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Abstract. The 2019meeting of the Society for ReproductiveBiology (SRB) provided a platform for the dissemination of
new knowledge and innovations to improve reproductive health in humans, enhance animal breeding efficiency and

understand the effect of the environment on reproductive processes. The effects of environment and lifestyle on fertility
and animal behaviour are emerging as the most important modern issues facing reproductive health. Here, we summarise
key highlights from recent work on endocrine-disrupting chemicals and diet- and lifestyle-inducedmetabolic changes and
how these factors affect reproduction. This is particularly important to discuss in the context of potential effects on the

reproductive potential that may be imparted to future generations of humans and animals. In addition to key summaries of
new work in the male and female reproductive tract and on the health of the placenta, for the first time the SRB meeting
included a workshop on endometriosis. This was an important opportunity for researchers, healthcare professionals and

patient advocates to unite and provide critical updates on efforts to reduce the effect of this chronic disease and to improve
the welfare of the women it affects. These new findings and directions are captured in this review.
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Introduction

Our health during adulthood begins as early as fertilisation and

time in the womb. Therefore, understanding the crucial factors
governing reproductive health underlies our ability to improve
the health of future generations. Leveraging this fundamental

knowledge can open doors for the design of new diagnostic
tools, therapeutics and intervention measures. However, after
the 2019 Society for Reproductive Biology (SRB) Meeting,

we understand more than ever that partnering this knowledge
with diverse, cross-disciplinary teams is key to us ultimately
improving reproductive outcomes, as a community. We saw
numerous examples of collaborations between scientists, clin-

icians, engineers, bioinformaticians and mathematicians team-
ing up to advance reproductive health through revolutionary
new approaches and technologies. This summary of the 2019

Annual Meeting highlights the novel advances being made to
address topical reproductive health issues ranging from endo-
metriosis and the improvement of assisted reproductive tech-

niques (ARTs) to synthesising big data and understanding the
effect of the environment on reproductive health. Importantly,
the partnerships being forged to facilitate these advances are
outlined in this review.

Inaugural SRB endometriosis workshop

Participating speakers: Linda Giudice, Susan Evans,
Stuart Brierley, Caitlin Filby, Gita Mishra, Peter Rogers,
Melissa Parker, Sally Mortlock, Sarah Holdsworth-Carson

The inaugural SRB endometriosis workshop, Australian Endo-

metriosis Research: The State of the Art and What the Future
Looks Like, was held as a satellite meeting in conjunction with
the SRB Annual Scientific Meeting in Sydney at The Royal

Hospital for Women. The meeting was co-organised by Louise
Hull, Sarah Holdsworth-Carson, Jane Girling and Jason Abbott,
bringing together scientists, clinicians and patient advocates
from around Australia and New Zealand to showcase current

research activities and updates.
Endometriosis is a chronic, inflammatory, oestrogen-

dependent disease that affects an estimated 176 million women

globally and is the leading cause of infertility. With a personal
cost of nearly A$30 000 and an economic burden of A$9.6
billion each year in Australia (Armour et al. 2019), new clinical,

basic science and government initiatives are needed to improve
this situation. Peter Rogers (The University of Melbourne) and
Cecilia Ng (JeanHailes) were invited to provide an update about
the National Action Plan for Endometriosis (NAPE, https://

www1.health.gov.au/internet/main/publishing.nsf/Content/
endometriosis, accessed 1 October 2019). After years of
identifying the unmet needs and research priorities for endome-

triosis (Horne et al. 2017; Rogers et al. 2017; As-Sanie et al.

2019) and consumer-driven advocacy of federal politicians, the
Parliamentary Friends of Endometriosis Awareness group was

established to push for a policy response to address the disease.
In early 2018, a National Round Table was held where patients,
advocates, clinicians, scientists and government officials com-

menced development of the NAPE. Following a national con-
sultation process, the final document was established that
outlined three key areas requiring federal support: (1) aware-
ness; (2) clinical management; and (3) research withmeasurable

outcomes to include improved quality of life and a reduction in
the effect of endometriosis on the individual and the community.

To date, theNAPE has delivered a total of A$15million, with
A$2.5million towards the founding of aNational Endometriosis
Clinical and Scientific Trials (NECST) network that has

engaged VCS Digital Health to build and integrate demo-
graphic, clinical outcomes, imaging, Patient Reported Outcome
Measures (PROMS), and biobank information from endometri-

osis patients from across Australia. A further A$3.4 million has
been allocated for the development of education and clinical
guidelines, digital health and online patient advocacy platforms,
and there is a Medical Research Future Fund targeted call for

Endometriosis Research worth A$9 million. Within 5 years, the
NAPE is expected to deliver significant improvements in patient
diagnosis, treatment and quality of life. As part of developing

the NAPE, a clearer picture of how many women experienced
endometriosis in Australia was required. Gita Mishra (Director,
Australian Longitudinal Study of Women’s Health (ALSWH),

University of Queensland), presented new data on the preva-
lence of endometriosis in Australia. Using data from ALSWH,
Professor Mishra highlighted that endometriosis needs to be
identified as a chronic disease because it exhibits prevalence

rates higher than vascular disease (4.8%), type 2 diabetes (5%)
and asthma (11.2%).

