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The presented thesis is an investigation of the incidence and
pathophysiology of first trimester threatened miscarriage and its
outcomes. First trimester threatened miscarriage is the commonest
complication of pregnancy, affecting 10-20% of women with clinically
recognised pregnancies, and the incidence and mechanisms for long
term adverse outcomes are poorly understood.

Early placental development requires a delicate balance
between the entry of oxygenated maternal blood and the capacity of
the villous trophoblast to metabolise oxygen and eliminate its
metabolites (free radicals). There is a rapid increase in placental
markers of oxidative stress as the maternal circulation is established,
which may serve a physiological role in stimulating placental
differentiation, but which equally may result in free radical damage if
antioxidant defences are depleted. In normal early pregnancy, the
rapid increase in oxygen tension is paralleled by a rise in the
expression of placental antioxidant enzymes.

Bleeding in early pregnancy could change the delicate
equilibrium of placental production of reactive oxygen species and its
natural antioxidant defences, leading to disruption of normal
development of the early placenta and placental membranes. This

disruption results in a range of adverse pregnancy outcomes, from



miscarriage in the first trimester, to pre-term pre-labour rupture of the
membranes, pre-term labour, fetal growth restriction and pre-
eclampsia in the third. This study examines in detail the incidence
and possible mechanisms of adverse outcome in women with
threatened miscarriage; and the role of placental function, in terms of
placental hormone production and markers of oxidative stress, in
both the causation of threatened miscarriage and the subsequent
outcome of the pregnancy. It confirms an association between
threatened miscarriage and adverse outcome, and provides potential
markers of placental damage or stress to add to a growing body of
research elucidating the role of oxidative stress in the developing

placenta and later pregnancy complications.
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Figure 3.1: Diagram representing placentation in normal first-
trimester pregnancy (A) and miscarriage (B). Note trophoblast
plugging of maternal spiral arteries and trophoblast invasion of the
decidua and superficial myometrium in the central area of the
normally developing placenta (A). By contrast, in the miscarriage (B)
there is a shallow trophoblastic invasion and the plugs are loose
allowing premature entry of maternal blood (arrows).

Figure 3.2: Diagrammatic representation of early embryonic nutrition.
Secretions from the maternal uterine glands are delivered into the
intervillous space (IVS), which are then taken up by the
syncitiotrophoblast and secondary yolk sac via the exocoelomic fluid.
Figure 3.3: Working hypothesis that premature influx of oxygenated
blood will cause syncitiotrophoblast (SCTB) stress, resulting in a
range of pregnancy outcomes dependent on the degree of placental
recovery.

Figure 3.4: The free radical cascade. The superoxide free radical
(O2") is detoxified to hydrogen peroxide (H.O2) and then to water.
Reactive oxygen and nitrogen species can cause indiscriminate
damage to cells, lipids and proteins in the absence of adequate
antioxidant defences.

Figure 3.5: Endogenous (red) and exogénous (yellow) antioxidant

systems, convert highly reactive oxygen and nitrogen species into



inactive molecule that can then be safely excreted from the body.
Figure 3.6: Transvaginal ultrasound image of an intrauterine
haematoma (IUH) in an early ongoing pregnancy. The well defined
crescent shaped area can be seen adjacent to the coelomic cavity of
the gestation sac (ECC).

Figure 3.7: The inhibin/activin ‘superfamily’ of the transforming
growth factor  family.

Figure 3.8: Placental, ovarian and pituitary hormone production.
Inhibin and activin have opposite effects on follicular development by
regulating pituitary production of FSH.

Figure 3.9: Inhibin A, activin A and follistatin levels in pregnancy.
Figure 4.1: Transvaginal image of an intrauterine haematoma (IlUH)
adjacent to a viable 9 week fetus.

Figure 4.2 Percentage of babies born at each birth weight in women
with threatened miscarriage compared with controls.

Figure 4.3 Comparison of birth weight by gestational age at delivery
for cases of threatened miscarriage compared with controls.

Figure 4.4: Distribution of gestational age at delivery. Cumulative
percentage is calculated from the number of women delivered by
each gestational age group as a percentage of the total number for
each group.

Figure 5.1: Diagrammatic representation of early embryonic nutrition.
Secretions from the maternal uterine glands are delivered into the
intervillous space (IVS), which are then taken up by the

syncitiotrophoblast and secondary yolk sac via the exocoelomic fluid.
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Figure 5.2: Transvaginal ultrasound image of coelocentesis. The fluid
is collected with a 30 cm 20G needle from the exocoelomic (ECC)
and amniotic compartments.

Figure 5.3: Comparison of the mean antioxidant levels between
maternal plasma, coelomic fluid (CF) and amniotic fluid (AF).
"=significant result

Figure 5.4: Alpha-tocopherol levels in cases of threatened
miscarriage (n=21) compared with controls (n=34). The mean levels
of alpha-tocopherol were 24.2 and 21.39 uymol/L for cases and
controls respectively.

Figure 5.5: Total Antioxidant Power (TAP) in micromolar equivalents
for cases and cont.rols by pregnancy outcome.

Figure 6.1: Diagrammatic representation of a ‘sandwich’ ELISA assay
used for measuring inhibin A, activin A and follistatin.

Figure 6.2: Diagrammatic representation of the inhibin A ELISA as
described above.

Figure 6.3: Diagrammatic representation of the activin A ELISA.
Figure 6.4: Diagrammatic representation of the follistatin ELISA.
Figure 6.5: Mean (and SD) serum inhibin A, activin A, follistatin, hCG
and PAPP-A levels for each outcome group, (TERM=term labour,
PTL=pre-term labour, MC=first trimester miscarriage).

