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A Message from the Director

Welcome to the CTR Annual Review

of 2022 - 2023. Over the past year,

CTR groups have made exceptional

progress, securing over £27M in

competitive grant funding, much of

which is collaborative across groups.

CTR investigators also published

landmark studies and along the

way developed and applied novel _

technologies. 3 .
Professor Kathy Niakan
Mary Marshall & Arthur
Walton Professor of
Reproductive Physiology

The CTR coordinated a response to
a national consultation on human
embryo research in the UK and we
anticipate this leading to changes
in law over the coming year. CTR
investigators have pioneered stem cell-based models of human
development, including models of the embryo and placenta. To
ensure governance keeps pace with the science, CTR groups are
also leading and contributing to the development of national self-
governance of these sophisticated models which have much to
teach us about human biology.

The CTR continues to lead the way in training in fundamental
and cutting-edge placental research across the basic and clinical
science. This year, we have prioritised matched funding and
supporting core activities through grant funding where possible.
We are delighted that our two CTR PhD studentships this year
were supported by matched funding, and we are thrilled to have
appointed two exceptional candidates who will be integral in
fostering collaborative links between CTR research groups.
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We are very grateful to our outgoing SAB members, Theresa Powell
and Hubert Schorle, for supporting the CTR and for all of their
expert advice. We are delighted that Hongmei Wang and Miguel
Branco will be joining the SAB and look forward to working with
them to support the CTR.

We have also prioritised staff recruitment to align support functions
with strategic and academic priorities of the CTR, allied Departments

and School of Biological Sciences. We have been fortunate to recruit

three outstanding individuals this year. Dr Erin Slatery, our Executive
Manager, joins us after completing her PhD with Thorsten Boroviak

in the CTR. Erin has been instrumental in coordinating strategic

priorities, supporting networks and recruitment, and implementing
mechanisms to ensure long-term financial sustainability of the CTR.

We were also fortunate to recruit Dr Laura Woods as the CTR

Bioinformatics Manager. With a background in placental research

as a PhD student with Myriam Hemberger and stem cell biology as

a postdoc with Anna Philpott at the Cambridge Stem Cell Institute,

Laura provides expert bioinformatics support and has been

instrumental in establishing a cost recovery mechanisms. Additionally,

we welcomed Goitseone Thamae as the CTR Technician, who has

a background in placental immunology and pathogen research.

Goitseone prioritises support for the CTR shared laboratory facilities

and helps manage the CTR Biology of the Human Uterus in Pregnancy

and Disease Tissue Bank, facilitating access to human placental

and related tissues for research to groups across the CTR. Our new
structure is therefore enhancing collaborative working and improving

the scope and effectiveness of CTR support. In this next year, we are
looking forward to prioritising long-term financial sustainability and
ramping up support for collaborative research and grant applications.




About the CTR A Network of Expertise

Each year, pregnancy and childbirth lead to millions of maternal, from close interactions in a vibrant, creative and diverse The CTR connects world leading trophoblast-related research across Cambridge in the School of Biological Sciences (Departments
fetal, and neonatal deaths and countless suffering. A significant community of scientists. We seek to promote and sustain the of Pathology, Genetics, and Physiology, Development and Neuroscience), School of Clinical Medicine (Institute of Metabolic Science,
proportion of these devastating consequences are caused by a field of placental and reproductive biology at Cambridge and Medical Research Council Epidemiology Unit and Department of Obstetrics & Gynaecology) and affiliated institutes (Gurdon, Sanger,
spectrum of common placenta-related disorders. These range beyond in order to prevent, treat and mitigate the effects of Babraham and the Cambridge Stem Cell

from miscarriage (accounting for 10-12% of all pregnancies, with placental dysfunction on pregnancy. Institutes). The CTR administrative base and

90-95% occurring within the first 12 weeks), growth restriction shared laboratory facilities are housed in the

(affecting 15% of live births), preeclampsia (occurring in 2-8% CTRata /\ Department of Physiology, Development and

of pregnancies), and preterm birth (making up 10% of all live glance 28 Neuroscience.

births) to stillbirth, which causes over 2 million perinatal deaths 2022-23

worldwide annually (Horton & Samarasekera, 2016; Magnus et al., Principal CTR-funded We have particular expertise in reproductive UNWER;]WUI, _

2019; Stock & Aiken, 2023). Despite these alarming statistics, our WS EINEsy | PhD students immunology, clinical research, epigenetics vy ros CAMBRIDGE | &

and genomic imprinting, single-cell and

spatial multi-omics analysis, developmental
2 4 o, 0 and stem cell biology, metabolism, organoid &\ ;
Next models, trophoblast stem cell biology, and p , o

Generation lacental and fetal physiology.
Fallwe i ikl Gurdon I

understanding of placental development and function remains
inadequate. Until we understand the pathophysiology underlying
these common disorders, we will not be able to offer effective
interventions.

Core staff
members

Recognizing the urgency and complexity of this challenge,

the Centre for Trophoblast Research (CTR) was established in
2007 as the University of Cambridge's flagship cross-school
initiative. The Centre serves as a nexus for interactions between

basic and clinical sciences to unite the study of pregnancy " Affiliated
complications that emerge at a late stage with the study of their Members RO G
developmental origins. - ‘ CAMBRIDGE

School of - -
Over 16 years, the CTR has evolved into a world-leading centre Biological Sciences 3 Y AMBRIDGE
of excellence in placental research and training. The CTR unites : _\mmR Bl G
28 group leaders across 10 departments and affiliated institutes B UNIVERSITY OF 7 '
and provides diverse opportunities for scientific interaction 19 CAMBRIDGE
through events and shared state-of-the-art facilities. To support Sehool of Clinical Medicine
the next generation of trophoblast researchers, the CTR directly ' '

funds PhD students and early career researchers who benefit
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Our vision Our approach

In May 2023, CTR group
leaders came together to
revisit the vision, mission
and remit of the CTR.

