Summary
Hox genes are important genes patterning and giving identity to all tissues along the Anteroposterior axis of the developing embryo. Hox genes are positively regulated by the Caudal related homeobox genes Cdx. Cdx is important in axial extension and patterning certain tissues. To find out if Cdx and Hox cooperate in the developing embryo and if Hox is involved in axial extension, Cdx4-/-;HoxA compound mutant mouse embryos are generated and analyzed. E10.5 Cdx4-/-;HoxAembryos did not reveal an abnormal phenotype. Breeding heterozygous compound mutants was difficult because passing the HoxA allele occurred at low frequencies. This could be due to synergy between Cdx4 and the HoxA cluster. To find out if Hox defects resemble the defects of Cdx mutants in derivates of the allantois, HoxA-13-/- mutant embryo placental labyrinths are analyzed for morphological differences. HoxA-13-/- shows a mild morphological difference of the placental labyrinth at E14.5 compared to Wild-type litters and dies around E14.5. HoxA-13-/- defects arise later in the placental labyrinth than Cdx defects. HoxA-13 therefore plays no crucial role in formation of the placental labyrinth. 
Index

31. Introduction


31.1 Development of the mouse embryo


41.2 The Hox-gene family


71.3 The Cdx gene family


91.4 In what way do Hox and Cdx work together during development


112. Material & Methods


112.1 Mouse model


142.2 Genotyping


142.3 Morphometric analysis


153. Results:


153.1 Breeding mutant mice


163.2 Generation of E10.5 Cdx4-/-;HoxA embryos


183.4 Morphological features of the HoxA-13-/- placental labyrinth.


204 Conclusion:


204.1 Is there a genetic interaction between Cdx and Hox genes?


204.2 HoxA-13-/- leads to morphological changes in the late placenta


215 Discussion:


22Future work


226. Acknowledgements


23Literature




1. Introduction:

1.1 Development of the mouse embryo
Development of the mouse (Mus muscules) embryo takes about 19 days, coded with E1-E19 (Embryonic age day 1 – 19). Directly after fertilization embryogenesis starts. Fertilized eggs undergo fast mitotic division called cleavage, resulting in many smaller cells called blastomeres (Fig 1A). Continued cleavage produces a solid ball, the morula (Fig 1B). In the morula, the blastocoel and the inner cell mass (ICM) appear at E3(Fig 1C). The ICM consists of epiblasts and hypoblasts. This hollow ball is called blastocyst (Fig 1D). The cells in the outer layer of the blastocyst are called throphoblasts which will form the placental labyrinth later on.

At E3.5 the blastocyst starts to implant into the uterus and undergoes a rearrangement of the cells, including ingression of cells into the blastocoel to form the archenteron (Fig 1E). Gastrulation starts at E7.2. During gastrulation, posterior axial extension of the embryo starts by generation of tissue from the node and primitive streak. Three germ layers arise from the epiblasts; the ectoderm, endoderm and mesoderm. From the ectoderm the neural crest, neural tube, neurogenic placodes and the somatic ectoderm arise. The endoderm is destined to form the lining of most of the digestive tract and the glandular cells which develop from it. The mesoderm is fated to become the notochord and to form cartilages, bones, blood vessels, muscles, the heart and many other tissues and organs(Fig 1F t/m H). 
After gastrulation organogenesis starts. In this process the three germ layers differentiate. In this process the neural crest, neural tube, neural plate and somites arise and the organs begin to get shape(Fig 1I t/m N). At E19 mice are born.
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During embryonic development genes are expressed in an organized way. The gene products encode the elements to build all cell constituents as well as the detailed instruction for cells on what to become and where to go. Two important gene complexes that give positional instructions for cells during development are members of the Hox family and the Cdx family. (Campbell, Biology 2002; Liem functional anatomy of the vertebrates, 2001)  

