pattern (Brigham et al. 1999; Morikawaet al. 2004). With
advent of transvaginal probes, intrauterine gestational sac and fetal heart activity can be
confirmed at an earlier gestation. The gestational sac can be detected as early as five
1]

weeks of gestation and fetal heart activity by the sixth week of gestation. With a
gestation sac of > 20mm and crown rump of > 5mm, one should be able to visualise the

fetal heart activity (RCOG standing joint committee, 1995).
Fetal loss is defined as pregnancyloss after the establishment of fetal heart
activity. It can either be early fetal loss, corresponding to pregnancy loss in the first
trimester between 8 and 12 weeksofgestation andlate fetal loss, sometimes known as
second trimesterlosses. It is important to describe the detail of events surrounding late
fetal losses whether there was just cessation of fetal heart beat thus intrauterine death or
whether fetal heart beat was present but cervical dilatation or spontaneous rupture of
membranesprecipitated the delivery, as the two have different aetiological factors (Li,
1998; Bricker and Farquharson, 2002). In normal pregnancies, the presence offetal heart

activity is reassuring as the risk of miscarriage after establishmentoffetal heart activity
is reduced (Brigham etal. 1999). Adopting a pregnancyloss classification enables one to
approach the diagnosis and appropriate treatment with a greater degree of confidence.
From theseclassifications, it is evident that the study population being evaluated should
be clearly specified because the group being selected will undoubtedly influence the
prognosis for a successful outcome.

1.2

Aetiology

1.2.1

Idiopathic losses
In about 50% of all cases of RM, the miscarriages are of unknown cause

and this falls into the category of idiopathic recurrent miscarriage (Stirrat, 1999). It is
widely accepted that the idiopathic group is diverse and the underlying pathological
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mechanisms may be multifactorial (Jauniaux et al. 2006). Of note, 70% to 75% of

couples with idiopathic miscarriage will experience a successful subsequent pregnancy
outcome with supportive care alone (Clifford et al. 1997; Brigham,et al. 1999). Current
research is focusing on theories that RM is a result of defects in nature’s quality control
in relation to implantation, trophoblastic invasion and placentation as well as
embryopathic factors. In this novel paradigm, abnormal embryosthat are destinedto fail
are allowed to implantandlater this present as miscarriage (Quenbyet al. 2002).
In the remaining 50% of cases, the known aetiological factors include
genetic, thrombophilic, endocrine, immune, infection and anatomicalor structural causes

(Jauniaux et al. 2006). There is considerable on-going debate about aetiological factors
and the causal link to RM,as the underlying patho-physiological mechanismsarestill
poorly understood in most cases.

1.2.2

Embryonic losses

1.2.2. a

Genetic and molecular abnormalities
Chromosomescontain the genetic makeup of a cell. Each humancell has 46

chromosomesofdifferent sizes. These chromosomes are named in pairs depending on
their size. There are 23 pairs of chromosomesincluding a pair of sex chromosomes.
Chromosomepairs | to 22 are known as autosomes. The two sex chromosomesare
known as X and Y.
Cells are constantly dividing. The germ orsexcells divide through a process
of meiosis whereas the rest of the somatic cells divide through the process of mitosis.
During mitotic cell division, the daughter cells contain the same number or pair of
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chromosomesas the parental cell and unlike in meiosis, the chromosomal number is
halved.
Chromosomal abnormalities usually occur if there is an error in cell division
either following the process of meiosis or mitosis, resulting in abnormalities in the
number of chromosomesor its structure. Abnormalities arising from the number of
chromosomes are known as numerical aneuploidy. The commonest aneuploidy is
trisomy, in which an extra chromosome is present. Other aneuploidies include
monosomy in which a chromosomeis missing and polyploidy in which there is more
than two of every chromosome.
Alterations in chromosomal structures can arise from things such as
deletion, duplication, translocation, inversion, and ring formation. In deletions, a portion

of a chromosome is missing where as duplications result in an extra portion of genetic
material. Translocation occurs when chromosomes break and a portion of the
chromosomeis transferred to another chromosome.It is not understood what leads to the
breakage and rearrangement but translocations usually occur during the process of
meiosis. About 60% of the translocations are reciprocal and 40% are Robertsonian
(Porter and Scott, 2005). In reciprocal translocation, two non-homologous chromosomes

break and exchange portions of the chromosomes. There is no loss or gain of extra
chromosomal material hence the individual may be phenotypically normal. The
incidence ofthis is 1 in 500, but higher in females than males. This condition is known
as balanced translocation. Parents who arecarriers of a translocation may not have any
problems with their growth, development or health, but may present with infertility,
sporadic or RM,stillbirth or offspring with multiple congenital anomalies, as 50 to 70%
of their gametes are unbalanced (Ogilvie and Scriven, 2004).
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A Robertsonian translocation involves the reciprocal transfer of the long
arms of two of the acrocentric chromosomes. Acrocentric chromosomeshave very short
(p) arms. There are five of these chromosomes: 13, 14, 15, 21, and 22. There is usually

slight loss of chromosomal material with no significant effect. A relatively common
Robertsoniantranslocation is between chromosome 14 and chromosome 21, with one of

the possible outcomes being Down syndrome.On rare occasions, other non-acrocentric
chromosomes may undergo Robertsonian translocation.
Inversions involve only one chromosomein which twobreaks occur and,in

the process of repair, the intervening segmentis rejoined in an inverted or opposite
manner. Since there is no loss, or gain of chromosomal material, inversion carriers are

normal. An inversion is paracentric if the inverted segment is on the long arm or the
short arm and does not include the centromere. The inversion is pericentric if a break
occurs on both the short arm and the long arm and the inverted segment contains the
centromere. In meiosis, the normal chromosomeandthe inverted chromosome will form

a loop to allow pairing of specific DNA sequences. Crossovers, or the exchange of
chromatids (a normal event in meiosis between homologous chromosomes), that occur

within the inversion loop result in gametes with both deletions and duplications that are
often not compatible with life. This results in a higher incidence of miscarriages. Thus,
inversion carriers havea relatively low risk of having an abnormaloffspring.

Relationship to spontaneous sporadic miscarriage
The most common cause of embryonic losses is fetal aneuploidy.
Historically, this accounts for about 50% ofall cases of sporadic miscarriages (Hassold
et al. 1984; Stirrat, 1990; Sanchezet al. 1999; Sullivanet al. 2004). This figure is under15

estimated as the conventional cytogenetic technique used hasseverallimitations.It relies
on culture and karyotyping,therefore is prone to external contamination, culture failure,
and selective growth of maternal cells. Newer techniques such as comparative genomic
hybridisation avoid culturing and have shown that the actual incidence of chromosomal
abnormality in sporadic miscarriage is more than 50%. The most common numerical
fetal aneuploidy is trisomy accounting for more than 60% of the cases (Stephensonetal.
2002; Sullivan et al. 2004).

Asstated earlier on, aneuploidy arises because oferrors in the first meiotic
cell division of the oocyte. The processis initiated pre-natally and is not complete until
ovulation. However, there have been reported cases of trisomy arising from paternal
meiotic errors (Rubio et al. 1999; Rai and Regan, 2006)

Autosomal monosomies are rarely found in spontaneous miscarriages and
are considered responsible for the biochemical pregnancy losses. The mechanism of
natural selection might also operate during pre-implantation embryogenesis, with a
progressive loss of abnormal embryosat specific stages in early development through
developmental arrest and degeneration of the abnormal embryos. Chromosomal
abnormalities are also associated with advanced maternal age even though the exact
mechanism is not known (Andersenetal. 2000).

Relationship with recurrent miscarriage
Translocations have been linked with RM (De Braekeleer and Dao, 1990). In

3 to 8% of couples experiencing RM,one partneris a carrier of a balancedtranslocation,
the commonest being reciprocaltranslocation (De Braekeleer and Dao, 1990; Clifford et
al. 1994; Goddijn et al. 2004; Carp et al. 2004; Franssen et al. 2006; Ogasawaraetal.
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2004, 2008). The reproductive risk of reciprocal translocation depends on the extent of
genetic imbalance as well as on the numbers and break-points of the chromosomes
involved. However, studies that have looked at reproductive outcomes of RM couples
with structural chromosomal abnormalities are limited, with wide variations in the

reported success rate of subsequent natural pregnancies ranging from 30- 70%.
Ogasawara et al. (2004), in their prospective study, reported a poor
prognosis with a very low success rate of about 31.9 %. They found the risk of
miscarriage of 72.4% and 61.1% in female and male carrriers of the translocation
respectively compared to 28.3% in their controls. This is in line with other studies that
have shown that the risk of fetal chromosomal abnormality is higher if the translocation
is maternal in origin (Danielet al. 1989).
The study by Carp et al. (2004), reported a reduction in the successrate of a
healthy child from 55.3% in non-carriers to 45.2% in the carrier couples even though
this was notstatistically significant. The study by Franssen et al. (2006), also found a
similar success rate of 59% compared to 72% in the non-carrier couples for the
subsequent first pregnancy. However, after the second pregnancy, the cumulative
success rates were similar for RM patients with reciprocal, Robertsonian translocation

and the normal karyotype (83%, 82%, and 84%, retrospectively). Thus, they concluded
that the chances of having a healthy child are as high as in non-carrier couples, despite
the higher risk of miscarriage.
A Dutch cohort study by Goddijn et al. (2004) published a success rate of
70% in the carrier couples of having a live birth. Stephenson andSierra (2006), reported

similar findings in their prospective study that found a 71% successrate oflive birth in
couples with parentalcarrier of a structural chromosomerearrangement.
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Chromosomal inversions have also been associated with recurrent
pregnancyloss. Carriers are usually phenotypically normal and, like translocations, the
problem occurs at conception. The risk of abnormal offspring depends on the size and
location of the inversion. Inversions of smallportions ofthe total length of chromosome
can lead to large duplications and deficiencies that are generally incompatible with life
resulting in a miscarriage. Paracentric inversions in which the inverted segment is on the
long arm or the short arm and does not include the centromere are universally lethal
(Porter and Scott, 2005).

Findings from studies that have looked at the role of recurrent fetal
aneuploidy as a cause of RM areconflicting. Some studies have found that a first
aneuploidy miscarriage is associated with a 50 to 70% likelihood of recurrence in the
next pregnancy (Stern et al. 1996; Daniely et al. 1998). The view is further supported by
findings from pre-implantation genetic diagnosis (PGD) studies that RM women
produce more aneuploidy embryos than normal women (Simonetal. 1998a, Vidalet al.
1998).
On the other hand, some studies have questioned the hypothesis that
recurrent aneuploidy may be responsible for RM (Stevensonet al. 2002; Sullivanetal.

2004). A retrospective study by Sullivan et al. (2004) found that RM women had fewer
incidence of aneuploidy in their products of conception than women with sporadic
miscarriage. Moreover, when karyotyping was adjusted for maternalage,nostatistically
significant results existed between recurrent aneuploidy and recurrent pregnancyloss.
Further, some studies have found that the risk of subsequent miscarriage is reduced by
the finding of an abnormal karyotype suggesting that chromosomally normal pregnancy
losses are less random than abnormal ones (Ogasawaraet al. 2000b).
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With the advances in the DNA technology, few studies have looked at a

possible single gene mutation that might contribute to recurrent pregnancy loss (Sangha
et al. 1999; Lanasaet al. 2001; Uehara et al. 2001; Sullivan et al. 2004; Kim et al. 2004;

Hoggeet al. 2007). The candidate gene on the X chromosomehasbeenstudied dueto its
unique properties of transcriptional inactivation in female cells. This X chromosome
inactivation (XCI) occurs randomly such that 50% of the female cells express maternal

allele and 50% paternalallele.
If the majority of allele expressed is from onesingle parent, it will result in
a pathological state in which there is preferential expression of X chromosomes from
one parent over the other. This condition is known as the skewed XCI. Retrospective
studies have shown that women with RM express more non-random skewed XCI than
controls (Sanghaetal. 1999; Lanasaet al. 2001; Ueharaet al. 2001). Other recent studies

have found no association between XCI status and eventual pregnancy outcome
(Pasquieret al. 2007).

In summary, chromosomal fetal anomalies are the single most common
cause of miscarriage. Cytogenetic analysis of miscarried products, though a not widely
adopted practice, is still an important investigation and should be carried out on RM
cases. A detailed family and genetic history should be obtained in couples presenting
with a history of recurrent pregnancy loss or a child with a structural chromosomal
abnormality. This may provide a clue to the presence of familial chromosome
derangements. In such cases, parental cytogenetic testing can be offered. The results
would be necessary in order to confirm the presence of any chromosomal derangement
and hence explain the miscarriages. It would also provide information about the risk of a
live born child with potentially serious anomalies and the risk of miscarriage in
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subsequent pregnancies. The live birth rate in couples with a chromosomalstructural
abnormality who conceive spontaneously is around 50% to 65% higher than that
currently achieved in IVF and pre-implantation genetic testing which is 29% per oocyte
retrieval and 38% per embryotransfer (Carp et al. 2004).

1.2.2. b

Endocrine abnormalities
Data from early epidemiological studies has shownan association between

RM anda variety of endocrine dysfunction such as PCO,luteal phase defect (LPD),
hypersecretion of LH, high androgen levels, hyperprolactinaemia and hypothyroidism
(Reganetal. 1990; Clifford et al. 1994; Christiansenet al. 2005).

Investigations that have looked at a possible link between polycystic
ovaries and reproductive failure have shown a higher prevalence of polycystic ovaries
among women with RM than in women with an uncomplicated reproductive history
(Regan et al. 1990; Clifford et al. 1994). The underlying mechanism is still poorly
understood. Ovarian morphology alone does not correlate with pregnancy outcome.
Therefore, recent attention has been on polycystic ovarian syndromeand its associated
endocrinopathies such as insulin resistance, high LH levels, hyperandrogenism, and high
plasminogenactivator inhibitor-1 (PAI-1). It has been reported that insulin may play a
crucial role (Craig et al. 2002). Small non-randomized studies have shownthat the use
of metformin has been of some benefit in the prevention of miscarriage in women with
PCOD(Gluecket al. 2000; Jakubowicz et al. 2002). However, evidence from RCTsis

still lacking. Clifford et al. (1994) found that women with PCO hypersecrete LH.
Suppression of LH has failed to improve pregnancy outcome and is not recommended
(Clifford et al. 1996).
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Poorly controlled thyroid disease has also been associated with reproductive
failure, more with infertility than recurrent miscarriage (Bussen etal. 2000; Poppeetal.
2003). One meta-analysis reported a relationship between thyroid autoantibodies and
miscarriage while other studies found to the contrary (Pratt et al. 1993; Esplin et al.
1998; Rushworth et al. 2000). Current evidence indicates that there is no increased risk

of miscarriage in women with well-controlled diabetes mellitus and well-treated
hypothyroidsm (Mills et al. 1988; RCOG, 1998). However, poor glycaemic control in
early stages of pregnancy has been associated with spontaneous miscarriage and late
fetal demise, therefore treatment and good control prior to conception is essential
(Christiansenet al. 2005).
Luteal phase defect (LPD), a concept initially generated by Jones has been
at the center of debate onits role as cause of reproductive failure (Joneset al. 1974). It is

defined as serum progesterone levels of <10 ng/mL in the mid-luteal phase of the
menstrual cycle and has been reported to occur in up to 35% of women with recurrent
pregnancylosses (Daya, 1989; Liet al. 2000). Even though to date there is no consensus
on how the diagnosis is made and whether its correction results in successful pregnancy
outcome, evidence is accumulating that LPD maystill be a contributory factor to

unexplained implantation failure and recurrent pregnancy loss in a minority of women
with reproductive problems (Scott et al. 1988; Li and Cork, 1991). Treatment modalities

of LPD with progesterone remain untested by proper large RCTs (Szekeres- Bartho and
Balasch, 2008).

wk

1.2.2. ¢

Immune dysfunction
For decades,it was thought that RM wasa result of maternal rejection of the

semi-allogenic

fetus.

Immunologists have tried several paradigms to explain

immunological aspects of RM (Christiansen et al. 1996). These includegraft rejection like alloimune reactions, innate immune reaction and autoimmunereaction against
trophoblasts antigens (Christiansen et al.

1996). Earlier studies (Hellstrom and

Hellstrom, 1974) on cancer cells showed that the cancer cells had antibodies on their

surface antigens that enabled the host immuneresponse to recognize them as self and
hence prevent a rejection. It was thought that a similar mechanism might apply in
pregnancy. Following this hypothesis of ‘blocked antibodies’, some studies found that
IgG antibodies blocked the maternal cell mediated immuneresponse to paternal and
placenta antigens and that these IgG antibodies which were directed against paternal
Human Leukocyte Antigen (HLA) were absent among RM patients (Beeret al. 1981).

This led to the development of immunotherapy treatment with third party leukocytes,
paternal leukocytes and trophoblast membrane antigens among RM patients in order to
improve pregnancy outcome.
It was thought that treatment with these antigens will induce the production
of blocking antibodies (Taylor and Faulk, 1981; Takakuwaet al. 1986). However, other

studies refuted this hypothesis (Dayaet al. 1994; Stephensonet al. 1998; Jablonowska et
al. 1999; Christiansen et al. 2002). A recently updated Cochrane meta-analysis of well
designed randomized controlled trials showed that immunotherapy has nosignificant
benefit in preventing further miscarriages and should not be offered outside research
context (Scott, 2003).
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Other studies followed on the concept that RM is a result of an autoimmune
response mainly generated by T lymphocytes, through the production of various soluble
proteins known as cytokines. This cytokine responseis classified as either a type 1 (Th1)
or type 2 (Th2) depending on the type of cytokine produced. T helper cells play an
importantrole in deciding the predominantnature of an immuneresponse. Type | (Th1)
response is mainly cytotoxic whereas type 2 (Th2) generate a humoral or antibody
response. Th1 cells predominantly produce interleukin (IL)-2, interferon -y and tumour
necrosis factor-B whereas Th2 cells produce interleukin (IL)-4, IL-5, IL-6, IL-10, IL-13,
and leukaemiainhibitory factor (LIF).

Previous animal studies and some human studies had supported the
hypothesis that normal pregnancy is predominantly a Th2 response whereas RM is a
result of abnormal Th1 response (Wegmann etal. 1993; Hill et al. 1995; Lim et al. 1996,

1998a; 1998b; Raghupathy et al. 1997, 2001). The study by Bates et al.(2002),
challenged this hypothesis and showed the Thl to Th2 cytokine shift was accentuated
rather than diminished in RM patients possibly indicating that these women were more
receptive to implant abnormal embryos (Quenbyetal. 2002). The failure of the Thl/Th2
cytokine shift pattern demonstrated by other studies can be seen as a consequence rather
than a cause of miscarriage (Raghupathyetal. 2001).
Regardless of the failure of earlier hypothesis to explain immunological
mechanism involved in the maintenance of normal pregnancy and those implicated in
RM,the immunological factors in a normal pregnancy and in RM remain an area of
intense focus. Ongoing current debates are focused on other key players in maternal the
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immune system such as activated leukocytes, macrophages and natural killer cells
(Lapchalle et al. 1996; Clifford et al. 1999; Quenbyet al. 1999; Quacket al. 2001).

1.2.2. d

Anatomical factors
Uterine anomalies mainly arise from abnormalfusion of the mullerian duct

system causing varying degrees of anomalies. Embryologically, mullerian ducts are
bilateral structures that caudally fuse to form the uterovaginal primordium. The
mullerian inhibiting substance, producedbythesertoli cells from the testis, is absent in
females. This enables the uterovaginal primordium to differentiate into uterus, cervix
and upperthird of the vagina with the most caudaltip reaching the urogenital sinus. The
abnormalities of fusion can occurat any point along the mullerian duct dueto failure of
bilateral duct elongation, fusion, canalization, or septal resorption of the miillerian ducts
leading to the following anomalies, unicornuate, didelphys, and bicornuate, septate and

arcuate uterus. So far, studies have failed to establish the actual prevalence and
incidence of congenital uterine malformations both among the general population and
among womenwith RM (Jauniauxetal. 2006).
The reported incidence in the general population is less than 5% and among
RM womenranges from 1.8% to 36.7% (Homeret al. 2000; Woelfer et al. 2001; Salim,

et al. 2003). This wide range is due to wide variations in the diagnostic method
employed and the nomenclature. Historically, most congenital uterine anomalies are
diagnosed through hysterosalpingography; however, more accurate methods such as
magnetic resonance imaging (MRI) and three-dimensional ultrasound scanning are also
in use. The most commonly acceptable means of nomenclature is the modified version
by the American Society of Reproductive Medicine, which ranges from Class I to VII.
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The presence of uterine anomalies among RM womendoes not necessarily mean that
this could be the absolute cause as studies have shown that some of the untreated
congenital uterine anomalies are compatible with normal pregnancy outcome
(Christiansen et al. 1996). However, through observational studies, pregnancies in

women with this disorder have a higher prevalence of recurrent miscarriage, preterm
labour and abnormalfetal presentation (Grimbiziset al. 2001).
Uterine septate and arcuate are the commonest anomalies associated with
miscarriage. It thought that congenital anomalies may cause mechanical interference
with implantation but to date the actual mechanism is unclear. The benefit of surgical
correction of these anomalies on the outcome of pregnancy remains untested by
randomisedcontrolledtrials.
Uterine fibroids are commonbenign tumoursand are present among 30% of
the womenin the general population. Submucousand intramural fibroids are associated
with miscarriage and implantation failure (Hart et al. 2001). It has been suggested that
the miscarriages occur because of distortion of the uterine cavity, distortion of the

vascular supply to the pregnancy, and uterine irritability from rapid growth of the
fibroids during pregnancy. Somestudies have suggested an underlying genetic factor.
The HOXA10 genecontrols cell differentiation and is thought to participates in the
implantation process. It has been shownto be lowerin a fibroid uterus than a normal
uterus (Rackow and Taylor, 2008). However, the exact mechanism is unclear. The

diagnosis of uterine fibroids is by clinical examination, ultrasound scanning and MRI.
Laparoscopy and hysteroscopy provide useful additional information on the extent and
location offibroids.
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Someanatomical factors are acquired. Excessive or vigorous curettage may
cause intrauterine adhesions and lead to Ashermans Syndrome. The degree of adhesions
can vary from mild to complete ablation of the endometrial cavity. Reproductive
outcome of women with this condition is poor and usually present with amenorrhea,
infertility or RM. Adhesions are thought to decrease the volumeof the uterine cavity and
interfere with the implantation (Yu et al. 2008). History and clinical presentation may
help in diagnosis. Hysterosalpingography showstypical lagoon-shapedfilling defects of
variable size and characteristics. Hysteroscopy is used to confirm the diagnosis and
allow surgical correction. Some studies have shown that in the absence of surgical
treatment, 40% of pregnancies end in spontaneous miscarriages and 23% in preterm
labour (Schenker and Margalioth, 1982).

1.2.3

Fetal losses

1.2.3.a

Thrombophilias
One of the many early physiological adaptations of pregnancy involves

changes in the coagulation system that promotes coagulation and impairs fibrinolysis
(Clark et al. 1998). The physiological goalis to prepare for the haemostatic challenge of
delivery. This hypercoagulable state predisposes to an increased risk of thrombosis. All
pregnant women are therefore at risk of thrombosis compared with non-pregnant
women. Thromboembolic disease is still the leading direct cause of maternal death in the
UK.
Thrombophilia is defined as a tendency toward thrombosis. Thrombophilias
are a diverse group of hypercoagulation disorders. These disorders either have a genetic
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predisposition or are acquired. Over the decades, evidence has accumulated that some
cases of RM and late pregnancy complications occur because of this abnormal
hypercoagulable state leading to thrombosis and infarction on the placenta bed (Preston
et al. 1996; Vincent et al. 1998; Alfirevic et al. 2002). The inherited thrombophilias
include activated protein C resistance (APCR — 95% due to Factor V Leiden mutation),

prothrombin gene mutation, antithrombinIII deficiency, protein C, protein S deficiency
and methylenetetrahydrofolate reductase deficiency.
The most common acquired thrombophilia is the antiphospholipid
syndrome. However, evidence is emerging that activated protein C resistance (APCR)
can also be acquired. Some individuals exhibit APCR without the Factor V Leiden
mutation (Clark and Walker, 2001).

Antiphospholipid syndrome (APS) is an established and treatable cause of
pregnancy fetal loss. Antiphospholipid antibodies consist of a family of about 20
antibodies directed against phospholipids binding plasma protein. Of these, the most
important ones are the lupus anticoagulant (LA) and the anti-cardiolipin antibodies
(ACA). APSis defined by atleast one clinical and one laboratory criterion. Historically,

the diagnosis of APS was based on clinical history of RM, thrombosis or
thrombocytopenia associated with positive antiphospholipid antibodies (Harris et al.
1987). The clinical criteria have now been updated by Wilsonetal. (2001) to include the

following:
@ Three or more consecutive unexplained miscarriages at <10 weeks of
gestation
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@ One or more unexplained death of a morphologically normal fetus at
210 weeks gestation
# One or more premature births of a morphologically normal fetus at
<34 weeks of gestation associated with severe pre-eclampsia or
placenta insufficiency
The laboratory criteria of APS is determined by the detection of a persistent
abnormality of one of the following tests measured at least twice and more than six
weeks apart - a raised titre (IgG and IgM) to cardiolipin or presence of Lupus
anticoagulant (LA). Twotests are essential as mild viral infections can cause a false

positive result. Medium to high positive titres of IgG anti-cardiolipin antibodies are
associated with clinical manifestation of APS. Testing for lupus coagulant can be done
using a number of coagulation-based assays, such as the dilute Russell Viper Venom
Test (Rai et al. 1995b). Testing for ACA is conducted using the enzyme-linked
immunosorbent assay technique (ELISA). The laboratory criteria have recently been
modified (Miyakis et al. 2006). The anticardiolipin antibodies and the lupus
anticoagulant tests must be persistently positive on more than two occasions, twelve
weeks apart. The medium to high titre levels of ACA have been defined as IgG/IgM
levels of more than or equal to 40 units or more than or equal to 99" centile. Specific
immunoassays to ACA and LAthat detect autoantibodies to B2-Glycoprotein 1(B2GP1)
are now available (Miyakis et al. 2006). The B2GP1 is a glycoprotein present in human
plasma that has anticoagulant properties. Its actual physiological role is notclear. It is
thought that it acts as a phospholipid — binding apolipoprotein andin its conformational
form acts as an antigen for anticardiolipin antibodies (Galli et al. 1992; Chamley, 1997).
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In patients with APS, mostof the antibodies detected in the conventional anticardiolipin
antibodies assays recognise the B2GP1 antigen. Nevertheless, a considerable degree of
interlaboratory variation continues to exist.
Explanations for the pathophysiology of APS associated pregnancy loss
include defective placentation due to a direct effect of anticardiolipin antibodies on
trophoblast

or thrombosis

of the placental

vasculature

(Rai

et

al.

2006).

Antiphospholipid antibodies/B2GP1 antigen complexes have been shown to inhibit
trophoblastproliferation and invasion of maternalspiral arteries (Chamley, 1997).
Available treatment options for antispholipid syndrome that have been
tested by RCTsinclude thromboprophylaxis with either low dose aspirin alone or in
combination with low molecular weight heparin (Kutteh, 1996; Rai et al. 1997; Empson

et al. 2002; Farquharson et al. 2002). It is thought that heparin interferes with binding
between the antiphospholipid and the trophoblast (Di Simoneet al. 1999). The other
treatment modalities with steroids and immunoglobulin remain largely untested by
RCTs. The incident APS among RM patientis 15 to 20% (Rai et al. 1995a). Testing for
APSshould be part of a diagnostic framework for RM patients as it has been shown to
be an important factor for both early and late miscarriages (Jaunixaueetal. 2006).
While clear evidence exists that APS is associated with RM,evidence onthe role of

inherited thrombophilias is controversial. Two systematic reviews found out that women
whoare homozygousfor the Factor V Leiden mutation or heterozygous for prothrombin
G20210A were at a more significant risk of suffering from early recurrent pregnancy
loss than women with other thrombophilias (Alfirevic et al. 2002; Robertson et al.

2006). Furthermore, Factor V Leiden mutation and women heterozygous for
prothrombin G20210A were shown to be associated with a higher risk of second
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trimester miscarriage, consistent with findings from other studies (Rey et al. 2003). Of

all thrombophilias, protein S deficiency has been shown to be strongly associated with
unexplained stillbirth after 20 weeks (Alfirevic et al. 2002). Homozygosity for
methylene-tetrahydrofolate

reductase

deficiency

(MTHFR

C677T

and

hyperhomocysteinaemia had significant association with pre-eclampsia (Nelen etal.
1996).

From these systematic reviews, including some ofthe results from the large
European multicentre trial on thrombophilias (Preston et al. 1996), thrombopholias are
associated with thrombosis, increased fetal loss, and stillbirth. Antiphospholipid
syndromeis the only thrombophilia that treatment with anticoagulants is of great benefit.
The use of anticoagulation in other hereditary thrombophilias to improve pregnancy
outcome remain untested by large RCTs.

1.2.4

Midtrimester loss

1.2.4.a

Cervical incompetence
Cervical incompetence is the inability of the cervix to maintain an

intrauterine pregnancy until term. It is associated with second trimester miscarriages. Its

incidence among women with RM varies from 8% to 15% (Drakeleyet al. 1998). There
are no universally acceptedcriteria for its diagnosis, which is based onclinical history
and signs in the nonpregnant and pregnant states (Hargeret al. 1983; Berry et al. 1995;
Rust et al. 2001). The typical history is of second trimester pregnancy loss, often
preceded by painless dilatation of the cervix and bulging membranes. The fetus usually
appears normally developed and may be alive at birth but due to the extreme
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prematurity, the prognosis is poor. Therefore, the history of expulsion of a dead or
macerated fetus generally argues against the diagnosis of cervical incompetence.
Pre—pregnancy investigation may include inspection of the cervix that may
reveal congenital anomalies or evidence of previous cervical trauma. Cervical weakness
can be investigated using Hegar dilators under general anaesthesia. The resistance ofthe
cervix can be gauged by the ease with which a dilator (Hegar dilator size 9 mm) can be
passed through the internal os. Hysterosalpingogram is also useful aboveall if a wide
cervical canal (6 mm orgreater) with a funnel-like exterior is noted. Serial transvaginal

ultrasonographyin secondtrimester is of use in detecting effacement and/ordilatation of
the internal os which is indicative of cervical incompetence,as is the cervical length less
than 2.5 cm. Abdominal pressure or the valsalva manoeuvre can often assist in
demonstrating cervical incompetence on ultrasonography. A shortened cervical length
may increasethe likelihood of preterm labour.
A numberof treatment options for cervical incompetenceare available. One
method (Shirodkars, 1955) is the insertion at around 14 weeks of gestation of a high
transvaginal suture, closer to the internal os after dissection of the bladder. A less

effective simpler modified technique of this method was later developed (Mcdonald,
1957) in which a low cervical suture is inserted without bladder dissection. Later
advancesincludedthe insertion of a trans-abdominal suture (Benson and Durfee, 1965).

The abdominal cerclage is more effective in cases of very short or scarred cervices
wherethe transvaginal approach would be technically difficult.
The use of cervical cerclage in preventing preterm delivery in women with
cervical incompetence is contradictory. The results from the MRC/RCOGtrial of
elective cervical cerclage showed a small decrease in preterm birth and delivery of very31

low birth weight babies, but the benefit was most marked in women with three or more
second-trimester miscarriages or preterm births. However, there was no significant
improvementin perinatal survival (MRC/RCOG, 1993).

A small RCT by Althuisius et al. (2001) recruited 35 womenwith a history
suggestive of cervical incompetence and a cervical length of less than 25mm detected by
27 weeksofgestation. They found significant benefit in the use of cervical cerclage in
preventing preterm delivery before 34 weeks of gestation, supporting the notion that
cerclage would be effective in those women whoare at a higher risk of preterm labour.
On the contrary, a RCT by Rust etal. (2000) that recruited 61 women with

cervical length of less than 25mm between 16 and 24 weeks of gestation, failed to
demonstrate a significant improvementin preterm delivery and perinatalsurvival.
A Cochrane review published in 2003 did not support the use of cervical
cerclage in women with low or medium risk of mid trimester loss regardless of the
cervical length by ultrasound scannining (Drakeleyet al. 2003). Subsequent larger RCTs
concluded that although routine sonographic measurementofcervical length at 22-24
weeks of gestation is useful in identifying womenat a higher risk of preterm birth, the
use of cervical stitch in women with short cervix does not substantially reducetherisk of
preterm delivery (Berghella et al. 2004; To et al. 2004).
A recent individual patient data meta-analysis showed that cervical cerclage
doesnot significantly lessen the risk of pregnancyloss or early infant death in singleton
pregnancies with an elevated risk of preterm birth. Furthermore, it is not recommended
in multiple gestations where the outcome is poor compared to no cerclage (Jorgensen et
al. 2007). Some of the possible explanations for these conflicting outcomes are
variations in patient selection, gestation timing for cervical length assessment, the
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method ofinsertion andlocation of the cervical suture andfinally, the lack of diagnostic
criteria for cervical incompetence. In a recent multicentered RCT, the efficacy of
Shirodkar cerclage was compared with that of the McDonald procedure for the
prevention of preterm birth before 33 weeks of gestation in women with a short cervix.
It was found that no significant differences existed between the two methods (Odibo et
al. 2007).
New evidence is emerging that an inflammatory process as opposed to
structural weakness of the cervix may be responsible for some cases of cervical
incompetence depicted on ultrasound scanning. Treatment with progesterone in such
cases has been shown to be effective in reducing the risk of preterm delivery and
improve neonatal outcome (DeFrancoetal. 2007; De Fonsecaet al. 2007; O’Brien etal.
2007; Szekeres-Bartho and Balasch, 2008).