Core activities

Develop and Enrich the place P
Benefit placental support people where placental G ul d in
sciences working in placental science is being - .
sciences done prII‘ICIp es

Placental
Biology Course

Vo

CTR members are brought

Understanding mechanisms

g . fesall : - : ; State-of-the-art
together around a mission Pr_E_‘o‘ent. treat and _ regulating placental specification, Promote intellectual cross-disciplinary interactions lacental

to understand normal mitigate effects of differentiation and crosstalk with related cell E bank & facili
placental development and placental dysfunction on WS L STpiesie o e Gulte), Seck tobantc & facility
the mechanisms leading to pregnancy ¢ ¥ v

. the first and second trimesters. g .
" Bioinformatics

common placentally-related : e
services & training

complications of fertility and
pregnancy. Interdisciplinary

research aligned to our
mission is split into three m
cross-cutting themes:

Development, Modifiers, and

Foster research collaborations

CTR-funded joint

| factors that infl e
development and actors that influenc PhD studentships

function in placental
determining W[ development and
pregnancy outcomes =1 function. Investigating

Role of abnormal v 4 \
placental / C | R \ Extrinsic and intrinsic
\ )

Objectives

Disease,Speciic chalenges  Toundarsiand oo ko o WP g e Next Generation

within these themes will guide placental development gaine?:l from basic - | maternal physiological Fellows

priority setting for funding and the mechanisms science research into factors, mi_crqbiorﬁe,

over the next 5 years. leading to common g?;\%ﬁgt?\grgid - gengﬂ%gg{g t::;n and Internal Series:
o _ placentally-related therapeutic modifiers. Seminars, Journal

A set of three principles guides complications of fertility interventions. club, Symposia

the Centre's approach to and pregnancy Act as an international resource to facilitate placental research.

achieving this vision. Each of
the core activities underlying
our virtual network are
informed by objectives aligned
to these principles.

Annual Trophoblast
Research Meeting

OOECOOOC

6 Centre for Trophoblast Research annual report 2022/23 7 Centre for Trophoblast Research annual report 2022/23



History of Scientific Achievements

First method capable of
sequencing mRNA from
single cells
{Tang ef al,, Nat Methods 2009)

Mitochondrial respirometry
Technique developed that allows
mitochondrial respirometry to be

= = p formed on frozen samptes
Spiral artery remodelling

Showed that spiral artery remodelling

impacts velocity of maternal inflow to

the placenta, but not valume
{Burtor ., Pl

First evidence that human
syncitiotrophoblast is
transcriptionally active

(Ellery et al., Placenia 20

EIf5S methylation HLA-KIR interactions
n of :-|:II-'JE|" First association of maternal-fetal
immunological interactions with
birthweight
(Hilby et al,, J Clin Invest 2010)

Genome-wide DNA oxBS-Seq
methylatlon erasure

as essential fo mp.rmt - ne Globe ylatic the mamm:
and maintenance f g resolution

(Booth ef al, Scence 2012)

Identification of H19

Identification o I inted lincRMA

H139 imprinted gene do

First evidence of ER stress

and translation inhibition in
piacental patholngy
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Folate metabolism
F'LI'tLlFthIL.H of folate metaboli sm.

Obesogenic diet model

Established a model for effect of
maternal obesity on the placenta

FGF and estrogen
Identified signalling roles in regulating
trophob]asr _-.tem cells

Pregnancy Outcome Prediction

Established a programme of diagnostic

scans to predict fetal growth restriction
{White et al, Lancel 2015)

African KIR genetics
|dentified distinct KIR haplotype for
preeclampsia risk in African women

Stem cell model of mouse
embryogenesis
First mouse embryo model of
embryo- -trophoblast int

(Harmison et al

Human endometrial organoids

First demanstration of long-term,
hermone-responsive organeid cultures
of human endometrium

{Turco ef al, Mat Cell Bio 2017)

RNA-sequencing of the
human yolk sac
i, PNA

First genome editing in
human embryos
CRISPR-Cas9 used to knockout OCT4
(Fogarty el al, Mature 2017)

Embryo-scale single-cell
multi-omics

(Pijuan-Sala &t al., Nature 2019, Argelaguet
ef al,, Nature 2019)

Human placenta has no
microbiome but can
contain potential
pathogens
(de Goffau et al., Nature 2019)

Atlas of the temporal and
spatial dynamics of the
human endomelrlum

Uterine NK cell education
CD94/NKG2A pathway linked to human
pregnancy and fetal brain outcomes
(Shreeve et al, Immunity 2021)

‘Blastoid’ models of human
development

(Yanagida

Human epiblast is competent
to give rise to trophoblast

(Guo at-al, Cell Stem Ce

Cancer-like mutational
profile in the placenta

(Coorens et al.,, Nature

Ontogeny of human
placental fetal macrophages
throughout gestation
{Thomas ef al, Naf Comms 2023)

Unique function of DNA
methylation editors (DNMTs)
in placental development

etal, Na

Spatial multiomics map of
trophoblast development in
early pregnancy

{(Amutyunyan ef al, Natur

First method capabie of quantitative
Shme sequencing at single-base

Postnatal role of DIkTIDlOS
First demonstration that D

(Sferruzzi-Perri ef al | FASEB J 2013)

scBS-seq

First method capable of single-cell
bisulfite sequencing for methylation

(Smallwood &t al,, Nat Methods 2014)

Uterine NK cells
First evidence that uterine NK cells
promote fetal growth
(Kieckbusch ef al, Nat Comms 2014)

Preeclampsia subtypes

Evidence of early-onset ‘placental’ and
late-onset ‘maternal pre E:

(Yung et al, J Pathol 2

Role of maternal obesity in
developmental programming
of cardiovascular function
(Blackmare ef al.. Endocrinology 2014)

(Nakimuli ot af, PNAS 2015)

Self-organisation of the
human embryo

First system capable of human embryo
ex vivo up to 14 days

{Shahbazi ef al., Nature 20

Placental DIk1 axis
First fetal signal shown to alter
al metab

Criteria defining the human
trophoblast

(Lee et al, Cell Stem Cell 2016)

Maternal DNA methylation
regulates trophoblast
development

nco ef al., Dev

scM&T-seq

First methed for single-cell profiling of
RNA and methylation
(Angermueller ef &, Nat Methods 2016)

Single-cell reconstruction of
the maternal-fetal interface
Single-cell profiling identified 3
subtypes of decidual natural killer cells

{Vento-Tormo el ai., Nature 2018}

Human Trophoblast Organoids
Derivation of human trophoblast
organcids and stam cells

(Turco ef al, Nature 2018}

Uterine ILC1

Melecular definition of group 1 innate
lymphoid cells in the mouse uterus

(Filipovic et al., Nat Comms 2018)

Embryonic lethality is often
associated with severe
placental malformation
(Pe rcia el al,, Natur

scNM&T-seq
Multi-omic method advanced to include
chromatin accessibility
{Clark et al., Nat Comms 2018}
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Demonstrated a conserved
trophectoderm program in
human, cow and mouse