Endometriosis-related pain was a key topic of the day.

Endometriosis research updates were opened by Linda Giudice
from University of California San Francisco who was awarded
the SRB Founder’s Oration and Medal Lecture 2019. Professor

Giudice presented an overview of endometriosis pathogenesis
theories, including genetic, epigenetic and environmental fac-
tors, with a focus on the role of endocrine disruptors in the

establishment of endometriosis through modulation of the
epigenome. Of interest was the indication that endocrine dis-
ruptors such as dioxin induce transgenerational epigenome
disruption (Manikkam et al. 2012; Nilsson et al. 2018). These

findings suggest that maternal exposure to dioxin could alter the
embryonic epigenome by altering methylation patterns of
imprinted genes, resulting in adverse effects in subsequent

generations. Although rodent and non-human primates have
been used to demonstrate the role of dioxin in the establishment
of endometriosis (Rier and Foster 2002), evidence linking

dioxin exposure to endometriosis development in humans is
limited (Simsa et al. 2010).

Research into the most debilitating consequence of endome-
triosis, chronic pelvic pain (CPP), was then discussed. Melissa

Parker (Canberra Endometriosis Centre) described her latest
research, which evaluated the effect of menstrual disturbance,
including period pain, on adolescent health. This reflected data

from a second cohort of 1000 15- to 19-year-old females who
completed the Menstrual Disorder of Teenagers (MDOT) and
Period ImPact and Pain Assessment (PIPPA) surveys. These

data identified significant menstrual disturbance in 25% of girls
surveyed, with the pain causing disruption in daily activities and
increased absenteeism from both school and work. The PIPPA

survey is currently being developed as an online resource to
facilitate self-screening for menstrual disturbance using PIPPA
and education about managing period pain, first-line measures
and when to seek primary health care. The website aims to help
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young women determine what is normal or not for menstrual
periods and open constructive supportive dialogue with their

carers about period pain.
Susan Evans (Pelvic Pain Foundation of Australia) then

provided an overview of how we describe CPP in order to

improve clinical understanding of pain syndromes and treatment.
Dr Evans presented research about the comorbidities of dysmen-
orrhoea, stating that stabbing pain in association with endometri-

osis was highly associated with dysmenorrhoea severity, length
of menstruation and pelvic and extrapelvic pain (Evans et al.

2018). The research also highlighted that symptoms associated
with dysmenorrhoea can be independent of endometriosis and

hormone use. This finding further supported the notion that CPP
and endometriosis may be independent conditions that coexist,
requiring treatment options suited to each condition. To round out

the discussion on pain, Stuart Brierley (Flinders University and
South Australian Health and Medical Research Institute) pre-
sented an overview of the neural pathways underlying abdominal

and pelvic pain (Grundy et al. 2019), including the description of
neuronal cross-organ sensitisation between the bowel, bladder
and vagina. This overview also included details of a recent
preclinical study describing how a gut-acting therapy like lina-

clotide (a synthetic guanylate cyclase 2C agonist, currently
clinically approved for use in irritable bowel syndrome patients
with constipation) reduced comorbid CPP in rodent models of

endometriosis (Ge et al. 2019).
To finalise the day, several researchers provided updates on

the phenotypes, risks and potential causes of endometriosis.

Sally Mortlock (Queensland University) provided an update on
the endometriosis genome-wide association studies (GWAS)
research that, to date, has identified 19 independent single

nucleotide polymorphisms (SNPs) at 14 distinct genomic loci
associated with endometriosis risk (Fung and Montgomery
2018). Dr Mortlock also discussed recent research investigating
the epigenome and methylation signatures of endometriosis

patients (Mortlock et al. 2019). From her study, 4546 sentinel
cis-methylation quantitative trait loci were identified, with one
located in the endometriosis risk region near the growth regu-

lating estrogen receptor binding 1 (GREB1) gene. Expansion of
her research will involve the inclusion of patient phenotypic
information (age, body mass index (BMI), pain, day of cycle)

and cell-specific features (endometrial epithelium and stroma)
to determine risk SNPs and genes related to endometriosis
phenotypes. Sarah Holdsworth-Carson (The University of
Melbourne) presented recent data on the heterogeneity of