1.2 The Hox-gene family
The Hox genes are important genes during embryogenesis. Hox genes are homologous to the homeotic gene complexes discovered in Drosophila melanogaster. Homeotic (HOM) genes were found responsible for homeosis within animal species. Homeosis, defined by Bateson, describes variants of body parts exhibiting morphological features typical for certain regions of the body at other abnormal locations (Bateson 1894).  In Drosophila, eight HOM genes exist, clustered in two loci on chromosome three: the Antennapedia (Ant-C) and Bithorax (Bx-C) complexes (reviewed by Favier 1997). HOM genes are characterized by the conserved 183 base pair DNA sequences called the homeobox. HOM genes code for transcription factors which bind DNA by the use of the 61 amino acids homeodomain. In vertebrates, the Ant-C related genes containing homeobox are called Hox genes. Mouse and human both have 39 Hox genes clustered in four genomic loci: HoxA on chromosome 7, HoxB on chromosome 17, HoxC on chromosome 12 and HoxD on chromosome 2, each about 120 kb long in mouse (Duboule et al.1989). 13 different Hox paralog [image: image4.jpg]


groups of genes exist, each bearing numbers from 1 (3’) to 13 (5’) (Fig 2) (Scott 1992).
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During embryogenesis, Hox genes are the key regulators which pattern structures along the Anteroposterior (AP) axis, the axis of the developing limbs and the digestive- and urogenital-tract of the embryo. Hox genes are expressed in an ordered sequence which correlates with the location of the Hox gene in the clusters from 3’( 5’ (Dollé et al. 1989). Most 3’ Hox genes are first to be expressed in the mesoderm and posterior primitive streak. During axial extension, more 5’ Hox genes are co-expressed with the already expressed 3’ Hox genes. Co-expression gives a more posterior identity to developing tissues. The expression of Hox gene combinations at specific locations along the axis is called the Hox-code (Fig 3) (Kessel and Gruss 1991). 
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As axial extension continues in time and space, more Hox genes are expressed with each a more posterior expression boundary (Fig4) (reviewed by Deschamps, van Nes 2005)
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1.3 The Cdx gene family
Hox genes are positively regulated by the Caudal related homeobox genes (Cdx). (review Deschamps and van Nes 2005) Caudal first was found in Drosophila. Cdx is an important gene regulating axial extention during embryonic development of the mouse (Morena and morata 1999). In mouse three paralogues of Caudal exist: Cdx1, Cdx2 and Cdx4. Cdx genes regulate the expression of Hox genes in a dose dependant way by binding to the Cdx-binding sites within the Hox clusters. Cdx also plays a role as a modulator in the morphogenesis of the vertebrae. (Subramanian et al., 1995,Van den Akker et al., 2002) 
Cdx shows a Hox-like expression pattern with partly overlapping boundaries along the axis of the embryo (Fig5). Cdx1 shows the most anterior expression boundary, as cdx2 and cdx 4 show a more posterior expression boundary (figure5A). Cdx1 is expressed in the primitive streak at E7.2, in the ectodermal and mesodermal cells (Meyer and Gruss 1993). Cdx1 expression regresses more posterior during development with caudally increasing expression in the neural tube, somites and the paraxial mesoderm as well in the tail bud mesoderm. (Fig5 A&D)(Subramanian et al. 1995). Expression of Cdx1 stops at E12.0. 
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Cdx 2 is first expressed in the extra-embryonic throphoblasts, destined to become the trophectoderm (TE) at E3.5. In TE Cdx2 is essential for specification of the inner cell mass and the TE Lineages at the blastocyst stage and the maintenance of the epithelial integrity (Strumpf et al. 2005).  E7.5 embryos show Cdx2 expression in the posterior part of the primitive streak, the allantoic bud, the posterior part of the neural tube and the pre segmented mesoderm (Fig 5 B&E). Expression continues in the tail bud and stops at E12.5. From that moment Cdx2 is only expressed in the gut epithelium of the proximal colon (Beck et al. 1995). Cdx 4 is the only Cdx gene which is X-linked. Cdx4 is expressed starting at E7.2 in the allatois and the posterior part of the primitive streak (Fig5 C&F). Cdx4 expression moves anteriorly after the late-streak stage, but is restricted to the posterior part of the embryo. Cdx4 is expressed in the neurectoderm, presomitic and lateral plate mesoderm and the hind gut endoderm. 
1.4 In what way do Hox and Cdx work together during development
Cdx and Hox are believed to be derived from the same ancestral ProtoHox cluster and are therefore close genetic relatives (Brooke et al. 1998). It is known Cdx positively regulates Hox. Both genes show a similar expression pattern which is partly overlapping. But do Cdx and Hox work in the same pathway? 