{Germi ef al| Nature 2020)

Maternal serum metabolite

ratio for prediction of fetal

growth restriction at term
(Savio et al,, Nat Medigine 2020)

HHV-6 and preeclampsia

Fatal inheritance of integrated HHV-6
predisposes mothers to preeclampsia

(Sovio et al, Nat Microbiology 2020)

Identified distinctive
functions of innate lymphoid
cells in human decidua
{Huhn et al , Nat Comms 2020)

Analysis of implantation
stage aneuploidy human
embryos

{Shahbazi ef al , Nat Comms )

Midgestation development of
mouse embryo models

First demonstration of mouse ex utero
development to headfold stages in
embryo-models derived from stem cells

Ljuefa. Cell Stem Cell 2

Spatial transciptomic
profiling of nonhuman
primate embryos in utero

mann af al, Nature

Epigenetics and genomic imprinting
m Technology in embryo research and organoid models
Immunology of pregnancy & preeclampsia
ln Placental development & physiology

Single-cell and multi-omics profiling techniques

Pregnancy outcomes and lifelong health
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Structure

Facilities

CTR Director is co-Chair of
#® CAMBRIDGE Cambridge Reproduction
.I REPRODUCTION

T \
1 \

Scientific Advisory
Board

Management Board of

Managers

| Shared Events & Executive
| Communications Manager

— e RS

Events &
Communications
Administrator

Committees

composed of CTR
group leaders
& CTR staff

Mentorship Seminars

Committee Committee

Operations & strategic
coordination

Purpose Develop funding opportunities in line with CTR
research strategy while building and supporting
research networks. This arm coordinates events,
networking, and communications across the
CTR. Additionally, the team provides financial
management, HR & visitor administration, and
other operational support.
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Lab Manager

Technician

Biobank

Committee

Biobank & facilities

Manage CTR research licensing activities and
associated laboratory facilities. This includes
managing shared equipment, implementing
communal lab policies, and providing technical
support. This arm also coordinates training and
teaching across the Centre, including provision
of the Placental Biclogy Course.

Bioinformatics

Manager

Bioinformatics

Committee

Bicinformatics core
Operating in cost recovery

Provide data analysis and project management
for bioinformatics across the CTR, running in
cost recovery. The core also provide education
and training in bioinformatics for CTR members,
including teaching in the Placental Biology
Course and management of an integrated
placental web resource.

CTR placental, endometrial and human embryo shared facility

The CTR placental, endometrial and human embryo shared
facility opened in January 2023 following
refurbishment of the space in the Physiology
Building. It is outfitted with state-of-the-

art, IVF clinic grade equipment, including

a an Embryoscope live embryo incubation
and imaging system, a microinjection suite,
3 laminar flow hoods, incubators, and

liquid nitrogen storage which were funded
by a Wellcome Investigator Award and
matched funding
from the School of Biological Sciences.
Refurbishment of the facility was
supported by the PDN Department.
Operation of the facility is supported by
the CTR Technician, Goitseone Thamae,
pictured above.

| The shared facility will support basic
~ . and clinical scientists to gain access to
and training in placental, endometrial
organoids and human embryo culture.

Bovine IVF conducted
in the facility

11 Centre for Trophoblast Research annual report 2022/23

CTR Bioinformatics Facility

The CTR bioinformatics facility reopened in
November 2022, run by the newly-appointed
CTR Bioinformatics Manager, Dr Laura
Woods, and supported by the Bioinformatics
Committee. The facility has taken off at full
speed and has made significant progress

in its first 9 months of operation. Laura

said: “We already have a number of exciting
collaborative projects underway, and are working to support the
bioinformatic needs of CTR groups and provide learning opportunities
for CTR students.”

The Bioinformatics facility has also spearheaded development

of Trophoblast HD. The CTR holds an array of precious placental
specimens that have been scanned to produce high-quality images.
Trophoblast HD is a web-based resource in development at the CTR,
which aims to provide access to these high-quality, detailed, and
expertly annotated image collections to an international community

En o e e .. Ofresearchers,

- funded by a
discretionary award
made from the
Wellcome Trust in
i 2019 to digitise the
Boyd collection of
placenta-in-situ slides
and to make these
freely available for
researchers online.

Trophoblast HD

Boyd Collsction Comgarntive Colection




Scientific Highlights

Dr Thorsten Boroviak, together with
colleagues at the Babraham Institute and
abroad, conducted spatial embryo profiling
of the implanting primate embryo.

Highlight: Spatial transcriptomics o _ MES - Arteries
RSN Human embryos of early postimplantation
stages are inaccessible due to ethical
considerations, which has limited our
understanding of molecular mechanisms
controlling embryo patterning and the dlver5|f|cat|on of
extraembryonic lineages. The Boroviak lab has now opened
the black box of primate development by developing spatial
transcriptomic profiling approaches to decode the molecular
framework of non-human primate embryos in the uterus.
Their work reveals the cross talk between embryonic and
Margherita Turco, pictured below right, to A extraembryonic lineages of the early embryo. They identify the
reconstruct the full human trophoblast trajectory of all populations s, e O e earliest hallmarks of head and tail regions of the in utero primate
of trophoblast cells by integrating transcriptomic and spatial ¢ g‘;gﬁgg S embryo and determine the essential signalling cues controlling
information. Historical samples stored by Ashley Moffett and o embryogenesis in stem cell-based embryo models.
the CTR gave the team access to samples that encompassed Bergmann et al., 2023, PMID: 35709828
all the stages of placentation occurring deep inside the uterus,
including the spatial microenvironments of cells involved in spiral
artery remodelling. Using this comprehensive atlas, the team
benchmarked current trophoblast stem
cell and organoid models, pinpointing
that trophoblast organoids recapitulate
early and mid-invasion, but do not exhibit
terminal differentiation into all relevant
cell types. The work provides an important
placental contribution to the Human Cell
Atlas, shedding light both on the intricacies
of placental development and the strengths
and limitations of existing models.
Arutyunyan et al., 2023, PMID: 34857954

A collaborative project led by Roser
Vento-Tormo and Ashley Moffett mapped
the complete trajectory of placental
development in unprecedented detail
using spatial transcriptomic analysis of
rare historical samples.