1.2.4. b

Infection
Bacterial vaginosis (BV) is clinical syndrome of unknown aetiology

characterised by an imbalance of vaginal flora caused by a reduction of the normal
lactobacilli, and a heavy overgrowth of abnormal mixed anaerobic flora of the vagina.It
has also been shownto be associated with increased vaginal proinflammatory cytokines
(Spandofer et al. 2001). The presence of bacteria vaginosis has been associated with
second trimester losses and preterm delivery (Hayet al. 1994; Liahi-Camp etal. 1996).
There are well-established criteria for the diagnosis of BV. It can either be
through a gram stain of a vaginal swab or by Damsel’s criteria (Sampson and Gravett,
1999; Nugentet al. 1991) which includethree out of the following:
¢ Thin white homogenousvaginal discharge
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Vaginal ph of 4.5 or above,
¢ Release of fishy odour when adding 10 % potassium hydroxide
@ Clue cells on microscopy
Current evidence from RCTs support treatment with clindamycin,as this has
been shown to be effective in preventing preterm delivery (Lamont et al. 2003).
Conversely, RCT on the use of metronidazole to prevent preterm delivery suggestit
increasesthe risk of preterm delivery (Shennanetal. 2006).

1.3

The Endometrium and The Normal Menstrual Cycle
The endometrium is a dynamic multilayered innermost mucous membrane

of the mammalian uterus. It forms a highly vascularised layer over muscular layer of the
uterus. It has two main components, the functional layer known as stratum functionalis

and the basal layer known asstratum basalis. The stratum basalis is attached to the
myometrium and remains intact during menstruation, serving as a base for endometrial
regeneration. The stratum functionalis is constantly shed with each menstrual cycle. The
endometrium is composedofseveraldifferent cell types including luminal and glandular
epithelial cells, stroma with its fibroblastic cells, blood vessels and the immunecells
(Klentzeris et al. 1992). The function, structure andits cellular composition is dynamic

and varies throughout the menstrual cycle, which is divided into phases; the
proliferative, the secretory and menstrual phase.
Noyeset al. (1950) described the morphological changes that have remained
the gold standard method for dating the endometrium. Later, Murray et al. (2004)
modified this. In the study by Murray, 32 morphological changes were analysed in
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dating the endometrium,including eight factors from the original Noyes dating criteria
(Table 2.1).
The menstrual cycle is mainly regulated by ovarian steroid hormones.
Oestrogen is the predominant hormone in the proliferative phase of the cycle whereas
the secretory phase is mainly regulated by progesterone (Jabbour et al. 2006). The
vasculature of the endometrium is vital for its role in implantation and placenta
formation and the spiral arteries are crucial in the establishment of uteroplacental
circulation during implantation and placenta formation (Rogers, 1996).

1.3.1

Theproliferative phase
The proliferative phase is the first part of the menstrual cycle. It follows

immediately after menstruation on day four andlasts until ovulation on day 14. The
main characteristic features of this phase are the extensive tissue remodelling andrepair,
active proliferation and angiogenesis. Oestrogen is the main key hormonefor this phase
of the cycle (Jabbour et al. 2006). The proliferative phase of the cycle concide with the
follicular changes that take place in the ovaries. A drop in the circulatory levels of
oestrogen hormone during menstruation induces a positive

feedback on the

gonadotrophin releasing hormones (GnRH) on the hypothalamus, which in turn
increases the release of follicle stimulating hormone (FSH). FSH acts on the ovary and

induces follicular development and production of oestrogen. FSH is down regulated by
inhibins that are secreted locally by the granulose cells. Several primordial follicles are
recruited but only one develops into a mature graafian follicle to become the dominant
follicle. The theca cells produce oestrogen, which induces the changes seen in the
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proliferative phase of the cycle. There is re-epithelisation, initiated by the stem cell in
the glandsin the basal layer and mitosis of the stromal fibroblasts and cells (Chanetal.
2004). Oestrogen also stimulates the production of several growth factors such as insulin
like growth factor (IGF), vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF), platelet derived growth factor (PDGF) and their receptors (Guidice et al.

1993; Chan et al. 2004; Punyadeera et al. 2006). These growth factors help with the
proliferation of the endometrium. The glands develop from the simple straight tubular
structure to more tortuousandslightly distended structures.
Angiogenesis and tissue remodelling is a feature of the later proliferative

is thought that the glands and surface epithelium express macrophage migration
inhibitory factor (MIF), a cytokine involved in angiogenesis and tissue remodelling
(Strowitzki et al. 2006).

1.3.2

The secretory phase
The next phase of the menstrual cycle is the secretory phase, which begins

on day 14 to 28 andis dividedinto early, mid and late phases. The dominant hormonein
this phase is progesterone. At higher concentration, oestrogen levels induce a surge of
LH from the pituitary gland. LH acts on the ovarian dominant follicle to induce the
process of ovulation on day 14. Once ovulation occurs, the follicle transforms to a
corpus luteum, whichsecretes progesterone.
Progesterone plays a vital role in transforming the proliferative phase
endometrium into a highly vascularised secretory endometrium that is receptive to
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=

phase of the cycle. The spiral arteries elongate and span throughout the endometrium.It

implantation and pregnancy development. The glands secrete glycogen, mucus and other
substances and become more coiled, tortuous, and distended. The spiral arteries also

undergo vascular remodelling. They become more coiled and extend towards the
superficial surface (Gambino et al. 2002). There is an increased endometrial cell

differentiation with dense infiltration by immunecells mainly the large granulated
lymphocytes lately named the uNKcells. Other cells include T cells and macrophages
(Bulmeret al. 1991a; Song and Fraser, 1995).

If fertilisation does not occur, the corpus luteum starts to degenerate leading
to a decline in the ovarian steroid hormones. As progesterone and oestrogen levels
continue to decline, the process of menstruationis initiated. The spiral arteries undergo
intense vasoconstriction leading to ischemia. This is followed by necrosis and shedding
of the functionalis layer, a process lasting for about 5 days.

1.3.3

Endocrineregulation of the menstrual cycle
The dynamic cyclical changes that occur in the endometrium are mainly

regulated by steroid hormones, oestrogen and progesterone. Steroids mainly interact
with their target organs via specific nuclear receptors. This super family of nuclear

receptors include progesterone receptors (PR), oestrogen receptors (ER), glucoccorticoid
receptors (GR) and androgen receptors (AR) (Clarke and Sutherland, 1990; Conneely
and Lydon, 2000).
The two subtypes of ER are the (ERa) and beta-receptors (ERB). The

expression of the steroid receptors in the endometrium varies throughout the menstrual
cycle (Lesseyet al. 1996b). Duringthe proliferative phase, ERa and PR receptors are up
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regulated by oestrogen in both the glandular and stroma cells. In the late secretary phase
of the cycle, ERa and PR are down regulated by progesterone hormone (Jabbour etal.
2006). The down regulation of the ER and PRreceptors is thought to be the critical step
in the series of molecular events that lead to implantation (Lessey et al. 1996b).

Progesterone hormone is essential for the morphological changes that occur in the
endometrium in preparation for implantation. It is also thermogenic and is responsible
for rise in basal body temperature at the time of ovulation.
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1.4

The Human Implantation Process

1.4.1

Endometrial - trophoblastic interaction
Human implantation is a complex process that is still poorly understood

despite the advances in reproductive medicine and immunology.It requires an intricate
dialogue between a developing blastocyst that is competent to implant and an
endometrium that is receptive. As initially described by Endersetal. (1986), it involves
a series of steps: apposition, adhesion and invasion.It is thought that the initial dialogue
between the blastocyst and the endometrium induces changes both in the blastocyst and
in the endometrium. In the blastocyst, there is polarity and re-distribution of cells in a
particular orientation as it approaches the endometrium on day six to seven. This is
followed by loss of the zona pellucida and subsequently, the trophoblast lie in direct
contact with the epithelial layer. The initial dialogue between the blastocyst and the
endometrium is mediated by several factors including adhesion molecules, cytokines,
growth factors interleukins, and lipids under the influence of ovarian hormones (Lessey,
2002b).
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EGF, TGF-a
PDGF-A,IGF-II
IL-1*, CSF-1*, TNF-c.*
IL-6, PGE2, PAF
hCG

CSF-1R
EGF-R
PDGF-R(a, f)
LIF-R
IL-6 R

Figure1.2 Embryo—endometrial interactions before implantation, schema. The human
embryo expresses a variety of growth factors and receptors. An asterisk shows factors
detected in 2-8 cell embryo *. EGF-receptor ligands and LIF are expressed by the human
endometrium in the secretory phase: uterine epithelial cells express TGF-a and LIF,
while stromal cells express predominantly EGF and EGFreceptors. From Duc-Goiran,
P. et al. (1999) Embryo-maternal interactions at the implantation site: a delicate
equilibrium. Eur. J. Obstet. Gynecol. Reprod. Biol. 83, 85—100.

By the eighth day, the trophoblast consists of an inner cell mass, the
cytotrophoblast and an outer cell mass, the syncytiotrophoblast. Adhesion to the
endometrial epithelium occurs proceeded by penetration through the basement
membrane and invasion of the stroma, which then undergoes decidualisation (Aplin,
1997; Simon et al. 1998; Sharkey and Smith, 2003). Following successful implantation
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andinitiation ofplacentation, the cytotrophoblast cells undergo extensive proliferation
and differentiation, forming the villous andextravillous trophoblasts (Figure 1.3).
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Figure 1.3 Trophoblast differentiation. From Trundley, A. and Moffett A. (2004)
Humanuterine leukocytes and pregnancy. Tissue Antigens, 63, 1-12.

Extravillous trophoblasts invade the decidua and migrate to penetrate and
remodel maternal blood vessels in the uterine deciduas forming uteroplacental
circulation with low vascular resistance (Trundley and Moffett, 2004). When compared

to other species, human implantationisrelatively inefficient with an approximately 30%
implantation rate per cycle (Wilcox et al. 1999). It is of no doubt that both the
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developing embryo and the endometrial environment together with factors that regulate
this interaction contribute significantly to its inefficiency. Because a significant
proportion of embryos in humansare abnormal, others have suggested that implantation
failure could be natures own natural selection process in favour of healthy embryos
(Aplin, 1996a; Quenbyet al. 2002). Recurrent implantation failure remains an obstacle
in the field of assisted reproduction and despite all the advances in this field,
implantation ratesarestill low.

1.4.2

The implantation window
The precisely regulated cyclical morphological changes that occur in the

human endometrium under ovarian steroid hormones induce a suitable environment for
the embryo implantation and placenta formation. However, the endometrium is only
receptive to the developing embryo during a very short period in thelate luteal phase of
the cycle. Hence, for successful implantation to occur, the developing embryo must
reach the endometrium during this receptive period known as the ‘implantation
window’. In humans, it starts from day 20 to day 24 of the 28-day menstrual cycle
(Bergh and Navot, 1992). Other studies looked at the timing of this receptive window
period in relationship to ovulation and found that implantation occurs eight to 10 days
after ovulation in most normal pregnancies (Wilcox et al. 1999). The timing of ovulation
period can be detected by monitoring the LH surge, which occurs 36 hours prior to
ovulation as seen by ultrasound scanning (Miller and Soules, 1996).
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1.4.3

Morphological and molecular markers of endometrial
receptivity
For decades, the classical work of Noyes et al (1950) has been the gold

standard method used in evaluating endometrial function However, new evidenceis
now emerging highlighting deficiencies in Noyes dating criteria and its usefulness in
assessing endometrial receptivity and function has been challenged (Acosta et al. 2002;
Lessey et al. 2000b). The relationship between histological changes and endometrial
receptivity is still not clear (Balasch et al. 1992; Castlebaum et al. 1994). Furthermore,
conflicting views on the timing and interpretation of the endometrial biopsies in normal
and reproductive failure has rendered this histological method outdated.
New updated avenues are being explored to evaluate the endometrium
(Acosta et al. 2002; Lessey et al. 2000b). Furthermore, advances in electron microscopy
have helped to identify other morphological markers of a receptive endometrium such as
the pinopodes. Pinopodes are cytoplasmic protrusions found onthe apical surface of the
endometrial epithelium (Martel et al. 1991; Usadi et al. 2003). Functionally they are
believed to be involved in mechanism of signal transduction on the surface epithelium
and exchange offluids and low molecular proteins. Their presence in the endometrium
has been shownto correlate with the implantation window.In animalstudies, it has been
specifically linked to the attachment and adhesion of the blastocyst to the luminal
epithelium (Martelet al. 1991; Psychoyos and Nikas, 1994; Nikaset al. 1999).
The presence of pinopodes in the endometrium is up regulated by
progesterone hormone with greatest appearance on day 19, 20 and 21 of the 28-days
menstrual cycle or five to eight days post ovulation, and down regulated by oestrogen
43

(Nikas and Psychoyos, 1997). Other studies have found that pinopodes are present
throughoutthe mid to secretory phase of the cycle with cycle-dependent morphological
changes, an aspect that can be used to assess endometrial receptivity as opposedto their
mere presence or absence (Usadiet al. 2003). Formation of pinopodesin the stimulated
endometrium during IVF treatmentis altered, appearing earlier on day 16, 17 and 18
(Nikaset al. 1995). This may perhapsresult in early closure ofthe nidation period before
the blastocyst eventually reaches a stage of initiating implantation. Hence, the detection
of pinopodes in the endometrium maybe useful to assess endometrial receptivity and
optimise implantationrates.
Integrins have recently been proposed to be important markers of
endometrial receptivity. Large selections of integrins have been described in the luminal
and glandular endometrial epithelium (Lessey et al. 1992; Klentzeris et al. 1993).
However, the presence of a4f1, «181 and avB3signifies the implantation window.

1.4.4

Regulation of uterine receptivity
Mechanisms that regulate endometrial receptivity and the process of

implantation are complex and poorly understood. However, it is believed that
endometrial regulation is hormonally and locally mediated (Tabibzadeh, 1994). The
endometrium is an end organ of the hypothalamic—pituitary-ovarian axis and is therefore
bound to be affected by any abnormalities or alteration along this axis. The ovarian
steroid hormones, progesterone, and oestrogen play a crucial role in endometrial
development conditioning it for implantation. Within the endometrium both, the
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epithelial and stromal compartments express the ER (ERa, ERB) and PR (PRA, PRB)
receptors (Diedrichet al. 2007).

The appropriate cyclical pattern expression of these receptorsis crucial for
establishing endometrial receptivity and successful implantation. Both ER and PR are
maximally expressed in the late proliferative phase and early secretory phase but are
down regulated during implantation window (Maet al. 2003). Although progesterone
and oestrogen are key modulators of endometrial maturation, their exact roles are more
complex (Punyadeera et al. 2006). With the loss of the ER and PR receptors, the
endometrium becomes a target for paracrine factors from the stroma (Lessey etal.
1998b). Locally, through paracrine signalling, progesterone regulates the expression of
various endometrial factors that are involvedin the interaction between the developing
embryo and the endometrium and are also crucial for endometrial receptivity and the
process of implantation. These endometrial factors include various cytokines, growth
factors, and prostaglandins (Aplin et al. 1996a). The increased expressionofintegrins at
the implantation window caneither be an indirect effect due to suppression of the ER
and PRreceptors or an up regulation through the direct action of the endometrial growth
factors and cytokine expression (Lessey etal. 1998b).

1.4.5

Endometrial dating
For decades in reproductive medicine, the most commonly used method to

assess endometrial function in cases ofinfertility has been by endometrial biopsy and
histological dating using Noyesclassical dating criteria (Noyes et al. 1950). However,
evidence is emerging highlighting its deficiencies (Acosta, 2002; Lessey et al. 2000b;
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Murrayet al. 2004). Recent studies have shown that a significant proportion offertile
women have out of phase endometrium. The majority (90%) of the early out of phase
endometrium show a normal endometrial maturation at later date within the same cycle
(Castlebaum et al. 1994; Creuset al. 1998).

The original Noyes’ dating criteria correlated the endometrial morphological
changes with an estimated date of ovulation based onthe rise in body basal temperature.
Ultrasonographic monitoring or serial measurements of LH better determine the
accuracy of histological endometrial dating than by last or next menstrual dateorrise in
basal body temperature (Shoupe et al. 1989; Li and Cook, 1991). Furthermore, in

endometrium stimulated by ovulation induction agents, it has been shown that super
ovulation affects morphological changes and endometrial development (Thomasetal.
2002). Histological evaluation of the endometrium and the correlation between
histological changes and endometrial function remain unclear (Balachi et al. 1992;
Klentzeris et al. 1992).

The Noyes’ method of dating the endometrium is now considered outdated
and there is a need for newer updated method that can evaluate the morphological and
functional changes in the endometrium in relationship to its receptivity. Evidence is
emerging that an intricate receptor—mediated interaction exists between the endometrium
and the developing embryo through various factors such as prostaglandins, signalling
peptides, cytokines, and ECM during the implantation window (Creus et al. 1998).
Lessey et al. (2000a) and other studies have looked at the role of ECM in uterine

receptivity and trophoblast attachment. Integrins are cell adhesion molecules, which
have been shownto play an importantrole in implantation. They express ECM receptors
on their surface (Hynes, 1992). Many studies have focused on integrins as markers of
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endometrial receptivity (Tabibzadeh, 1992; Lessey et al. 1994a, 1996a; Aplin, 1997).
Their expression in the endometriumis cyclical but these three integrins 0481, a1B1, and
avB3 as stated earlier on, are present during the implantation window and are known as
markers of endometrial receptivity (Tabibzadeh, 1992; Aplin, et al. 1996a; Lesseyetal.

1998a).

1.5

Implantation and In Vitro Fertilisation (IVF)

1.5.1

Introduction
In vitro fertilisation (IVF) is treatment of choice for unexplainedinfertility

(RCOG, 1998). One of the factors that infertile couples take into consideration when
embarking on IVF treatment is the expected chance of achieving a pregnancy. Factors
such as age and basal levels of serum FSH have been shown to affect the successrate.
IVF is notonly invasive and expensive but is also associated with a numberofpotential
complications. There is an increased chance of a multiple pregnancy. Ovarian hyperstimulation syndrome (OHSS),a potentially life threatening adverse effect of ovulation
induction is another known complication. Despite many recent advances in IVF
treatment, live birth rates per cycle rarely exceed 30% (ThomasK. et al. 2002). In the
majority of cases, the failure is unexplained. Successful implantation requires
appropriately timed arrival of good embryos into the endometrium that is receptive.
Improvements in implantation rates especially in stimulated endometrium require
precise timing of the window of implantation, selection of good viable embryos and
synchronising embryo transfer with the time of optimal endometrial receptivity. Any
abnormality in endometrial structure and receptivity reduces the chances of successful
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IVF treatment (Paulson et al. 1990). It is not surprising that a huge amount ofresearch
has been conducted on the endometrium and the process of implantation. Endometrial
receptivity has rapidly become thecentral focus of research in reproductive medicine.

1.5.2

The endometrium in IVF treatment
The role of the endometrium in implantation failure is an area of intense

investigation. The first encounter of the embryo once it reaches the endometrium is the
endometrial epithelial cells. These cells are believed to secrete a wide range of
endometrial factors including cell adhesion molecules such as the integrins, which are
crucial in mediating the process of implantation. In a natural cycle, ovarian steroid
hormones mainly regulate the endometrium.
Ovulation induction agents used in IVF treatment alter progesterone and
oestrogen levels hence may affect the endometrial morphology and the timing of the
optimum endometrial receptivity (Toner et al. 2001). Some studies by Meyer et al.
(1999) and by Thomas et al. (2002) have demonstrated a delayed development of

endometrial glandular epithelium and reduced integrin expression in stimulated
endometrium of oocyte donors compared to normalfertile controls. Others have also
found impaired integrin expression among womenwith unexplainedinfertility and luteal
phase defect (Klentzeris et al. 1993; Lesseyet al. 1995; Tei et al. 2003).

Even though evidence is lacking to show that regulation of these ovarian
hormones to appropriate levels in stimulated endometrium would improve the
implantation rate, it has highlighted the crucial role that integrins play in the
implantation process and has opened new areas of research to explain implantation
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failure and pregnancy loss. One theory is that alterations in the endometrial morphology
and integrin expression transforms the endometrium into an over receptive state,
allowing either implantation of abnormal embryos which later present as a miscarriage
or makingit hostile to implantation (Aplin, 1997).

1.5.3

Recurrent Implantation Failure (RIF)
Despite advances in management and treatment of infertile couples since

the first case of IVF baby in 1978, RIF is still a major problem in reproductive medicine
with the majority of embryosstill failing to implant (Andersen et al. 2000). The failure
can be attributed to both embryo and endometrial factors. However, in the majority of
cases the cause is unknown. There is no universally standard definition of what
constitutes RIF. However, it is traditionally defined as failure to conceive after at least
three consecutive IVF cycles or cumulative transfer of more than 10 high-grade
embryos (El-Toukhy and Tarranissi, 2006). RIF is a heterogeneous group with diverse
clinical features. Recent reviews on RIF have shown that it can be caused by several
factors. These include defective embryonic

development, altered endometrial

receptivity, and other factors such as endometriosis, hydrosalpinges, and suboptimal
ovarian hyperstimulation (Margaliothet et al. 2006; Ola and Li, 2006). Chromosomal

aneuploidy canarise either from both partners or in de-novo during gametogenesis and
embryo development. Meiosis errors of the oocyte are more commonthan spermatozoa;
however, the incident of sperm chromosomal abnormalities is on the rise (Rubio et al.
2001). Advanced maternal age increases the chance of chromosomal abnormalities. In
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addition, age is also known to cause hardening of the zone pellucida resulting in its
failure to rupture and RIF (Cohenet al. 1989).
Pre-implantation genetic screening (PGS)is useful in women with advanced
maternal age or aneuploidy suffering from RIF to select chromosomally normal embryos
for replacement in order to improve the implantation rate (Wilding et al. 2004).
However, others disagree and believe that PGSis only usefulin clarifying the reason for
RIF (Calgar et al. 2005).

A thorough evaluation is necessary in trying to identify various contributory
factors that might affect the process of implantation (Urman et al. 2005). Several
treatment options aiming at improving implantation rates such as assisted hatching,
blastocyst transfer, co-cultures, and immunotherapy have failed to demonstrate a
significant benefit (Urmanet al. 2005). Morphological and molecular factors within the
endometrium that cause alteration in its receptivity leading to implantation failure are
poorly understood. However, integrins, uNK cells, and various cytokines have all been

implicated in the process of implantation, enabling exploration of new avenues of
possible aetiological factors in RIF and RM.

1.6

Adhesion Molecules

1.6.1

Cell adhesion molecules
Manyphysiological and biological processes such as cell differentiation,

proliferation and migration require cell communication. It has also been shown thatcell
communication is vital in embryogenesis and organ formation (Humphrics and
Newham, 1998). A group of membrane bound proteins known as cell adhesion
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molecules (CAM) mediates the cell-to-cell and cell-to-ECM interaction. There are

several CAM but the five main groups are integrins, cadherins, selectins, mucins and
immunoglobulins (Klentzeris, 1997).

1.6.2

Integrins; The basic structure
Integrins are a group ofcell adhesion molecules. Their functional role is to

promote cell adhesion and act as receptors for various ligands and ECM proteins
including osteopontin, collagen, laminin and fibronectin (Reddy and Mangale, 2003).
Many integrins recognise the arginine-glycine-aspartic acid (RGD) sequence that
commonly appears in the ECM proteins. As such, they are expressed on the surfaces of
many cells. They are involved in a wide range of processes such as cell migration,
growth,survival, proliferation, angiogenesis, invasion, and tumour metastasis (Lessey et
al. 1996a). Integrins also play crucial role in a number of complexbiological processes
such as fertilisation, embryogenesis, implantation, and placentation (Reddy aad
Mangale, 2003; Lessey et al.

1996a). Structurally, integrins are made up of

heterodimeric transmembrane proteins consisting of non-convalently linked a (a) and
beta (B) subunit. Each subunit has a large N-terminal extra cellular domain, a

transmembrane domain and a short C-terminal cytoplasmic domain (Haynes, 1992;
Figure 1.4 and Figure 1.5).
There are more than 20 integrins that have been recognised and the number
is still rising. The B association determines the binding specificities of the integrin
heterodimers for their various ligands (Lessey, 2002a). The integrin receptor family is
made up ofatleast 14 distinct a subunits and eight or more B subunits (Ruoslahti, 1991).
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Most B subunits can associate with more than one a subunit. An individual integrin may
bind to more than one ligand and individual ligands may be recognised by several
integrins.

Extracellular matrix

Figure 1.4 Integrin: The basic structure from Lessey B.A. (2002a) Adehesion molecule
andimplantation. J Reprod Immunol, 55, 101-112
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Table 1.2 The integrin family of cell adhesion molecules and their ligands, from
Klentzeris L.D. (1997) Adhesion molecules in reproduction. BJOG, 104, 401-409.

In general, members of the B2 subfamily are mostly involved in cell-cell
adhesion where as $1 and B3 subfamilies are involved in cell adhesion to ECM proteins
(Horne et al. 2001). In the endometrium, integrins are essential to the function of a

continuous polarised epithelial layer. Their expression in the endometrium is cyclical
dependent and the presence of the three integrins during window of implantation
signifies their involvementin the process of endometrial receptivity and implantation.
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1.6.3

Integrins: markers of endometrial receptivity
The human endometrium is composed of distinct arrangements ofcells of

different lineage into epithelial, glandular and stroma compartment. It undergoes
cyclical, morphological and molecular changes during the menstrual cycle. The
complexity of its architecture undoubtedly requires an array of distinct molecules that
modulate cellular communication and interaction. Many studies that have looked at
integrins as biomarkers of endometrial receptivity have found that integrin expression in
the endometrium follows a cycle dependent pattern (Lessey et al. 1992, 1994a:
Tabibzadeh, 1992; Creus et al. 1998). The spatial and temporal expression of specific
integrin molecules such as alf1 a4f1 avB3 a6 and B4 in the endometrium has led to
recent theories that integrins may play a crucial role in endometrial receptivity and
implantation process (Lesseyet al. 1994a, 1996a; Aplin, 1997; Klentzeris, 1997; Reddy

and Mangale, 2003). The study by Lesseyet al. (1994a) found that the co-expression of
a1f1 «461 avp3 on the glandular epithelium was only on day 20 - 24 corresponding to
the implantation window and the disappearance of 0481 marked the end ofthe end of
the optimal receptive period. Aplin et al. (1996a) found that avB3 expression was on the
apical surface of the luminal epithelium. The localisation of this integrin on the apical
surface suggests its possible role in the initial dialogue between the embryo and the
endometrium.
The av3 integrin is a ligand to the ECM proteins and recognises the RGD
sequence. In vivo animalstudies have shown that blockage of either this integrin or its
ligand reduces implantation (Lessey, 2002a). One of the RGD containing ligand for
avB3 is osteopontin (OPN), which is present in the endometrial lumen during
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implantation. OPN binds to the avf3 integrin on the luminal surface (Apparaoetal.
2001). A study by Lessey et al. (1994a), demonstrated that decidualised endometrial
stroma cells also expressintegrins at the time of implantation. Duringtheinitial stage of
implantation, the trophoblast express avB1 and avB3 but once invasion starts, the
integrin expression is switched to a1f1, «681, and a7B1. These integrins bind laminin
and collagen, therefore can support the invasion ofthe epithelium and aid migration into
the stroma (Reddyetal. 2003).

1.6.4

Integrins and pregnancyloss
Despite the major advances in reproductive medicine, reproductive failure

remains an area of major concern. The term reproductive failure encompasses recurrent
pregnancy loss, hormonal imbalances, unexplained infertility, recurrent IVF failure,
endometriosis, polycystic ovarian syndrome, premature ovarian failure, and abnormal
endometrial function (Reddy and Mangale, 2003). Cumulative evidence suggests that
the endometrial factors may be implicated in a significant proportion of women with
unexplained reproductive failure (Quenby et al. 2002). Abnormal pattern of integrin
expression has been associated with unexplainedinfertility, endometriosis, hydrosalpinx,
LPD and PCOS (Klentzeris et al. 1993; Lessey et al. 1994a, 1994b, 1995; Meyeret al.

1997).
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1.7

Endometrial Leukocytes

lid

Immunohistochemical characteristics
Endometrial leukocytes are an important component of the human

endometrium. Theyare present in the stroma ofstratum basalis and functionalis and also
on the glandular and surface epithelium. They account for 10 % of the stromalcells in
the proliferative phase of the cycle (Bulmer et al, 1991a). Their levels increase

significantly prior to implantation and in early pregnancy and account for 20% ofthe
stromal and 30% of the decidual cells (Bulmer et al. 1991a). Endometrial leukocyte
subsets and their phenotypes have largely been identified by immunohistochemical
techniques or flow cytometry analysis of the surface antigens. Increases in the range of
monoclonal antibodies have led to improvements in antigenic phenotyping of various
endometrial leukocyte population. The CD45 antigen is common to all endometrial
leukocytes. The endometrial leukocyte population mainly consists of T lymphocytes,
macrophagesand uNKcells.
CD3 is a marker for all T lymphocytes which comprise of both CD4 (T
helper phenotype) and CD8 (cytotoxic T cell phenotype) cells with the majority being
the CD8 cells. T lymphocytes cells comprise approximately 45% of leukocytes in
proliferative endometrium (Bulmer et al, 1991b). T lymphocytes levels are constant
during the secretory phase of the menstrual cycle although they decrease in relation to
other types of leukocytein the late secretory phase cycle and in early pregnancy (Bulmer
1996). They are widely scattered throughout the endometrial stroma with some forming
aggregates around glands and blood vessels (Marshall and Jones, 1988; Bulmeretal.,
199 1a; Loke and King 1995).
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Macrophages comprise a significant proportion of the endometrial
leukocytes. Their levels increase in the luteal phase of the cycle and in early pregnancy
suggesting they may play role in placentation (Bulmeret al. 1991b; Bulmer, 1995).
Endometrial macrophages display marked phenotypic heterogeneity and various
subtypes have been identified. They have been characterised by their consistent
expression of CD14 and CD68. They also express MHCclass II necessary for antigen
presentation enabling them to activate T cells (Bulmer, 1996). They have a wide range
of distribution within the endometrium. They are present in the stroma and
intraepithelial compartments. In the stroma, they either are scattered singly or form
cellular aggregates within the stroma and around vessels and glands (Song and Fraser,
1995). The exact role of the endometrial macrophagesisstill not fully understood. In
vitro studies have shown that decidual macrophages are adherent and phagocytic and
therefore may be involved in clearing the debris that may arise from trophoblastic
invasion into the decidua (Bulmer, 1995; Trundley and Moffett, 2004).

The extravillous trophoblasts (EVT) migrate deep into the maternal decidua
where they encounter maternal leukocytes. They express the HLA-C, which is a
classical class I MHC molecule and HLA-E, HLA-F, and HLA-G, which are the non-

classical class I MHC molecules. Of these, the HLA-G has been widely researched
(King et al. 2000b; Apps et al. 2007; Apps et al. 2008; Li et al. 2009). The HLA-G
receptors that have been reported on the endometrial

leukocytes are the leukocyte

immunoglobuline like receptors (LILR) - LILRB1 and LILRB2 and the killer cell

immunoglobulin like receptors (KIR) - (KIR) 2DL4. Macrophages express mainly the
LILRB1 and LILRB2 whereas NKcells express the (KIR) 2DL4 (Apps et al. 2007). T

and B-lymphocytes including the NKcells also express LILRB1. Although LILRB1
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appearsto be the main binding receptor for lymphocytes, LILRB2 is probably the main
receptor for HLA-G on macorphages.
Decidual macrophages exhibit readily detectable LILRB1 and LILRB2. The
exact mechanism of HLAG signaltransduction pathways via the LILRB receptorsis not
known butall evidence points to interference with activating LILR. Recent studies have
shown that HLA-G canexist as a dimer of two conventional B2m-associated HLA-G
complexes (Appset al. 2007). This homodimer binds withgreater affinity to the LILR
and signals more strongly than the monomeric HLA-G andother class I molecules. It
modulates the function of macrophages to accommodate the fetal placental unit by
principally binding to LILRB1 receptors.
Furthermore, a recent study by Li et al. (2009) showed that this homodimer

inducessecretion of the proinflammatory cytokines IL-6 and IL-8 and a small amount of
TNFa. from both decidual macrophages and NK cells. Macrophages are capable of
producing various other cytokines such as macrophage colony stimulating factor (MCSF), granulocyte colony stimulating factor (G-CSF) and tumour necrosis factor (TNF).

In commonwith T cells and uNK cells, macrophage cytokine production in pregnancy
could play a role in the control of placental growth and vascular remodelling of uterine
spiral arteries (Bulmer, 1996,Liet al. 2009).