Cdx plays an important role in axial elongation, but also shows morphological defects in formation of the vertebrae and the formation of the placental labyrinth, indicating it also plays a role in patterning certain tissues (van Nes 2006). Tissue generation and patterning the Anteroposterior (A-P) axis is a concerted event involving Cdx genes. The important role of Hox genes in patterning the A-P axis and the fact that Hox is positively regulated by Cdx, makes them good candidates to be involved in axial extension. So far no Hox mutants are known to be impaired in axial extension. 

To see if Hox and Cdx work in the same pathway during development we generated Cdx4-null (Cdx-/-) and HoxA-cluster deletion (HoxA) compound mutants. 

Cdx4-null mutants are known to have no abnormal phenotype. Cdx4 however synergizes with Cdx2. Cdx2+/- shows a mild posterior truncation of the tail. Cdx2-/- fails to implant in the uterus at E3.5. Cdx2-/+;Cdx4-/- compound mutants showed severe posterior truncations of the tail (van Nes et al. 2006). HoxA does not show any visible abnormal phenotype, but leads to early lethality. Early lethality is a consequence of the absence of HoxA-13. HoxA-13 is the only HoxA gene known to be lethal (Kmita et al. 2006) If Cdx4-/-;HoxA mutants show a truncation phenotype, this would indicate Cdx and Hox are working in the same pathway. 
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To see if Hox defects resemble Cdx defects we look into the defects arising in HoxA-13-/-. HoxA-13 is the most 5’ Hox gene, it is expressed in the most distal ends of the developing limbs and most posterior part of the embryonic axis as well as in the umbilical cord. HoxA-13-/- leads to defects in the terminal ends of the digestive- and urogenital-tract and to early stenosis of the umbilical cord (Warot et al. 1997). However, the exact cause of death is still unknown. To see if HoxA-13-/- defects resemble that of Cdx2-/+;Cdx4-/- in the allantois, placenta and umbilical cord we looked at the morphology of HoxA-13-/- placentas at different embryonic stages. Cdx2-/+;Cdx4-/-mutants are not able to form a functional placenta at E10.5 as shown.(Fig 6) 
2. Material & Methods:

2.1 Mouse model
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Three different Knock Out (K.O.) mice were used in the project: Cdx4 generated in the lab (Van Nes 2006), HoxA-13 (Warot et al. 1997)  and HoxA-cluster (Kmita et. al. 2005), both a gift from Marie Kmita. All were generated by standard methods, introducing selection markers in the gene or replacing it. HoxA-13 was inactivated by insertion of a Neo-cassette into the HoxA-13 gene on the targeting vector(Fig 7). Cdx4- and HoxA-cluster deletion was done with similar strategy, by flanking the target area with a Neo-cassette flanked by two LoxP  sites 3’ of the target region and a one LoxP  5’of the target region of the targeting vector. (Fig 8) Targeting vectors were introduced into embryonic stem cells (ES cells) by electroporation and integrated into the genome by homologous recombination. Positive ES cells were detected by southernblot analysis and injected into E3.5 C57BL/6 mouse blastocysts. Chimeric males carrying the HoxA-13 mutation were crossed with C57BL/6 and 129/SV female mice to generate HoxA-13 mice with a C57BL/6 & 129/SV genetic background. 
Chimeric males carrying the Cdx4 and HoxA-cluster conditional allele were  crossed with CMV-Cre mice to generate Cdx4-/-  and HoxAmice. Cre mediates site-specific recombination between LoxP sites (red triangles) which are unidirectional positioned on the genome. This leads to deletion of the fragment between the LoxP sites, leaving one LoxP behind and for HoxA also the Neo cassette. Further breeding of the mutant mice was done in C57BL/6 & CBA F1 genetic background.

