
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Characterization of CXCR4 as a putative downstream 
target of Sip1 essential for proper hematopoietic 

stem/progenitor cell mobilization 
 
 
 
 

Karolina Lucja SLOWICKA 
 
 
 
 
 

Master’s dissertation submitted to obtain the degree of 
Master of Biochemistry and Biotechnology 

Major Biomedical Biotechnology 
Academic year 2011-2012 

 
 
 
 
 
 

 
 
 

Promoters: Prof. Dr. Jody J. Haigh and Dr. Steven Goossens 
Scientific supervisor: Dr. Steven Goossens 
Department Biomedical Molecular Biology 
VIB - Department for Molecular Biomedical Research 



 



i 

 

Acknowledgements 
At the beginning of this Thesis I would like to show my gratitude to few people who helped 
me during the course of my studies. 

First, I would like to thank my parents and my sister who showed their great support, not 
only financially, during my whole education process and were there for me when I have 
decided to continue with my studies abroad. For this my mere expression of thanks is not 
enough! 

I am heartily thankful to my promoter, prof. Jody Haigh, the head of VCBU for giving me the 
opportunity to work in your Lab, for the genuine interest in my cause and guidance. The time 
I have spent in the lab was the most beneficial for me and I am pretty sure I had quite a few 
great moments there! 

Undoubtedly, this thesis would not have been possible without the supervision of dr. Steven 
Goossens who guided me in my day-to-day work. I am extremely greatful for the effort you 
have put in my work, for your advice and patience!  

I would also like to acknowledge my colleagues: Lieven Haenebalcke, Katharina Haigh, Sonia 
Bartunkova and Morvarid Farhang. Your help and instruction in some areas contributed 
greatly to my dissertation: Lieven in qPCR data analysis and general ESCell advice, Kathi in 
genotyping PCR, Sonia in IHC and Morvarid in ChIP... and I hope my words of gratitude 
express my feelings! 

I would also like to thank everybody from the VCBU on a more informal ground for all the 
lunch breaks, coffe breaks and drinks we had together! Those moments were a lot of fun 
and I know we had quite a good laugh together! I hope I will be able to continue with my 
research in the VCBU, that I will see you all after summer and that I will be able to work with 
you again because it was a great pleasure to learn from you! 

 



 

 



iii 

 

Table of contents 
Acknowledgements ................................................................................................................i 

Table of contents .................................................................................................................. iii 

List of Abbreviations .............................................................................................................. v 

English summary ................................................................................................................... ix 

Part 1: Introduction .............................................................................................................1 

1.1. Hematopoiesis........................................................................................................................ 1 

1.1.1. Hematopoietic Stem and Progenitor Cells ........................................................................ 1 

1.1.2. Hematopoietic Stem Cells and their Niche ....................................................................... 3 

1.1.3. Development of Hematopoietic System ........................................................................... 4 

1.2. EMT Regulators and Hematopoiesis ....................................................................................... 7 

1.2.1. ZEB Family of Transcriptional Regulators.......................................................................... 9 

1.2.2. ZEB Proteins in Hematopoiesis ....................................................................................... 11 

1.2.3. CXCR4/Sdf-1 Axis ........................................................................................................... 12 

1.2.4. Drug AMD3100 transiently disrupts CXCR4/Sdf-1 interaction ......................................... 15 

1.3. The Mouse as an Experimental Animal ................................................................................. 17 

Part 2: Aim of Research Project .........................................................................................19 

Part 3: Results ...................................................................................................................21 

3.1. Rescue of Zeb2 Knockout Phenotype with AMD3100 ............................................................ 21 

3.2. Influence of Zeb2 on CXCR4 repression ................................................................................. 32 

3.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells ......................................... 36 

3.4. Side project: Nkx2.1 and Mef2c genes .................................................................................. 42 

Part 4: Discussion ..............................................................................................................43 

5.1. Rescue of Zeb2 Knockout Phenotype with AMD3100 ............................................................ 43 

5.2. Influence of Zeb2 on CXCR4 repression ................................................................................. 45 

5.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells ......................................... 46 

Part 5: Materials and Methods .........................................................................................49 

5.1. Rescue of Zeb2 Knockout phenotype with AMD3100 ............................................................ 49 

5.2. Influence of Zeb2 on CXCR4 repression ................................................................................. 51 

5.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells ......................................... 51 

5.4. Side project: Nkx2.1 and Mef2c genes .................................................................................. 53 

References ...........................................................................................................................55 

Attachments ........................................................................................................................61 

Protocols for the Embryonic Stem Cell culture work ...................................................................... 61 



iv 

 

Buffers and Media for ESCs ........................................................................................................... 67 

Genotyping PCRs ........................................................................................................................... 68 

β-Galactosidase Staining on Murine Yolk Sac ................................................................................. 69 

Immunohistochemistry on Murine Fetal Liver Sections ................................................................. 69 

Buffers for β-Galactosidase Staining and Immunohistochemistry .................................................. 72 

FACS Analysis ................................................................................................................................ 73 

qRT-PCR  ...................................................................................................................................... 74 

Chromatin Immunoprecipitation (ChIP) ......................................................................................... 76 

Chromatin Immunoprecipitation Buffers ....................................................................................... 78 

Cloning of pΔDV-COIN RMCE Zeb2WT ........................................................................................... 79 

 

  



v 

 

List of Abbreviations 
AA Amino Acid 

AGM Aorta-Gonad-Mesonephros Region 

Ang-1 Angiopoietin-1 

AP Alkaline Phosphatase 

bFGF basic Fibroblast Growth Factor 

BM Bone Marrow 

bp base pairs 

cAMP cyclic Adenosine Monophosphate 

CSC Cancer Stem Cell 

CD Cluster of Differentiation 

cDNA complementary DNA 

ChIP Chromatin Immunoprecipitation 

CID CtBP Interaction Domain 

CLP Common Lymphoid Progenitor 

CMP Common Myeloid Progenitor 

COIN Rosa26-based Conditional and Inducible ESC system 

DMEM Dulbecco’s Modified Eagle Medium 

DNA Deoxyribonucleic acid 

EGF Epidermal Growth Factor 

EGFP Enhanced Green Fluorescence Protein 

EMT Epithelial-Mesenchymal Transition 

Epo Erythropoietin 

ESC Embryonic Stem Cell 

FACS Fluorescence-Activated Cell Sorter 

FCS Fetal Calf Serum 

FS Flag-Strep Tag 

GAPDH Glyceraldehyde 3-phosphate dehydrogenase 

gDNA genomic DNA 

G-CSF Granulocyte Colony-Stimulating Factor 

GDP Guanosine diphosphate 

GF Growth Factor 

GM-CSF Granulocyte-Macrophage Colony-Stimulating Factor 



vi 

 

GMP Granulocyte/Macrophage Progenitor 

GOF Gain-of-Function 

GPCR G-protein Coupled Receptor 

GPI Glycophosphatidylinositol 

GPR G-protein Receptor 

HC Hematopoietic Cell 

HD Homeodomain 

HIF-1 Hypoxia-Inducible Factor 1 

HMBS Hydroxymethylbilane Synthase 

HPC Hematopoietic Progenitor Cell 

HR Homologous Recombination 

HSC Hematopoietic Stem Cell 

IHC Immunohistochemistry 

Il-1/3/6 Interleukin-1/3/6 

Ins Insulator 

IRES Internal Ribosome Entry Site 

kb kilobases 

kDa kilodalton 

KO Knockout 

KOSR+2i Knockout Serum Replacement + 2 Inhibitors 

LIF1 Leukemia Inhibitory Factor 1 

LT-HSC Long-term Repopulating Hematopoietic Stem Cells 

LOF Loss-of-Function 

Luc Luciferase 

M-CSF Macrophage Colony-Stimulating Factor 

MEF Mouse Embryonic Fibroblast 

MEP Megakaryocyte/Erythrocyte Progenitor 

MET Mesenchymal-Epithelial Transition 

miR microRNA 

MMP Matrix Metalloproteinase 

MPP Multipotent Progenitors 

mRNA messenger RNA 

MWS Mowat-Wilson Syndrome 



vii 

 

Neo Neomycin 

NRF-1 Nuclear Respiratory Factor 1 

pA poliadenylation 

PAX Paired Box Transcription Factor 

PCR Polymerase Chain Reaction 

PKA Protein Kinase A 

PFA Paraformaldehyde 

PLC-β Phospholipase C-β 

Puro Puromycin 

qRT-PCR Quantitative Reverse Transcriptase Polymerase Chain Reaction 

RBC Red Blood Cell 

RMCE Recombination-Mediated Cassette Exchange 

RNA Ribonucleic Acid 

rtTA reverse Tetracycline Transcriptional Activator 

SCF Stem Cell Factor 

SBD Smad Protein Binding Domain 

Sdf-1 Stromal Cell-Derived Factor-1 

SDS Sodium Dodecyl Sulfate 

Sip1 Smad-Interacting Protein 1 

ST-HSC Short-Term Repopulating Hematopoietic Stem Cells 

TF Transcription Factor 

TGF-β Transforming Growth Factor β 

TRE Tetracycline-Responsive Element 

UTR Untranslated Region 

VEGF Vascular Endothelial Growth Factor 

WBC White Blood Cells 

WT Wildtype 

YY1 Ying Yang 1 

ZEB Zinc-finger E-box Binding Protein 

ZF Zinc Finger 



 

 



ix 

 

English summary 
Hematopoiesis is a process in which various mature blood cell types emerge from lineage-
specific progenitors throughout the animal life. Hematopoietic stem cells (HSC) originate 
from mesoderm and form the pool of undifferentiated, multipotent cells that are capable of 
constantly reconstituting all blood cell types in the body and upon the engraftment into 
lethally irradiated recipients rescue the mortality. HSCs are quiescent and dependent on the 
niche in which they are able to remain undifferentiated. Anatomical sites of hematopoiesis 
change during ontogenesis (yolk sac, AGM, placenta, fetal liver and bone marrow) and the 
process occurs in two sequential waves: primitive and definitive. HSCs emerge from the 
AGM haemogenic endothelium via EMT-like process, during which endothelial cells bud out 
of the vessel wall into the lumen and give rise to HSCs. One of the EMT–inducers that is 
proven to be cardinal for hematopoiesis is the zinc finger E-box binding protein Zeb2 (also 
known as the Smad-interacting protein Sip1). It is a multidomain transcriptional regulator 
that inhibits the transcription of various cellular adhesion proteins and in this way promotes 
cellular mobility and invasion. It is also expressed in high levels in HS/PCs. Recently it was 
shown via conditional loss-of-function mouse models that Zeb2 is also essential for the 
differentiation and mobility of HSCs. Zeb2 conditional knockout results in mortality of 
murine embryos due to the cephalic bleedings at E11.5-12.5. Zeb2 null HS/PCs show 
increased adhesive properties correlated with elevated expression levels of the chemokine 
receptor 4 (CXCR4) which may be involved in their inability to seed the fetal liver and the 
bone marrow cavity. CXCR4 is a chemokine receptor that senses the gradient of stromal cell-
derived factor 1 (Sdf-1). Sdf-1 is expressed and secreted in the bone marrow endothelium 
and osteoblasts and it is a potent chemoattractant for mature and immature hematopoietic 
cells. During the adult life, Sdf-1 plays an important role in the retention of HSCs within the 
bone marrow niche and any perturbation of this interaction axis leads to the egression of 
HS/PCs from the bone marrow into the circulation. Some drugs, such as AMD3100, are able 
to stimulate this process. AMD3100 is a specific, reversible, dose-dependent antagonist of 
CXCR4 and it inhibits the binding of Sdf-1. As a result, HSCs are transiently released into the 
peripheral blood.  

The aim of this Master Thesis project was to further explore the idea that CXCR4 is a putative 
direct or indirect downstream target of Zeb2 involved in the described knockout phenotype 
and that perturbation in the CXCR4/Sdf-1 interaction results in the clustering of HS/PCs in 
the fetal liver during the definitive hematopoietic stage. To prove that, a well-known 
antagonist of CXCR4, AMD3100, was administered in vivo into pregnant female mice. As a 
result by means of immunohistochemistry and FACS analysis, we observed a partial rescue in 
the cephalic bleedings and embryonic mortality, a rescue in the HS/PCs fetal liver clustering 
and in the number of circulating HS/PCs. We also show a correlation between the numbers 
of circulating HSCs and increased levels of Angiopoietin transcripts. 

In silico analysis of the Cxcr4 locus revealed a putative alternative promoter in the first intron 
of that gene that contains a CACCTG sequence that could be directly targeted for the 
repression by Zeb2. However, ChIP analysis performed to confirm this hypothesis remained 
inconclusive. 
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Part 1:  Introduction 

1.1. Hematopoiesis 

Hematopoiesis is a process during which mature blood cells of distinct lineages arise from 
the so called hematopoietic stem cells (HSCs) and hematopoietic progenitor cells (HPCs). It is 
a conserved and tightly controlled hierarchical process in which multipotency is gradually 
restricted and which occurs throughout the whole life of a mammalian organism. During the 
course of hematopoiesis, cells lose their ability to proliferate and step by step acquire the 
characteristics of a terminally differentiated cell with highly specialized functions (Fiedler & 
Brunner, 2012). In mammals there are more than 10 different mature blood cell types that 
emerge from the small pool of HSCs (Seita & Weissman, 2010): erythrocytes, 
megakaryocytes/platelets, monocytes/macrophages, granulocytes, mast cells, T- and B-
lymphocytes, Natural Killer cells (NK cells) and dentritic cells. The hematopoietic 
differentiation process is categorized into two separate lineages: the lymphoid lineage and 
the myeloid lineage. The former constitutes the adaptive immunity cells, the latter embraces 
innate immunity cells, erythrocytes and platelets. Cellular markers and various biological 
assays are available both for the identification of mature cell types of all blood lineages as 
well as for multipotent progenitors and HSCs themselves (Miranda-Saavedra & Gottgens, 
2008). 

The lifespan of these differentiated blood cells varies a lot and ranges from only few hours 
for granulocytes to around 120 days for erythrocytes (Fiedler & Brunner, 2012). The 
hematopoietic system must therefore meet the very demanding needs of the organism to 
constantly replenish the population of all circulating blood cell types. In an adult human, 
mature blood cells are produced at a rate of more than 1 million cells per second (Seita & 
Weissman, 2010).  

1.1.1. Hematopoietic Stem and Progenitor Cells 

Stem cells are defined as a source of cells that are constantly being replenished during the 
life of an adult animal. However, the renewal process must be kept under a strict control to 
maintain the balance between the well-being of an organism, tumorigenesis and anomalous 
levels of cell death.  

Hematopoietic Stem Cells are actually the best described population of stem cells in 
mammals. They are defined as cells that are competent to reconstitute long-term 
hematopoiesis in a lethally irradiated recipient (Orkin, 1996) (Seita & Weissman, 2010). HSCs 
descend from mesoderm and they constitute a multipotent stem cell pool which means that 
they are able to give rise to a wide repertoire of various differentiated blood cell types, 
which shows what a remarkable potential HSCs have (Seita & Weissman, 2010). 

Under normal conditions, HSCs cycle infrequently and reside mostly in the G0 phase of the 
cell cycle that is considered an important feature as it prevents accumulation of mutations. 
TGF-β/Smad signaling and tumor suppressor p53 are implicated in the maintenance of the 
HSC quiescence (Seita & Weissman, 2010) (Fiedler & Brunner, 2012). HSC are also able to 
maintain their own population without differentiating throughout the whole life of an 
individual via self-renewal process. There are at least 3 pools of multipotent HSC: Long-Term 
repopulating Hematopoietic Stem Cells (LT-HSC), Short-Term repopulating Hematopoietic 
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Stem Cells (ST-HSC) and Multipotent Progenitors (MPP). Hematopoiesis is called a 
hierarchical process because cells step by step lose their self-renewal capacity, multipotent 
character and gradually become more committed to a certain cell lineage. A schematic 
representation of hematopoiesis is represented in Figure 1. 

The definition of the LT-HSC population came from bone marrow transplantation studies 
performed on mice. These cells reside highest in the hierarchy and they are capable of 
reconstituting the hematopoietic system in lethally irradiated recipients as well as 
replenishing their own pool by the process of self-renewal. They are the most primitive and 
multipotent type of HCs (Fiedler & Brunner, 2012). 

 

Figure 1.Hierarchical structure of the hematopoietic system. 
Hematopoiesis is a hierarchical, tightly regulated process where the potency of the differentiating cells is 
gradually restricted. Cells lose their self-renewal capacity and become more committed to a certain 
hematopoietic lineage. LT-HSC Long-term repopulating Hematopoietic Stem Cells; ST-HSC Short-term 
repopulating Hematopoietic Stem Cells; CMP Common Myeloid Progenitor; CLP Common Lymphoid Progenitor; 
MEP Megakaryocyte/Erythrocyte Progenitor; GMP Granulocyte/Macrophage Progenitor. 
Adapted from: http://www.nature.com/onc/journal/v24/n37/images/1208920f2.jpg 
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Short-term repopulating cells (ST-HSC) contribute only transiently to the repopulation of 
lymphoid and myeloid cells in lethally irradiated recipients. However, they still retain the 
ability to differentiate into distinct cell lineages (Fiedler & Brunner, 2012).  

From the ST-HSC pool emerges the more restricted multipotent progenitor population (MPP) 
that no longer possess the self-renewal capacity but keeps full-lineage differentiation 
potential (Seita & Weissman, 2010). The population of progenitors is very heterogeneous 
and gives further rise to oligopotent progenitors: the common lymphoid progenitor (CLP) 
and the common myeloid progenitor (CMP). Those two subsets generate then all lineage-
committed effector cells of the hematopoietic system (Seita & Weissman, 2010). CLP has 
differentiation potential for B- and T- and NK cells (Fiedler & Brunner, 2012). On the other 
hand, CMP gives rise to the progenitor of megakaryocytes/erythrocytes (MEP) and to the 
progenitor of granulocytes/macrophages (GMP) (Seita & Weissman, 2010).  

It is thought that the decision to differentiate into one of the lineages takes place early in 
hematopoiesis and is governed by upregulating specific gene expression programs directed 
by combinations of lineage-specific transcription factors. The expression patterns are 
influenced by cellular determinants and extracellular signals. Cytokines are the extrinsic 
factors that guide hematopoiesis. The most important of them are interleukins, colony-
stimulating factors, erythropoietin and thrombopoietin (Fiedler & Brunner, 2012). Scl/Tal1 
basic helix-loop-helix TF is expressed in HSC and its expression is maintained during the 
differentiation of erythroid, megakaryocyte and mast cell lineages, whereas its expression is 
repressed in all the other lineages (Miranda-Saavedra & Gottgens, 2008). Moreover, the 
transcription factor GATA-1 is expressed in erythroid, megakaryocyte, mast cell and 
eosinophil lineages, whereas PU.1 is restricted to monocyte and B-lymphoid lineages (Fiedler 
& Brunner, 2012). GATA-1 and PU.1 interact physically and interfere with each other’s 
functions. This transcriptional cross-regulation forces upon the cell the choice of committing 
to one lineage only (Orkin, 2000). What is more, epigenetic mechanisms and microRNAs also 
play a crucial role in regulating hematopoiesis.  

Cells that exhibit different proliferative/differentiation potential also show different surface 
marker expression, which makes the cells easy to analyze or sort by means of FACS. HSCs 
and HPCs are negative for lineage-specific markers, but positive for c-Kit and Sca-1 (Sca-1 is a 
GPI-linked cell surface glycoprotein) (Fiedler & Brunner, 2012). 

1.1.2. Hematopoietic Stem Cells and their Niche 

In the adult, the presence of organ-specific stem cells is maintained thanks to the specific 
niche where they reside. Such a niche provides very specific environmental cues where stem 
cells can remain mitotically quiescent for long periods of time (Martinez-Agosto et al, 2007). 
This is also the case for HS/PCs which are highly dependent on their niche and on the 
secretion of several growth factors that regulate their survival and proliferation. It is the 
niche that ensures the maintenance of the stem cells identity and controls their self-
renewal. Only within such a niche can cell division be safely completed and the HSC progeny 
can be directed towards lineage differentiation (Mikkola & Orkin, 2006). Therefore, cells of 
the niche must remain in continuous contact with the stem cells. This occurs through 
signaling pathways and cell adhesion molecules. If such molecular contact with the niche is 
broken, stem cells abandon their niche and proliferate, differentiate or die (Martinez-Agosto 
et al, 2007). For example, when erythroid progenitors are starved on erythropoietin, they fail 
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to proliferate and give rise to red blood cells (RBC) and eventually they undergo apoptosis 
(Orkin, 1996).  

