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FACTORS ASSOCIATED WITH IMPLANTATION AND THE MAINTENANCE OF EARLY PREGNANCY. *

Factor ExamrLES SucgesTep RoLe
Hormones Estradiol-178; progessterone Promote proliferation and differentiation of endometrial stromal
and epithelial cells
Human chorionic gonadotropin Maintains progesterone release from corpus luteum
Changes in endometrial  Pinopodes; alterations in adhesion-molecule  Facilitate blastocyst capture and attachment; promote trophoblast
luminal epithelium and mucin expression differentiation and invasion
Crtokines and growth Leukemia inhibiting factor; heparin-binding  Facilitate signaling between blastocyst and uterus; regulate en-
factors epidermal growth factor; hepatocyte dometrial prostaglandin production; promote end ometrial in-
growth factor; interleukin; vascular vasion, proliferation, and differentiation; regulate endometrial
endothelial growth facror vascular permeability and remodeling
Immunologic factors Interleukin-10; Crry (complement regulator) Immunosuppression
HLA-G Prevents immune recognition and rejection of fetal semi-allograft
Indoleamine 2 3-dioxvgenase De grades tryptophan, which is essential for macrophage action
Trophoblast proteinas-  Matrix metalloproteinases—tissue inhibitor Regulate trophoblast invasion; facilitate trophoblast vascular
es, inhibitors, and ad- of metalloproteinases; cathepsin B and L; mimicry
hesion molecules cadherins; integrins
Other factors Cyelooxvgenase -2 Regulates prostaglandin production
Oxvygen tension Regulates the balance between trophoblast proliferation and
differentiation

*This table highlights some of the more important factors and is not intended to be all-inclusive.

Errol N.Norwitz et al., The New England Journal of Medicine, 2001



‘Human reproduction entails a
fundamental paradox: although
E ™= e 1t 1S critical to the survival of the

1 Chorionic vullus\ui pur B % +Ectodenm SpeCl es the process ls

Endometrium

* Mesoderm

B i relativel mef’iczent
== Maximal fecundity (the
?%) - :‘:'::’I'OS

probability of concegtlon during
| one menstrual cycle) is

approximately 30 percent.

Matemal
blood vessels
Prol feral ing

r

embryonic disc ~ |
g4 A%

Chorion
being formed

(a) lanting 7Y2-day blastocy (b) 12-day blastocyst. Impla ntatio (c) 16-day embryo Cy p! last and

The syncytiotrophoblast is eroding is complete. Extraembryonic mesoderm have become the chorion, and O l O t 60 r t ll
the endometrium. Cells of the mesode rm is formi ng a d screte ic villi are elab i The embryo exhil b ts n O e cen O a

embryonic disc are now separated layer h the all lh e germ layers, a yo Ik a d allantoi:

A D 5 conceptions advance
» st < .. beyond 20 weeks of

- 1 %\— - gestatwn Ofthe

’ = pregnancies that are lost,

75 percent represent a

Sailure of implantation and

are therefore not clinically
recognized as pregnancies.

il mddiidisbocami ., Failed implantation is also a

""(,“ o 2wkt major limiting factor in assisted

reproduction’.

Chorionic villus

Amniotic cavity
Yolk sac
Extraembryonic
coelom
Chorion

Decidua
capsularis

capsularis

Extraembryonie

Errol N.Norwitz et al., The New England Journal of Medicine, 2001
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Conjoint twins (~1% of monozygotic twins) result from
the primitive streak duplication

partial duplication of the primitive streak complete duplication of the primitive streak
( Y-shaﬁed) but incomplete duplication of the germ layers
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bifurcation of the spinal cord and vertebral column  fusion of soft tissues (Siamese twins)
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“Given the limited accessibility, as well as ethical controversies
surrounding research on intact human embryos, it is of paramount
importance to seek in vitro synthetic methods for studying early
human embryogenic events without using a biologically
complete human embryo’.

Yue Shao et al, The Node, 2018
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EMBRYOIDS: UNIQUE ENTITIES OR PROTECTED
LIKE HUMAN EMBRYQOS?

