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THE IMPLANTATION WINDOW.

Wlzinszlizn 2moryos will initlaiz imolantiosn-iyos raiciions
i zny differant nor-uisring slies suchn 43 i aya (Runnar
1947), inz ddnzy (Fawezii 1950), ing solaa and ing i2sils
(«Siroy 1983) .

Most of the time this is not true
for the endometrium because
it protects itself from implantation
except during a limited period known
as the receptive phase.

THE MURINE IMPLANTATION WINDOW

Psychoyos 1963
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THE HUMAN IMPLANTATION WINDOW.

Age of the Embryo in Days
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THE HUMAN IMPLANTATION WINDOW.
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Compaction

STEPS OF THE HUMAN
IMPLANTATNIONI PROCESS

Early Blastocyst Differentiation of trophoblast

Blastomere

Cdx2
Homeobox gene that induces

Trophec‘odermcl
cells

Inner cell mass
Nanog
Homeobox gene for Stem

cell renewal

STEPS OF THE HUMAN

IMPLANTATIONI PROCESS

1. TRANSPORT The blastocyst arrives

in the uterus about 72 hours after fetilisation

2. ORIENTATION The inner cell mass is
fgripnted towards the endometrial epithelial
ining.

3. HATCHING The zona pellucida dissolves
gossiblg because of the secretion of proteases
y trophectodermal cells.

4. APPOSITION The blastocyst is now in
close contact with the endometrial lining but no
connections have been established. The embryo
can still be dislodged by washing.

5. ADHESION Connections of an unknown
nature are established between the embryo and
the endometrial epithelium. The embryo cannot
be dislodged anymore.




STEPS OF THE HUMAN

IMPLANTATNIONI PROCESS

6. INVASION Thin folds of trophectodermal
Fe:ls intrude between the endometrial epithe-
ial cells.

7. DIGESTION At the tips of the invadopo-
dia, integrins anchor the trophoblast to the
basement membrane. This binding triggers the
secretion of proteases which digest the basem-
ent membrane.

8. SYNCYTIALISATION Some trophecto-
dermal cells fuse to form syncytia. These syncytia
proliferate and invade the endometrial extracellular
matrix.

9. VILLOUS FORMATION The former
trophectodermal cells, now called cytotrophobla-
stic cells migrate between the syncytia followed
b¥ the fetal stoma. This will lead to the formation
of the placental villi.

STEPS OF THE HUMAN
IMPLANTATIONI PROCESS

- Floating villous
__ Anchoring villous

| Extravillous
cytotrophoblast

Intervillous
Space

Spiral Artery
Giant Cell

L Decidua




THE HUM

Meseguer et al. Biol Reprod, 2001




STEPS OF THE HUMAN

STEPS OF THE HUMAN

L-selectin

Hoescht

Genbacev et al, Science 2003 L-selectin-ligands Hoescht
Meca-79




STEPS OF THE HUMAN
IMPLANTBATLON PROCESS: Invasion

CYTOTROPHOBLAST
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TROPHOBLAST INVASION

EXCESSIVE EQUILIBRATED INSUFFICIENT
TROPHOBLAST INVASION TROPHOBLAST INVASION TROPHOBLAST INVASION

Hydaditiform Moles Normal Preeclampsia
Choriocarcinoma Pregnancy Early Abortions
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TROPHOBLAST INVASION

Cross Linked Dextran
Collagen Type I

Cytotrophoblastic Cells
At 24 hours

At 72 hours

SURFACE EPITHELIUM

W | EXTRA-CELLULAR

MATRIX:
Collagznz L

UTERINE STROMA
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TROPHOBLAST INVASION

Subfamily | MVP Other names
Collage- | MMP-1 Interstitial Collagenase
nases MMP-8

MMP-13  Collagenase-3

Substrates

Col LILILVILX, Gelatins,
Col I, 11, I,

Col I, I, 11l

Gelatin- | MMP-2  Gelatinase A
ases 72 KDa gelatinase

MMP-9  Gelatinase B
92 KDa gelatinase

Col |, IV, V, VII, X, XI, Gelatins,
Fibronectin, Laminin

Gelatins, Col IV, V, XIV, Aggrecan.
Elastin, Entactin, Vitronectin

Stromely| MMP-3  Stromelysin-1
-sins MMP-7 Matrilysin, PUMP-1
Stromelysin-2
MMP-10  Transin-2
MMP-11  Stromelysin-3
MMP-12  Metallo-
elastase