The majority of the endometrial leukocytes are the large granular
lymphocytes lately known asthe uterine natural killer cells (uNK). Their levels are low
in the proliferative phase of the cycle and rise to a peak in the late luteal phase. At
around implantation they account for 70 — 80% ofthe leukocyte cell population (Bulmer
et al. 1991b; King et al 1989; Starkey, 1992). Should pregnancy occur, the levels
continue to rise with dense infiltration in the decidua basalis where the implanting
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trophoblast invades the maternal tissue (King et al. 1989; Starkey, 1992). These uNK
cells will be discussed in detail later in the text and in chapter3.

1.7.2

Endometrial leukocyte and pregnancyloss
Studies that have lookedat the endometrial leukocytes population in women

with miscarriage have yielded different results. A study by Lachapelle et al. (1996)
found that the percentage of endometrial CD8° T lymphocytes population was
significantly reduced among RM women comparedto fertile controls and those women
with RM who had normal CD8" cells subsequently had successful pregnancies while
those with abnormal expression continued to miscarry. Another study by Quenbyetal.
(1999) found that pre-implantation endometrium from women with RM had

significantly higher proportion of the CD4", CD14", CD16", CD56" and MHCclass II
positive cells than fertile controls, whereas the expression of the CD3+ and CD8+ was
similar in both groups. Furthermore, women who miscarried in their pregnancyafter the

endometrial biopsy had significantly more CD4*, CD8", CD14", CD16", and CD56"
cells. The study by Vassiliadou and Bulmer, (1996b) found reduced numbersofT cells
in normalfirst trimester decidua compared to normal endometrium, although in a
subsequent study, they found similar proportions in decidua from normalfirst trimester
and decidua obtained after spontaneous miscarriage (Vassiliadou and Bulmer, 1998).

Evidence from murine models suggests that embryo loss may be associated with
activated macrophages (Gendronet al. 1990). In humans, however, strong association is

still lacking. One study found a small increase in CD68 labelled macrophages in decidua
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from sporadic miscarriages compared to normal controls but this could have been a
post—abortion inflammatory response (Vassiliadou and Bulmer, 1996a).
From these studies, there is no doubt that endometrial leukocytes playa role
in the normal biology of human endometrium and pregnancy loss although the exact
mechanisms arestill not fully understood.

1.8

The Uterine Natural Killer Cells (uNK)

1.8.1

Terminology
The presence of granulated lymphocytes in human endometrium was noted

as far as the 1920s, whilst the distribution and staining characteristics of these cells were
only later reported (Bulmer and Lash, 2005). Other animal species were also found to

have cytoplasmic granules in their endometrium (Peelet al. 1983). Several names had
been assigned to these cells including large granular lymphocytes. Later on, these cells
were identified as of natural killer (NK) cell lineage because ofthe initial notion that

they do not require activation to induce cytolysis on their target cells and the presence of
the large azurophilic granules.
NKcells are a subset of lymphoid cells that are thought to arise from the
common hematopoietic CD34+ progenitor stem cell. NK cells are present in different

peripheral lymphoid and non-lymphoid organs. The exactsite of differentiation and the
stages leading to the development of a mature NKcell have still not been resolved
(Freud and Caligiuri, 2006). NK cells are distinct from B and T lymphocytes. Unlike the
B and T lymphocytes, they do not express the T cell antigen receptor or T marker CD3
or surface immunoglobulin (Ig) B receptor. They express the surface markers CD16 and
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CD56. NKcells are capable of recognising and destroying viral infected and tumour
cells (Riston and Bulmer, 1987; Kinget al. 1993). Recent advances in molecular biology

and immunology have improved our understanding on the molecular mechanisms of
how NK cells are able to attack the pathogen infected or malignantly transformedcells
and spare the normal cells. NK cells have the ability to recognise the MHCclass I
molecules on target cells through a distinct class of receptors. The NK cell receptors
have an inhibitory and activatory function. The three major superfamilies of the NK cell
receptors are the killer immunoglobulin (Ig)-like super-family (KIR), which recognises
classical MHC Class I molecules, the heterodimeric C type lectin super-family
(CD94/NKG2), and the natural cytoxicity super-family whose main ligandis still poorly
understood (Moretta et al. 2006). In addition to these, a leukocyte immunoglobulin (Ig)

like super-family (LILR) which recognises the non-classical MHC class I molecule,
HLA-G hasrecently been discovered (Freud and Caligiuri, 2006; Li et al. 2009).

As more characteristics of these large granular lymphocytes started to
emerge, it became clear that they shared some properties with NK cells hence recently
renamed as uNKcells (Bulmer and Lash, 2005). In humans, uNKcells are present in the
endometrium and despite this compelling name;there is no evidenceat present that uNK

cells actually kill the trophoblast.

1.8.2

Phenotypic features
The characteristic feature of NK cells in both the uterus and peripheral

circulation is the expression of CD56 antigen. Based on the intensity of the CD56
antigen staining, NKcells are further divided into CD56™®" and CD56“ populations.
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The presence or absence of CD16 further differentiates NK cells population into two
major subsets; CD56"=""CD16° and CD56°"CD16* (Lanier et al. 1986; Nagler et al.
1989). The CD56“"CD16"subset form the majority of the NK cells in the blood and are

considered more cytotoxic and have many cytolytic granules compared with the
CD56brightCD16- subset (Cooperet al. 2001). In addition, they also express members
of the killer immunoglobin-like receptor (KIR) family. On the other hand,
CD56™®"CD16° subset has low to absent KIRs but express high levels of CD94/NKG2
and the high affinity IL-2 receptor (IL-2RaPy), enabling them to proliferate in response
to IL-2 (Vosset al. 1998).

Unlike the peripheral NK cells, uNK cells do not express CD3 and CD16
antigens and the majority (90%) are of the CD56"™=""CD16" phenotype (Starkeyet al.
1988; Koopmanet al. 2003). It has been shown that CD56"are the main cytokine-

producing NK cells (Cooper et al. 2001). Thus, uNK cells have an immunoregulatory
potential that the peripheral NK cells do not demonstrate and can therefore participate in
the innate immune system (Loke and King, 1995).

1.8.3

Origin
The origin of the of uNKcells that peak during the secretory phase of the

cycle and early pregnancyis still not well established. Quite a few possibilities have
been reported in literature. One possibility is that uNK cells may arise by direct
trafficking from the progenitor cells (CD34) in the bone marrow and other organs (Loke
and King, 1995; Chantakru et al. 2002). However, there is a considerable controversy

over how they arrive in increased numbers in the peri-implantation endometrium and
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early pregnancy. Others have suggested that perhaps similar to the bone marrow, the
endometrium mayprovide the appropriate microenvironment for uNKcell development
from the local NK-progenitorcells (Keskin et al. 2007). Others have suggested that uNK
cells may be recruited from the NK cells in the peripheral circulation. The phenotypic
differences between these two subsets suggest that NK cells from the blood must
undergo tissue specific modification in the uterine microenvironment (Keskin et al.
2007).

1.8.4

Regulation
In the endometrium, uNK cells are scattered throughout the endometrial

stroma andare seen to form clusters around blood vessels and endometrial glands, and in

areas of decidualised stroma (King, 2000a; Croy etal. 2003; Trudley and Moffet, 2004).
Their cyclical change with the peak levels in the mid luteal phase suggests a possible
hormonal regulation by progesterone. However, uNK cells have no progesterone
receptors but express prolactin, oestrogen B and glucocortocoid receptor (Gubbayetal.
2002; Henderson et al. 2003). Thus, these hormones through these receptors may
regulate uNK directly or indirectly. In addition, progesterone may modulate uNK
cytotoxicity possibly through progesterone—-induced blocking factor (Dosiou and
Giudice, 2005).

1.8.5

Functions
To date, there are no convincing demonstrations of a fundamental role of

uNKcells in human reproduction. Their spatial and temporal distribution in the non63

pregnant and pregnant uterus may suggest twopossibleroles in reproduction.Firstly, in
a normal menstrual cycle their levels are low in the proliferative phase, increase
significantly in the secretory phase, falling to basal levels during menstruation. uNK
cells may therefore be important in the renewal, differentiation and break down ofthe
endometrium during the menstrual cycle. Secondly, with successful implantation the
levels continue to increase in the decidualised endometrium reaching a peak in thefirst
trimester, dropping off throughout the second trimester to be almost absent at term.
Their close proximity to the invading trophoblast suggests they may be involved in
regulation of trophoblast invasion (Moffet-King, 2002). Furthermore, uNK cells express

families of receptors that are capable of recognising specific antigens on the surface of
extravillous trophoblast (Moffet-King, 2002). Their perivascular distribution suggests
that uNK cells may be involved in vascular remodelling, a process that is vital for the
development of normal pregnancy (Croyetal. 2003; Bulmer and Lash, 2005). uNK cells
are thought to play a role in angiogenesis through the expression of various growth
factors such as vascular endothelial growth factor VEGF, placental growth factor-PLG
and angiopoetin 2 -Ang 2 (van den Heuvel et al. 2005; Lash et al. 2006; Hanna et al.
2006, Quenbyet al. 2009).

1.8.6

uNKcells and reproductive failure
Results from previous studies on the uNK cells among RM women and

fertile controls are conflicting. Some evidence from immunohistochemical studies show
that the endometrium of women with RM hashigherlevels of uNK cell population than
normalfertile controls (Lachapelle et al. 1996; Clifford et al. 1999; Quenbyet al. 1999;
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Tuckermanet al. 2007). Furthermore, one study by Quenby et al. (1999) showed that
high numbers of uNKcells in these RM were predictive of miscarriages in subsequent
pregnancy while other studies have failed to demonstrate this association (Michimata et
al. 2002; Shimadaet al. 2004; Tuckermanet al. 2007). Caution must be exercised when

analysing the findings from these studies due to their various limitations such as small
sample sizes, variations in the inclusion criteria for RM and variations in the
methodology used in analysing the uNKcells.
The consistent finding of raised uNK cells in many studies of RM makes
them a potential therapeutic target. uNK cells are known to express glucocortocoid
receptors (Henderson et al. 2003). Hence, glucocorticoids are the obvious therapeutic
option for this potential endometrial pathology.

1.9

Other Known Markersof Endometrial Receptivity

1.9.1

Osteopontin (OPN)
Osteopontin is a 70-kDa negatively charged hydrophilic acidic protein

consisting of 264 to 301 amino acids. It undergoes glycosylation and phospholylation
leading to various extensive post-translational modifications resulting in multiple
variants performing different functions in different tissues (Johnson et al. 2003). It was

first isolated from bonetissue. It is now present in a wide variety of tissues and body
fluids such as uterus, placenta, breast, testis, gastrointestinal tract, kidneys, thyroid, and

in some highly metastatic cancer cell (Franzen and Heinegard, 1985; Papadopoulos,
1985; Senger et al. 1989; Butler, 1989; Young etal. 1990; Brown et al. 1992; Coppola et
al. 2004). It contains an arginine-glycine-aspartic acid (RGD)cell binding sequence, a
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calcium-bindingsite and two heparin binding domains. OPNbindsto various integrins
via its RGD sequence to promote cell adhesion, spreading, and migration. The RGD
sequence is a specific ligand for the avB3 integrin, which is one of the markers of the
implantation window and as well as other integrins such as B81 and 85. Therefore, it may
act as a bridging molecule between the endometrium and the trophoblast, which also
expresses avB3 (Aplin, 1997).
The expression of OPN in the luminal, glandular and stromal compartments
and the invading trophoblast varies among different animal species. In humans,
endometrial expression was first described in glandular compartment and placentatissue
(Younget al. 1990; Brown et al. 1992). Further follow up studies demonstrated luminal

expression and a weak or absent expression in the stromal compartment. It is also
expressed by some immunecells (Apparaoet al. 2001; Wolff et al. 2004). Its expression
is cyclical, being low in the proliferative and early secretory phase of the menstrual
cycle and increasing in the mid to late secretory phase (Younget al. 1990).It is up
regulated during the menstrual cycle in endometrial glands and in endometrial
leukocytes (Apparao, 2001; Wolff et al. 2004). The expression pattern correlates with
the endometrial epithelial expression of one of the receptors of OPN, the avf3-integrin
(Lessey et al. 1992). Studies from decidual tissue have shown markedincreasedlevels of

OPN in the decidual stromal cells compared to weak concentration at the end of the
secretory phase ofthe cycle, the time when decidualisation begins (Wolff et al. 2004).
The regulation of OPN is poorly understood and but varies between various
cell types. Available evidence from in vivo studies shows that steroid hormone
progestogen and local pro-inflammatory cytokine factors stimulate OPN gene
transcription and expression. (Somkutiet al. 1997)
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The expression of OPN in glandular and luminal epithelium, its coexpression with av3-integrin, and the shift in expression to decidual stromal cells
suggests that OPN plays a significant role during the early stages of implantation and
early pregnancy development.

1.9.2

Endometrial mucin cells: The MUC1
Mucins are a family of heavily glycosylated proteins expressed by various

epithelial cell types. They are sub-classified based on their cellular expression patterns
into membrane bound and secretory mucins (Singh and Hollingsworth, 2006). The
secretory mucins lack the transmembrane domain andare secreted into extracellular
spaces. In human endometrium, the mucin ofinterest is the MUC1.

MUC1 is a transmembrane glycoprotein with a high molecular weight of
300-400kDa. It has a short non-glycosylated cytoplasmic strand composed of 69 amino
acids, a hydrophobic transmembrane and a large N-terminal extracellular domain. The
extracellular domain contains variable number of tandem repeats of 20 amino acids
made up of serine, threonine and proline residues. In addition, these repeat units have

several potential sites for O—glycosylation giving rise to its large ectodomain. MUC1 is
synthesized in the rough endoplasmic reticulum and passes through the smooth
endoplasmic reticulum to the Golgi apparatus, where it is glycosylated. Thereafter, it is
expressed on the apical surface of the endometrial epithelium, and a fraction ofit is
released into the lumen (Aplin, 1991). Its molecular structure is consistent with the

observations that it offers a protective barrier function. MUC1 is the first molecule that
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the embryo has to encounter during the process of implantation and this barrier must be
lifted to allow attachment (Aplin et al. 2001).
Mucins

have

numerous

functions

including

providing

lubrication,

preventing dehydration, proteolysis and cell transduction. Microbial challenge is
frequent in most mucous membranes, and mucins inhibit microbial access to the cell
surface thereby preventing infection. In the human endometrium, MUC1 playsa role in
protecting the endometrium from microbial attack, but must be lost in order for embryo
implantation to occur. Its expression is increased in the sectretory phase of the menstrual
cycle and remains high during the implantation window (Heyet al. 1995; Aplin etal.
2001). Evidence from in vitro studies has shown that at high levels, MUC1 acts as an

anti-adhesion molecule and may inhibit the interaction between embryo and maternal
apical epithelium during implantation, creating a uterine barrier to the implantation
process (DeSouzaet al. 1999). It also reduces the cell-cell and cell-matrix interactions
(Hilkens et al. 1992). This is attributed to its large ectodomain that causes steric
hindrance of apical access where receptor-ligand interaction mediated by families of
adhesion receptors such as the cadherins occurs (Aplin and Hey, 1995; Wesselinget al.
1996). Indeed, MUC1 expression is down regulated at the time of implantation in many
species (Surveyoret al. 1995; Hoffmanet al. 1998).
Evidence from in vitro studies indicate that the humanblastocyst produce a
highly localised down regulation of the MUC1 expression on the apical portion of the
endometrial epithelium leading the loss of an inhibitory barrier to allow implantation
(Meseguer et al. 2001). From this, it has been proposed that poor-quality embryos,
lacking the ability to cause down-regulation/cleavage of MUC1, might fail to implant,
because the anti-adhesive ectodomain would remain in place. On the other hand,
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defective MUCI endometrium might allow abnormal embryos to implant, leading to
recurrent miscarriage. Some studies have reported reduced expression of MUC1 core
protein in uterine flushing fluid and in mid secretory endometrium from women
suffering from recurrent spontaneous miscarriages than fertile controls (Hey et al. 1995;
Aplin et al. 1996b). Endometrial samples from women with unexplainedinfertility and
from women with luteal phase defect have revealed a reduced expression of MUCI
compared with samples from normalfertile women (Aplin, 1991). Some studies have

lookedat a genetic predisposition to excessive MUC1 expression. In pilot study, Horne
et al. (2005) recorded a higher frequency of smaller MUC1 alleles in DNA extracted
from blood samples from 10 women with unexplained infertility and at least three failed
IVF cycles compared with 10 normalfertile women. Much as MUCI is knownto be an
anti-adhesion molecule, evidence is emerging that MUCI1 has also some adhesive
properties throughits selectin ligand receptors (Hey and Aplin, 1996; Regmbald etal.
1996; DeSouza et al. 1999).

Nonetheless, a direct functional role of MUCI in preventing embryo
implantation has yet to be established. Existing evidence showsthat steroid hormones
mainly regulate MUC1 although there are variations in the hormone responsiveness
among different species (Surveyor et al. 1995). In mice, uterine MUC1 expression is

greatly up regulated by estrogen while human endometrial MUC1 is up regulated in the
secretory phase of the cycle that is dominated by progesterone hormone (Heyetal.
1994; Meseguer et al. 2001). The reason for these differences in hormonal
responsiveness amongspeciesis not clear. Other ways such as shedding and endocytosis
have been implicated as the regulatory mechanism. More studies are needed to
understand the molecular basis of steroid hormone regulation of MUC1 gene expression.
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Apart from the reproductive tract system, almost all human glandular and
epithelial tissues express MUCI1. It has also been shown to be present at the surface of
many different carcinoma cells, where expression often appears to be higherthan in the
corresponding normalcells with altered glycosylaton (Regimbald, 1996). MUC1 appears
to modulate immuneresponsein these cancercells.

1.10

Conclusion and Project Aims
One ofthe challenging and intriguing aspects of reproductive failure is that

despite rigorous and extensive research over the decades, the aetiological factors in
almost 50% of cases are still unknown. However,it is generally accepted that within the
idiopathic group, the underlying pathological mechanisms may be multifactorial.
The critical stage of human pregnancy is the successful attachment and
invasion of the developing embryo into the endometrium with subsequent development.
In this thesis, I aim to explore the endometrium in women with recurrent

reproductive failure and assess whether it could be improved with drug therapy. Then I
investigated the hypothesis that the endometrium of women with recurrent pregnancy
loss is too receptive to abnormal embryos hence womenpresent to their clinician with
miscarriages instead of losing the abnormal pregnancy during menstruation. Thus, if this
hypothesis were true, the endometrium of women with recurrent miscarriage would be
different from that of recurrent implantationfailure that is to implantation.
In order to examine this hypothesis I set out to answer the following specific questions:
1.

Is there an association between high numbers of uNK cells and RM in the
pre-implantation endometrium of women with idiopathic RM of severe
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phenotype compared to fertile controls? Can the high uNK cell numbersin
the endometrium of women with RM be reduced with prednisolone?
Does the endometrium of women with various subtypes of idiopathic
recurrent pregnancy loss and implantation failure express different patterns
of receptivity markers?
Is there an association between endometrial uNK cells and integrin
expression?
Doesintegrin expression change with prednisolone therapy?
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CHAPTERII
MATERIALS AND METHODS
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2.1

Ethical Approval
This research was conducted at Liverpool Women’s Hospital NHS

Foundation Trust (LWHFT). In conjunction with my supervisors, the project proposal,
patient information sheet and consent form were formulated (Appendix B and C). In
accordance with principles of research ethics, a formal application for the approval to
conduct the project, together with the patient information sheet and consent form was
submitted to the Liverpool (Adult) Local Research Ethics Committee (LREC). Once the

ethical approval was granted, recruitment commenced. This was a prospective
observational study of the effect of prednisolone on uterine natural killer cells (uNK
cells). Womenwith a history of reproductive failure were recruited from all over the UK
following media publicity surrounding previous publication of a single anecdotalreport
by my supervisor (Quenby et al. 2003). A woman with a history of 19 idiopathic
recurrent miscarriages had a successful pregnancy outcome following endometrial
immuno-modulation with prednisolone oral therapy.
Patients either contacted us directly or were referred from RM clinics around
the UK and from the local RM clinic within the hospital to a dedicated endometrial
research clinic. Women were sent written information concerning the studyprior to any
appointment. A written informed consent was obtained from those who had agreed to
take part. Most of these womentravelled from long distances and it would have been
impossible for them to make multiple journeys. As such, in some women, the consent
process and endometrial biopsy was done prior to the availability of relevant blood
investigations. They were fully counselled that they would be excludedif the inclusion
criteria were not met. The majority were happy to proceed with recruitment. As such,
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some were later excluded from the study if the blood tests were abnormal.Two main
categories of women wereenrolled for the project:
l.

Idiopathic reproductive failure which included those with
recurrent miscarriage (RM)andrecurrent implantationfailure (RIF)

2.

2.2

Fertile controls (Womenundergoingsterilisation)

Selection Criteria
Womenwith idiopathic recurrent pregnancy losses defined as three or more

consecutive miscarriages and those with recurrent implantation failure where no cause
was found, were recruited. All had a regular 28-day menstrual cycle and had not used
any hormonal contraception or intrauterine device in the three months preceding the
study. All women were investigated for conditions associated with RM andrecurrent
IVF failure such as; anti-phospholipid syndrome (using the dilute Russell Viper venom
time test with positive IgG and IgM ACAor LAon twoseparate occasionsat least six
weeksapart), parental balanced translocation (leukocyte culture), uterine anomalies such
as

subseptate

uterus,

submucous

fibroids,

cervical

weakness

(transvaginal

ultrasonography, hysteroscopy) blocked fallopian tubes (hysterosalpingogram or
laparoscopy and dyetest), thrombophilia (APCRresistance, Leiden factor V, protein C
and S deficiency, prothrombin gene mutation, antithrombinIII deficiency, homozygosity
for MTHFR mutation), polycystic ovarian syndrome (trans-vaginal ultrasonography,
Biochemistry), diabetes (fasting blood glucose) and abnormal thyroid functiontests,
(Drakeley et al. 1998; Li, 1998). The majority had their investigations conductedat their

local hospitals or GP priorto the initial consultation. Womenwereincludedin the study
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if all inclusion criteria were met and had no known causeto attribute to their recurrent

pregnancy loss or implantation failure. Furthermore, women were exluded if the
histological dating fell outside day 19-23 of the menstrualcycle.

aa

Subjects

2.301

Women with idiopathic reproductive failure
In the project, RM patients included women whohad 3 or more consecutive

pregnancy losses of unknown aetiology. The majority of these women were of severe
phenotype, had been extensively investigated andtried all empirical treatments prior to
the study. As a result, they tended to be at the higher end of the reproductive age range.
All womenhad the patient information sheet prior to any appointment. Appointments
were made to concide with the mid luteal phase of the cycle. During consultation, a
detailed menstrual cycle history was taken and the date of LMP.
A thoroughreproductive history was also obtained regarding their previous
miscarriages, gestation age, events surrounding the miscarriage, ultrasound findings
such as gestation age by scan, presence of an empty gestation sac, presence of yolk sac,
crown rump length and whether fetal heart beat was present or not. A full obstetric
history wasalso taken including live births and any other pregnancy complication. The
information obtained was comparedto the patient referral letter from her doctor and
where possible hospital case notes to verify all investigations and results done prior to
the study. Where necessary, with the patient’s consent, any necessary investigations as
outlined in the inclusion criteria were performed. From this, RM patients were further
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categorised into those with embryolosses, fetal losses and late second trimester losses.
An endometrial biopsy was taken from 87 womenwith idiopathic RM.

2.3.2

Fertile controls
The fertile control group was composed of women undergoingsterilisation

who were recruited from the gynaecological outpatient clinics (GOPD) within the
hospital. All women listed down in the GOPD as requesting sterilisation were given
information sheet about the study and if they had agreedto participate were consented to
have their mid luteal phase endometrial biopsy taken during the laparoscopic
sterilisation. Some womenwererecruited from the preoperative clinic, usually one week
priorto their laparoscopicsterilisation.
In addition to the inclusion criteria for the project, women in the control
group had two or more normal pregnancies andlive births. They had no history of any
miscarriages, infertility, or IVF treatment and were using only barrier methods of
contraception. No endometriosis or tubal diseases were seen during the laparoscopic
sterilisation. Eighteen women were recruited and nine of them had participated as
controls in a previous study that looked at pre-implantation endometrial leukocytes
among RM patients (Quenbyet al. 1993). We only had 18 womenas fertile controls as it
was extremely difficult to recruit them.
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2.3.3

Study numbers
109 womenconsented to the study but 10 did not meetthe inclusioncriteria

and were excluded from the study. 3 had assisted reproductive treatment due to tubal
factors, 1 was an egg donor, | had APS, | had cervical incompetence, 1 was on

prednisolone treatment for chrons disease, 1 had polycystic ovarian syndrome on
metformin, 1 had chromosomal abnormalities and 1 had suffered from both RM and

RIF.
Endometrial biopsies were taken from the 99 subjects. However, since we
did not precisely time the endometrial biospsy using the LH surge, 7 were excluded for
failing to meet the histological dating criteria and 5 for insufficient or poor biopsy
samples.
The final 87 comprised of 75 RM (55 embryo losses, 17 fetal losses, 3

mixed) and 12 RIF patients. Chapter 3, Study number | comprised of 75 RM and 12 RIF
patients. The 75 RM subjects participated in Study number2.
For chapter 4, study number 3 included the 17 subjects with fetal losses and
17 with embryo losses from study number 1. These were also part of the 51 subjects in
study number4.
No sample size calculations were done because this was a hypothesis
generating study, hence this was not appropriate. In addition, much of this work was
semi quantitative and thus again unsuitable for sample size calculation and post hoc
assessment of study power. This has been outlined as a weaknessin section 5.2.
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2.4

Sampling of Endometrial Biopsy

2.4.1

Timing the biopsy
The central focus of the project was to provide an in depth analysis of the

pre-implantation endometrium in womenwith idiopathic reproductive failure. It focused
on patterns of expression of uNKcells and cell adhesion molecules amongthedifferent
sub groups of RM and RIF. The human endometrium is most receptive during the
implantation window,whichfalls on day 20 to 24 of the menstrual cycle, or day 6 to 10
post ovulation (Bergh and Navot, 1992; Wilcox et al. 1999).

Endometrial biopsies were sampled from the patients on day 21+ 2 days of
the 28-day cycle equivalent to LH +7 to LH+10. Appointments for both subjects and
controls were made to coincide with these dates. A more accurate method of predicting
the ovulation time is through daily serum or urinary LH measurements or
ultrasonography (Shoulpeet al. 1989). LH timing wasnotpractical in the context ofthis
project as women wererecruited from all over UK and manytravelled long distances. It
wasfelt that if these methods were deployed compliance would have been a big problem
and recruitment rates would have been very low. A urinary pregnancy test was
conducted prior to the biopsy to exclude pregnancy and they were further counselled
aboutthe risk of miscarriage in case ofa false negative test.

2.4.2

Biopsy procedure
Prior to taking the biopsy, the procedure was again explained tothe patient.

Patients were warned that they may experience cramp-like abdominal pains during and
after the procedure and that, they may experience some PV spotting or bleeding. In
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taking the biopsy, women wereplaced in lithotomy position in the same way as when
performing a cervical smear. Principles of infection control were observed throughout
the procedure. A bimanualdigital vaginal examination was performedto assesssize of
the uterus and position. Cervix was visualised by means of a bi-valved cuscos speculum.
A ternaculum or volselum was applied to the upper lip of the cervix. The
endometrial biopsy was then sampled using a disposable endometrial sampler
(Endocell®, Wallach Surgical. Device, Inc., Orange, CT, USA). The sampler wasgently
passed into the uterine cavity until the fundus was reached. The inner piston was then
drawn back creating suction and the pipelle was moved up and down within the cavity
and rotated as it was being removed from the cavity. The suction effect draws the
endometrial tissue to the sampler. The tenaculum followed by the speculum was then
removed from the vagina under direct vision. The biopsy was then immediately
transported to the laboratory and half of the sample was snap frozen in liquid nitrogen.
The samples were then placed in cryotubes (NUNC, Fischer Scientific, and
Loughborough, UK) and stored at -70°C until further use. The other half was fixed in

4% paraformaldehyde in phosphate buffered saline (PBS) at pH 7.4 for 1-2 days, then
processed in a tissue processor overnight and embedded in paraffin. Sections of 5-um
thickness were then cut and placed on poly-L-lysine coated slides. Women who were
fertile controls had their endometrial biopsy taken in the same way whilst under general
anaesthesia during the laparoscopicsterilisation procedure.
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2.4.3

Endometrial dating
Sections of 5-um from the paraffin blocks were stained with haematoxylin

and eosin. The slides were then evaluated according to Noyes’ histopathologicalcriteria
as modified by Murrayet al (2004). Eight of the parameters included in the study by
Murray and co-workers were from the original Noyes dating criteria namely: gland
mitosis, pseudo stratification of the nuclei, basal vacuolation, secretions, stromal
oedema, pseudodecidualreaction, stromal mitoses and leukocyte infiltration. As a way

of ensuring that the biopsies fell on the 21+2 days luteal phase of the cycle, the
endometrium had to meet the followingcriteria to be includedin the study: no epithelial
or stromal mitosis, less than 25% pseudo-stratification or basal vacuolation of glandular
epithelium, more than 50% of glands containing secretions, frequent stromal oedema
and sparse pseudo-decidual reaction. All slides were evaluated using a Nikon
microscope at low (100x), (200x) and high power (400x) magnification by two

observers. As previously stated, samples were excluded in the study if histological
datingfell outside the range of day 19 — 23 ofa regular 28 day cycle (Table 2.1). Seven
of the samples fell outside this range while five samples were excluded for being
insufficient for analysis.
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Proliferative phase
Early (Fourth — seventh day) Thin regenerating surface epithelium, straight short narrow
glands, compact stroma, with some mitotic activity and large nuclei.
Mid( Eighth -tenth day)
Columnar surface epithelium; longer, curving glands; variable amount of stromal oedema;
numerous mitoses in naked nuclei ofstroma.
Late (eleventh-fourteenth day)
Undulantsurface; tortuous glands showing active growth and pseudo-stratification; moderately
dense, actively growing stroma.
Secretory phase
36-48 hours after ovulation
No microscopic changes apparent.
Sixteenth day
Sub- nuclear vacuolation of epithelium appears.
Seventeenth day
Orderly row of nuclei with homogeneous cytoplasm above them andlarge vacuoles below.
Eighteenth day
Vacuoles decrease in size; nuclei approachbaseofcell.
Nineteenth day
Few vacuoles; appearanceof intraluminalsecretion.
Twentieth day
Peak of acidophilic intraluminalsecretion.
Twenty-first day
Tissue oedema appearsrather abruptly.
Twenty-second day
Oedema reachesits peak.
Twenty-third day
Spiral arterioles become prominent.
Twenty-fourth day
Collections of pre-decidual cells appear aroundarterioles.
Twenty-fifth day
Pre-decidua appears under surface epithelium.
Twenty-sixth day
Pre-decidua appearsas solid sheet of well-developed cells; polynuclear infiltration appears.
Twenty —seventh day
Polynuclear infiltration becomes prominent; areas of focal necrosis and haemorrhage begin to
appear.
Twenty-eighth day
Necrosis and haemorrhageprominent.

Table 2.1 Microscopic Features for dating endometrium from Noyes R., Hertig, A.,
Rock J. (1950) Dating the endometrial biopsy. Fertility and Sterility, 11, 3-25.
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Immunohistochemistry
Once the biopsies were ready to be analysed, the samples were retrieved

from the freezer and prepared for staining as follows;

2.551

Slide preparation
5umm thick sections of the frozen biopsies were cut on a Bright Cryostat

machine (Bright Instrument Co. Ltd., Huntingdon, UK) and mounted on glycerine
albumin coated glass slides (VWR, Leicester, UK). After drying overnight at room
temperature, the slides were wrapped in aluminium foil and frozen at —20°C until
immunostaining. Prior to immunostaining, the sections were removed from the freezer

and allowed to reach room temperature.

2.5.2

uNKcells antibodies
The monoclonal antibodies used to determine the immuno-phenotype of

uNKcells are shown in Table 2.2. uNK cells do not express CD3 and CD16 antigens

and the majority (90%) are of the CD56""£"' CD16" phenotype (Bulmeret al. 1991a).
The CD56 antibody highlighted the uNK cells; CD3 antibodies excluded T-cells
whereas CD16 excluded non-typical uNK cells. The negative control was the mouse IgG
antibody to rabbit antimouse IgG.
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Antibody Clone Host
CD3

= UCHTI

Source —_—‘| Dilution | Section

sams o Serotec

700

Company

Frozen — Oxford UK

CD16

3G8

Mouse

Pharmingen

1:100

Frozen

Oxford, UK

CDS6

ERIC-1

Mouse

Serotec

1:50

Frozen

Oxford, UK

Mouse

Serotec

1:100

Frozen

Oxford, UK

IgG

Table 2.2 Monoclonalantibodies used to determine immuno-phenotype of uNKcells in
the endometrium.

2.5.3

Theintegrin antibodies
The three main integrins to be studied were «1B 1, «481 and avB3. Available

evidence showsthat these integrins are present during the implantation window hence
are known as markers of endometrial receptivity (Aplin, 1996a). However, to perform
the staining, antibodies were purchased to a1, a4, B1, B3 and avp3 (Table 2.3). The
antibody to integrin avB3 recognises the complex of the two subunits; other antibodies
recognise individual subunits. The antibody to the 83 integrin in the study was used to
cross check the staining pattern for the av subunit as it can also combine with other B
subunits such as B5, 86 and B8 (Thomaset al. 2003). The B1 subunit can also combine
with several a subunits but in the study, staining using this antibody was used to
crosscheck the staining with the al and a4 subunits, to ensure that uptake was seen on
identical areas as the al and a4 subunits. Details of primary antibodies used for these
integrin staining are given in Table 2.3. Initially, the antibodies were tested on a few
endometrial samples at various concentrations in order to determine the appropriate
concentration of each antibody (1:20, 1:50, 1:100, and 1:200).
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Antibody
63

“

—_| Clone.

