
The         effect         of         ephrinA5/B2         on         the
common         nephric         duct         and         the         ureteric
bud         in         the         developing         kidneys

Bejan         Aresh

Degree         project         in         biology,         Master         of         science         (1         year),         2011
Examensarbete         i         biologi         15         hp         till         magisterexamen,         2011
Biology         Education         Centre         and         Department         of         Neuroscience,         Uppsala         University
Supervisor:         Christiane         Peuckert



Summary 
 

Ephrin receptors belong to a large family of receptors that have an ability to convey signal in two 

directions, via the ligand or the receptor. Mice defective in the receptors EphA4 and EphB2 have 

certain anomalies in the early stage of the kidney development that resemble human Congenital 

Anomalies in the Kidney and Urinary Tract. The signaling pathways involving EphA4/B2 

receptors and ligands in kidney development are not known, but it has been shown that both 

EphA4 reverse and EphB2 forward signaling contribute in kidney development.  

 

The aim of this study was to determine the effect of ephrinA5/B2 ligands on the common nephric 

duct and ureteric bud in developing kidneys. The urogenital systems of E11.5 mouse embryos 

were dissected and incubated in media containing the ephrin ligands or the control. Subsequently,    

immunohistochemistry methods and confocal laser microscopy were used to estimate the amount 

of proliferating cells as well as the total amount of cells for each explant. The experimental data 

gave so far inconclusive results for both ephrinA5 and ephrinB2 treated explants. 

 



Introduction  
 
Development of the kidneys (i.e. urogenital development) 

Function of the kidneys 

The human kidneys resemble two bean shaped structures with the size of approximately 10 cm, 

located on each side of the abdominal. They are mainly responsible for the filtration of the blood 

creating waste products (i.e. urine) that exit the kidneys through the ureter which in turn empties 

into the bladder and finally excreted through the urethra (Campbell and Reece 2002).   

 

Development of the kidneys 

The mammalian kidneys develope from two interacting structures called the ureteric bud (UB) 

and metanephric mesenchyme (MM) (Bard et al. 2001). In mammalian before the final functional 

kidney (i.e. metanephros) has developed, two other nonfunctioning precursors are generated, the 

pronephros and mesonephros (Saxén 1987, Sainio and Raatikainen-Ahokas 1999) (figure 1). 

The UB outgrowth is initiated when the MM secretes signaling molecules that promotes the 

outgrowth of the UB on the caudal part of the wolffian duct (Xu et al. 1999, Wellik et al. 2002). 

As the ureteric UB growths and invades the MM it secretes several factors that prevent the MM 

cells from undergoing apoptosis and promote the MM condensation around the bud to eventually 

form several tubule including the glomeruli (Grobstein, 1955). The condensation causes also the 

UB to branch out into the MM and eventually form the collecting duct of the kidney (Shakya et 

al. 2005). Simultaneously the wolffian duct establishes a connection with the urogenital sinus 

(UGS), which is the precursor of the bladder, and the length of the common nephric duct (CND) 

is reduced (the area under the UB branch point). Ultimately, the wolffian duct and the UB 

become separated from each other and connected to the bladder (Scott F. Gilbert, 2006, Sariola 

Hannu, 2002, Batourani et al. 2002). The UGS does not only give rise to the bladder but will 

eventually also form the urethra that carries the urine out of the body. Also only in males does the 

wolffian duct remain and become a part of the reproductive organ, while in females it 

degenerates. 

The interaction between the MM and the UB is mediated through reciprocal induction, which 

involves a large number of molecules. Some of these molecules are listed in Table 1 together 

with a short description of their functions in kidney development. 
 

Table 1. Molecules involved in the development of the kidneys. 

Name  Molecule type Location Functions Reference 

Hox11 

(Homeobox11) 

Protein Metanephric 

mesenchyme 

Differentiation of the 

mesenchyme, induction of 

UB 

Patterson et al. 

2001 

WT1 

(Wilms tumor 

protein1) 

Protein Metanephric 

mesenchyme 

Required for the response 

to inducers secreted by UB 

Kreidberg et al. 