Figure 6.6: Mean (and SD) serum oestradiol and progesterone levels
for each outcome group. (TERM=term labour, PTL=pre-term labour,

MC=miscarriage).
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Early Pregnancy Complications and
Adverse Pregnancy Outcome

First trimester miscarriage is the most common comp!ication of
pregnancy and affects 10-20% of women with clinically recognised
pregnancies®®. The true incidence of early pregnancy failure,
including chemical pregnancies (miscarriages within the first 5 weeks
of pregnancy) and all clinically recognised pregnancies up to 14
weeks, could be as high as 60%°. Miscarriage accounts for
approximately 50 000 hospital admissions annually in the United
Kingdom® and the cost to the National Health Service is high.
Threatened miscarriage, defined as vaginal bleeding before
24 weeks gestation, is a common complication affecting 15-20% of
ongoing pregnancies’ and is the most common reason for
emergency gynaecological GP referrals. There are approximately
673 000 births in England and Wales annually® and therefore an
estimated 100-135 000 women each year will present to a health
care practitioner with bleeding in the first trimester. Women who
present in the first trimester with threatened miscarriage are usually
offered an ultrasound scan to confirm whether there is a viable
intrauterine pregnancy. At this initial scan, many practitioners will

report the presence of an intrauterine haematoma or subchorionic
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bleed. First trimester threatened miscarriage has been associated
with several adverse outcomes including an increased risk of

spontaneous  miscarriage’®"",  stillbirth, abruption, pre-term

9;12;13

labour %1213

and low birth weigh , but an association with
complications such as pre-term pre-labour rupture of the membranes
(PPROM), fetal growth restriction (FGR) and pregnancy induced
hypertension (PIH) has yet to be confirmed'%'4'®, The presence of
an intrauterine haematoma has also been associated with these

complications'#'&17

. The difficulty with many of these studies
however is that they are retrospective, uncontrolled or rely on patient
recall. The mechanisms for the association between first trimester
bleeding and adverse outcomes in later pregnancy are uncertain and

once the initial bleeding episode has resolved, these pregnancies are

not considered high risk or to require increased surveillance.

1.1 Threatened Miscarriage and Pregnancy

Outcome

The mechanism linking threatened miscarriage with pre-term pre-
labour rupture of the membranes (PPROM), fetal growth restriction
(FGR) and pregnancy induced hypertension (PIH) has not been
confirmed, but there is growing evidence for a common role for
reactive oxygen species (ROS) in the pathogenesis of many of these
complications'®'®. Bleeding in early pregnancy, with or without the

development of an intrauterine haematoma, could affect pregnancy
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outcome in several ways. A large haematoma involving the placental
bed may lead to a failure of the placenta and subsequent expulsion
of the pregnancy within days or a few weeks after the initial bleed.
Bleeding at a later stage may be associated with a chronic
inflammatory reaction within the decidua and placental membranes,
with minimal or no disruption to the development of the early
placenta, causing weakening and eventual PPROM and pre-term

delivery.

1.2 Mechanisms of Early Placental Failure

First trimester miscarriages can be broadly categorised into two main
groups, ‘sporadic’ miscarriages which occur in up to 25% of the
population?® and recurrent miscarriages. Recurrent miscarriage is
defined as three or more consecutive pregnancy losses before 20
weeks gestation and occurs in of 1% of couples trying to conceive?'.
The causes for recurrent miscarriage have been extensively
investigated and reported. The causes, diagnosis and management
of recurrent miscarriage are outside the scope of this thesis and will
not therefore be discussed in detail.

Around 50% of early pregnancy failures are linked to a
chromosomal abnormality and, related to this, the risk of miscarriage
increases with advancing maternal age?. The role of abnormal
karyotype in repeated miscarriage is less clear. The causes for

idiopathic sporadic miscarriage, not related to chromosomal
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abnormality, remain uncertain although evidence is emerging that
suggests that abnormal placental development is the essential
pathophysiological mechanism in early pregnancy failure®?.
Placentation in humans is mainly characterised by infiltration of the
uterine endometrium and superficial myometrium by extravillous
trophoblastic cells. These cells act as a barrier and subsequently an
interface between the maternal and fetal circulations. Early placental
development requires a delicate balance between the entry of
maternal blood carrying oxygen and the capacity of the villous
trophoblast to metabolise the oxygen and eliminate its metabolites
(free radicals). There is a rapid increase in placental markers of
oxidative stress as the maternal circulation is established,”® which
may serve a physiological role in stimulating placental differentiation,
but which equally may result in free radical damage if antioxidant
defences are depleted. In normal early pregnancy, the rapid increase
in oxygen tension that occurs is a paralleled by a rise in the
expression of antioxidant enzymes within the placental tissues®’ 2.
Any alteration to the delicate balance in early pregnancy could result
in damage to early placental development resulting in a spectrum of
effects on pregnancy development and outcome depending on the
degree and timing of the insult.

it is known that in about two-thirds of early pregnancy failures
there is defective placentation which is mainly characterised by a

thinner and fragmented trophoblast shell, and reduced

cytotrophoblast invasion of the lumen at the tips of the spiral
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arteries?*. As a result of this there appears to be premature influx of
maternal blood?® and consequent high oxygen concentrations. There
is also evidence that later pregnancy complications such as pre-
eclampsia (PET)*, pre-term labour®' and more recently PPROM?3?
are associated with impaired placentation and failure of physiologfcal
invasion of the spiral arteries.

If impaired placental development, or bleeding in early
pregnancy does result in the premature influx of maternal blood, the
rise in oxygen tension will inevitably result in an increase in reactive
oxygen species (ROS), as a by-product of aerobic respiration. If the
increased demand is not met by an increase in antioxidant defences
an imbalance will occur and tissue damage will result in the loss of

the pregnancy or later pregnancy complications.
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Hypothesis, Aims and Objectives

2.1 Hypothesis

Bleeding in early pregnancy changes the delicate equilibrium of
placental production of reactive oxygen species and its natural
antioxidant defences, leading to disruption of the normal
development of the early placenta and placental membranes. This
disruption will result in a range of adverse pregnancy outcomes, from
miscarriage in the first trimester, to pre-term pre-labour rupture of the
membranes, pre-term labour, fetal growth restriction and pre-

eclampsia in the third trimester.

2.2 Aims of the Study

1. To determine the risk of adverse pregnancy outcome after
threatened miscarriage in our population of women presenting to the
early pregnancy unit (EPU) at University College London Hospital
(UCLH).

2. To prospectively follow a cohort of women presenting with

threatened miscarriage to confirm an association with complications

17



of pregnancy that have been described in retrospective series, such
as PPROM, PTL and PET.

3. To investigate placental function in women with threatened
miscarriage by examining markers of placental trophoblast activity
and comparing them with normal controls.

4. To investigate the presence and activity of antioxidant
substances in maternal plasma and fetal fluid (coelomic and
amniotic) between 7 and 12 weeks of gestation.

5. To compare antioxidant activity in pregnancies presenting with

threatened miscarriage to those found in normal controls.