In the adult under normal circumstances, HSCs remain as rare cells in one place: the bone 
marrow. The bone marrow niche is very heterogenous as it is composed of endothelial cells, 
osteoblasts, fibroblasts, macrophages and the extracellular matrix. HSCs reside especially 
adjacent to osteoblasts. The osteoblasts are an indispensable element of the postnatal 
hematopoietic niche mainly by the secretion of Angiopoietin 1 (Ang-1). Ang-1 is an important 
factor for vasculature development. It binds to a tyrosine kinase receptor, Tie2, which is 
expressed on the surface of HSCs and endothelium starting from embryogenesis. It was 
shown that Tie2/Ang-1 interaction is responsible for maintaining the quiescence of HSCs, 
their self-renewal capacity, repopulating ability and stimulates tight adhesion to the 
osteoblasts (Arai et al, 2004). Tie2/Ang-1 is dispensable during fetal hematopoiesis, though 
the Tie2 knockout mouse embryos show severe impairment in the circulatory system, they 
grow slower and die in utero. Many mutant embryos were pale, probably due to vasculature 
defects (Puri & Bernstein, 2003). Osteoblasts also support the HSC quiescence by releasing 
thrombopoietin. Endothelial cells and the perivscular niche was also reported to be very 
important for the HSC homing in the adult through SCF secretion (Ding et al., 2012). 

The anchoring of HSCs to the bone endosteum occurs also through adhesive contacts 
between N-cadherins. Moreover, the PI3K pathway was found to control HS/PCs 
proliferation, growth and survival by integrating numerous upstream signals, including 
growth factors (Ang-1, G-CSF, GM-CSF), cytokines (SCF), chemokines (Sdf-1), nutrients and 
the oxygen status (Fiedler & Brunner, 2012). Also Wnt, Notch, Hedgehog, TGFβ family of 
cytokines are important extrinsic factors in supporting the HSCs in their adult niche. 
Disrupting the BMP pathway results in elevated numbers of osteoblasts and HSCs (Orkin & 
Zon, 2008).  

1.1.3. Development of Hematopoietic System 

During embryogenesis, HSCs develop in a complex process within different anatomical sites 
which involve the yolk sac, the aorta-gonad-mesonephros region and the placenta (Mikkola 
& Orkin, 2006) (Figure 2). Afterwards, HSCs colonize the fetal liver, thymus, spleen and in the 
end, from around embryonic day (E)14,5 they start homing to the bone marrow (Orkin & 
Zon, 2008). As the site of hematopoiesis changes during the animal ontology, the nature of 
the current SC niche must also change. The multisite provenance and residence of HCs 
makes studying their exact origin and descendant classification very complex and difficult. 
Hematopoiesis in each anatomical site favors the generation of a specific cell lineage (Orkin 
& Zon, 2008). In order to be able to migrate within the embryo without losing the SC 
characteristics, HSCs possess unique abilities among all organ stem cells that allow them to 
leave their tissue of residence, enter the central circulation and relocate to a different, 
available niche. The switch between various anatomical locations is required due to the fact 
that the anatomy of an embryo undergoes dramatic changes during organogenesis and more 
favorable sites for hematopoiesis emerge (Mikkola & Orkin, 2006). The relocation to a new 
niche is based on well-defined molecular cues, such as β-integrin, c-Kit/Stem Cell Factor 
(Seita & Weissman, 2010) or CXCR4/Sdf-1 axis. 

 β-integrin is important for colonization of the fetal liver, spleen and bone marrow 
(Kondo et al, 2003). 
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 CXCR4 is a receptor for the chemokine CXCL12 also known as Sdf-1; it is expressed 
on the surface of murine and human HSCs. The interaction between the two guides 
the HS/PCs to the bone marrow niche. (Kondo et al, 2003).  

 Stem Cell Factor, also known as Steel Factor or Mast Cell Factor, has pleiotropic 
effects on hematopoiesis. Its receptor is expressed on a variety of HSC populations, 
including Sca-1+ cells (Fleming et al, 1993). Binding of SCF promotes the survival of 
LT-HSC. Although SCF alone has rather weak stimulatory effects on HCs, it interacts 
with numerous other GF such as IL-3, Epo, M-CSF, IL-1 and IL-6 in promoting cell 
proliferation and differentiation (Migliaccio et al, 1991). Compound heterozygotes 
for either c-kit or scf loci result in macrocytic anemia, abnormal 
megakaryocytopoiesis and granulocytopoiesis and diminished population of tissue 
mast cells. Homozygous knockouts for scf die in utero with severe anemia (Migliaccio 
et al, 1991).  

Hematopoiesis occurs in two successive waves during the embryogenesis of the vertebrates. 
The first, primitive or embryonic wave of hematopoiesis, occurs within the yolk sac and gives 
rise to transient populations of the hematopoietic progenitors that generate erythrocytes for 
the immediate oxygen demand of the rapidly developing embryo (Orkin & Zon, 2008). The 
definitive/adult wave, on the other hand, takes place within the embryo proper and 
generates the full repertoire of blood cells and occurs towards the end of gestation and then 
after birth throughout the whole life of the animal (Orkin, 2000). 

In mice, hematopoiesis begins after gastrulation, when mesodermal precursors commit to 
generate blood cells (Mikkola & Orkin, 2006). In mouse and human, the first hematopoietic 
organ is the yolk sac. The yolk sac is crucial for the development of an embryo as it is the 
primary transport system between the fetus and the mother, before the placenta has 
formed. A common endothelial and hematopoietic mesodermal precursor, the 
hemangioblast, migrates to the yolk sac and contributes to the formation of blood islands, 
sites of early hematopoiesis (Dzierzak & Speck, 2008). In blood islands primitive embryonic 
red blood cells are produced from E7.0. Those primitive erythroid cells are different from 
their definitive counterparts as they mostly retain the nucleus while entering the circulation 
and express both embryonic and adult globins (Lux et al, 2008). Those primitive erythroid 
cells enter the circulation to meet the urgent demand for oxygen during the first phase of 
embryogenesis. After E8.25, the yolk sac also generates the definitive type of 
myeloerythroid HPCs. The definitive erythroid component is defined by the fact that it 
contains only the adult type of globins and enucleation occurs before entering the blood 
circulation (Lux et al, 2008). Additionally, also primitive megakaryocytes and macrophages 
are also produced within the yolk sac (Orkin, 1996) (Martinez-Agosto et al, 2007). Those 
macrophages participate in tissue remodeling in the developing embryo. Mouse yolk sac 
tissue does not generate cells with the capacity of long term reconstitution (Orkin & Zon, 
2008). 

The AGM region is the first site of the emergence of hematopoiesis within the embryo 
proper. The anatomical site consists of the dorsal aorta, surrounding mesenchymal tissue 
and urogenital ridge. The AGM region, which first is called the para-aortic splanchnopleurae, 
is the site of hematopoiesis starting from E8.5 (Mikkola & Orkin, 2006). E8.5 is also the time 
when embryo heart starts to beat what triggers the fetal circulation. Functional HSCs, 
responsible for blood production in the adult muse, are only found in the AGM site from 
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E10.5-11.0 (Boisset et al, 2010). Those are the first populations of HCs that are capable of 
repopulating the hematopoietic system in irradiated recipients (Dzierzak & Medvinsky, 
2008). The HSCs are derived only from the ventral aortic endothelial cells, which therefore 
received a name of hemogenic endothelium. HCs bud directly from ventral CD31+ 
endothelial cells and emerge into the aorta lumen (Boisset et al, 2010). The HSCs specifically 
arise from the endothelial lining, not from the surrounding mesenchyme (de Bruijn et al, 
2002). Clusters of HSCs arise also from the hemogenic endothelium of umbilical and vitelline 
arteries also at the E10.5 (Yokomizo et al, 2011). 

What is more, during midgestation a significant pool of HSCs is present in mouse placenta, 
indicating this organ as yet another one site of hematopoiesis. The placenta is a highly 
vascularized organ that participates in the oxygen/nutrient exchange between the mother 
and the fetus. HSCs found in the placenta are derived from fetal cells, not maternal cells, and 
they exhibit the characteristics typical for the adult type of HSCs. (Martinez-Agosto et al, 
2007; Mikkola & Orkin, 2006; Ottersbach & Dzierzak, 2005). Placental HSCs are as potent as 

Figure 2.The development of the hematopoietic system. 
The anatomical sites of hematopoiesis change during animal ontogeny. First, the process takes place outside 
the embryo in the blood islands of the yolk sac. AGM is the first site of hematopoiesis within embryo proper. 
During midgestation placenta is a significant hematopoietic organ. Then, fetal liver is seeded by HSCs which 
give rise to adult type of blood cells. At last, bone marrow cavity is seeded by the HSCs and HPCs, where they 
reside throughout the adulthood. AGM aorta-gonad-mesonephros; EC: endothelial cell; HSC hematopoietic 
stem cell; LT-HSC Long-term repopulating Hematopoietic Stem Cells; ST-HSC Short-term repopulating 
Hematopoietic Stem Cells; CMP Common Myeloid Progenitor; CLP Common Lymphoid Progenitor; MEP 
Megakaryocyte/Erythrocyte Progenitor; GMP Granulocyte/Macrophage Progenitor; RBC red blood cell. 
Adapted from (Orkin & Zon, 2008) 
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adult BM-derived HSCs which means they can also contribute to long-term repopulation 
upon engraftment and they are also self-renewing (Ottersbach & Dzierzak, 2005). The 
hematopoiesis in placenta starts concomitantly with hematopoiesis in the AGM and yolk sac. 

The adult type of HSCs are present in placenta starting from E11 and between E11-E12 they 
largely exceed the HC numbers present in the embryonic circulation (Ottersbach & Dzierzak, 
2005). After E12.5, the placenta accommodates over 15-fold more HSCs than the AGM or 
the yolk sac which might indicate that the placental microenvironment is much more 
favorable for the blood cell development. However, after E13, placental HCs start to 
disappear. Because the placenta is directly upstream of the fetal liver in the fetal circulation, 
it is likely to be a major source of definitive HSCs that seed the liver (Martinez-Agosto et al, 
2007). After E13.5 the number of HCs in the placenta decreases while the number of HCs in 
fetal liver expands. 

The fetal liver serves as the most prominent organ for fetal hematopoiesis and is the main 
place for HSC expansion and differentiation until bone marrow hematopoiesis is established. 
HSCs are not produced here de novo. Instead, the fetal liver is seeded from multiple sources 
of already generated HCs: the yolk sac, placenta and AGM. HCs find here a supportive 
environment for their further development and they are not quiescent but they rapidly 
expand. The first seeding starts around E9.5-10.5 with the colonization by myeloerythroid 
progenitors which probably originate from the yolk sac (Mikkola & Orkin, 2006). Fetal liver 
provides the microenvironment also for B-lymphoid differentiation. After E12.5 it is the fetal 
liver that is the dominant site where the HSCs undergo expansion and differentiation (Kondo 
et al, 2003). 

The ultimate site for hematopoiesis is the bone marrow. As the skeleton develops in the 
third week of mouse gestation, also the unique environment for HS/PC is established. The 
invasion of the bone marrow by HCs starts when the vasculature invades into the developing 
bone. HSC colonization occurs via chemotactic cues. A potent chemokine, Stromal cell-
derived factor 1 (Sdf-1), attracts HSCs to home into the bone marrow by binding to its ligand, 
CXCR4. 

1.2. EMT Regulators and Hematopoiesis 

The emergence of HSCs from the hemogenic endothelium in the AGM region, umbilical and 
vitelline arteries requires changes in the endothelial cell shape and loss of cellular adhesion, 
a process that is surprisingly similar to the epithelial-to-mesenchymal transition (EMT) 
(Goossens & Haigh, 2012).  

EMT is a transdifferentiation process that allows a polarized epithelial cell to gain a 
mesenchymal cell-like phenotype. Epithelial cells exhibit strong basal-to-apical polarity, they 
reside on a basement membrane and maintain strong cellular contacts with their 
neighboring cells, e.g. via E-cadherin-containing adherens junctions and other cell junctions 
like desmosomes, tight and gap junctions. Mesenchymal cells, on the other hand, are 
spindle-shaped motile cells that possess end-to-end polarity. Therefore, EMT encompasses a 
series of events where cells undergo drastic morphological changes  whereby epithelial cells 
abandon the expression of epithelial marker genes (e.g. E-cadherin) initiating the 
disassembly of cell junctions (Moustakas & Heldin, 2007). Instead, those cells gain the 
expression of mesenchymal markers, such as vimentin, fibronectin, collagens, smooth 
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muscle actin and myosin, N-cadherin and members of matrix metalloproteinase family of 
proteases (Mejlvang et al, 2007) (Liu et al, 2008) (Thiery, 2003). This gives the cells the 
motile ability to move through the extracellular matrix, invade neighboring tissues and 
disseminate all over the animal body. Subsequent tissue colonization occurs through a 
reverse process: mesenchymal-to-epithelial transition (MET) (Kalluri, 2009).  

EMT as a physiological process is critical for embryonic development and this process is re-
installed during the adult life for the proper wound healing and tissue regeneration. On the 
other hand it has also been suggested to regulate organ fibrosis and metastasis of epithelial 
tumors (Kalluri, 2009). On the basis of this, EMT events have been grouped into three 
distinct categories:  

1. EMT during implantation, embryogenesis and organ development 
2. EMT linked with tissue regeneration and organ fibrosis 
3. EMT associated with cancer progression and metastasis (Kalluri & Weinberg, 2009) 

EMT upregulation recently has also been linked to the new concept of Cancer Stem Cells 
(CSCs) (Mani et al., 2008). CSCs are defined as neoplastic cells with the abilities to self-renew 
with increased drug resistance, resistance to apoptosis and anoikis, enhanced tumor-
initiating capacities and ability to seed new tumors in animal hosts (Gupta et al, 2009) 
(Wellner et al, 2009). CSCs may be one of the plausible causes of tumor metastasis, failures 
of anti-cancer therapies in some patients and tumor relapses. In theory, as long as there is 
single CSC left in a patient, the tumor will re-form. New accumulating evidence suggests that 
even as many as 25% of the cancer cells within some neoplasias have the characteristics of 
CSCs (Gupta et al, 2009). 

The molecular basis of EMT include cross talk between the members of Snai and ZEB (Zinc 
Finger E-box Binding) families of transcription factors (Goossens & Haigh, 2012). Snai family 
members contain a highly conserved C-terminal region with 4-6 zinc finger clusters. The 
family consist of Snail and, in mammals, also of Slug and Smuc (Goossens & Haigh, 2012). 
Snail and Slug are involved in developmental processes such as neural crest cell migration 
and mesoderm formation. They are also responsible for the loss of epithelial characteristics 
and fibroblastoid motile phenotype acquisition as they are very potent E-cadherin repressors 
(Cano et al., 2000). A third member called Twist, was recently also identified as an EMT-
inducer. Its ectopic expression leads to a loss of E-cadherin and consequently cell-cell 
adhesion; it activates the expression of mesenchymal markers and induces cell motility (Yang 
et al., 2004). However, for the purpose and sake of this thesis, I will focus only on ZEB 
proteins.  

Zeb1 was shown to repress epithelial genes and upregulate the mesenchymal ones (Liu et al, 
2008). Zeb2/Sip1 was shown to play an essential role in EMT during embryo development 
and cancer progression. What is more, high Zeb2 mRNA levels were also noted in HS/PCs, 
pointing directly to its role in hematopoiesis (Goossens et al, 2011). There is also evidence 
suggesting that the aforementioned EMT regulators are strongly involved in malignant 
cancer progression, in hematological cancer types and that they are also linked to the 
formation of CSCs (Gheldof et al., 2012) (Mani et al., 2008).  
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1.2.1. ZEB Family of Transcriptional Regulators 

ZEB family of Transcription Factors that binds E-box DNA sequences consists of 2 closely 
related large proteins: Zeb1 and Zeb2 (Zeb2 is also known as Smad Interacting Protein 1 
Sip1). ZEBs are structurally very similar and they participate in the regulation of cellular 
proliferation, differentiation and apoptosis. They were originally identified in Drosophila as 
key regulators in myogenesis and CNS development. Also in vertebrates ZEBs play a crucial 
roles in myogenesis, hematopoiesis, lymphocyte differentiation, cartilage and bone 
formation (Postigo & Dean, 2000). Overexpression of Zeb1/2 in epithelial cancer cell lines 
results in the EMT-like phenotype and in vivo these cells develop tumors with increased 
metastatic rate, CSCs characteristics and bad prognosis (Goossens & Haigh, 2012).  

ZEBs are large multidomain proteins that contain two zinc finger clusters located at the N- 
and C-terminus that serve as DNA-Binding Domains. Each ZF cluster binds a 5’-CACCT(G)-3’ 
sequence in promoter regions of various target genes (Verschueren et al, 1999). Within the 
ZF clusters there is a high degree of similarity between the Zeb1 and Zeb2 which suggests 
that they bind similar target sequences and that their target genes overlap. In addition, they 
both contain a Smad Protein Binding Domain, a Homeodomain, a CtBP Interaction Domain 
and in case of the Zeb2 also a NuRD Interaction Domain (Figure 3) (Goossens & Haigh, 2012). 
ZEBs are considered mainly transcriptional repressors that interact with a co-repressor CtBP. 
In vertebrates, ZEBs contain three PLDLS sequences in the region of the repressor domain 
where CtBP-1 and CtBP-2 are binding. The effect of each sequence stretch is additive and all 
three have to be mutated to abolish completely both the protein-protein interaction and the 
repressor activity (Postigo & Dean, 1999b). In the case of Zeb2, transcription repression 
happens independently of the co-repressor recruitment (Vandewalle et al, 2005). 

One of the Zeb1/2 target genes is E-cadherin. ZEBs bind to the E-box sites in the minimal E-
cadherin promoter region downregulating its expression, what in turn promotes epithelial 
cancer cell invasion (Comijn et al, 2001). As an EMT-inducer, Zeb2 was shown not only to 
perturb the E-cadherin adherens junctions, but also the structure of desmosomes, gap 
junctions and tight junctions by downregulating the expression of P-cadherin, claudin 4, tight 

Figure 3. Structure of Zeb1/2. 
Zeb1 and Zeb2 are closely related proteins which are similar structurally. Both proteins contain two zinc finger 
clusters (ZF) located N- and C-terminally, a Smad Binding Domain, a Homeodomain and a CtBP Interaction 
Domain. Zeb2 contains also a NuRD interaction domain. NuRD and CID are responsible for transcriptional 
repressor function. Based on (Goossens et al, 2011). 
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junction protein 3, plakophilin 2, desmoplakin, connexin 26 and connexin 31 (Vandewalle et 
al, 2005). Therefore, the expression of Zeb2 in human epithelial cell lineages causes a clear 
transition from epithelial to mesenchymal phenotype. In mesenchymal cells, on the other 
hand, Zeb1 represses the expression of p73; while in osteoblasts it is collagen type I and II 
that are downregulated (Postigo, 2003).  

Although ZEBs mainly function as the repressors of the transcription, in some instances they 
can also recruit co-activators such as p300 or P/CAF. They are acetyltransferases that 
acetylate histones and loosen the chromatin structure what results in the activation of 
transcription. Their binding domain was discovered in the N-terminal region of Zeb-1. 
Binding of those activators to Zeb1 represses the binding of CtBP and thus switches off its 
repressor activity in favor of the activator function (Postigo et al, 2003). As a transcriptional 
co-activator, Zeb1 stimulates the expression of mesenchymal genes such as collagens, 
smooth muscle actin and myosin, vimentin and genes in the vitamin D signaling pathway (Liu 
et al, 2008). Hence, by downregulating epithelial marker genes and upregulating 
mesenchymal genes, Zeb1 is a true potent EMT-inducer. What is more, Zeb1 presence also 
maintains stem cell phenotype: Zeb1 directly represses the miR-200 family members which 
are inhibitors of cellular stemness and which target such stem cell factors as Sox2 and Klf4 
(Wellner et al, 2009).  

