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* Exos o m es ( I eSS th a n 1 5 0 n m I n d I a m ete r) Opverall composition of extracellular vesicles (EVs). Schematic representation of the composidon (families of proteins, lipids, and

nucleic acids) and membrane orientation of EVs. Examples of tetraspanins commonly found in EVs include CD63, CD81, and CD9.
Note that each listed component may in fact be present in some subtypes of EVs and not in others. For instance, histones and

[ ] M I C rove S I CI e S proteasome and ribosome components are probably secreted in large plasma membrane—derived EV's and/or apoptotic vesicles rather

than exosomes. Abbreviations: ARF, ADP ribosylation factor; ESCRT, endosomal sorting complex required for transport; LAMP,
lysosome-associated membrane protein; MHC, major histocompatibility complex; MFGES, milk fat globule—cpidermal growth
factor-factor VIIT; RAB, Ras-related proteins in brain; TfR, transferrin receptor.
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» Contains RNA and proteins, that is
secreted into the extracellular
space by exocytosis when
multivesicular bodies fuse with the
plasma membrane

 Consist of lipid bilayer
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Exosomes
can
regulate

target cell
activity via:

* Alteration in translational activity
* Angiogenesis

* Proliferation

* Metabolism,

* Apoptosis

Functioning as a
mechanism for
intercellular
communication.
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Placenta secretes exosomes into maternal
circulation and play important roles in several
different aspects of pregnancy including feto-
maternal signaling.

Size 40-120 nm

Released via exocytosis into maternal plasma
Contain many signaling molecules including
proteins, mMRNA, microRNA, and noncoding
RNAs

Regulate target cell activity, angiogenesis,
proliferation, metabolism, and apoptosis

Placental exosomes ¢ ¢

Paracrine signalling in the neighbourhood
placental cells and regulate:

- Placentation

- Vascular development
- Cell metabolism

- Immune response

Can cross physiological barriers
and reach various tissues including
lungs, liver and kidneys

OZ e

© Placental exosomes
© o with altered content
p- . o
8 o and bioactivity
Q. | R
[s) nduce signaling in neigbouring
placental cells/endothelial calls

or any target cell and mediate

e \) Synctiotrophoblast

Extracellular milieu can

C _ " response to hyperglycemia
O~C regulate the exosome biogenesis 000 Y or hypoxia
C by changing the exosome OOO
release and packaging /
T MVBs MVBs y
miRNAs [ 00 © ~ N\ miRNAs «
proteins ' {) S~ - proteins g
S O~ A
C 5
B~ Glucose Via glucose induced ROS or 3= >
~ concentration  glucose induced changes in the y - e
intracelular Ca* concentration
changes in sumoylation of
early hnRNP protein eirly
exosome ( €X08 -
Oxygen
. tension  Via hypoxia-inducible factor ,/ r
f\ signaling pathway (\
\ ‘M.
n o
W
-

- CEYEHOBCKUU
- YHUBEPCUTET




» Can be detected in maternal plasma from as early as 6
weeks of gestation

 Number increases with advancing gestation
* Increases in number in complicated pregnancies

 Contain members of the chromosome 19 microRNA
cluster

Fetal placenta components

U

o |
)QM“

o, Maternal blood
o
® Breast milk /. ‘ |

Placental exosome

W % Q - /| @9
A | (& Q?
o \ ) o L8
e )7 LY
® Amniotic .2~ |74/ )
fluid A N RN (€ W=
Q Syncytiotrophoblast @
Fetal Cytotrophoblast cells @
blood ,
\ Endothelial cells
Uterus 7

Amnion .
o
Umbilical cord (mscle ® 9 ® | Exosomes
e o

Figure 2. Illustration of the fetal placental barrier that separates fetal and maternal circulations in
the human placenta. Places of exosome appearance are indicated. MSC—mesenchymal stem cells.
The picture was composed using publicly available graphics from The Alcohol Pharmacology Education
Partnership at the Duke University Medical Center [13] and from Christiane Albrecht, University of
Bern, with her friendly permission [14].




Oocyte extracellular vesicles

Tetraspanin CD9 play an important role  Expressed on the surface of the
in gamete fusion oocyte and surrounding somatic cells

Oocytes transfer CD9 to the sperm * Play role in a sperm-oocyte

head via “exosome-like” vesicles membrane fusion
CD9 associated EVs localized in
perivitelline space of the oocyte

« Expression of CD9 and CD81 are
predominantly localized in the
Perivitelline space and zona pellucida
respectively.

« CD9 is primarily produced by the oocyte

« CD81 is produced in the surrounding
cumulus cells

Figure 3 Schematic diagram summarizing various functional moieties carried by reproductive EVs. Proinflammatory mediators (red fill) include
HSP70, HSP72, HMGB1, fibronectin, fetal haemoglobin and Syncytin 1. Reproductive EVs have also been shown to contain immunoregulatory
molecules (orange fill), with the potential to suppress NK and T cell responses, such as MIC A/B, EMPPRIN, CD200, minor histocompatibility
antigen DDX3Y and galectin 1 and complement regulatory proteins (blue fill) CD46, CD55 and CD59. Finally, follicular fluid, endometrial and STB
EVs contain miRNAs (green fill) with the potential to further modulate recipient cell responses. HMGB1, high mobility group box 1; MIC A/B, MHC
class | chain-related proteins A and B; miRNA, micro-interfering RNA; MV, microvesicle; NK, natural killer; STB, syncytiotrophoblast.