2.3 Ethics Approval

All studies on women presenting with threatened miscarriage, and on
women undergoing therapeutic termination of pregnancy at UCLH
have been reviewed by The Joint UCL/UCLH Committees on the

Ethics of Human Research.
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Background

3.1 Normal Early Human Placental Development

In order to start to understand the mechanisms leading to early
pregnancy loss and later pregnancy complications, it is necessary to
understand the development of the early placenta and placental
membranes. After implantation, the embryo is completely surrounded
by proliferative cytotrophoblast cells. Subsequently extravillous
trophoblast (EVT) invades into the decidual and myometrial layers
where it surrounds and invades the maternal spiral arteries®. This
results in transformation of the arteries, with a loss of the
musculoelastic structure of the vessel walls and an increase in vessel
diameter converting them into low resistance, high capacitance
vessels®.

Traditional teaching is that maternal blood circulates in the
intervillous space from a very early stage in placental development®.
The primitive uteroplacental circulation has always been thought to

begin within the first two weeks after conception, with functioning

primary chorionic villi present by the third week (Figure 3.1B).
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Figure 3.1: Diagram representing placentation in normal first-trimester pregnancy
(A) and miscarriage (B). Note trophoblast plugging of maternal spiral arteries and
trophoblast invasion of the decidua and superficial myometrium in the central area
of the normally developing placenta (A). By contrast, in the miscarriage (B) there is
a shallow trophoblastic invasion and the plugs are loose allowing premature entry

of maternal blood (arrows).

Original work by Hamilton and Boyd, examining hysterectomy
specimens in the first half of pregnancy, challenged this theory,
suggesting that trophoblastic cells from the cytotrophoblastic shell
form plugs in the endometrial arteries in the early part of
pregnancy’®*’. They concluded that blood flow in the intervillous
space was sluggish in early pregnancy. This theory was largely
disregarded until recently, when the ‘Boyd Collection’ was re-
examined®. Twelve of the specimens were re-examined and the
investigators specifically examined the decidua basalis and therefore
the endometrial arteries under the implantation site. In the early
specimens, no direct communications could be identified between

the maternal vessels and the intervillous space. After around eight

20



weeks gestation, communicating channels began to appear but were
only small until around 11 to 12 weeks. In the early specimens these
channels were blocked by clumps of cytotrophoblast which appeared
to effectively plug the vessels, with channels through the cells only
appearing from around eight weeks (Figure 3.1A). This work has
been further supported by Doppler ultrasound, anatomical and
hysteroscopic studies in early pregnancy, examining blood flow in the

intervillous space (IVS)2336:3%-41

, confirming that there is minimal flow
before approximately 11 weeks gestation. It has also been shown
that greater trophoblast invasion of the spiral arteries occurs in the
central region of the placental bed*? suggesting that the plugs are
more extensive and complete in this area. Recent studies have
confirmed that dissipation of the plugs occurs first at the periphery of
the placenta in the majority of normal pregnancies®. This flow of
blood in the intervillous space at the periphery of the placenta, and
subsequent ‘physiological’ oxidative stress has been suggested as

the trigger responsible for the development of the placental

membranes or ‘chorion laeve’ in human pregnancy?®.

Early Placental Oxygen, Antioxidant Defences

Measurements of placental messenger RNA (mRNA) concentrations
and activity of the principal intracellular antioxidant enzymes
Copper/Zinc superoxide dismutase and catalase have shown that

they are present only in very low levels in the syncitiotrophoblast of
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early pregnancy, suggesting a limited requirement in the first
trimester?®444%_ As pregnancy progresses there is a sharp rise in the
activity of these enzymes. Oxygen tensions in the intervillous space
rise steeply from below 20mmHg at eight weeks gestation to over
50mmHg at 12 weeks®, coinciding with the changes in the uterine
arteries and the increase in antioxidant enzyme activity. This rise in
oxygen tension is also accompanied by a rapid increase in the
expression of heat shock protein 70 (HSP70) and other markers of
oxidative stress®. It is thought that the tightly controlled oxygen
tension in the early placenta might regulate cytotrophoblast
differentiation. In-vitro studies of cytotrophoblast cell cultures have
shown that cytotrophoblast proliferates under conditions of low
oxygen tension, but that they adopt an invasive phenotype in higher
oxygen tensions*®*’. This change could be critical for the invasion
and conversion of the maternal spiral arteries into low resistance
vessels. It has also been suggested that the substantial gradient
between the higher oxygen tension in the maternal endometrium and
the much lower tension in the intervillous space favours proliferative
cytotrophoblast in the intervillous space and the formation of the
trophoblastic shell; and the more invasive phenotype in the
endometrium; essential for implantation and subsequent feto-

maternal exchange®.
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Early Pregnancy Environment and Nutrition

Although there is still some debate over this theory**™

evidence
points towards the conclusion that the maternal circulation is
established gradually towards the end of the first trimester, with
dissipation of the trophoblastic plugs, commencing at the periphery of
the placenta (Figure 3.1.A). The early human embryo must therefore
develop in a relatively low oxygen environment that is tightly
controlled, probably with a minimal requirement for antioxidant
defences. This state of low oxygen tension remains until the gradual
‘unplugging’ of the maternal spiral arteries and consequent increase
in the oxygen tension as maternal blood is delivered to the primary
villi. If this is correct however, how doe§ the early embryo obtain
essential micronutrients in the early stages of pregnancy? It becomes
obvious that there must be an alternative source of nutrition to the
early embryo, which is independent from the developing placenta.

Recent work by Burton and colleagues®'?

suggests that early
embryonic nutrition is derived in part from the maternal uterine
glands, which have been shown to deliver their secretions freely into
the intervillous space in early pregnancy. These secretions are taken

up by placental syncitotrophoblasts and also by the secondary yolk

sac via the exocoelomic coelom (ECC) (Figure 3.2).
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Figure 3.2: Diagrammatic representation of early embryonic nutrition. Secretions
from the maternal uterine glands are delivered into the intervillous space (IVS),
which are then taken up by the syncitiotrophoblast and secondary yolk sac via the
exocoelomic fluid.