)Host | Source

Dilution | Company

PM6/ 3 Mose

Serotec

1:50

Oxford, UK

al

FB12

Mouse

Chemicon

1:100

Hampshire,UK

Bl

383

Mouse

Serotec

1:100

Oxford, UK

a4

B-5H10

Mouse

Serotec

1:100

Oxford, UK

avp3

23C6

Mouse

Serotec

1:50

Oxford, UK

Mouse

Serotec

1:100

Oxford, UK

IgG

Table 2.3 Monoclonal antibodies for integrin staining

2.5.4

Osteopontin and MUC1 antibodies
Paraffin sections were used for OPN and MUC! staining. Below is the

monoclonal antibodies used (Table 2.4).

Antibody

Clone | Dilution | Source

Section

Company

Gecausaes “OPIN

7100

Revaeanet -

Paraffin

T Hewcante, UK

MUCI1

1:200

Serotec

Frozen

Oxford, UK

BC-2

1:100
BC-3

1:400

Paraffin
Gift,

Paraffin

Dr P Devine

Table 2.4 Monoclonalantibodies for Osteopontin and MUC1
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25.9

Staining the slides
Slides were fixed in acetone for 10 minutes and washed in Tris- buffered

saline (TBS pH 7.6). The biopsies were then circled with a Dako marker (Darko Ltd.
High Wycombe, UK). Sections were then incubated with the appropriate diluted
monoclonal antibody for 30 minutes in a humidified chamber. Mouse IgG (Serotec, UK)

wasused in place ofthe first antibody as a negative control. After 2 x 5 minute washes
in TBS, bound antibodies were detected by the APAAP methodusing rabbit anti-(mouse
IgG) IgG (diluted 1:25; Dako Ltd, High Wycombe, UK) for 30 minutes, washed in TBS

and then incubated with preformed complex of calf intestinal alkaline phosphate and
mouse monoclonalanti-(alkaline phosphate) (APAAP, diluted 1:50, Dako Ltd) for a

further 30 minutes. Staining was developed with Napthol AS-MX phosphate as well as
fast Red (Sigma, Poole, Dorset, Uk) with the addition of 1 ml of levamisole (Sigma,

UK)to block any endogenous alkaline phosphatase. Slides were counterstained with
haemalum and mounted in Aquamount (BDH,Poole, and Dorset, UK). For moredetails

of the preparation of TBS, alkaline phosphatase and preparation of antibodies please
refer to appendix A.
Immunostaining

for

OPN

and

MUCI1

were

performed

on_

the

paraformaldehyde fixed tissue. Sum sections were de-paraffinized in two baths of xylene
for 10 minutes each, followed by 1-minute washesin absolute ethanol, 90% ethanol and

70% ethanol. Sections were then thoroughly washedin distilled water and transferred to
TBS for immunostaining as outlined above, omitting the acetone fixation. Initial
experiments had shown that antigen retrieval was not required for these antibodies.
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2.6

Analysis and Interpretation of the Slides

2.6.1

uNKcell analysis
All slides were evaluated using a Nikon microscope at low (100x), (200x)

and high power (400x) magnification. Ten high-powered fields (x400) were randomly
selected and the number of CD56+ and negative stromalcells in each field was counted.
There were approximately 500 cells per high-poweredfield hence 5000 cells per patient
were counted. The normal range wasdefined using the eighteen fertile controls, nine of
which were from the original study (Quenby et al. 1999). The median percentage of
uNK for the control group was 2.3% with an inter-quartile range of 1.2%-5%
(Table3.1b). Therefore, women with more than 5% uNKcells in their endometrium were

considered to have high levels and four ofthe control patients were abovethis level.

2.6.2

Integrin, Osteopontin and MUC1 analysis
The intensity of staining of the integrin, OPN and MUC1 antibodies in the

luminal, glandular and stromal compartment were analysed using the semi-quantitative
H-SCORE system. Low intra-observer (r=0.983; p=0.00001) and inter-observer
(r=0.994; p=0.00001) error for H-SCORE in uterine tissues have been previously
reported using this semiquantitative technique (Budwit-Novotny et al. 1986; Lessey et
al. 2000b; Thomaset al. 2003). We did not use positive control for Immunostaining and
this has been outlined as a weakness in section 5.2. However, all the slides were

evaluated using a Nikon microscope by two observers. Furthermore, a subset of two
sections in each group was stained on two different occasions by different researchers to
check variability in staining intensity. An external researcher randomly stained and
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validated the findings. MUC1 BC2staining was similar in the frozen and paraffin
sections.
The H-SCOREwascalculated by the following equation:
H-SCORE=}Pi (i+1),
Where I=intensity of staining with a value of 1, 2, or 3 (weak, moderate or strong
respectively) and Piis the proportion of stained epithelial cells at that intensity, varying
from 0-100%. From the previous study by Thomasetal. (2003a), an H-SCOREof0.7 or
less was notdistinguishable from no staining and wasusedasthe cut off for a negative
test. To validate our results all samples were scored by 2 observers and the difference
was found to be acceptable if the H-SCORE was <0.7. The raw data were recorded in a
table format and each antibody tested in each subject had an individualtable (Table 2.5).

Antibody | I

a

Stroma

Glandular

hla

avs. | ‘|P

|

HSCORE

/ epithelium

TPU+D

0/0

-

Luminal

a

|

epithelium |

P| Paty

TP]

0

0.7

ee

Pa

1

0.3

06

0

0

0.3

0.6

2

0.5

1.5

0

0

0

0

3

0.2

0.8

l

4

0

0

2.9

4

Table 2.5 H-SCORE illustration
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0.6

If all glands are strongly stained for avB3, then the H-SCORE=1(3+1) =4
1. If 30% of stroma is weakly stained,

0.3(1+1)=0.6

50% of stroma moderately stained,

0.5(1+2) =1.5

20% ofstroma strongly stained,

0.2(1+3) =0.8
H-SCORE = 2.9

2. Ifthe luminalepithelium is only 30 % minimally stained, then H-SCORE=0.3(1+1)
=0.6 Le. areas of no staining is not included in the analysis. The result would be
counted as negative as a H-SCORE<X0.7 is considered negative.
The H-SCOREforthe a1, a4, avB3 were scored first. The a1 and a4 staining

pattern was checked against that for the Bl integrin. The avf3 staining pattern was
checked against the $3 integrin pattern to ensure that the staining patterns were similar.
The results shown are those of the avp3 integrin as the B3 levels were only used if there
was a huge discrepancy between the two when there could have been crossreactivity
between the other av subunits. The discrepancy was considered large if the H-SCORE
was more than 0.7 betweenthe two.
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CHAPTERIII
uNK CELLS AMONG WOMEN WITH
REPRODUCTIVE FAILURE AND THE EFFECT
OF PREDNISOLONE ON THE uNK CELLS
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3.1

Study Number1. The uNK Cells In Women
with RM and RIF; Immunohistochemical Study.

3.1.1

Introduction
uNK cells are the predominant endometrial leukocytes in the secretory

phase of the cycle and during implantation, accounting for 70 — 80 % of the leukocyte
cell population. As stated in chapter 1, despite having cytolytic granules like othercells
from the NKcell lineage, there is no evidence that uNKcells kill trophoblast. uNK cells

are phenotypically different from peripheral natural killer cells. They are of

CD56"™*"CD16CD3° phenotype (Starkey et al. 1988; Nishikawaet al. 1991; Koopman
et al. 2003). The exact origin of the uNKcells is notfully elucidated. It is postulated that
uNK cells may migrate from the peripheral NK cells or from direct trafficking from
precursor stem cells in the bone marrow (King and Loke, 1991). Others believe uNK

cells may arise locally from the stem-like progenitor cells in the basalis layer of the
endometrium (Bulmer and Lash, 2005). In terms of their distribution in the

endometrium, uNK cells are both widely scattered and cluster around blood vessels.
They have been thought to play a crucial role in decidualisation of the stroma and
vascular remodelling (Croyet al. 2003; Bulmer and Lash, 2005; Quenbyet al. 2009).

The functional role of uNK cells in normal pregnancy and reproductive
failure is still not fully understood. Accumulating evidence from several reviews support
the view that uNK cells may be involved in regulating trophoblastic invasion dueto their
close proximity to the invading trophoblast (King et al. 2002; Bulmer and Lash, 2005;
Quenby and Farquaharson, 2006). uNK cells also express families of receptors that are

capable of recognising non classical human leukocyte antigen (HLA) on the surface of
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extravillous trophoblast (Moffet-King, 2002, Apps et al. 2007, 2008). It is worth noting
that the extravillous trophoblast expresses human leukocyte antigen (HLA-G, HLA-C
and HLA-E)class I molecule and not the major histocompatibility class II molecules
that are normally involved in graft rejection. uNK cells express the killer
immunoglobulin receptor(KIR) and the CD94/NKG2 receptor families on their surface
which are capable of recognising the HLA-C and HLA-E moleculesrespectively (Hilby
et al. 2008). The HLA-G on the fetal trophoblast can be recognised by leukocyte
immunoglobulin like receptors (LILR) expressed on some uNKcells (Trundley and
Moffett, 2004, Appset al 2008; Li et al. 2009).

3.1.2

uNKcells and reproductive failure
Although studies on uNK cells have generated conflicting results due to

variations in methodologyand population under study, it is becoming evident that
women with reproductive failure have altered or increased expression of uNKcells
(Lachapelle et al. 1996; Clifford et al. 1999; Quenbyet al. 1999; Tuckermanet al. 2007).

The aim of this immunohistochemical study was to analyse the expression of
uNKcells among womenwith reproductive failure; idiopathic RM and RIF and to see
whetherthis is consistent with previous studies (Quenby et al. 1999). Furthermore, we

wanted to investigate any correlation between the number of uNKcells and various
reproductive factors such maternal age, the numberof previous miscarriage, the type of
miscarriage (embryo vsfetal loss, primary vs secondaryloss).
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3.13

Methodology
The Liverpool Research Ethics Committee granted ethical approval for this

project. Patients were recruited as outlined in section 2.2 and 2.3.

3.1.4

Subjects
RM patients included women who had 3 or more consecutive pregnancy

losses of unknown aetiology. The majority of these women were of severe phenotype
and had been extensively investigated andtried all empirical treatment elsewhere prior
to the study. As a result, they tended to be at a higher end of the reproductive age (Table
3.1a). 75 subjects participated in this study as stated in section 2.3, of which 55 had
suffered embryo losses, 17 fetal losses and 3 had an equal number embryo and fetal
losses.
RIF patients consisted of 12 patients who had primaryinfertility for which
no cause was found andall had multiple failed attempts at IVF/ICSI. Women were
included who had three or more cycles of ovulation induction and 10 good quality
embryosreplaced butfailed to achieve pregnancy (Table 3.1a).
The control group consisted of 18 women, 9 of which were controls in a
previous study (Quenby et al. 1999). These women wereattending forsterilisation and
had two or more normal pregnancies with no miscarriages. None was using any
hormonalcontraception. They were using barrier methods of contraception.

92

3.1.5

Endometrial biopsy
Women had their endometrium sampled as outpatients at Liverpool

Women’s Hospital NHS Foundation Trust using a disposable endometrial sampler
(Wallach, Orange, Connecticut) on day 21-23 of the menstrual cycle as outlined in
section 2.4.

3.1.6

Immunohistochemistry
The endometrial biopsies were analysed using the Immunohistochemical

techniques described in section 2.5 of chapter 2 and using the antibodies shownin Table
22.

B17

Cell counting
All slides were evaluated using a Nikon microscope at low (100x), (200x)

and high power (400x) magnification. Ten high-powered fields (x400) were randomly
selected and the number of antibody-positive and negative stromal cells in each field
was counted. There were around 500 cells per high-powered field; consequently, 5,000
cells per patient were counted. The percentage of positive stromal cells was calculated.
The normal range was defined using the upper end of the interquartile range for the 18
control patients. Thus, women with more than 5% uNK in their endometrium were

considered to have high levels, and four of the control patients were above this leve
(Table 3.1a).
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3.1.8

Statistics
The non-parametric Mann-Whitney U-test (two sided) was used to analyse

the difference between the subjects and the contro group. The recurrent miscarriage
subjects were classified according to the type of their pregnancyloss into recurrentfetal
loss group and recurrent embryoloss group and results were analysed separately.
They were further classified according to their previous history of a live
birth into primary and secondary RM. A Kruskal-Wallis non-parametric one-way
ANOVAwas performed to examine the differences in the percentage uNK cells among
the primary loss, secondary loss and fertile control groups. A multiple comparison test
(Dwass-Steel- Critchlow-Fligner) was performed as a post hoc follow-up to the KruskalWallis test to asses the groupsthat differed at the 0.05 significant level.
Spearman's rank correlation coefficient (Rho) and its 95 % confidence
interval were used to analyse the relationship between the percentage uNKcells and the
age of the niliiests and number of previous miscarriages. A p value of <0.05 was
considered significant. All statistics were performed using Stats direct software
(Cheshire, UK).

3.1.9

Results: Demographic details
The majority of the RM womenin this study were of severe phenotype with

the median of 5 miscarriages (range 3-22). They also had very low rates of previous
successful pregnancy (previous live birth rate, 22%). 55 had suffered embryo losses
(median 5, range 3-22). 17 had experienced fetal losses (median 4, range 3-15). In 3

women, the type of pregnancy loss could notbe classified as these women hadsuffered
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an equal number of embryo andfetal losses. There were similar age distribution among
women with embryo losses (median 38; range 20-47), fetal losses (median 38; range 33-

49), and the control group (median 37; range 24-41). The control group consisted of 18
women with 2 or more previous live births and with no history of miscarriage or
infertility. The summary of clinical details of the subjects is shown in Table 3.la.
Individual data for the 18 controls, 17 fetal loss and 55 embryo loss groupsare given in
Table 3.1b Table 3.1c and Table 3.1d respectively.
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_|CONTROLS| RECURRENT| RECURRENT| RECURRENT
7
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FETALLOSS| IMPLANTATION

ea a

37
24-41

38
20-47

38
33-49

0

5

4

3-15

0-0

18
(100%)

13
(23.6%)

4
(23.5%)

0
(0%)

0

12

n=18

Age
Median
Range

EMBRYO

3237 ss

——_—*|s xn=55

| n=17

FAILURE
n=12_—__

38
28-42

Total no. of
miscarriages
Median

Range

0-0

3-22

0

No. of women
with

Previouslive
birth (in %)
Total no. of
embryo
replaced
Median

Range

0

0-0

0

0-0

0-0

10-16

Table 3.1a Summary of clinical details of the study population. *The Total number of
RM (75) includes the 3 women whohad suffered equal number of of fetal and embryo
losses.
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CON’
n=18
C001

C002
C003
C004
C005
C006

C007
C008

C009
C010

Coll
C012
C013
C014

C015
C016
C017

C018

LOWER QUARTILE
MEDIAN
UPPER QUARTILE
Table 3.1b Percentage of uNKcells in the endometrial stroma of the 18 fertile controls:
median+interquartile range, 2.8(1.2-5.0)
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Table 3.1¢ Individual clinical data and percentage of uNK cells in the endometrial
stroma of the fetal loss group, n=17.
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Table 3.1d Individual clinical data and percentage of uNK cells in the endometrial
stroma of the embryo loss group, n=55.

The median age for the 12 women with recurrent implantation failure was 38
(range 28-42). Although oocyte quality is thought to be worse in women over35 years
of age and thus age mayhave a contributed to the implantation failure, the intra group
comparisonsare valid as the ages of RM are similar (Table 3.1a). The median number of
embryo replaced among these women was 12 (range 10-16). None had previous
successful pregnancy. Data for 12 RIF subjects are given in Table 3.1e.
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0.4
21.83
8.46
1.71
7.75
13.8]
2.33
13.4
5.8
3.48
16.1
14.0

2
3

4
5
6
7
8
9
10
_
N

11

Table 3.1e Clinical data and percentage of uNKcells in the endometrial stroma of

Recurrent Implantation Failure (RIF) subjects, n=/2.

3.1.10

uNK cells and the type of reproductive failure
Illustrations of immunohistochemical staining of uNK cells in the study

population are given in Figure 3.2
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102

(c) negative control
Figure 3.1 Immunohistochemical staining of CD56" cells in the endometrium of(a)

subject with normal reproductive history (fertile control) showing CD56" cells <5%;(b)
Subject with a history of recurrent miscarriage (RM), showing high levels of CD56"

cells (>5%); (c) negative control stained with mouse IgG. Magnification x 400

The number of uNK cells in the 75 subjects with RM (median=4.92,

IQR=2.62-14.0) were significantly higher (p=0.0083) than the fertile control (median
2.8, IQR=1.2-5). Similar significant finding (p=0.0267) was observed in subjects with
RIF (median=8.1, IQR=2.9-13.9), (Figure 3.2a). RM subjects were further classified

according to the type of miscarriage into recurrent fetal losses and recurrent embryo
losses. Both recurrent fetal losses (median=5, IQR=4.66-28.3) and recurrent embryo

losses (median=4.92, IQR=2.11-14.0) had significantly higher (p=0.027, p=0.0024
respectively) numbers of uNKcells than fertile controls (Figure 3.2b).
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(n=75)

CONTROL
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(n=18)
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(n=18)
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|
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PERCENTAGEuNK CELLS
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Figure 3.2a Box and whisker plots showing the percentage of uNK positive cells in mid
luteal endometrial biopsies

in recurrent miscarriage subjects

(n=75),

recurrent

implantation failure (n=12) and fertile controls (n=18), Both groups had significantly
higher numbers of uNK cells than fertile controls, p=0.0083 and p=0.027 respectively
(@ open circle indicates far outliers).
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Figure 3.2b Box and whisker plots showing the percentage of uNK positive cells in mid
luteal endometrial biopsies in the recurrent miscarriage patients classified according to
the type of pregnancyloss; recurrent embryo losses (n=55, p=0.027) and recurrent fetal
losses (n=17, p=0.0024). Fertile controls n=18 (@ open circle indicatesfar outliers).
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3.1.11

uNK cells in women with primary and secondary RM
RM subjects were also classified according to their previous history of a

live birth into primary (n=17) and secondary RM (n=58) andthe results were compared
with fertile controls (Figure 3.2b). The Kruskal-Wallis test indicated a significant

difference existed among the three groups (T=9.64225, df=2, P=0.0081). A multiple
comparison test (Dwass-Steel- Critchlow-Fligner) was performed as a post hoc followup to the Kruskal-Wallis test. Groups were compared and the Kruskal-Wallis and the
follow-up multiple comparison test are summarized in Table 3. A significant difference
wasonly observed betweenthefertile controls and secondary RM (p= 0.0089)

Figure 3.2c Box and whisker plots showing the percentage of uNK cells in mid luteal
endometrial biopsies in the recurrent miscarriage subjects classified into primary losses
(n=17) and secondary losses(n=58) and Fertile controls (n=18) (@ opencircle indicates

far outliers).
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Kruskal-Wallis: allpairwise comparisons (Dwass-Steel-Chritchlow-Fligner)
Groups = 3
df=2
Total observations = 93
Adjusted for ties:

T = 9.64225
P=0.0081

Critical g (range) = 3.314493

CONTROLvs. PRIMARY LOSSES

notsignificant

(1.424017> 3.314493)

P = 0.5725

CONTROLvs. SECONDARY LOSSES
(|-4.173053| > 3.314493)

significant
P = 0.0089*

PRIMARY VS SECONDARYLOSSES
(|-2.290858| > 3.314493)

not significant
P = 0.2372

Table 3.2 Result of Kruskal-Wallis tests and pairwise comparisons (Dwass, Steel, and

Critchlow-Fligner) in subjects with recurrent primary and secondary miscarriages
“Significant difference was observed between subjects with secondary losses and the
control group.

3.1.12

uNK cells and ageof the subject
Nocorrelation was found between percentage of uNK cells and age of the

subjects. Spearman's rank correlation coefficient (Rho) for the controls was 0.20, 95%
CI= 0.2915 to 0.61; embryo losses, (Rho) = 0.19, 95% CI= -0.187046 - 0.340203, p=
0.16); fetal losses, (Rho) = 0.33, 95% CI = -0.170926 - 0.703918, p = 0.18 and recurrent
implantation failure, (Rho) = 0.07, 95% CI = - 0.527242 to 0.61711, p=0.83. The scatter

plots for the four groups of subjects are shownin Figure 3.3a
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Figure 3.3a Scatter plots of percentage of uNK cells and age of the controls, recurrent

implantation failure (RIF), fetal loss, and embryo loss subjects; (a) fertile controls
p=0.412; (b) RIF subjects, p=0.83; (c) Fetal losses, p=0.40 and (d) Embryolosses,

p=0.80. No significant correlation was observed.
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3.1.13

uNK cells and the numberof previous miscarriage
Nosignificant relationship was observed between the percentage of CD56"

stromal cells and previous number of miscarriages (Rho = -0.005; 95% CI =-0.2284to
0.2195, p=0.97), Figure 3.3b.

Figure 3.3b Non-parametric linear regression plot ofpercentage of uNK cells and
numberofprevious miscarriages in the 75 subjects. No correlation was noted, p=0.97

3.1.14

Discussion
There has been a growing interest in endometrial leukocyte population

among womenwith poor reproductive outcome (Bulmer and Lash, 2005; Quenby and
Farquharson, 2006). This observational study counted the percentage number of CD56"
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stromalcells in pre-implantation mid luteal endometrial biopsies among 75 women with
idiopathic recurrent miscarriage and 12 with implantation failure. The strength ofthis
study was thatit consisted of a large population of women with severe phenotypes, with
a median of 5 miscarriages and for implantation failure, 10 good quality embryo
replacements. Similar study by Clifford et al. (1999) had recruited 29 recurrent
miscarriage patients and 10 controls. Another study by Tuckermanet al. (2007) had
recruited 87 RM subjects and 10 controls and their mean numberof miscarriages was 3
(range 3-5).

The weakness of the study was that endometrial biopsies were not precisely
timed according to LH surge. Biopsies were dated according to Noyes dating criteria and
only those between days 19 — 23 were includedin the study. LH surge measurements are
more accurate in predicting the ovulation time (Shoulpeet al. 1989). LH timing was not
practical in the context of this project as women wererecruited from all over UK and
manytravelled long distances hence compliance would have been a big problem.
The study has shown that women with idiopathic RM have increased
expression of uNK cells. When the RM subjects were separated according to the type of
miscarriage into fetal and embryo losses, both groups had shown significantly higher
numbers of uNK cells than the controls, contrary to the findings by Clifford et al.
(1999). In their study, they found that subjects with recurrent early pregnancy losses had
significantly higher numbers of uNKcells than controls. However, their study included
only 6 subjects with fetal losses. The overall results of our study are consistent with
someofthe preceding studies (Quenbyet al. 1999; Clifford et al. 1999; Tuckermanetal.

2007).
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The main problem with these studies is the lack of consensus as to what
defines normality. In our study, the normal range was defined using the upper end ofthe
inter-quartile range (1.5%-5%) of the 18 control patients whose median was 2.8 %.
Percentage of CD56" cells below 5% was considered normal and vice versa. In the
recent study by Tuckermanet al. (2007), they used the 90" percentile of their control
patients (n=10) and their cut off point was 13.8%. Their staining methodology was on
the waxed embedded tissues while in this study and earlier study by Quenby et al.
(1999), frozen samples were used.

Furthermore, different studies have used different methods of counting the
CD56" stromalcells. Our study used a similar method of counting to the study by
Tuckermanet al. (2007). We counted both negative and positive stromalcells in each 10

high-powered microscopic field and the percentage of CD56" cells expressed as the
function of the total numbers of the stromal cells. Clifford et al. (1999) counted the
positive CD56 cells and analysed the mean numberofpositively stained CD56 cells per
10 high-powered microscopic fields. Some studies have used flow cytometry to assess
endometrial expression of uNKcells (Matteo et al. 2007).

Like the previous studies by Clifford et al. (1999) and Tuckermann etal.
(2007), median age 32, 34 respectively, we found no correlation between age and the

number of uNK cells among women with RM and RIF (median age 37, 38 respectively).
We also found no correlation between uNK cells and the number of previous
miscarriage and the type of pregnancy loss i.e. fetal or embryo loss. Of note, even
though women with RM and RIF had higher numbers of uNK cells in their preimplantation endometrium comparedto fertle controls, there was a considerable overlap
between the study population and the control subjects. Four of the control subjects had
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uNKcells greater than 5% and some women with RM and RIF had uNKcells below
5%. This further illustrates the point that idiopathic RM is a heterogeneous condition
with multiple aetiological factors. In the study by Quenbyetal. (1999), high numbers of
pre-implantation uNK cells were of prognostic value for further miscarriage after the
biopsy. Tuckerman et al. (2007) and other studies by Michimata et al. (2002) and
Shimada et al. (2004) found to the contrary. They, however, concluded that uNK cells

may have a potential role in implantation and that perhaps alterations in the number of
uNKcell may be responsible for recurrent pregnancy loss. In our study, we did not test
the prognostic value of uNK cells in predicting subsequent pregnancyloss.
Weanalysed the uNK cells distribution between the primary and secondary
RM. Unlike Tuckerman et al. (2007), who had found significant difference between

primary loss group and fertile controls, we found significant difference between
secondary loss group andfertile controls. The majority of our subjects were of the severe
phenotype and very few had a previoushistory oflive birth (n=17). Perhaps this might
explain the differences between the twostudies.
Studies from peripheral NK cells have also found increased numbers of
peripheral uNK cells among RM patients (Aokiet al. 1995; Beer et al. 1996; Shakhar et
al. 2003; Yamada et al. 2003). Others have questioned the functional role of this in
implantation failure (Rai et al. 2005).

Reviewson uNKcells suggest that the exact functional role of uNK cells in
recurrent reproductive failure and normalpregnancyis still not fully understood (Bulmar
and Lash, 2005; Quenby and Farquarson, 2006). To date, there are no convincing

demonstrations of a fundamental role of uNK cells in humanreproduction. Their spatial
and temporal distribution in non-pregnant and pregnant uterus may suggest two possible
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roles in reproduction. Firstly, in a normal menstrual cycle their levels are low in the
proliferative phase and increase significantly in the secretory phase, falling to basal
levels during menstruation (Bulmer et al. 1991a, 1996; Trundley and Moffett, 2004).

uNKcells may therefore be important in the renewal, differentiation and break down of
the endometrium during the menstrual cycle. Secondly, their increased levels in the
decidualised endometrium and early pregnancy suggesta crucialrole in the implantation
process and early pregnancy development.
Our study, like many previous studies has lookedat the levels of uNK cells
in the pre-implantation endometrium of women with RM and RIF. In a review paper by
Quenbyetal. (2002), two hypotheses were proposed to explain the role of uNKcells in
RM.It was suggested that perhaps uNK cells make the endometrial environment too
hostile to the invading trophoblast or too receptive allowing abnormal embryos to
implant which later end up in miscarriage. However, uNKcells are also needed in
normal pregnancy making the former hypothesis unlikely.
A study by Yamadaetal. (2003), found that uNK cells are more abundant

in decidua of chromosomally abnormal miscarriage, supporting the latter hypotheses.
However, it is very difficult to draw conclusions from events that occur in the
preconception endometrium to explain events that occur during the actual implantation
process. During implantation, the presence of the developing embryo mayalter the
number and functional role of the uNK cells. The close proximity of uNKcells to the
invading trophoblast suggests they may be involvedin regulation of trophoblast invasion
(Moffet-King, 2002). Furthermore, uNK cells express families of receptors that are
capable of recognising specific antigens on the surface of extravillous trophoblast (King,
et al. 2000a; Moffet-King, 2002; Appset al. 2007; Sharkey et al. 2008; Liet al. 2009).
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Their perivascular distribution suggests that uNK cells may be involved in vascular
remodelling, a processthatis vital for the development of normal pregnancy (Croyetal.
2003; Bulmer and Lash, 2005). uNK cells are thought to play a role in angiogenesis
through the expression of various cytokines and growth factors such as vascular
endothelial growth factor (VEGF), placental growth factor (PLG) and angiopoetin 2
(Ang 2), (van den Heuvelet al. 2005; Hannaet al. 2006; Lash et al. 2006; Quenbyetal.

2009).
The consistent findings of raised uNK cells in many studies of recurrent
miscarriage make them a potential therapeutic target. uNK cells are known to express
prolactin, oestrogen and glucocortocoid receptor and not progesterone receptors
(Gubbay et al. 2002; Henderson et al. 2003). It may be that uNKcells are regulated

directly or indirectly by these hormonesthrough these receptors.

alls

Conclusion
This immunohistochemical study confirms findings from previous studies

that women with reproductive failure have increased number of uNKcells in their preimplantation endometrium than fertile controls. The findings of this study support the
previous suggestions that uNK cells may play a crucial role in the process of
implantation. However, more studies are needed to elucidate the exact role played by
these uNKcells in women with reproductive failure. In addition, epidemiological studies
lookingat fertility rates between fertile controls and RM would be of value in exploring
the endometrial over-receptive theory among recurrent miscarriage patients.
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Study Number 2. The Effect of Preconception Steroid
Therapy On uNK Cells Among Womenwith
Recurrent Miscarriage

3.2.1

Introduction
Treatmentof provenefficacy is available for only 15% of women with RM,

those with antiphospholipid syndrome. Recently, significant advances have been made
in understanding the interaction between fetal and maternalcells in the uterus. These
advances have pointed to a significant role for uNK cells in pregnancy implantation
(Moffett-King, 2002).

As outlined in previous chapters, pre-implantation endometrium of women
suffering from idiopathic RM hasaltered expression of uNK cells (Lachapelle et al.
1996; Clifford et al. 1999; Quenbyet al.1999; Tuckermanet al. 2007). This has also

been confirmed by our study (Chapter 3, study number 1). Studies that have failed to
show significant association between uNKcells in RM have included womenwith only
2 miscarriages (Michimataet al. 2002; Shimadaet al. 2004). However, womenwith only

two miscarriages have sucha high live birth rate (85%) in subsequent pregnanciesthatit
is unlikely they have any underlying pathological cause (Brigham and Farquharson,
2002). Other publications report an association between peripheral blood NKcells and
RM (Aokiet al. 1996; Ntrivalas et al. 2001; Shakhar et al 2003; Yamadaetal. 2003).

However, the role of peripheral blood NK cells in implantation failure has been
questioned (Moffett et al. 2004).
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Glucocorticoid receptors have been demonstrated on the surface of uNK
cells (Henderson et al. 2003). There has been a single anecdotal report of a successful
pregnancy outcome in a woman whohad 19 consecutive miscarriages and elevated uNK
cells treated with prednisolone (Quenbyet al. 2003). We havetested the hypothesis that
high numbers of uNKcells in the endometrium of women with RM could be reduced
with prednisolone. This has not beenreportedbefore.

Jide

Materials and Methods
Subjects were recruited as outlined in chapter 2. For this study, endometrial

biopsies were taken from the 75 RM subjects who had met the inclusion criteria as
outlined in section 2.4.
The endometrial biopsies were immunoassayed as described in section 2.5
using antibodies in Table 2.2

3.25

Cell counting
Ten high-powered fields (x400) were randomly selected and the number of

CD56" cells and negative stromal cells in each field was counted. There were
approximately 500 cells per high-powered field hence 5000 cells per patient were
counted. The percentage of positive stromal cells was calculated. As stated in section
2.6.1, the normal range wasdefined using the upper end ofthe inter-quartile range of the
18 control patients, whose median was 2.8% and inter-quartile range 1.2% - 5% (Table
3.1b). Thus, women with more than 5% uNK cells in their endometrium were
considered to have high levels. 32 women had more than 5% of uNKcells, out of which
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29 agreed to take prednisolone 20mgs for 21 days from day one of the menstrual cycle
(Table 3.3b). On day 21 of the cycle, a second biopsy wasobtained and treated the same
way as the first. The patient then used a decreasing dose of prednisolone, 10mgs for
three days followed by 5 mgs for four days. A summary of the clinical data for the 75
subjects is outlined Table 3.3a and percentage of uNK cells for the individual 29
subjects in Table 3.3b

3.2.4

Statistics
The difference between the two groups was calculated using a Mann-

Whitney U-test (two sided) and the two proportions using chi-squared test with Yates’s
correction. Paired data were examined using the Wilcox Signed Rankedtest (two sided).
All statistics were perfomed using Stats Direct software (Cheshire, UK). A level of

p<0.05 was consideredto be significant.