1993 

Pax2 

(Paired box2) 

Protein Metanephric 

mesenchyme 

Activates GNDF expression 

in the metanephric 

mesenchyme  

Brodbeck and 

Englert, 2004 

GDNF 

(Glial cell line-

derived neurotrophic 

factor) 

Neurotrophic 

factor 

Metanephric 

mesenchyme 

Initiates outgrowth of UB Xu et al. 1999 

Sprouty1 RTK 

antagonist 

Metanephric 

mesenchyme 

Inhibits the receptor FGF 

and thereby limits GDNF 

Basson et al. 2005 



expression certain part of 

MM  

Robo2 

(Roundabout 

homolog2) 

Receptor  Metanephric 

mesenchyme 

Specifies GDNF expression 

in the MM  

Grieshammer et 

al. 2004 

BMP4 

(Bone morphogenic 

protein4) 

Protein Metanephric 

mesenchyme 

 Limits the branches to 

predetermined areas 

Ritvos et al. 1995 

TGNF1 

(Transforming 

growth factor 1) 

Protein Metanephric 

mesenchyme 

Stabilizes developed 

branches 

Ritvos et al. 1995 

Wnt6/9 

(Proto-onco gene 

protein) 

Protein Ureteric bud Transformation from 

mesenchymal to epithelial 

cells 

Itäranta et al. 

2002; Carroll et 

al. 2005 

Fgf2 

(Fibroblast growth 

factor) 

Protein Ureteric bud Inhibits apoptosis, 

condensation of 

mesenchymal cells, sustains 

production of WT1 

Perantoni et al. 

1995 

BMP7  

(Bone morphogenic 

protein) 

Protein Ureteric bud Functions overlap with 

Fgf2 

Dudley et al. 1995 

Ret Receptor Wolffian 

duct 

Outgrowth of the UB Schuchardth et al. 

1996 

 

 
Figure 1. Development of the kidneys. In mammalia before the functional kidneys have developed two precursors 

are formed which will successively degenerate leaving only the metanephros. The metanephros is the structure that 

ultimately forms the kidneys. The bladder precursor (urogenital sinus) is in yellow while the ureteric bud and the 

metanephric mesenchyme are in green and red, respectively.  
(Adapted from Murer et al, 2007) 

 

Eph/ephrins and cell signaling  

Although an increasing number of the molecules important for kidney development have been 

identified little is known about the role of Eph receptor and ephrin ligand (Eph/ephrin) signaling 

during this process (Christiane Peuckert, personal communication). Eph receptors with their 13 

family members represent the largest family among the receptor tyrosine kinases (RTKs). These 

receptors are transmembrane proteins with an extracellular domain that responds upon ligand 

binding and an intracellular domain that conveys the signals into the cell. Depending on sequence 



homology and the type of ligands they bind the Eph receptors are divided into two classes. The 

type A receptors bind to type A ephrin ligands that are anchored to the cell membrane through a 

glycosylphosphatidylinositol (GPI) while the type B receptors bind type B ephrin ligands that 

have a transmembrane domain followed by a short cytoplasmic domain. This rule however does 

not apply to the receptors EphA4 and EphB2 that can bind the both types of ligands (Gale et al. 

1996; Kullander and Klein, 2002; Palmer et al. 2003; Himanen et al. 2004; Paquale et al. 2004).  

 

A distinct feature of the Eph/ephrins is that they have bi-directional signaling, meaning that 

receptor/ligand binding can induce a response both in the receptor expressing cell (forward 

signaling) and in the cell expressing the ligand on its surface (reverse signaling) (Brücker et al. 

1997; Henkemeyer et al. 1996; Holland et al. 1996) (figure 2). In contrast to other members of 

the RTK family that depends on dimerization in order to be activated, the Eph/ephrins require 

clustering for the activation to occur (Wimmer-Kleikamp et al. 2004). In vivo the clustering is 

achieved by the membrane linkage of the ephrins which then can activate the Eph receptors. 

Soluble forms of the clustered ephrins can be produced by artificial clustering. Here, a fusion 

protein is created where the ephrins are fused to the Fc portion of human immunoglobulin which 

causes their clustering upon antibody addition. This antibody-mediated clustering will activate 

the inactive soluble form of the ephrin ligands (Davis et al. 1994). 