The fluid in the ECC (coelomic fluid) has been found to be an
ultrafitrate  of maternal serum®; rich in amino acids,
immunoglobulins® and placental products such as human chorionic
56;57

gonadotrophin (hCG)*®, oestradiol, oestriol and progesterone

(Table 3.1).
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Molecules Maternal Coelomic Fluid ~ Amniotic
Serum Fluid
Maternal Origin
Total protein (g/L) 71.3 3.5 0.2
Creatinine (umol/L) 50.1 43.6 27.7
Urea (mmol/L) 7.2 8.3 7.2
Albumin (g/L) 455 1.7 ND
Pre-albumin (g/L) 1.14 0.04 ND
Thyroxine (nmol/L) 180 0.9 0.02
Relaxin (ng/L) 1000 122 9
Immunoglobulin G 907 32 3
| (mg/dL)
Immunoglobulin A 122 1 ND
| (mg/dL)
Complement Factor 3 114 ND ND
| (mg/dL)
Complement Factor 4 21 ND ND
(mg/dL)
Iron (umol/L) 21 4.8 1.8
Glucose (mmol/L) 34 2.7 2.8
IGF-1 (ug/L) 233 41 38
Placental Origin
Intact hCG (miU/mL) 80193 105605 1057
Free hCG (mlU/mL) 70 11200 169
Free f-hCG (mIU/mL) 45 1478 20
Human Placental 210 80 30
Lactogen (ng/mL)
Progesterone (pg/mL) 17 240 8
Oestradiol (pg/mL) 917 8469 1898
Activin A (ng/mL) 0.68 0.98 0.09
Inhibin B (pg/mL) 5.9 24.3 6.3
B2 microglobulin (mg/L) 0.9 4.7 ND
Lactate (mmol/L) 0.3 0.6 0.9
IGF-Il (pg/L) 687 199 40
Decidual Origin
Vitamin B12 (ng/mL) 405 3680 987
Prolactin (mU/L) 709 371 40
Placental Protein 14 642 4416 77
 (uglL)
Interleukin-6 (ng/mL) 40 88 17
IGFBP-1 (ug/L) 76 150 16
IGFBP-2 (ug/L) 123 167 49
Secondary Yolk Sac Origin
Alpha-fetoprotein (klU/L) 1.4 21816 27096
Erythropoietin (mU/mL) 15.4 15.5 5.0
Fetal Origin
Fglutamyltransferase 9 2 25
(U/L)
Ferritin (ug/L) 49 287 2.0
Ca125 (U/mL) 35 35 496

Table 3.1: Concentration of, various proteins and other molecules in embryonic
fluids and maternal serum according to their main site of production or origin during
the first timester of pregnancy. (Modified with kind permission from Jauniaux E,
Gulbis B. Fluid compartments of the embryonic environment. Hum Reprod Update
2000; 6: 268-278)
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The presence of glycoproteins such as glycodelin in the secondary
yolk sac also suggests a role for the exocoelomic space in nutrient
transfer and embryo protection in early human pregnancy®’.

Evidence is now emerging that impairment of this protection system,
which tightly regulates placental oxygen tension in the early embryo,
may be involved in the pathophysiology of early pregnancy failure,
with uncontrolled oxygen delivery to the delicate embryo and
resulting free radical damage. This mechanism may also be
responsible for the later pregnancy complications that occur after
threatened miscarriage, where the developing placenta is able to
mount a sufficient response to this early insult and the pregnancy
continues, but where disruption to normal development sets up a
state of chronic inflammation or oxidative stress, resulting in

disorders such as PET and PPROM (Figure 3.3).

Premature influx of oxygenated
Maternal blood
Rise in intraplacental
0O, concentration

Antioxidant Defences
Maternal Diet/Smoking
Genotype

Differentiation Trigger
Degeneration of SCTB Induction of Antioxidants
Chronic Inflammation & Oxidative Stress
of Placenta & Membranes

Figure 3.3: Working hypothesis that premature influx of oxygenated blood will
cause syncitiotrophoblast (SCTB) stress, resulting in a range of pregnancy
outcomes  dependent  on the degree of  placental recovery.
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3.2 Free Radicals, Tissue Damage and Defences

Free Radicals in Biological Systems

Free radicals are atoms or molecules with one or more unpaired
electrons. The major free radicals in biological systems are the
reactive oxygen (ROS) and the reactive nitrogen species (RNS). The
predominant intracellular source of ROS is the mitochondria through
leakage of electrons from the respiratory chain to molecular

%960 Stepwise single electron additions (reduction) to

oxygen
molecular oxygen generate more reactive intermediates such as the
superoxide radical (O2"). The superoxide radical is detoxified within
the mitochondrial matrix by manganese superoxide dismutase
(MnSOD), converting it to hydrogen peroxide (H202) which is
converted by glutathione peroxidase (GPX) to water. Glutathione
peroxidase activity is dependent on a supply of hydrogen from
reduced glutathione (GSH), which in turn utilises NADPH from the
pentose phosphate pathway via glutathione reductase (Figure 3.4).
Generation of ROS can also occur outside the mitochondria where
they are detoxified by the enzymes Copper/Zinc superoxide
dismutase (Cu/ZnSOD), GPX and catalase.

The reactive nitrogen species include nitric oxide (NO) and
peroxynitrite (ONOQO"). Nitric oxide is generated in the mitochondria

by nitric oxide synthase®' (NOS). Nitric oxide can also react with the

superoxide ion to produce peroxynitrite (ONOO-). Peroxynitrite is a
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powerful oxidant which causes lipid peroxidation and DNA strand
breakage. It is detoxified by GPX or reacts directly with GSH. It is
thought that at physiological levels the ROS and RNS may be
involved in intracellular signalling processes including regulation of
transcription factors such as the expression of pro-inflammatory

cytokines®%4,

B

Wpoxanmlnm\

Xankhin. f i
e CulZnSOD

MnSOD

NO
ONOO- C

Figure 3.4: The free radical cascade. The superoxide free radical (O,") is detoxified
to hydrogen peroxide (H,O,) and then to water. Reactive oxygen and nitrogen
species can cause indiscriminate damage to cells, lipids and proteins in the

absence of adequate antioxidant defences.

If generation of these ROS and RNS exceeds cellular antioxidant
defences oxidative stress will occur, with indiscriminate damage to

cells, lipids and proteins. An imbalance in the metabolism of O, and
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H20. can result in the production of the even more reactive hydroxyl
ion (OH')*®®°, catalysed by free ferrous ions. Hydrogen atoms are the
best electron donors and therefore free radicals can cause
widespread tissue damage by causing lipid peroxidation to cell

membranes, increasing intracellular calcium and damaging DNA.