Aggrecan, Col lll, IV, IX, X, Gelatins,

Fibronectin, Laminin, Tenascin-C,
Vitronectin, Elastin, Casein
Aggrecan, IGFBP-1

Entactin, Small tenascin-C,
Vitronectin, Casein

TROPHOBLAST INVASION

Intermediate
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TROPHOBLAST INVASION

extra cellular

Pro G;Iatinase B

Gelatinase B (MMP-9)
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TROPHOBLAST INVASION
i ZINOGHAPHY)
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TROPHOBLAST INVASION

3Hdeoxy Uridine

% Radioactivity within the Matrigel

—=8— (Cytotrophs in medium
—U0— Free radioactivity,no cells
-=-B-- Cytotrophs with Phenantrolin

T T T T 1

20 40 60 80 100
. Time of Incubation in h.
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REGULATION OF TROPHOBLAST

NORMOXIA Degradation

Reactive Oxygen Specnes

Proly%xylase

HIF: Hypoxia inducible factor (Transcription factol ) VHL von Hippel Lindau (Oncosuppressor); Ub: Ubiquitin

HYPOXIA @

VEGF, iNOS
N DEG— Glut-1, IGF-II
EPO, TGFB3

—

Inhibition of Invasion

REGULATION OF TROPHOBLAST

CYTOKINES
LEPTIN
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REGULATION OF TROPHOBLAST

MMP-9 secretion in % of controls
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Leptin in ng/ml hCG in IU/ml

REGULATION OF TROPHOBLAST

Adapted from Handschuh et al Placenta 2006
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REGULATION OF TROPHOBLAST

EVCT

Control ~ EVCT ST hCG
supernatants supernatants ~ Sigma

hCG 10 mol.L"!

ng/ml /106 cells

Progesterone

hCG 10 mol.L!

Exravillous cytotrophoblast

Adapted from Handschuh et al Placenta 2006

REGULATION OF TROPHOBLAST

INTEGRINS

MATRIX- GLYCOPROTEINS i
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THE ROLE OF ECM

1 million cells UndlluTed
é é ECM

1 million cells 1/5 dilufed
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INTEGRINS OF THE TROPHOBLAST

Placental bed CTB ¢sp1 Q ﬁ '
Endovascular CTB <11 ¢ 0@

TROPHOBLASTIC INTEGRINS

Sznaiinolytic Activity (ng/mgProi/Day)
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ECM GLYCOPROTEINS MODULATE

MMP.

Lamininz Fioronzertinz
ug/ml 1 10 1 10 0 Std

COND. MEDIUM
IGFBP-1
CYTOKINES




EFFECT OF ENDOMETRIAL FACTORS

Endometrial 4 Days with
Stromal Cells Hormones

8 h. without Cytotrophoblastic

Hormones

=

MMP activity in % of controls

200 ]
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p=0.015
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40 1 p<0.0001
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Dilutions of cond. medium

Concentration of TIMP-1 in % of controls
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SOME ENDOMETRIAL CYTOKINES

LIF EEC
TNFo EEC

IL-1

TGFBEEC ESC
MCSF  EEC

ESC Macro
Macro Endoth
Macro
Macro Endoth
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REGULATORS OF MMP ACTIVITY

IGEBP-1 TGEB
TNFao LIF
TE-113; 1IE=6 Steroids

hCG Protease Inhibitors
Ileptin Retinoic acid
Matrix proteins EPO
Prostaglandins P53

DOES P53 REGULATE MMP-9 EXPRESSION?
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REGULATION OF MMP-9 EXPRESSION

' MMP-9 Gene (7.7 kB, 13 exons)

l Transcription
MMP-9 mRNA (2.5 kB)

Translationl

TrlZ TUWNOUR=-SUPPRESSC

MOST HUMAN CANCER

w‘rp53 is a transcription
factor that avoids DNA
damage to be carried-over to
daughter cells. It induces cell
cycle arrest or apoptosis. It is
thus anti-oncogenic

mutp53 has lost this
property and is oncogenic.
Transfection of mutp53 in
normal cells induces an invasive
phenotype
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P53: THE GATEKEEPER OF THE GENOME