Eph/ephrins are involved in axon guidance during nervous system development, in heart and lung 

development, and in angiogenesis; they are also suggested to have a role in apoptosis and 

proliferation (Drescher et al. 1995; Depaepe et al. 2005; Klein Rüdiger. 2004; Henkemeyer et al. 

1996).  

 

 
Figure 2. Structure of an Eph receptor and its corresponding ligands. Both Eph receptors and ephrin ligands are 

categorized into A and B classes. The ligands are classified depending on weather they have a GPI domain  

(glycosylphosphatidylinositol) (class A) or a transmembrane domain (class B) and the  receptors according to which 

class of ligand they bind. Eph/ephrins exhibit a so-called bi-directional signaling, meaning that binding between a 



receptor and a ligand can induce a response both in the receptor cell (forward signaling) and in the ligand cell 

(reverse signaling).  
(Adapted from http://www.mcgill.ca/crn/investigators/murai/) 

 

EphA4 and EphB2 knockout mice 

Experiments with EphA4 and EphB2 double knockout (EphA4
-/-

, EphB2
-/-

) mice indicated the 

involvement of these two receptors in urogenital development. It has been observed that these 

two receptors are expressed complementarily in the developing kidney.  Namely, EphA4 is 

expressed in the mesenchyme surrounding the wolffian duct, in the UB and ureter branches, 

while EphB2 is expressed in the epithelium of the wolffian duct, in the ureter and the bladder. 

The ligands ephrinB2 and ephrinA5 are, however detected in both types of cells. EphA4
-/-

 and 

EphB2
-/-

 mice die shortly after birth and have about three times longer CND relative to the wild 

type. The ureters in these mice have not been connected to the bladder but are instead still 

attached to the wolffian duct. Analysis of the number of proliferating cells in the CND and the 

bladder of these mutant mice gave some suggestions about the function of the Ephrin receptors. It 

seems that Ephrin receptors negatively regulate cell proliferation in the CND and positively 

regulate apoptosis in the developing bladder. Furthermore, several signal deficient mice mutants 

were created, where EphA4 and EphB2 knockout alleles were combined with signaling deficient 

alleles of the respective complementary receptor. The results showed that some combinations 

were more viable than others. For example, mutations that eliminated signaling into the wolffian 

duct epithelium were lethal, while those eliminating signals into the mesenchyme had a 100% 

survival rate. This suggests that the reverse signaling via EphA4 and the forward signaling via 

EphB2 are essential for proper development of the urogenital system and survival. The double 

knockout gave two different outcomes in the two epithelia of different germ layer origin 

proliferation in the CND and reduced apoptosis in the bladder. This suggests that the EphA4 

reverse signaling and EphB2 forward signaling activate different signaling pathways in these 

epithelia. Alternatively, EphB2 or ephrinB2 and ephrinA5 are associated with another molecule 

which is co-activated or acts as a co-receptor for these different pathways (meaning the 

proliferation and apoptosis) (Christiane Peuckert, personal communication, Pope et al. 1999).  

 

Congenital Anomalies in the Kidney and Urinary Tract 

The phenotypes observed in EphA4
-/-

 and EphB2
-/-

 mice, like expanded and liquid filled ureter 

(hydronephrosis) are similar to those observed in humans with Congenital Anomalies in the 

Kidney and Urinary Tract (CAKUT) that affects about 0,5-1% newborns. The EphA4
-/-

 and 

EphB2
-/-

 mice could therefore be potential model organisms for studying this disease (Christiane 

Peuckert, personal communication; Pope et al. 1999). CAKUT is a collective name for a wide 

range of structural defects in the kidneys and urinary tract.  Little is known about the molecular 

pathways ultimately leading to these defects, but some genes, coding for transcription factors as 

well as secreted proteins have been suggested as potential contributors. These factors are 

normally involved in the development of the kidneys but when mutated they may cause several 

defects similar to those seen in CAKUT. For example, defects in the signaling involving the 

GDNF and c-ret molecules cause anomalies in the ureter in the transgenic mice because the bud 

induction fails to commence (Stahl et al. 2005). Another example is BMP4, which in 

heterozygous mice causes similar defects as in human CAKUT. The normal function of BMP4 is 

to restrict the branching of the UB to a certain location on the WD, but when this function is 

diminished the branching pattern will be altered. This means that several UB might branch out 

from the WD instead of one (Miyazaki et al. 2000 and 2003). 