Human Antioxidant Defence Systems

Antioxidant defence systems have evolved to counteract any
potential damage caused by excessive production of ROS and RNS.
They act by converting the highly reactive free radicals to inactive
molecules which can then be excreted by the body. A balance
between ROS production and their destruction by a variety of
antioxidants limits the amount of damage caused. Antioxidants are
either endogenous enzymes such as the superoxide dismutases,
which are the primary mitochondrial antioxidants, and catalases and
peroxidases such as GPX, or exogenous non-enzymic substances
such as ascorbic acid (vitamin C) or the tocopherols (vitamin E)

(Figure 3.5).
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Figure 3.5: Endogenous (red) and exogenous (yellow) antioxidant systems, convert
highly reactive oxygen and nitrogen species into inactive molecule that can then be
safely excreted from the body.

Vitamin E is the major non-enzymic lipid soluble chain breaking

t65

antioxidant™, protecting lipid membrane and lipoprotein structures

against lipid peroxidation. Vitamin E is a generic term, referring to all
tocol compounds with the same biological activity as a-tocopherol®,
the difference referring to the number and position of the methyl
group on the chroman ring. Gamma-tocopherol is the most prevalent

form of vitamin E in the western diet®’

and a-tocopherol is the
commonest form to be found in supplements®®.
Vitamin C is an essential water soluble antioxidant in plasma

and acts as a reducing agent. Vitamin C works in synergy with

vitamin E, reducing the tocopheryl free radical to a-tocopherol-OH at
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8970 It is then excreted into the urine as

the aqueous lipid interface
dehydroascorbate. As long as ascorbic acid is available a-tocopherol

will be replenished into the lipid layer.

Oxidative Stress in Uncomplicated Pregnancy

There is good evidence to suggest that normal uncomplicated
pregnancy is associated with an increase in maternal oxidative
stress. Levels of lipid peroxides are higher in pregnant women when
compared with non-pregnant controls’' and it has been shown that
levels of lipid peroxidation increase in pregnancy from the first
trimester to term. This increase is directly related to the increase in
metabolic rate in pregnancy. Along with this there appears to be a
rise in maternal enzymic antioxidant levels as an apparent adaptive
measure?®4472_ Culture of syncitiotrophoblast from early pregnancy
specimens shows that at early gestations, it is extremely sensitive to
oxygen mediated damage, an effect that becomes less marked as
pregnancy progresses®>. The placental syncytiotrophoblast brush
border membrane is most susceptible to lipid peroxidation as it is
continuously exposed to the high oxygen content of the maternal
blood, acting as an interface between the maternal and fetal
circulations™. It has been shown that vitamin E is concentrated in
this brush border membrane in early pregnancy’, suggesting a
crucial role in the protection of the early embryo. In their study of

trophoblast invasion in normal and abnormal pregnancy®, Jauniaux
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and colleagues also examined the morphology of the trophoblast
cells in normal pregnancies for markers of syncitial stress. Using
immunohistochemical techniques they found a greater proportion of
unstressed syncytiotrophoblast in the central region of the placenta
compared to the periphery. Markers of oxidative damage were higher
in the periphery, where maternal blood flow is higher and it has been
postulated that these oxygen mediated processes may be involved in

regression of peripheral villi and the formation of the chorion laeve®.

3.3 Abnormal Placental Development and

Miscarriage

Epidemiology

As previously stated, first trimester miscarriage is the most common
complication of pregnancy and affects 10-20% of women with
clinically recognised pregnancies®®. Miscarriage can be broadly
categorised into two main groups, ‘sporadic’ affecting 20-25% of the
population”® and recurrent (defined as 3 or more consecutive
miscarriages before 20 weeks gestation) affecting approximately 1%
of couples trying to conceive?'. The causes for recurrent miscarriage
have been traditionally divided in to six main categories: anatomical,
endocrine, genetic, infectious, immune and idiopathic, however it is
apparent that in many cases the cause is multifactorial, and the

emergence of inherited thrombophillic defects as a frequent cause of
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recurrent miscarriage has dramatically changed the investigation and
management of these women.

Around 50% of early pregnancy failures are chromosomal in
origin and the risk increases with advancing maternal age®. The role
of abnormal karyotype in repeated miscarriage is less clear and there
is good evidence that there is a higher rate of subsequent
miscarriage in women who have miscarried a fetus with a normal

7576 and that women with recurrent miscarriages have a

karyotype
higher number of chromosomally normal miscarriages compared with
controls’”’®, Maternal age and number of previous miscarriages are
independent risk factors for early pregnancy loss* . The causes for
sporadic miscarriage, not related to chromosomal abnormality,

remain uncertain and the potential role of abnormal placental

development will be discussed in detail below.

The Pathophysiology of Early Pregnancy Failure

There is good evidence that early pregnancy failure is associated
with defective development of the placental bed®®”%®. Placental bed
tissue shows defective trophoblast invasion, with limited maternal
arterial ‘transformation’ in women with missed miscarriages in both
the first and second trimester?®. These findings have been confirmed
in a larger study®* where spontaneous miscarriage specimens were
associated with a thinner discontinuous trophoblastic shell and

defective intravascular trophoblastic plugs. In two thirds of these
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cases, spiral artery transformation was significantly reduced. Doppler
studies®®**' have shown pulsatile flow in the IVS in pregnancies that
have gone on to miscarry and more recent work examining
intervillous blood flow in normal and abnormal early pregnancies has
shown that in normal pregnancy, intervillous biood flow increases
gradually from eight weeks gestation®. In abnormal early pregnancy
however, flow can be detected from a much earlier gestation. In
normal early pregnancy maternal blood flow starts at the periphery of
the placenta, possibly where plugging by the trophoblast is less
complete. In missed miscarriage, this process appears to be
reversed with flow in the IVS being more commonly seen in the
central region of the placenta (Figure 3.1.B, page 19). A study of
miscarriage specimens from women with antiphospholipid syndrome
has also shown that the normal endovascular trophoblastic plugging
described above could only be identified in 23% of cases compared
to 75% of normal controls®’. These findings appeared to be in

3342 which

agreement with early work on placental developmen
showed that trophoblastic migration and morphological changes in
the uteroplacental arteries are more extensive in the central area of
the placental bed, with invasion starting at the centre of the
implantation site and extending to the periphery in an annular
pattern; trophoblast invasion of the endometrial arteries is also most
extensive i.e. deep in the central regions*.