Both ZEB proteins directly interact with the MH2 domain of the activated receptor-regulated 
Smads, the intracellular mediators of the TGF-β signaling, and have important roles in the 
regulation of this signaling pathway (Verschueren et al, 1999) (Postigo, 2003). The exact 
mechanism of the cross talk with TGF-β pathway remains still a matter of debate, but it is 
proven that while Zeb1 synergizes with Smad proteins to stimulate the transcription by 
promoting the formation of a p300/Smad complex, Zeb2 putatively has an opposite effect by 
recruiting the CtBP co-repressor and downregulating the transcription of target genes 
(Postigo et al, 2003). 

NuRD binding domain in Zeb2 is responsible for the interaction with the NuRD complex. It 
consists of at least eight subunits and it functions as the nucleosome remodeling and histone 
deacetylation complex and it is suspected to be an essential player in the transcription 
repression. Loss-of-heterozygocity in the zeb2 locus resulting in perturbed NuRD recruitment 
is involved in the atypical Mowat-Wilson syndrome (Verstappen et al, 2008). MWS is a 
condition of severe mental retardation with facial dysmorphism and multiple other features 
such as seizures, heart defects, urogenital abnormalities and Hirschprung disease. Studies in 
mice revealed severe defects in the neural crest cell lineage with the reduced expression of 
neuroectodermal gene Sox2 and sustained expression of E-cadherin (Verstappen et al, 
2008). 

Hirschprung disease, also known as aganglionic megacolon, is a congenital syndrome of 
intestinal obstruction that occurs because of the absence of enteric neurons along a part of 
an intestine. This disorder is a result of abnormal neural crest development and it exhibits a 
multifactorial inheritance pattern. Recently, Zeb2 was found to be involved in the etiology of 
this syndrome: the locus of ZEB2 is disrupted in the t(2,11) chromosomal rearrangement 
what causes heterozygous frameshift mutation and premature truncation of the protein 
(Cacheux et al, 2001). 
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1.2.2. ZEB Proteins in Hematopoiesis 

In hematopoiesis, ZEBs play a cardinal role in guarding such important aspects as the 
proliferation, differentiation, apoptosis/survival, mobilization, stemness and quiescence 
(Goossens & Haigh, 2012). Zeb1 is mainly expressed in the T-cell development, whereas high 
Zeb2 mRNA levels are present in the splenic B-cell lineage (Postigo & Dean, 2000). In 
hematopoietic cells, Zeb1 inhibits the transcription of Il-2, immunoglobulin μ heavy chain, 
CD4, GATA-3 and α4-integrin (Postigo & Dean, 1999a). Knockouts of Zeb1 die shortly after 
birth and exhibit severe skeletal deformity, defective T-cell differentiation and thymic 
atrophy (Postigo & Dean, 2000). Zeb1 expression is also often lost in human adult T-cell 
leukemia/lymphoma, whereas Zeb2 locus rearrangements are often associated with 
aggressive human B-cell lymphomas (Matteucci et al., 2008). 

Recent experiments performed in the Vascular Cell Biology Unit and in collaborating 
laboratories focused on revealing the exact role Zeb2 plays in hematopoiesis (Goossens et al, 
2011). The interest in Zeb2 in hematopoiesis originated from the fact that HS/PCs express 
high levels of this protein. Hence, in order to further study its role in this particular process, a 
conditional knockout mouse model was generated where floxed ZEB2 allele mouse line was 
crossed with a Tie2-cre line. This resulted in the conditional KO of Zeb2 in the endothelial 
and hematopoietic cell lineages. Such mutant mice die in utero around E12.5-E13.5 due to 
severe cephalic bleedings. Before this time no obvious defects were observed suggesting 
that the primitive wave of hematopoiesis remains unaffected by the loss of Zeb2. As it 
turned out, the sprouting of Zeb2-/- HS/PCs was also unperturbed, but those cells failed to 
invade the fetal liver and the bone marrow cavity. Instead, they were forming clusters in the 
vicinity of big vessels in the fetal liver. Circulating HCs at this developmental stage are 
essential source of angiogenic growth factors, namely Angiopoietin-1, for the developing 
vasculature (Takakura, Watanabe, Suenobu et al., 2000). Angiopoietin-1 is a ligand of Tie 
tyrosine kinase receptors and is responsible for vessel maturation and pericyte recruitment, 
an action that stabilizes and strengthens the vessels. Therefore because HS/PCs did not leave 
the fetal liver and did not enter the circulation, Ang-1 levels were decreased (confirmed by 
qRT-PCR). As a consequence, no pericyte recruitment to the vessels occurred (confirmed by 
IHC for desmin, a pericyte marker, and CD31, endothelial cell marker), what is the 
explanation of the observed hemorrhaging phenotype of the KO embryos. What is more, 
Zeb2-deficinet HS/PCs have a blocked differentiation processes and form dramatically less 
mature blood cells as shown in in vitro differentiation assays.  

In conclusion, Zeb2 does not participate in the primary formation of the HSCs, but is 
indispensable during the definitive hematopoiesis for the differentiation and mobilization of 
HS/PCs. Zeb2-deficient HS/PCs that cluster in the fetal liver showed also increased mRNA 
levels of CXCR4 and β1 integrin, two factors responsible for the clustering phenotype. CXCR4 
is a well-known extremely important and potent regulator of HC mobilization and homing. 
Considering this data, an antagonistic relationship between Zeb2 and CXCR4 expression was 
suggested. (Based on (Goossens et al, 2011). 
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1.2.3. CXCR4/Sdf-1 Axis 

CXCR4 is a receptor that selectively binds a chemokine CXCL12, also known as Stromal Cell-
Derived Factor 1 (Sdf-1). Chemokines are 8-10kDa cytokines that function primarily as the 
mediators between the elements of the immune system and are required for proper 
dentritic cell maturation, T- and B- cell development, Th1/Th2 development and balance 
maintenance, and during tissue inflammation. They also play pivotal roles in 
angiogenesis/angiostasis and broadly understood cell recruitment (Busillo & Benovic, 2007) 
(Rossi & Zlotnik, 2000). Unfortunately, they are also implicated in the processes of tumor cell 
migration, invasion and metastasis and they may be responsible for the metastatic patterns 
of some tumors. Chemokine structure is conserved and most have four characteristic 
cysteins. Depending on the motif of the first two, they have been classified into four classes: 
CXC, CC, C, CX3C, where C stands for cysteine and X for any other amino acid residue (Rossi & 
Zlotnik, 2000). Names of the chemokine receptors are based on the class of chemokines that 
they bind. 

CXCR4 was originally discovered as a co-receptor for the T-tropic HIV virus entry into CD4+ 
cells. It is a seven transmembrane receptor coupled to a Gi protein. The gene locus in mouse 
and human consists of only two exons interrupted by a 2,1kb intron (Wegner et al, 1998). 
The first exon carries a 5’UTR and the first 5 codons; the second one carries the remainder of 
the sequence as well as a 3’UTR (Caruz et al, 1998). Its promoter region contains numerous 
predicted regulatory consensus sequences, mainly a TATA box and two GC boxes, but its 
basal transcription is controlled by two main antagonistic factors: the positive transcriptor 
regulator Nuclear Respiratory Factor 1 and the negative counterpart Ying Yang 1 (Busillo & 
Benovic, 2007) (Moriuchi et al, 1997) (Wegner et al, 1998). CXCR4 transcription is also 
regulated by numerous PAX proteins, NF-κB and HIF-1 (Kucia et al, 2005). The expression of 
CXCR4 is also increased by intracellular second messengers such as calcium or cAMP and by 
Il-2, TGF-1β, bFGF, VEGF or EGF. On the other hand, some inflammatory cytokines (TNF-α or 
INF-γ) repress CXCR4 expression (Busillo & Benovic, 2007). CXCR4 and Sdf-1 are conserved 
among many different species: they both can be found in animals that do not even possess 
an immune system (Miller et al, 2008). Sdf-1 exists in two isoforms due to alternative 
splicing: Sdf-1α is the dominant form of 89aa and Sdf-1β, which is only 4aa longer (Busillo & 
Benovic, 2007). Between human and murine Sdf-1 there is only one aa substitution: Ile>Val 
at position 18 (Juarez & Bendall, 2004). Both CXCR4 and Sdf-1 are upregulated during tissue 
damage which leads to the recruitment of cells that can participate in tissue damage repair 
(Kucia et al, 2005). 

For the ligand binding, there are two important post-translational modifications of CXCR4: 
glycosylation at Asn11 and Asn176 and tyrosine sulfation at Tyr21 (Busillo & Benovic, 2007). 
The binding event itself occurs in two consecutive steps. First, there are initial interactions 
between Sdf-1 residues 12-17 and CXCR4 residues 2-36 that result in a CXCR4 
conformational change. This facilitates the interaction between the first eight Sdf-1 amino 
acids and the CXCR4 binding pocket formed by Asp187 in the second and Glu268 in the third 
extracellular loop (Busillo & Benovic, 2007). During inflammation, neutrophil-released 
enzymes such as cathepsin G and elastase inactivate Sdf-1 by cutting off the amino acids 
crucial for the binding (Busillo & Benovic, 2007). Sdf-1 was found to associate with 
glycosaminoglycans (e.g. heparin sulfate) through its C-terminus. This immobilizes the 
chemokine building up a chemotactic gradient and in the same time leaves the amino 
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terminus free for CXCR4. Activated CXCR4 induces chemotaxis and integrin-mediated cellular 
adhesion (Juarez & Bendall, 2004). 

When Sdf1 binds to the extracellular domain of CXCR4, heterotrimeric G protein inside the 
cell disassembles to a free Gα and Gβγ. Both subunits can activate or inhibit numerous 
intracellular pathways. In the Gi subfamily of GPCRs, Gα subunit performs inhibitory actions: 
it is a negative regulator of the adenyl cyclase. This lowers the intracellular levels of cAMP 
and inhibits the cAMP-dependent protein kinase PKA. Sdf-1/CXCR4 interaction activates also 
Src family of tyrosine kinases, phospholipase C-β and phosphoinositide-3 kinase through 
Gβγ. All receptor-downstream signaling leads to the regulation of gene transcription, cell 
migration and cell adhesion. What is more, binding of Sdf-1 to its receptor can also elicit the 
activation of the JAK/STAT pathway. Activated CXCR4 undergoes rapid attenuation of its 
responsiveness in a process called receptor desensitization. This prevents the cell from 
overstimulation and prolonged signaling. GPR kinases phosphorylate the target and β-
arrestin molecules bind to the intracellular domain of the CXCR4 what blocks ligand binding 
and triggers receptor internalization. Internalized receptor is stored in vesicles from which it 
can be recycled back to the cell membrane or it can be sent for endosomal degradation. 
(Kucia et al, 2005) 

What makes CXCR4 and Sdf-1 relationship so special is that they not only regulate cellular 
recruitment but they play crucial role in embryogenesis and organogenesis (e.g. neuronal 
and cerebellar development as CXCR4 can function as axon guidance cue), tissue 
vascularization and hematopoiesis (Miller et al, 2008). Of all the chemokines and their 
receptors, this couple is the most widely expressed during the embryogenesis. This 
interaction axis drives stem cell migration of both embryo and adult stem cells. Apart from 
the global developmental role, it has also tissue specific functions. Therefore, CXCR4 
signaling is very complex and with varying roles depending on the developmental stage.  

CXCR4 is expressed on a surface of multiple diverse cell types, such as various leukocyte 
subsets (including the majority of T- and B-cells), HPCs, neurons, microglia, astrocytes, 
endothelial and epithelial cells (crypt and surface enterocytes in the colon, intestinal 
epithelial cells of the small intestine, retinal pigment epithelial cells) (Juarez & Bendall, 2004) 
(Ma et al, 1998). CXCR4 is principal for lymphocyte trafficking and their recruitment to the 
inflammation sites. Moreover, its expression was found in early hematopoietic progenitors 
from the bone marrow, cord blood, fetal liver and mobilized peripheral blood (Juarez & 
Bendall, 2004). CXCR4 expression has been found in as many as 23 cancer types and so far it 
is the most common chemokine receptor to be expressed on neoplastic cells (Busillo & 
Benovic, 2007). Breast cancer, small cell lung cancer, thyroid, neuroblastoma, hematological 
and hepatic malignances are probably metastasizing to the areas with high Sdf-1 expression 
(Busillo & Benovic, 2007). Also most leukemic cells respond to Sdf-1 with increased 
adhesion, proliferation and survival (Juarez & Bendall, 2004). Activation of CXCR4 stimulates 
the production of MMPs what gives a cancer cell an obvious migratory advantage over the 
other differentiated cells.  

Significant levels of Sdf-1 were found in the thymus and in the secondary lymphoid organs 
(Rossi & Zlotnik, 2000). Sdf-1 is a potent molecule that attracts CXCR4-positive cells to the 
areas of high Sdf-1 secretion. This chemokine targets plenty immature and mature 
hematopoietic cells. It induces responses in various CD34+ cells including fetal and adult 
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bone marrow cells, peripheral blood cells, primitive HCs and megakaryocyte progenitors 
(Murdoch, 2000). It is also able to recruit immature T cells, human pre- and pro-B cell lines, 
and memory B cells. It is proven that the migration of HSCs in the embryo from the fetal liver 
to the bone marrow correlates with the temporal and spatial expression of Sdf-1 (Juarez & 
Bendall, 2004). However, the chemotactic response towards the fetal liver is greatly 
enhanced in the presence of SCF (Christensen et al, 2004). After birth, Sdf-1 is secreted by 
the bone marrow osteoblasts and its endothelial cells and it is Sdf-1/CXCR4 interaction what 
is maintaining the molecular contact between HCs and their niche, because the activation of 
numerous adhesion molecules such as VLA-4, VLA-5 and LFA-1 leads to the anchoring of 
HSCs in their niche. The interaction between Sdf-1 and CXCR4 is especially required for the 
homing of B cell precursors and granulocyte precursors in the bone marrow (Ma et al, 1999). 
Therefore, this chemokine drives the bone marrow colonization by CD34+ HPCs and together 
with its receptor it is cardinal for the ontogeny of hematopoiesis during embryogenesis. This 
interaction is also responsible for the HSC and HPC survival and their retention in the bone 
marrow cavity in the adult. Any perturbation in this signaling axis by so called mobilizing 
agents leads to the egression of HSCs and HPCs into the peripheral blood stream. Mobilizing 
agents used broadly in the clinic for autologous or allogenic transplantation are AMD3100 
and G-CSF.  

Sdf-1-deficient mice die in utero with a decrease in the B-cell progenitor numbers in the fetal 
liver and the bone marrow. Myelopoiesis was affected only in the bone marrow but not in 
the fetal liver. Mutants showed also defects in cardiac ventricular septum (Nagasawa et al, 
1996). CXCR4-/- mice also die perinatally and show defects in the hematopoietic and nervous 
system (Ma et al, 1998) (Zou et al, 1998). At E17.5 half of the mutant embryos is dead and 
their fetal liver cells fail to migrate towards the gradient of Sdf-1 (Zou et al, 1998). The 
phenotype of CXCR4-deficient mice is very similar to the Sdf-1 KO case as animals have 
severely reduced pro-B cell numbers and diminished level of myelopoiesis in the fetal liver 
and show almost no signs on the myelopoiesis the bone marrow without any perturbations 
in the T-cell development (Ma et al, 1998) (Zou et al, 1998). CXCR4 is also required for long-
term lymphoid and myeloid bone marrow repopulation and plays crucial role in HPCs 
expansion within this niche (Kawabata et al, 1999). The LOF studies clearly show that the 
relationship between Sdf-1 and CXCR4 is most likely a monogamous one and that they direct 
the definitive wave of hematopoiesis, having most effect on the bone marrow progenitor 
differentiation. 
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1.2.4. Drug AMD3100 transiently disrupts CXCR4/Sdf-1 interaction 

AMD3100 is a synthetic compound that was first developed as an anti-HIV drug. Its 
prototype was first serendipitously discovered as an impurity in a commercial cyclam 
preparation JM1657 that had anti-HIV properties (De Clercq, 2003). As it turned out later on 
during pharmacokinetic studies, AMD3100 caused a significant increase in WBC count with 
maximum peak 6 hours after the injections. Further investigation revealed that the increase 
was caused by a remarkable mobilization of HSCs and HPCs from their bone marrow niche 
into the peripheral blood. 

AMD3100 is a symmetric bicyclam: it has two macrocyclic polyamine cyclam units connected 
by an aromatic linker (Figure 4) and it carries a net positive charge due to the presence of 
eight amines (Hatse et al, 2001). AMD3100 has a therapeutic effect in HIV-positive patients 
and causes HSC mobilization in general population because it specifically prevents the 
binding of viral gp120 and Sdf-1 to CXCR4 (De Clercq, 2003), which is a co-receptor for the 
viral entry into CD4+ cells and a receptor responsible for HSC bone marrow 
homing/retention. Specifically, the interaction occurs between the nitrogen atoms in the 
AMD3100 cyclam moieties and CXCR4 acidic carboxylates of Asp residues 171, 182, 193 and 
262. However, crucial for the interaction with AMD3100 are only residues: 171, 262 which 
are located in 4 and 6 transmembrane domain, respectively (Figure 4) (Hatse et al, 2001) 
(Rosenkilde et al, 2004). This Asp residue couple is conserved among mammalian species 
what makes it possible to use the compound in animal models. 

AMD3100 is an extremely specific and selective antagonist of CXCR4 as it does not interact 
with any other chemokine receptor and it acts independently of a CXCR4-positive cell type 
(Hendrix et al, 2000). It also does not trigger any agonistic response in the target cells: it 
does not increase intracellular calcium flux, it does not induce chemotaxis and it does not 
stimulate CXCR4 internalization (Hatse et al, 2002). The drug is not bioavailable when 

Figure 4. AMD3100 and CXCR4 
molecular structure. 
AMD3100 is a specific antagonist of 
chemokine receptor CXCR4. It is a 
bicyclam with 2 symmetrical cyclam 
moieties connected by an aromatic 
linker.  
CXCR4 is a seven transmembrane-
spanning G-protein coupled receptor 
that selectively binds chemokine Sdf-
1. Binding of AMD3100 prevents the 
binding event of its natural ligand.  
Positively charged nitrogens of 
AMD3100 interact with negatively 
charged residues of Asp in 4 and 6 
transmembrane domain (coloured in 
yellow). 
Adapted from: (Rosenkilde et al, 
2007) 
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administered orally and renal clearance is the most important route of its excretion (Hendrix 
et al, 2000). In healthy human volunteers already a single dose induces a reversible, dose-
dependent and rapid release of CD34+ HPCs into the peripheral blood from the bone 
marrow niche (Devine et al, 2004) (Liles et al, 2003). The same effects are observed also in 
the mouse models (Broxmeyer et al, 2005). AMD3100 compound mobilizes long-term 
reconstituting HSCs that can repopulate bone marrow cavity of lethally irradiated recipients 
(Broxmeyer et al, 2005). Human LT-HSCs mobilized with AMD3100 were also successfully 
engrafted into SCID mice (Broxmeyer et al, 2005). In terms of toxicity, AMD3100 causes only 
mild, transient side-effects limited to grade I in WHO scale and they do not appear to be 
dose-related (Devine et al, 2004) (Liles et al, 2003) (Hendrix et al, 2000).  

Because the interaction between Sdf-1 and CXCR4 has broad effect on an adult animal 
organism, it has been postulated that AMD3100 can interfere with number of physiological 
and pathological processes mediated by this axis. AMD3100 is now used in the clinic for 
autologous and allogenic transplantations of the bone marrow. Autologous transplants are 
done in patients with non-Hodgkin’s lymphoma and multiple myeloma whereas allogenic 
xenografts are applied for patients suffering from several types of leukemias (Teicher & 
Fricker, 2010). AMD3100 acts synergistically with G-CSF. Actually, administration of G-CSF is 
one of the common approaches for HSC mobilization and collection in the clinic. However, 
the combination of AMD3100 and G-CSF appears to be more effective, particularly in poor 
mobilizers (Flomenberg et al, 2005). AMD3100 has been shown to enhance the 
incorporation of endothelial progenitor cells into sites of neovascularization after myocardial 
infarction by mobilizing the endothelial progenitors from the bone marrow into peripheral 
blood (De Clercq, 2003). AMD3100 was also proven to inhibit tumor cell migration and 
proliferation as it inhibits Sdf-1-dependent migration and proliferation of acute 
lymphoblastic leukemia into the bone marrow cavity and Sdf-1 mediated migration of 
follicular non-Hodgkin’s lymphoma cells across endothelial and stromal cell layers (De 
Clercq, 2003). Therefore, AMD3100 presents itself as a novel strategy treatment for multiple 
conditions with derailed CXCR4/Sdf-1 signaling. 
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1.3. The Mouse as an Experimental Animal 

An experimental animal is an invertebrate or vertebrate animal that can be used as an in 
vivo method to carry out an experiment in. Experimental animals are used as models for 
human diseases in biomedical research or as models for themselves in veterinary medicine. 
The use of laboratory animals in the field of human medicine has greatly increased over the 
past few decades especially because of the availability of genetical tools to engineer animal 
genomes. In that way transgenic animals are generated that mimic better the human 
condition. Most popular animal species that are used in biomedical research laboratories are 
rodents (mice and rats) and rabbits.  