endometriotic lesions. Using pathology specimens and investi-
gating microscopic cellular features, little correlation was
observed between cell characteristics and patient clinical infor-

mation (e.g. duration of symptoms or cycle stage). Dr
Holdsworth-Carson also presented novel research investigating
the spatial distribution of metabolites, proteins and N-glycans in

endometriotic lesions, with early data also indicating significant
heterogeneity between lesions and eutopic endometrium. From
these findings, the future use of lesion descriptors and applica-

tion of molecular markers as biomarkers of disease will need to
consider overall lesion heterogeneity in order to be effective.
Caitlin Filby (Hudson Institute of Medical Research) provided
an update on the most recent research on the cellular origins of

endometriosis (Valentijn et al. 2013; Gargett et al. 2014;
Nguyen et al. 2017; Cousins et al. 2018), including investigation

of the presence of endometrial stem and progenitor cells in
peritoneal fluid and menstrual blood. This work was discussed
in the context of recent publications on cancer-associated

somatic mutations in the epithelial cells of deep infiltrating
endometriotic lesions (Anglesio et al. 2015; Anglesio and Yong
2017; Suda et al. 2018) and advances in endometrial organoid

technology (Boretto et al. 2017, 2019; Turco et al. 2017).
Importantly, the ability to generate organoids from the lesions
themselves is a major advance that is likely to aid our under-
standing of how endometriosis lesions form and howbest to treat

them using a personalised medicine approach.
The symposiumwas closedwith a panel discussion including

Grant Montgomery (University of Queensland), Caroline

Gargett (Hudson Institute of Medical Research), Louise Hull,
Cecilia Ng and Peter Rogers and moderated by Jane Girling
highlighting the need for personalised treatment, novel screen-

ing and diagnostic tools, increasing the collection of patient
phenotypic data, more multidisciplinary collaborations and
increasing education and outreach opportunities to communities
that are hindered by language, culture and location. By imple-

menting the key findings of the panel discussion and aligning
research to endometriosis patient needs, researchers are certain
to make significant contributions to improving the lives of

endometriosis patients in the coming years:

Keep small successes going so larger successes can be
achieved. [Linda Giudice, 2019]

Environmental effect on reproduction

Speakers: Bob Wong, Andrew Pask, Nicole McPherson

Environmental variables, both exogenous and endogenous, can
modulate the behaviour and homeostasis of living organisms.
Such variables are not only limited to physical, chemical and

biological factors, but include lifestyle, diet and hormones
(Bhargava et al. 2017). Across time, organisms and populations
have continually adapted to changing environmental stresses

and conditions. But unarguably the past few decades have
brought an unprecedented rate and magnitude of detrimental
changes in many ecosystems, exacerbated by human activities

such as increasing chemical and pharmaceutical pollution,
greenhouse gases and deforestation. These factors have drasti-
cally altered not only the natural habitats ofmany native species,
but also their behaviour responses, development and reproduc-

tion. For example, 17b-trenbolone, a highly potent endocrine
disruptor with androgen-mimicking activity, is commonly used
as a hormonal growth promoter in the beef industry (Lagesson

et al. 2019). This chemical enters aquatic ecosystems via live-
stock effluent run-off and alters the course of reproduction and
sexual selection in freshwater fish. Thus, its capacity to alter

behaviour in wildlife is a growing environmental concern. For
example, in the guppy Poecilia reticulata, males exposed to
17b-trenbolone are frequently more aggressive towards rival

males than their unexposed male counterparts (Tomkins et al.
2016). Exposed males also exhibit altered sexual behaviour,
such as a decrease in courting behaviour and more sneak (i.e.
coercive) mating attempts towards females. Similarly, female
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guppies exposed to 17b-trenbolone show altered sexual
responsiveness and are less discerning in their mate selection

(Tomkins et al. 2016).
Another class of endocrine-disrupting chemicals (EDCs)

mimics oestrogen and has strong potential to alter downstream

endocrine functions, affecting male and female reproduction.
The effect of EDCs is not limited to parental reproduction; their
transgenerational effects on reproductive organs are also amajor

concern (Jeng 2014). Sustained or abnormal production of
endogenous oestrogen can lead to cancers of reproductive
organs, of which endometrial type I carcinoma (Yang et al.

2019) and cervical carcinomas (Chung et al. 2010) are common

examples. Increasing exposure to EDCs has affected oestrogen
signalling, which has not only been associated with reduced
male fertility in terms of functional semen parameters (Rehman

et al. 2018), but also resulted in developmental anomalies of the
male reproductive tract (Bouty et al. 2015). Among such
anomalies, hypospadias is one common condition reported to

be higher in males born to mothers having been exposed to
oestrogenic EDCs during pregnancy. This anomaly is repre-
sented by ectopic placement of the urethral opening and affects 1
in 125 live male births in developed countries (Paulozzi et al.