3.2.5

Results
Of the 75 RM subjects, 32(43%) had high numbers of uNK cells of more

than 5% in their endometrial stroma. Thus, the sensitivity and specificity of counting the
uNKcells using the 5% cut off were 43% and 89%, respectively. The 32 subjects with
uNKcells greater than 5% were of severe phenotype, with a mean number of previous
miscarriages of 4 and only 4 had one or morelive births prior to their miscarriages
(Table 3.3a). 3 of the 32 subjects declined further participation in the study and 29
agreed to take prednisolone and had a secondbiopsy.
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Controls | RM
| Recurrent miscarriage |
| UNK<5% | uNK>5%
©

|n=18 | n=43 _| n=32
Age

Median

24-41

20-46

37

39

0
0-0

4
3-16

4
3-22

Previouslive birth (in %)

18(100%)

12(28%)

5(16%)

% stroma of CD56+
Median
Interquantile Range

2.8
1.2-5.0

2.83
1.9-4.68

20.4
11.94-33.25

0.2
1.3-3.1

0.1
0-0.6

1
0-11

0.5
0.1-3

0
0-0.9

0
0-9.1

Range

a7

32-49

Total no. of miscarriages
Median
Range
No. of womenwith

% stroma of CD16+
Median
Interquantile Range
% stroma of CD 3+
Median
Interquantile Range

Table 3.3a Clinical and endometrial characteristic of RM subjects (n=75), classified

according to the percentage of uNKcells into those with high numbers (n >5%) of uNK

cells (n=32) and those who had low numbers (n<5%) of uNKcells (n=43). Very few

subjects with uNKcells greater than 5% hada previouslivebirth.
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Table 3.3b Individual clinical data of percentages of unK cells before and after 21days
of treatment with prednisolone, for the 29 subjects who had higherlevels of greater than
5% and had participatedin thetrial.
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Prednisolone significantly (p=0.0004, two sided) reduced the number of
CD56"cells in the endometrium. The median before treatment was 14% (IQR 11.0-32.6)

and after treatment was 9% (IQR 5.6-16.3), (Figure 3.4). Very few cells were positive
for CD3 with a median of 0% (IQR 0-9.1) and CD16 with a median of 1% (IQR 0-11%),

(Table 3.3a). These figures are lower than that what was found in the previous study by
Quenby et al.(1999) that looked at pre-implantation endometrial leukocytes in RM
patients, CD3cells; 3.7(0.4-7%), CD16 cells; 1.7(0.2-15%). As no positive control was

used for immunostaing, it may be possible that this affected the results for CD3 and
CD16 cells.
No women encountered side effects noteworthy enough to stop the
medication. The following side effects were reported; four women had moodalterations
(three had euphoria, one had depression), two women reported increased appetite and
two womenhad mild epigastric discomfort.
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100;
90)
80)

% NK cells

70)
60)
50)
40)
30)
20)
10|

Normal range <5%
Day 21

Day21 on prednisolone

Figure 3.4 Mid luteal phase endometrial uNKcells as a percentage oftotal stromalcells,
before and after 20 mg ofprednisolone for 21 days (n=29). A significant reduction in the

number of uNKcells: median+ IQR,pre-treatment, 14(11.0-32.6), post-treatment 9(5.6-

16.3), p=0.0004.
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3.2.6

Discussion
We have demonstrated that high numbers of uNK cells in the pre-

implantation endometrium of women with RM can be reduced with the administration of
prednisolone. It has been previously reported that 20mgs of prednisolone for three days
was sufficient to reduce peripheral NK cell numbers (Pountain et al. 1993). However,
this is the first report of prednisolone reducing endometrial NK cell numbers.
The exact role of uNKcells is not yet known. The presence of uNKcells in
significant numbers in pre-implantation endometrium and the existence of NK cell
receptors that can recognise antigens on invading trophoblast mean that uNKcells are
considered to have critical role in implantation (King, 2000a; Moffett-King, 2002). In
vitro studies have shown that EVT/uNK interaction can occur (King, 2000a). uNK cells

do have the ability to destroy trophoblast cells in vitro and appear to have a
physiological role in the regulating the development of the placenta (Zdravkovic etal.
1999). Furthermore, polymorphisms in the killer immunoglobulin receptors (KIR) on
uNK cells in combination with specific polymorphisms in their ligand on fetal
trophoblast have been associated with pre-eclampsia, a disease characterised by poor
trophoblast invasion (Moffett and Hiby, 2007; Hibyet al. 2008). KIR receptor numbers

or polymorphisms were not found to be associated with RM in one study by Witt etal.
(2004) but have been in studies by Wanget al. (2007) and Hibyetal. (2008). In order to

explain the role of uNK cells in RM, two competing hypotheses have been suggested:
either uNK cells are hostile to invading trophoblast or, uNK cells may facilitate the
implantation of abnormalblastocysts leadingto the clinical presentation of RM (Quenby
et al. 2002).
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The latter interpretation is supported by data showing uNKcells are more
numerous in the decidua from chromosomally abnormal miscarriages than in
chromosomally normal miscarriages (Yamamoto et al. 1999). Dissimilarities were

noticed in the decidual leukocytes from the miscarried tissue, of women with
unexplained RM and a normal fetal karyotype compared to women with RM and
abnormalfetal karyotype (Quack et al. 2001). This study has used the crude assessment
of counting uNK cells that may not necessarily reflect uNK cells function. However,
such a profound difference on numbers mayalso have a consequence on function.
Previous publications also suggest that pre-conceptual prednisolone may
improve implantation. There has been onecase report ofintrauterine prednisolone given
pre-conceptually to a woman with ten previous miscarriages that resulted in live birth
(Ogasawara and Aoki, 2000a). A retrospective study of pre-conceptual prednisolone and
aspirin given for five weeks prior in-vitro fertilization and embryo transfer found an
apparent improvement in pregnancy rates in women with a possible autoimmune
aetiology to their sub-fertility (Hasegawaet al. 1998). A randomised controlled trial of
pre-conceptual prednisolone for four weeks prior to embryo transfer found a trend
towards lower miscarriage rates in the prednisolone group (18% versus 23%), which
may be important when considering that womeninthis trial were not considered to have
an endometrial factor to their sub-fertility and had 38% birth rate (Ubaldi et al. 2002).

Other studies of prednisolone given at the time of egg collection or embryo transfer
found no improvementin pregnancyrates but in these cases the prednisolone was given
too late to alter pre-conceptual endometrial function (Lee et al. 1994; Moffitt et al.

1995).
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To date immunotherapy for RM is of unproven efficacy (Scott, 2003).
However, immunomodulation of pre-implantation endometrium opens new avenuesfor
treatment of RM.Further research is needed before prednisoloneis used to treat women
with RM.Following this preliminary observational study, a randomised controlled study
on prednisone as a treatment for idiopathic RM in women with altered uNK cell
population andactivity has been designedand is currently on recruitmentstage.
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CHAPTER IV
THE ENDOMETRIAL PATHOLOGYIN THE
VARIOUS SUBTYPES OF REPRODUCTIVE
FAILURE
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4.1

Study Number3: Pattern of Expression of Adhesion
Molecules

4.1.1

Introduction
Many studies have suggested an endometrial disorder associated with

idiopathic RM (Liet al. 2002b). As described in chapter 1, human implantation is a

complex process thatis still poorly understood despite the advances in reproductive
medicine and immunology. It requires an intricate dialogue between a developing
blastocyst that is competent to implant and an endometrium that is receptive.
Trophoblast must cross the luminal epithelium and invade the underlying stroma and
glands (Aplin, 1996a; Anin et al. 2004; Jauniaux and Burton, 2005).

Although the mechanisms of embryo attachment have not yet been well
established, numerouscell adhesion molecules and their ligands are expressed during a
period of maximalreceptivity, the implantation window,corresponding to day LH+7 to
LH+10 of the menstrual cycle ((Aplin, 1997; Wilcox et al. 1999). Adhesion molecules

thoughtto play importantroles in early pregnancy include integrins a181 0481 avB3 and
OPN (Lessey, 2002a). However, there is a need to define more precisely whether these
components are present at the surface of luminal epithelial cells where the embryo
attaches.
OPNis a secreted glycoprotein, the expression of which is increased in the
mid secretory phase and decidua (Apparaoet al. 2001; Wolff et al. 2004). It has binding
affinity for integrins including o4f1 and for avB3 the endometrially expressed surface
component CD44 (Behzadet al. 1994; Johnsonet al. 2003). Conversely, the cell surface
MUC1 is present on luminal and glandular epithelium and is thought to interfere with
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the interaction between adhesion molecules on trophectoderm and maternalepithelial
cells, and thus act as a barrier to, or regulator of implantation (Aplin, 1999; Aplin etal.

2001).
In reproductive failure, it has been suggested that the endometrium may be
either unreceptive or excessively receptive to the implanting embryo (Quenbyetal.
2002). In the former case, the embryo cannot adhere to the luminal endometrium,

leading to infertility; in the latter the endometrium allows poor quality embryosthat
should be rejected to implant andpresentclinically as miscarriages. Results from various
RM studies are conflicting because authors have used different definitions of RM and
hence the populations studied have not been comparable(Li et al. 2002c; Christiansen et
al. 2005).
Widespread access to high-resolution ultrasonography means that recurrent
pregnancyloss can be sub-classified as outlined in Table 1.0 (Bricker and Farquharson,
2002; Farquharson et al. 2005). When ultrasonography has been used to sub-classify
miscarriages, different types of pregnancy loss have been associated with different
knownaetiologies (Bricker and Farquharson, 2002; Li et al. 2002c).

4.1.2

Objectives
It is postulated that women with recurrent fetal loss have different

endometrial receptivity compared to those with recurrent loss of empty gestation sacs. In
order to test this hypothesis, we studied luminal and glandular cell surface phenotype in
four groups: women with the two different sub-types of recurrent miscarriage, women
with recurrent implantation failure after embryo transfer and normalfertile controls.
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Firstly, we aimed at mapping the precise distribution of several adhesionrelated components in the endometrial glandular and luminal epithelium in the four
groups.
Secondly, we chose to compare glandular and luminal expression of the
integrin subunits, OPN and MUC1 in subjects with recurrent fetal losses and those with
recurrent loss of empty gestation sacs (embryolosses).

4.1.3

Materials and methods
As previously described in chapter 2, patients were recruited for this study

from a dedicated endometrial research clinic in the Liverpool Women’s Hospital NHS
Foundation Trust after meeting the inclusion criteria. The subjects were divided into 4
groups:
1) Idiopathic recurrentfetal loss
2) Idiopathic loss of empty gestation sacs
3) Recurrent implantation failure
4) Fertile controls

In this chapter, the term idiopathic loss of empty gestation sac is
synonymouswith recurrent embryo loss.

4.1.4

Subjects

4.1.4.a

Idiopathic recurrentfetal loss
The 17 womenincluded in this group had three or more miscarriages that

were fetal losses and one or none of the miscarriages was of an empty gestation sacs.
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Fetal loss was defined as loss of a fetus after cardiac activity was seen on ultrasound
prior to miscarriage and/or the fetus had a crown—rump length of greater than 10mm on
ultrasound scan (Table 4.1a).

4.1.4.b

Idiopathic loss of empty gestation sacs
The 17 womenincludedin this group had three or more miscarriages, where

ultrasonography revealed an intrauterine gestation sac but neither a fetus nor fetal
cardiac activity was ever demonstrated. This group also included sacs with an internal
echo of between 2 and 10 mm without fetal heart action (embryo losses). Women
includedin this group had nofetal losses (Table 4. 1a).

4.1.4.c

Recurrent implantation failure group
This consisted of 10 patients who had primaryinfertility for which no cause

was found andall had multiple failed attempts at IVF/ICSI. Women wereincluded who
had three or more cycles of ovulation induction and 10 good quality embryos replaced
but failed to achieve pregnancy (Table 4. 1a).

4.1.4.4

Fertile control group
Dueto difficulties in recruiting controls, 10 subjects were recruited when

they attended the gynaecology outpatients, preoperative clinic and day surgery ward
prior to sterilisation. They all had at least 2 normal pregnancies and no previous
miscarriages and were using only barrier methods for contraception (Table 4. 1a).
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4.1.5

Endometrial biopsy
The endometrial biopsy was obtained on a day equivalent to LH+7 to

LH+10 as determined by menstrual history, aimed to correspond to the implantation
window (Wilcox et al. 1999). The biopsies were separated into two parts. One part was
right awayfrozen in liquid nitrogen and stored at —70°C. The other portion wasfixed in
4% paraformaldehyde in PBS at pH 7.4 for 1-2 days, then processed in a tissue
processor overnight and embedded in paraffin. 5um sections were then cut and placed
on Poly—L-Lysine coated slides.

4.1.6

Endometrial dating
Samples were dated according to Noyes’ histopathological criteria as

modified by Murray et al. (2004). This is outlined in section 2.4.3. They were included
in the study only if histological dating placed them in the day 19-23 (Wilcox et al.
1999).

4.1.7

Immunohistochemistry
The biopsies were analysed using immunohistochemical techniques as

outlined in section 2.5 and using antibodies shown in Table 2.3 and Table 2.4. Staining
was assessed using an H-SCORE for the luminal and glandular epithelium. Stromal
staining wasnotassessedin this study.
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4.1.8

Statistics
Differences in median H-SCORE between the two groups(recurrent fetal

loss and recurrent empty gestation sac) were compared using the Mann WhitneyU test
for non-parametric data (Statsdirect, Cheshire, UK). Significance was based ona p value
of less than 0.05.

4.1.9

Results
The clinical demographics of the study groups (Table 4.1a) show highrates

of pregnancy failure or loss and very low rates of previous successful pregnancy. The
strength of this data is that we used womenwith a severe phenotypeasillustrated by the
median of five losses (Table 4.1a). In order to include women with high numbers of
losses the median age of the women wasgreater than 35 but was similarin all groups.
Thus, although oocyte quality is thought to be worse in women over 35 and thus age
may have contributed to the pregnancylosses the intra-group comparisonsare valid as
the ages of the groupsare similar (Table 4.1a).
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SUBJECTS |AGE | NO.MISCARRIAGES |EMBRYOS

LIVE _

“Recurrent Pt
Fetal loss
38
n=17
(33-49)

Se eee eee

mee

ee

REPLACED

BIRTHS

4
(3-15)

0

4(23.5%)

Recurrent
empty
gestation sacs
n=17

39
(31-46)

5
(3-22)

0

1(6%)

Recurrent
Implantation
Failure
n=10

38
(28-42)

0
(0-0)

12
(9-16)

0

Fertile
Controls

36
(32-41)

0

0

10(100%)

n=10

Table 4. Ia Clinical characteristics of the different groups.Values are given in median
and range unless otherwisestated.

4.1.10 a

Distribution studies
MUC1 localisation wascarried out with two monoclonal antibodies (Figure

4.1a. b). Staining was restricted to the epithelium, at the apical surface of both glandular
and luminal cells. Some additional reactivity was noted intracellularly and in gland
secretions. Staining with antibody BC3 showedthe presence of a continuousapical layer
of MUCI in the luminalepithelium as well as in most gland profiles. Staining with BC2
was also mainly at the apical cell surface but was generally rather less extensive. All
these observations are consistent with previous findings (Serle et al. 1994; Hey et al.
1995; Horneet al. 2005). Staining was highly reproducible and the distribution similar in
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frozen and paraffin-embedded sections. No Staining was seen in negative controls
(Figure 4.1.d).
OPNwasfoundprincipally in the apical cytoplasm ofepithelial cells, with
prominent reactivity in, and adjacent to, bulbous apical projections known as
uterodomes (Figure 4.1c). Some intercellular heterogeneity was noted. Little reactivity
was found in secretions. Some OPNreactivity was also evident in stromal and vascular
locations.
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sel

(c)

Figure 4.1 Immunohistochemistry using antibodies to mucin, MUC1 (BC3, (a); BC2,

(b) and osteopontin (c) in endometrium from womensuffering recurrent loss of empty
sacs. MUC1 showsintense apical reactivity in both luminal (a) and glandular (b)

epithelium. BC2 demonstrates heterogeneity of binding probably due to variation in
MUCI glycoforms. Osteopontin (c) localizes to the apical epithelial cytoplasm in both
glandular and luminalcells, with substantial variation in reactivity. Note the domelike
protrusions from the cell apices typical of implantation phase endometrium. (d)
Negative control using an irrelevant mouse immunoglobulin IgG (magnification <400).
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Staining with antibody to integrin avB3 was detected at the surface of
glandular epithelial cells and in stroma and blood vessels. Apical as well as basolateral
epithelial cell staining was noted. Although the intensity of avB3 was often weak,
staining wasvisible on some luminal and glandular epithelium in all patients. As stated
in section 2.5.3, the B3 was used as a cross reference to the av3; therefore, similar

observations were made with an antibody specific to the B3 subunit.
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B1- empty sac (i) x400

Figure 4.2 Immunohistochemistry of integrin subunits
B1: fetal loss (a-c), empty sac (i), a1: fetal loss (d, e)
a4: fetal loss (f1, f), IVF failure (g), empty sac (h)
Note that the staining is weaker in (g). Integrin 81 appears predominantly at the
basal epithelial surface (a) but is also found in some areas at lateral and apical
epithelial surfaces (b, c). Similarly, a1 is predominantly basal (d) while a4 is mainly
found at lateral surfaces. Staining for all three subunits is generally stronger in the
glands than the luminal epithelium (a, c, e, g andi).
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Staining with antibody to integrin Bl (Figure 4.2: a-e, i) showed
considerable variability between different glands in the same specimen. Staining was
most often seen in a basal location (Figure 4.2: a, b) but areas of lateral and apical
display werepresent in fetal loss specimens (Figure 4.2: b, c), indicating a considerable
plasticity of distribution. In the luminalepithelium, integrin B1 staining was consistently
weaker and often absent (Figures 4.2: a, c), though its expressionin fetal loss specimens
wasdetected in association with the basal or apical surface. Instances were evident of
integrin B1 in the glandular epithelium that disappeared as the gland opened out to the
luminalsurface.
Integrin subunits al and o4 form heterodimers with fl, and the
immunolocalisation data obtained with antibodies to these subunits were fully consistent
with an overlapping distribution. Here too, there was significant variability in
distribution between different gland profiles in the samesection. Integrin a1 (Figure 4.2
d, e) was found to be most often strongest at basal gland epithelial surfaces, but
instances oflateral and much weakerapical staining were usually present. In the luminal
epithelium, a1 reactivity was consistently much weaker, diminishing to undetectable
levels in many areas (Figure 4.2 e). Integrin a4 was seen most prominently in lateral

plasma membranes (Figure 4.2 f, g), but it could also be seen more weakly in some
glands in other plasma membrane domains. The luminal epithelium was often negative
(Figure 4.2.g), but lateral staining could be detected in some areas. Stromalstaining was
highly variable in the integrinseries.
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4.1.10. b Comparison of immunostaining in the two subtypes of
recurrent miscarriage
No significant differences were observed in MUCI or OPNstaining
between the recurrent fetal loss group and recurrent loss of empty gestation sac (Table
4.1b and Table 4.1c). H-SCORES were used to compare immunostaining between the
groups, with separate evaluation of glandular and luminal epithelium. Data for the
median H-SCORESfor antibodies to a1, a4 and B1 and avB3 subunits are given in Table
4.1b and Table 4.1c. The box and whisker plots for the median H-SCORESaregiven in
Figures 4.3 and 4.4. Glandular staining for avB3 was comparatively weak and mostly
negative (Table 4. 1b).
Significantly greater expression of a4, al, Bl and avB3 was seen in the
luminal epithelium and greater a4, al and B1 expression in the glandular epithelium of
womenwith recurrent fetal loss when compared to those with recurrent loss of empty
gestation sacs (Figures 4.3 and 4.4). Indeed, the generally low integrin levels in
epithelium from women suffering recurrent loss of empty sacs is the most striking
overall feature of the data.
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Table 4.1b Data for median H-SCORE (median + interquartile range) of integrins,
osteopontin and MUC! in the glandular epithelium in the four groups, recurrent fetal
losses, recurrent losses empty gestation sac, recurrent implantation failure and fertile
controls. *Significantly greater expression of a1, a4 and B1 was seenin the glandular of
women with recurrentfetal loss than recurrent empty gestation sac.
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Figure 4.3 Box and whisker plots (median, interquartile range, range) of glandular
epithelial immunostaining H-SCORESfor integrin subunits in the four study groups.
The P-value refers to recurrent fetal loss versus empty sac pregnancies. The data are
from 17 recurrent fetal losses (fetal), 17 recurrent empty gestation sacs (sacs), 10
recurrent implantation failures (RIF/IVF) and 10 fertile controls (controls). The avp3

staining was negative.
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Table 4.1¢ Data for median H-SCORES (median +interquartile range) of integrins,
osteopontin and MUC! in the luminalepithelium. *Significantly greater expression of
al, 04,81 and avB3 was seen in the luminal of women with recurrent fetal loss than
recurrent empty gestation sac.
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Figure 4.4 Box-and-whisker plot of luminal epithelial immunostaining H-SCORESfor
integrin subunits in the four study groups. The antibody to integrin avB3 recognizes the
complex of two subunits; other antibodies recognize individual subunits. The P-value
refers to recurrent fetal loss versus empty sac pregnancies. The data are from 17

recurrent fetal losses (fetal), 17 recurrent empty gestation sacs (sacs), 10 recurrent
implantation failures (IVF) and 10 fertile controls (controls).

4.1.11

Discussion
There has been considerable interest in the roles played by MUC1, av and

B1 integrins and their extracellular ligands, especially OPN,in implantation, based upon
expression studies in endometrial epithelium, observation of cycle-dependent variation,
and the failure of the B1-null mouse to complete implantation (Stephensonet al. 1995;
Aplin, 1997; Lessey, 2002a). However, our present mapping study found nosignificant
differences in the epithelial distribution patterns of these adhesion and ant-adhesion
molecules among women with reproductive failure. Subjects in the recurrent
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implantation failure had poorly receptive endometrium, with more than 10 good quality
embryosreplaced without achieving a pregnancy.
From previous studies, women with recurrent implantation failure had very
similar integrin expression to those with unexplained infertility attending for IVF or
ICSI (Thomaset al. 2002, 2003a, 2003b). Other studies on infertile women have shown

aberrant, delayed or absent expression ofintegrins a1B1, «481 and avp3 in patients with
tubal disease, endometriosis, luteal phase defect and unexplainedinfertility (Lessey etal.
1995; Meyer et al. 1997). However, integrin expression is a poor predictor of future
pregnancyin infertile women (Creuset al. 1998; Ordi et al. 2002; Thomas et al. 2003a).
This may be because of inter-cycle variation in expression and comparisons may have
been affected by the substantial interglandular variation that we now report (Ordiet al.
2003). Overall, this study does not provide support for the hypothesis that the integrin
subunits under study, or OPN, are critical determinants of implantation success.
Similarly, MUC1, which mayplay a dualrole as a barrier and attachmentplatform, its
distribution was not observed to vary betweenfertile and infertile endometrium.
We have demonstrated decreased expression of integrins alB1, a4B1, and
avp3 during the implantation window,in the luminal epithelium of patients recurrently
losing empty gestation sacs in comparison with idiopathic recurrent fetal loss. The
presence of minimal avp3 in the endometrium of women with recurrent loss of empty
sacs is in accordance with observations made on an unselected RM population (Lessey,
2000a, Lessey, 2002b). A previous study reported less alfland a4fhlin women with
recurrent pregnancy loss compared to those with unexplained infertility (Skrzypczak et
al. 2001).
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Significant differences in MUC1 expression was not observed between the
two groupseither in glandular or luminalepithelium. Thus, despite previous indications
that glandular MUC1 levels may be diminished in RM bySerle etal. (1994) and Heyet
al. (1995), the study has failed to support the hypothesis that a discontinuous surface
mucin barrier might contribute to elevated receptivity. Local loss of MUCI at the
implantation site depends on embryo-to-maternal signalling (Mesegueret al. 2001).
Wehave proposed that RM is the result of an intrauterine environmentthat
allows the implantation of karyotypically abnormal conceptuses, destined to fail. The
implantation of an abnormal embryo presentsclinically as miscarriage (Quenbyetal.
2002). Though we were unable in the present study to carry out karyotype analysis of
the miscarriage tissue, it has been reported that empty sacs in RM patients are more
likely to have a normal karyotype while fetal loss has a greater likelihood of abnormal
karyotype (Morikawaet al. 2004). The data by Morikawaetal. (2004) are particularly

valid because the female to male ratio of miscarried products was 1:0.83.
If maternal contamination occursin the culture and karyotype of miscarried
products, there are more female karyotype results so the ratio of female to male
karyoptypes is greater than one, for example, in our laboratory it is 4:1 (unpublished
data). Reanalysis of the data reported by Morikawaetal. (2004) found 80% offetal
losses in unexplained RM to be of abnormal karyotype. Philipp et al. (2003), who stated
that 93% of sporadic fetal losses were either karyotypically or structurally abnormal,
further support this. In addition, more karyotypically abnormal miscarriages had an
ultrasonographically recognised fetus (62%) than an empty gestation sac (38%) in a
series that pre-dates the high-resolution equipment in current use (Guerneriet al. 1987).
Stephensonet al. (2002) did not find more abnormalities in fetal than embryonic losses
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in women with RM however, they used gestational age not ultrasound to define the
miscarriage type so their findings are not directly comparable with the current study.
Hence, we suggest that women with recurrent fetal loss have endometrium that is
excessively receptive to the implantation of abnormal pregnancies. This means that
pregnancies that should be lost at the time of a normal menstrualperiod arelost at 6-12
weeks gestation when they cause unnecessary physical and emotional suffering to the
woman.
The results also suggest a currently unexplained link between altered
endometrial phenotype and the production of blastocysts that lead to empty sac
pregnancies. Tomassetti et al. (2006) who suggested that endometriosis may affect
oocyte and thus embryo quality have also suggested this link. Blastocysts may implant
by molecular mechanisms other than those used by normal conceptuses, but this will be
difficult to verify until the molecular mediators are identified. For example, p53
polymorphism has been associated with recurrent implantation failure (Kay et al. 2006)
but not RM (Coulam et al. 2006). In the mean time, it is important that research studies

should be designed to characterise the nature of reproductive failure as accurately as
possible in order to further our understanding of the complexities of materno-fetal
interaction (Christiansen et al. 2005). There have been significant differences in results

from various studies into the role of cytokines that are thought to control integrin
expression in reproductive failure (Laird et al. 2006). A possible reason for these
discrepanciesis the failure of authors to characterise the pregnancylosses.
If different mechanisms are associated, with different types of pregnancy
losses, the proportion of losses of empty gestation sacs and fetus will vary from series to
series and hence the overall result would be different. Similarly, endometrial uNK cells
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have been associated with recurrent reproductive failure but discrepant results exist in
the literature and different authors have obtained different results (Quenby and
Farquharson, 2006). Significantly, different uNK cell numbers and activity have been
found when comparing the loss of normal and abnormal pregnancies (Yamamotoetal.
1999; Quenbyand Farquharson, 2006).

Two key observationsfeatured in our evaluation ofintegrins a1B1, 0481 and
avp3 during the implantation window.Relatively lower levels were observed in luminal
as compared to glandular epithelium in all four groups. Basolateral distribution was
more prominentthan apicaldisplay at the cell surface. Many areas ofluminalepithelium
contained very low levels of the integrin subunits studied. Previous workers have noted
distinct patterns of integrin gene expression in the two epithelial compartments (Lessey
et al. 1996a). These results may have implications for the selection of an implantation
site by the embryo.
The second observation wasthe very striking plasticity of distributionofall
three subunits at epithelial cell surfaces. Although a1 and B1 wereprincipally detected at
epithelial basal surfaces, they could often be found with reducedstaining intensity at the
lateral or apical surface. The a4 subunit was principally distributed laterally but could

also sometimes be seen in basal and/or apical domains. Similarly, avB3 could be found
in differing cell surface domainsin different areas of epithelium.
The co-distribution of the two a subunits with B1 confirms that they are
likely to be present as 0481 and a1$1 heterodimers although the data do not exclude the
presence of other al heterodimers a4 beta7 and other beta 1 heterodimers. The results
cannot be taken as evidence that epithelial polarity is generally absent in endometrial
cells; MUC1 was observed in a well-polarised distribution. Rather, it would appear that
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integrin distribution could vary profoundly with cell microenvironment. This raises
interesting questions about possible changes effected either by other maternal cell
populations, or by a juxtaposed embryo, which may for examplealter expression levels
or stimulate redistribution of adhesion molecules to aid attachment (Simonet al. 1997;
Thie and Denker, 2002; Harris et al. 2009).

4.1.12

Conclusion
The majorclinical implications of our findings are that the endometrium of

women whorecurrently miscarry empty gestation sacs was different to that of women
who recurrently miscarry fetuses. Thus, our findings support the recently published
report by European experts in early pregnancy failure, that the nomenclature for
description of early pregnancy events needs to be revised so that early miscarriage is
sub-classified as loss of empty gestation sac or fetal losses (Farquharson et al. 2005).
The evidence for an endometrial factor in reproductive failure is slowly accumulating.It
is becoming clear that in order to diagnose the endometrial factor increasing
sophisticated clinical and scientific techniques are needed.
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4.2

Study number4: Integrin expression and uNKcells;
Is there a correlation?

4.2.1

Introduction
Asalready established in previous chapters, uNK and integrins have been

associated with pregnancy implantation and RM. However, their exact rolesare still
unknown. Both uNK cells and integrinsare cyclically regulated in the endometrium and
are present during this implantation window.uNK cells are a rich source of numerous
cytokines and growth factors (Saito et al. 1993; Jokhi et al. 1994; Laird et al. 2006).

Functional importance of these in normal and abnormal pregnancy is not known. Some
of these cytokines have shown to either induce or down regulate integrin expression
(Kitazawaet al. 1995; Simonet al. 1996; Kim and Yamada, 1997). Evidence from some

studies has shown that women with RM havealtered cytokine production (Somkutietal.

1997).

4.2.2

Study Hypothesis
The aim of this study was to analyse the relationship between stromal

integrin expression and uNKcells. An observation was made during uNKcell counting
that integrins looked stronger in areas of high uNK cells. This, however, was not the
case with OPN or MUCI. To substantiate our initial observation, we tested the

hypothesis that endometrium with high numbers of uNKcells also expressed large
amounts of integrin and that suppression of uNK cells number with prednisolone would
decrease integrin expression.
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4.2.3

Materials and Methods
Weanalysed biopsies from 51 women of which 34 hadalso participated in

study number 3 (17 had fetal losses and 17 had embryo losses). In addition, included

within the 51 women, were the 29 women who had high numbers of uNKcells and were
in the prednisolonetrial in study number 2. Immunohistochemical evaluation of uNK
cells and avB3, alBl, a4B1 integrin expression and intensity in the stroma was
determined on all biopsies as outlined in chapter 2. Paired data were examinedusing the
Wilcoxon signed rank test (two sided). Non-parametric linear regression analysis and
Spearman rank correlation were used to analyse any relationship between stromal
integrin expression and uNKcells.

4.2.4

Results - Demographic data
The study comprised of women with severe forms of the disease and very

low previous successful pregnancy outcome comparedto controls. The clinical details
are outlined in (Table 4.2) and individual H-SCORESare given in Table 4.3.

teat
Age (Years)
Median
Range
Numberof miscarriages
Median
Range
% Numberoflive births

Controls
(MR
SE

ee

|RM
ee is a

36
32 - 41

37
31- 49

0

6
3- 22

10(100%)

7(14%)

Table 4.2 Clinical data for the 51 subjects.
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‘SUBJECT No alfi —_—~*Y|~av3_
I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
oF

0.4
18
3.8
2.1
0.6
29
3.7
3.4
2.9
4
4
3.8
3.9
3.7
3.6
3.8
14
3.9
12
0.2
1.6
0.2
4
12
4
14
24

12
1.6
2.8
1.6
2
14
3.9
2
3.4
0
2.3
3.7
2
3
34
14
0.4
14
16
0.2
0.2
1.6
0.8
0
0
0
0.8

Ta4pl
14
1.6
2.2
1.8
3.8
3
3.4
3.2
3.3
4
3.9
3.3
3.7
Wa]
$2
24
2.1
13
0.6
1.6
0.8
3.1
0.8
12
0
0.4
16

% uNK CELLS
0.40
21.83
12.38
0.98
0.86
4.0
39.17
25.5
35.18
31.47
15.94
33.40
6.68
71.86
62.2
33.8
3.86
2.48
7.78
171
28.3
0.05
13.67
9.30
13.81
14.0
32.6

Table 4.3 Individual H-SCOREfor the integrins and percentage of uNKcells in the
endometrial stroma for the 51 subjects.
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“SUBJECT No. | alp1_

avp3-

a4pl

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
3
44
45
46
47
48
49
50
51

0.4
0.8
2.4
2
0
0
0.8
08
08
04
0.6
I
21
1.6
2.1
2.6
0.2
0.2
0
0.6
1.6
0
0
3.75

3.2
0.8
2
2.2
2
23
13
12
0
14
1.6
0.6
2.6
1.6
23
3
1.6
1.6
0
16
08
12
3.2
2.5

0.7
2
4
2.2
2.8
0.4
0.8
1.5
0
2
18
3.3
24
1.6
1.2
0
25
4
3.8
2.6
2.7
16
0
2

| % NK CELLS
2.33
6.67
13.4
0.5
10.4
iw
5.8
5.0
1.16
0.78
11.36
37.43
13.83
2.38
0.86
241
6.58
13.40
13.79
10.13
24.93
3.29
11.5
26.1

Table 4.3(continuation) Individual H-SCORE for the integrins and percentage of uNK
cells in the endometrial stroma for the 51 subjects.
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4.2.5

Relationship between uNKcells and integrin expression
Clusters of uNK cells were observed within the endometrial stroma. Those

patches with high numbers of uNK cells also had high intensity staining for the integrins

(Figure 4.6).
There wasa significant positive correlation between a1, integrin stromal
expression and uNKcells Rho=0.621, CI 0.459-0.786, P<0.0001, Fig 4.6. However, no

significant correlation existed between «481 and avB3 expression and uNK cells.
Rho=0.146 CI -0.134-0.406, p=0.304 and Rho=0.243 CI -0.034-0.486, p=0.086
respectively, Table 4.4). Graphs for non-parametric linear regression analysis are
outlined in Figure 4.5.