Roser brought together the laboratories
of Prof Ashley Moffett and CTR Alumni

Immunoflucrescence

b c

Transcriptome analysis

Cs5

DAFPI |
(2 OTX2 PDGFRA

Cs6

cs7
DAPI

DAPI
TFAP2C SOX17

f Relative mANA levels
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Highlight: Epigenetic regulation of placental development

Dr Courtney Hanna’s group revealed
unique functions of DNA methylation
editors (DNMTs) in placental development,
in collaboration with Next Generation
Fellow alumnus Vicente Perez-Garcia.

The study investigated the role of DNA
methylation, a repressive epigenetic
modification, in placental development and
uncovered two surprising findings. Firstly,
DNMT3L, a co-factor for de novo DNA methylation, has to date
been shown to be important for DNA methylation in germ cells. The
work revealed an undescribed role for DNMT3L in establishing DNA
methylation in placental cells. Secondly, the team find that DNMT3B
is essential for the correct formation of the placenta and when
knocked out, compromises not only development of the placenta,
but also growth and survival of the embryo.

Andrews et al., 2023, PMID: 36690623
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Dr Naomi McGovern together with

CTR colleague Dr Courtney Hanna has
uncovered the ontogeny of human
placental fetal macrophages (Hofbauer
cells) throughout gestation.

Hofbauer cells arise from erythro-myeloid
progenitors that are only found up to 9
weeks of gestation. It has long been asked
whether first trimester Hofbauer cells are
replaced by fetal blood monocyte-derived macrophages. Using the
unique epigenetic profile of erythro-myeloid progenitor-derived
cells, this studies demonstrates that first trimester Hofbauer cells
proliferate to fill the expanding placental niche and self-maintain
until term. This shows that the Hofbauer cells that initially seed
the placenta are not replaced by fetal blood monocyte derived
macrophages during healthy pregnancy.

Thomas et al, 2023, PMID: 33075123

Highlight: Stem cell models of early development

Professor Magdalena Zernicka-Goetz Y
reported mouse stem cell-based embryo -
models that undergo neurulation and
heart development ex utero.

In three studies published in 2022, the
Zernicka-Goetz lab report the development
of advanced stem cell-based embryo
models of mouse development that
progressed to remarkably late stages

in vitro. They found that using inducible trophoblast stem cells
improved the correspondence to the embryo, demonstrating the
importance of capturing interactions between embryonic and
extraembryonic lineages. They also reveal that lineage-specific
cadherin codes and cortical tension drive the self-organisation of
embryo models in vitro. This advance provides a powerful model
of post-implantation embryogenesis that facilitates studies of
embryonic and extraembryonic development.

Amadei et al., 2022; Bao et al., 2022; Lau et al., 2022 (PMIDs:
3600754, 36100738, 36084657)

nature
cellbiology
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Dr Peter Rugg-Gunn, in collaboration

with groups in Austria and Belgium,

used blastoid models to showed human-

specific mechanisms in specification of the !
trophoblast lineage

The team found that naive-state AN
human pluripotent stem cells are not ;
epigenetically unrestricted as previously
thought, but instead possess chromatin-
based mechanisms that oppose the induction of alternative

cell fates including trophoblast. Functional studies in stem cells
and integrated stem cell-based embryo models led the group to
propose that these chromatin regulators are pivotal mediators
of the earliest lineage specification events and may underpin the
extended period of cellular plasticity in human development.
Zijlmans et al., 2022, PMID: 35697783




Highlight: CTR PhD students

Giulia Avellino, a CTR-funded PhD student working in the
laboratory of Dr Irving Aye, and colleagues show that the
physiological medium (Plasmax) with nutrient and metabolite
concentrations recapitulating human plasma improves human
trophoblast stem cell proliferation and differentiation.

The group used human trophoblast cultures to model key processes
of placental development. In vitro trophoblast studies to date have
relied on commercial media that contains non physiological levels
of nutrients, and the impact of these conditions on trophoblast
metabolism and function was unknown. The team showed

that commonly used culture media contain supraphysiological
concentrations of nutrients and metabolites which alter trophoblast
behaviour, and that the use of physiological media provides a
further refined experimental system.

Avellino et al., 2023, PMID: 36878843
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Giulia Avellino

Current CTR PhD student training in the lab of Dr Irving

Aye from 2020-2024. Giulia’s work was selected for the SRI
President’s Plenary Award (Top 4 abstracts) by the Society
for Reproductive Investigation (SRI), which she presented in-
person in Brisbane, Australia.
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Dylan Siriwardena, a CTR-funded PhD student working in the
laboratory of Dr Thorsten Boroviak, identified 15 essential factors
for human trophoblast stem cell self-renewal

Dylan and colleagues in the Boroviak lab combined six published
single-cell transcriptomic datasets into a unified atlas of

human trophoblast development from zygote to mid-gestation
and showed that trophoblast stem cells correspond to early
cytotrophoblast in the periimplantation embryo. By screening the
cytotrophoblast transcription factor network using siRNA, Dylan
identified the gene regulatory network controlling cytotrophoblast
identity and reveal a set of 15 essential factors for human
trophoblast stem cell self-renewal.

Chen and Siriwardena et al., 2022, PMID: 35792865
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Dr Dylan Siriwardena

CTR PhD student from 2017-2022 who trained trained
in the laboratory of Dr Thorsten Boroviak. Dylan’s paper
was shortlisted for 2022 outstanding paper prize by
Development.

Highlight: Perspectives

Professor Andrew Murray undertook a
visiting Florence Crozier Cobb Visiting
Professorship at the University of Colorado,
resulting in a new perspective on why
human uterine arterial blood flow is so
high during human pregnancy.

The ideas in the piece directly arose during ‘ ‘
virtual discussions at the University of L
Colorado in May 2021. The team questioned

why human convective oxygen delivery apparently exceeding the
oxygen demand of the fetal-placental unit. Considering principles
developed by exercise physiologists, they propose that uterine
venous partial pressure of oxygen (PO2) sets the upper limit for
oxygen diffusion to the fetus. Concomitantly, arterial blood flow
serving to narrow the arterial-venous difference. Following the
publication of a perspective in the American Journal of Physiology,
Professor Andrew Murray and colleagues were awarded an RO1
award by the NIH to test these concept in high-altitude dwelling
populations in the Andes and Colorado. The work will include novel,
simultaneous measurements of blood flow and oxygen tension in 4
vessels (uterine and umbilical arteries and veins) alongside placental
mitochondrial respiratory function and metabolism.