Early syncitiotrophoblast is extremely sensitive to oxygen

mediated damage®. The brush border membrane is most
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susceptible to lipid peroxidation and is continuously exposed to the
high oxygen content of the maternal blood, acting as an interface
between the maternal and fetal circulations’. In their study of
trophoblast invasion in normal and abnormal pregnancy?®®, Jauniaux
and colleagues found a greater proportion of unstressed
syncytiotrophoblast in the central region of the placenta compared to
the periphery. Levels of heat shock protein 70 (HSP7o) were higher in
the periphery, where maternal blood flow is higher. Samples
examined from missed miscarriage specimens showed signs of
syncitial stress in the central regions of the placenta and the markers
of oxidative damage were significantly higher than in controls. They
concluded that oxidative damage caused by widespread premature
influx of maternal blood secondary to impaired trophoblast invasion
was an important mechanism in early pregnancy loss.

Impairment of the trophoblast shell in abnormal early
pregnancy with premature onset of the maternal circulation, such as
in threatened miscarriage, could well result in oxidative damage to
the developing placenta and embryo, resulting in miscarriage. Lesser
degrees of impairment of early placental or membrane development
with influx of oxygenated maternal blood may result in a chronic state
of oxidative stress resulting from inflammation and the presence of
substances which form free radicals (such as free ferrous ions),
resulting in later complications of pregnancy such as PET, PPROM,
fetal growth restriction (FGR) and pre-term labour.

Studies of maternal antioxidant status and oxidative stress in
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early pregnancy failure are abundant but can be difficult to interpret.
Study design varies and is often retrospective, subjects are
frequently investigated in the non-pregnant state or immediately post-
miscarriage and many different markers of oxidative stress and
antioxidants have been measured. Few studies assess antioxidant
status in pregnancy prior to miscarriage or in cases of threatened
miscarriage. Assessment of maternal antioxidant levels or levels of
oxidative stress can be difficult and may not fully represent the
human body’s response to stress and pregnancy.

Reduced serum selenium levels, an integral component of the
antioxidant enzyme GSH, have been found in women who are
miscarrying®® and selenium levels are lower in women with first
trimester sporadic miscarriages compared with women with a history
of recurrent miscarriage®. Hair selenium levels have also been
found to be lower in women with recurrent miscarriage®. Other
studies have shown reduced plasma levels of ascorbic acid, a-
tocopherol and red cell GSH in women with recurrent miscarriage®,
reduced levels of the antioxidant enzyme superoxide dismutase in
first trimester miscarriage®® and an increase in markers of lipid
peroxidation in women who have had a spontaneous

miscarriage®’®®

. In general, data seem to suggest that in early
pregnancy failure there is an increase in markers of oxidative stress
and a probable decrease in maternal antioxidant defences. Whether

this decrease is constitutional or as a result of excessive

consumption as a result of the ‘disease’ process is unclear.
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Pregnancy related disorders associated with oxidative

stress

In terms of pregnancy related disorders associated with increased
oxidative stress, pre-eclampsia is by far the most extensively
investigated®®. Maternal lipid peroxide levels are significantly
increased in PET when compared with normal pregnancy®®'.
Maternal antioxidant levels have also been found to be decreased®

93,97

% as has placental antioxidant capacity™”", mRNA expression of

93,98 and

Cu/Zn superoxide dismutase and glutathione peroxidase
placental vitamin E levels®. A pilot randomised trial of the
antioxidants vitamin C and vitamin E in women at high risk of PET
demonstrated a significant reduction in PET compared with placebo®
with improvement in maternal biochemical indices for the disease'®.
Unfortunately, the follow-on multi-centre study did not show a
reduction in the incidence of PET in high risk women'"'. Results of
the effect on biochemical indices are awaited.

A role for oxidative stress is emerging in other pregnancy
related diseases such as maternal diabetes and drug related
teratogenicity. Congenital abnormalities are 2-3 times more common

in infants of diabetic mothers compared with normal controls'®.

Miscarriage rates are also increased in Type 1 diabetes'®%®,

Diabetic embryopathy has been associated with increased levels of

105;106

oxidative stress and vitamin C and E supplementation of
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diabetic rats has been shown to reduce the incidence of
malformations'”-'%°. Raised glucose levels have also been found to
disturb the expression of regulatory genes in embryonic development
and cell-cycle progression leading to premature cell death in animal
models''. In this study, when this occurred at the pre-implantation
stage, spontaneous miscarriage or congenital abnormalities were the
result. At the post-implantation stage, alterations in gene expression
resulted specifically in neural tube, musculoskeletal and cardiac
defects.

It is well know that thalidomide administration to pregnant
women produces a multitude of birth defects and ethanol has long
been recognised as a teratogen, resulting in the Fetal Alcohol
Syndrome (FAS), a spectrum of disorders, one of the mechanisms
for which has recently been postulated to be oxidative damage''""2,
In vitro work on animal models has found low levels of antioxidants,
an exaggerated response to pro-oxidant stimuli and evidence of
mitochondrially mediated cell death in fetuses exposed to alcohol in

utero''¥14,
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3.4 Threatened Miscarriage and Obstetric
Outcome

3.4.1 Epidemiology of Threatened Miscarriage

Threatened miscarriage is defined as vaginal bleeding before 24
weeks gestation and occurs in 15-20% of ongoing pregnancies’. It is
the commonest reason for emergency gynaecology General
Practitioner referrals. There are approximately 673 000 births in
England and Wales annually? and therefore an estimated 100-135
000 women each year will present to a health care professional with
bleeding and pain in the first trimester. Threatened miscarriage in
the first trimester has been associated with many adverse pregnancy
outcomes. There is an increased risk of miscarriage'®'’"'"°,
particularly when bleeding occurs before 8 weeks'?. If not associated
with immediate fetal loss, threatened miscarriage has been linked to
fetal loss later in the pregnancy’’’ as well as abruption®'*'®, fetal
growth restriction (FGR), pre-term labour (PTL)*'¥'® pre-term pre-
labour rupture of the membranes (PPROM)®, pre-eclampsia (PET)°

and low birth weight'?

(LBW). A recent retrospective study reported
that the only risk factor found to be independently associated with
pre-term delivery in women with threatened miscarriage was

unexplained second or third trimester haemorrhage'®.