1997). However, the mechanism by which oestrogen-like EDCs
cause hypospadias is not fully understood. Recently, altered
expression in urethral patterning and keratin genes were

reported in response to compromised oestrogen signalling in
mice (Cripps et al. 2019). Notably, a loss of oestrogen signalling
in mice deficient in the oestrogen receptor ERa also leads to

mild hypospadias (Govers et al. 2019). A similar phenotype
has been reported in aromatase (Cyp19a1)-knockout mice
(Cripps et al. 2019), which show complete ablation of endoge-

nous oestrogen. These findings indicate that physiological
levels of oestrogen are necessary for normal closure of the
penile urethra. Nonetheless, the rise in developmental anomalies
of the male reproductive tract may be attributed to continuous

and increased exposure to exogenous (contraceptive pill,
oestrogen-replacement therapies, intrauterine contraceptive
devices, oestrogen-rich products) or endogenous (oestrogen-

secreting tumours or obesity) oestrogen.
Among endogenous factors, obesity in reproductive-agemen

is of great concern, because obesity rates have nearly tripled

worldwide in the past 30 years and nearly one-quarter of all men
are obese (Palmer et al. 2012). This coincides with an increase in
male subfertility and infertility, evidenced by the increase in
time to natural conception and the number of obese couples

seeking ARTs. Numerous studies have demonstrated that male
obesity and high BMI are associated with impaired sex steroid
hormone production, reduced sperm quality and quantity,

increased oxidative sperm DNA damage and changes in the
epigenetic status of spermatozoa (McPherson and Lane 2015).
However, a growing number of studies also demonstrate that

higher adiposity and male obesity are associated with comor-
bidities, includingmetabolic syndrome, hypercholesterolaemia,
hyperleptinaemia and a proinflammatory state, all of which are

independently associated with male subfertility (for a review,
see McPherson and Lane 2015). It remains unclear whether
increased adiposity is the sole driver of impaired reproductive
function in obese males or whether comorbidities also affect

sperm quality, quantity and DNA integrity. In a rodent model of
male obesity, both diet and exercise interventions improved

sperm function (motility, DNAdamage, reactive oxygen species
(ROS) and mitochondrial function; Palmer et al. 2012). Inter-
estingly, there was no change in adiposity levels in the exercise

intervention relative to control group, but exercise did lead to
improved glucose function, implicating metabolic dysfunction
independent of increased adiposity as a causative factor in

impaired sperm function (Palmer et al. 2012).
In humans, the effects of obesity or high BMI on semen

parameters and male fertility are inconclusive (for a review, see
Palmer et al. 2012). Some argue that increased fat mass is not a

robust indicator of subfertility and report no change in sperm
concentration (Pauli et al. 2008; Shayeb et al. 2011), whereas
others have shown decreased sperm concentration in men with a

high BMI (Stewart et al. 2009; Alshahrani et al. 2016). These
findings further highlight that, in humans, adiposity alone is
likely not the sole determinant of impaired sperm function

ascribed to male obesity. Moreover, the correlation between
the level of adiposity and BMI can vary between individuals,
and does not always take into account differences in muscle
mass, blood profile and other metabolic parameters; in time,

thesemay prove to bemore reliable indicators of subfertility and
allow treatments to be tailored to each patient.

Together, these findings highlight that anthropogenic

changes can have both blatant and subtle effects on natural
populations. Lifestyle, extensive use of and thus continuous
exposure to EDCs negatively affect reproductive capacity, and

EDCs also carry potential consequences of transgenerational
reproductive anomalies in animals and humans. Therefore, it is
vital to understand and assess how organisms will cope in an

increasingly human-dominated world, to forecast the likely fate
of species in the longer term and, where possible, take the
remedial actions necessary to counter the loss of biodiversity
and minimise the unwanted effects.

Novel insights into implantation and embryo development

Speakers: Evdokia Dimitriadis, Alexandra Harvey

The intricacies of the implantation process have mystified sci-

entists for years, such that our understanding of this critical
phase of development remains virtually unchanged over the past
decade. In addition to the requisite synchrony between a

receptive endometrium and a good-quality blastocyst (Koot
et al. 2012), our understanding of implantation reflects only the
broader morphogenetic events of blastocyst apposition, attach-

ment and invasion. This has hindered attempts to resolve the
developmental origin and molecular aetiology of implantation
failure, a leading contributor to infertility, affecting approxi-
mately 15% of all pregnancies worldwide (Zinaman et al. 1996;

Koot et al. 2012). It therefore remains difficult to accurately
identify and diagnose women at risk of experiencing this con-
dition (Tan et al. 2005; Ford and Schust 2009; Simon and Laufer

2012; Coughlan et al. 2014). Indeed, current therapeutic strat-
egies rely almost exclusively on embryo selection based on
morphological criteria and the kinetics of cell division during

early embryogenesis (Meseguer et al. 2011). However, neither
parameter has proven sufficient to accurately predict embryo
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implantation potential or pregnancy success. To address this,
our speakers spearhead research into novel prognostic bio-

markers to predict implantation potential and endometrial
receptivity with the goal to improve ARTs.