HEATHER ZEIGER, MS, MA
RESEARCH ANALYST
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Figure 3. Time-course describing the formation of a Gastruloid over time. Aggregates of
amall numbers of mESCs plated in low-adhesion plates will display many of the
characteistcs of sary embryo development such as polarization in gene exprassion and
axial elongation [73, 74]. Shown in this figure is the development of a single Gastruloid
exposed to a pulse of signaling between 48 and 72 hours. Obsarve the gradual
elongation from ong region.

D.A.Turner et al., Bioessays, 2015
*—
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A pluripotent stem cell-based model for post-implantation human amniotic sac development
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A pluripotent stem cell-based model for post-implantation human amniotic sac development
Yue Shao, Kenichiro Taniguchi, Ryan F. Townshend, Toshio Miki, Deborah L. Gumucio & Jianping Fu
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Opening the black box: Stem cell-based modeling of human post-
implantation development.

)

2019

Abstract:

Proper development of the human embryo following its
implantation into the uterine wall is critical for the successful
continuation of pregnancy. However, the complex cellular and
molecular changes that occur during this post-implantation
period of human development are not amenable to study in
vivo. Recently, several new embryo-like human pluripotent
stem cell (hPSC)-based platforms have emerged, which are
beginning to illuminate the current black box state of early
human post-implantation biology. In this review, we will
discuss how these experimental models are carving a way for
understanding novel molecular and cellular mechanisms
during early human development”.
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In-vitro model systems for the study of human embryo-endometrium

interactions.
1

Reprod Biomed, 2013

Abstract

Implantation requires highly orchestrated interactions between the developing embryo and
maternal endometrium. The association between abnormal implantation and reproductive
failure is evident, both in normal pregnancy and in assisted reproduction patients. Failure of
implantation is the pregnancy rate-limiting ste(}i) in assisted reproduction, but, as yet,
empirical interventions have largely failed to address this problem. Better understanding of
the mechanisms underlying human embryo-endometrium signalling is a prerequisite for the
further improvement of assisted reproduction outcomes and the development of effective
interventions to prevent early pregnancy loss. Studying human embryo implantation is
challenging since in-vivo experiments are impractical and unethical, and studies in animal
models do not always translate well to humans. However, in recent years in-vitro models have
been shown to provide a promising way forward. This review discusses the principal models
used to study early human embryo development and initial stages of implantation in vitro.
While each model has limitations, exploiting these models will improve understanding of the
molecular mechanisms and embryo-endometrium cross-talk at the early implantation site.
They grovide valuable tools to study earlg embryo development and pathop ysiolo%y of
reproductive disorders and have revealed novel disease mechanisms such as the role of
epigenetic modifications in recurrent miscarriage.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Weimar%20CH%5bAuthor%5d&cauthor=true&cauthor_uid=24055530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Post%20Uiterweer%20ED%5bAuthor%5d&cauthor=true&cauthor_uid=24055530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teklenburg%20G%5bAuthor%5d&cauthor=true&cauthor_uid=24055530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heijnen%20CJ%5bAuthor%5d&cauthor=true&cauthor_uid=24055530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macklon%20NS%5bAuthor%5d&cauthor=true&cauthor_uid=24055530

Novel 3D in vitro models to evaluate trophoblast migration and invasion.

1
’ ’ ’ ’ ’ .

2018 Dec 24

Abstract

PROBLEM:

Embryo implantation depends on the interactions between the developing embryo and the maternal
endometrium. Signals originating from the decidua play a critical role in the process of implantation and
trophoblast invasion; however, the molecular mechanisms mediating this interaction are poorly
understood. The objective of this study was to develop in vitro models that would mimic the processes of
attachment, migration, and early invasion of the trophoblast.