Aim  
The aim of this project was to develop methods for in vitro culturing of the urogenital system of a 

mouse and thereby gain a further understanding of the Eph/ephrin signaling in kidney 

development. More exactly, we wanted to use the developed methods to study the effects of 

ephrinA5 and ephrinB2 on the development of the CND and the UB. 

 

Materials and methods 
 

Confocal laser scanning microscope (LSM) 
An LSM 510 Meta confocal microscope was used to detect the fluorescence. This microscope has 

some features that have made it preferable over other microscopes. One of these features is the 

possibility of sample movement in the Z-plane as well as in the X and Y planes. 

 

The confocal microscope basically works as follows. A chosen laser illuminates the mirror that 

shines onto the objective which in turn directs the laser beam onto the sample. The fluorescence 

emitted by the sample is registered by a detector (PMT) and finally a detailed image of the 

specimen is reconstructed. Between the mirror and the detector lies the pinhole that can be 

adjusted. A larger pinhole size results in a smaller confocal image. The pinhole is designed to 

exclude any light that comes from the outside of the focal plane. Thus, only the light emitted 

from the specific area of the sample will go through the pinhole and reach the detector and hence 

no image will be obtained from the surrounding area (Stefan Wilhelm) (figure 3). 

 

 
Figure 3. A simplified overview of the confocal microscope. The laser hits the microscope objective, which directs it 

do the chosen area (detection volume). The fluorescence excited in the specimen is then collected by the detector 

behind the emission filter. No other light will pass the pinhole except that from those coming from the focal plane.   

(Adapted from Stefan Wilhelm) 

 
 

 



Dissection of embryo  

A wild-type mouse strain was sacrificed using cervical dislocation and the uterus containing the 

E11 (embryonic day 11) embryos were taken out and put in the ice cold Phosphate buffered 

saline (PBS). Thereafter the embryos were torn out from the embryonic sac and transferred into 

the ice cold PBS containing magnesium and calcium (Dulbeccos PBS, Invitrogen). The embryos 

were cut under the forelimbs; the hind limbs were removed as well as the tail after the genital hill. 

Several subsequent cuts were made in transparent tissue above the dorsal aorta and the lateral 

body wall was separated and flipped over ventrally. The same technique was used on the other 

side and the intestine together with the liver and the lateral body wall were removed. 

Approximately ¼ of the length of the tissue was cut along the spinal cord and finally the 

urogenital system was taken away. The system was cleaned from the wolffian ducts as well as the 

dorsal aorta. 

The forceps used were a number 5 INOX Biologie (catalogue number 0208-5-PS) from Agnthos. 

 

In vitro culture 

The cleaned urogenital system was transferred with a 20 l pipette to a filter (Millipore 

ISOPORE 5.0 m TMTP, Agnthos) floating on medium containing; DMEM:F12 (1:1) 

(Invitrogen), 1% L-Glutamine (Invitrogen), 1% Penicillin-Streptomycin (Invitrogen), 50 g/ml 

Human holo-transferrin (Invitrogen), 1% Insulin-Transferrin-Selenium (Invitrogen) and 1.5 

g/ml Amphotericin (Invitrogen). The media also contained ephrins fused to Fc fragments or the 

control (human Fc), which were clustered. The clustering was conducted as follows, goat anti 

human Fc diluted in PBS (1:100) was added to the ephrins fused to the Fc fragments (200 g/ml) 

or to the control Fc fragments (100 g/ml). The tubes were thereafter incubated for 1 hour at 37 

C before addition to the media. The explants were incubated at 37 C for 48 h before the media 

was changed. 

 

Immunohistochemistry 

Unless stated otherwise the incubations were conducted at room temperature (RT).  

