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Gap junction connexins in receptivity 
and blastocyst-endometrial interactions

Genetic programming of the endometrium by 
steroid hormones and blastocyst signals
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The mouse connexin multigene family

Cx23 (GJBE1) lens
Cx26 (GJB2) liver, brain, placenta

uterus
Cx29 CNS, PNS

Cx37          vasculature,endothelium
Cx39(GJD4) musculature
Cx40 heart, lung
Cx43(GJA1) ubiquitous

Connexin  prominent expression prominent expression

Cx30 skin, cochlea
Cx30.2 n.a.
Cx30.3 skin
Cx31(GJB3) skin, placenta
Cx31.1 skin, placenta
Cx32 liver, kidney, PNS
Cx33 testis
Cx36 retina 

Cx45(GJC1) heart, vasculature
Cx46(GJA3) lens
Cx47 brain
Cx50 lens
Cx57 skin, heart, kidney

Connexin expression in the 
nonpregnant  rodent endometrium

Cx26 Cx43

Connexins in receptivity 

E2
P4 Cx26
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Preimplantation

Hormonal regulation of Cx26-expression
in the receptiven phase

Cx26

dpc
0         1        2         3

3 dpc
+ 

anti-P

β-actin

3 dpc 3 dpc + anti-P

Cx-expression dependent on the  E2 : P ratio
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Cx26 gene response to E2-concentrations 

epithelium Cx26 Cx26

stroma

nonpregnancy receptive phase

P E2 P E2

Cx26-transcripts in the endometrium

receptive 
phase
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Cx26-induction at implantation (5 dpc)

implantation chamber close to embryo distant from embryo

Is the local induction of Cx26 mediated 
by local estrogen action?

Cx26 is very sensitive to estrogen !

by local estrogen action?

d3 E2 E2+ ICI

receptive 
phase (3 dpc)

Cx26-induction in the endometrium: 
different signalling pathways

via ER
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induction by
blastocyst (4dpc)

d3 E2 E2+ ICI C + ICI

receptive 
phase (3dpc)

Cx26-induction in the endometrium: 
different signalling pathways

via ER ER

Cx26-induction in the endometrium upon E2

Which ER ?

ER-alpha knockout mouse
(Couse et al.1997)

ER-beta knockout mouse
(Krege et al.1998)

Cx-expression in mouse endometrium, 0 – 6.5 dpc

4.5 dpc

Cx26

4.5 dpc
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Expression of Cx26 in the ERKO and BERKO mouse

How early  is Cx26 induced at implantation ?

Apposition Adhesion Invasion

Cx26

Tubal ligation experiments reveal already Cx26 expression 
only in the presence of a blastocyst at  apposition/adhesion 

4 dpc morning

+   - +    - +    - +   - +    -

Cx26

β-actin
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Mating

OVX  2 dpc 

„Delayed implantation“-Model

4 mg P / d 

Dorming blastocyst

Implantation

Cx26 Cx26

delayed 
Implantation

„delayed implantation“

Cx26

β-actin

Cx26epithelium Cx26Cx26

ERα-dependent ERα-independent

P E2 P E2

stroma

capillary

nonpregnancy receptive phase implantation

Cx26 is a very early marker for the response of a receptive endometrium
to the blastocyst
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Are connexins marker gene for a non-appropriate
differentiated endometrium ?

Former publications on human endometrium has given hints that connexins are
marker genes for inappropriate differentiationinendometriotic lesions

Cx43 Cx43

Human endometrium Ectopic lesions

Cx26 Cx26

Connexin pattern in  baboon menstrual cycle
and endometriosis

Baboon,papio anubis

Pathological changes of the eutopic endometrium due to the presencenc 
of ectopic lesions?

Cx43 Cx26/cytokeratin

Connexin pattern in  the menstrual cycle in baboon

Proliferative phase

stst
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Cx43/cytokeratin Cx26/cytokeratin

Secretory Phase
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Experimental Design
Induction of Endometriosis

(Fazleabas et al., 2002)

Cx43 Cx26

Eutopic endometrium, 10- 15 month after inoculation

e
e

A B

Connexin26 is aberrantly expressed in the stroma during the secretory phase



12

Cx43 Cx26

Pseudopregnancy (CG infusion on day 6-10 po)

Does aberrant expression of Cx26 stay in pseudopregnancy with endometriosis?

Cx43 Cx26

Pseudopregnancy with endometriosis (10-15month after inoculation)

Cx26-deregulation in eutopic and peudopregnant 
endometrium upon the presence of ectopic 

endometrium

CYR61
Connexin26
upregulation in 
the stroma
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RNA-isolation 
endometrium

Tubal ligation

Gene chip-analysis

4 dpc

pregnant

Hybridisation

Affymetrix Gene chip U34 (rat) 
ca. 16 000 probe sets

single comparisons

GENES REGULATED

-0.354 1

1 5672 

0.5x           1x              2x    of median

Hierarchical Clustering

567 von 15923 Probesets

with Bl.   without Bl.

down

up
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Increased gene expression induced by the blastocyst
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1 2 3 4 5 6 7 8

1 melanocyte-specific gene 1 protein (msg1)
2 prostaglandin E receptor
3 nuclear receptor subfamily 4, group A, member 3 (Nr4a3)
4 nuclear receptor subfamily 4, group A, member 1 NGFI-B (Nr4a1),
5 activating transcription factor 3 (Atf3)
6 transcriptional repressor CREM (CREM), cAMP responsive element modulator
7 cyclooxygenase 2
8 profilin IIa (Pfn2) 

X
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Nr4a3

Nr4a1

Increased expression of transcription factors
(quantitative RT-PCR)

• nuclear receptors 
• mostly co-localized
• control of proliferation 

and apoptosis
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atf3
• stress-induced gene
• induction of apoptosis
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msg1
• interaction with ER
• expressed during embryonal- and  

placental development 

re
la

tiv
e 

ex
pr

e

*

Mating

OVX  2 dpc 

„Delayed implantation“-Model

4 mg P / d 

Dorming blastocyst
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qRT-PCR of  connexin transcripts during cycling
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