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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. 
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Implantation starts with Compaction 

Morula Early Blastocyst 

Compaction 

Blastomere 
Nanog 

Homeobox gene for Stem  
cell renewal 

Cdx2  
Homeobox gene that induces 

Differentiation of trophoblast 

I

I

I

I

1. TRANSPORT  The blastocyst arrives 
in the uterus about 72 hours after fetilisation 

2. ORIENTATION  The inner cell mass is 
oriented towards the endometrial epithelial 
lining. 

I

I

I

I

I

3. HATCHING  The zona pellucida dissolves 
possibly  because of the secretion of proteases  
by trophectodermal cells. 

I

I

I

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

I

I

I
m

I

I

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. 
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6. INVASION   Thin folds of trophectodermal 
cells intrude between the endometrial epithe- 
lial 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. 

Im
po

I

I

Imp
ossi

Imp
ossi
ble 

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

I
m

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

Floating villous 
Anchoring villous 
Extravillous 
cytotrophoblast 

Intervillous  
Space 

Giant Cell 

Spiral Artery 

Decidua 



8 

Meseguer et al. Biol Reprod, 2001 
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Hoescht 

L-selectin 

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

Hoescht 
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Pro-invasive 

Pro-invasive 
Pro-invasive Anti-invasive 

Anti-invasive 
Anti-invasive 

INSUFFICIENT  
TROPHOBLAST INVASION 

EXCESSIVE  
TROPHOBLAST INVASION 

EQUILIBRATED  
TROPHOBLAST INVASION 

Preeclampsia 
Early Abortions 

Hydaditiform Moles 
Choriocarcinoma 

Normal 
Pregnancy 
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Cross Linked Dextran 
Collagen Type I 

Cytotrophoblastic Cells 

CYTODEX  
BEADS 

Diam 200 µm 

At 72 hours At 24 hours 

Uterine cavity 

SURFACE EPITHELIUM 

UTERINE STROMA 
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Subfamily MMP Other names Substrates
Collage-
nases

MMP-1
MMP-8
MMP-13

Interstitial  Collagenase

Collagenase-3

Col I,II,III,VII,X, Gelatins,
Col I, II, III,
Col I, II, III

Gelatin-
ases

MMP-2

MMP-9

Gelatinase A
72 KDa gelatinase

Gelatinase B
92 KDa gelatinase

Col I, IV, V, VII, X, XI, Gelatins,
Fibronectin, Laminin
Gelatins, Col IV, V, XIV, Aggrecan.
Elastin, Entactin, Vitronectin

Stromely
-sins

MMP-3
MMP-7

MMP-10
MMP-11
MMP-12

Stromelysin-1
Matrilysin, PUMP-1
Stromelysin-2
Transin-2
Stromelysin-3
Metallo-
elastase

Aggrecan, Col  III, IV, IX, X, Gelatins,
Fibronectin, Laminin, Tenascin-C,
Vitronectin, Elastin, Casein
Aggrecan, IGFBP-1
Entactin, Small tenascin-C,
Vitronectin, Casein

Mem-
brane-
type
MMPs

MMP-14
MMP-15
MMP-16
MMP-17
MMP-24
MMP-25

MT1-MMP, MMP-X1
MT2-MMP
MT3-MMP
MT4-MMP
MT5-MMP
MT6-MMP

Activates proMMP-2
Col I, II, III, Fibronectin, Laminin-1,
Vitronectin, Dermatan sulfate
proteoglycan : activates proMMP-2,
proMMP-13

Others MMP-19
MMP-20
MMP-23
MMP-26

 Matrix metalloprotein-ase
Enamelysin
MIFR/FEMAL-YSIN
Matrilysin-2

Aggrecan
amelogenin
Gelatin, Beta-Casein
fibronectin

Zn 

Zn 
propeptide Zn 

Activation  

Zn 

Zn 

Inhibition  

+	

TIMP 
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Procathepsin D        Cathepsin D 

Procathepsin B        Cathepsin B 

Pro uPA         uPA 

uPA 

Plasminogen          Plasmin 

Pro Stromelysin          Stromelysin(MMP-3) 

Pro Gelatinase B 

Gelatinase B (MMP-9) 

Procollagenase 

Collagenase (MMP-1) 