One such strategy has been to explore the role and predictive

capacity of embryo-borne non-coding RNAs (i.e. microRNAs
(miRNAs)) in regulating endometrial receptivity (Cuman et al.

2015; Winship et al. 2018). This is perhaps not surprising

because miRNAs mediate gene silencing by targeting protein-
coding transcripts for degradation and, despite strict temporal
and spatial control, dysgenesis of miRNAs is associated with
numerous pathological processes, including in reproduction

(AbdelHafez et al. 2010; Revel et al. 2011; Zhao et al. 2012;
Dior et al. 2014; Ha and Kim 2014; Kropp et al. 2014;
Rosenbluth et al. 2014; Cuman et al. 2015). In this context, the

study of Cuman et al. (2015) reported that the miRNA profile
derived from spent blastocystmedia collected from an IVF clinic
can be stratified based on implantation success. One miRNA in

particular, miR-661, was detected exclusively in the media of
embryos with reduced implantation potential; miR-661 has since
been shown to be taken up by endometrial cells, where it
significantly downregulates gene and protein production of

poliovirus receptor-related 1 (PVRL1; also known as Nectin-1)
leading to the inhibition of endometrial cell adhesiveness, as
determined by a trophoblast spheroid attachment assay (Cuman

et al. 2015). Fittingly, nectins have previously been shown to
mediate crucial embryo implantation processes (Norwitz et al.

2001; Takai and Nakanishi 2003; Takai et al. 2003, 2008). In

addition, a more recent study suggests that miR-661 may also
downregulate mouse double minute homologue 2 (MDM2),
similarly reducing endometrial epithelial cell adhesion

(Winship et al. 2018). These data demonstrate that blastocyst-
borne miRNAs actively participate in the implantation process;
moreover, the disparity between miRNA profiles from implant-
ing and non-implanting blastocysts may form an intriguing new

avenue for their use as biomarkers of implantation potential or as
targets to treat implantation failure and infertility.

Another novel strategy with significant potential to increase

our understanding of this critical window of early development
is the study of embryonic stem cells (ESCs). ESCs represent an
important tool to study the molecular biology of the inner cell

mass (ICM), established during the first lineage specification
event before implantation. The ICM is defined by its pluripotent
state and open chromatin structure, and will later give rise to all
embryo tissues (Morris et al. 2012; Niakan et al. 2012).

Consequently, all cells inherit the epigenetic information estab-
lished during early lineage specification events, which has
recently been shown to be regulated by the external nutrient

environment (Moussaieff et al. 2015; Harvey et al. 2016a,
2016b), placing nutrient availability and cellular metabolism
at the forefront of developmental regulation. The metabolic

fingerprint of the blastocyst is characterised by glycolysis to
support the formation and maintenance of the blastocoel cavity
and provide biosynthetic precursors for proliferation (Gardner

et al. 2011; Gardner andWale 2013; Gardner and Harvey 2015).
Similarly, ESCs rely on glycolytic metabolism to support
ongoing proliferation (Zhang et al. 2011; Folmes et al. 2012;
Lees et al. 2015; Gu et al. 2016; Harvey et al. 2016a, 2016b).

Despite significant evidence that nutrient availability affects
embryo development, viability and differentiation spanning

more than three decades (Gardner and Leese 1987; Lane and
Gardner 1996; Harvey et al. 2004; Gardner et al. 2011), it
remains underappreciated that in vitro embryo culture systems

need to closely mimic the physiological environment of the
female tract, especially regarding oxygen and nutritional con-
ditions (Gardner 2016; Gardner and Schoolcraft 1999; Gardner

et al. 2002). This requirement is also not taken into consider-
ation during the culture of human pluripotent stem cells (PSCs),
which can dramatically affect their physiology (for a review, see
Lees et al. 2017) and subsequent differentiation capacity

(Moussaieff et al. 2015; Shyh-Chang and Daley 2015). Changes
in oxygen tension alone modulate human ESC metabolism,
epigenetics and differentiation (Lees et al. 2015, 2018, 2019;