After three days in vitro the explants were fixed in 4% paraformaldehyde (PFA) (Sigma-Aldrich) 

in PBS for 10 minutes (min). They were firstly incubated for one hour (h) in Tris-EDTA 

(tris(hydroxymethyl)aminomethane-ethylenediaminetetraacetic acid)) permeabilization solution 

and later in blocking solution for three hours. They were then immersed in the primary antibody 

and kept overnight at 8C. Each well was washed 3x15 min with the washing solution consisting 

of 0.2 % TritonX in PBS. The explants were left at 8C overnight in the secondary antibody mix. 

The following day they were incubated 3x15 min in washing solution and mounted in Mowiol.  

 

Preparation of solutions 

Primary Antibody mix 

The primary antibody mix contained rabbit-anti-ki67 1:300 (Dako Denmark if rabbit Pax2 1:1000 

used rat ki67 1:250), biotinylated DBA-lectin 1:200 (Dolichos biflorus agglutinin, Vector 

Laboratorie inc), Sodium-azid 1:1000 (Invitrogen). 

 

Secondary antibody mix  

The secondary antibody mix contained; 1:800 Goat-anti rabbit Alexa 594 (Invitrogen), if Pax2 

used (goat-anti rat Cy3 1:200), and for Pax2 goat-anti rabbit Alexa 647 1:200 (Invitrogen), 1:200 



Streptavidin Alexa 488 (Invitrogen) and 1:2000 DAPI (4’, 6-diamidino-2-phenylindole, 

Invitrogen). 

 

PFA 

The PFA (95 %, Sigma-Aldrich) was prepared in 0,1 M PBS with the final concentration of 1,3 

M. Sodiumhydroxide was added drop wise to dissolve the PFA and hydrogenchloride was used to 

adjust the pH to 7.4.  

 

Permeabilization solution 

The permeabilization solution contained 10 mM Tris Base (MP biomedicals), 1 mM EDTA 

solution (Fluka Biochemika) and 0.05 % Tween 20 (pH 9.0, Bio-RAD) dissolved in distilled 

water. 

 

PBS 

The PBS (Invitrogen) was prepared by adding 1000 ml of distilled water to 50 ml of 20x PBS 

giving the final concentration of 0,1 M. 

 

Blocking solution 

The blocking solution contained 3 % Normal goat serum (Vector), 0.2 % TritonX (Sigma-

Aldrich) and 0.5 % Bovine serum albumin diluted in 0,1 M PBS (Sigma-Aldrich) 

 

Mowiol 

The Mowiol consisted of; 8.1 mM polyvinylalkohol (Sigma-Aldrich), 6.8 mM Glycerol (Scharlab 

S.L), 0.02 % Thimerosal (Sigma-Aldrich) and 0.82 mM N-Propylgalat (Fluka Biochemika) 

dissolved in PBS. The polyvinylalkohol and PBS was stirred ON at 50 C and later the glycerol 

was added and stirred ON again at 50 C. The following day the mix was stirred at the same 

temperature until the Mowiol had dissolved. The solution was cooled down and the pH was 

adjusted to 8.0-8.5 using 1 M sodiumhydroxide. Thereafter the Thimerosal was added and later 

the N-propylgalat before centrifugation at 4000 rpm (revolutions per minute) for 15 min at RT.  

 

Image analysis 

For all four filters the pinhole 158 was used and the pinhole  of 2.35 airy units (gives the size of 

the pinhole). For DBA-lectin (green) the excitation was 1% of the total laser power, HFT (main 

beam splitter) 488, NFT (beam splitter) 490 and BP (band pass) 505-550. For ki67 (red) the 

excitation of 5.9 % was used with HFT 405/488/561, NFT 490 and BP 575-615. DAPI (blue) had 

the excitation of 0.1%, HFT 405/488/561, NFT 490 and BP 420-480. For the overview pictures 

20x objective was used and 60x objective was used for the structures CND and UB. 