Moore et al., 2022,
PMID: 36094446 W
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Dr Catherine Aiken (CTR PI), together with
colleague Sarah Stock, Program Director
at the Wellcome Leap In Utero programme,
presents a case for the urgency of research
on pregnancy complications, highlighting
the limited availability of therapies to
improve pregnancy outcomes.

Catherine and colleagues explain that one  #k

of the reasons for this lack of therapies is

our incomplete understanding of fundamental processes involved
in pregnancy, including the basic mechanisms of placentation,
the safety of diabetes drugs for use in gestational diabetes, and
the mechanisms controlling the onset of human labour. However,
recent advancements, including the use of trophoblast organoids
to model placental development and the integration of data-
science techniques to study longer-term outcomes, promise to
address these gaps. This is a crucial first step towards identifying
potential therapeutic targets for pregnancy disorders.

Stock and Aiken, 2023, PMID: 37053324
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Awards

Professor Anne Ferguson-Smith

Professor Anne Ferguson-Smith was appointed
the Commander of the Order of the British
Empire (CBE) for services to Medical Research
in the King's Birthday Honours List in 2023

in recognition of her fundamental discovery

research in the field of genomic imprinting and epigenetic inheritance.

She was also awarded Mabel Fitzgerald Lecture and Medal University
of Oxford (2022) and received the Anne McLaren Distinguished
Scientist rose vase from the Society of Reproduction and Fertility (2021).

Professor Dino Giussani

Professor Dino Giussani was awarded the
Physiological Society GL Brown Prize Lecture
in 2023. Dino delivered a lecture on ‘Healing
Tiny Hearts Across Generations,” addressing a
gap in our knowledge around how the risk of
developing heart disease is determined in the
intrauterine environment experienced before birth.

Dr Roser Vento-Tormo

Dr Roser Vento-Tormo was a finalist for the
Michelson Philanthropies & Science Magazine
Prize for Immunology Award in 2023. She was
commended for research on understanding
how cell-cell communication and the tissue
microenvironment regulate cell identity and function in the context
of immunity and development.

[~
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Professor Magdalena Zernicka-Goetz

Professor Magdalena Zernicka-Goetz was
awarded the European Society of Human
Genetics Award in 2023 in recognition of
her pioneering work in generating embryo-
like structures to model early mammalian
development.

Professor Andrew Murray

Professor Andrew Murray was awarded

the 2023 Annual Public Lecture by the
Physiological Society in recognition of his
research on the study of placental metabolic
function at altitude, including in adapted
populations. The Annual Public Lecture is designed to bring
exciting and outstanding physiological research to the public.

Andrew Murray was also promoted to full professorship in 2023.

Professor Francesco Colucci

Professor Francesco Colucci was awarded
two visiting professorships in 2023 at the
University of Milano, Department of Medicine
and at The University of Torino, Department
of Biotechnology.

Value of grants awarded in 2022- 2023: £27,271,428

Wellcome Leap | In Utero

+ “Maternal serum proteomics to understand and to
predict pregnancy complications leading to stillbirth”
Prof Gordon Smith and Prof Steve Charnock-jones

w Wellcome Trust

N« “Defining the epigenetic principles that instruct the
development of human embryos” - Dr Peter Rugg-
Gunn, Wellcome Discovery Award

* “Functional interrogation of primate gastrulation
and body patterning: building the embryo outside
the womb"” -Dr Thorsten Boroviak, Wellcome Career
Development Award

+ 'Heat exposure on pregnancy outcomes: studies in The
Gambia’ - Prof Amanda Sferruzzi-Perri

+  “The role of hypoxia and HIF-2 in sympathoadrenal
development” - Prof Dino Giussani

British Heart Foundation

+ Maternal Obesity During Pregnancy: Translatable
Programmed Cardiovascular Dysfunction in the Fetus
- Prof Dino Giussani
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Eg UKRI: Medical Research Council
+  “Genomic imprinting and the epigenetic control of

genome function: regulation, redundancy, resilience”
- Prof Anne Ferguson-Smith

+  “Maternal Obesity During Pregnancy: Translatable
Programmed Cardiovascular Dysfunction in Offspring”
- Prof Dino Giussani

+  “Amelioration of aberrant glycosylation and maternal
adaptation to pregnancy”
- Prof Steve Charnock Jones and Prof Sue Ozanne

ERC (European Research Council)

+ "Dissecting the regulatory mechanisms driving
trophoblast cell fate” - Dr Roser Vento-Tormo, ERC
starting grant

Chan-Zuckerburg Initiative

C + Cell-cell signalling shaping reproductive function
- Dr Roser Vento-Tormo

+ Asingle-cell map of the paediatric ovary in 3D
- Dr Roser Vento-Tormo

i caweriose Cambridge-Africa ALBORADA

AFRICA
+ ‘Understanding placental malaria pathogenesis for the
development of simple, sensitive, diagnostic strategies
for improving outcomes in asymptomatic placental
malaria’ - Dr Amanda Sferruzzi-Perri



Policy & Outreach

New partnerships and appointments

Governance of Stem Cell-Based @ CAMBRIDGE
Embryo Models (SCBEMs) .. REPRODUCTION

The CTR, Cambridge Reproduction, the Cambridge Academy of
Therapeutic Sciences (CATS) co-organised a workshop in July 2022
focused on realising the translation potential of reproductive
organoids. Building on the event, Cambridge Reproduction initiated
the Governance of Stem Cell-Based Embryo Models (G-SCBEM)
project. It aims to establish a voluntary framework for the permissible
use of stem cell-based embryo models in research. Presently, there is
no specific regulatory framework in place for SCBEM research, though
the transfer of such models into a woman’s womb is prohibited by UK
law. The absence of clear guidance in this area hampers research and
undermines public confidence. The G-SCBEM working group includes
current CTR members (Kathy Niakan Peter Rugg-Gunn) and CTR
alumnae Jennifer Nichols. The G-SCBEM guidance will be launched in
the late autumn and regularly reviewed to ensure that it keeps pace
with new scientific developments.

) Realising the
{“"jtranslational potential
‘reproductive organoids
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Modernising the Human
Fertilisation & Embryology Act

The Human Fertilisation and Embryology Act, enacted in 1990,

has established the UK as a world leader in regulating fertility
treatment and human embryo research. To adapt to advancements
over the past three decades, the HFEA recently conducted a

public consultation on proposed amendments to the law. The

CTR coordinated a response to the consultation to express
support for many of the proposed amendments. We particularly
advocated for streamlined consent for embryo donation to allow
for research embryo banking, drawing on the pioneering research
enabled by our Human Tissue Authority (HTA)-regulated CTR
tissue bank. A centrally-managed human embryo bank would
bring similar benefits for basic and translational research and

the CTR is well-positioned to develop and manage such a bank.
Streamlined consenting would not only advance research, but also
bring benefits for donors, patients and collaborating clinics. The
outcomes of the consultation response will be reported during the
HFE Authority meeting in July 2023.