Harvey et al. 2016b), with studies highlighting that in vitro

culture conditions used for ESC derivation and maintenance, as
well as handling practices, can negatively affect their stability

and ability to respond to stimuli, a significant challenge given
that they must appropriately respond to environmental cues to
give rise to all cell types within the body. Importantly, cellular
changes have only been detected usingmetabolic analysis, in the

absence of overt changes in pluripotency, emphasising the need
to assess cell physiology as a marker of cell health, and the
sensitivity of early stages of development to their surrounding

environment. This is further exemplified in induced pluripotent
stem cells (iPSCs), adult cells that have been reprogrammed to
ESC-like cells. iPSCs exhibit deficits in metabolic reprogram-

ming, resulting in the retention of somatic metabolic memory
(Harvey et al. 2018), the degree of which can be modulated, in
part, by oxygen availability during the reprogramming process,

with standard atmospheric oxygen conditions negatively affect-
ing resultant metabolism, genomic stability and the epigenetic
landscape (Spyrou et al. 2019).

The use of atmospheric oxygen remains the norm not only for

stem cells, but also embryo culture. However, these data suggest
that such an approach may contribute to long-term changes in
cell physiology and health, particularly given the dynamic links

between nutrient availability, metabolism and the epigenetic
landscape (Moussaieff et al. 2015; Harvey et al. 2016a, 2016b).
This novel approach has the potential to change everything we

thought we knew about cell biology and shed new light on ICM
regulation and differentiation. This is especially important for
ensuring embryo quality of IVF embryos before transfer and the
subsequent health of resultant offspring, in line with the devel-

opmental origins of adult health and disease hypothesis.

SRB–Australian and New Zealand Placental Research
Association (ANZPRA) Symposium

Speakers: Amanda Sferruzzi-Perri, William Rawlinson,
Jo James, Fiona Brownfoot

This session explored novel diagnostics for a range pregnancy
complications. In particular, the function of the placenta as the

interface between mother and fetus has been a central focus of
this area of research. The placenta plays major vital functions
during pregnancy. Two major functions are: (1) transporting
nutrients and oxygen from the mother to the fetus to allow
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healthy development of the growing fetus; and (2) producing
hormones to maintain pregnancy and modulate the energy bal-

ance of the mother to aid fetal resource supply. In fact, altered
resource allocation during pregnancy can lead to pregnancy
complications affecting both mother and baby, including

abnormal fetal growth and gestational diabetes. Insulin-like
growth factor (IGF) 2 signalling via the phosphatidylinositol
3-kinase (PI3K) pathway is a key driver of fetal growth via the

actions of IGF2 on the placenta under physiological and adverse
pregnancy environments (for a review, see Sferruzzi-Perri et al.
2017). In response to environmental challenge, hypoxia and
undernutrition interact via this pathway to control placental

phenotype (Higgins et al. 2016). Genetic mouse models have
enabled distinctions between maternal and fetal signals oper-
ating via IGF2/PI3K signalling that are responsible for adapting

placental resource allocation (Sferruzzi-Perri et al. 2016).
Recent evidence indicates that there is a threshold at which the
mother and placenta may not be able to adapt to optimise fetal

resource allocation and growth, although this depends on the
specific gestational environment (Sferruzzi-Perri et al. 2019).
Finally, via the production of hormones that are downstream of
IGF2, the placenta may signal to the mother to alter her allo-

cation of resources and control fetal growth.
The placenta also facilitates the transport of bacteria and

viruses to the developing fetus. Congenital cytomegalovirus

(CMV) is the most common, yet under-recognised, infectious
cause of neonatal malformations in developed countries, in
severe cases causing pre-eclampsia and fetal and neonatal death

(Kenneson and Cannon 2007). A lack of uniform guidelines has
impaired efforts to decrease the effects of CMV globally.
Consequently, a recommendations group was convened in

2015 to establish guidelines for prevention and diagnosis (for
a review, see Rawlinson et al. 2017). Ethical and practical
barriers studying fetal infection have led to a lack of vaccine
or pharmaceutical treatments, highlighting the ongoing need to

understand the viral pathogenesis. Congenital CMV results from
direct fetal infection, aswell as indirect effects through placental
infection (Hamilton et al. 2012). Ex vivo primary term and first

trimester placental explant studies implicate altered dual-
specificity tyrosine phosphorylation-regulated kinase (DYRK)
and Wnt signalling as central to CMV infection-mediated

placental dysfunction. Specifically, CMV infection decreased
trophoblast migration via elevated expression of Wnt-binding
Receptor Tyrosine Kinase Like Orphan Receptor 2 (ROR2)
(Huynh et al. 2019). Meanwhile, CMV replication within the

placenta is dependent on DYRK signalling (Hamilton et al.

