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Questions

Is there an embryo-receptive state in endometrium that can be identified and
characterised?

Can a transcriptomic test of lysates of mid secretory phase tissue identify an
implantation window?

Can single cell transcriptomics lead to advances in endometrial receptivity
testing?

Can ex vivo 3D modelling of implantation help in developing a diagnostic for
receptivity?

Can improvement in live birthrate be achieved by optimising the condition of
the endometrium at embryo transfer?

WWW. SClentiicseminars. com



= SCIENTIFIC
< SEMINARS

Questions

Is there an embryo-receptive state in endometrium that can be identified and
characterised?

WWW. SClentiicseminars. com



= SCIENTIFIC
< SEMINARS

Questions

Is there an embryo-receptive state in endometrium that can be identified and
characterised? Yes!
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Questions

Can a transcriptomic test of lysates of mid secretory phase tissue identify an
implantation window?
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When does implantation fail?
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When does implantation fail?
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Tissue lysate ‘omics
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Differentially expressed genes (DEG)

in non-conception cycles

from endometriosis patients vs controls

Comparison Number Total Number Total Reported Studies
of Studies | of Participants DEG

Secretory vs Proliferative 5 80 3637 Kao et al 2002; Borthwick et al 2003; Talbi et al 2006; Otsuka
et al 2007; Sigurgeirsson et al 2017

Mid-secretory vs early secretory 7 112 2795 Carson et al 2002; Riesewijk et al 2003; Mirkin et al 2005;
Talbi et al 2006; Haouzi et al 2009; Tseng et al 2010;
Hu et al 2014

Mid-secretory endometrium from 6 112 1937 Mirkin et al 2004; Horcajadas et al 2005;

hormone treated participants vs controls Horcajadas et al 2008; Liu et al 2008 Macklon et al 2008;
Li et al 2020

Mid-secretory endometrium from RIF 7 233 1651 Tapia et al 2008; Koler et al 2009; Ledee et al 2011; Choi et al

patients vs controls 2016; Koot et al 2016; Bastu et al 2019; Chen et al 2019

Mid-secretory eutopic endometrium 4 53 1307 Kao et al 2003; Burney et al 2007; Sherwin et al 2008;

Cui et al 2018

Endometrium
across the
menstrual cycle

ndometrium
under hormone
treatment

11

Endometrium
in pathology

24

Number of participants

A systematic review of transcriptomic studies of
the endometrium reveals variable demographic
detail, fertility definitions and hormone
treatments, and inconsistently  reported
differentially expressed genes

E Walker, JD Aplin, DR Brison, PT Ruane;
under review
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Inconsistent reporting of DEGs
in endometrial transcriptomes

= inconsistent differential expression

» consistent differential expression 10000 === Secretory vs proliferative (n=5)
100% - =t Mid-secretory vs early secretory (n=7)
R ==t Stimulated vs natural (n=6)
80% 1 % RIF vs control (n=7)
st Endometrosis Vs control (n=4)
60% - ®
40% - é.
°
20% + §
0% 3
Secretory vs Midsecretory vs Stimulatedvs RIF vs control Endometriosis -7
proliferative early secretory natural (7 studies) vs control
(5 studies) (7 studies) (6 studies) (4 studies)

Note here that consistent = same direction of change
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Human Reproduction, Vol.37, No.2, pp. 284-296, 2022
Advance Access Publication on December 7, 2021 https://doi.org/10.1093/humrep/deab262
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Identifying and optimizing human
endometrial gene expression
signatures for endometrial dating
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EndoTime: non-categorical timing
estimates for luteal endometrium
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Use of ‘omics for endometrial timing:

the cycle moves on
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The only aspect of receptivity
that is directly assessed in mid
secretory phase is epithelial

Receptivity requires participation in a
dialogue, and is not a state of the
endometrium that can be measured in

isolation

ion by primary syncytium
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- Hand1 (invasive trophoblast transcription factor) is

upregulated by direct embryo-epithelial intercellular contact

Ishikawa - epithelial cell monolayer
Mouse embryos used for proof of principle
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Apposition to endometrial epithelial cells activates
mouse blastocysts for implantation. Ruane PT,
alallgeldoleold Berneau SC, Koeck R, Watts J, Kimber SJ, Brison
DR, Westwood M, Aplin JD. Mol Hum Reprod.
2017 23:617-627.
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Epithelial celltype

Using Garcia-Alonso cell type classification
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Mapping the temporal and spatial dynamics of the human endometrium in vivo and in vitro
Garcia-Alonso et al Nat Genet. 2021;53(12):1698-1711
Stevens, Khashkhusha, Ruane, Garner, Aplin, in submission
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Garcia-Alonso et al Nat Genet. 2021;53(12):1698-1711
Stevens, Khashkhusha, Ruane, Garner, Aplin, in submission
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LE-TE (human day 6/7) interactome = top 500 LE genes

Expressed in pseudotime (X axis)

Heat map: blue = lower, yellow = higher expression
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LE (non-ciliated) cluster genes LE (ciliated) cluster genes
Interacting with TE surface components Interacting with TE surface components
day 6 day 6

SCGB2A1

day 7 day 7

Ciliated cells as well as non-ciliated cells are predicted to interact with the blastocyst at implantation
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Functional testing: In vitro studies
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Can 3D models of endometrium assist in
defining the receptive state?

We can make hormone-responsive gland

organoids, but their apical epithelial surface is
inward-facing

Image: organoids after P treatment, with brown staining
of secretory glycoprotein

Turco MY et al Nature Cell Biol 2017 doi: 10.1038/ncb3516.

Long-term, hormone-responsive organoid cultures of human endometrium in a
chemically defined medium
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Endometrial epithelial organoids can be polarity-
reversed so the apical surface faces outwards (AOEQO)

Phalloidin/DAPI
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Assay of attachment: trophoblast (TSC) spheroid
to endometrial organoid (AOEOQO)

Protocol overview Human trophoblast
spheroid




Assay of attachment: trophoblast spheroid
to endometrial organoid (AOEO)

P stimulation renders AOEOs
receptive to attachment
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Implications

Develop tests that identify non-receptive cycles so that viable embryos are not
replaced with no chance of success

Develop approaches to improve the quality of the endometrium starting at post-
menstruation, keeping in mind cell dynamics, cell trafficking, and current
advances in stem cell biology

Integrate with ex vivo 3D implantation modelling

Shift the focus away from minor adjustments to the timing of embryo
replacement
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Take-home messages

Is there an embryo-receptive state in endometrium that can be identified and

characterised?
Yes

Can ‘omics tests based on lysates of mid secretory phase tissue identify an implantation
window?
Not at present

Can single cell transcriptomics lead to advances in endometrial receptivity testing?
Probably

Can ex vivo 3D modelling of implantation help?
Yes

Can improvement in live birthrate be achieved by optimising the condition of the
endometrium at embryo transfer?

Yes wWWW.sclentificseminars.com
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