Human Home | Contact us E
Fertilisation &
i"&'mr';w Lem... | Troatmants | Denation | Choose o clinie | Absut us

Modernising the regulation of
fertility treatment and research
involving human embryos

CHURCHILL  CAMBRIDGE [ TRUST X
coLLEGE NEWNHAM COLLEGE

In partnership with Churchill College, the Sir
Robert Edwards Trust and the Cambridge
Trust who provided £118,858 in matched
funding, we appointed Ana Ribeiro Orsi to a
CTR PhD studentship.

In partnership with Newnham College, who
provided £116,218 in matched funding,
Natasha Cavell was appointed to a CTR

PhD studentships co-supervised by Dr
Geula Hanin in the laboratory of Prof Anne
Ferguson-Smith and Prof Amanda Sferruzzi-
Perri.

Ana will be co-supervised by Kathy and

Dr Thorsten Boroviak and will study the
molecular mechanisms that regulate early
human development, in line with the legacy
of Bob Edwards's work in developing IVF.

Natasha's project is entitled ‘Investigating
the role of imprinted genes in pre- and
post-natal stages, and the links between
Ana’s project is entitled ‘Understanding the molecular maternal diet, placental signalling and
mechanisms that control human yolk sac progenitor lactation’.

(hypoblast) cell development'.

The CTR was awarded a Scientific Meeting and Sustainable Conferencing donation from the
Company of biologists to support the 2023 hybrid Annual Meeting. This funding supports the virtual
element of our programme in order to make the conference accessible to a larger and more diverse
audience and promoting inclusivity, accessibility and sustainability.

The COMpany of

Biologists
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List of publications

Catherine Aiken

1. Schoonejans JM, Blackmore HL, Ashmore TJ, Pantaledo LC, Pellegrini Pisani L,
Dearden L, Tadross JA, Aiken CE, Fernandez-Twinn DS, Ozanne SE. Sex-specific
effects of maternal metformin intervention during glucose-intolerant
obese pregnancy on body composition and metabolic health in aged mouse
offspring. Diabetologia. 2022 Dec;65(12):2132-2145. doi: 10.1007/s00125-022-

05789-0. Epub 2022 Sep 16. PMID: 36112170; PMCID: PMC9630251.

2. Hufnagel A, Grant ID, Aiken CEM. Glucose and oxygen in the early
intrauterine environment and their role in developmental bnormalities.
Semin Cell Dev Biol. 2022 Nov;131:25-34. doi: 10.1016/j.semcdb.2022.03.041. Epub

2022 Apr 8. PMID: 35410716.

3. Eggleton EJ, McMurrugh K], Aiken CE. Cardiomyopathy confers increased risks of
maternal adverse outcomes. Am | Obstet Gynecol. 2022 Jun 28:50002-9378(22)00524-
5. doi: 10.1016/j.aj0g.2022.06.048. Epub ahead of print. PMID: 35777429.

4. Eggleton EJ, McMurrugh K], Aiken CE. Maternal pregnancy outcomes in
women with cardiomyopathy: a systematic review and meta-analysis. Am
J Obstet Gynecol. 022 Oct;227(4):582-592. doi: 10.1016/j.aj0g.2022.05.039. Epub
2022 May 21. PMID: 35609641.

5. Stock S), Aiken CE. Barriers to progress in pregnancy research: How can we
break through? Science. 2023 Apr 14;380(6641):150-153.d0i:10.1126/science.
adf9347. Epub 2023 Apr 13. PMID: 37053324.

6. Crump A, Aiken C, Cunningham EM, Arnott G. Short-Term Microplastic
Exposure Impairs Cognition in Hermit Crabs. Animals (Basel). 2023 Mar

14,13(6):1055. doi: 10.3390/ani13061055. PMID: 36978596; PMCID: PMC10044271.
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7. Eggleton EJ, McMurrugh KJ, Aiken CE. Perinatal outcomes in pregnancies
complicated by maternal cardiomyopathy: a systematic review and
meta-analysis. Am J Obstet Gynecol. 2023 Mar;228(3):283-291. doi: 10.1016/j.
ajog.2022.09.025. Epub 2022 Sep 20. PMID: 36150520.

8. Eggleton EJ, McMurrugh K], Aiken CE. Maternal cardiomyopathy increases
the risk of perinatal adverse outcomes: a response. Am J Obstet Gynecol. 2023
Apr;228(4):486-487. doi: 10.1016/j.aj0og.2022.11.1311. Epub 2022 Dec 5. PMID:
36473504.

9. Namagembe |, Chukwuma SM, Nakimuli A, Kiwanuka N, Byamugisha ], Moffett
A, Aiken CE. Learning from maternal deaths due to uterine rupture: review

of cases from peri-urban Uganda. A/OG Glob Rep. 2022 Jun 11;2(3):100063. doi:
10.1016/j.xagr.2022.100063. PMID: 36276797; PMCID: PMC9563662.

10. Eggleton EJ, Bhagra CJ, Patient CJ, Belham M, Pickett J, Aiken CE. Maternal left
ventricular function and adverse neonatal outcomes in women with cardiac
disease. Arch Gynecol Obstet. 2023 May;307(5):1431-1439. doi: 10.1007/s00404-
022-06635-9. Epub 2022 Jun 3. PMID: 35657407; PMCID: PMC10110658.

11. Cristian A, Tarry-Adkins JL, Aiken CE. The Uterine Environment and
Childhood Obesity Risk: Mechanisms and Predictions. Curr Nutr Rep. 2023 Jun
20. doi:10.1007/s13668-023-00482-z. Epub ahead of print. PMID: 37338777.

12. Olga L, Sovio U, Wong H, Smith G, Aiken C. Association between antenatal
diagnosis of late fetal growth restriction and educational outcomes in
mid-childhood: A UK prospective cohort study with long-term data linkage

study. PLoS Med. 2023 Apr 4;20(4):e1004225. doi: 10.1371/journal.pmed.1004225.

PMID:37093852; PMCID: PMC10166482.