2018). Now, inhibitor studies are required to determine whether
either or both targets could pave theway for the generation of the

first therapeutic intervention. Early studies in vitro suggest such
inhibitors reduce CMV replication and movement, paving the
way for a new way of preventing placental and fetal damage

(Hutterer et al. 2016; Hahn et al. 2018).
During pregnancy the placenta modifies the uterine vascula-

ture to facilitate a 15-fold increase in maternal blood delivery to

the placenta. Poor adaptation of the uterine circulation leads to
decreased fetal nutrient and oxygen delivery, and consequently
fetal growth restriction (FGR). However, the dynamic structural
changes that occur in the uterine circulation during pregnancy

and their functional consequences are poorly understood. Path-
ological pregnancies are detected by the presence of a uterine

arteryDoppler notch, which is generally attributed to inadequate
spiral artery remodelling implicated in the pathogenesis of
FGR. However, the contributions of the larger vessels in the

uterine circulation that also undergo significant trophoblast-
independent remodelling during pregnancy have largely been
overlooked. A new collaboration encompassing physiological

and bioengineering research has led to the development of
virtual models of uteroplacental blood flow during pregnancy
(Clark et al. 2018). These in silico models incorporate the
arteriovenous anastomoses (AVA) in the maternal–fetal circu-

lation for the first time and, in so doing, highlight a novel and
potentially important role for the radial arteries in regulating
volumetric blood delivery to the placenta (Clark et al. 2018;

James et al. 2018). Indeed, models of the uterine artery Doppler
waveform demonstrate that the radial arteries, rather than the
spiral arteries, are the dominant contributors to the uterine artery

Doppler notch frequently used to detect FGRpregnancies (Clark
et al. 2018). These data also highlight an underappreciated role
of the trophoblast plugs in the remodelling of the uterine
vasculature (James et al. 2018; Saghian et al. 2019). Spiral

and radial artery remodelling could be haemodynamically
linked and should be considered as a complete and dynamic
system in the diagnosis of FGR and to reduce the risk of

stillbirths.
Maternal reporting of fetal movement is currently used a

determinant of possible stillbirth, but with little efficacy. The

partnering of clinical expertise with electrical engineers has led
to the design of an electric sensing device that continuously
monitors fetal heartbeat (electrocardiogram (ECG)). So far, a

small pilot study (n¼ 10 pregnant women) (F. Brownfoot,
unpubl. data) has developed predictive algorithm to remove
noises coming from the maternal heartbeat and other interfer-
ence from the fetal ECG. Now, a larger cohort of pregnant

women will test a wearable patch allowing continuous monitor-
ing of the fetal ECG from home (F. Brownfoot, unpubl. data).
The day of birth is currently themost dangerous day in a lifetime

associated with a high risk of mortality (Walker et al. 2014).
Surprisingly, current available techniques to monitor fetal
distress during labour are untimely and wrong 50% of the time.

Therefore, there is a great need to develop new technologies
to detect fetal distress in labour. Fiona Brownfoot, together
with physicists and chemical engineers, has developed a device
that measures a direct marker of fetal distress (F. Brownfoot,

unpubl. data). This sensor will soon be tested in a preclinical
fetal sheep model of hypoxia. Understanding the links between
placental dysfunction and pregnancy complications continues

to help unravel the pathophysiology of these disorders, which
is a key prerequisite to developing improved diagnostics and
therapeutics.

Big data in reproduction

Speakers: Claire Roberts, Katie Ayers, Grant Montgomery

Many researchers across the world of reproductive biology are
now dealing with enormous datasets to further understand the
complex regulation of various aspects of male and female
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fertility. The utility of such data, analysed together with
new datasets, will likely pave the way for elucidating the

causes of infertility states in both sexes, as well as pregnancy
complications. There is also a need for the stringent analysis
and mining of these data, with promising results seen as dis-

cussed below.
It is now well established that early life events shape lifelong

health and that the placenta plays an integral role by regulating

fetal health (for reviews, see Tarrade et al. 2015; Burton et al.