HoxA-13+/- mice were used to generate HoxA-13-/- embryos with a C57BL/6, 129/SV & CBA F1 genetic background. HoxA mice were used for breeding and generation of HoxAembryos. HoxA was crossed with Cdx4-/- to generate different combinations of Cdx4;HoxA-cluster mutants. Cdx4-/0HoxA males were crossed with Cdx4-/+;HoxAfemales to generate all possible combinations of mutant embryos. All Cdx4;HoxA mutants have a C57BL/6 & CBA F1 genetic background.
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2.2 Genotyping
Embryo yolk sacs or mouse tails were genotyped by the use of Polymerase Chain Reaction. The cluster HoxA conditional and HoxA-13-null alleles were detected by primers: Neo1A 3’-act ggg cac aac aga caa tcg-5’ and Neo1B 3’-cgt cca gat cat cct gat cga-5’ targeting the Neo-cassette which replaced the cluster yielding a 410 bp fragment. Wild-type cluster HoxA was detected by HoxA13-F1 3’-ttg gca gaa ggc tgg att g-5’ and HoxA13-R1 3’-ctt caa gct gcc ctc tgc t-5’ targeting the HoxA13 homeobox yielding a 400 bp fragment. Both reactions run in a program of 10’ denaturizing by 94ºC, thereafter 35 cycles of, 30” denaturation by 94ºC, 30” annealing by 58ºC and 1’ elongation by 72ºC ending with 10’ elongation by 72ºC, in a PCR 30 l mix containing: DNA 1l, dNTP’s 2mM, HoxA13 primers 1M (Eurogentech), MgCl2 1mM, 1x Flexibuffer, Taqpolymerase 5U/l (Promega). Sry PCR was used to detect the Y-chromosome needed to sex the embryo. Cdx4-WT, Cdx4 KO and Sry PCR are done as described previously. (Van Nes et al. 2006)

2.3 Morphometric analysis
Placentas of mutant and wildtype mice were embedded in paraffin and cut into sections of 6m by standard procedures. Sections were stained with Heamatoxolin and Eosin to look into morphological differences. Placental coupes were also used for In-situ hybridization to characterize expression patterns. In-situ hybridization was done with probes for Cdx1 (Meyer and Gruss 1993), Cdx2 (James et al. 1994), Cdx4 (Gamer and Wright 1993) and HoxA-13 (gift from Marie Kmita) as described. (Moorman et al. 2001) 
3. Results:

3.1 Breeding mutant mice
HoxA-13-/- and HoxA  mutant mice were born healthy and according to Mendelian frequencies. When Cdx4-/- females were crossed with HoxA males to generate heterozygous Cdx4HoxA compound mutants, this latter genotype was found with lower frequenties. 12 out of 111 mice born from this crossing carried the HoxA allele. Cdx4-/+;HoxA  mice were used to generate homozygous compound mutant embryos. 

HoxA-13-/- embryos were found according to Mendelian frequenties. HoxA-13-/- embryos showed no visible phenotype at stages E10.5, E11.5 E12.5 and E14.5. HoxA-13-/-embryos were smaller compared to Wild-Type (WT) litters and died around E14.5 (fig 9)

HoxA embryos were found according to Mendelian frequenties. HoxAembryos died around E10.5, showed no abnormal phenotype, but were smaller compared to WT litters (Fig 10)

3.2 Generation of E10.5 Cdx4-/-;HoxA embryos
18 E10.5 embryos were generated by crossing Cdx4-/-;HoxA females with Cdx4-/0;HoxA males (Table 1a). Another 14 E10.5 embryos were generated by crossing Cdx4-/- females with HoxA males (Table 1b)

	
	A
	B

	
	Cdx4+/-;HoxA+/
 X 

Cdx4+/0;HoxA+/
	Cdx4-/- 

X

 HoxA+/

	Cdx4+/+;HoxA+/+
	1
	-

	Cdx4+/+;HoxA+/
	2
	-

	Cdx4+/+;HoxA
	1
	-

	Cdx4+/-;HoxA+/+
	2
	5

	Cdx4+/-;HoxA+/
	-
	2

	Cdx4+/-;HoxA
	1
	-

	Cdx4-/-;HoxA+/+
	5
	6

	Cdx4-/-;HoxA+/
	4
	1

	Cdx4-/-;HoxA
	2
	-


Mutations were passed down according to Mendelian frequenties. Both homozygous compound mutants did not show any visible phenotype compared to WT embryos. Other combinations of the mutation did not show an abnormal phenotype either (fig11). 