Integrin [Spearman'srank
ae

Confidence interval

‘orrelation coefficient —

(Fisher'sZ

[P Value -

In=51 __‘\(Rho)
a1pB1

0.0.652

eas

a4B1

10.10.1465

-0.134 - 0.406

10.3042

avp3

10.20.243

-0.035 - 0.486

10.0855

10.459 -0.786

4:

BS:

K< 0.0001 *

Table 4.4 Relationship between endometrial stromal integrin expression and uNKcells.
*Significant positive correlation was observed between a1B1 and uNKcells.
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Figure 4.5 Non-parametric linear regression analysis. alB1*, 48, aVB3 integrin
expression in endometrial stroma and percentage of uNKcells, p<0.0001*, p=0.303,
p=0.086 respectively
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Figure 4.6 Immunostaining for stromal CD56" cells (Al) and al integrin (A2) from a
control patient with normalobstetric history, showing CD56 cells<5% and a1 integrin
expression of weak intensity. (B1, B2) patient with idiopathic RM showing highlevels
of CD56" cells; >5% (B2) and al integrin expression of strong intensity (B3) before
prednisolone therapy and reducedlevels after treatment (C1, C2) X400 magnification
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4.2.6

Effects of prednisolone on integrin expression
In section 3.2, we demonstrated that prednisolone significantly reduced the

number of CD56" cells in the endometrium (p=0.0004, Figure 3.4). In this study, we

analysed the effect of prednisolone therapy on stromal integrin expression in the same
29 women who had highlevels of uNK cells. There wassignificant reduction in a1B1
integrin expression (p=0.0005, CI 0.5-1.7, Table 4.). No significant reduction was
observed for the other two integrins, avB3 and 0481 (p=0.91 and p=0.20 respectively).
The box and whisker plots and median H-SCOREfor each integrin subunt during pretreatment and post-treatment phase are give in Figure 4.7. Individual H-SCORESfor the
10 fertile controls and the 29 subjects, pre and post treatment phase are given in Table
4.5a and Table 4.5b.

CONTROLS__ | ali

_

|avB3

=

—*'|| a4

Co01
C002
C003

0.4
2
1.6

0.4
0.2
2.4

1.6
1.6
2.8

C004
C005
C006
C007
C008
C009
CO010

0.4
2.6
0
4
4
4
2.1

0.2
3.2
1.6
1
2.6
1.8
2.6

0.2
2.4
2.2
0.4
3.3
1.6
2

Table 4.5a Individual H-SCORE for the stromalintegrin subunits in the endometrial
stroma for the 10 fertile controls
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‘Subject| Pre | Post | += Pre '| —sPost|~=SséPre| ~=—S—Ss«éPostt.
No |
aipi| apt | —avB3 | ~~ avB3| —s a4]
sai
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
a7
28
29

3.8
0.2
3.7
3.4
2.9
4

3.8
3.9
3.7
3.6
3.8
1.2
1.6
4
3.95
1.4
2.4
2
2.8
1.8
3.3
2.4
2.5
4
3.8
2.6
2.7
0

1.5
23
27
1.6
3.5
0
2.5
2.9
1.5
3.8
2.2
0.4
2.4
1.4
0.8
0
3.5
2.8
1.6
1.6
1.8
2.4
0
22
1.6
1.2
l
2.8
2

2.8
3.75
3.9
2
3.4
0
2.3
3.7
2
3
2.4
3.4
1.4
0.2
0.8

0.8
0.8
a
0.6
1
21
0.2
0.2
0
0.6
1.6
0

2
2.5
0.4
0.6
1.6
3
2.4
0.6

1.6
2.8
22
0
1.2
1.8
29
1.2
3
0.8
0
0.2
0.4
0.6
0.4
0.4
0.8
0.8
0

23
2.5
3.4
3.2
3.3
4
3.9
3.3
3.7
2.7
32
2.4
0.6
0.8
0.8
0
0.4
1.6
0.8
2
1.8
0.6
2.6
1.6
1.6
0
1.6
0.8
3.2

0.9
2.6
1
2.9
4
3.8
3.8
2.4
0.8
4
1.3
0
2.8
1.6
0.4
0
1.2
0.8
1.9
0.4
1.2
0
0
0.2
1.6
2
0.4
1.6
2.6

Table 4.5b Individual H-SCOREforthe integrins in the endometrial stroma for the 29
subjects, pre- and post-treatment with prednisolone.
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Figure 4.7 Box and Whiskerplots for «181, avB3 and «41 integrins expression in the
endometrial stroma, pre and post prednisolone therapy, n=51. * Significant reduction
was observed with a181, p=0.005.
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[INTEGRIN Ree . PoshaN Value

in
cavB3,

1.40 (0.2-2.4)

0481

2.00 (0.8-3.2)

1.30 (0.4-2.6)

0.20

a1 BI

B.30 (2.4-3.8)

1.80 (1.4-2.6)

10.005*

~ {1.20 (04-24). 10.91

Table 4.6 Effect of prednisolone on integrin expression in the endometrial stroma. The
median H-SCORESfor the three integrins pre- and post-treatment with prednisolone.
* Only «161 showedsignificant reduction (values are median with IQRin parentheses)

4.2.7

Discussion
This study has shown that there is a strong positive correlation between the

uNKcells and stromal «161 integrin expression. Endometrial stromal patches with high
numbers of uNKcells also expressed high levels of integrins and that prednisolone
therapy aimed at reducing uNK cells also significantly reduced «11 integrin
expression.
It is a well-known fact that endometrial receptivity is vital for successful
implantation. The human endometrium is only receptive to the invading embryo for a
short period. It undergoesa series of precisely controlled morphological changes under
endocrine and paracrine regulatory pathways leading to this putative implantation
windowthatfalls on day 20 to 24 of the menstrualcycle.
Both uNK cells and integrins are increasingly expressed during the
implantation window signifying a possible role in implantation. Furthermore, these
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integrins a1B1 a4B1 and avB3 are now well accepted as markers of endometrial
receptivity. (Lessey et al. 1994a; Lessey, 1998a) Studies in mice have suggested that
uNKcells appear to be the main effector cells that directly and indirectly control early
steps of implantation process. Even though what happens in the mice studies may not
necessarily portray what happens in the human endometrium these experiments confer
that uNK might havea vital role in implantation.
uNKcells are knownto express various cytokines and growthfactors (Saito
et al.1993; Jokhi et al. 1994; Vigano et al. 2001) Several lines of evidence have

suggested that cytokines are implicated in conferring endometrial receptivity
(Tabibzadeh and Babaknia, 1995; Vigano et al. 2001; Laird et al. 2006). It has been
shown that there is an increase in TNFa,IL 6, IL 8, IL 12, IL 18, IL 10, MCSF,IL-1,

TGF-B1, CSF-1, LIF, and IFNa in the mid secretory phase. Earlier studies had suggested
that successful pregnancy is predominantly a Thl— type cytokine response where as
Th2- type cytokine responseresults in miscarriage.
Recent follow up studies have challenged this phenomenonsuggesting that
it may have been oversimplified, as not all type 1 cytokinesare arboficifient (Lairdetal.
2006). Although there are conflicting results on the role of various cytokines in the

pathogenesis of RM,there is evidence that cytokines play a vital role in endometrial
receptivity and the process of implantation. The mechanisms that regulate the expression
of integrins and ECM proteins at the endometrium are still not fully understood.
However, there is an accumulating body of evidence that suggest that locally acting
growth factors, various cytokines and steroid hormones alter endometrial integrins
expression and extracellular matrix proteins (Lessey et al. 1996a).
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Bothin vivo andin vitro studies have shown thatthe expression ofthe avp3
integrin in endometrial stroma is upregulated by IL-la, IL-IB, EGF, bFGF, TNF-a. and
downregulated by oestrogen and progesterone. The «11 integrin expression has been
demonstrated to be induced by progesterone and TNF-B.
RM maybe a consequenceof altered expression of immunological factors
in the endometrium. Although the relative importance of immunological factors in
human reproduction remains

controversial,

substantial

evidence

suggests

that

endometrial adhesion molecules and uNK cells among other factors contribute to
reproductive failure. Earlier studies focused on the potential cytotoxicity of uNK cells
against trophoblast. No evidence has been shown that uNK cells attack trophoblast
(Ponte et al. 1999). However due to their proximity to trophoblastic cells and their
cluster around spiral arteries, recent studies have suggested their possible role in
controlling trophoblastic invasion and remodelling of spiral arteries (Bulmer and Lash
2005). In our study, we have demonstrated a positive correlation between uNK calls and
integrin expression. However, the exact mechanism of actionis notfully understood.

4.2.8

Conclusion
Our study has shown that endometrium with high levels of uNKcells also

has high levels of integrin expression and that steroid administration aimed at reducing
the natural killer cells reduced integrin expression. More workis needed to explore this
avenueofthe possible role of uNKcells on integrin expression and pregnancyloss.
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CHAPTER V
CONCLUSION
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5.1

Introduction
Despite numerousresearch studies andvast literature on the subject of RM,

no cause has been found in 50 % ofthe cases. In the study, I looked at the endometrial

factors that may contribute to RM.I will summarise my findings showing that uNKcells
and adhesion molecules have a role in RM. However, the exact role and the clinical
value of testing for uNK cells and adhesion molecules remain unclear. A summary of the
study limitations has also been outlined.

ai]

uNKcell expression in women with idiopathic RM and
implantation failure
In this section, we found very similar findingsto the original previous study

by Quenbyetal. (1999) and other studies (Clifford et al. 1999; Tuckermanetal. 2007).

Pre-implantation endometrium of women with idiopathic RM of severe phenotype and
women with recurrent implantation failure expressed higher numbers of uNKcells than
that of fertile controls. We also found no correlation between the number of uNKcells
and the number of previous miscarriages, the type of pregnancy loss and age of the
subjects compared to normal fertile controls. Women whohadsuccessful birth after RM
also had high numbers of uNKcells. This suggests that high uNK cell numbers can
develop after successful pregnancy and that successful pregnancy does not result in
permanent down regulation of uNK cells. Therefore, as high uNK cell numbers were
seen in all types of poor reproductive history, we suggest that numbers of uNKcells are
deleterious throughout the implantation andfirst trimester period.

PTZ

eB

Theeffect of prednisolone therapy on uNKcells
Wefoundthat the levels of uNKcells in the pre-implantation endometrium

of RM women with high numbers of uNK cells were reduced significantly with 20 mg
of oral prednisolone therapy for 3 weeks. Our study is the first to report reduction of
endometrial NK cells by prednisolone. However, a study that looked on effects of
prednisolone on peripheral NK cells found reduction with prednisolone (Pountain et al.
1993). Ogasawara and Aoki (2000a) reported on a case that had successful pregnancy
outcomeafter intrauterine prednisolone therapy.
Other studies in assisted reproduction have shown improvements in
pregnancy rates with prednisolone therapy, 4 to 5 weeks prior to embryo transfer
(Hasegawaet al. 1998; Ubaldi et al. 2002). At present, the available evidence does not
support immunological treatment with steroids of women with reproductive failure
outside research context. (Scott, 2003; Moffett et al. 2004; Rai et al. 2005). However,

accumulating evidence from these studies and anecdotal reports, demonstrates that
immunomodulation of the uNK cells with steroids in women with RM and implantation
failure though controversial at present, is an avenue worth exploring by robust well
designed randomisedcontrolled trials.

5.1.3

Pattern of expression of adhesion molecules
In contrast to the uNKcells, different patterns of adhesion molecule were

seen in the various types of recurrent miscarriage. We found womenwith recurrentfetal
loss have different endometrial receptivity compared with those with recurrent loss of
empty gestation sac. Findings from this section supported this phenomenon. Different
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patterns of adhesion molecule expression were observed in womensuffering different
types of recurrent pregnancyloss.
Endometrium from women with recurrent fetal loss had increased
expression of integrins a4B1, a1B1, and avpB3 in the luminal epithelium and greater
expression of a a4$1 and a1f1 in the glandular epithelium than recurrent loss of empty
gestation sac. The diminished avB3 in the endometrium ofrecurrent empty gestation
sacs is in line with other observational studies (Lessey, 2000a; Lesseyet al. 2000b).
Nosignificant differences were observed in the expression of OPN and
MUC1 between subjects with recurrent fetal loss and recurrent loss of empty gestation
sac. A study by Morikawaet al. (2004) found that chromosomal abnormalities were
more frequent in the fetal loss group supporting the hypothesis that the endometrium in
these womenis so receptive that it allows abnormal embryos to implant, later resulting
in a miscarriage. However, the intricate interaction between the embryo and the
endometrium leading to successful implantation and continuing of the pregnancy remain
mysterious.

5.1.4

Endometrial uNK cells and integrin expression
This study found a strong positive correlation between the endometrial NK

cells and stromal a1B1 integrin expression. Endometrial stromal patches with high

numbers of uNKcells also had increased expression a1{1 integrin and prednisolone
therapy aimed at reducing uNKcells also significantly reduced the a1f1 integrin
expression. Accumulating evidence has shown that uNKcells can produce numerous
cytokines and growth factors such as IL-la, IL-IB , EGF , bFGF ,TNF-a (Saito et al.
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1993; Jokhi et al. 1994; Laird et al 2006; Li et al. 2009). The functional importance of

this in normal and reproductivefailure is still unknown. Cytokines have shown to either
induce or down regulate integrin expression (Kitazawa et al. 1995; Siméonet al. 1996;

Kim and Yamada, 1997). Some studies have shown abnormal cytokine production in
women with RM (Somkutiet al. 1997).

The relationship between uNK cells, endometrial cytokine production, and
integrin expression in normal pregnancy and in RM warrantsfurther investigation.

a2

Study Limitations
The strengths and weaknesses drawn from this study have provided useful

information on planning and designing the RCT ofprednisolone as a treatment of RM which is currently in its recruiting stage. The womenrecruited in the study were of
severe phenotypes and had suffered so many miscarriages. Therefore, it was unlikely
that the outcomes were dueto chancealone.
Sample sizes were not calculated for two reasons. This was a hypothesis
generating study hence this was not appropriate. In addition, much of this work was
semi quantitative and thus again unsuitable for sample size calculation and post hoc
assessment of study power. Our sample sizes (75 RM, 12 RIF and 18 fertile controls)
were similar to the other observational studies that looked at uNK cells in women with
reproductive failure. Clifford et al. (1999) recruited 29 recurrent miscarriage patients and
10 fertile controls. Another study by Tuckermanet al. (2007) recruited 87 RM subjects
and 10 controls. We had only 18 fertile controls because of difficulties in recruitment.
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The statistical analysis of the data in study number1, involved multiple
comparisons. Weare aware ofthe familywiseerror(rejecting the null hypothesis whenit
should not be rejected) associated with multiple comparisons. The validity of the study
conclusions may be weakenedif this is not taken into consideration by using appropriate
post hoc tests (Tukey, 1991; Ludbrook 1991; Olejnik et al. 1997; Curran-Everete, 2000).
The commonly used ones are the Bonferroni correction, Newman-Keuls, least

significant difference and Turkeytest. Our data are non-parametric; therefore, we used a
Kruskal-Wallis test with its post hoc follow up procudure (Dwass-Steel-ChritchlowFligner) to compare the three groups: primary, secondary losses and fertile controls. A
good study design with predefined comparison groups may be one way of minimising
the commonpitfalls with multiple comparisons. For study number4, our initial novel
hypothesis was that different types of miscarriage were associated with different
endometrial receptivity i.e. women with recurrent fetal losses have different endometrial
receptivity compared with those with recurrent loss of empty gestation sacs. We chose in
advance to compare these two groups. We acknowledge that multiple comparisons with
the other subgroups with reproductive failure would have added another dimension to
the study.

Despite the extensive research on uNK cells and its role in normal and
reproductive failure, much remains unknown. We analysed the relationship between
uNK cells and integrin expression. We mainly counted uNK cells and did not
concentrate on the other leukocytes even though these were stained CD8, CD14, CD45.

From the previous study by Quenbyet al. (1999), this was well investigated and has
been referenced in the endometrial leukocytes section 1.7. We observed during the uNK
cell counting that integrin staining intensity was stronger in areas of high uNKcells.
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This was not the case with OPN and MUCI1, whichstained less. Therefore, we chose to

study the relationship between the stromal integrin subunits and uNKcells to try to
substantiate an initial observation. Furthermore, other extracellular matrix proteins such
as Laminin and fibronectin are worth exploring.
The number of uNKcells andits distribution throughout the menstrual cycle
and in pregnancy is not constant. uNK cells were counted by hand. Our study was
limited to histochemistry. The counting could have been improved with the usage of
flow cytometry. However, flow cytometry has its own limitations as it involves
digestion oftissue and hencepossible loss of antigens.
No positive control was used for immunostaining. Very few cells were
positive for CD3 and CD16. Our findings are lower than those in our previous study
Quenby et al. (1999), which looked at pre-implantation endometrial leukocytes in RM
patients. Perhapsthis could explain whyourresults for CD3 and CD16 were much lower
than would be expected.
Uniformity among subjects in timing of the biopsy is important to minimise
intervariation error. In our study, we did not time the biopsy using LH peak due to
logistical problems. Most subjects travelled across the UK andit wasnotfeasible for us
to carry out LHtests, as this would have involved multiple journeys. We instead used
the date of the last menstrual period, whichis not precise. This might have affected those
subjects who were excluded based onthe histological dating if their biopsies fell outside
day 19-23. Furthermore, some biopsy samples were insufficient for analysis and were
excluded from the study. We believe the impact of the cyclical changes in the
endometrium on the results of the prednisone therapy was minimal as most of our
subjects were of severe phenotype.
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There was no cytogenetic analysis of samples even though we had the
karyotyperesults of the parents. This has been acknowledged as a weakness.

5.3

Final Conclusion
Endometrial factors in RM are clearly important. However, the exact nature

of these factors is complex. The biggest problem andthe limiting factor are lack of
comprehensive research on the exact origin and properties of uNK cells. As such,
different methods have been employedin analysing these cells in various studies making
comparison of data complicated. Some earlier immunohistochemistry studies, including
our study are based on the assumption that the unknown role of uNKcells actually relate
to the numbers present. The difficulty with this is, it is important what constitutes
normallevel. Currently, there is no consensus on what the normal and abnormal values

are, as there is a wide variation among variousstudies.
Dueto the close proximity of uNKcells to trophoblast during the process of
implantation and their perivasculardistribution, the current focus is on the potentialrole
of uNKcells in regulation of trophoblast invasion, uterine vascular remodelling and
angiogenesis. Several mechanisms have been suggested for the regulation of
trophoblastic invasion including cytotoxicity, local cytokine production, and induction
of trophoblast apoptosis (Harris et al. 2009, Quenby et al. 2009). The pitfall with
cytotoxicity theories is that despite the name, there is no evidence that uNKcells kill
trophoblast (Zdravkovicet al. 1999).

There is accumulating evidence that uNK cells produce various cytokines
and growth factors that may play a crucial role in vascular remodelling (Hanna etal.
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2006; Lash et al. 2006; Quenbyet al. 2009). The relationship between uNKcells and
endometrial cytokine production warrants further investigation and how the process may
be defective in RM andreproductive failure. Despite the growing interest on uNKcells
in relation to trophoblastic invasion and vascular remodelling, a lot remains unclear to
their precise function as uNK cells are confined to the endometrium and yet the
trophoblast invasion andspiral artery remodelling extends beyond the endometrium into
the myometrium.

5.4

Future Research
There is no doubt that there is alteration in uNK cells among women with

reproductive failure. Understanding the functional role of uNKcells remains a challenge
in human reproduction. It is controversial whether immunotherapy for RM is effective
and at present, it is not recommended outside the context of research. However,
immunomodulation of pre implantation endometrium or decidua opens new avenues for
the treatment of miscarriage. This study was a preliminary study. Since the completion
of this study, a well-designed randomised doubleblind placebotrial, taking into account
the pitfalls of this preliminary study was commenced.
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APPENDIX A
Preparation of TBS
TRISaddedto distilled water 6g/1
NaCl 8.7/1
HCIaddedto obtain pH of 7.6
Preparation of TRIS buffer

TRIS added todistilled water at 6g/1
pH 8.2

Preparation of Alkaline Phosphatase
Napthol AS-MX 10mg
Dimethyformanide 1.0ml
TRIS buffer 50mls
Levamisole 501
Preparation of antibody
10 mls of TBS added to 0.5ml (0.5%) BSA

Appropriate amount of antibody added to 1 ml of solution depending on dilution used
Preparation of Rabbit anti-mouse IgG
Dilution of Rabbit anti-mouse IgG 1:25 in TBS and 5% normal human serum
Preparation of APPAP
Dilute APPAP complex | : 50 in TBS
Fast Red

10mg of Fast Red diluted in 10mlof alkaline phosphatase passed through 0.45um filter
paper.
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APPENDIX B
PATIENT INFORMATION LEAFLET
Prednisolone: The effect of Prednisolone on the Endometrium (Patients) (Version 2,
21/03/04)

You are being invited to take part in a research project. Here is some informationto help
you decide whether or not to take part. Please take time to understand the following
information ,Read it carefully and discuss it amongfriends, relatives and your GPif you
wish. Ask us if there is something you do not comprehend orif you would like more
information. Take a time to choose whether you wishto take part. Thank you for reading
this.
Whatis the purposeof the study?

RM (RM)canbe a very distressing condition to the woman. In half of the cases we do
not know the reasons whyit happens. We would like to find outif certain cells that are
called the Natural Killer (NK) cells from the lining of the womb (endometrium)

contribute to the miscarriage. Naturalkiller cells are white bloodcells that help to fight
against infections, viruses, and cancer. However, we have discovered that women with

RM have high levels of NK cells in their womb. Now we would like to find out if a
steroid drug known asprednisolone given before a woman becomespregnant decreases
the numberof these NK cells andits effect on other factors in the lining of the womb.
WhyhaveI been chosen?
You have been chosen because you have a history of RM where the cause has not been
found. A maximum of40 patients will be studied over the period of 3 years.
Do I haveto take part?
It is up to you to choose whetherornot to take part. If you have decidedto take part you
will be given this information sheet to keep and you will be asked to sign a consent
form. If you decide to take part, youarestill free to withdraw at any time and without
giving a reason. This will not affect the quality of care you receive.
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Whatwill happen to meif I take part?
If you decide to take part, a small sample ofthe lining of your wombwill be taken on
Day21 of the menstrual cycle. The sample will be taken in a similar mannerto taking a
cervical smear. You may experience some mild discomfort whilst the biopsy is being
taken. The risk of any damage to your wombduring the procedure is absolutely minimal
and if any damage should occur it will heal spontaneously. The biopsy taken will be
analysed for the NK cells and various othercells that line your womb. You have a 50%
chance of having high levels of NK cells. If you have high levels of NK cells then, you
will be recruited into a Randomised Placebo- Controlled Trial. That is, you will be
entered into one of two groups randomly. One group will receive prednisolone 20mg
daily orally for 21 days, and then the dose will be reduced over a period of 1 week. The
other group will be receiving a placebo.This is like a dummy drugthat contains nothing
active in it. You will not know which drug youare taking and neither will your doctor
(although if your doctor wants to find out he/she can do so). Then a second sample from
the lining of your wombis necessary to see the effect of this drug on the NK cells and
other factors.

This will be taken on day 21 on-prednisolone therapy. It is important that you are not
pregnant whenthe biopsy is taken and during therapy. If you did, it is unlikely that
prednisolone would affect the pregnancy. If we took the biopsy whilst you are pregnant,
it could possibly cause a miscarriage but the risk is very small. Therefore, you need to
use barrier methods of contraception. The duration of prednisolone therapy is very short.
You may experience minorside effects such as mood changes, weight gain, increased
appetite, indigestion and a rare complication called avascular necrosis. This causes
severe pains on yourhip joint. If these are persistent let us know.
Whatare the possible benefits of taking part?
The information we get from this study will help us to find out if prednisolone can be
used to treat these NK cells in RM.It will also help us to understand the role of various
cells that line your womb in RM.
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Whatif something goes wrong?
If taking part in this research project harms you, there are no special compensation
arrangements. If you are injured due to someone’s carelessness, then you may have
reason for a legal action but you mayhave to payfor it. If you wish to protest about any
feature of the way you have been handled or treated during the course of this study, the
normal National Health Service complaints mechanisms maybe available to you.
Will my taking part in this study be kept confidential?
All information collected about you through the route of the research will be kept strictly
confidential.

Any information about you, which leaves the hospital, will have your

name and address removed so that you cannot be recognised from it. Dr Kalumbi or
another doctor involved in the research project may look at your medical notes to obtain
information relevantto this study. Because you maybetaking this medication, your GP
will be notified of your participation in the study and a medical alert card will be given
to you stating that you may be taking prednisoloneor placebo drug.
Whatwill happento the results of the research study?

The results will be published in scientific journals and presented at conferences to
further our understanding of RM.All published data will be anonymous.
Whois organising and funding the research?
Liverpool Women’s Hospital.
Whohasreviewedthe study?
The Liverpool Research Ethics Committee
Contact for Further Information
Dr. C. Kalumbi
Liverpool Women’s Hospital
CrownStreet
Liverpool L8 7SS
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Tel: 0151 708 9988

Thank you for reading this. You will be given a copy of this information and a
signed consent form to keep should you decide to take part.
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APPENDIX C

CONSENT FORM
Title of Project: Effects of Prednisolone on the Endometrium in Idiopathic RM.
Nameof Researcher: Dr ChimwemweKalumbi
Pleaseinitial box
i.

I confirm that I have read and understand the information sheet dated 21/03/04.

(Version 2) for the above study.

2

I understand that my participation is voluntary and that I am free to withdraw at

any time without my medicalcareor legal rights being affected.

3.

I understand that sections of any of my medical notes may be looked at by

responsible individuals from Liverpool Women’s Hospital. I give permission for these
individuals to have access to my records.
4.

I agree to take part in the above study.

Name of Patient

Date

Signature

Name of Person taking consent

Date

Signature

Date

Signature

(If different from researcher)

Researcher

1 copy for patient, 1 copy for research, 1 copy to be kept with hospital notes

Version 2, 21/03/04
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Prednisolone reduces preconceptual endometrial
natural killer cells in women with recurrent
miscarriage
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Objective: To test the hypothesis that high numbers ofuterine natural killer (uNK) cells in the endometrium of

women with recurrent miscarriage (RM) could be reduced with prednisolone.

Design: A before andafter study.
Setting: A tertiary referral teaching hospital.
Patient(s): Eighty-five women with idiopathic RM recruited from all over the UK and 18 womenattending for
sterilization (controls).

Intervention(s): An endometrial sample was taken on day 21 + 2 of the menstrual cycle. Immunohistochemistry

was used to identify uNK (CD56+, CD16—, CD3—). Twenty-nine women with RM and >5% uNKagreed to
take 20 mgoral prednisolone daily from day 1 to 21 of their menstrual cycle, when a second biopsy was obtained
and analyzed.

Main Outcome Measure(s): The percentage ofstromalcells that were uNK. The normal range was defined using

control samples as <5%.

Result(s): Women with RM hadsignificantly more uNK than the controls (P=.008). Prednisolone treatment

significantly reduced the number of CD56 cells in the endometrium, from a median of 14% (before) to 9% (after)

(P=.0004).
Conclusion(s): We have demonstrated that high numbers of uNK in preimplantation endometrium of women with

recurrent miscarriage can be reduced with administration of prednisolone. (Fertil Steril® 2005;84:980—4. ©2005
by American Society for Reproductive Medicine.)

Key Words: Recurrent miscarriage, uNK cells, endometrium

Recurrent miscarriage (RM) is a distressing condition that
presents a challenge for clinicians and immunologists. Treatment ofprovenefficacy is available for only 15% of women
with RM, e.g., those with antiphospholipid syndrome. Recently, advances have been madein understandingthe interaction betweenfetal and maternal cells in the uterus. These
advances have pointed to a significant role for uterine natural
killer cells (uNK) in pregnancy implantation (1). uNK are
characterized by the presence of CD56 antigen and the
absence of the CD16 and CD4antigens (2). Thus uNK are

different from the majority of peripheral NK that express
both CD56 and CD16 (2). uNK are, numerically, the most

important leucocytes in preimplantation endometrium and
early pregnancy decidua, are maximal in numberin the
midluteal phase when implantation occurs, and are found
adjacent to the fetal extravillous trophoblast in early pregnancy (2). Furthermore, uNK express families of receptors
that are capable of recognizing specific antigens on the
surface of extravillous trophoblast (3). Studies on preimplanReceived February 21, 2005; revised and accepted May 31, 2005.
Supported by Liverpool Women’s Hospital.
Reprint requests: Siobhan Quenby, First Floor, Liverpool Women’s Hospital, Crown Street, Liverpool, L8 7SS, UK (FAX: (44) 151 702 4024;
E-mail: squenby@liverpool.ac.uk).
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tation endometrium have found increased numbers of uNK
in womensuffering idiopathic recurrent miscarriage (4-6).
Furthermore, high numbers of uNK in women with RM
predicted miscarriage in subsequent pregnancy (5).
Glucocorticoid receptors have been demonstrated on the
surface of uNK (7). There has been a single anecdotal report
of a successful pregnancy outcome, in a woman who had 19
consecutive miscarriages and elevated uNK, following preconceptual treatment with prednisolone (8). We have per-

formed a prospective study to test the hypothesis that high
numbers of uNK in the endometrium of women with RM
could be reduced with prednisolone.
MATERIALS AND METHODS

Recruitment

Local ethical committee approval was obtained. Women
were recruited for the study from all over the UK following
media publicity surrounding publication of the case report
(8). Patients either contacted the authors directly or were
referred from recurrent miscarriage clinics around the UK.
Womenwere sent information regarding the study prior to
any appointment. Inclusion criteria were three consecutive
miscarriages of unknown etiology and regular 28-day men-

Copyright ©2005 American Society for Reproductive Medicine, Published by Elsevier Inc.

0015-0282/05/$30.00

doi:10.1016/.fertnstert.2005.05.012

strual cycles. Womenwere excluded if they had any ofthe
following: antiphospholipid antibody syndrome (positive
anticardiolipin antibodies or lupus anticoagulant on two separate occasions at least six weeks apart), parental balanced
translocation, uterine anomaly (subseptate uterus cervical
weakness diagnosed at hysteroscopy), and known thrombophilia (activated C-protein resistance, Leiden factor V or C- or
S-protein deficiency, prothrombin gene mutation, antithrombin
3 deficiency, homozygosity for MTHFR mutation) (9, 10).
They were also excluded if they had a contraindication to
steroid therapy; hypertension, diabetes, mental health problems, or obesity (body mass index >25 kg/m”). Eighty-five
consecutive women who met thesecriteria all consented to
the study, which was performed during 2004.
Eighteen women attending for sterilization with two or
more normal pregnancies and no miscarriages, and who were
using barrier methods for contraception, were recruited to a
control group (nine of these were included in a previous
publication (5)).

Sampling
Women had their endometrium sampled as outpatients at
Liverpool Women’s Hospital using a disposable endometrial
sampler (Wallach, Orange, Connecticut) on day 21 + 2 of
the menstrual cycle. The endometrium was immediately
transported to the laboratory and half the sample frozen in
liquid nitrogen and stored at —70°C and the otherhalffixed
in 4% paraformaldahyde and processed into paraffin blocks.
The paraffin blocks were sectioned, stained with haemotoxylin and eosin, and examined morphologically in order to date
the endometrium according to Noyes’ criteria (11). Samples
were excluded from the study if the dating fell outside the
range of day 19-23.

serum albumen (Sigma, Dorset, UK) as follows: CD56 to
highlight uUNK, CD16 to exclude nontypical uNK, and CD3
to exclude T cells and mouse IgG | as a negative control
(Table 1). Slides were then washed twice in TBS andincubated for 30 minutes with rabbit antimouse IgG (Dako, Ely,
UK), diluted 1:25 in TBS containing 5% heat-inactivated
normal human serum. Slides were washed again in TBS and
incubated for 30 minutes with alkaline phosphatase/anti—
alkaline phosphatase complex (Serotec, Oxford, UK) diluted
1:50 in TBS. Slides were then washed again with TBS and
developed for 20 minutes with Fast Red, TR salt (Sigma).
Finally, slides were counterstained in hemalum (BDH,
Poole, UK), washed in water, and mounted using Aquamount (BDH).

Analysis
Ten high-poweredfields (400) were randomly selected and
the number ofantibody-positive and -negative stromal cells
in each field was counted. The laboratory worker was
blinded as to the origin of the biopsy. There were approximately 500 cells per high-powered field; therefore, 5,000
cells per patient were counted. The normal range was defined
using the upper end of the interquartile range for the 18
control patients (Table 2). Thus, women with more than 5%

uNK in their endometrium were considered to have high
levels, and two of the control patients were abovethis level.
Twenty-nine women whose endometrium contained more
than 5% uNK took 20 mg prednisolone orally for 21 days
from day | of the menstrual cycle. On day 21 ofthe cycle a
second biopsy was obtained and analyzed in an identical
fashionasthe first. The patients then used a decreasing dose
of prednisolone: 10 mg for three days then 5 mg for four
days.