2016). One in four women experiences a pregnancy complica-
tion during their first pregnancy, which emphasises the need for
further research into this area to understand the underlying

causes. As part of a National Institutes of Health (NIH) Eunice
Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) Human Placenta Project study (unpubl.

data), Claire Roberts and her team have collected a multitude of
placental tissue and blood samples across all three trimesters of
pregnancy from both normal and complicated (e.g. gestational

diabetes, pre-eclampsia, preterm birth and intrauterine growth
restriction) pregnancies. They have implemented a multiomics
approach to survey the DNA, RNA and protein extracted from
these samples, which is allowing them to investigate gene

expression during normal development and any abnormalities
in gene expression onset with pathologies of pregnancy. The
mining of such data for biomarkers of healthy or aberrant

pregnancies will be a major step forward in understanding the
causes of these pathologies during pregnancy, as well as
identifying the major changes occurring during the three trime-

sters in normal pregnancies. Interestingly, they report that the
placenta is a comparatively highly hypothmethylated organ
(Chatterjee et al. 2016), with increases in methylation gradually

to term. However, in conditions such as pre-eclampsia, preco-
cious methylation occurs, and this may contribute to the causa-
tive mechanisms of this disease (C. Roberts, unpubl. data).
Using RNA sequencing, Roberts and her colleagues have also

identified a temporal expression of genes regulating the immune
response, as well as sex-specific differences in miRNA expres-
sion (C. Roberts, unpubl. data). The data generated from this

RNA sequencing study and associated projects will be of major
clinical benefit for states of pregnancy complication.

Disorders of sex development (DSD) represent a large

spectrum of anatomical, gonadal or chromosomal sex abnor-
malities that affect both men and women (Ohnesorg et al. 2014;
Croft et al. 2016). These disorders encompass common condi-
tions such as hypospadias, where men have ectopic urethral

openings (0.4–0.8% of men; Bouty et al. 2015) and are often
diagnosed during childhood, meaning children suffer serious
psychological and reproductive consequences, as well as rare

conditions like 46,XX testicular DSD (sex reversal). Although
DSD are largely genetic in nature, their cause remains unex-
plained in at least 50% of cases (Délot et al. 2017), with less than

13% of patients actually receiving a genetic diagnosis as part of
their clinical care. To address this issue, Ayers and her collea-
gues have used a massive parallel sequencing approach in a

cohort of 327 patients to target more than 1000 candidate genes
believed to be required for normal sex development. This
approach led to a highly successful genetic diagnostic rate in
43% of DSD patients, with 93 novel genetic variants reported

across 28 genes (K. Ayers et al., unpubl. data). This raised the
diagnostic rates threefold and, due to this success, this novel

gene panel has been integrated into the standard screening
pipeline within the Victorian Clinical Genetics Laboratories in
Melbourne (Australia) and is now available to all patients

nationally and internationally. Furthermore, to identify a genetic
cause for the remaining idiopathic cases, Ayers and colleagues
are now implementing whole-exome sequencing to probe for

additional genetic variants across all protein-coding genes.
Novel genetic variants identified with this more inclusive
approach are currently being tested for their ability to cause
DSD and affect sex development using various functional

genomics models, including the fruit fly Drosophila (K. Ayers
et al., unpubl. data).

Although increased use of next-generation sequencing tech-

niques has improved our understanding of the complex genetic
causes of certain disease states of male and female infertility
(Maxwell et al. 2016; Oud et al. 2017), there is a subtle nature to

many genetic risk factors that may be overlooked. Furthermore,
there is likely a complex relationship between multiple genetic
variants and/or epigenetic regulation that is causative for many
infertility phenotypes. To further investigate, Grant Montgom-

ery and his team have been undertaking GWAS in women with
endometriosis (Fung et al. 2015). Many ‘hits’ identified within
the GWAS have been localised to the non-coding regions of the

genome, identifying a complex regulation of gene expression
that is associated with the onset of this condition. The develop-
ment of GWAS catalogues for disease types will likely create

excellent sources for associations of certain genetic variants
with particular diseases. However, the need for stringent testing
of these associations will be required, including an assessment

of multiple testing to minimise false-positive results. Another
key area to address for the success of these approaches will be
the specialised training of staff to understand bioinformatics and
advanced statistics.

Conclusion

The SRB annual conference has long provided a platform for
the dissemination of important contributions by SRB members
in the field of reproductive science. The 2019 meeting has

highlighted how these contributions are being translated to
improve human health, agriculture and the conservation of
species, with a focus on environmental effects on reproduction,
the use and potential effects of big data in this field and key

insights from researchers focusing on gamete biology, placental
biology and embryogenesis. Importantly, several presentations
showcased the transition from basic research to innovation and

new technology, and how these technologies are being used to
improve animal breeding efficiency, particularly in the horse, as
well as for assisted reproduction in humans and for the protec-

tion of fertility during cancer treatment. The inclusion of the
Endometriosis Workshop held immediately before the SRB
meeting provided a critical update on how this key issue is being

tackled at both a political and scientific level. This satellite
meeting also served to unite scientists, clinicians and patient
advocates from across Australia and New Zealand. Ultimately,
tackling issues of reproduction from both a legislative and
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scientific angle will enable us to more rapidly turn discoveries
into novel healthcare procedures and alleviate the financial and

health burden of reproductive diseases such as endometriosis.
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