The problem with the majority of these reports is that they are
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conducted retrospectively, are uncontrolled, or rely on patient recall,
often recruiting later in the pregnancy. The largest study on
threatened miscarriage and obstetric outcome was conducted by
Weiss et al® as part of the FASTER Consortium. This study
concluded that first timester bleeding was an independent risk factor
for adverse obstetric outcome and that the risk was also dependent
on the amount of vaginal bleeding experienced. In women with heavy
bleeding (defined as similar to menses), there was an increased
incidence of FGR, PTL, PPROM and abruption. In this study, women
were recruited at 10-14 weeks gestation, and divided into subsets
based on whether there was a history of bleeding in the four weeks
prior to enrolment. The spontaneous pregnancy loss rates before 24
weeks in both the cases and controls were extremely low in their
study and may be explained by the later recruitment of the cases,

when many of the early miscarriages will have already occurred.

Intrauterine Haematoma

Women presenting with vaginal bleeding in the first trimester are
commonly investigated using ultrasonography to assess the viability
of the pregnancy and to exclude alternative diagnoses such as
ectopic pregnancy. A frequent ultrasound finding in women with
bleeding in the first trimester is the presence of subchorionic bleeding
or intrauterine haematoma (IUH). Intrauterine haematoma is defined

as an echo-free area that lies between the placental membranes and
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the uterine wall'® (Figure 3.6). These IUH are present in

116,117 and

approximately 18% of women with threatened miscarriage
there has been much debate over the resolution and clinical
significance of their presence on ultrasound. Many of the early
studies examining pregnancy outcome were small or uncontrolled™.
The incidence of miscarriage has been variably reported and ranges
from 4-33 % depending on the gestation at presentation'. A recent
retrospective study of intrauterine haematoma in the first trimester
which found that the risk of spontaneous miscarriage was
significantly increased if the haematoma was diagnosed before nine
weeks'', this is in keeping however with the consistent finding that
bleeding alone, with or without a haematoma, before eight weeks
results in an increased incidence of miscarriage'®, and the
significance of the finding of these haematomas has yet to be
confirmed. Intrauterine haematomas have been shown to be
associated with an increased incidence of pre-term labour and low
birth weight'?, but an association with .complications such as
premature rupture of membranes (PROM), fetal growth restriction
and pregnancy-induced hypertension is still debated'?141%118-120 - o
summary of the available data on the incidence and outcomes of IlUH

can be found in Table 3.2.
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IUH = intrauterine haematoma ECC = exocoelomic space

Figure 3.6: Transvaginal ultrasound image of an intrauterine haematoma (IUH) in
an early ongoing pregnancy. The well defined crescent shaped area can be seen
adjacent to the coelomic cavity of the gestation sac (ECC).
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If the link between first trimester threatened miscarriage and PET,
FGR, PPROM and subsequent PTL is confirmed, it will have major
implications for health care resources and provision. Pre-term
delivery occurs with an incidence of 7-11% and is the leading cause
of death of normal infants'®. Forty percent of pre-term deliveries are
preceded by PPROM'*. The incidence of PTL has remained largely
unchanged despite advances in obstetric care and in the antenatal
diagnosis and management of fetal abnormality and pregnancy
complications such as PET and FGR. Identification of women at risk
remains the only strategy for reducing the incidence of premature
delivery and if 15-20% of ongoing pregnancies are complicated by
threatened miscarriage, a large number of potentially high risk
women are going unidentified. Increased antenatal surveillance might
identify women within this group who are at increased risk and whilst
there are no effective interventions currently, identification would
enable closer monitoring and timely administration of antenatal

corticosteroids.

Pathophysiology of Adverse Outcome in Threatened

Miscarriage

The mechanism by which intrauterine haematomas and bleeding in
the first trimester can affect pregnancy outcome is uncertain. Despite
the many studies linking threatened miscarriage with adverse

pregnancy outcome, little work has been done to investigate why



such a link occurs. From the described evidence above in 2.3.2, a
role for damage by reactive oxygen species seems a possibility. The
role of oxidative stress in the pathogenesis of PET has been
extensively investigated and there is good evidence supporting
increased levels of lipid peroxidation and reduced antioxidant activity
in PET97;135-141.

Recently, evidence for a role for increased free radical
production in PPROM is becoming apparent'*4'4, Epidemiological
evidence for a link with rupture of the membranes is well established.
Cigarette smoking which is a potent inducer of ROS increases the
riék of pre-term rupture of the membranes 2 to 4 fold compared with
non-smokers'** and maternal smoking increases the risk of
spontaneous miscarriage by 33% compared with non-smoking
controls'*>'4_ Bleeding in the second trimester of pregnancy is also
associated with premature rupture of the membranes'*. Red blood
cell haemolysis results in the release of free iron, which can catalyse
the generation of the highly damaging OH’ radical via the Fenton
reaction; potentially damaging the placental membranes and causing
premature rupture. The presence of infection is also a well
recognised cause of PPROM and activated macrophages and
neutrophils generate increased levels of superoxide free radicals
such as hypochlorous acid (HOCI) during phagocytosis''. This in
combination with the proteases produced by bacteria including group

2

B streptococcus’®® may impair membrane integrity and result in

PPROM.
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In vitro evidence suggests that vitamin C is involved in several
biochemical processes involved in collagen synthesis and
maintenance'®'%*, Collagen provides strength to the placental
membranes and at least five different types can be found within
them'. The main component of amnion is type Il collagen and a
reduction has been associated with PPROM'®. Culturing amnion
cells and amnion in hydrogen peroxide has been shown to induce
apoptosis, cytokine and prostaglandin production'®, and a recent
study has shown that pre-treatment of placental membranes with
vitamin C and E protect against oxidative damage in vitro'". It has
also been shown that women with PPROM have lower levels of
vitamin C than controls, suggesting a possible preventative role for
antioxidants in those at risk'>®"'*°. The picture is still however far from
clear cut as it has also been reported that vitamin C alone may result
in a dose dependent increase in membrane rupture156. A recent
report has suggested that vitamin C may have a pro-oxidant effect'®
if used alone, again in a dose dependent manner. In this study there
was an increased rate of adenine base mutations in non-pregnant
subjects. Study design and data interpretation have however been
widely criticised and a recent review suggests that vitamin C does
not have any detrimental effect®’.

It can be seen from the above evidence that threatened
miscarriage could affect pregnancy outcome in several ways.
Theoretically, a large haematoma could be a threat to the

continuance of the pregnancy by a direct pressure/volume effect.

46



This may well depend upon the site of the haematoma and its
distance from the placental site, or the volume of the haematoma.
The presence of subchorionic bleeding could also result in a chronic
inflammatory reaction in the decidua and consequent persistent
myometrial activity and expulsion of the pregnancy. If the pregnancy
continues, subchorionic bleeding will result in an increase in the
amount of both oxygenated blood and free iron available, potentially
increasing the production of reactive oxygen species with
subsequent damage to the placental membranes. and eventual

rupture.

