efining the roles of ADAM
prateases in trophoblast biology
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PLACENTA: definition

An apposition of fetal and
maternal tissues for
physiological exchange

(Mossman, 1937)

Also Latin for “cake”




Blastocyst Uterine epithelium

' Decidua

Noninvasive implantation Invasive implantation

(Epitheliochorial placentation) (Endotheliochorial and
haemochorial placentation)



Two main research streams in my lab...

1) Characterizing trophoblast (epithelial lineage) populations in developing
placenta (fetal side)

Invasive cEVTs

Proliferating vCTs ' Prolifé(afihg CEVTS:

2) Examine the importance of maternal immune cells in controlling trophoblast
biology (mother’s side)

10° 4 10% 5

NK (CD56*/CD16*) . NK (CD56*/CD16*)
— 1ot L .




Trophoblast team

Mahroo Aghababaei Lauren De Lucca Hoa Le



Villous cytotrophoblast
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Syncytiotrophoblast
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Endovascular EVTs

Syncytiotrophoblast
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Endovascular EVTs
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Placenta (10 wkGA) Uterus (decidua
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Invasive trophoblast
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-Major proteinase family related to MMPs and snake ﬁ‘;—.

venom disintegrins

-21 human ADAMs have been described; of these
only 12 contain conserved metalloproteinase Zn-

binding active sites

-Play biological roles in growth factor availability, cell
migration, integrin signaling, cell-cell fusion

TM Domain

Signal Sequence
Pro Domain
Metalloproteinase
Domain

Disintegrin Domain

Cysteine-rich
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EGF Domain
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1
o (] Antibody labelling
[ anti-CD49f-PECy7
Of ) anti-CD49e-PE )
@)
O anti-CD49a-PerCP
Q@ @ @@ antiHLAG-Pacific Blue
@) @) anti-EpCAM-APC
® © anicDs1-FITC

7AAD-stain

AN
Cell sorting

@ v(CT-CD49f"/EpCAM*

© column EVT-CD49e*/EpCAM*/HLA-G 5
O iEVT-CD49a*/HLA-G

' endoEVT-CD51*/HLA-G

Sorted

CD31/CD45
magnetic bead
exclusion

CD31 (endothelial cell)

‘ CD45 (pan leukocyte)

global gene expression

cells

Fluorescence 523-568)




Placental Villi

Maternal decidua
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Placental Villi

Relative expression
(normalized to GAPDH)

250K

200K

150K /

100K

50K

HLA-G

™
102 107

BRI R e L) e
o0 o108 103 1% 10°

A
<
@)
(7))
n
50K 100K 150K 200 250K
FSC K)
ADAMS8 ~ ADAM10
1.5 cf 1.5
(]
* » %
_\ 23
1.0- ;.-_‘9 1.0-
QT
0.5- _“g’ﬁ 0.5-
‘a’ (1]
o E
0.0- " ® 2 o0.0- "
<."O c,O

CD45

Relative expression
(normalized to GAPDH)

ADAM12
1.54

1.0

0.5

0.0- < <

-
.

-
.

Relative expression
(normalized to GAPDH)

CD49f

ADAM28
1.54

1.0

0.5

Relative expression
(normalized to GAPDH)

ADAM12 serum levels decreased in PE, IUGR



ADAM12 expression in trophoblasts

(3mQ) 1I1A [eyUSOE|d

(IMZ 1) 1A [ejusde|d

Aghababaei et al, Cell Death Differ (2015)



Ex vivo model to study early placenta development

Treatment

Explant Explant
established \ endpoint
gy g g
=
SCESS SIS
| ] |
| | |
do d1 d3
Image Image
Time = 0h Time = 48h

48h 48h (invert)




Explant model enables examination of multiple types of trophoblasts
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ADAM12 preferentially localizes to invasive trophoblasts

ADAM12 Cytokeratin-7

Aghababaei et al, Mol Hum Reprod (2014)



ADAM12 blocks column outgrowth
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Two splice variants of ADAM12 in humans
(only one in mice)

ADAM12L
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Aghababaei et al, Cell Death Differ (2015)
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ADAM12L

%)
Q/C')
Q\

1
|
]

o
o
o
o
Yo}
<

300000
150000
4000
3000
2000
10

10

7

5

2

0

(Hadvo o} pazijew.ou)
uoissaidxa aAne|ay

° %o -7,
%
D,
+ @\
> fAV O\
<@ @
* N
- Lo
T4y,

—— T T éxvv

o 0 O
—

30000
0000
0000
3000
2000
1000

AN

(Hadvo o} pazijew.ou)
uoissaldxa anneoy

Aghababaei et al, Mol Hum Reprod (2014)



£
Q
C
)
)]
©
>
£
U I L
N © < o
~ o o o
Xapul uoiseAu|
(o]
Q
o
I
o
- _ n%,.\.v
—~ (@] : Z
S I b
Q Q ,o,mv
- p
S %
et
5 K
=
-7
J U U
N o] <t o
- o o o
xapul uoneibipy

Aghababaei et al, Mol Hum Reprod (2014)



HTR8 Invasion (24h)

Invasion index

pCMV6 ___pGFP
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Aghababaei et al, Mol Hum Reprod (2014)
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e ADAM12 localizes to invasive trophoblasts

* ADAM12 controls trophoblast invasion and column
outgrowth

But...
-ADAM12 also localizes to other trophoblast populations



ADAM12 localizes sporadically to progenitor cells and apical layer
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Villous Cytotrophoblast
Trophoblast cell-cell fusion

PKA
Geml loss of intercellular adhesive structures
Cx43 increase in fusogenic proteins

Bb

Syncytiotrophoblast



Placental villi (9 wk)

ADAM12 localizes to fusing trophoblast in vivo

Aghababaei et al, Cell Death Differ (2015)



ADAM12 levels increase during cell fusion

DMSO F/l
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Aghababaei et al, Cell Death Differ (2015)



Loss of ADAM12 impairs cell fusion
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Aghababaei et al, Cell Death Differ (2015)



pCMV6

ADAM12S

Ectopic ADAM12S potentiates fusion
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Loss of ADAM12 proteolytic function prevents E-cadherin shedding
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Summary

ADAM12 is expressed in trophoblast
populations of the human placenta

ADAM12 localizes specifically to invasive EVT
subsets and to fusing cytotrophoblasts

ADAM12S promotes trophoblast column
outgrowth (motility?)

ADAM12S cleaves the ectodomain of E-
cadherin; potentiates cell fusion
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ADAMS localization in placental explant

.= . Proliferative’column cells
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invasive phenotype




ADAM28 localization within first trimester placental villi
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