The house mouse (Mus musculus) began to evolve already 60 million years ago when most 
large reptiles became extinct and small rodents occupied the available ecological niches. The 
name Mus in Latin probably comes from the Sanskrit Mush, which means “to steal”. This is 
the perfect description of the behavior of this small omnivorous animal. There are 4 
subspecies of the house mouse: domesticus, musculus, castanus and bactrianus that show 
different geographical distribution but that can mate and give fertile offspring. However, 
mice used in research are usually inbred lines and can be purchased from various 
commercial suppliers (e.g. Charles River, The Jackson Laboratories, Harlan). There are 
thousands of different strains that are well characterized in terms of coat color, physiology, 
behavior and breeding habits, spontaneous tumorigenicity, genetic polymorphisms etc. 
Therefore, it is a research project that usually determines the choice of the mouse strain, for 
example: 

 BALB/c mice are used in cancer and immunology studies, 
 DBA/1 in studying arthritis, 
 Non-obese diabetes (NOD) mice are models for studying diabetes mellitus, 
 Ob/ob mice are obese due to a mutation in leptin gene, 
 Severe combined immunodeficiency (SCID) mice are mainly used in transplant 

research and tumorigenesis. 

There are numerous reasons why a house mouse is such a popular laboratory animal. First of 
all, because of its physiology. It is a small docile animal that weighs only 20-30 grams, which 
makes it possible to house hundreds of individuals in a small animalarium. The lifespan on 
average comes to 1.5 year. Animals can be bred in couples, in trios or in harems. Young 
animals are fertile and sexually active at the age of 4-8 weeks. Females have short estrous 
cycle of 4 days that can be monitored by vaginal swabs. After copulation, which occurs at 
night, female has a vaginal plug: a product of male secretory glands that shields the 
deposited sperm inside of the female. It is a visible sign of copulation that allows perfect 
timing of the developing embryos and the pregnancy. Pregnancy lasts only 19 days, which 
gives also a short generation period of 10-12 weeks. After labour, females have fertile 
postpartum estrous which means they can be pregnant again immediately after giving birth.  

There are 2 effects that can be used for enhanced mating and breeding strategies: Whitten 
effect and Bruce effect. The former refers to the synchronization of estrous cycles in females 
that were housed together, upon the exposure to male pheromones. The latter refers to the 
fact that embryos will not implant in the uterus when a new, unknown male is introduced. 
Usually the litter size varies between 5 to 10 pups depending on the strain, but females can 
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also be “superovulated” in order to increase the number of oocytes being released into the 
oviduct. Males do not normally harm their pups, which is also an important advantage.  

Furthermore, the murine genetic map is very dense and the genome has been sequenced in 
2001 and is greatly annotated. It is a typical mammalian genome of 2.5x109bp that carries 
approximately 20000 genes, which resembles more or less the human genome (3x109bp and 
20500 genes). Around 40% of the human and mouse genomes can be directly aligned with 
each other and about 80% of human genes have one corresponding gene in the mouse 
genome (http://www.nature.com/nature/mousegenome/timeline/index.html). The 
knowledge that comes from the genome sequence availability offers many advantages. It 
greatly facilitates generation of transgenic animals; it allows much more precise targeting 
strategies for specific genomic sites and recombination-mediated exchange events and also 
makes molecular techniques such as PCR much easier to perform.  

Moreover, there are various tools and well-described techniques of genetic manipulation 
and transgenetics, such DNA injection into fertilized eggs or nucleus transplantation. 
Embryonic Stem Cell and iPS Cell technology is also very well characterized for mice and 
facilitates generation of the desired transgenic line. 

Embryonic Stem Cells are derived from blastocysts inner-cell mass. They are small and grow 
in the form of aggregates. In the appropriate culture conditions they retain proliferative 
potential and undifferentiated state. The most important culture factor for sustained 
pluripotency of murine ESCells is Leukemia Inhibitory Factor 1 (LIF) which upregulates Myc 
transcription factor expression (Cartwright et al, 2005). However, sometimes ESCells are 
allowed to differentiate and during this process so called embryoid bodies (Ebies) are 
formed which consist of diverse cell types. Ebies can provide information on the mutation 
effect in the early stage of development. The differentiation process into a specific cell 
lineage can be stirred in a desired direction by manipulating culture conditions. ESCells allow 
genetical manipulations in vitro and further selections of desired genes. Any type of 
mutation can be studied in the ESCellss: gene targeting, gene trapping, conditional 
mutagenesis and so forth. What gives ESCell approach biggest advantage is the fact that 
after genetic manipulation they can generate a mutant mouse. ESCells are not able to 
reconstitute an animal on their own. Therefore a microinjection or aggregation step with a 
host embryo is necessary. After this, ESCells participate in the development of the three 
embryonic layers and if they contribute to the development of the germ cells, the mutation 
will be sexually transmitted. If not, chimeric mice will be born and an additional crossing step 
is necessary.  
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Part 2:  Aim of Research Project 
Recent data obtained from the experiments conducted in the Vascular Cell Biology Unit 
headed by prof. Haigh, suggested that there might be a direct relationship between Zeb2 
and CXCR4 in embryonic hematopoiesis. Namely, CXCR4 could be a novel putative 
downstream target of Zeb2 that is involved in HS/PCs mobility and homing.  

Zeb2 orchestrates various aspects of hematopoiesis, particularly the differentiation and 
mobilization of HS/PCs. Conditional knockout of this transcriptional repressor in 
hematopoietic cell lineage results in the drastic increase of CXCR4 mRNA levels. This makes 
the cells much more sensitive to the lower levels of the chemokine Sdf-1, a ligand of CXCR4. 
During fetal life, sites of hematopoiesis change from yolk sac, AGM, placenta, and fetal liver 
to finally switch to the bone marrow around the time of birth, the adult HS/PCs homing 
niche. It was hypothesized that Zeb2-null hematopoietic cells in the fetal liver are more 
adhesive and they stay clustered in the vicinity of major vessels, the major source of Sdf-1 
within this organ and subsequently do not migrate to the bone marrow. Because of the 
resulting increased expression levels of CXCR4, the cells are unable to sense the increasing 
Sdf-1 gradient towards the bone marrow and to react properly to it. As a consequence, these 
cells remain clustered in the fetal liver and do not enter the main circulation. Moreover, 
during this stage of the embryonic development, peripheral hematopoietic progenitors have 
been demonstrated to be an important source of important angiogenic factors like 
Angiopoietin-1 which are essential for proper vessel maturation and pericyte coverage. 
Therefore, lack of mobile HS/PCs in the circulation results in the decrease of those 
angiogenic factors (Ang-1) which may be the main cause of the cephalic bleedings and the 
embryonic mortality. On the contrary, wild type HS/PCs invade the fetal liver and 
subsequently egress to the circulation where they secrete angiogenic factors crucial for 
pericyte vessel coverage. Then they migrate towards the bone marrow, where they reside 
throughout adulthood. Therefore, it was proposed that next to Zeb2’s essential role in HSC 
differentiation, it is also regulating their adherence/mobility via its presumptive downstream 
target CXCR4. However before this thesis, this has not been proven as this hypothesis is 
based purely on correlative data and more experiments were necessary. 

Taking this data into consideration, the goal of this thesis was to prove that the Zeb2 
conditional knockout hampers the HS/PC differentiation and results in increased adhesion 
properties within the fetal liver what compromises the cellular mobility and their potential 
to enter the circulation. As a consequence of Zeb2 LOF, intracranial microvasculature shows 
decreased pericyte coverage which most probably leads to the observed bleeding 
phenotype. Given the fact that Zeb2-/- results in increased levels of CXCR4, our theory was 
that Zeb2 governs hematopoietic mobilization upstream of CXCR4 (Figure 5).  

The second goal was to prove that the observed vessel leakage is directly linked to the Sdf-
1/CXCR4 axis, that presumably influences only HS/PCs mobility but not their differentiation 
potential. By in vivo administration of the compound AMD3100 which is a specific antagonist 
of CXCR4 we hoped to rescue the bleeding phenotype and the fetal liver clustering of HS/PCs 
(Figure 5). 



  Part 2: Aim of Research Project 

20 

 

The third goal was to determine whether or not CXCR4 is a direct downstream target of 
Zeb2. 

To investigate the role of Zeb2 on hematopoietic differentiation, we proposed to generate 
an in vitro model of Zeb2-deficient ESCells. By allowing these pluripotent cells to 
differentiate we would be able to analyze the effect of Zeb2 on blood cell formation. By 
subsequently restoring the protein expression we hoped to rescue the presumed phenotype. 
For this purpose we came up with a luciferase-containing recombination-suitable cassette 
(called AntiLuc) in the Rosa26 locus. This cassette is flanked by heterospecific Frt sites that 
are specifically recognized by Flpe recombinase. This would allow us to easily interchange 
this docking site with any desired RMCE-suitable cDNA construct. In this manner we hoped 
to study not only the loss of Zeb2 but also the importance of each domain for hematopoiesis 
in structure/function analysis and the role in hematopoietic differentiation of putative Zeb2 
downstream targets. 

 

Figure 5.Working model on the role of Zeb2 
and CXCR4 in hematopoiesis. 
A.WT HSCs invade the fetal liver and 
subsequently egress into the circulation 
where they secrete angiogenic factors 
essential for pericyte vessel coverage. Then 
they migrate to the bone marrow cavity 
where they reside during the animal 
adulthood.  
B. Zeb2-deficient HSCs exhibit differentiation 
defects and have increased adhesion 
properties within the fetal liver, compromising 
their mobility and their potential to enter the 
circulation. As a consequence, intracranial 
microvessels show decreased pericyte 
coverage which most probably leads to the 
observed hemorrhaging phenotype.  
C. By the administration of AMD3100, an 
antagonist of CXCR4, we hope to rescue the 
fetal liver clustering phenotype of Zeb2-
deficient HSCs. By blocking CXCR4 
downstream signaling, HSCs will enter the 
peripheral blood and supply the necessary 
angiogenic factors rescuing cerebral bleeding 
phenotype. However, lack of Zeb2 will still 
block the differentiation of HSCs. 
HSC hematopoietic stem cell; Ang1 
angiopoietin 1. Figure by courtesy of dr. 
S.Goossens, adapted from (Goossens et al, 
2011). 
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Part 3:  Results 

3.1. Rescue of Zeb2 Knockout Phenotype with AMD3100 

High expression levels of Zeb2 were shown in various embryonic and adult hematopoietic 
cell lineages. In order to further study its role in the process of hematopoiesis we generated 
a conditional knockout of this gene in a mouse model by intercrossing of two transgenic 
lines:  

a. line with cre recombinase expression guided by Tie2 promoter (specific for 
endothelial and hematopoietic cells) and heterozygotic for Zeb2 locus, 

b. line with floxed Zeb2 and LacZ reporter gene in the Rosa26 locus. 

with a 25% chance of obtaining a Zeb2 conditional knockout progeny (Figure 6).  

A group of pregnant females was injected intraperitoneally with AMD3100 (10mg/kg, twice 
daily until the day of dissection). Non-treated pregnant mice served as a control group. All 
pregnant females were euthanized at E12,5, E13,5 or E14,5 and embryos were dissected. 
From E12,5 a total number of 23 embryos was analyzed by the means of IHC and FACS (6 
knockouts, 6 wild types and 11 heterozygotes for the Zeb2 alleles, Table 1). Embryos 1-20 
were treated with AMD3100, whereas embryos 21-23 were not. Genotyping samples were 
collected from all embryos to determine the essential loci of cre and Zeb2 (Figure 7). 
Embryos negative for cre recombinase with both functional Zeb2 alleles (one of which is 
floxed) were considered as wild type controls. Embryos positive for cre recombinase with 
one Zeb2 floxed allele were the conditional knockout trial group. Remainder combinations 
resulted in a heterozygous genotype with one functional copy of Zeb2. Yolk sacs of each 
analyzed embryo were also collected and stained for β-galactosidase activity in order to 
confirm the specificity of the cre.   

Figure 6 Mice genetic intercross scheme. 
A Tie2cre Zeb2-/+ line was intercrossed with Zeb2f/fR26-LacZR tg/tg line to obtain a conditional knockout of Zeb2 
in the offspring; chance of obtaining a Zeb2-/ΔTie2cre is ¼ (red underlining). Embryos negative for cre and 
homozygous for Zeb2 were considered as wild type controls (green underlining). 
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Table 1. Embryo genotyping data. 
Every analyzed embryo was genotyped for cre and Zeb2 loci and the yolk sacs were stained for β-galactosidase 
activity (LacZ YS). +: positive, -: negative result; +/-: positive but weaker staining; f: floxed; WT: wild type; Het: 
heterozygote; KO: knockout. Ordinal numbers make it possible to analyze IHC, FACS and qPCR samples that 
come from the same embryo. 

 

  

Ordinal number cre Zeb2 LacZ YS Genotype 

1 + -/f + KO 

2 - +/f - WT 

3 - +/f - WT 

4 + -/f + KO 

5 + +/f + Het 

6 + -/f +/- KO 

7 + +/f - Het 

8 - -/f - Het 

9 - -/f - Het 

10 + -/f + KO 

11 + -/f + KO 

12 + +/f + Het 

13 - -/f - Het 

14 - -/f - Het 

15 + -/f + KO 

16 + +/f + Het 

17 - -/f - Het 

18 - +/f - WT 

19 - +/f - WT 

20 + +/f +/- Het 

21 - +/f - Wt 

22 - -/f - Het 

23 - +/f - WT 
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Knockout embryos that came from non-AMD3100-treated females showed severe cephalic 
hemorrhages (Figure 8) and high mortality rate starting from E12,5. At this time almost half 
of the analyzed embryos was dead and more than a half exhibited the hemorrhages. By the 
E14.5 already the majority (87%) of analyzed knockout fetuses was dead with severe 
cephalic bleedings (Table 2). Heterozygotes and wild type animals showed unperturbed 
development without any obvious hemorrhages. 

GENOTYPE E10,5 E11,5 E12,5 E13,5 E14,5 

Zeb2+/fl 100% 100% 100% 100% 100% 

11 25 36 19 4 

Zeb2+/ΔTie2-Cre or Zeb2-/fl 100% 100% 94% 100% 100% 

30 45 65 36 18 

Zeb2-/ΔTie2-Cre 100% 94% 54% 33% 17% 

8 16 24 9 6 

Table 2. Rate of survival among Zeb2 KO embryos. 
From E12,5 most of Zeb2 knockout embryos shows hemorrhages and almost half of them is dead (light red). By 
E14,5 more than a half of the analyzed embryos was dead (dark red). Zeb2 heterozygotes did not seem 
affected. Numbers stand for the quantity of analyzed embryos. Percentages represent the fraction of living 
embryos upon the dissection. 

  

Figure 7. Genotyping results for Zeb2, cre and Rosa genes. 
Exemplary results from genotyping PCR on a 2% agarose gel in TAE Buffer. Top panel: result for Zeb2 PCR. -/f: 
floxed heterozygote; +/f: homozygote with one floxed allele. Bottom panel: results of cre PCR. Top band means 
cre transgene is present. Control: Fabpi amplification, to see whether the PCR occurred. +: cre-positive. Left: 
size of DNA ladder bands. As a marker 100bp Benchtop Promega DNA Ladder was used (cat. no.G8291). 



  Part 3: Results 

24 

 

Next, to investigate the role of the altered Sdf-1α/Cxcr4 signaling in this bleeding phenotype 
and embryonic lethality, we tested whether we can rescue the lethality by in vivo 
administration of a CXCR4 antagonist, AMD3100 (Table 3). Indeed, E12,5 Zeb2-/Tie2-cre 
embryos that came from females injected with this small compound CXCR4 antagonist were 
viable upon dissection and no mortality was noticed. Nevertheless, some of the knockout 
embryos showed bleedings, but they occurred at different anatomical sites than the 
cranium, such as the neck, dorsum, torso or limb (Figure 8). These hemorrhages occurred 
later than the hemorrhages in the control group: in the control group hemorrhages occurred 
from E12,5, whereas in the trial group small focal bleedings were noticeable from E13,5. No 
adverse effects of AMD3100 were noticed on the mothers. 

GENOTYPE E10,5 E11,5 E12,5 E13,5 E14,5 

Zeb2+/fl ND 100% 100% 100% 

21 5 3 

Zeb2+/ΔTie2-Cre or Zeb2-/fl ND 100% 100% 100% 

30 7 4 

Zeb2-/ΔTie2-Cre ND 100% 100% 100% 

10 1 4 

Table 3. Rate of survival among Zeb2 KO embryos treated with AMD3100. 
No mortality among Zeb2 KO embryos occurred that were treated with AMD3100. However, from E13,5 more 
than 50% of the surviving embryos showed hemorrhages which occurred not intracranially but were dispersed 
over embryo body (red). Numbers stand for the quantity of analyzed embryos. Percentages represent the 
fraction of living embryos upon the dissection. ND: non-determined. 
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Zeb2-/- hematopoietic cells show defects in the definitive wave of hematopoiesis. Next to a 
differentiation defect, loss of Zeb2 expression is linked to the clustering phenotype and 
altered adhesive properties of HCs in the area of major vessels in the fetal liver, as shown via 
CD45 immunohistochemistry on fetal liver sections by Goossens and co-workers (Goossens 
et al., 2011) (Figure 9)  

Figure 8. Dissected embryos. 
Left panel represents control embryos that were dissected at E13,5 from females not treated with AMD3100. Right 
panel shows embryos dissected at E14,5 from females that were given AMD3100. In both groups wild type (WT) 
and heterozygous (Het) embryos show no external perturbation of the phenotype. Control knockout (KO) embryos 
show intracranial bleedings. AMD3100-treated KO embryos only show hemorrhages at the later stages of the 
development and in different sites than cranium. Hemorrhages are indicated by the green arrows. 
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AMD3100, a reported specific antagonist of CXCR4, not only rescued partially the embryonic 
lethality, but it also rescued the clustering phenotype of HS/PCs in the fetal livers of Zeb2 
knockout embryos. In all (n=23) fetal livers of embryos treated with this drug we observed 
no clusters of blood cells in the vicinity of major vessels. Zeb2-/- HCs invaded the organ 
properly as it occurs in the wild type controls (representative set of tissue sections is shown 
in Figures 10-12). We also noticed elevated numbers of CD45+ blood cells in the knockout 
embryos compared to their wild type controls on the CD45-stained fetal livers sections. 

Figure 9. Clustering of Zeb2-
negative hematopoietic pro-
genitors in the fetal liver.  
Hematopoietic cells that lack Zeb2 
functional allele show elevated 
adhesive characteristics to the 
major blood vessels in the fetal 
liver( as shown by 
immunohistochemistry with a 
pan-hematopoietic marker CD45 
on E11,5 fetal liver sections, right 
panel) compared to wild type 
controls (left panel).  
Pictures by courtesy of dr. Steven 
Goossens, published in Goossens 
et al., 2011 

Figure 10. Rescue of HS/PC 
clustering In the fetal liver with 
AMD3100 (2). 
Administration of AMD3100, a 
selective antagonist for CXCR4, 
rescued the elevated adhesiveness 
of Zeb2-/- HCs in the FL of E12,5 
embryos, as compared to the wild 
type controls that were also given 
the AMD3100. IHC with a pan-
hematopoietic marker CD45. 
Numbers: ordinal number of an 
embryo. Bottom pictures (x200) are 
magnifications of the top ones 
(x100). Microscope: Olympus BX51, 
camera PixeLink PL-A662.  