Immunohistochemistry

Statistics

Five-um frozen sections were mounted on albumin-coated
microscope slides (VWR, Leicester, UK). After drying overnight at room temperature, slides were wrapped in alumi-

The difference between two groups wascalculated using a
Mann-Whitney U-test (two-sided) and twoproportions using
chi-square test with Yate’s correction. Paired data were
examined using the Wilcoxon signed ranked test (twosided). All statistics were performed using StatsDirect software (Cheshire, UK). A level of P<.05 was considered to be
significant.

nium foil and stored at —20°C. Consecutive sections were

fixed for 10 minutes in acetone, washed in Tris-buffered
saline (TBS), pH 7.6, and incubated for 30 minutes with
primary antibodies diluted in TBS containing 0.25% bovine

TABLE 1
Monoclonal antibodies used in this study.
Antibody

Clone

Concentration

Source

CD3
CD16
CD56
MouseIgG

UCHT1
3G8
ERIC-1

1:100
1:100
1:50
1:100

Serotec
Pharmingen
Serotec
Serotec
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Address
Oxford,
Oxford,
Oxford,
Oxford,

UK
UK
UK
UK

TABLE 2
Clinical and endometrial characteristics of the control patients, those with recurrent miscarriage
(RM) and high numbersof uNK, and those with RM and low numbersof uNK.

Controls,
n= 18

Age(y)

Median
Range
No. of miscarriages
Median
Range
No. of women whohad a previouslive birth (%)

Recurrent
miscarriage,

Recurrent
miscarriage,

n= 43

n = 32

uNK <5%,

uNK >5%,

37
24-41

35
20-46

39
32-49

0
18 (100%)

4
3-20
12 (28%)

4
3-22
5 (16%)

Median
Interquartile range
% Stromal cells CD16+

2.8
1.2-4.9

1.7
0.8-2.6

13.4
9.6-25.5

Interquartile range
% Stromal cells CD3+
Median
Interquartile range

0.1-3.1

0-0.6

0-11

0.5
0.1-3

0
0-0.9

0
0-9.1

% Stromal cells CD56+

Median

0.2

0.1

1
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RESULTS
Seven ofthe 85 womenrecruited to this study were excluded
because insufficient endometrial sample was obtained for
analysis and three because the endometrial dating fell outside day 19-23. There were significantly more uNK in the
endometriumof the 75 women with RM than in that of the
18 control patients P=.0083. Ofthe 75 samples from women
with RM, 32 (43%) had more than 5%uNK in their endometrial stroma. Thus, the sensitivity and specificity of counting uNK using the 5% cut off were 43% and 89%, respectively. Three of the women with high uNK declined further
participation in the study and 29 agreed to take prednisolone
and have a second biopsy.
Although women with recurrent miscarriage and uNK
>5% were older than those with uNK <5%(P=.01), the age

of the controls and all 75 RM women wassimilar (both
median 37) (P=.6) (Table 2). The women with RM had a
severe phenotype with a median numberofmiscarriages of
4 in each group (P=.2) (Table 2). A statistically similar
proportion of women hadaprevious live birth in each group
(P=.2) (Table 2).
Prednisolone significantly reduced the number of CD56positive cells in the endometrium; the median value before
treatment was 14% and after treatment 9% (P=.0004; Cl
2.3-12) (Fig. 1). Histologic dating of the endometrium confirmed that the biopsies were taken in midluteal phase with
a median of day 21 (range 19-23), both before and after
Quenbyet al.
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prednisolone therapy (P=.27). Very few cells were positive
for CD3, with a median value of 1%, or CD16, with a
median of 0% both before and after prednisolone.
No women reportedside effects significant enough to stop
the medication. Four women had mood alterations (three
euphoria, one depression), two womenreported increased
appetite, and two women had mild epigastric discomfort.

DISCUSSION
Women with idiopathic recurrent miscarriage of severe phenotype had higher numbers of uNK than women undergoing
sterilization. Thus, we have confirmed the association between high numbers of uNK and RM reported in our original
study (5) and other studies (4, 6). Two studies that have
failed to confirm the association between uNK in RM (12,
13) have included women with only two miscarriages.
Women with only two miscarriages have such a high live
birth rate (85%) in subsequent pregnancies (14) that they
cannot be considered to be suffering any pathology. Women
included in the present study had to consider having two
endometrial biopsies, so therefore only women with high
numbers of pregnancy losses were motivated to volunteer. A
consequence ofthese volunteers having had so manypregnancy losses wasthat they tended to be at the higher end of
reproductive age (32-49 years). The inclusion criteria of
regular menstrual cycles and normal midluteal phase endometrium morphologically meant that perimenopausal women
Vol. 84, No. 4, October 2005

FIGURE 1
Midluteal phase endometrial uNK cells as a
percentage of total stromal cells, before and after
20 mg of prednisolone for 21 days (n = 29).
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considered to have critical role in implantation (1, 2). In
vitro studies have shown that extravillous trophoblast/uNK
interactions can occur (3). uNK do havethe ability to interact
with trophoblastcells in vitro and appear to have a physiologic role in regulating the developmentofthe placenta (16).
Furthermore, polymorphisms in the killer immunoglobulin
receptors (KIR) on uNK in combination with specific polymorphisms in their ligand on fetal trophoblast have been
associated with preeclampsia, a disease characterised by
poortrophoblast invasion (17). However, KIR receptor numbers or polymorphisms were not found to be associated with
RM (18). The study reported here has used the relatively
crude assessment of counting uNK, which may not necessarily reflect uNK function. However, the profound difference in numbers that we detected may also have a consequence on function.
In order to explain the role of uNK in RM, two competing
hypotheses have been suggested: Either uNK are hostile to
invading trophoblast or uNK facilitate the implantation of
abnormalblastocysts, leading to the clinical presentation of
RM (19). The problem with the former hypothesis is that as
NK are neededin the uterus for normal pregnancyto occur,

#

3

BS
40

30

at least in mice (20), there is doubt whether high numbers of

20

10
Normal range <5%

uNK may indeed be harmful and should be decreased. The
latter interpretation is supported by data showing that uNK
are more numerous in the decidua from chromosomally
abnormal miscarriages than in chromosomally normal miscarriages (21). Differences were detected in the decidual

0
Day 21

Day 21 on prednisolone
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leucocytes from the miscarried tissue of women with unexplained RM and a normal fetal karyotype compared to
women with RM and abnormalfetal karyotype (22).

Wehave demonstrated that high numbers of uNK in the
preimplantation endometrium of women with recurrent miscarriage can be reduced with the administration of prednisolone. It has previously been reported that 20 mg of
prednisolone for three days wassufficient to reduce peripheral NK numbers (15). However, this is the first report of
prednisolone reducing endometrial NK numbers.

Previous publications also suggest that preconceptual
prednisolone may improve implantation. There has been one
case report ofintrauterine prednisolone given preconceptually that resulted in a live birth in a woman with ten previous
miscarriages (23). A retrospective study of preconceptual
prednisolone and aspirin given for five weeks prior to
IVF-ET found an apparent improvement in pregnancy rates
in women with a possible autoimmunebasis of their subfertility (24). A randomized controlled trial of preconceptual
prednisolone for four weeks prior to embryo transfer found
a trend toward lower miscarriage rates in the prednisolone
group (18% vs. 23%), which may be important when considering that womenin this trial were not considered to have
an endometrial factor to their subfertility (25) and had general good outcomes (38% birth rate). Other studies of prednisolone givenat the time of egg collection or ET found no
improvement in pregnancy rates, but in these cases the
prednisolone wasgiven too late to alter preconceptual endometrial function (26, 27).

The exact role of uNK is not yet elucidated. The presence
of uNK in significant numbers in preimplantation endometrium and the existence of NK receptors that can recognize
antigens on invading trophoblast (3) means that uNK are

Other publications have reported an association between
peripheral blood NK and RM (28-30). However,the role of
peripheral blood NK in implantation failure has been questioned (31).

were excluded. Furthermore, the age of the control and RM
women wassimilar.
It has been suggested that the significantly decreased
number of uNK among controls (who have all previously
given birth) compared with RM patients could be an effect of
a previous birth, because pregnancy and birth involves extensive changes in size and vascularization of the uterus.
However,in this study five women who had a previous live
birth had high (>5%) uNK,excluding the possibility that a
live birth reduces uNK to <5% in all women.

Fertility and Sterility®

It is for the time being controversial whether immunotherapy for RM is effective (32-36). However, immunomodulation of preimplantation endometrium opens new avenuesfor
treatment of recurrent miscarriage. Further evidence-based
research is needed before prednisolone is used to treat
women with recurrent miscarriage.
Acknowledgments: We would like to thank the women who participated in
this study, BBC Woman’s Hour program for publicizing the study and thus
helping with patient recruitment, the staff of the Liverpool Women’s Hospital for helping with patient appointments, and the Liverpool Women’s
Hospital Research Committee for funding this study.
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Abstract
This study investigated the hypothesis that different types of recurrent miscarriage history are associated with different markers
of endometrial receptivity. A secondary objective was to comparethe distribution in endometrial epithelium of a group ofcell
surface components with roles in cell adhesion. Of 54 women who had an implantation window endometrial biopsy, 17 had
idiopathic recurrent fetal loss, 17 had idiopathic recurrent loss of empty gestation sacs, 10 had recurrent implantation failure
and 10 had two or more normal pregnancies. Immunohistochemistry and HSCOREwasused with frozen sectionsfor integrins
(a,B,, 0,B,, avB,), and MUCI (BC2) and paraffin sections for osteopontin and MUCI (BC3). Epithelial B, integrins were located
primarily in the basolateral membrane compartment. Consistently greater expression of o.,8,, @,B, and a,B, was seen in the
luminalepithelium and greater expression of @,B, and af, in the glandular epithelium of womenwith recurrentfetal loss when
compared with those with recurrent loss of empty gestation sacs. There were no significant differences in the expression of
osteopontin or MUC1 between groups. Different endometrial integrin distribution was found in womensuffering different types
of recurrent pregnancyloss.It is postulated that impairmentof the implantation barrier contributes to recurrentfetal loss.
Keywords: adhesion molecule, endometrial receptivity, endometrium, miscarriage, recurrent miscarriage

Introduction
In 50% of couples suffering recurrent miscarriage (RM), defined
as three or more consecutive pregnancy losses, no cause is found
despite extensive investigation (Quenbyand Farquharson, 1993;
Li et al., 2002a; Christiansen er al., 2005). Many studies have
suggested an endometrial disorder associated with idiopathic RM
(Li et al., 2002b).
In early pregnancy, the embryoattaches to maternal endometrial
luminal epithelial cells. Trophoblast must cross the luminal
epithelium and invade the underlying stroma and glands (Aplin,
1996, 2006; Aninet al., 2004; Aplin and Kimber, 2004; Jauniaux
and Burton, 2005). Although the mechanisms ofembryoattachment

have not yet been well established, numerous cell adhesion
molecules and their ligands are expressed (Aplin and Kimber,
2004) during a period of maximal receptivity, the implantation
window, corresponding to day LH +7 to LH +10of the menstrual
cycle (Wilcox et al., 1999). Adhesion molecules thought to play
important roles in early pregnancy include integrins o,B,, @,B,.
af, and osteopontin (Lessey and Castelbaum, 2002). However,
there is a need to define more precisely whether these components
are present at the surface of luminal epithelial cells where the
embryo attaches. Osteopontin is a secreted glycoprotein, the
expression of which is increased in the mid-secretory phase and
decidua (Apparaoeal. 2001; Carson er al., 2002; Wolffet al.,

© 2007 Published by Reproductive Healthcare Ltd, Duck End Farm, Dry Drayton, Cambridge CB3 8DB, UK
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2004). It has binding affinity for integrins, including o,f, and
a.B,, and for the endometrially expressed surface component
CD44 (Behzad et al., 1994; Johnson er al., 2003). Conversely,
the cell surface mucin MUC1 is present on luminal and glandular
epithelium,and is thoughtto interfere with the interaction between
adhesion molecules on trophectoderm and maternal epithelial
cells, and thus act as a barrier to, or regulator of, implantation
(Aplin, 1999; Aplinez a/., 2001).
In reproductive failure, it has been suggestedthat the endometrium
may be either inhospitable or excessively receptive to the
implanting embryo (Quenby er al., 2002). In the former case,
the embryocannot adhere to the luminal endometrium,leading
to infertility; in the latter, the endometrium allows poor quality
embryos that should be rejected to implant and presentclinically
as miscarriages. Results from various RM studies have conflicted
because authors have used different definitions of RM, and hence
the populationsstudied have not been comparable (Li et a/., 2002c;
Christiansen et al., 2005). Widespread access to high-resolution
ultrasonography means that recurrent pregnancy loss can be
sub-classified into fetal loss, in which miscarriage occurs after
identification ofthe fetal heart, and loss of an empty gestation sac
where neither a fetus nor cardiac activity has been demonstrated
(Bricker and Farquharson, 2002; Farquharsonet al., 2005). When
ultrasonography has been used to sub-classify miscarriages,
different types of pregnancy loss have been associated with
different known aetiologies (Bricker and Farquharson, 2002; Li
et al., 2002c).

and antithrombin III deficiency), uterine anomaly (trans-vaginal
ultrasonography), polycystic ovarian syndrome (trans-vaginal
ultrasonography), diabetes (fasting blood glucose), abnormal
thyroid function tests or parental balanced translocations
(leukocyte culture). A biopsy was taken only if all tests were
negative. A detailed reproductive history was taken from all
womenand comparedwiththe referring doctor’s letter and hospital
patient records.Ifsufficient information wasavailable, they were
categorized into one of the groups below. Those with a mixed
history ofinfertility (unable to conceive with a year of unprotected
intercourse) and miscarriage were excluded from the study. No

womenin the study were smokers, all women took folate tablets
from at least 3 months preconceptual period until at least 12 weeks
gestation, and no womenwere exposed to steroids.

Idiopathic recurrent fetal loss
The 17 women included in this group had had three or more
miscarriages that were fetal losses and one or none of the
miscarriages were of emptygestation sacs. Fetal loss was defined
as loss of a fetus after cardiac activity was seen on ultrasound
prior to miscarriage and/or the fetus had a crown-rump length
ofgreater than 10 mmon ultrasound scan (Table 1).

Idiopathic loss of empty gestation sacs
The 17 women included in this group had had three or more
miscarriages, where ultrasonography revealed an intrauterine
gestation sac but neither a fetus nor fetal cardiac activity
was ever demonstrated. This group also included sacs with
an internal echo of between 2 and 10 mm without fetal heart
action. In women included in this group, one or none ofthe
miscarriages were ofa fetus (Table 1).

It is postulated that womenwith recurrent fetal loss have different
endometrial receptivity compared with those with recurrent loss
of empty gestation sacs. In order totest this hypothesis, luminal
and glandularcell surface phenotype wasstudied in four groups of
women, aiming to maptheprecisedistribution ofseveral adhesionrelated componentsat the maternalcell surface. Two groups with
recurrent miscarriage were chosen: those with recurrentfetal loss
and those with recurrentloss of empty gestation sacs. To compare
a different type of endometrial dysfunction, womenwith recurrent
implantationfailure after embryotransfer were selected. A control
group, chosen to represent receptive endometrium, comprised
womenattending the hospital for sterilization whohad had normal
pregnancies.

This group consisted of 10 patients whohad primaryinfertility for
which nocause was found and all had multiple failed attempts at
IVF/ICSI. Women were included whohad three or more cycles
of ovulation induction and nine or more good quality embryos
replaced butfailed to achieve pregnancy (Table 1).

Materials and methods

Fertile control group

Ethical approval for this project was granted by the Liverpool
Research Ethics Committee. Patients were recruited for this study
from a dedicated endometrial research clinic in the Liverpool
Women’s Hospital. Women with recurrent miscarriage of
unknownaetiologyresistant to empirical treatment were recruited
from all over the UK because of publicity following previous

A total of 10 patients were recruited into this group when they
attended the gynaecology outpatients, preoperative clinic and
day surgery ward priortosterilization. Theyall had at least two
normal pregnancies and noprevious miscarriages (Table 1).

research (Quenby er al., 2003). Written informed consent was

obtained from those whoagreedto take part. Noneofthe patients
had used hormonal contraception or intrauterine devices in the
3 months immediately preceding the study and all women had
regular menstrual cycles. All women in the study were tested
with the following screen for conditions known to be associated
with recurrent miscarriage: antiphospholipid syndrome (lupus
anticoagulanttested for using the dilute russell viper venomtime
and immunoglobulin G (IgG) and IgM anticardiolipinantibodies),
thrombophilia (activated protein C resistance, Leiden factor V
mutation, prothrombin gene mutation, protein C and S deficiency

RBMOnline’

Recurrent implantation failure group

Endometrial biopsy
The endometrial biopsy was obtained on a day equivalent to
LH +7 to LH +10, as determined by menstrual history, aimed
to correspond to the implantation window (Wilcox et al.,

1999). The biopsies were divided into twoparts. One part was
immediately frozen in liquid nitrogen and stored at -70°C. The
other portion wasfixed in 4% paraformaldehyde in phosphatebuffered saline (PBS) at pH 7.4 for 1-2 days, then processed ina
tissue processor overnight and embeddedin paraffin. Sections of
5-um thickness were then cut and placed on poly—1-lysine coated
slides.

o
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Table 1. Clinical details of patient groups.
Patient group

Age
(years)

Total
no. of
losses

No.of
fetal
losses

Recurrent fetal loss (n = 17)

38 (33-49)

5 (3-10)

Recurrent empty gestation)

39 (31-46)

5 (3-22)

Recurrent implantation)

37 (27-41)

Fertile controls (7 = 10)

36 (30-42)

sacs (n = 17

failure (n= 10

No.of
empty
sacs

No. of
embryos
replaced

Percentage of
women having
a previous
live birth

4(2-10)

1(0-1)

0

13

0O(0-1)

4(3-21) 0

5.0

0(0-0)

0(0-0)

O(O-O)

12 (9-16)

0.0

0

0

0

0

100.0

Values are median(range), unless otherwise stated.

Endometrial dating
Samples were included in the study only if histological
dating placed them in the LH +7 to LH +10 implantation
window (Wilcox ef al., 1999). For endometrial dating, 5-um
sections stained in haematoxylin and eosin were evaluated
according to Noyes’ histopathological criteria (Noyes etal.,
1950) as modified by Murray and co-workers (Murray et al.,
2004). Endometrium had to meet the following criteria to be
included in the study: noepithelial or stromal mitosis, less than
25% pseudo-stratification or basal vacuolation of glandular
epithelium, more than 50% of glands containing secretions,
frequent stromal oedema and sparse pseudo-decidual reaction.
Eighteen biopsies were excluded because they did not meet
these histologicalcriteria.

Immunohistochemistry
Frozen biopsy sections of 5-tm thickness were cut with
a cryostat and mounted on glycerin albumen-coated glass
slides (VWR, Leicester, UK). After drying overnight at room

temperature, slides were wrapped in aluminium foil and frozen
at —20°C before immunostaining. Sections were then removed
and allowed to reach room temperature.
The slides were fixed in acetone for 10 min and after washing
in Tris-buffered saline (TBS 0.05 mol/l, pH 7.6) were

incubated with the appropriate monoclonal antibody diluted

in TBS containing 0.25% bovine serum albumin (Sigma,

Dorset, UK) for 30 min in a humidified chamber. Details ofthe
antibodies used for the study are given in Table 2. Integrins
and MUCI were detected using a phosphatase colour reaction
(APAAP) (Thomas et al., 2003a,b) with mouse IgG in place of

the primary antibody as a negative control. After rinsing and
two 5 min washesin TBS, sections were incubated in rabbit
anti-mouse IgG (diluted 1:25; DAKO Ltd, High Wycombe,
UK) for 30 min, washed in TBS and then incubated for 30 min

with a preformed complex ofcalf intestinal alkaline phosphate
and mouse monoclonal anti-alkaline phosphatase (Serotec,
Oxford, UK) diluted 1:50 in TBS. Staining was developed
with Naphtol AS-MX phosphate and Fast Red (Sigma). Slides
were counter-stained in Hemalum and mounted in Aquamount
(BDH, Poole, UK)

Immunostaining for osteopontin and MUC1 was performed on
paraformaldehyde-fixed tissue. Sections of 5-4um_ thickness
were de-paraffinized in two baths of xylene for 10 min each,
followed by | min washesin absolute ethanol, 90% ethanol and
70% ethanol. Sections were then thoroughly washedin distilled
water and transferred to TBS for immunostaining as described
above, omitting the acetonefixation. Initial experiments clearly
demonstrated that antigen retrieval was not required for these
antibodies.
All the slides were evaluated using a Nikon microscope by two
observers both blind with respect to the study group from which
the endometrial sample came. Staining intensity of the antibodies
was analysed using the semi-quantitative HSCORE system
(Thomasef al., 2003). HSCOREwascalculated by the following
equation: HSCORE = > Pi (i+1), where i = intensity ofstaining
with a value of1, 2, or 3 (weak, moderate orstrong, respectively)
and Piis the percentageofstained epithelial cells at that intensity,
varying from 0 to 100%. Low intra-observer and inter-observer
differences for HSCORE in uterine tissues have been previously
reported using this technique (Lessey et al., 2000). To check
variability in staining intensity, a subset of two sections in each
group was stained on two different occasions. MUCI BC2
staining wassimilarin the frozen and paraffin sections.
Differences in median HSCORE between groups were compared
using the Mann-WhitneyU-test for non-parametric data (Statsdirect,
Cheshire, UK). Significance was based on a P-value of < 0.05.

Results
The clinical demographics of the study groups (Table 1) show
high rates of pregnancy failure or loss and very lowrates of
previous successful pregnancy.
The strength of this data is that women with a severe phenotype
were used, asillustrated by the median offive losses (Table 1). In

order to include women with high numbers of losses, the median
age of the women was 35 but wassimilar in all groups. Thus
although oocyte quality is thought to be worse in womenover 35
and thus age may have contributed to the pregnancy losses, the
intra-group comparisons are valid as the ages of the groups are
similar (Table 1).
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Article - Recurrent miscarriage and markers of endometrial receptivity - S Quenbyetal.
Table 2. Antibodies used in immunohistochemistry.

a8,

B,
G.,
B,
a,
Osteopontin
MUCI1

Clone

Source

Dilution

Section

23C6

Serotec!

1:50

Frozen

PM6/13
FB12
383
B-5H10
OP3N
BC2, BC3*

Serotec
Chemicon?
Serotec
Serotec
Novacastra’
Serotec

1:50
Frozen
1:100
Frozen
1:100
Frozen
1:100
Frozen
1:100
Paraffin
1:200, 1:100, Frozen,
1:400
paraffin, paraffin

'Serotee Oxford, UK; "Chemicon Hampshire, UK; *Novacastra Newcastle, UK: “Gifted by Dr P Devine.

Distribution studies
MUCI localization was carried out with two monoclonal
antibodies (Figure La,b). Staining wasrestrictedto the epithelium,
at the apical surface of both glandular and luminal cells. Some
additional reactivity was noted intracellularly and in gland
secretions. Staining with antibody BC3 showedthe presence of
a continuous apical layer of MUC1 in the luminal epithelium as
well as in mostgland profiles. Staining with BC2 wasalso mainly
at the apical cell surface, but was generally rather less extensive.
All these observations are consistent with previous findings (Serle
et al., 1994; Hey et al., 1995; Horne et al., 2005). Staining was
highly reproducible and the distribution similar in frozen and
paraffin-embedded sections. No staining was seen in negative
controls (Figure 1d).
Osteopontin was found principally in the apical cytoplasm of
epithelial cells, with prominent reactivity in, and adjacent to,
bulbous apical projections known as uterodomes (Figure Ic).
Someintercellular heterogeneity was noted. Little reactivity was
found in secretions. Some osteopontin reactivity was also evident
in stromaland vascularlocations.
Staining with antibody to integrin a, 8, was detected at the surface
ofglandular epithelial cells and also in stroma and blood vessels
(not shown). Apical, as well as basolateral, epithelial cell staining
was noted. Although the intensity of a8, was often weak,
staining was visible on some luminal and glandular epithelium
in all patients. Similar observations were made with an antibody
specific to the B, subunit (not shown).
Staining with antibody to integrin B, (Figure 2a—-c) showed
considerable variability between different glands in the same
specimen.Staining was mostoften seenina basallocation (Figure
2a,b), but areasoflateral and apical display were presentin fetal
loss specimens (Figure 2b,c), indicating considerable plasticity
of distribution. In the luminal epithelium,integrin B, staining was
consistently weaker and often absent (cf. Figure 2a,c), though
expression in fetal loss specimens was detected in association
with the basalor apical surface. Instances were evidentofintegrin
B, in glandular epitheliumthat disappeared as the gland opened
out to the luminal surface.
RBMOnline

Integrin subunits @, and a, form heterodimers with B,, and the
immunolocalization data obtained with antibodies to these
subunits were fully consistent with an overlapping distribution.
Here too there wassignificant variability in distribution between
different gland profiles in the samesection. Integrin a, (Figure
2d.e) was found to be mostoften strongestat basal glandepithelial
surfaces, but instancesof lateral and much weakerapical staining
were usually present. In the luminal epithelium, @, reactivity was
consistently much weaker, diminishing to undetectable levels in
manyareas (Figure 2e). Integrin o, was seen most prominently in
lateral plasma membranes(Figure 2f.g), but it could also be seen
more weakly in some glandsin other plasma membrane domains;
the luminal epithelium was often negative (Figure 2g), but lateral

staining could be detected in some areas. Stromal staining was
highly variable in the integrinseries.

Comparison of immunostaining in
different types of pregnancyfailure
No significant differences were observed in MUCI or
Osteopontin staining between the different patient groups.
For epithelial integrins, HSCORES were used to compare
immunostaining between the groups, with separate evaluation
of glandular and luminal cells. Data are shown for antibodies
to the a, a, and B, subunits (Figures 3 and 4). Staining for
af, was comparatively weak; data for luminal epithelium are
shown in Figure 4.
Significantly greater expression ofc,, a,, B, and o@B, was seen
in the luminalepithelium and greater o,, a, and B, expression
in the glandular epithelium of women with recurrent fetal
loss when compared with those with recurrent loss of empty
gestation sacs (Figures 3 and 4). Indeed the generally low
integrin levels in epithelium from women suffering recurrent
loss of empty sacs is the most striking overall feature of the
data. There was greater expression of the integrins in patients
with recurrent fetal loss when compared with fertile controls,
but this did not reach statistical significance. Expression of«,,
a, and a, in patients with recurrent implantation failure was
similar to fertile control patients.
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Figure 1. Immunohistochemistry using antibodies to mucin, MUCI (BC3, a; BC2, b) or osteopontin (¢) in endometrium from

women suffering recurrent loss of empty sacs. MUCI showsintense apical reactivity in both luminal (a) and glandular (b)
epithelium. BC2 demonstrates heterogeneity of binding probably due to variation in MUC1 glycoforms. Osteopontin (¢c) localizes
to the apical epithelial cytoplasm in both glandular and luminal cells, with substantial variation in reactivity. Note the domelike protrusions from the cell apices typical of implantation phase endometrium. (d) Negative control using an irrelevant mouse
immunoglobulin G. (Original magnification x400).
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Figure 2. Immunohistochemistry of integrin subunits B, (a-c), a, (d, e) and a, (f, g) in endometrium from womensuffering
recurrentfetal loss (a-f) or IVFfailure (g). Note that the staining is weakerin (g). Integrin B, appears predominantlyat the basal
epithelial surface (a) but is also found in someareasatlateral and apical epithelial surfaces (b, ¢). Similarly, a, is predominantly
basal (d) while a, is mainly found atlateral surfaces. Staining forall three subunits is generally stronger in the glands than the
luminal epithelium (a, c, e, g). (Original magnification x400).
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Figure 3. Box-and-whisker plot (median, interquartile range,
range) of glandular epithelial immunostaining HSCORESfor
integrin subunits in the four study groups. The P-value refers
to recurrent fetal loss versus empty sac pregnancies. This data
is from 17 recurrent fetal losses, 17 recurrent empty gestation
sacs, 10 recurrent implantation failures and 10 fertile controls.
(Original magnification x400).
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Figure 4. Box-and-whisker plot of luminal epithelial
immunostaining HSCORESfor integrin subunits in the four
study groups. The antibody to integrin a8, recognizes the
complex of two subunits; other antibodies recognize individual
subunits. The P-value refers to recurrent fetal loss versus empty
sac pregnancies. These data are from 17 recurrent fetal loss,
17 recurrent empty gestation sacs, 10 recurrent implantation
failures and 10 fertile controls.
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Discussion
There has been considerable interest in the roles played by
MUCI, a, and f, integrins and extracellular integrin binding
partners, especially osteopontin, in implantation, based upon
expression studies in endometrial epithelium, observation of
cycle-dependentvariation, andthe failure of the B,-null mouse
to complete implantation (Stephens er al., 1995; Aplin 1997;
Lessey 2002a; Aplin and Kimber, 2004). However, the present
study found nosignificant differences between endometrium
in women with recurrent implantation failure after embryo
transfer, and a fertile control group. The recurrent implantation
failure group had poorly receptive endometrium, with more
than nine good quality embryos replaced without achieving
a pregnancy. Women with recurrent implantation failure had
very similar integrin expression to those with unexplained
infertility attending for IVF or ICSI (Thomas et al., 2002,
2003a,b). Previous studies on infertile women have shown
aberrant, delayed or absent expressionofintegrins aB,, a,B,
and af, in patients with tubal disease, endometriosis, luteal
phase defect and unexplained infertility (Lessey et al. 1995;
Meyeref al. 1997; Lessey and Castelbaum, 2002). However,
integrin expression is a poor predictor of future pregnancy in
infertile women (Creus et al., 1998; Ordi et al., 2002; Thomas

et al., 2003a). This may be because of inter-cycle variation in
expression (Ordi ef al., 2003), and comparisons may have been
affected by the substantial interglandular variation reported in
the present study. Overall, this study does not provide support
for the hypothesis that the integrin subunits under study, or
osteopontin, are critical determinants of implantation success.
Similarly, MUC1, which may play a dualrole as a barrier and
attachmentplatform, was not observed to vary between fertile
and infertile endometrium.
Decreased expressionofintegrins a,B,, 0,8, and a,B, has been
demonstrated during the implantation window,in the luminal
epithelium ofpatients recurrently losing empty gestation sacs
in comparison with idiopathic recurrent fetal loss or fertile
controls. The presence of minimal of, in the endometrium
of women with recurrent loss of empty sacs is in accordance
with observations made on an unselected recurrent miscarriage
population (Lessey et al., 2000; Lessey 2002b). A previous
study reported less a8, and a8, in women with recurrent
pregnancy loss compared with those with unexplainedinfertility
(Skrzypezak et al., 2001).
Significant differences in MUCI expression were not observed
amongst the four groups of patients, either in glandular or
luminal epithelium. Thus, despite previous indications that
glandular MUCI concentrations may be diminished in recurrent
miscarriage (Serle er al., 1994; Hey er al., 1995), the hypothesis
that a discontinuous surface mucin barrier might contribute
to elevated receptivity in RM is not supported. Local loss of
MUC] at the implantation site depends on embryo-to-maternal
signalling (Mesegueret al., 2001).
It has been proposed that RM is the result of an intrauterine
environment that allows the implantation of karyotypically
abnormal conceptuses, destined to fail. The implantation of an
abnormal embryopresents clinically as miscarriage (Quenby
et al., 2002). Though it was not possible in the present study
to carry out karyotype analysis of the miscarriage tissue, it has
been reported that empty sacs in RM patients are morelikely to

have a normalkaryotype, while fetal loss has agreater likelihood
of abnormal karyotype (Morikawa er al., 2004). Morikawa
and co-workers’ (2004) data are particularly valid because
the female-to-male ratio of miscarried products was 1:0.83. If
maternal contamination occurs in the culture and karyotype of
miscarried products, there are more female karyotype results so
the ratio of female-to-male karyotypesis greater than 1, e.g. in
the authors’ laboratory it is 4:1 (unpublished data). Reanalysis
of the data reported by Morikawa er al. (2004) finds 80% of
fetal losses in unexplained RM tobe of abnormal karyotype.
This is supported by Philipp er a/. (2003), whostated that 93%
ofsporadic fetal losses were either karyotypically or structurally
abnormal. Also, more karyotypically abnormal miscarriages
had an ultrasonographically recognized fetus (62%) than an
empty gestation sac (38%) in a series that predates the high
resolution equipment in current use (Guerneri ef al., 1987).
Stephensonet al. (2002) did notfind more abnormalitiesin fetal
than embryonic losses in women with recurrent miscarriage;
however, they usedgestational age, not ultrasound, todefine the
miscarriage type, sotheir findings are not directly comparable
with the current study. Henceit is suggested that women with
recurrent fetal loss have endometrium that is excessively
receptive to the implantation of abnormal pregnancies. This
means that pregnancies that should be lost at the time of a
normal menstrual period are lost at 6-12 weeks’ gestation when
they cause unnecessary physical and emotional suffering to the
woman. The results also suggest a currently unexplained link
between altered endometrial phenotype and the production of
blastocysts that lead to empty sac pregnancies. This link has
also been suggested by Tomassetti er al. (2006), who suggest
that endometriosis may affect oocyte and thus embryoquality.
Blastocysts may implant by molecular mechanisms other than
those used by normal conceptuses, but this will be difficult
to verify until the molecular mediators are identified. For
example, p53 polymorphismhasbeen associated with recurrent
implantation failure (Kay ef al/., 2006) but not recurrent
miscarriage (Coulam ef al., 2006). In the mean time, it is
important that research studies are designed to characterize the
nature of reproductive failure as accurately as possible in order
to further understanding of the complexities of materno-fetal
interaction (Christiansen er al., 2005). There have been

significant differences in results from various studies into the
role of cytokines that are thought to control integrin expression
in reproductive failure (Laird ef al., 2006). A possible reason for

these discrepanciesis the failure of researchers to characterize
the pregnancy losses. If different mechanisms are associated
with different types of pregnancy loss the proportion oflosses
of empty gestation sacs and fetus will vary from series toseries,
and hence the overall result would be different. Similarly,
endometrial uterine natural killer (uNK) cells have been

associated with recurrent reproductive failure, but discrepant
results exist in the literature and different results have been
obtained by different authors (Quenby and Farquharson, 2006).
Significantly, different uNK cell numbers and activity have
been found when comparing the loss of normal and abnormal
pregnancies (Yamamotoet al., 1999; Quenby and Farquharson,
2006).
Two key observations featured in the evaluation of integrins
2.,B,, @,B, and a, during the implantation window.Relatively
lower concentrations were observed in luminal as compared
with glandular epitheliumin all four patient groups. Basolateral
distribution was more prominentthanapical displayat the cell
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surface. Manyareas of luminal epithelium contained very low
concentrationsofthe integrin subunits studied. Previous workers
have noted distinct patterns of integrin gene expression in the
twoepithelial compartments (Lessey etal., 1996). These results
may have implications for the selection of an implantationsite
by the embryo.
The second observation was the very striking plasticity of
distribution of all three subunits at epithelial cell surfaces.
Although a, and B, were principally detected at epithelial
basal surfaces, they could often be found with reducedstaining
intensity at the lateral or apical surface. The a, subunit was
principally distributedlaterally, but could also sometimesbe seen
in basal and/orapical domains. Similarly, 0. B, could be found in
differing cell surface domains in different areas of epithelium.
The co-distribution of the two @ subunits with B, confirmsthat
they are likely to be present as a,B, and o,f, heterodimers,
although the data do not exclude the presence of other integrins
such as o,f, and other B, heterodimers. The results cannot be
taken as evidence that epithelial polarity is generally absent
in endometrial cells; MUCI was observed in a well-polarized
distribution. Rather, it would appear that integrin distribution
can vary profoundly with cell microenvironment. This raises
interesting questions about possible changes effected either
by other maternal cell populations, or a juxtaposed embryo,
which may, for example, alter expression levels or stimulate
redistribution of adhesion molecules to aid attachment (Simon
et al., 1997; Thie and Denker, 2002; Aplin, 2006).
The major clinical implications of these findings are that the
endometrium of women whorecurrently miscarry empty
gestation sacs wasdifferent to that of women whorecurrently
miscarry fetuses. Thus, the findings support the recently
published report by European expertsin early pregnancy failure,
that the nomenclature for description of early pregnancy events
needs to be revised so that early miscarriage is sub-classified
as loss of empty gestation sac or fetal loss (Farquharsonetal.
2005).
The evidence for an endometrial factor in reproductive failure
is slowly accumulating. It is becoming clear that in order to
diagnose the endometrial factor, increasingly sophisticated
clinical and scientific techniques are needed.
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Summary Miscarriageis one of the most common complications of pregnancy: 15%
of clinically recognized pregnancies end in miscarriage. The major cause of

spontaneous miscarriage is genetic or developmental abnormalities of the fetus.