Irving Aye

1. Avellino G, Deshmukh R, Rogers SN, Charnock-Jones DS, Smith GCS, Tardito S,
Aye ILMH. Physiologically relevant culture medium Plasmax improves human
placental trophoblast stem cell function. American Journal of Physiology: Cell
Physiology. 2023 Apr 1;324(4):C878-C885

2. Tarry-Adkins JL, Robinson IG, Reynolds RM, Aye ILMH, Charnock-Jones DS,
Jenkins B, Koulmann A, Ozanne SE, Aiken CE. Impact of metformin treatment
on human placental energy production and oxidative stress. Frontiers in Cell &
Developmental Biology. 2022;10:935403.

3. Aye ILMH, Gong S, Avellino G, Barbagallo R, Gaccioli F, Jenkins BJ, Koulman A,
Murray AJ, Stephen Charnock-Jones D, Smith GCS. Placental sex-dependent
spermine synthesis regulates trophoblast gene expression through acetyl-
coA metabolism and histone acetylation. Communications Biology. 2022 Jun
15;5(1):586.

4. Aye ILMH, Aiken CE, Charnock-Jones DS, Smith GCS. Placental energy
metabolism in health and disease-significance of development and
implications for preeclampsia. American Journal of Obstetrics and Gynecology.
2022 Feb;226(2S):5928-5944

5. Aye ILMH, Rosario FJ, Kramer A, Kristiansen O, Michelsen TM, Powell TL,
Jansson T. Insulin Increases Adipose Adiponectin in Pregnancy by Inhibiting
Ubiquitination and Degradation: Impact of Obesity. journal of Clinical
Endocrinology & Metabolism. 2022 Jan 1;107(1):53-66.

Thorsten Boroviak

1. Bergmann S, Penfold CA, Slatery E, Siriwardena D, Drummer C, Clark S,
Strawbridge SE, Kishimoto K, Vickers A, Tewary M, Kohler TN, Hollfelder F, Reik W,
Sasaki E, Behr R, Boroviak TE. Spatial profiling of early primate gastrulation

in utero. Nature. 2022 Sep;609(7925):136-143. doi: 10.1038/s41586-022-04953-1.
Epub 2022 Jun 16. PMID: 35709828; PMCID: PMC7614364.
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2. Siriwardena D, Boroviak TE. Evolutionary divergence of embryo
implantation in primates. Philos Trans R Soc Lond B Biol Sci. 2022 Dec
5;377(1865):20210256. doi: 10.1098/rsth.2021.0256. Epub 2022 Oct 17. PMID:
36252209; PMCID: PMC9574630.

3. Castillo-Venzor A, Penfold CA, Morgan MD, Tang WW, Kobayashi T, Wong FC,
Bergmann S, Slatery E, Boroviak TE, Marioni JC, Surani MA. Origin and segregation
of the human germline. Life Sci Alliance. 2023 May 22;6(8):€202201706. doi:_
10.26508/1sa.202201706. PMID: 37217306; PMCID: PMC10203729.

4, Sheng G, Boroviak TE, Schmidt-Ott U, Srinivas S. Extraembryonic tissues:
exploring concepts, definitions and functions across the animal kingdom.
Philos Trans R Soc Lond B Biol Sci. 2022 Dec 5;377(1865):20210250. doi: 10.1098/
rstb.2021.0250. Epub 2022 Oct 17. PMID: 36252213; PMCID: PMC9574640.

5. ChenYY, Siriwardena D, Penfold C, Pavlinek A, Boroviak TE. An integrated

atlas of human placental development delineates essential regulators of
trophoblast stem cells. Development. 2022 Jul 1;149(13):dev200171. doi: 10.1242/
dev.200171. Epub 2022 Jul 6. PMID: 35792865; PMCID: PMC9340556.

6. Munger C, Kohler TN, Slatery E, Ellermann AL, Bergmann S, Penfold CA,
Ampartzidis I, Chen Y, Hollfelder F, Boroviak TE. Microgel culture and spatial
identity mapping elucidate the signalling requirements for primate

epiblast and amnion formation. Development. 2022 Oct 15;149(20):dev200263.
doi:10.1242/dev.200263. Epub 2022 Sep 20. PMID: 36125063; PMCID: PMC7614365.

7. Kraunsoe S, Azami T, Pei Y, Martello G, Jones K, Boroviak T, Nichols J.
Requirement for STAT3 and its target, TFCP2L1, in self-renewal of
naive pluripotent stem cells in vivo and in vitro. Bio/ Open. 2023 Jan
1;12(1):bio059650. doi: 0.1242/bi0.059650. Epub 2023 Jan 17. PMID: 36504370

Steve Charnock-Jones

1. Stephens K, Charnock-Jones DS, Smith GCS. Group B Streptococcus and the
risk of perinatal morbidity and mortality following term labor. Am J Obstet



Gynecol. 2023 May;228(55):51305-51312. doi: 10.1016/j.ajog.2022.07.051. Epub
2023 Mar 23. Review. PubMed PMID: 37164497.

2. Avellino G, Deshmukh R, Rogers SN, Charnock-Jones DS, Smith GCS, Tardito S,
Aye ILMH. Physiologically relevant culture medium Plasmax improves human
placental trophoblast stem cell function. Am J Physiol Cell Physiol. 2023 Apr
1,324(4):C878-C885. doi: 10.1152/ajpcell.00581.2022. Epub 2023 Mar 6. PubMed
PMID: 36878843; PubMed Central PMCID: PMC10069969.

3. Sovio U, Gaccioli F, Cook E, Charnock-Jones DS, Smith GCS. Maternal serum
levels of soluble fms-like tyrosine kinase-1 and placental growth factor at 20
and 28 weeks of gestational age and the risk of spontaneous preterm birth.
Am | Obstet Gynecol. 2023 Feb 8;. doi: 10.1016/j.ajog.2023.02.001. [Epub ahead of
print] PubMed PMID: 36758709.

4. Gaccioli F, Sovio U, Gong S, Cook E, Charnock-Jones DS, Smith GCS. Increased
Placental sFLT1 (Soluble fms-Like Tyrosine Kinase Receptor-1) Drives the
Antiangiogenic Profile of Maternal Serum Preceding Preeclampsia but Not
Fetal Growth Restriction. Hypertension. 2023 Feb;80(2):325-334. doi: 10.1161/
HYPERTENSIONAHA.122.19482. Epub 2022 Jul 22. PubMed PMID: 35866422;
PubMed Central PMCID: PM(C9847691.