 



  Part 3: Results 

27 

 

 

Figure 11. Rescue of HS/PC clustering In the fetal liver with AMD3100 (2). 
Administration of AMD3100, a selective antagonist for CXCR4, rescued the elevated adhesiveness of Zeb2-/-

HCs in the FL of E12,5 embryos, as compared to the wild type controls that were also given the AMD3100. IHC 
with a pan-hematopoietic marker CD45. Numbers: ordinal number of an embryo. Right pictures (x200) are 
magnifications of the left ones (x100). Microscope: Olympus BX51, camera PixeLink PL-A662.  
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Figure 12. Rescue of HS/PC clustering In the fetal liver with AMD3100 (3). 
Administration of AMD3100, a selective antagonist for CXCR4, rescued the elevated adhesiveness of Zeb2-/-

HCs in the FL of E12,5 embryos, as compared to the wild type controls that were also given the AMD3100. IHC 
with a pan-hematopoietic marker CD45. Numbers: ordinal number of an embryo. Right pictures (x200) are 
magnifications of the left ones (x100). Microscope: Olympus BX51, camera PixeLink PL-A662. 
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Previously it was shown that the increased clustering and adhesive properties of Zeb2 null 
HSC/HPC in the fetal liver is as well correlated with a drastic decrease of HPCs in the 
circulation (Goossens et al., 2011). To further confirm that AMD3100 influences the 
chemotactic behaviour of HPCs and their mobility towards the peripheral blood, FACS 
analysis was performed to quantify the number of Lin-,c-Kit+ cells (HPCs) in the peripheral 
blood of embryos treated with and without AMD3100. The strategy for FACS analysis is 
shown in Figure 13.  

 

 

 

  

Figure 13. FACS gating strategy and sample density plots. 
Top panel: Cell debris elimination (FSC-A vs. SSC-A). Peripheral blood cells were stained for c-Kit antibody and 
for lineage-specific markers: CD45R, CD11b, CD3e, Ter119 (Ly-76) and Ly-6G (Gr-1). HPCs are cKit positive 
and Lin negative and are represented in blue. Numbers: ordinal embryo numbers. FACS machine was 
operated by P.Bogaert. 
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Embryos that posses functional Zeb2 alleles show highest levels of HSCs in the peripheral 
blood without any significant difference between AMD3100-treated or non-treated animal 
subpopulations. Zeb2-/- HPCs, however, show much lower amounts of HPCs in the 
circulation. By AMD3100 administration, this decrease was again partially rescued and 
significantly more (P=0,027) HS/PCs were present in the peripheral blood bringing it almost 
to the levels of heterozygotes and wild type controls (Figure 14).  

The embryos that were analyzed by the means of immunohistochemistry and FACS were 
also checked for Angiopoietin 1 expression levels. It was previously suggested that 
circulating HS/PCs produce important angiogenic factors (especially Ang1) which are 
essential for the maturation and stabilization of the developing vessels in the embryo. 
Decreased circulating HS/PCs in the conditional Zeb2 knockouts were correlated with lower 
Ang1 expression levels and were hypothesized to be the reason why less pericyte coverage 
was observed in the Zeb2 conditional knockout embryos and might be involved in the 
bleeding phenotype. Therefore we tested whether AMD3100 treatment not only rescues the 
HS/PCs mobilization but as well the circulating Ang1 expression levels. Ang1 mRNA levels in 
knockout embryos were compared to the levels in wild type controls with and without 
AMD3100 administration via quantitative RT-PCR.  
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Figure 14. Relative numbers of HS/PCs in embryo peripheral blood. 
Peripheral blood was collected from E12,5 embryos of three genotypes: wild type (WT), heterozygous (Het) 
and knockout (KO) of Zeb2. In each of the three there was a subpopulation of AMD3100-treated and non-
treated embryos (indicated with + and -, respectively). Treated KO embryos show elevated numbers of HS/PCs 
in the circulation as compared with their non-treated KO controls. 
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For this experiment, embryo heads were dissected and total RNA was isolated with 
QIAGenRNeasyPlus Mini Kit. The quality of the isolated RNA was checked on 1% agarose gel 
(Figure 15) and no contamination of genomic DNA was observed. All RNA samples were of 
good quality. RNA concentration was measured on a NanoDrop machine. Afterwards, a 
reverse transcription reaction was performed starting from equal amounts of total RNA per 
sample. cDNA was used as a template for qPCR. With this technique we tested the 
expression levels of Ang 1 compared to two housekeeping genes: actin-β and GAPDH.  

In Zeb2 knockouts without AMD3100 treatment expression of Angiopoietin is greatly 
perturbed when compared to the wildtype littermate controls. Upon AMD3100 
administration there is a clear trend in rescuing Angiopoietin 1 transcript levels (Figure 16). 
Unfortunately, the difference is almost significant as p-value equals to 0,13 and more litters 
needs to be analyzed.  
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Figure 15. RNA quality verification. 
1% agarose gel in TAE Buffet was runned to check 
the quality of the isolated RNA. Two clear bands 
come from tRNA, a bottom smear is a signal from 
mRNA. Numbers: embryo ordinal number. 

Figure 16. Relative Angiopoietin expression levels. 
qRT-PCR analysis showed a trend (almost statistically significant difference) in increased Angiopoietin 1 mRNA 
in Zeb2 KO embryos that were treated with AMD3100. -: non-treated embryos, +: embryos treated with 
AMD3100. WT: wild type, Het: heterozytes, KO: knockout embryos. 
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3.2. Influence of Zeb2 on CXCR4 repression 

From above in vivo experiments it seems clear that CXCR4 is an important downstream 
target of Zeb2 essential for the proper regulation of embryonic HS/PCs mobilization. To 
investigate whether Zeb2 regulates CXCR4 expression directly or indirectly we started with a 
in silico analysis of the mouse CXCR4 promoter using ConTra 2, a software developed at the 
DMBR-VIB Gent that scans a given DNA sequence for putative transcription factor binding 
sites. In this way a putative conserved ZEB-binding site in the intron of the Cxcr4 gene was 
identified. A “CACCTG” and a “CAGGTG” sequences are conserved among the vast majority 
of the analyzed species genomes (18 out of 21) and are separated by a few tens of 
nucleotides (Figure 17).  

Figure 17. In silico prediciton of Zeb2 binding sites in the cxcr4 locus. 
Analysis with ConTra 2 predicted two putative ZEB-binding sites in the intronic sequence of Cxcr4
(marked in blue). Those short sequences are separated by few nucleotides and are conserved among 
most (18) of the analyzed 21 mammalian species. 
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In order to test the functionality of the computed result, we performed chromatin 
immunoprecipitation for Zeb2 on the this specific region of the CXCR4 promoter. Primers 
were designed to flank the putative E-boxes (Figure 18). Bone marrow was collected from 
adult wild type mice, fixed in formaldehyde to cross-link proteins to the DNA and sonicated 
(Figure 19). Whole complex was precipitated with anti-Zeb2 specific antibodies.  

First ChIP experiment was performed on one wild type bone marrow sample. Two sets of 
primers and two antibodies were used: mono- and polyclonal, both specific for Zeb2 (the 
monoclonal antibody was a kind gift from prof. Berx, whereas the polyclonal one was a kind 
gift from prof. Huylebroeck). As represented in Figure 20 there is a small but significant 
increase in amplification in case of both antibodies and both primer sets. The highest 
increase is observed for primer set 1 in monoclonal antibody pulldown. Because those 
results were very promising we decided to repeat this experiment on 5 new wild type 
samples. Sonicated DNA is shown in Figure 19. After sonication DNA fragments were 
approximately 100-300bp long.  

Figure 18. CXCR4 genomic structure. 
Schematic representation of Cxcr4 genomic structure with E-box sites (yellow) in the intron. Arrows represent 
primers for ChIP qPCR (one colour-one set). Exons are marked in blue, ligh blue: UTR (untranslated region), 
dark blue: protein-coding sequence. 

Figure 19. Second ChIP experiment: DNA after sonication. 
DNA samples after 5 cycles of sonication (5x10minutes, 30sec 
on/30 sec off). Performed at KULeuven by dr. A.Zwolinska. 
DNA Ladder: GeneRuler 100bp (Fermentas). 
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Figure 20. Preliminary ChIP results. 

First ChIP result performed on one WT Bone Marrow sample with two sets of primers and two antibodies 
(monoclonal and polyclonal) that specifically recognize Zeb2. Grey: control of β-actin; red: CXCR4 amplification 
with primer set 1; dark red: CXCR4 amplification with primer set 2. 

 

Figure 21. ChIP results from sample no.2. 
ChIP experiment performed on one WT Bone Marrow with two primer sets and two types of antibodies (mono-
and polyclonal) that specifically recognize Zeb2. Grey: control of β-actin; red: CXCR4 amplification with primer 
set 1; dark red: CXCR4 amplification with primer set 2 
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Further ChIP experiments remained inconclusive as there was high variation among the 5 
samples that were collected. In one of the samples (numbered 2, Figure 21) there is a clear 
and very strong increase in the CXCR4 amplification as for both primer sets and both 
antibodies. However, in another sample (numbered sample 3, Figure 22) the results are 
peculiar and CXCR4 amplification levels overlap with the controls. There is too much 
variation between the mono- and polyclonal antibodies the housekeeping control. These 
results cannot be taken into the consideration. 

  

Figure 22. ChIP results from sample no.3. 
ChIP experiment performed on one WT Bone Marrow with two primer sets and two types of antibodies (mono-
and polyclonal) that specifically recognize Zeb2. Grey: control of β-actin; red: CXCR4 amplification with primer 
set 1; dark red: CXCR4 amplification with primer set 2 
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3.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells 

To further analyze the role of Zeb2 in hematopoietic differentiation we further optimized an 
in vitro ESCell differentiation system. In previous experiments in the Vascular Cell Biology 
Unit it was observed that when wildtype ESCells were randomly differentiated in embryoid 
bodies (EB, Ebies) clear signs of hematopoietic differentiation and hemoglobinized 
erythroblast colonies could be observed after 8-10 days of growth. In contrast Ebies derived 
from Zeb2 null ESCells do not show any signs of hematopoietic differentiation, 
erythropoiesis and hemoglobin. This in vitro differentiation assay is ideal to perform in 
future rescue experiments and to do a structure/function analysis to test which Zeb2 
domains are essential for hematopoietic differentiation or to further test putative 
downstream targets. To easily introduce various domain mutant of Zeb2 or cDNA into these 
cells to test their rescue capacity we have tried to generate Zeb2 null ESCells with a 
Recombinase Mediated Cassette Exchange dockingsite in the Rosa26 locus. A transgenic line 
with such a dockingsite is already available in the Vascular Cell Biology Unit; Rosa26-AntiLuc.  

 

Figure 23. Intercrossing of mice to obtain Zeb2-/- Rosa26 AntiLuc ESCells. 
A female heterozygote for Zeb2 with an AntiLuc RMCE-suitable cassette in Rosa26 locus was intercrossed with a 
male Zeb2 heterozygote. This yielded 1/8 chances of obtaining Zeb2-/- blastocysts that were collected from the 
sacrificed females at E3,5 for ESCell derivation. Red underlining: blastocyst of interest. AntiLuc: IRES-puromycin-
polyA cassette flanked by FRT sites in Rosa26 locus in reverse orientation, suitable for RMCE. 
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As this RMCE system is coupled to a promoter–trap neomycine resistance gene, it allows 
efficient and fast targeting to a safe locus with reliable constant expression. New Zeb2-/- 
ESCells with an RMCE dockingsite in the Rosa26 locus (AntiLuc AL; luciferase in the reverse 
direction and puromycin resistance gene flanked by heterotypic Frt sites) were aquired by 
performing timed matings of suitable mice lines (Figure 23), obtaining E3,5 blastocysts and 
deriving the cells with pluripotin in the culture medium. This procedure was repeated 3 
times. In total 15 outgrowths could be further propagated. Out of these, we could identify 
10 that carried the Rosa26-Antiluc transgene and were further expanded and tested for 
Ebies formation abilities. Although there seem to be a lot of variation in the ability to form 
hemoglobin-positive Ebies between these 10 clones, only one was was completely negative 
for hemoglobin (Figure 24) and was confirmed by genotyping to be Zeb2-/-, Rosa26-
Antiluctg/+. In addition this clone was able to grow in puromycin-containing medium (Table 
4). Nevertheless, the quality of this clone was questionable as it grew very slow and a lot of 
cell death was detected after every passage. Therefore the cells were further cultured in the 
KOSR+2i medium for 2 weeks and frozen in the liquid nitrogen to preserve the culture for 
the future.  

 

Ordinal 
number Rosa26 Zeb2 

Erythroid 
formation in 

EB 

RMCE-
suitable 

Survival on 
Puromycin 

1-5 tg/+ WT +++ ND ND 

1-10 tg/+ Het + ND ND 

2-1 tg/+ Het ++ ND ND 

2-4 tg/+ WT ++ ND ND 

2-5 tg/+ WT + ND ND 

2-6 tg/+ KO — YES YES 

2-8 tg/+ Het + ND ND 

2-9 tg/+ WT + ND ND 

2-10 tg/+ Het +++ ND ND 

2-11 tg/+ WT + ND ND 

Table 4. Genotyping and EB Formation Results on ESCells. 
Newly derived ESCells were genotyped for Zeb2 and Rosa26 loci. Zeb2 KO cells did not form any RBC upon 
Embryoid Body formation (EB). Only the cells that contain the AntiLuc cassette will survive on puromycin. ND: 
non-determined.  
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Figure 24. Embryoid Bodies. 
ESCells were left to differentiate in IMDM Medium to look at hematopoietic tissue formation. RBC (seen as red) 
are formed by the ESCells but not by the Zeb2 KO cells (clone 2-6).  

In the next step, an RMCE experiment was performed on these newly derived Zeb2-/- 
Rosa26-AL ESCells. The cells were cotransfected with a Zeb2-encoding plasmid and an Flpe 
expressing plasmid. This approach was taken to further study the effect of restoration of 
Zeb2 expression on cellular differentiation by culturing Embryoid Bodies. Apart from the 
cDNA, Zeb2 plasmid contained an IRES-EGFP sequence and a PGK promoter with an ATG 
codon. All was flanked by heterotypic FRT sites. So only when the Zeb2 cDNA is targeted 
correctly via a Flpe mediated exchange in the Rosa26 locus, the promoter-less neomycin gets 
restored and functional (Figure 25).  

Unfortunately after the transfection, we could not observe any colony after 10 days of 
neomycin selection. We could not rule out that this was due to a drastic phenotype upon 
Zeb2 ubiquitous expression from the Rosa26 locus. Therefore, we have decided to transfect 
the cells again but this time with a doxycyclin-inducible system (Figure 26). The targeting 
vector was obtained through MultiSite Gateway™ (Invitrogen) recombination and a 
subcloning step in E.coli. Positive plasmid DNA was selected by a control digestion with EcoRI 
(Figure 27). Zeb2 WT cDNA was placed under the control of tetracycline-responsive elements 
and with doxycyclin supplementation in the growth medium we could upregulate Zeb2 
expression. Cells were also transfected with two LacZ plasmids as means of a positive 
control. 

Only one colony of the cells transfected with dox-inducible Zeb2 and one from dox-inducible 
LacZ system were detected after 14 days of neomycin selection. These two clones were 
picked but unfortunately they stopped growing after picking and no proper analysis 
(genotyping, qRT-PCR and EBies formation) could be done on these clones. 
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Figure 25. RMCE reaction in AntiLuc Zeb2 KO ESCells mediated by Flpe recombinase. 
Zeb2 KO ESCells contain an AntiLuc cassette in the Rosa26 locus. AntiLuc cassette is composed of luciferase  
and puromycin ORFs in a reverse direction and it is flanked by two heterotypic FRT sites. When ESCells are 
transfected with an RMCE-compatible vector and Flpe-encoding plasmid, Flpe will perform the cassette 
exchange in the host genome. As a result, ESCells regain Zeb2 expression, become neomycin resistant and 
puromycin sensitive. The expression of EGFP marker gene facilitates identification of positive ESC clones. IRES: 
internal ribosome entry site, Neo: neomycin; pA: poliadenylation tail; Ins: insulator; PGK: phosphoglycerate 
kinase promoter. Based on Lieven Haenebalcke and co-workers manuscript “Generation and use of a Rosa26-
based conditional and inducible (COIN) ES/iPS cell system to study cellular reprogramming and gene function 
during lineage-directed differentiation”. 
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Figure 26. Multisite Gateway™ recombination and RMCE reaction. 
Three entry vectors were recombined together using Multisite Gateway™ system (Invitrogen) that is based on 
E.coli phage λ recombination events. The destination vector that contains a doxycyclin-inducible system for 
Zeb2 expression, an IRES for luciferase and puromycin genes was inserted into the targeting vector using LR 
clonase enzyme (Invitrogen). Suitable E.coli strain was transformd with the targeting vector, plasmid DNA was 
extracted, control digested and transfected into Zeb2 AntiLuc ESCells together with a Flpe-encoding plasmid. 
Flpe drives the RMCE reaction in ESCell Rosa26 locus. Transfected cells are insensitive to puromycin and 
neomycin. ESCells express Zeb2, EGFP and luciferase only upon doxycylin supplementation. IRES: internal 
ribosome entry site, Neo: neomycin; pA: poliadenylation tail; Ins: insulator; PGK: phosphoglycerate kinase 
promoter. Based on Lieven Haenebalcke and co-workers manuscript. 



  Part 3: Results 

41 

 

  

Figure 27. Zeb2 KO ESCell transfections. 
A. PCR for Rosa26 AntiLuc on ESC genomic DNA revealed that clone 2-6 indeed contains the Rosa26 AL cassette 
(AL, red arrow), WT control. Promega BenchTop 100bp DNA ladder. B. EcoRI digestion on isolated DNA from 
E.coli revealed that 5 on 6 colonies contain a correct doxycyclin-inducible Zeb2 construct. Promega 1kb DNA 
Ladder. B: blank  
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3.4. Side project: Nkx2.1 and Mef2c genes 

Apart from my main Master Thesis project I have also took part in the experiments of my 
supervisor that focused on the role of Nkx2-1 and Mef2c and their implication in the T-Cell 
Acute Lymphoblastic Leukemia. These two genes were recently reported to be upregulated 
in two subtypes of this neoplasia (Homminga et al, 2011). Nkx2-1 is also known as thyroid 
transcription factor 1 and it is a homeobox protein involved in lung development. Mef2c is 
transcription factor of MADS-box family. It is essential for proper skeletal muscle 
development and lymphoid differentiation. 

The goal of this project is to make novel conditional Rosa26-based overexpression mouse 
models for these two genes to further investigate their role in leukemia formation in vivo. 
Two approaches were used to target the cDNAs to the mouse Rosa26 locus: via homologous 
recombination in wildtype G4 ES cells as described previously (Nyabi et al, 2009) or via 
recombination-mediated cassette exchange in ES cells with a RMCE dockingsite. After 
electroporation, the ES cells were grown on G418 containing medium and all neomycin 
resistant colonies were picked and expanded. DNA was extracted from the picked clones to 
verify the correct recombination event by means of PCR.  