Intra cellular 

extra cellular 

+ 

37oC 

Sup.       Cells Sup.            Cells 

212 

116 

170 

76 

53 

kDa Sup 

MMP-9 

MMP-2 
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3Hdeoxy Uridine 
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BM 

STB 

HoC 

CC UV 

vCTB evCTB 

vCTB 

Before 10-12 weeks 
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ble 

Im
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SA 

BM 

BM 

STB 

HoC 

CC 

STB LGL 

DC 

UV 

vCTB evCTB 

vCTB 

After 10-12 weeks 

Trophoblast Proliferates 
Inhibition of Invasion 
Decrease in uPA activity 
Increase in PAI-2 



17 

OH OH OH OH p300 OH OH 

Ub 
Ub 

Ub 
Degradation 

p300 

p300 
VEGF,  iNOS 
Glut-1, IGF-II 
EPO,    TGFβ3 

Inhibition of Invasion  

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

Reactive Oxygen Species 
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Adapted from Handschuh et al Placenta 2006 
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Villous cytotrophoblast 

Exravillous cytotrophoblast 
Adapted from Handschuh et al Placenta 2006 

ST 

EVCT 
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Digested 
Matrigel 

100x 

Undiluted 
ECM 

1 million cells 

1 million cells 

1 million cells 

1/5 diluted 
ECM 

1/10 diluted  
ECM 

Ca++ 

Ca++ Ca 

Ca 
Ca 

S 

S 

S 
S 
S 

S 
S 
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Impo
ssibl
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Impo
ssibl
e 

1 
2 

3 
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INTER  
VILLOUS 
       SPACE 

Impossible d'afficher 
l'image. Votre ordinateur 
manque peut-être de 
mémoire pour ouvrir 
l'image ou l'image est 
endommagée. Redémarrez 
l'ordinateur, puis ouvrez à 
nouveau le fichier. Si le x 
rouge est toujours affiché, 
vous devrez peut-être 
supprimer l'image avant 
de la réinsérer.

Villous CTB 

CTB cell  columns 

Placental bed  CTB 

Endovascular  CTB 

α6 +ive	


α5 +ive	
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α5 -ive	
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Cont!1:18!
1:12!

1:8!1:6!1:4!1:3!1:2! 1!

Dilutions of cond. medium 
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Endometrial 
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Concentration of TIMP-1 in % of controls 
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Cytotrophoblastic 
cells 

Dilutions of cond. medium 

LIF   EEC 

TNFα  EEC   ESC   Macro 

IL-1       Macro  Endoth  

TGFβ	
EEC   ESC   Macro 

MCSF  EEC     Macro  Endoth 
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MMP-9 mRNA (2.5 kB) 

Zn 
Propeptide 

Z
n 

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

TIMP-1 
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Genotoxic Stress 
UV. IR, Carcinogens, 

Cytotoxic Drugs  

Non-genotoxic 
Stress 
Hypoxia, Temperature 
changes, Redox-changes, 
cytokines P 

P 

DNA damage 

DNA can be repaired 

mutp53 No cell cycle arrest 
No apoptosis 

Exon 1 Exon 2 Exon 3 mdm-2 

Exon 1 Exon 2 Exon 3 mdm-2 

Mdm-2 

No cell cycle arrest 
No apoptosis 

P 

Cell cycle arrest 
or apoptosis 

Exon 1 Exon 2 Exon 3 

Mdm-2 

P P 

P 

mdm-2 
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TFIID 
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pGEM4 pGEM4 

Prom-CAT p53 
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P	
 P	
 P	
 P	
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Trans-repression Sequence-specific DNA binding 
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Trans-repression Sequence-specific binding to DNA 
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Tetramerisation 
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 P53 forms high molecular 
weight complexes, some of which 
are not recognised by N terminal 
antibodies (Do-1 and Pab 1620).  
 P53 is also present at its normal 
MW, 53 kDa. 

P	
 P	
 P	
 P	
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Trans-repression Sequence-specific binding to DNA 

N	
 C	


Tetramerisation 

Prol Thr Prol Ala Ala Prol Ala Prol Ala Prol Ser Trp Prol Leu Ser Ser !

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

85	
 100	


101	
 115	
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PEPTIDYL-PROLYL CIS/TRANS ISOMERASE (Pin1) 
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CONCLUSIONS 

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

ø The same seems to be true for trophoblast invasion. 

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

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