However one Cdx4-/-;HoxA embryo showed extreme growth retardation and cardiac edema (Fig 12). 

3.4 Morphological features of the HoxA-13-/- placental labyrinth.

HoxA-13-/- does not show a visible abnormal phenotype. However, morphological changes in E14.5 mutant embryo placentas were found (fig 13).

It seemed that the tight separation between maternal blood sinuses and fetal vessels as seen in WT was less pronounced in mutant placentas. More clumps of labyrinthine trophoblasts and layers consisting of more than one cell between blood sinuses and fetal blood vessels were found. Because fetal blood cells lose their nucleus at E11.5, the maternal and fetal blood cells can not be distinguished from each other anymore at E14.5. We looked into E10.5 and E11.5 mutant placentas but did not find any difference in morphology of the placenta compared to WT placentas of the same stage.

The expression pattern of HoxA13 and the three Cdx genes in E11.5 and E14.5 placentas is not yet known. Characterization of expression patterns by In-situ hybridization is in progress.
The umbilical cord of E14.5 HoxA-13-/- embryos seemed to be narrowed compared to WT litters (fig 14).  


4 Conclusion:

4.1 Is there a genetic interaction between Cdx and Hox genes?
Deletion of the HoxA-cluster in mice did not lead to truncations or visible morphological changes, other than early lethality around E10.5. Cdx4 was already known to show no defects. Any truncation phenotype arising in the compound mutant would show that both genes are involved in the same process of axial extension. Because no abnormal phenotype arises in the Cdx4-/-;HoxA compound mutant embryos, it is tempting to conclude that the HoxA-cluster and Cdx4 specifically do not interact genetically. But one Cdx4-/-;HoxA E10.5 embryo exhibited a severely abnormal phenotype. It was extremely retarded in growth and had a cardiac edema. We do not know whether this abnormality reveals a relevant defect or is a natural incident of an embryo failing to grow.
4.2 HoxA-13-/- leads to morphological changes in the late placenta
It is not possible to distinguish the fetal blood from the maternal blood in E14.5 embryos, although there obviously is a difference in the morphology of the placental labyrinth. E10.5 and E11.5 placentas did not show any difference in the morphology of the labyrinth. E10.5 and E11.5 HoxA-13-/- placentas show embryonic blood vessels invading the throphoblast layer and growing toward the maternal blood sinuses. Maternal blood sinuses and fetal vessels are separated by one single layer of cells as seen in WT. The defect as a consequence of HoxA-13-/- seems to arise at later stages in the placenta compared to Cdx2+/-;Cdx4-/-. Compared to the Cdx2-/+;Cdx4-/- phenotype, defects in the placental labyrinth are much less severe. In Cdx2-/+;Cdx4-/- there is no formation of a labyrinth at E10.5, as HoxA-13-/- only leads to small difference in morphology. We can conclude HoxA-13 does not play an as crucial role in developing the labyrinth as Cdx genes, but could play a role in the labyrinth at later stages than Cdx.

Inefficient absorption of nutrients by the fetal blood and the stenosis of the umbilical cord can both contribute to the death of the embryo at later stages.