 

Statistics 

The total amount of cells as well as the amount of proliferating cells in the CND and the UB was 

calculated for each litter. Later the average as well as the standard deviation for each structure 

was retrieved by using Excel. Student’s t-test was used to litter wise compare the two structures 

when treated and untreated. The test was a two-sample t-test with unequal variance and two 

tailed.  

 

 



Result  
 
Overview of E11 mouse urogenital system 

Figure 4 gives an overview of the urogenital system of an E11 embryo cultured for three days, 

red color gives the amount of proliferating cells in the ducts while blue staining indicate nuclei. 

The ducts of the developing kidneys are seen in green, beginning with the urogenital sinus from 

where the two ducts are sprouting out (i.e. the CND) before eventually branching out into the 

WD and the UB. The UB on each side generates a number of branches into the MM, here seen as 

a characteristic tree, which will eventually give rise to the collecting system of the kidneys. The 

rectum remained after the dissection. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. An overview picture of an E11 mouse embryo. Immunohistochemistry was performed with antibodies 

against ki67 which stains proliferating cells, DAPI that marks the cell nuclei and DBA-lectin (Dolichos 

biflorusagglutinin) that stains the ducts. UGS-urogenital sinus, CND-common nephric duct, WD-wolffian duct and 

UB- ureteric bud. 

 

Stimulation of intact urogenital system with clustered ephrinA5/B2 

The dissected kidneys of E11 embryos were incubated for two days before staining. The explants 

were photographed at two levels (on the Z-plane) using a confocal microscope. These images 

were used for counting and comparing the amount of proliferating cells (i.e. ki67 index) between 

ephrinA5/B2 treated explants and untreated explants.  

 

The results showed no difference in proliferation neither between treated and untreated litters nor 

between the common nephric duct (CND) and the ureteric bud (UB) (figure 5, 6 and appendix 

tables 1, 2, 3 and 4). In some litters the ki67 index was higher for the treated explants while in 

others the opposite could be observed. For example, in the case of ephrinA5, litters 2 and 3 

displayed a significantly higher ki67 index for the treated explants in the CND while litters 1 and 

4 showed higher value for the control (figure 5B and appendix table 1). The UB follow the same 

pattern with two litters with higher proliferation for the treated and two for the control samples 

(figure 5C and appendix table 2).  

 

 

UGS

CND

WD

UB

Rectum



The ephrinB2 treated explants showed the same inconclusive data with some of the four litters 

showing a higher proliferation for the treated and others for the control samples both for the CND 

and the UB. However none of the obtained results were significant when statistically tested 

(figure 6B, C and appendix tables 3, 4).  

 

 

 



Figure 5. Explants incubated with ephrinA5. (A) Images of the CND and UB of explants exposed to ephrinA5 

compared to the control, hFc. (B) The average Ki67 index for the CND in four litters. (C) The average Ki67 index 

for the UB in four litters. 

Concentration of the ephrins and the control was 200 g/ml. A Student’s t-test was performed for each litter, as 

shown in tables 1 for the CND and 2 for UB. CND-common nephric duct, UB-ureteric bud and hFc- human fragment 

crystallizable. 

 

 

 



Figure 6. Explants incubated with ephrinB2. (A) Images of the CND and UB of explants exposed to ephrinB2 or to 

the control, hFc. (B) The average Ki67 index for the CND in four litters. (C) The average Ki67 index for the UB in 

four litters. 

Concentration of the ephrin and the control was 200 g/ml. A Student’s t-test was performed for each litter, as 

shown in tables 3 for the CND and 4 for UB. 

CND-common nephric duct, UB-ureteric bud, hFc- human fragment crystallizable and ND- not determined. 

 

Stimulation of disconnected urogenital system with ephrinA5 

During dissection occasionally by accident the UGS was dissected away (this happened with one 

of the embryos from litter one). When explants lacking the UGS were treated with ephrinA5 a 

decrease in proliferation in the CND compared to the control was observed for which student’s t-

test indicated significance with a p-value of 0.0012. The UB of these explants however did not 

show a difference between the two treatments (figure 7A, B and appendix table 5).  
 