doi: 10.1242/bi0.20121420
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MicroRNAs in Small Extracellular Vesicles Indicate
Successful Embryo Implantation during Early
Pregnancy

Negative control” T~~~ 20X,

Qiang Tan '*, Shuang Shi 4, Jingjie Liang !, Xiaowei Zhang ?,
Dingren Cao ! and Zhengguang Wang *

D2 pre-implantation

Extracellular Vesicles are present and
secreted by the endometrium

D4 window of implantation

D5 posi-implantation

Iuminal epitheliu glandular epithelium - luminal epitheliu glandular epithelium

Figure 2. Immunohistochemical staining of CD63 in mouse glandular and luminal epithelium

during pre-implantation (D2), window of implantation (WOI) (D4), post-implantation (D5) stage,
CEI-IEHOBCKI/Iﬁ and in the negative control (no primary antibody). LE: luminal epithelium. GE: glandular
Q yHI/IBEPCI/ITET epithelium. IS: implantation site. IIS: inter implantation site.




Circulating Exosomal miRNA Profile During Term and
Preterm Birth Pregnancies: A Longitudinal Study
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Exosomal miRNAs in pre-term birth
play role in cell-to-cell signaling and
interaction, cellular growth and
proliferation, and cellular
development.

The data suggest that the miRNA
content of circulating exosomes in
maternal blood might represent a
biomolecular “fingerprint” of the
progression of pregnancy.
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Figure 2. Immunohistochemical distribution of CD63. Scale Bars: 10 um

Figure 4. Imnmunohistochemical distribution of CD9. Scale Bars: 10 pm

Table 1. p values of statistical comparisons of CD63 and CD9 HSCORE
results

Fertile proliferation vs infertile proliferation (luminal

epithelium) p=U00
Fertile proliferation vs infertile proliferation (glandular 0008
epithelium) pts
Fertile secretion vs infertile secretion 0034
(luminal epithelium) p=0
Fertile secretion vs infertile secretion p=0037

(glandular epithelium)

Fertile proliferation vs infertile proliferation (luminal

epithelium) p=0is
Fertile proliferation vs infertile proliferation (glandular 0,005
epithelium) b=
Fertile secretion vs infertile secretion - 0037
(luminal epithelium) it
Fertile secretion vs infertile secretion b =0037

(glandular epithelium)
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Pregnancy loss, also referred to as
miscarriage or spontaneous abortion,

Pregnancy

is generally defined as a nonviable
iIntrauterine pregnancy up to 20 weeks
gestation.

loss

The major cause of SA s fetal chromosomal
abnormalities, contributing to about 50-60% of
the cases
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Aneuploidy
el A
« Fetal cfDNA is produced Noninvasive prenatal testing for
* by the apoptosis of chromosomal abnormalities can
placental cells of the be performed using only a
trophoblast. blood sample collected from the
* Produced during normal mother, which brings about new $:
pregnancies; however, the possibilities for prenatal '
process of apoptosis is diagnostics. Such a new 3
likely increased during technique is beneficial also
complicated pregnancies, when the increased
due to increased oxidative concentrations of cell-free fetal
stress and inflammatory DNA are detected in the
response circulation of mothers with
various pregnancy
complications




Take home message:

TABLE 1 Biogenesis, characteristics and functions of different sub-populations of EVs

Types of EV

Exosomes

Mechanism of
biogenesis

Correspond to the
ILVs formed inside
the late endosomes.
Released by fusion
of MVBs with the
plasma membrane.
Proteins belonging
to the ESCRT and
ESCRT-independent
mechanisms (lipids
and tetraspanins),
Rab GTPases and
SNARE are involved
in the biogenesis [12]

Size

Present a
diameter of 50—
150 nm, similar
to the diameter of
ILVs on electron
microscopy [13]

Proteins present’

Tetraspanins (CD81,
CD63, CD9), ESCRT
components, Alix,
TSG101, syntenins,
flotillins, integrins,
disintegrin and
metalloproteinase
domain-containing
protein 10/ADAM10/
ADA10, HSC70/
HSPA8/HSPC7
[13-15]

Cargo

Proteins,
miRNAs, mRNAs,
IncRNAs, small
fragments of
DNA Devoid

of nuclear,
mitochondrial,
endoplasmic
reticulum and
golgi complex
proteins [13, 14]

Soumyalekshmi Nair®, Carlos Salomon

Method of isolation”

Differential
centrifugation and
ultracentrifugation

at 100,000g for

90 m, flotation in
density gradient
(sucrose or iodixanol),
ultrafiltration,

size exclusion
chromatography,
immunoisolation
using antibodies and
commercial kits (using
precipitation) [16, 17]

a,b,c

Reported
functions

Cell to cell
communication by
transfer of molecular
cargo to recipient
cells [18, 19]

Immunoregulation
[20, 21]

Tumor progression
and metastasis [22,
23]

9Exosome Biology Laboratory, Centre for Clinical Diagnostics, UQ centre for Clinical Research,
Royal Brisbane and Women’s Hospital, The University of Queensland, St Lucia, QLD, Australia,
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Chile, ‘Department of Obstetrics and Gynecology, Ochsner Baptist Hospital, New Orleans, LA,

United States
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