5 Discussion:

It has always been difficult to investigate the function of Hox genes during development. Every Hox gene has at least one paralogue on another Hox cluster, some, like HoxA-13,  even have four paralogues. These paralogues are redundant and share most of each other’s function, with as result that mutations result in very lightly altered phenotypes and changes in A-P identity. Even deleting a complete Hox cluster therefore does not lead to the complete deletion of Hox function. There is a possibility that the other three Hox clusters rescue a big part of the phenotype due to the absence of HoxA, even if Cdx4 and the HoxA cluster synergize with each other. Two other compound mutant scenarios are possible. 
If Hox and Cdx do work in the same pathway, and Cdx4 does synergize with the HoxA cluster, the compound mutant should have a defect in axial extension. The embryo could get truncated in a stadium later than E10.5. This would result in just a mild truncation or shorter tail. HoxA results in lethality around E10.5 so it is unlikely to find this mild truncation. 

The other way around, the compound mutant embryos could have a very severe phenotype, like the one Cdx4-/-;HoxAembryoor worse and die around E8 or earlier. These embryos will be resorbed by the mother and are lost early in development. But we would not be able to find Cdx4-/-;HoxAat the stage of E10.5 if this happens. 

Another thing indicating synergy between Cdx4 and the HoxA-cluster is the difficulty in breeding HoxA with Cdx-/- mice to obtain Cdx4+/-;HoxA+/compound mutants. Both HoxA and Cdx4 mutant mouse do not show any problems during the breeding program of single heterozygotes, but generating Cdx4;HoxAcompound mutants was very difficult and had low incidence of passing the HoxA mutation. 
It might be that the defect arising in HoxA-13-/- resembles Cdx mutant deficiency in the derivates of the allantois. But the HoxA-13-/- defects are arising in a later stadium. HoxA-13 and Cdx therefore do not seem to be working at the same time during development of the placental labyrinth. Cdx play a more crucial role in developing the placental labyrinth from the beginning. HoxA-13 seems to be involved in more downstream events of the developing labyrinth Another aspect of HoxA-13 is that there are four paralogues of the 13th Hox gene which are redundant. This could explain the mild morphological differences in the labyrinth. Severe defects in the labyrinth could be rescued by the other three paralogues. 

Future work
The conclusions of this report are based on very few embryos. To see if Cdx and Hox do cooperate in the same pathway in our compound mutant, more embryos of different stages during development should be analyzed. To investigate the problems encountered during the breeding program of heterozygous compound mutants, embryos from crosses of Cdx4-/- females with HoxA-/+ males should be analyzed for defects on stages earlier than E10.5.
To get insight of whether HoxA-13-/- plays an important role later during development of the placental labyrinth and if this could be in cooperation with Cdx, HoxA-13 and Cdx expression in the placental labyrinths at stages E10.5 till E14.5 should be analyzed.     
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Figure 1: Overview of the developing Mouse. Fertalized eggs undergo cleavage and become the morula (A,B) blastocoel and ICM appears at E3 (C). Implantation  in the uterus and ingression of the cells in the blastocyst starts at E3.5(D,E). Gastrulation starts at E7.2 and the axis of the embryo starts to extend(F,G,H). Organogenesis starts around E8. In this process the three germ layers differentiate and the organs begin to get shape.(I,J,K,L,M,N)    





Figure 2: The Drosophila Hox C complex consisting of Bx-C and Ant-C, compared to the four Mouse Hox clusters A,B,C and D and their expression pattern in the embryo. (Sean B. Carroll 2000)





Figure 3: 


Hox expression in the developing brain.


A-P identity is acquired by the expression Hox genes. Starting with single expression of the most 3’ Hox in Rhombomere 2 (R2). More posteriorly co-expression of more 5’ Hox genes starts and gives a more posterior identity to next rhombomeres.  R1 t/m 8 are Rhombomeres, B1,2,3 are branchial arches. Krumlauf et al. 








Figure 4:


Three hox paralogs  (2,4,9) expression patterns are shown in colour to illustrate that 5’Hox genes show a more posterior expression boundary compared to more 3’ Hox genes (A)The four Hox clusters (a,b,c,d) and the 13 paralogs.  (B) Mouse


embryos at: E7.2, late streak (LS) stage; E7.5, neural plate (NP) stage; and E7.7, head fold (HF) stage. (C) Expression of the three paralogs in a E10.5 embryo.