METHODS OF STUDY:

First trimester trophoblast cells (Sw.71 cells) were cultured in low attachment plates to form blastocyst-like
spheroids (BLS). Epithelial-mesenchymal transition (EMT) characterization during BLS formation was
etermined by RT-PCR and Western Blot. The two 3D in vitro culture models consist of (a) trophoblast
migration: BLS cultured in suspension (b) trophoblast invasion: human endometrium stromal cells
(HESC) plated in the bottom of a 96-well plate, covered by Matrigel and BLS transferred on top. Matrigel
was use(f to mimic the human endometri:ﬁ extracellular matrix.

RESULTS:

Using 3D cell culture systems and real-time imaging, we are able to determine the impact of endometrial
factors on trophoblast cell function. Endometrial stromal cells promote blastocyst-like spheroid
migration of trophoblast cells and invasion of the extracellular matrix.

CONCLUSION:
We report the characterization of 3D in vitro models to evaluate the interaction between endometrial cells

and trophoblast during the process of migration and invasion. The models are useful tools in order to
further study the molecular mechanism of embryo-maternal uterine cells interactions.

© 2018 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.
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Plurmotent state transitions coordinate morphogeneSIS in mouse and
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Pluripotent stem cells
recapitulate aspects of human gastrulation in vitro

human gastrulation micropatterned hESCs

> ectoderm (SOX2)
mesoderm (BRA)

extraembryonic (CDX2)

Warmflash et al., Nature Methods 2014



Nodal and BMP4 are essential morphogens for gastrulation

BMP4.:
* required to initiate gastrulation (in mammals)
* dorsal-ventral patterning

Nodal:
® pluripotency maintenance (in mammals)
* mesoderm & endoderm

q ﬁ
add block
BMP Nodal
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Self-organization of a functional human organizer by combined WNT and NODAL
signalling

Martyn I., Kanno T.Y., Ruzo A. Siggia E.D., & Brivanlou A.H.,

The Rockefeller University, New York, NY 10065, USA

Nature, 2017
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Stem cells grown in the pluripotent
state show prepatterning in
micropatterned culture(A—B) Tiled scans
of RUES2 hESCs grown under standard (A)
and micropatterned (B) conditions show
heterogeneous and standardized colony
geometries, respectively. (C) A single image
from the tiled scan with all cells identified
computationally. (D) Immunofluorescence
analysis shows cells in the micropatterned
colonies maintain expression of pluripotency
markers (E) Quantification of expression of
markers of the colony shown in (D). Each dot
represents a single cell and the color
represents the intensity of the indicated
marker normalized to the intensity of the
DAPI stain. (F) Quantification of average
nuclear intensity from immunofluorescence
data shows that markers are elevated at the
colony edges. In all cases, nuclei were
identified using the DAPI nuclear
counterstain and the intensity of the indicated
markers was normalized to the DAPI intensity
to prevent imaging artifacts. All scale bars are
500 um.

A. Standard culture  B. Micropatterned culture C, Single cell tracking
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Self-organization of a functional human organizer by combined WNT and
NODAL signalling

Martyn I., Kanno T.Y., Ruzo A. Siggia E.D., & Brivanlou A.H.,
The Rockefeller University, New York, NY 10065, USA
Nature, 2017
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A wave of WNT signaling balanced by secreted inhibitors controls primitive streak formation in
micropattern colonies of human embryonic stem cells

lain Martyn, Ali H. Brivanlou, Eric D. Siggia

Development 25 March 2019

Abstract

Long-range signaling by morphogens and their inhibitors define embryonic
patterning yet quantitative data and models are rare, especially in humans.
Here, we use a human embryonic stem cell micropattern system to model
formation of the primitive streak (PS) by WNT. In the pluripotent state, E-
cadherin (E-CAD) transduces boundary forces to focus WNT signaling to the
colony border. Following application of WNT ligand, E-CAD mediates a front
or wave of epithelial-to-mesenchymal (EMT) conversion analogous to PS
extension in an embryo. By knocking out the secreted WNT inhibitors active
in our system, we show that DKK1 alone controls the extent and duration of
patterning. The NODAL inhibitor cerberus 1 acts downstream of WNT to
refine the endoderm versus mesoderm fate choice. Our EMT wave is a generic
property of a bistable system with diffusion and we present a single
quantitative model that describes both the wave and our knockout data.
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