For homologeous recombination approach, from the picked Nkx2-1 isolated colonies none 
were positive on PCR screening. Two Mef2c clones gave a positive result which was further 
confirmed by a second PCR (correct band size 1,3kb) (Figure 28). From RMCE experiment, 1 
on 4 of the Mef2c transfected clones was correct and 5 on 6 from the Nkx2-1 transfected 
ones (Figure 28). Southern blotting needs to be performed to confirm correct recombination 
into the Rosa26 locus and single integration before transgenic animals can be made of these 
ESCells

Figure 28. PCR verification of HR- and RMCE-targeted ESCells. 
Left: out of 46 analyzed clones, only two for Mef2c were positive from HR. None was positive for the Nkx2-1 
(Promega 1kb Ladder). These two clones were verified by second PCR (top right). Ctr: positive control. Ctr2 
gave a very weak band (BenchTop 100bp Promega DNA Ladder). Bottom right: from RMCE approach 
transfection with Mef2c gave one positive result (1) and Nkx2-1 gave 5 positive results (1 to 5) (BenchTop 
100bp Promega DNA Ladder).  
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Part 4:  Discussion 
In the Vascular Cell Biology Unit we are investigating the role of Zeb2 in hematopoiesis and 
HSC function in vivo. From a recent study it was shown that Zeb2 is highly expressed in the 
stem cells and progenitor cells of the hematopoietic system. Via a conditional loss-of-
function approach it was demonstrated that Zeb2 is not necessary for the initial formation of 
the HSC in the AGM but Zeb2 expression appears to be critical for HS/PC differentiation and 
in addition for their homing, adhesion in the fetal liver and their mobilization (Goossens et 
al., 2011). A drastic increase of CXCR4 expression was observed in isolated Zeb2 null HS/PCs. 
As the Sdf-1α/CXCR4 axis has been published before to be essential for proper HSC 
mobilization and homing in the adult, it was hypothesized that these increased CXCR4 mRNA 
levels may be as well involved in the embryonic lethality of the Zeb2 conditional knockouts. 
It is possible that due to increased CXCR4 levels the Zeb2 null HSC/HPCs are oversensitive to 
the low Sdf1α levels in the fetal liver and that is why they retain there and do not enter the 
circulation. Decreased amounts of circulating HPCs may cause a drop in important 
angiogenic factors like Ang1 and result in vascular leakage which is believed to be the reason 
of the early lethality of the Zeb2-/Tie2-cre embryos. The main goal of this thesis was to further 
investigate the role of the increased CXCR4 expression in the Zeb2 knockout phenotype.  

5.1. Rescue of Zeb2 Knockout Phenotype with AMD3100 

AMD3100 is a selective synthetic antagonist of CXCR4 that prevents binding of Sdf-1α to its 
receptor. So by in vivo administration of AMD3100 we could functionally block the high 
levels of CXCR4 on the Zeb2 null HS/PCs and this allowed us to investigate its role in the 
observed embryonic lethality and mobilization defects.  

Indeed upon AMD3100 administration the latency of the embryonic lethality was clearly 
shifted and at E12,5 no bleeding phenotype could be observed. However even with 
AMD3100 administration we did still observe some bleedings but at the later developmental 
stages. This could be explained by the fact that AMD3100 has a halftime of only a few hours 
(6 hours in human, Liles et al., 2003) so its concentrations in an organism fluctuated and by 
injecting this drug only twice daily it is not possible to fully rescue the hemorrhages. 
AMD3100 cannot be supplemented in food as it is not bioavailable per os (oral bioavailability 
in rats 3,9%, Hendrix et al., 2000). Maybe if the drug was injected 3 times per day (morning, 
early afternoon, evening) we would have managed to fully rescue the cephalic bleedings. In 
addition, as we administrate the AMD3100 via intraperitoneal injection into the pregnant 
dam, we have no idea how much of this small compound is reaching the embryos, and 
whether it can pass well through the placental barrier. Interindividual variability in HS/PC 
mobilization was reported and this fact could also influence the results of our experiment 
(Broxmeyer et al., 2005). An alternative to study the effect of Zeb2 and CXCR4 on the 
process of hematopoiesis would be to cross our Zeb2 conditional knockout mice to the 
previously published CXCR4fl/fl mice. In this way we could study the effects of conditional loss 
of CXCR4 in the context of the Zeb2 deficient mice. The CXCR4fl/fl mice are available in 
Jackson Laboratories (http://www.jax.org/). Although this alternative genetic approach 
would be more reproducible, it will be as well much more time-consuming and expensive. 

As seen by yolk sac β-galactosidase stainings there was some unexpected low cre 
recombination activity in the Tie2-cre line: a low percentage of the cre positive embryos 
gave weak but specific stainings. These embryos were not included into our further analysis, 



  Part 4: Discussion 

44 

 

but the variable cre activity may explain some of the variability in the FACS and qRT-PCR 
results. 

Because Zeb2 null HSCs show elevated expression of CXCR4 they become oversensitive to 
the lower levels of Sdf-1α. The endothelium is the major source of this potent chemokine 
within the fetal liver, this can explain why the CD45+ hematopoietic cells within the 
conditional Zeb2 knockouts show clustering and increased adhesive properties specifically 
around the major vessels. Using immunohistochemistry with a pan-hematopoietic marker 
staining we could show that upon AMD3100 administration the clustering was partially 
rescued. In addition, we have also observed higher numbers of HSCs on fetal liver sections of 
Zeb2-/- embryos when compared with wild type controls. This may be explained by the fact 
that Zeb2 null HSCs are unable to differentiate in mature blood cells and may be by 
increasing the numbers of those cells embryo tries compensate for the differentiation block. 
A FACS experiment to quantify HPCs in the cell suspension from a fetal liver homogenate 
could confirm this observation. 

CXCR4 is suspected to affect HS/PC mobility but not their differentiation. An in vitro 
differentiation assay into various HC lineages (erythroid, megakaryocyte, 
granulocyte/monocyte) of HSCs isolated from fetal livers of AMD3100-treated embryos 
versus the non-treated control group could back up this hypothesis.  

It was proposed that because of the increased clustering and adhesive properties in the fetal 
liver, Zeb2 null HS/PCs remain in the fetal liver and are unable to enter circulation. Zeb2 
conditional knockout mice show drastic decreases in Lin-cKit+ HPCs in the peripheral blood 
as quantified by FACS analysis. Again, AMD3100 administration partially rescued this 
decrease and caused a significant transient egression of HS/PCs from fetal liver into the 
circulation. Nevertheless, we do not observe a complete restoration of HSC count in the 
peripheral blood when compared to the wild type controls. Interestingly, administration of 
AMD3100 did not change the numbers of circulating HS/PCs in wildtype control embryos. As 
it was shown previously, at midgestation there is another factor that is responsible for the 
HSC homing to the fetal liver together aside from CXCR4, namely c-kit ligand (also known as 
a Stem Cell Factor or Steel Factor) (Christensen et al., 2004). During that early stage of 
hematopoietic development (E12,5-E13,5) mainly SCF signaling plays the most crucial role in 
the mobilization and proper homing of HS/PCs in the fetal liver. Nevertheless via transwell 
migration assays it was shown that CXCR4 has an additive effect already at these early 
stages. In contrast, at later stages of embryonic development and especially during the bone 
marrow homing CXCR4 dominates. This explains why both Sdf-1α and CXCR4 knockout mice 
only die around birth due to improper bone marrow homing and no defects in fetal liver 
homer were observed in these mice. 

During midgestation circulating HCs are a major source of angiogenic factors such as 
Angiopoietin 1 (Ang1) (Takakura, Watanabe, Suenobu et al., 2000). It was suggested that 
because Zeb2 KO cells get stuck in the fetal liver they are scarce in the peripheral blood (as 
shown above by FACS) and therefore the levels of these essential angiogenic factor in the 
circulation drop significantly as well. Lack of Angiopoietin 1, in turn, does not mediate 
pericyte recruitment and microvasculature maturation what may be the cause the observed 
cephalic bleedings. When AMD3100 is administered, more Zeb2 null HSCs are circulating in 
the blood which do secrete this important growth factor. In a preliminary experiment, we 
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analyzed the Ang1 mRNA expression levels in the heads of Zeb2 knockout embryos with and 
without AMD3100 treatment and compaired them to control littermates (experiment done 
on n=3 samples of each genotype). There is a clear trend that also the Ang1 levels are 
rescued upon AMD3100 administration. Nevertheless, more embryos will need to be 
performed to reach a significant result.  

Pericyte coverage on cephalic vasculature also could have been visualized to confirm our 
suspicion. For this experiment, embryo heads should be sectioned and stained for pericytes 
(e.g. for desmin) and for endothelial cells (CD31). If the hypothesis is true, in this manner we 
could see the rescue in microvasculature maturation between the knockouts and controls in 
the case of AMD3100 administration.  

If we have generated another transgenic mouse line, a Vav-icre line where Zeb2 would be 
conditionally knocked out from adult HC only , we could have verified the influence of Zeb2 
on hematopoietic cellular mobility and differentiation. If the phenotypes of Vav-icre and 
Tie2-cre lines were similar, we could confirm our assumptions. The drawback is that this 
experimental setup is time- and labour-consuming. What is more, the cre recombination 
efficiency is suspected to be non-uniform in this line, as reported previously (He et al., 2008). 

In conclusion, our results show that Zeb2 is indispensable for definite hematopoiesis and its 
lack has severe effects on a developing embryo. By use of a specific antagonist we could 
show that CXCR4 is an important downstream target of Zeb2 in vivo. Expression of Zeb2 in 
fetal liver HS/PCs may be indispensable for keeping the CXCR4 expression levels low enough 
so they can enter the circulation and still sense the Sdf-1 gradient to migrate and home the 
bone marrow niche.  

5.2. Influence of Zeb2 on CXCR4 repression 

CXCR4 is expressed in a variety of cells such as different leukocyte subsets, HPCs, neurons, 
endothelial and epithelial cells of colon crypt and surface enterocytes or epithelial cells of 
the small intestine. (Juarez & Bendall, 2004) (Ma et al, 1998). It is responsible not only for 
cell trafficking but it also drives stem cell migration processes in a developing and in an adult 
organism. In addition a role for CXCR4 is been suggested in cancer progression and 
metastasis as it was found to mediate the migration and metastasis of prostate cancer cells 
guided by SLUG overexpression (Uygur and Wu, 2011). So it is important that the levels of 
CXCR4 are tightly controlled as this influences the sensitivity of these cells to the gradient 
levels of Sdf-1α within an embryo or an organ. 

From our above mentioned results we can conclude that CXCR4 is an important downstream 
target of Zeb2 in HS/PCs. The question remains whether it is a direct or an indirect target. 
Therefore we performed an in silico analysis of the CXCR4 locus to identify putative Zeb 
binding sites. Computed analysis with ConTra 2 revealed a bipartite E/Z-box (CACCTG/ 
CAGGTG) binding site in the intron separated by short nucleotide matching a perfect and 
conserved putative Zeb binding site (Gheldof et al., 2012). 

To test whether Zeb2 actually is able to bind a CXCR4 regulatory sequence, a ChIP 
experiment was performed using two antibodies (a polyclonal and a monoclonal) specifically 
recognizing Zeb2. A preliminary experiment results was promising. However, they were only 
performed on one sample and the DNA fragments were above the optimal size (which is 
around 300bp). The latter probably perturbed the whole experiment. But even though, we 
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could show an enrichment in CXCR4 amplification compared to the background. Either way, 
the experiment needed to be repeated on more samples and with better DNA 
fragmentation. The second time sonication gave DNA fragments of 100-300bp long which is 
slightly below the optimimal size. Only one out of five samples showed that Zeb2 directly 
binds to the E-boxes discovered in the intron of CXCR4. Probably because of the very small 
DNA fragments, E-boxes were fragmented during the sonication and the bipartite motif that 
Zeb2 recognizes was lost. qPCR variation between the triplicates most likely has also affected 
the result. ChIP experiment needs to be repeated again on new samples with different 
sonication strategy. 

As an alternative to ChIP, luciferase promoter assay could also show the effects of Zeb2 
expression on the CXCR4 promotor activity. By cloning CXCR4 promoter in front of luciferase 
ORF in a suitable plasmid and transfecting it into a mammalian cell line that overexpresses 
Zeb2 we should see a drop in luciferase activity measured on a luminometer when 
compared to a control (e.g. a control could be a CXCR4 promoter sequence without the 
presumed E-box sequences or in the same cell line but without Zeb2 overexpression). 
However, luciferase assay is more artificial than ChIP as it occurs in an engineered cell 
culture and ChIP is done on a samples obtained from animals. 

5.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells 

A second aim was to optimize an in vitro ESCell differentiation assay to perform 
structure/function analysis and further investigate the role of Zeb2 in hematopoietic 
differentiation.  

ESCells with a knocked-out Zeb2 and an RMCE dockingsite within the Rosa26 locus (Rosa26-
AntiLuc cassette) were derived from E3,5 blastocysts. Pluripotin-based protocol described by 
Pieters et al., 2011 was followed. Pluripotin is a small synthetic molecule that acts through 
dual inhibition of Ras-GAP and ERK1 (Chen et al., 2006) and it sustains the pluripotency of 
murine ESCells even in the absence of LIF. However, elevated concentration of this 
compound have been reported to negatively influence karyotype of the cultured cells 
(Pieters et al., 2011). Although we used a low concentration of the pluripotin, it may explain 
the poor quality of some of our newly derived ESCell clones and vast variation in their ability 
to form nice embryoid bodies with clear signs of erythropoies and hemoglobin.   

We obtained only one Zeb2 null ES cell line with Rosa26 dockingsite and tried an RMCE 
reaction to rescue the hematopoietic differentiation block by introducing Zeb2 expression 
from the Rosa26 locus. Unfortunately, no colonies were observed after neomycin selection. 
Initially we tought this may be due to a sudden Zeb2 expression resulting in a sudden 
downregulation of E-cadherin occurred and cells detached from the layer and were lost 
during the medium exchange. Therefore in a second RMCE experiment we used a 
doxycyclin-inducible approach. But again, only very few colonies survived the neomycin 
selection and after picking the clones ceased growing. As a positive control for the RMCE 
reaction we included LacZ-expressing plasmids and also there we could not obtain targeted 
clones after RMCE which suggests that probably the quality of the parental clone is not good 
enough.  

In order to enhance the growth conditions we have cultured the cells in KOSR medium with 
two inhibitors: the mitogen-activated protein kinase inhibitor and the glycogen synthase 
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kinase-3 inhibitor. Cells formed proper, well-shaped colonies but their growth was slower 
when compared to the standard Full ESCell Medium. This long time in culture and growth 
under harsh conditions, such as puromycin selection, may have also influenced the genetic 
stability of the cells and may have caused excessive cell death even of the positive clones. 
Unfortunately, it did not help to increase the targeting efficiency.  

As an alternative approach, we can derive pluripotent cells via iPS cell technology and 
perform the same experiment on those. Recently in the Vascular Cell Biology Unit a new 
conditional inducible and exchangeable iPS mouse model was developed. This approach is 
based on iPS cell generation through Rosa26 locus (manuscript by Lieven Haenebalcke and 
co-workers entitled “Generation and use of a Rosa26-based conditional and inducible (COIN) 
ES/iPS cell system to study cellular reprogramming and gene function during lineage-
directed differentiation”). OSKM reprogramming factors (Oct4, Sox2, Klf4, c-Myc) are 
expressed from this locus in a conditional and inducible manner. After cellular 
reprogramming those factors can be replaced by other genes, such as Zeb2. The constructs 
to target the host genome for cassette exchange could stay the same as they were designed 
in this . This approach seems very efficient, potent and suitable for studying Zeb2 phenotype 
as Ebies with high hemoglobin content could also be derived. 
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Part 5:  Materials and Methods 

5.1. Rescue of Zeb2 Knockout phenotype with AMD3100 

Mice breeding 

The generation of conditional Zeb2 loss was described previously (Higashi et al, 2002), as 
well as the Tie2cre transgenic mice (Kisanuki et al, 2001). To achieve high penetrance of the 
phenotype, we intercrossed heterozygote conventional mutants (-/+) with the conditional 
(fl/fl) strain. Tie2cretg/- males were crossed with Zeb2fl/fl R26-LacZtg/tg females, yielding 
control Zeb2+/fl, heterozygote Zeb2-/fl, or Zeb2+/Δcre(LacZ+) and knockout Zeb2-/ΔCre(LacZ+) 
embryos. Mice were maintained in a mix outbred background. All experiments were 
approved by the Ghent University Animal Ethical Committee and I have successfully 
completed two consecutive courses in the Laboratory Animal Science.  

Genotyping PCR 

Samples from each animal in the breeding colony during the numbering of young mice pups 
and from each analyzed embryo were collected and lyzed in Lysis Buffer that contained 
Proteinase K (25μl/ml; Gibco BRL cat. no. 25530-031). Samples were incubated overnight at 
55oC, heat-shocked the next day (10 minutes at 95oC, gentle shaking) and served as a 
template for Zeb2/cre/Rosa26 genotyping PCRs with GoTaq® Green Master Mix by Promega 
(M7112). After PCR, amplicons were analyzed by means of electrophoresis on 2% agarose gel 
in TAE buffer with 7μl of loaded samples and 100bp Promega BenchTop DNA Ladder (cat. no. 
G8291). Primers and expected amplicon sizes are represented in Table 5. 
 

 Primers Bands 

Rosa26 5’: AAAGTCGCTCTGAGTTGTTAT 
3’: GGAGCGGGAGAAATGGATATG 
Mut3’:GCGAAGAGTTTGTCCTCAACC 

Mutant   250bp 
WT          550bp 

Zeb2 Int6Fd:GAACTAGTTGAATTGGTAGAATCAATGGGG 
Int6Rv:GTAAAGGCTCTCTACGCCTTTTTCAGTTAG 
Int7Fd:AAGCATGTCGGTAAGCTGACCAACTACTAG 

Floxed    350bp 
WT         190bp  
KO          280bp 

cre 5’: ATGTCCAATTTACTGACCG 
3’: CGCCGCATAACCAGTGAAAC 

Mutant  250-300bp 

Table 5. Primer sequences and expected band sizes. 

AMD3100 administration 

AMD3100 (Sigma Aldrich, A5602-5MG; powder of 5mg) was dissolved in fresh sterile PBS 
into a dosage of 10mg/kg body weight and administered intraperitoneally (200µl) into 
pregnant females twice daily (morning and evening) starting from E10,5. The day of 
dissection a single injection was given one hour before females were euthanized and 
embryos were collected. 
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β-Galactosidase staining 

X-gal staining was performed on yolk sacs. Tissue was fixed in 4% paraformaldehyde for 30 
minutes at 4oC, washed 3 times with PBS, washed twice with LacZ Washing Buffer and 
stained overnight for LacZ activity at 37oC. 

Flow cytometry analysis 

Peripheral blood was collected in FACS Buffer by disrupting the umbilical cord. Blood cells 
were first stained for 30 minutes on ice with lineage-specific biotin-conjugated antibody 
cocktail (2-3 μl/sample in FACS Buffer of each antibody): anti-mouse CD45R 
(eBioscience.com cat. no. 13045275), anti-mouse CD11b (eBioscience.com cat. no. 
13011275), anti-mouse CD3e (eBioscience.com cat. no. 13003175), anti-mouse Ter119 (Ly-
76; eBioscience.com cat. no. 13592175) and anti-mouse Ly-6G (Gr-1; eBioscience.com cat. 
no. 13593175). Unbound antibodies were washed away in two centrifugation steps with 
FACS Buffer. Cells were then stained with Streptavidin-PE in the dilution of 1:200 (BD 
Pharmingen cat. no. 554061) and rat anti-Mouse CD117-APC.H7 (c-Kit) in the dilution of 
1:100 (BD Pharmingen cat. no. 560185). Unbound molecules were washed away in one 
centrifugation step, cells were resuspended in 200µl FACS Buffer and analyzed on FACS 
machine. FACS analysis was performed on LSRII (BD Biosciences) with help from Pieter 
Bogaert. 

qRT-PCR 

Heads were collected from E12,5 embryos and snap frozed in liquid nitrogen, then stored at 
-80oC. Whole RNA was isolated using QIAGenRNeasyPlus Mini Kit. RNA was reverse 
transcribed with Roche Transcriptor High Fidelity Kit and oligo(dT)18 primer starting from 
equal amount of the RNA. qPCR was performed using LightCycler® 480 DNA SYBR Green I 
Master Kit and on LighCycler®480 (Roche). Primers were used for Angiopoietin-1 (Forward: 
5’-CACATAGGGTGCAGCAACCA-3’ ; Reverse:  5’-CGTCGTGTTCTGGAAGAATGA-3’), 
Angiopoietin-2 (Forward: 5’-CCTCGACTACGACGACTCAGT-3’ ; Reverse: 5’-
TCTGCACCACATTCTGTTGGA-3’), Tie2 (Forward: 5’-GAGTCAGCTTGCTCCTTTATGG-3’ ; 
Reverse: 5’-AGACACAAGAGGTAGGGAATTGA-3’), Tie1 (Forward: 5’-
TTTTCTTGGCCTCTCATGTTGG-3’ ; Reverse: 5’-CGCACGATGCGATCATCCTT-3’). Gene 
expression was normalized according to two household genes: β-actin and GAPDH (Forward: 
5’-AGTGTGACGTTGACATCCGTA-3’ ; Reverse: 5’-GCCAGAGCAGTAATCTCCTTCT-3’ and 
Forward 5’-AGGTTGTCTCCTGCGACTTCA-3’ ; Reverse 5’-GGTGGTCCAGGGTTTCTTACTC-3’, 
respectively). Data was analyzed with a qBase programme (DMBR-VIB) with the help of 
Lieven Haenebalcke. 