A comparison was made between ephrinA5 treated explants containing intact UGS and those 

lacking this structure (figure 7). When the UGS is removed there is an increasing amount of 

dividing cells in the CND of the UGS lacking explants compared to the intact explants. The 

increase was very small for the explants incubated with ephrinA5 but significantly larger for 

those incubated with hFc. The ki67 index for the UB in the disconnected explants did not vary 

notably between ephrinA5 treated or control explants nor when compared to the ki67 index of the 

UB in the UGS connected explants (figure 7C). 

 

 
Figure 7.  The ki67 index for explants with disconnected UGS. Comparison of the ki67 index for the CND (A) and 

UB (B) in explants with or without the UGS. Student’s t-test gave the p-values 0.0012 for the CND without UGS and 

0.6591 for CND with the UGS. The p-values for the UB without the UGS were 0.8012 and UB with the UGS 

0.8374. (C) The statistics for the comparison between the controls of explants with and without the UGS. 

Concentration of the ephrin and the control was 200 g/ml. CND-common nephric duct, UB-ureteric bud, UGS-

urogenital sinus and hFc stands for human fragment crystallizable. 

 



Discussion 

 

In order to determine the effect of ephrins on kidney development in mice, eight dissected litters 

were exposed to either the clustered ligand ephrinA5 or clustered ephrinB2. The clustering of 

ephrins in these experiments was achieved using ephrins fused to the Fc fragments as described 

in the Result section. The clustered ephrins mimic the presentation of natural ephrin ligands by 

the surface of an adjacent cell for Ephrin receptors on a neighboring cell. For both ephrins no 

conclusive results were obtained when the ki67 index was compared between treated and 

untreated explants. While some litters gave the higher index for the treated samples other gave 

the lower index, and besides, these litters could even be significantly different. When averaged, 

these litters gave approximately the same ki67 value, which argues against regulatory function of 

the ephrins in the common nephric duct (CND) or the ureteric bud (UB). The images of all the 

explants regardless of the treatment looked essentially the same in the CND and UB areas.  

However, as mentioned before, Eph receptor knockouts gave approximately three times longer 

CND, which indicated an inhibitory effect of the Eph/ephrins on the CND. This in vivo 

observation would have been supported by the present experiments if the ki67 index had been 

higher in ephrin treated explants, since the added clustered ephrins bind to EphA4 and EphB2 

receptors and prevent them from interacting with those ephrin ligands they normally would. One 

explanation for the absence of the effect of the ephrin treatment in the present experiments may 

be that the clustered ephrins were too big to reach the CND and UB, or that the concentrations of 

the ephrin were not optimal. Perhaps the concentration of ephrins used or the incubation time was 

not enough to observe their inhibitory effects on the CND. 

  

Interestingly a significantly difference between the treated and control CND was observed in 

explants that were disconnected from the urogenital sinus (UGS). The ki67 index values were 

also higher in comparison with those with the connected UGS. This result gives an indication that 

the UGS could be involved in the inhibition of proliferation in the CND to some extent. Indeed, 

some kind of communication between these two structures is expected since they lay in the 

proximity of each other. 

 

In conclusion, the results of present experiments were difficult to interpreter because the data was 

not pointing in any particular direction. There could be several technical reasons for this. Firstly, 

the anti-ki67 antibody could be too old because good pictures suitable for the counting of 

proliferating cells were very difficult to obtain. However, this could also be because of the 

positioning of the explants on the membrane. After dissecting it is difficult to see the orientation 

of the explants since they are transferred to the membrane with a pipette and therefore one cannot 

choose the side of the explants that will show the CND and UB the best. 

The problem could also lie with the dissection of the embryos. Since the urogenital system is so 

small in the embryo, it is difficult to determine how much of the tissue has to be removed. If a too 

large part of the metanephric mesenchyme is removed this will hinder the interaction between 

these cells and the epithelial cells, leading to the failure to induce the two structures. If the size of 

the CND and UB is different between the dissected embryos (within the litter) because more or 

less the MM has been removed the ki67 index obtained will also be affected.  

 

Despite the fact that the effects of ephrin ligands could not be seen in the CND and the UB, a 

method for in vitro culturing of the urogenital system of a mouse embryo was developed. 
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