(Deschamps and Van Nes 2005)








Figure 5:  Hox-like expression pattern of Cdx1, Cdx2 and Cdx4. (A t/m C) Cdx is expressed in the Primitive Streak (PS) during gastrulation like 3’Hox genes. Cdx2 and Cdx4 are also expressed at the base of the allantois (all). (B) Cdx2 is also expressed in the chorionic extoderm (Ch) (D t/m F) Cdx is expressed in posterior tissue at somite stages. (D) Cdx1 shows a more anterior expression boundry compared to Cdx2 and Cdx4. Scalebars are 100mm. (Deschamps, van Nes 2005)





Figure 6: Defective placental labyrinth development in Cdx2+/–/Cdx4–/0 compound mutant embryos. (A-H) Hematoxylin and Eosin-stained sections of placentas from wild-type (A,C,E,G; C is an enlargement of A; G is an enlargement of E) and Cdx2+/–/Cdx4–/0compound mutant littermates (B,D,F,H; D is an enlargement of B; H is an enlargement of F). (A t/m D) At E9.5, only some Cdx2+/–/Cdx4–/0 allantoic vessels have started to penetrate the chorionic trophoblast layer, whereas Wild-type placentas show branched vessels deeply penetrating the chorionic ectoderm. (E t/m H) At E10.5, the defect is more severe, a complete separation of maternal and embryonic blood flows and absence of the labyrinth was seen. Scale bars: 100 m. cp, chorionic plate; mrb, maternal red blood cell; frb, fetal red blood cell; la, labyrinthine trophoblast.








Figure 7: Generation of the HoxA-13-/+ mutant.  A Neo selection marker was introduced into the HoxA-13 construct at the EcoRV restriction site. The resulting targeting vector was integrated into the C57BL/6 ES cell genome by electroporation and homologous recombination. ES cells were injected into C57BL/6 blastocyst and chimeric males were crossed with 129/SV female to generate heterozygous offspring.





Figure 8: Generation of the Cdx4-/+ mutant mouse. Cdx4 targeting vector is generated by flanking the Cdx4 gene with a Neo-cassette flanked by two LoxP  sites on one side and one LoxP  site on the other side. The targeting vector is integrated in the ES cell genome by electroporation and homologous recombination. ES cells are injected into C57BL/6 blastocysts. Chimeric males are crossed with CMV-Cre females. Cre mediates site-specific recombination between LoxP sites (red triangles) which are unidirectional positioned on the genome. This leads to deletion of the fragment between the LoxP sites, leaving one LoxP behind. Resulting in Cdx4-/+ offspring.








Figure 9: E14.5 HoxA-13-/- embryo’s are smaller compared to Wild-Type litters. Growth retardation was found in HoxA-13-/- mutants. Placentas were also smaller compared to WT. 





Figure 10: HoxA mutant embryos compared to Wild-type litters on different stages of development. HoxAembryo’s died around E10.5 but did not show an abnormal phenotype compared to WT litters. 





Table 1: Overview on genotype frequenties found in crosses to generate E10.5 compound mutant embryos. (A) frequenties resulting from  crossing Cdx4-/+;HoxA females with 


Cdx4-/0;HoxA males. (B) frequenties resulting from  crossing Cdx4-/- females with HoxA males





Figure 11: Cdx4;HoxA-cluster deletion compound mutants. None of the combinations between Cdx4 mutation and HoxA-cluster deletion shows an abnormal phenotype compared too the Wild-type litter.





Figure 12: E10.5 Cdx4-/0;hoxA embryo. One Cdx4-/-;HoxAE10.5 embryo showed severe growth retardation and cadiac edema, possibly as result of the mutation.





Figure 13: Mild morphologigal differences in HoxA-13-/-placental labyrinth. E14.5 HoxA-13-/- placental labyrinths show a mild morphological difference compared to WT litters. More clumbs of labyrinthine throphoblasts and less tight separations between maternal sinuses and fetal vessels were seen.   





Figure 14: HoxA-13-/- leads to stenosis of the umbilical cord. Stenosis of the umbilical cord seen in E14.5 HoxA-13-/- embryos.   
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