Immunohistochemistry on Fetal Livers 

Embryo bodies were fixed overnight at 4oC in 4% paraformaldehyde. The next day fetal livers 
were dissected and fixed for an additional hour, washed in PBS, processed for paraffin 
embedding, sectioned (5µm) and stained with hematoxylin/eosin, anti-CD31 and anti-CD45 
antibodies. For both antibody stainings TSA kit by PerkinElmer, Renaissance® TSA™ Biotin 
System Tyramide Signal Amplification (cat.no. NEL700) was used. For CD31, rat anti-mouse 
monoclonal antibody (1:50; BD Pharmingen, cat no. 550274) was used. Secondary antibody 
was biotin-conjugated goat anti-rat Ig specific polyclonal antibody from BD Pharmingen 



  Part 5:  Materials and Methods 

51 

 

(1:100; cat no. 559286). Signal was developed with streptavidin-conjugated peroxidase 
(1:100; TSA Kit) and with DAB method (Vector Laboratories, Peroxidase Substrate Kit DAB, 
SK-4100). Sections were then counterstained with hematoxilin. For CD45, a rat anti-Mouse 
CD45 Monoclonal Antibody from BD Pharmingen™ (1:100; cat no. 550539) was used. As a 
secondary antibody served biotin-conjugated goat anti-rat Ig specific polyclonal antibody 
from BD Pharmingen (1:100; cat no. 559286). For signal visualization Streptavidin-
conjugated Alkaline Phosphatase (TSA Kit) in the dilution 1:100 and AP substrate (Vector 
Laboratories Kit, SK-5100) were employed. Pictures of tissue sections were taken under 
Olympus BX51 microscope with a PixeLink camera (PL-A662). 

5.2. Influence of Zeb2 on CXCR4 repression 

Chromatin Immunoprecipitation 

Long hind leg bones of wild type mice were collected, cleaned and bone marrow was 
flushed. Protein was cross-linked to the DNA with formaldehyde and the reaction was 
stopped with glycine. Cells were washed with ice-cold PBS with 1mM EDTA and protease 
inhibitor cocktail (PIC, Complete Mini EDTA-free Tablettes, Roche, 04693159001). After 
centrifugation, pellet was snap frozen at -20oC. The next day it was defrosted and lyzed for 
30 minutes on ice with Lysis Buffer with PMSF (1µl/ml of 500mM stock) and PIC (Complete 
Mini EDTA-free from Roche and PhosSTOP, Roche, cat. no. 04906837001). After spinning 
down, the isolated nuclei were resuspended in Sonication Buffer and sonicated in 5 cycles, 
10 minutes each, 30 seconds ON/ 30 seconds OFF. DNA fragments were pulled down using 
monoclonal and polyclonal antibodies that specifically recognize Zeb2 (the monoclonal 
antibody was a kind gift from prof. Berx, whereas the polyclonal one was a kind gift from 
prof. Huylebroeck) and A+G Sepharose beads (GE Healthcare). After DNA purification with 
Qiagen DNA Purification buffers, qPCR was performed using two independent sets of 
primers (Forward 1 : GGCTTGCCTTTAGGATCGTT, Reverse 1: CAAAAGGCTCAGGAAACCAC; 
Forward 2: GGACAGGAGGGCATGTTG, Reverse 2: TAAACACTGGGGCTCAGTCA). Also primers 
for 3 housekeeping genes were included in the analysis (Actin-β: Forward: 5’-
TGGGCCGTTAGCTAGTGTCT-3’, Reverse: 5’-CAGCTGTGGCTGCACATAAT-3’; GAPDH: Forward: 
5’-CTCCTGGCTTCTGTCTTTGG-3’, Reverse: 5’-TGGCGTAGCAATCTCCTTTT-3’; HMBS: Forward: 
5’-CCCCTCACCTGGCTATTTTA-3’, Reverse: 5’-GGACATAATGGAGGGCAAGA-3’). Roche 
LightCycler® 480 DNA SYBR Green I Master Kit and Roche LighCycler®480 were used. Data 
was analyzed with a qBase programme normalized to the three housekeeping genes with 
the help of Lieven Haenebalcke.. 

5.3. Study of Zeb2 Loss-of-Function on Murine Embryonic Stem Cells 

ESCell Derivation and Culture 

ESCells were derived from E3,5 blastocysts following the protocol based on pluripotin and 
described by (Pieters et al, 2011). To minimize chromosomal alterations the concentration of 
pluripotin was lowered to 2µM. Derived Zeb2 KO ESCells were grown in 2i KOSR medium 
(Gertsenstein et al., 2010). ESCells were always grown and manipulated at 37oC in 5% CO2 
on Mitomycin C-treated mouse embryonic fibroblasts (MEFs) in high-glucose Knockout 
DMEM (Invitrogen), supplemented with 15% ESCell-grade FBS (HyClone), 0.1mM 2-
mercaptophenol, 2mM L-glutamine, 1mM sodium pyruvate, 0.1mM non-essential amino 
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acids, 1:100 penicilin/streptomycin (Invitrogen, cat. no. 15140-122) and 2000 U/ml 
recombinant LIF (DMBR/VIB Protein Service facility).  

Embryoid Body Formation 

Before starting with embryoid body (EB) formation and hematopoietic differentiation, 
ESCells were feeder-depleted and grown for 24hr on gelatinized plates. Embryoid bodies 
were generated in suspension plates in IMDM medium (Invitrogen) supplemented with 15% 
FCS, 5% PFMHII (Invitrogen), 2mM L-glutamine (Invitrogen), 0.4mM MTG (Sigma), 50µg/ml 
ascorbic acid (Sigma) and 1:100 penicilin/streptomycin (Invitrogen, cat. no. 15140-122).  

ESCell Transfection 

Cells were transfected with Effectene® reagent Kit (Qiagen, cat. no. 301425) and following 
the manufacturer’s protocol. Upstream of the cDNA, vector contained IRES-EGFP cassette 
followed by PGK promoter and an ATG codon that when knocked-in the R26 locus drives 
neomycin-resistnace gene expression. Recombination cassettes were flanked with 
heterotypic FRT sites. After transfections, cells were kept under the neomycin and 
puromycin selection media (2µl/ml and 1,2µg/ml, respectively). 

MultiSite Gateway™-compatible Inducible System 

100ng of 3 Entry Vectors (attL4-rtTA-IRES-Puro-pA-TRE-attR1; attL1-cDNA-attL2; attR2-IRES-
EGFP-Luc-pA-attL3) were recombined and cloned into the destination vector (attR4-ccdB-
attR3) that contains Ampicilin-resistance gene and a PKG promoter directly upstream of an 
ATG codon with LR Clonase (Invitrogen, , 11797-020). Targeting pΔDV-COIN RMCE Zeb2WT 
vector was electroporated into electroporation-compatible E.coli cells with BioRad Pulse 
Controler Plus with 5µl of the DNA, 25mF and 2kV. Bacteria were incubated for 1 hour at 
37oC. Then agar plates with Ampicilin were inoculated with 50μl and 150μl of the 
transformed bacteria. Plates were incubated overnight at 37oC. The next day 6 colonies were 
picked to start a liquid culture and transferred to a master plate. DNA was extracted with 
Wizard®Plus SV Minipreps DNA Purification System by Promega and control digested with 
EcoRI restriction enzyme. Transfection of Zeb2-/- Rosa26 AntiLuc ESCells was performed 
using Effectene® Reagent (Qiagen). Transfected cells were grown under neomycin selection 
medium, whereas non-transfected controls under the puromycin selection medium (2µl/ml 
and 1µg/ml respectively). Resulting clones from the transfected ESCells were picked, 
trypsinized and transferred to a 96-well format over Mitomycin C-treated Feeder cell layer. 
Apart from transfection with Zeb2 WT cDNA, ESCells were also transfected with two LacZ 
plasmids: a monosite LacZ and a COIN LacZ (plasmids by courtesy of Lieven Haenebalcke). 
Genomic DNA of Zeb2-/- Rosa26 AntiLuc ESCells was extracted with Lysis Buffer and sodium 
chloride in cold 70% Ethanol. PCR was performed using GoTaq® Green Master Mix of 
Promega. 
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5.4. Side project: Nkx2.1 and Mef2c genes 

ESCells were electroporated with Mef2c and Nkx2-1 for homologous recombination in G4 
wildtype ESCells. The others were cotransfected with a Flpe expressing plasmid via 
Effectene® according to manufacturers protocol with Mef2c and Nkx2-1 for RMCE-
compatible vectors in G4 ESCells with a dockingsite in the Rosa26 locus . Picked clones were 
passaged over Mitomycin C-treated Feeders on a 96-well format and cultured under the 
neomycin selection until confluency. When the cells were confluent, the colonies were 
expanded on a bigger format. Cells were also passaged on a 96-well plate without Feeder 
cells so the DNA could be extracted by using cold sodium chloride in 70% ethanol. Extracted 
DNA served as a template for Rosa26 targeting PCR to screen for the correctly incorporated 
constructs. For the cells targeted by HR Qiagen Taq PCR Core Kit was used, for RMCE-
transfected clones GoTaq® Green Master Mix of Promega. Primer sequences are presented 
in Table 6.  

 Primers 

Rosa26 HR external 5’ ROSA26:  
5’-TAGGTAGGGGATCGGGACTCT-3’ 
3’ mutant ROSA26: 
5’-GCGAAGAGTTTGTCCTCAACC-3’ 

Rosa26 RMCE 5’ ROSA26:  
5’-AAAGTCGCTCTGAGTTGTTAT-3’ 
PGK reverse: 
5’-GGGAACTTCCTGACTAGGGG-3’ 

 
Table 6. Rosa26 HR and RMCE PCR Primers 
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Attachments 
Protocols for the Embryonic Stem Cell culture work 

Thawing Feeder Cells (Mouse Embryonic Fibroblasts) 

1 vial of frozen MEF cells is enough to seed 3x6-well plates 
1. Gellatinize wells with 0,1% gelatin (100mg in 100ml dH2O, autoclaved) 

a. Pipet max.2 ml of gelatin into each well 
b. Remove the gellatin with a vaccum pump 
c. Air dry the plates 

2. Prepare a 15-ml corning tube with 9 ml Feeder Medium 
3. Take out MEF vial from liquid nitrogen and thaw it shortly at 37oC until a small ice 

crystal remains 
4. Pipet the cells to the prepared 15-ml corning tube and spin down the cells at 1200 

rpm for 5 minutes 
5. Remove the supernatant with a vaccum pump 
6. Add 9 ml of MEF Medium and thoroughly resuspend the cell pellet 
7. Add 1,5 ml of fresh MEF Medium to each well of the three 6-well plates 
8. Seed out the MEFs over the gelatinized and dried plates using 0,5 ml of the cell 

suspension per each well of the three 6-well plates 
9. Gently shake the plates to ensure uniform cell distribution 

Mitomycin C Treatment of MEFs 

Before Feeder cells can be used for seeding ESCs, they growth must be stopped with 
Mitomycin C (Sigma, cat. no. M4287) 

1. When MEFs are becoming confluent remove the MEF Medium with a vacuum pump 
2. Add MEF Medium with Mitomycin C (dilution 1:100): 

a. 0,5 ml per well of a 6-well plate 
b. 150 μl per well of a 24-well plate 
c. 30 μl per well of a 96-well plate 

3. Incubate the cells for 3 hours at 37oC incubator 
4. Remove the medium with a vaccum pump 
5. Wash the cells once with PBS and then remove it with a vacuum pump 
6. Add MEF medium 
Such Feeder cells are ready for seeding out ESCs and must be used in culture within 10 
days time. 

ESCell Derivation from Blastocysts 

Based on “Efficient and User-friendly Pluripotin-based Derivation of Mouse Embryonic 
Stem Cells” by Pieters et al., 2011 

1. Set up timed mouse matings 
2. Prepare mitomycin C-treated MEFs on a 12-well plate one day before blastocysts are 

collected. 1 hour before the collection change the Feeder Medium to Serum-
Replacement Medium with Pluripotin (1:2000, Cayman Chemical, Ann Arbor, MI) 

3. At E3,5 sacrifice the female and dissect the uterus. Place it in 15ml corning with 5ml 
M2 medium (pre-warmed, Sigma Aldrich, St. Louis, MO) 

4. Under the laminar air flow place the uterus on a Petri dish with 5ml M2 medium 
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5. Cut the uterus in two and place the parts on a dish without any medium 
6. Using a bended needle and a syringe with 1ml M2 medium localize the oviduct and 

flush the uterus so the blastocysts flow out. Check for the embryos under the 
microscope 

7. Make 4 drops of M2 medium (approx.250µl) and transfer the blastocysts to each 
drop with a mouth pipet in  order to wash them 

8. Place one blastocyst per well of Mitomycin C-treated Feeders in SR medium 
9. Incubate the culture for 6 days at 37oC 
10. After 6 days refresh the medium under the microscope to make sure the outgrows 

are not washed away. Aspirate the medium with a pipet. Use SR Medium with 
Pluripotin 1:2000. From now on refresh the cells every 2-3 days until day 12 

11. When outgrows are big enough pick them with 10µl tip to a 96-well plate with PBS 
12. Add 50µl trypsin to each outgrowth and incubate 3 minutes at 37oC 
13. Add 100µl FBS-ESCell Medium to inactivate trypsin. Make a single cell suspensions by 

pipeting up and down 
14. Transfer the cells to a 96-well plate with Mytomicin C-treated Feeders in FBS-ESCell 

Medium 
15. The next day change the medium to SR-ESCell Medium. From now on refresh the 

culture on a daily basis 
16. After 1-2days of growth in SR-ESCell Medium cells can be passaged to a 24-well plate 

with Mitomycin C-treated Feeders 
17. For passaging over a 24-well format wash the cells with PBS and then add 30 μl 

trypsin and incubate for 3 min at 37°C. Then add 100 μl FBS-ESCell Medium to each 
well and pipet up and down to make a single-cell suspension. Transfer dissociated 
cells to 24-well Mitomycin-C-treated MEF plates. The next day switch to SR-ESCell 
Medium 

18. After 1-2 days cell lines can be passaged to 3 wells of a 24-well plate. To perform this, 
repeat step 17 but use 200 μl trypsin per well. Fill a plastic pipette with 6 ml MEF 
medium, dissociate ES cell colonies into single cells by pipetting, and transfer the cell 
suspension to a 15-ml centrifuge tube. Centrifuge 5 min at 1,000 rpm. Aspirate and 
discard the medium 

19. Resuspend the pellet in 3 ml FBS-ES cell medium and distribute into 3 wells of a 24-
well plate. Next day, change medium from FBS-ES to SR-ESCell Medium. Refresh the 
culture daily 

20. After 1-2 days in SR-ESCell Medium cells can be passaged to 6-well plate format. For 
that prepare Mitomycin C-treated Feeder on a 6-well plates (1 well/ES cell line) 

21. Repeat step 17 by adding 200 μl of trypsin to each well in the 24-well plate. Repeat 
step 19. Resuspend the pellet in 1 ml FBS-ESCell medium and plate it in a well of a 6-
well plate with MEFs and 1 ml of FBS-ESCell medium. Next day, change medium from 
FBS-ES to SR-ESCell Medium. Refresh the culture daily 

22. After 1–2 days of growth in SR-ESCell Medium three freezings can be made from one 
70% confluent well of a 6-well plate 

Thawing ESCs 

One vial of frozen ESCs is enough for one well of a 6-well plate. 
Use plates with Mitomycin-treated Feeders. 



 

63 

 

Follow the protocol for the Thawing of MEFs but instead of Feeder Medium use Full ESC 
medium. 

Passaging ESCs with Trypsin from a 6-well plate 

Prepare fresh Mitomycin-treated MEF culture and make sure the medium is changed from 
MEF Medium to Full ESC Medium 

1. Remove the medium from ESCs with vaccum pump 
2. Wash the cells with sterile PBS 

a. Add 2 ml of PBS per well 
b. Remove PBS with vaccum pump 

3. Add 0,5 ml trypsin per well and incubate the cells in 37oC for 5 minutes 
4. Add 1 ml of Full ESC medium to inactivate the enzyme 
5. Pipet up and down several times to make single cell suspension 
6. Split the suspension over the prepared feeders (usually in the dilution of 1:3 or 1:4) 

Passaging ESCells with Accutase 

For ESCs grown in KOSR+2i (Knockout Serum Replacement Medium by Invitrogen and 
supplemented with 2 inhibitors:the mitogen-activated protein kinase inhibitor and the 
glycogen synthase kinase-3 inhibitor) 

1. Remove KOSR+2i medium with vaccum pump 
2. Wash the cells with 3 ml PBS and remove it with vaccum pump 
3. Add 1 ml of accutase and incubate the cells for 6 minutes in 37oC CO2 incubator 
4. Make the colonies single cells using a P200 pipet 
5. Transfer everything to a 15ml corning tube with 5 ml PBS 
6. Wash the wells with 5 ml PBS and bring everything to the 15 ml tube from step 6. 
7. Spin down the cell suspension at 1000 rpm for 5 minutes 
8. Remove the supernatant with a vaccum pump 
9. Resuspend the pellet in 2 ml KOSR+2i Medium 
10. Remove the MEF medium from fromMitomicin-treated 6-well feeder plate and wash 

the wells twice with PBS to remove any traces of serum 
11. Plate ESCells on the 6-well feeder plate and shake gently 

Freezing ESCells from a 6-well plate 

1. Trypsinize the cells 
2. Bring the cell suspension to a 15-ml corning tube with 10 ml Full ESC Medium 
3. Spin down at 1200 rpm for 5 minutes 
4. Remove the supernatant 
5. Resuspend the pellet in 1 ml cold Freezing Medium and bring it to a Nunc® cryovial 
6. Place the vial in Nalgene isopropanol box and put it in a deep freezer 
7. After few days place the vials in liquid nitrogen 

Embryoid Body Formation 

1. Trypsinize the cells. Inactivate trypsin with IMDM Medium. Make a single cell 
suspension by pipetting up and down several times. 

2. Transfer the suspension into a 15ml corning with 10ml differentiation medium 
3. Spin down for 5 minutes at 1200rpm 



 

64 

 

4. Dilute the cells 1:5, 1:10, 1:20 in volume of 10ml on Petri dishes (sterile, for bacteria 
culture) 

Single-drop Embryoid Body Formation 

1. Follow the protocol for normal EB Formation 
 Take 100µl of each suspension and add 200µl of fresh IMDM Medium (1:3) 
 Take 100µl of each suspension and add 500µl of fresh IMDM Medium (1:6) 

2. Distribute 25µl drops of each dilution per well of a suitable multi-well plate  
3. Turn the plate upside down, place the plate in a Petri dish with some PBS (for the 

moist) 

Protocols from “Manual for mouse embryonic stem (ES) cell culture and transfection” by 
LievenHaenebalcke and Michael Naessens, Edition 2009, DMBR-VIB Gent: 

Freezing ESCells from a 96-well plate 

1. Remove the medium with vaccum pump 
2. Wash the wells with PBS (100µl/well) and remove it with vaccum pump 
3. Add 30µl/well trypsin 
4. Incubate the plate 5 minutes at 37oC 
5. Add 70µl/well ESC Medium (never freeze the cells in selection medium) 
6. Pipet up and down to make a single cell suspension 
7. Add 100µl/well of cold 2x Freezing Medium and mix 
8. Wrap the plate in aluminum foil and freeze at -80oC 

Plates can be stored at -80oC for a couple of months. After this time the survival of cells is 
reduced. 

Transfection using Effectene® for RMCE 

Effectene® (Qiagen, cat. no. 301425) is a tranfection reagent that can be used in the 
presence of serum in the medium, which makes it highly suitable for primary cells or 
sensitive cell lines such as ES cells.  
Total amount of DNA for transfection is 1 μg. Cells must always be co-transfected with Flpe 
plasmid for the RMCE event to occur. 