Genotoxic Stress
UV. IR, Carcinogens,
Cytotoxic Drugs_

DNA damage
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Stress

Hypoxia, Temperature
changes, Redox-changes,
cytokines
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Apoptosis —

No cell cycle arrest

No apoptosis
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TRANS-REGULATORS OF GENE
EXPRESSION

ex]l ex2 ex3
int 1 int 1
| Il |
\/ Vv
Regulatory Region Coding Region

REGULATORY REGION OF MMP-9 GENE
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TRANSFECTION OF CELLS

Activitiy of Chloramphenicol acetyl transferase

COTRANSFECTION OF -670MMP-9-CAT WITH wiP53 IN CTB

1207 ® control

100 1 Hwith wtp53
807 P=0.0002
60

relative CAT activity (%)
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201

0 T r —
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-1652 -600 -563 -554 -541 -533 474 -328  -209 =113 <79 -54 -29
TRE/AP1  NFkB Ets/PEA TIE TRE/AP1 TRE/AP1 TATA box
CG/SP1 TRE/AP1 NFkB (CA), RBE
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EFFECTS OF p53 siRNA

Western

MMP-9 == w4 & 1 =
(e pr——
GAPDH

— amo o ==
180 - M control

B p53siRNA
— 160

< 100 -

relative int

MMP-9/GAPDH p53/GAPDH

QUESTIONS

We have shown that:
*MMP-9 is a target gene for p53 ftrans-repression

*P53 trans-repression occurs through interaction with
other TF: NFkB, efts.

*Trophoblastic p53 does not inhibit MMP-9.

THUS:
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THE HUMAN P53 PROTEIN

Mutation hot spots

AN
Trans-repression Sequence-specific DNA binding Tetramerisation
= ——"
113 117 143 166 171 181 236 258 270 286 393

85109
210-226

Wild type Mutated & wild type
Conformation Conformation

IMMUNOLOCALISATION DE P53

Trans-repression Sequence-specific binding to DNA Tetramerisation
—_— ——
1 13 143 181 236 258 270 286 393
N 85:109
PAb 1620 PAb 240
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TROPHOBLASTIC P53 AS HMWC

PAb240
PAb1620
DO-1
PAb240
PAb1620
DO-1
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v'P53 forms high molecular
weight complexes, some of which
are not recognised by N terminal
antibodies (Do-1 and Pab 1620).
v'P53 is also present at its normal
MW, 53 kDa.

AMINO ACID SEQUENCE OF p53 N TERMINUS

Trans-repression

1 13 117 143 166 171

————
286 393

181 236 258 270

PAD 240

101

R 100
Thr Ala Ala Ala Ala Ser Trp Leu Ser Ser
115

Ser Val Ser Gln Lys Thr Tyr Gln Gly Ser Tyr Gly Phe Arg

Sequence-specific binding to DNA  Tetramerisation

C
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EFFECTS OF AN N TERMINAL PEPTIDE
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PEPTIDYL-PROLYL CIS/TRANS ISOMERASE (Pinl)

Pinlis « numan ozotidyl-orolyl isomzrasz tnar rzcogniszs o spzcific
moTif of a vnosonorylarzd Sze o The rzsiduz orzczding o Pro
rzsicduz,

Cis-Proline Trans-Proline
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PEPTIDYL-PROLYL CIS/TRANS ISOMERASE (Pinl)

PEPTIDYL-PROLYL CIS/TRANS ISOMERASE (Pinl)

cytoplasm nucleus cytoplasm nucleus
Jugloneth) 0 2 6 12 9o 2 6 12

Juglone(h)y o 2 6 12 o 2 6 12
195 kDa

220 kDa

i 195kDa *
125 kDa 125 kDa -
2‘3‘ ga 64 kDa @
a -— - e~ _3 . - -
o - 53 kDa
P T
t
Pinl — o
blot Pinl blot p53
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CONCLUSIONS

gAn invalid p53 pathway is instrumental to the invasive
behaviour of most human tumours.

2 The same seems to be true for trophoblast invasion.

o Trophoblastic p53 is functionally incompetent
towards some of its target genes( MMP-2, 9, Bax).

g Trophoblastic p53 is inactive because of a pin-1
induced conformational change and the formation of
HMWC
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