Other causes include thrombophilia, cervical weakness, infection and endocrine,
anatomical and immunefactors. Treatments to prevent miscarriage remain largely
untested by randomized controlled trials or evidence-based practice. The resulting
consequences have been disappointing for both patients and health-care providers.
This article is therefore designed to enhancecritical thinking and improveclinical

skills in an area with extensive and confusing literature.
© 2005 Elsevier Ltd. All rights reserved.

Introduction
The topic of miscarriage will be discussed by
looking at three clinical scenarios. These have
been chosen to highlight the clinical problems
encountered when attempting to apply the current

literature on management of miscarriage to pa-

tients. The questions are also designed to develop
critical thinking framework that is necessary to
pass the part 2 MRCOG exam.

for 15 years presenting to the emergency room. Her
last menstrual period (LMP) was 10 weeks ago. An
ultrasound scan shows an empty gestational sac
measuring 20mm.
This may initially seem like a straightforward
case. In order to answer this question, there is a
need for a systematic approach through considering
history, examination, investigation and_ finally

treatment.
History

Case 1
Outline your management of a 41-year-old distressed woman with a history of primary infertility
*Corresponding author. Tel.: +44 151702 4100;
fax: +44 151 702 4024.

E-mail address: squenby@liverpool.ac.uk (C. Kalumbi).

Current pregnancy
The first thing to establish is whether the ultrasound findings correlate with the dates or not. In
this case, there is a clear discrepancy between the
dates and thesize of the gestational sac, indicating
a miscarriage. If, however, the woman reports a
history of irregular menstrual cycles, conception

0957-5847/S - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.curobgyn.2005.03.004

Miscarriage

within 3 months of stopping oral contraceptives, or
uncertainty about her LMP, there is a small
possibility of the pregnancy being viable. A clinical
assessment of any symptomsof early pregnancyloss
such as bleeding per vaginam, abdominal pains and
any abnormal vaginal discharge should be made.
For the infertility history, it is important to find out
whetherthe cause is due to male or female factors
or is unexplained.
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can be obtained for karyotyping in cases where
this is necessary. However, surgical management

is associated with complications such as haemor-

rhage, uterine perforation, cervical tears, intra-

abdominaltrauma, intrauterine adhesions and also
complications of anaesthesia. The Royal College
of Obstetricians and

Gynaecologists guidelines

recommend that surgical uterine evacuation for
miscarriage should be performed using suction

curettage as this is safer and easier to perform

Examination

In this scenario, there is little to be gained from
examination.
Investigations
Ultrasound scanning
As this woman has an emptygestational sac of less
than 30mm, a repeat scan needs to be performed
10 days later to confirm a miscarriage. If the
ultrasound scan is unchanged in 10-14 days, this is

termed an anembryonic pregnancy.

Chromosomal abnormalities

At the age of 41, chromosomal abnormalities or
structural malformations are the most likely cause
of this woman’s miscarriage. Cytogenetic analysis

of the products of conception should be considered
to look for any chromosomal abnormalities. Cultur-

ing and analysing trophoblast is expensive so is
rarely offered on the National Health Service for
women who have had only one miscarriage.
However, considering this woman’s long history

primary ofinfertility and her age, it is important to

obtain a cause for her miscarriage. Furthermore,

karyotyping the products of conception will provide
useful information for counselling and future
pregnancy management.
Treatment

than the sharp/blunt curettage. The need for
cervical ripening should be assessed for all
cases of surgical management. In addition, nonsensitized rhesus negative women undergoing
surgical evacuation should receive anti-D immunoglobulin.

Medical management
The advantage of medical managementis that it
avoids the risks of surgery and anaesthesia. Women
may, however, experience increased abdominal

pain and heavy bleeding. Various medical methods
have been described using prostaglandin analogues

(germprost or misoprostol) with or without antiprogesterone priming agents (e.g. mifepristone).

It is important that the patient should have

24h direct access to the emergency room for

either advice or admission as a third of the
patients on medical managementwill either bleed
or miscarry in the priming phase with the antiprogesterone. Mifepristone may cause abdominal
pain, nausea, vomiting and diarrhoea. Patient

counselling on these common side effects is
essential.
Expectant management

Although expectant management avoids the risks
associated with surgery and anaesthesia, it may
take several weeks before complete miscarriage.

Patients must be counselled appropriately or more

will end up requesting surgical evacuation during
the observational period.

The Royal College of Obstetricians and Gynaecolo-

gists guidelines on management of early pregnancy

loss include surgical, medical and expectant man-

agement. Patient should be offered informed
choices. An effective early pregnancy assessment

unit is essential in the medical and expectant

management of miscarriages.
Surgical management

Surgical uterine evacuation still remains the
treatment of choice where bleeding is excessive,

vital signs are unstable or infected tissue is
present in the uterine cavity. Furthermore, tissues

Practice points
e Confirm the ultrasound diagnosis of an early
embryo loss with repeat scanning
e Offer a choice of treatments for the management of miscarriage
e Attempt to get a diagnosis by sending the
products of conception for karyotyping in
view of the maternal age and history of
primary infertility
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Case 2
A 26-year-old woman had an intrauterine fetal
death at 18 weeks’ gestation. Her sister is heterozygous for factor V Leiden and suffered from
thrombosis while taking the oral contraceptivepill.
Discuss postnatal counselling.
The approach to such a question should begin by
identifying the keywords; these are discuss and

postnatal counselling. In the discussion, it is
necessary to subdivide the question into history,
investigations and treatment. This systematic
approach will aid in providing comprehensive
postnatal counselling.

History
In this case, a detailed history of the previous
pregnancyloss is essential. The following information should be obtained from the patient as
sensitively as possible:
e@
e
e
e

Were the postmortem results available?
Was the fetus structurally normal?
Was the cytogenetic analysis normal?
Was placenta histology carried out? Was there
any evidence of extensive placental thrombosis?
e A family history of first-degree relatives with
thrombosis is important in this scenario. Inherited thrombophilia (factor V Leiden, prothrombin
gene mutation) may have contributed to her
fetal loss.

Investigations
Thrombophilia
Antiphospholipid syndrome (APS) is an established
cause of pregnancy fetal loss. Explanations for the
pathophysiology of APS-associated pregnancyloss
include defective placentation due to a direct
effect of anticardiolipin antibodies on the trophoblast or thrombosis of the placental vasculature.
APS is defined by at least one clinical and one
laboratory criterion. The clinical criteria include

three or more spontaneous miscarriages or one

fetal loss after 10 weeks’ gestation. Therefore,
testing for APS is justified in this case. The
laboratory criteria include a persistent abnormality
of one of the following tests measured at least
twice and more than 6 weeks apart: a raised titre
to cardiolipin (anticardiolipin antibody) or the

presence of lupus anticoagulant. Two tests are

necessary as mild viral infections can cause falsely
positive results. Testing for lupus anticoagulant can
be done using a number of coagulation-based
assays, such as the dilute Russell viper venom test.

C. Kalumbiet al.
Testing for anticardiolipin antibody is carried out
using the enzyme-linked immunosorbent assay
technique.
Other thrombophilias, such as activated protein C
resistance (APCR), factor V Leiden, protein C and S
deficiency, antithrombin Ill deficiency, prothrombin
gene mutation and hyperhomocysteinaemia haveall
been associated with miscarriage. APCR is one of the
most common genetic causes of thromboembolism.
In 95% of cases, APCR is caused by a point mutation
(factor V Leiden). In this case, the presence of a
family history of a factor V Leiden mutation is an

indication for thrombophilia screening of the wo-

man. However, the results of these tests can be
difficult to interpret. Most experts agree that the
presence of two thrombophilias or homozygosity for
the factor V Leiden mutation is likely to contribute
to a miscarriage such as the one in this case
scenario. The difficulty arises when the patient is
heterozygousfor the factor V Leiden mutation owing
to the fact that 4% of the normal obstetric
population is also heterozygous for factor V Leiden;
hence heterozygosity for factor V Leiden may not be
necessarily a cause for this pregnancyloss.

Treatment plan
During the counselling session, it is important to
formulate a plan for any future pregnancies.
Patients with APS should be offered low-dose
aspirin and heparin during pregnancy as this has
been shown to be effective in randomized controlled trials. Most units use low molecular weight
heparin as this only has to be administered once a
day. The use of preconception aspirin is controversial as recent publications of poorly designed
studies have suggested that it causes harm.
The treatment plan for a woman with another
thrombophilia needs to be discussed very carefully
with the patient. First, no randomized controlled
trial has shownthat the use of low-doseaspirin with
or without heparin for the prevention of pregnancy
loss in women with other thrombophilia is effective. Second, the association between other
thrombophilia and pregnancy loss is weak. The
patient should also be counselled that a woman
with thrombophilia is also at risk of maternal
thrombosis in pregnancy. The risk of thrombosis is
increased 5-10-fold in heterozygous carriers of
factor V Leiden and 100-fold in homozygous
carriers. Having discussed these issues, most
patients and their clinicians assess the available
evidence indicating a need for thromboprophylaxis

from early pregnancy to prevent miscarriage and
until 6 weeks postnatally to prevent thrombosis.

Miscarriage

Practice points
e One late miscarriage (after 10 weeks’
gestation) is sufficient to warrant investigation with a thrombophilia screen

e@ Thromboprophylaxis should be consideredif
screeningis positive.

Case 3
A 33-year-old woman presentsin labour and rapidly
delivers a live 480g fetus that is resuscitated but
dies after a day. One year later, the woman
presents to the antenatal clinic 12 weeks’ pregnant. Discuss the managementoptions.
In this scenario, a detailed history is important to
elicit the cause of the woman’s preterm delivery in
order to manage her appropriately in her current

pregnancy.

History
e Whatwasthe gestation of the miscarriage?
e Was there a history of cervical weakness?
Unexpected bulging of the membranes before
contractions? Was there a previous history of
cervical surgery?
e Wasthere rupture of the membranes before the
onset of labour?
e Werethere any signs and symptoms of infection?
e Was the fetus structurally normal? Was a postmortem carried out? Were the results normal?

Investigations and treatment
Cervical weakness
Cervical weakness is one of the causes of secondtrimester losses. A history of either mid-trimester
miscarriage with painless and progressive dilatation of the cervix followed by bulging of the
membranes through the cervix prior to the onset
of labour, or any previous cervical surgery (e.g.
cone biopsy) is highly suggestive of cervical
incompetence. In the non-pregnant state, the
presence of cervical weakness can be investigated
using resistance to Hegar dilators in theatre.
Transvaginal ultrasonography can be used to
investigate cervical weakness in the pregnant
woman, during which cervical length, cervical
funnelling and cervical response to abdominal

pressure (stress test) can be measured. The
measurement of cervical length has been found
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to be effective in predicting pregnancy loss;
however, serial transvaginal ultrasonography is
not recommended by the National Institute for
Clinical Excellence antenatal care guidelines.
This is because the Cochrane meta-analysis of
randomized controlled trials into cervical cerclage
as a treatment to prevent second-trimester miscarriage failed to show any benefit. This negative
meta-analysis is in conflict with the anecdotal
expert opinion of preterm labour clinics. This
may be because women with obvious cervical
weakness and bad obstetric histories are unsuitable for entering into randomized controlled
trials. Hence, if cervical weakness is thought to
be the most likely cause of the miscarriage, a
cervical stitch is still indicated. Some women have
a cervix that has been so damaged that there is
insufficient tissue in which to place a vaginal
suture; these rare cases benefit from transabdom-

inal cerclage.

Infection
Bacterial vaginosis is an imbalance of vaginal flora

caused by a reduction in the normallactobacilli and

a heavy overgrowth of abnormal mixed anaerobic
flora of the vagina. Fifty per cent of women with
bacterial vaginosis are asymptomatic. It is not
associated with vaginal mucosal inflammation and
rarely causes a vulval itch. The presence of
bacteria vaginosis has been associated with second-trimester losses and preterm delivery. Tests for
bacterial vaginosis can either be Gram staining of a
vaginal swab or the use of Amsel’s criteria—three
out of four of the following:
e a thin white homogenousvaginal discharge;
@ a vaginal pH of 4.5 or above;
e the release of fishy odour when adding 10%
potassium hydroxide;
e clue cells on microscopy.

Current evidence from randomized controlled

trials supports treatment with clindamycin, as this
has been shown to be effective in preventing
preterm delivery. Conversely, randomized controlled trials of metronidazole to prevent preterm
delivery suggest that this antibiotic increases the
chance of preterm delivery.
There are no randomized controlled trials to
support the treatment of other infections such
as Ureaplasma or Mycoplasma in the prevention
of fetal loss. However, the treatment of gonococcal
and chlamydial infections offers health benefits
to the baby as this prevents neonatal eye
infections.
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Practice points

@ Transvaginal ultrasonography is a good pre-

dictor of second-trimester miscarriage
e Bacteria vaginosis is associated with second-

trimester miscarriage and can be treated
with clindamycin

syndrome in pregnancy: a randomised controlled trial.
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Viagra andfertility. D. Glenn, N. McClure and S. E. M.
Lewis. Obstetrics and Gynaecology, School of Medicine,
Queen’s University Belfast, Institute of Clinical Science,
Grosvenor Road, Belfast, BT12 6BA.
Viagra is widely used by men of reproductive age and also
frequently prescribed in ART units. It is a phosphodiesterase inhibitor—drugs known to affect sperm function adversely. This study investigates the effect of Viagra on
humanspermfunction in vitro and on fertilization in mice.
Human sperm were incubated with Viagra or BWW (controls). Samples were analyzed by computer assisted semen
analysis (CASA) and also Fluorescein labelled for acrosome status. Mice were superovulated and caged with a
male who had been given either Viagra or saline (control).
Retrieved embryo numbers were compared. Viagra increased all CASA motility parameters at 60 and 120 minutes
and increased the proportion of fully acrosome reacted
sperm by 79% (p < 0.001) (n = 45). Moreover, Viagra reduced the number of fertilized oocytes retrieved per mouse
by 33% (p < 0.001) (n = 20). Total embryo numbers were
reduced upto day 4. In conclusion, Viagra increases human
sperm motility and induces premature acrosome reaction
in-vitro. Also, Viagra reduces fertilization rates in mice.
This has implications for men using this drug while
contemplating reproduction.
Endometrial receptivity: is there a difference between
recurrent miscarriage (RM) and recurrent IVF failure
(IVF) patients compared to fertile women? C.

Kalumbi,'” M. Bates,' G. Vince,” C. Eades,* R. Farquharson*
and S. Quenby.' Departments of ‘Obstetrics and Gynaecology and *“Immunology, University of Liverpool, Liverpool
L69 3BX and “Liverpool Women’s Hospital, Crown Street,
Liverpool, L8 7SS, UK.
Integrins have recently been proposed as important markers
of endometrial receptivity. The presence of alphaybeta;,
alpha,beta, alphaybeta,; is thought to signify the implantation window. The aim of this study was to analyse the
patterns of endometrial expression ofthese three integrins
in womensuffering recurrent miscarriage (RM), recurrent
implantation failure with assisted conception (IVF), and

© RCOG 2005 BJOG:an International Journal of Obstetrics and Gynaecology

fertile controls. Timed endometrial biopsies were taken on
day 21 of menstrual cycle. Immunohistochemical evaluation of alphaybeta3, alpha,beta,; aplhaybeta, expression

and intensity was determined onall biopsies. A total of
33 biopsies were analysed of which 10 were RM, 8 IVF
and 5 fertile controls. The results showed significantly reduced expression of alpha,beta, in the luminal epithelium
of IVF patients compared to controls (p < 0.05). Furthermore, increased expression of alphalbetal and alphaybeta,
was observed in the stoma compartment of RM patients
compared with controls (p < 0.05). A larger sample size is
needed to evaluate the role of these endometrial integrins
in RM andIVF patients.
A randomisedtrial on the acceptability, side effects and
efficacy of sublingual and vaginal administration of misoprostol for medical abortion up to 13 weeks gestation.
H. Hamoda, P. W. Ashok, G. M. M. Flett and A. Templeton. Department of Obstetrics & Gynaecology, University
of Aberdeen.
Introduction: Several studies have now reported the successful use of sublingual administration of misoprostol for
early medical abortion. This trial assessed the acceptability, side effects and efficacy of sublingual versus vaginal
administration of misoprostol for medical abortion up to
13 weeks gestation.
Methods: Mifepristone followed 36—48 hourslater by repeated doses of misoprostol given sublingually or vaginally.
Results: Complete abortion occurred in 156/171 (98.1%)
women and 153/168 (97.5%) in the sublingual and vaginal

groups, respectively, p = 0.69. Women receiving sublingual misoprostol were more likely to experience diarrhoea,
p = 0.002, shivering, p < 0.001 and unpleasant mouth
taste, p < 0.001. A total 70% of womenin the sublingual
group expressed satisfaction; 18% answered ‘Don’t know’;
while 12% were dissatisfied, compared to 68%; 28%; and
4%, respectively in the vaginal group, p = 0.01.
Conclusion: The sublingual route of misoprostol administration is effective and increases the choice available
to women. The prevalence of side effects, however, is
higher.
www.blackwellpublishing.com/bjog

ABSTRACTS

correlation between the microbiology and leukocyte response. There was a large variation in cervical leucocyte
population that did not reflect microbiology findings.
Novel GTPases in human myometrium. J. Lartey, A.
Gampel, H. Mellor and A. Lopez Bernal. University of
Bristol, CSSB, Division of Obstetrics and Gynaecology, St
Michaels Hospital, Southwell Street, BS2 8EG.
Preterm birth is associated with severe perinatal mortality
and long term disability.
Rho GTPaseare key regulators of the actin cytoskeleton
and recent evidence has revealed an up-regulation of Rho A
and its effector Rho Kinase (ROK) in pregnant human
myometrium. ROK increases myosin light chain phosphorylation and contraction by inhibiting myosin phosphatase, making the myometrium moresensitive to the
effects of calcium (calcium sensitisation).We intend to
investigate the possible role of Rho GTPases and calcium
sensitisation in preterm labour. Immunoblotting and Realtime PCR (RTPCR) to quantify Rho GTPases and related
kinases in human myometrium. Rho B, C, D, Rnd2 and
Rnd3 proteins are expressed in human myometrium. Expression of Rho B and C mRNA relative to Rho A mRNA
is increased in preterm myometrium.
This is the first report of the expression of these GTPases
in human myometrium. The difference in MRNA expression
between term and preterm myometrium requires further
investigation.
Leukocyte density and proinflammatory cytokine expression in human preterm myometrium. I. Osman, A.
Young,F. Jordan, I. A. Greer and J. E. Norman. Division of
Developmental Medicine, Reproductive and Maternal
Medicine, University of Glasgow.
Accumulating evidence supports the view that human
parturition represents an inflammatory process. Whether a
similar process occurs in the absence of infection during
preterm parturition is yet to be determined. The aims of this
study were to quantify and compare the total leukocyte
population and mRNA expressionofinterleukin-1® (IL-1),
IL-6, IL-8, cyclo-oxygenase type 1 (COX-1) and COX-2 in
myometrium obtained before and during labour. Biopsies
of myometrium were obtained from pregnant women delivered by Caesarean section before or after the onset of
spontaneouspreterm labour. Leukocytes were identified using primary antibodies directed against CD45 and cytokine
mRNAexpression was quantified using TaqMantechnology. Preterm parturition was associated with a significant
increase in IL-6 (p = 0.015) and COX-2 expression (p =
0.045) with an increasing trend for IL-1and IL-8 mRNA
expression. Histological analysis demonstrated nostatistical
difference in leukocyte density between labouring and nonlabouring preterm myometrium. These data lend support to
the role of inflammation during preterm parturition.
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Prostaglandin E, synthesis and prostaglandin E, receptors in the pregnant human uterus: a paradox. D. M.
Slater,' S. Astle,’ N. Woodcock,! M. Vatish,? $. Thornton?
and R. Newton.' Biomedical Research Institute! Biological
Sciences, Warwick Medical School,* University of Warwick, Coventry, UK.
Human labour is associated with dramatic increases in
prostaglandin synthesis. Prostaglandin E, (PGE3) (used
for labour induction) exhibits a particularly wide spectrum
of physiological actions depending on which PGE; receptors (EP) are present. Stimulation of EP receptors, EP, or
EP; leads to increased uterine contractility, whilst stimulation of EP, or EP, to relaxation. Regulation of PGE, synthesis and differential expression of EP (EP; _4) receptors
may be important in controlling uterine activity throughout
pregnancy (quiescence) and during labour (contractions).
RT-PCR and immuno-histochemistry were utilised to
identify and localise PGES and EP receptor isoforms within
the pregnant uterus. Myometrial smooth muscle cell cultures
and contractility studies were used to assess the functional
role of PGE. Functionalstudies identified distinct relaxatory
and anti-inflammatory effects of PGE2, This might explain
the variable clinical effects seen with the use of PGE).

Further elucidation of PGE, signalling mechanisms may lead
to improved treatments for labour induction.
Preconception predinisolone: a novel treatment for

recurrent miscarriage? C. Kalumbi,'* M. Bates,! G.

Vince,” R. Farquharson* and S. Quenby.' Departments of
‘Obstetrics and Gynaecology and “Immunology, University
of Liverpool, Liverpool, L69 3BX and ‘Liverpool Women’s Hospital, Crown Street, Liverpool, L8 7SS, UK.
No evidence- based treatment is available for idiopathic
recurrent miscarriage (RM). Recent studies have shown

that high levels of uterine natural killer (UNK) cells are
associated with recurrent miscarriage. This study was
designedto test the hypothesis that preconception prednisolone reduces uNK cells. Women with at least three
consecutive RM were invited to participate in the study.
An endometrial biopsy was taken on day 21 of the menstrual cycle. Immunohistochemistry was used to detect
(uNK). If uNK cells were high, 20 mgs prednisolone was
given orally for 21 days, and biopsy repeated. Of the
60 women recruited, 23 (38%) had high levels of uNK cells.
To date, 11 women have had post- treatment biopsy andall
have shown a reduction in uNK cell levels. (P < 0.05)

These preliminary results have shown that preconception
prednisolone therapy significantly reduces the levels of
uNK cells. Further work is necessary to assess this novel
treatment.
Is endothelial-dependent relaxation altered in myometrial vessels taken from women with a history of preeclampsia in a previous pregnancy? C. Hall, J. Myers, M.
Wareing, J. Gillham and P. Baker. Maternal & Fetal Health
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Abstracts of the 21st Annual Meeting of the ESHRE, Copenhagen, Denmark, 19-22 June 2005
associated migraine symptoms was reported by 7 (70.0%) subjects in group
EM,3 (25.0%) in group EH and nonein group CH (p=0.004).
Conclusions: Surgical removal of endometriosis and post-operative treatment
with GnRHanalogs may reduce migraine severity.
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Real-time PCRanalysis for estrogen receptor beta and

progesterone receptor in menstrual blood samples — a new
approach to a non-invasive diagnosis for endometriosis

S. Kissler', M. Schmidt’, N. Keller’, I. Wiegratz', T. Tonn?, W.K. Roth’,

E. Seifried?, R. Baumann’, E. Siebzehnruebl', G. Leyendecker",
M. Kaufmann!
i University of Frankfurt, Department of Obstetrics/Gynecology, Frankfurt
am Main, Germany; University of Frankfurt, Institute of Transfusion
Medicine and Immunohaematology, Frankfurt am Main, Germany;
$Buergerhospital, Section Gynaecologic Endoscopy, Frankfurt am Main,
Germany; *University of Frankfurt, Staedtisches Klinikum Darmstadt,
Frankfurt am Main, Germany
Introduction: Endometriotic and adenomyotic tissue mimic the cyclical
changesof basal endometrium concerning hormonereceptors. Since, there is
a high prevalence of shed basalis tissue in patients with endometriosis, the
hypothesis wastested, whetherthe analysis of hormonereceptors in menstrual
blood by real-time NAT could serve as a new approach for the diagnosis of
endometriosis.
Materials and methods: Twenty women with endometriosis and 22 control
womenwere analysed for estrogen receptor alpha (ERa), estrogen receptor
beta (ERB), cyclooxygenase-2 (Cox-2), cytochrome P450 (CYP1A1) and progesterone receptor (PR) by real-time NAT. Samples were examined from
menstrual blood as well as from peripheral blood. Endometriosis was verified
laparoscopically and distributed to the endometriosis stages according the
rAFS-guidelines.
Results: Patients with endometriosis showed significant increased levels of
estrogen receptor beta and progesterone receptor in menstrual blood samples
whereas no differences were recognized between women with endometriosis
and the control group in peripheral blood samples.
Conclusion: These data strongly indicate that endometriosis results from the
dislocation of basal endometrium. The real-time PCR screening for estrogen
receptor beta and progesterone receptorin patients with strong suspicion for
endometriosis provides the opportunity to verify the diagnosis without invasive
laparoscopic examinations. This study demonstrates the principle of proof,
examinations in a larger population are eagerly awaited.
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Endometrial uNKcells are associated with a1B1 integrin

C. Kalumbi!, R. Farquharson”, M. Anim-Somuah', M. Bates', G. Vince’,
S. Quenby'
‘Liverpool Women’s Hospital, University of Liverpool, Liverpool,
England, UK
Introduction: Uterine natural killer cells (uNK) have been associated with
pregnancy implantation and Recurrent Miscarriage (RM). However, the exact
role of uNK cells in implantation and pregnancyhasnot been elucidated. There
are two competing hypotheses: either uNK cells are hostile to invading trophoblast or uNK cells may facilitate the implantation of abnormal blastocysts
leadingto the clinical presentation of RM. Thelatter interpretation is supported
by data showing that uNK cells are more numerous in the decidua
from chromosomally abnormal miscarriages than in chromosomally normal
miscarriages.
Integrins are adhesion molecules that are also thought to be important in the
establishment of early pregnancy. Thus, our aim was to investigate whether
there was a relationship between endometrial integrin expression and uNK

cells. We tested the hypothesis, that endometrium with high numbers of uNK
cells also expressed large amountsofintegrin and that suppression of uNK cells
numberwith prednisolone would decrease integrin expression.
Materials and methods: Fifty-one women with more than three consecutive
recurrent miscarriages and no knownaetiology were recruited. Their endometrium was sampled as an outpatient procedure on day 21+2 of the menstrual
cycle. The endometrium was dated histologically using paraffin sections.
Amongthem, 29 agreedto take prednisolone 20 mg for 21 days from day one
of the menstrual cycle. On day 21 of this cycle a second biopsy was obtained
and analysed.
Immunohistochemistry was usedto stain consecutive 5 jum frozensections for
CD56to identify uNK cells and avB3, al, B1, a4, B3 for integrins. Integrins
were analysed semi-quantitatively using light microscopy and the HSCORE
system that gives a numerical score between 0 and 4. To identify uNK cells,
5000 cells per patient were counted. The Mann—Whitney U test was used to
compare groups, and non-parametric linear regression was used to assess
correlation.
Results: Staining of the endometrial stroma occurred in patches. Patches of
endometrium with high numbers of NK cells also showed high intensity of
integrin expression. When assessing all 51 samples avB3 and a481 were not
correlated with NK cell number (P=0.17 and P=0.08, respectively). However,
alB1 wasstrongly correlated with NK cell number (P<0.0001). Furthermore,
when NK cell number was decreased with prednisolone administration alB 1
integrin expression was also decreased (P=0.011), with no significant differences in avB3 and a4B1 (P=0.59 and P=0.20,respectively).
Conclusions: Endometrial stromal alB1, but not avB3 and a481 integrin
expression, was strongly associated with uNK cell number. This could be
explained either by the uNK cells adhering to the alB1 integrin or by the
uNK cells directly or indirectly influencing alB1 expression. The fact that
prednisolone administration aimed at decreasing uNK number, also decreased
alB1 suggested the latter. Further research is necessary to determine whether
uNKcells exert their effect on early pregnancy by controlling alB1 integrin
expression.
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VEGF-C/fit-4 mediates endometrial lymphangiogenesis
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Introduction: After menstruation, the endometrial tissue of the uterus starts to
regenerate. After reformation of the epithelial lining, endometrial glands and
stroma regrow. The newly formed stroma consists of extracellular matrix,
fibroblasts, blood vessels and lymphatic vessels. Angiogenesis, or the formation of new vessels (either blood vessels or lymphatic vessels), is regulated
by members from the VEGF (Vascular Endothelial Growth Factor) family
consisting of five related proteins, designated VEGF-A to -E. Whereas
VEGF-A is the main angiogenic factor for blood vessels, VEGF-C and -D
induce lymphangiogenesis, mainly via binding to VEGF-receptor 3 (VEGF-R3,
also called flt-4).
To date it is unknown which growth factor(s) regulate the proliferation of
lymphatic endothelial cells in human endometrium. We have nowinvestigated
the occurrence of lymphangiogenesis, and linked our findings to the expression of VEGF-C andits receptor flt-4 in different menstrual phases of the
endometrium.
Materials and methods: Paraffin sections of human endometrium samples
representing the proliferative (n=7), secretory (n=8) and menstrual (n=4)
phase of the menstrual cycle were stained immunohistochemically for
proliferating lymphatic endothelium. Lymph vessels were detected with antibodies directed against prox-1 or podoplanine, whereasproliferating cells were
stained with antibody Ki67. Proliferating lymph-endothelial cells were visualized by a double staining with Ki67 and anti-podoplanine. VEGF-R3 expression (flt-4) was assessed with antibody 9D9. VEGF-C mRNA wasdetected by
performing in situ hybridization (ISH) with a VEGF-C specific probe.
Results: Immunohistochemical analysis demonstrated the presence of numerous lymphvessels in the myometrium andin the basal (non-cyclic) layer of the
endometrium, and, to a somewhat lesser extend, in the cyclic part of the
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