47



3.5 Measuring Placental Function and Oxidative

Stress

The human feto-placental unit and corpus luteum produce a vast
number of substances, including hormones which have been studied
extensively looking for markers and predictors of adverse pregnancy
outcome and for assessment of placental function.

Screening for neural tube defects and trisomy 21 using a
combination of maternal serum markers and ultrasound parameters
has become standard practice in many developed countries. More
recently an association has been identified between second
trimester maternal serum markers and adverse pregnancy outcomes
other  than congenital anomalies  and chromosomal
aneuploidies162;163, FGR164-166’ LBW167, |UFD168, PTL166;167;169 and
PET167;170;171.

It has long been known that deviations in the levels of certain
maternal serum markers in early pregnancy can be associated with
early placental failure and pregnancy loss. Many maternal serum
markers have been investigated in attempts to predict the outcome of
pregnancy in the first trimester and in particular the likelihood of
subsequent miscarriage, with varying degrees of success. Single or
multiple markers in combination have been examined. Many of the
early studies were conducted after embryonic demise had already

occurred'%'"® and have limited clinical application with the advent of
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high resolution ultrasound in the diagnosis of early pregnancy failure.
Recently the development of highly sensitive urinary hCG assays
and greater awareness of the availability of early pregnancy
ultrasound amongst health care professionals and women alike has
resulted in ever earlier presentation, leading to an increase in the
number of inconclusive scans. As a result of this there has been an
increase in the requirement for repeat assessments to determine
both pregnancy location and viability at ever increasing cost to the
NHS. In this context, a role for maternal serum markers, in
combination with ultrasound features for the prediction of pregnancy
outcome is re-emerging.

Maternal serum markers, combined with ultrasound
parameters, maternal age, smoking habits, obstetric history and the
occurrence of vaginal bleeding have all been combined in
multivariate analyses, with mixed results'*'7°. First trimester human
chorionic gonadotrophin (hCG) and more recently progesterone
~remain the only consistent markers of early pregnancy
failure'317&177 puyt their predictive value is low'’®.

The role of first trimester markers in the prediction of later
pregnancy complications is even less clear. Most studies examine
serum markers in the late first trimester as part of Down’s Syndrome
screening and associations have been made between abnbrmal

levels of several hormones and adverse pregnancy outcome'’%®,
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Human Chorionic Gonadotrophin (hCG)

Human chorionic gonadotrophin is a 39 kDa glycoprotein and is a
member of a family of hormones including luteinising hormone (LH),
follicle stimulating hormone (FSH) and thyrotrophin-stimulating
hormone (TSH). Each consists of an a-subunit which is almost
identical in all four hormones and a B-subunit unique to each
individual hormone. Human chorionic gonadotrophin is produced by

the placental syncytiotrophoblast'®?

, with small amounts also being
produced by the pituitary gland and fetal liver. The two sub-units are
combined in the syncytiotrophoblast and rapidly released into the
maternal circulation, with levels reaching a peak at eight weeks.
Levels plateau at 8-12 weeks and decline until 18 weeks where they
remain constant until term'®¥'8  hCG is probably the major
luteotrophic signal from the implanting embryo in early pregnancy,
promoting synthesis and release of progesterone from the corpus
luteum. In vitro studies have also shown that hCG can regulate the
differentiation of cytotrophoblasts into syncitiotrophoblasts, thereby
increasing its own production'®. Thirty percent of hCG is excreted in
bile and urine, the rest being metabolised by the kidney and liver.
Intact hCG has a half life of 6-24 hours, the B sub-unit a half life of 40
minutes. Several studies have looked at the value of both single and
serial hCG measurements in predicting early pregnancy loss and
ectopic pregnancy and hCG is one of the first ‘maternal serum

markers’ to have practical applications. It's role in the management

and follow-up of gestational trophoblastic disease is well established
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and it's place in screening pregnancies for gestational trophoblastic
disease (GTD) is promising'®'87_ A single serum BhCG estimation in
pregnancy has a sensitivity of 88% with a positive predictive value of
83% for early pregnancy failure'®. Several recent studies have
confirmed the association between a low initial hCG and early
pregnancy failure'”*181%_|n miscarriages, there is a decrease in the
expression of the hCG a and Ba subunit gene in villous tissue
compared with controls suggesting that down-regulation occurs in the
hCG gene after embryonic demise'®!. The relationship between first
trimester hCG values and later pregnancy complications is

189;192

uncertain and associations have been made between low levels

and FGR'8%181:190:192 and pregnancy induced hypertension (PIH)"®'.
Increased levels of hCG have been found in association with
PET'%'% and it has been suggested that increased levels of hCG in
abnormal pregnancies may occur as a result of abnormal placental
development'®. A recent study has suggested that hCG levels can
be correlated with oxidative stress levels in term pregnant women
with PET and suggest that circulating levels of hCG may be useful for

screening for diseases associated with increased oxidative stress,

like PET, in pregnancy'®.

Pregnancy Associated Plasma Protein-A (PAPP-A)

PAPP-A is a macromolecular glycoprotein. It has recently been

identified as insulin-like growth factor binding protein-4 protease
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produced by human fibroblasts and ovarian granulosa cells"'%8, |t

appears to play a role in follicle selection and corpus luteum
formation, by increasing the availability of insulin-like growth factor-
1'%, Serum levels increase steeply during early pregnancy from day

30 onwards'’®,

Studies examining its use in predicting early
pregnancy failure with a live fetus on ultrasound have shown that
PAPP-A levels do decrease in miscarriage but that they have a low
predictive value for fetal demise'”>'9%2%" PAPP-A is also depressed

202-204 and

in Downs’ Syndrome and other chromosomal abnormalities
has been examined extensively for its role in first and second
trimester screening for Downs’ Syndrome. In addition to this role, it
has been found to be low in the first trimester in association with
pregnancy induced hypertension (PIH)'7%%0205 gnd FGR?80+190:205:206
and possibly pre-term labour although findings are

inconsistent'?%205:207:208

Inhibins, Activins and Follistatin

The inhibins and activins are dimeric glycoproteins of the
transforming growth factor- B (TGF-B) family (Figure 3.7),
synthesised by the placenta®®?'°, decidua and fetal membranes in

pregnancy®''?'2, as well as the ovary, pituitary and adrenals.
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