5.Yung HW, Zhao X, Glover L, Burrin C, Pang PC, Jones CJP, Gill C, Duhig K,
Olovsson M, Chappell LC, Haslam SM, Dell A, Burton GJ, Charnock-Jones DS.
Perturbation of placental protein glycosylation by endoplasmic reticulum
stress promotes maladaptation of maternal hepatic glucose metabolism.
iScience. 2023 Jan 20;26(1):105911. doi: 10.1016/j.is¢i.2022.105911. eCollection
2023 Jan 20. PubMed PMID: 36660474; PubMed Central PMCID: PMC9843443.

6. Sovio U, Clayton GL, Cook E, Gaccioli F, Charnock-Jones DS, Lawlor DA, Smith
GCS. Metabolomic Identification of a Novel, Externally Validated Predictive
Test for Gestational Diabetes Mellitus. / Clin Endocrinol Metab. 2022 Jul
14;107(8):€3479-e3486. doi: 10.1210/clinem/dgac240. PubMed PMID: 35436338;
PubMed Central PMCID: PM(C9282248.
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William Colledge

1. Ramos-Pittol JM, Fernandes-Freitas |, Milona A, Manchishi SM, Rainbow K, Lam
BYH, Tadross JA, Beucher A, Colledge WH, Cebola I, Murphy KG, Miguel-Aliaga |,
Yeo GSH, Dhillo WS, Owen BM. Dax1 modulates ERa-dependent hypothalamic
estrogen sensing in female mice. Nat Commun. 2023 May 29;14(1):3076. doi:_
10.1038/s41467-023-38618-y. PubMed PMID: 37248237; PubMed Central PMCID:
PMC10227040.

2. Lass G, Li XF, Voliotis M, Wall E, de Burgh RA, Ivanova D, Mcintyre C, Lin XH,
Colledge WH, Lightman SL, Tsaneva-Atanasova K, O'Byrne KT. GnRH pulse
generator frequency is modulated by kisspeptin and GABA-glutamate
interactions in the posterodorsal medial amygdala in female mice. J
Neuroendocrinol. 2022 Nov;34(11):e13207. doi: 10.1111/jne.13207. Epub 2022 Oct
28. PubMed PMID: 36305576; PubMed Central PMCID: PMC10078155.

3. Gécz B, Takacs S, Skrapits K, Rumpler E, Solymosi N, Péliska S, Colledge WH,
Hrabovszky E, Sarvari M. Estrogen differentially regulates transcriptional
landscapes of preoptic and arcuate kisspeptin neuron populations. front
Endocrinol (Lausanne). 2022;13:960769. doi: 10.3389/fend0.2022.960769.
eCollection 2022. PubMed PMID: 36093104; PubMed Central PMCID:
PM(C9454256.

4. Goécz B, Rumpler E, Sarvari M, Skrapits K, Takacs S, Farkas |, Csillag V, Trinh

SH, Barddczi Z, Ruska Y, Solymosi N, Péliska S, Sz6ke Z, Bartoloni L, Zouaghi

Y, Messina A, Pitteloud N, Anderson RC, Millar RP, Quinton R, Manchishi SM,
Colledge WH, Hrabovszky E. Transcriptome profiling of kisspeptin neurons
from the mouse arcuate nucleus reveals new mechanisms in estrogenic
control of fertility. Proc Nat/ Acad Sci USA. 2022 Jul 5;119(27):e2113749119. doi:
10.1073/pnas.2113749119. Epub 2022 Jun 28. PubMed PMID: 35763574; PubMed
Central PMCID: PMC9271166.

Francesco Colucci

1. Cazzetta V, Depierreux D, Colucci F, Mikulak J, Mavilio D. NKG2A Immune
Checkpoint in V&2 T Cells: Emerging Application in Cancer Immunotherapy.
Cancers (Basel). 2023 Feb 16;15(4). doi: 10.3390/cancers15041264. Review.
PubMed PMID: 36831606; PubMed Central PMCID: PMC9954046.

2. Colucci F. Uterine NK Cells Ace an “A” in Education: NKG2A Sets Up Crucial
Functions at the Maternal-Fetal Interface. / Immunol. 2022 Oct 15;209(8):1421-
1425. doi: 10.4049/jimmunol.2200384. Review. PubMed PMID: 36192118; PubMed
Central PMCID: PMC7613701.

Miguel Constancia

1. Sandovici |, Reiterer M, Constancia M, Branco CM. Protocol to isolate and
culture primary mouse feto-placental endothelial cells. STAR Protoc. 2022
Dec 16;3(4):101721. doi: 10.1016/].xpro.2022.101721. Epub 2022 Sep 24. PubMed
PMID: 36153734; PubMed Central PMCID: PMC9513276.

Priscilla Day-Walsh

1. Day-Walsh PE, Keeble B, Pirabagar G, Fountain SJ, Kroon PA. Transcriptional
and Post-Translational Regulation of Junctional Adhesion Molecule-B (JAM-B)
in Leukocytes under Inflammatory Stimuli. /ntJ Mol Sci. 2022 Aug 3;23(15).

doi: 10.3390/ijms23158646. PubMed PMID: 35955781; PubMed Central PMCID:
PM(C9369439.

2. Shehata E, Parker A, Suzuki T, Swann JR, Suez ], Kroon PA, Day-Walsh P.
Microbiomes in physiology: insights into 21st-century global medical
challenges. Exp Physiol. 2022 Apr;107(4):257-264. doi: 10.1113/EP090226. Epub 2022
Feb 14. Review. PubMed PMID: 35081663; PubMed Central PMCID: PMC9304168.
Anne Ferguson-Smith

1. Edwards CA, Watkinson WMD, Telerman SB, Hulsmann LC, Hamilton RS,
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Ferguson-Smith AC. Reassessment of weak parent-of-origin expression bias
shows it rarely exists outside of known imprinted regions. £life. 2023 Mar
14;12. doi: 10.7554/elife.83364. PubMed PMID: 36916665; PubMed Central
PMCID: PMC10097420.

2. Weinberg-Shukron A, Ben-Yair R, Takahashi N, Dunji¢ M, Shtrikman A, Edwards
CA, Ferguson-Smith AC, Stelzer Y. Balanced gene dosage control rather

than parental origin underpins genomic imprinting. Nat Commun. 2022 Jul
29;13(1):4391. doi: 10.1038/s41467-022-32144-7. PubMed PMID: 35906226;
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