1. Split RMCE-compatible ESCs on gelatinized 6-well plate without Feeders 
 the following day ESCs should be ± 40% confluent 

2. The next day dilute 1 g DNA in EC Buffer (Qiagen kit) to the total volume of 150 l 
3. Add 8 L Enhancer and shake gently 
4. Incubate at room temperature (15-25°C) for 2-5 minutes 
5. Add 25 L Effectene® Transfection Reagent and mix by pipetting up and down 5 

times 
6. Incubate the DNA mix for 5-10 minutes at room temperature to allow transfection 

complex formation 
a. During this time, gently aspirate the growth medium from the plate 
b. Wash cells once with 2 ml PBS 
c. Add 1,6ml fresh Full ESC Medium to the cells  
d. The medium can contain serum and antibiotics 

7. Add 0,6ml Full ESC Medium to the eppendorf tube that contains the transfection 
complex. Mix by pipetting up and down twice and immediately add the transfection 
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complex drop-wise onto the cells in the 6-well plate. Gently swirl to ensure uniform 
distribution of the transfection complex 

8. Incubate the transfected cells overnight at 37oC 
The transfected cells should be grown 48 hours under the normal growth conditions before 
applying any selection media. 
When the selection starts, split the ESCs unto a 10 cm dish with Mitomycin-treated Feeders. 

Clone picking 

After 7-8 days of the selection on 10cm dish, transfected ESC clones should be ready for 
picking. 

1. Add 30 µl/well PBS to a V-shaped 96 well plate 
2. Remove the medium from 10 cm plates with the ESC clones 
3. Wash once with 10 ml fresh PBS and then add 10 ml fresh PBS 
4. Set pipet to 10 µl and pick 96 (electroporation) or 12 (RMCE) colonies 
5. Add 50 µl/well trypsin and incubate 5 minutes at 37oC 
6. Add 100 µl/well G418 medium and mix well to make single cell suspension 
7. Transfer to a 96-well plate with Mitomycin-treated Feeders, containing 100 l/well 

G418 medium 
8. Grow until confluency and then continue with clone expansion 

Clone Expansion 

When ESCs are confluent, split them 1:4 onto 4 x 96 well plates with Mitomycin-treated 
Feeders. 
1. Remove medium with vaccum pump and wash cells with 100 µl PBS 
2. Add 30µl/well trypsin and incubate 5 minutes at 37oC 
3. Add 120µl G418 medium and mix to make single cell suspension 
4. Split the cells over 4 plates and add 70µl/well G418 medium to reach the final volume of 

100 µl 
5. The next day lyse 1 plate but grow the others to confluency 

 Freeze 2 plates 
 Expand from the other plate the positive clones to a 24 well plate 

 Remove medium 
 Wash with 100 µl PBS 
 Add 30 µl trypsin and incubate 5 minutes at 37oC 
 Add 120 µl G418 medium and mix to make single cell suspension 
 Transfer one by one to the 24 wells with Feeders 
 Carefully shake the plate to spread the cells 

 Grow until confluent 
 Split to a 6 well and a 24 well 

 Remove the medium from the plate 
 Wash with 500 µl PBS 
 Remove PBS and add 100 µl trypsin 
 Incubate 5 minutes at 37oC 
 Add 1 ml of Full ESC Medium 
 Pipet the whole a few times over the plate to make a single cell 

suspension 
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 Transfer to the 6-well plate and 24-well plate 
 Grow the 6 well to confluency and freeze the clones into 4 vials 
 Grow the 24 well overconfluent for DNA for Southern blotting 

DNA extraction from a 96 well plate 

1. Remove the medium and wash the cells with 100 l/well PBS 
2. Add 50 l/well Lysis Buffer and incubate overnight at 37oC 
3. The next day add 100 l cold NaCl/ethanol per well 

 150 l 5 M NaCl/10 mL cold ethanol 
4. Incubate at room temperature for 30-60 minutes. White DNA should appear at the 

bottom 
5. After incubation gently invert the plate on a paper towel to drain the liquid 
6. Rinse the DNA for 5 minutes 3 times with 70 % ethanol 150-200 L /well 
7. Invert plate on paper towel and let air dry for 10-15 minutes 
8. Add 50 l/well dH2O 
9. Incubate 1 hour at 37oC with mild shaking using a thermomixer 
10. Perform ROSA26 targeting PCR in case of Homologous Recombination (HR) or RMCE 

targeting PCR: 
 For HR PCR use Qiagen Taq PCR Core Kit (cat. no. 201223) 
 For RMCE PRC use GoTaq® Green Master Mix, Promega (cat. no. M7121) 

 
Rosa26 HR Rosa26 RMCE 

DNA 
10x PCR Buffer 
Q solution 
10x primer mix 
dNTPs 
Taq polymerase 
dH2O 
 

1µl 
2,5 µl 
5 µl 
0,25 µl 
0,5 µl 
0,25 µl 
15,5 µl 
=25 µl 

DNA 
GoTaq Green Master Mix 
Primer mix 
dH2O 
 

1µl 
6,25µl 
0,2µl 
5,05µl 
=12,5µl 
 

94oC 3’ 
94oC 1’ 
57oC 1’ 
72oC 3’ 
Go to step 2 x34 
72oC 10’ 
4oC infinity 

95oC 30” 
50oC 30” 
72oC 40” 
Go to step 1 x35 
72oC 10’ 
4oC infinity 

external 5’ ROSA26:  
5’-TAGGTAGGGGATCGGGACTCT-3’ 
3’ mutant ROSA26: 
5’-GCGAAGAGTTTGTCCTCAACC-3’ 

5’ ROSA26:  
5’-AAAGTCGCTCTGAGTTGTTAT-3’ 
PGK reverse: 
5’-GGGAACTTCCTGACTAGGGG-3’ 
 

Mutant band size 1300bp 
Others will not give any band 

Mutant band size 841bp 
Others will not give any band 
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Buffers and Media for ESCs 

MEF Medium / Feeder Medium 
500 ml bottle DMEM Invitrogen, cat. no. 41965-039 
90 ml FCS Hyclone, cat. no. CH30160.03 
6 ml sodium pyruvate 100X Invitrogen, cat. no. 11360-070 
6 ml penicillin/streptomycin 100X Invitrogen, cat. no. 15140-122 
6 ml β-mercaptoethanol 100X Stock: 78 μl β-mercaptoethanol in 100 ml PBS 

and filtered 
6 ml non-essential amino acids 100X Invitrogen, cat. no. 11140-035 
6 ml glutamine 100X Invitrogen, cat. no. 25030-024 

ESC Medium / Full ESC Medium 
500 ml bottle Knockout™ DMEM Invitrogen, cat. no. 10829-018 
90 ml FCS Hyclone, cat. no. CH30160.03 
6 ml penicillin/streptomycin 100X Invitrogen, cat. no. 15140-122 
6 ml β-mercaptoethanol 100X Stock: 78 μl β-mercaptoethanol in 100 ml PBS 

and filtered 
6 ml non-essential aminoacids 100X Invitrogen, cat. no. 11140-035 
6 ml glutamine 100X Invitrogen, cat. no. 25030-024 
Recombinant mouse LIF One vial contains 5μg, VIB’s Protein Core Facility 

SR-ESCell Medium 
DMEM: F12 in 1:1 ratio 
15% Knockout Serum Replacement 
L-glutamine 
Penicillin 
Streptomycin 
β-mercaptoethanol 
recombinant mouse LIF  

 
Gibco 
SR, Gibco, cat. no. 10828-028 
2mM, Gibco 
100U/ml, Gibco 
100mg/ml, Gibco 
0,1mM, Gibco 
2000U/ml, DMBR/VIB Protein Service Facility 

FBS-ESCell Medium 
Like SR-ESCell Medium but instead of SR 
use FBS (Hyclone, Logan, UT, cat. no. SH30070,03E) 

Pluripotin 
Cayman Chem., Ann Arbor, MI. Dissolve 5mg in 
2,27ml DMSO (4mM 2000xstock). Store in -20oC. 
Add to medium just before use, final conc. 2µM 

Freezing Medium 
90% FCS 
10% DMSO 

2x Freezing Medium 
60% Full ESC Medium 
20% FCS 
20% DMSO 

Lysis Buffer 
100 ml 1M Tris pH 8.5 (100 mM) 
10 ml  0.5M EDTA (5 mM) 
10 ml  20% SDS (0.2%) 
40 ml  5M NaCl (200 mM) 
dH2O to 1l 
Add 100 μg/ml proteinase K just before use 

G418/Neomycin selection medium 
2μl G418 / 1ml Full ESC Medium 
(Life Technologies Europe B.V.,  
cat. no. 11811-023) 

Puromycin selection medium 
1μl Puromycin / 1ml Full ESC Medium 
(Sigma, cat. no. P-7255) 
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Genotyping PCRs 

Genotyping Samples 

Genotyping samples were collected during the numbering of young mice pups and from the 
analyzed embryos. Each sample was incubated overnight at 55oC in Lysis Buffer 
supplemented with Protease K (25μl/ml; Gibco BRL cat. no. 25530-031).  
The next day, samples were incubated at 95oC for 10 minutes to inactivate the enzyme and 
safely perform PCRs. After PCR, amplicons were analyzed by means of electrophoresis on 2% 
agarose gel in TAE buffer with 7μl of loaded samples and 100bp Promega BenchTop DNA 
Ladder (cat. no. G8291). 

PCR Lysis Buffer 

10,08ml dH2O 
1,2 ml 10x Gitschiers Buffer 
0,6 ml 10% Triton X-100 
12 ml in total 

10x Gitschier’s Buffer 

3,35 ml 2M Tris pH8,8 
1,66 ml 1M (NH4)2SO4 

1,34 ml 0,5M MgCl2 
3,65 ml dH2O 
10ml in total 

50xTAE 

242g Tris 
500 ml dH2O 
100 ml 0,5M Na2EDTA 
57,1 ml glacial acetic acid 
Adjust volume to 1l 

PCR 

2x PCR mix 6,25 
(GoTaq® Green Master Mix, M7112, Promega) 
10x Primer mix 
ddH2O 
DNA 

6,25 μl 
 
0,2 μl 
5,05 μl 
1μl 

 

 
For Zeb2 PCR there are 3 primers. Dilute them from the stock 1:10 and then use for the PCR 
mix. For cre, also Fabpi primers are included to make sure the reaction worked. 
 

Rosa26 Zeb2 cre 

95oC 30” 
58oC 1’ 
65oC 1’ 
Go to step 1 x40 
65oC 5’ 
4oC infinity 

95oC 3’ 
95oC 20” 
64,5oC 20” 
72oC 30” 
Go to step 2 x35 
72oC 7’ 
65oC 5’ 
4oC infinity 
 

95oC 30” 
50oC 30” 
72oC 40” 
Go to step 1 x35 
72oC 10’ 
4oC infinity 

5’: AAAGTCGCTCTGAGTTGTTAT 

3’: GGAGCGGGAGAAATGGATATG 

Mut3’:GCGAAGAGTTTGTCCTCAACC 

 

Int6Fd:GAACTAGTTGAATTGGTAGAATCAATGGGG 

Int6Rv:GTAAAGGCTCTCTACGCCTTTTTCAGTTAG 

Int7Fd:AAGCATGTCGGTAAGCTGACCAACTACTAG 

 

5’: ATGTCCAATTTACTGACCG 

3’: CGCCGCATAACCAGTGAAAC 

Mutant band size 250bp 
WT band size 550bp 

Floxed allele 350bp 
WT allele 190bp  
KO allele 280bp 

Mutant band size 250-
300bp 
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β-Galactosidase Staining on Murine Yolk Sac 

1. Fix yolk sacs in 4% PFA 30 minutes at 4oC 
2. Wash YS with PBS  15 minutes 
3. Wash YS with LacZ Wash Buffer 2x15minutes 
4. Stain YS overnight at 37oC with LacZ Staining Solution 

Immunohistochemistry on Murine Fetal Liver Sections 

Embedding of Fetal Livers 

1. Fix embryos overnight at 4oC in freshly made 4% PFA  
2. The next day dissect fetal livers in PBS on a Petri dish 
3. Transfer fetal livers to a multi-well plate with 4% PFA and incubate the organs at 4oC 

for an additional hour  
4. Wash the embryos in PBS  2x15 minutes RT 
5. Put the embryos in 70% Ethanol 

 at this step embryos can be stored at 4oC for few days  
6. Place the organs in cassettes suitable for tissue embedding 
7. Wash fetal livers in  

a. 80% Ethanol 10 minutes RT 
b. 95% Ethanol  2x10 minutes RT 
c. 100% Ethanol 3x10 minutes RT 
d. Xylene I 10 minutes RT 
e. Xylene II 10 minutes RT 
f. Xylene III 10 minutes RT 

8. Embed the organs in paraffin 3x30 minutes 60oC 
9. Make paraffin blocks using small molds on the Paraffin Embedding Centre Machine 
10. Store the blocks at 4oC overnight and the next day perform the sectioning on a 

microtome 
 Make 5µm thick sections 

Hematoxylin/Eosin Staining 

Incubate section slides in: 
1. Xylene I for   10 minutes 
2. Xylene II  10 minutes 
3. 100% Ethanol  5 minutes 
4. 100% Ethanol   5 minutes 
5. 95% Ethanol   1-2,5 minutes 
6. 80% Ethanol   1-2,5 minutes 
7. 70% Ethanol   1-2,5 minutes 
8. 50% Ethanol   1-2,5 minutes 
9. 30% Ethanol   1-2,5 minutes 
10. Water    5 minutes 
11. Hematoxylin  5 minutes 
12. Rinse with tap water  5 minutes 
13. 30% Ethanol   30 seconds 
14. 50% Ethanol   30 seconds 
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15. 70% Ethanol   30 seconds 
16. Eosin solution  15 seconds  
17. Dip in tap water 
18. Dip in 80% Ethanol  
19. Dip in 95% Ethanol 
20. Dip in 100% Ethanol 
21. 100% Ethanol   30 seconds 
22. Xylene I   5 minutes 
23. Xylene II   5 minutes 
24. Xylene III   5 minutes 
25. Put few drops of Mount (Sigma DPX Mountant for Histology) and place cover slides 

on top of the sections 

CD31 staining 

1. Deparafinate the sections until water (steps 1-10 in HE staining) 
2. TBS-wash   5 minutes 
3. 3% H2O2 in Methanol 10 minutes 
4. Water    1 minute 
5. PBS-wash   5 minutes 
6. TBS-wash   2x5minutes 
7. Blocking with TNB  45 minutes 

a. TSA kit by PerkinElmer, Renaissance® TSA™ Biotin System Tyramide Signal 
Amplification; cat.no. NEL700 

8. Overnight incubation with primary antibody at room temperature 
a. Dilution 1:50 in TNB 
b. BD Pharmingen Rat anti-Mouse CD31 Monoclonal Antibody, Cat no. 550274 

9. TNT-wash   3x5 minutes 
10. Incubation with secondary antibody at room temperature for 1 hour 

a. Dilution 1:100 in TNB 
b. Biotin-conjugated polyclonal anti-Rat antibody 
c. BD Pharmingen Biotin-conjugated Goat anti-Rat Ig specific polyclonal 

antibody, cat no. 559286 
11. TNT-wash   3x5 minutes 
12. Incubate the slides with Streptavidin-conjugated peroxidase (TSA PerkinElmer Kit) in 

the dilution 1:100 in TNB for 30 minutes at room temperature 
13. TNT-wash   3x5 minutes 
14. Incubate the slides in Biotin-Tyramide solution (TSA PerkinElmer Kit) 1:50 in 

Amplification Diluent for 8 minutes at room temperature 
15. TNT-wash   3x5 minutes 
16. Incubate the slides again with Streptavidin-peroxidase (TSA PerkinElmer Kit) in the 

dilution 1:100 in TNB for 30 minutes at room temperature 
17. TNT-wash   2x5 minutes 
18. Tris-wash   5 minutes 
19. Visualize the signal with DAB (Vector Laboratories, Peroxidase Substrate Kit DAB, SK-

4100) 
20. Counterstain the sections with Hematoxylin 
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21. Mount the slides with Depex(Sigma DPX Mountant for Histology) and place cover 
slides on top of the sections 

CD45 staining 

1. Deparafinate the sections until water (steps 1-10 in HE Staining) 
2. TBS-wash  5 minutes 
3. 3% H2O2 in Methanol 10 minutes 
4. Water    1 minute 
5. PBS-wash   5 minutes 
6. TBS-wash   2x5minutes 
7. Blocking with TNB  45 minutes 

 TSA Kit by PerkinElmer Life Sciences Renaissance TSA Indirect Tyramide Signal 
Amplification; Cat no. NEL700 

8. Overnight incubation with primary antibody at room temperature 
 Dilution 1:100 in TNB 
 BD Pharmingen™ Rat anti-Mouse CD45 Monoclonal Antibody, Cat no. 550539 

9. TNT-wash   3x5 minutes 
10. Incubation with secondary antibody at room temperature 1 hour 

 Dilution 1:100 in TNB 
 Biotin-conjugated polyclonal anti-Rat antibody 
 BD Pharmingen™ Biotin-conjugated Goat anti-Rat Ig specific polyclonal 

antibody, cat no. 559286 
11. TNT-wash   3x5 minutes 
12. Incubation with Streptavidin-conjugated Alkaline Phosphatase (TSA-kit)  in the 

dilution 1:100 in TNB 30 minutes at room temperature 
13. TNT-wash   3x5 minutes 
14. Incubation in Biotin-Tyramide solution (TSA-kit) in the dilution 1:50 in Amplification 

Diluent 8 minutes at room temperature 
15. TNT-wash   3x5 minutes 
16. Incubation with Streptavidin-conjugated Alkaline Phosphatase (TSA-kit) in the 

dilution 1:100 in TNB 30 minutes at room temperature 
17. TNT-wash  2x5 minutes 
18. Tris-wash   5 minutes 

 1:10 1M Tris pH7,5 in dH2O 
19. Visualization of the signal with AP substrate (Vector Laboratories Kit, SK-5100) 
20. Mounting with 1% N-propylgallate in glycerol 
21. Place cover slides on sections and fix them in place with a transparent nail polish 
22. Store the slides at 4oC to preserve fluorescence 
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Buffers for β-Galactosidase Staining and Immunohistochemistry 

20% Paraformaldehyde 

100g PFA 
1,9 ml 10N NaOH 
dH2O up to 500 mL 
HCl to adjust pH 

10xTBS 

80g NaCl 
2g KCl 
250 ml 1M Tris pH7,5 
dH2O up to 1l 

Potassium Ferricyanide 

4,115g potassium ferricyanide 
50ml dH2O 

Potassium Ferrocyanide 

5,28g potassium ferrocyanide 
50ml dH2O 

LacZ Wash Buffer 

0,1% DOC 
0,2% NP-40 
in PBS 
 

LacZ Staining Solution 

Amount per 1ml LacZ Wash Buffer: 
10µl potassium ferricyanide 
10µl potassium ferrocyanide 
40µl X-Gal 
2 µl 1M MgCl2 

TNB 

0,1M Tris-HCl pH7,5 
0,15M NaCl 
0,5% Blocking Reagent (supplied in TSA kit) 
 

TNT 

100 ml Tris pH7,5 
30 ml 5M NaCl 
500 µl Tween20 
dH2O up to 1l 

Hematoxylin 

1g Hematoxylin (Merck, ref. 1.04302.0025) 
1l dH2O 
Dissolve well 
0,2g  sodium iodate 
50g  AlK(SO4)2x12H2O 
Dissolve well 
50g  chloralhydrate 
1g  citric acid monohydrate 

Eosin 

10g Eosin G (Merck, ref. 1.15935.0025) 
1l dH2O 
Dissolve well, sterilize by filtration 

 

AP Substrate 

500 µL  1M TrisHCl pH8,3 
50 µl 100x levamisole 
5 ml dH2O 
Vector Laboratories, AP Substrate Kit 1, SK-5100: 
2 drops reagent 1 
2 drops reagent 2 
2 drops reagent 3 

DAB (Vector Laboratories Kit, SK-5100) 

5 ml dH2O 
2 drops Buffer 
4 drops DAB 
2 drops H2O2 
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FACS Analysis 

Collection of Peripheral Blood from E12.5 Mouse Embryos 

1. 1 hour after the intraperitoneal administration of AMD3100 sacrifice the pregnant 
female at the E12.5 and collect the embryos 

2. Prepare a 24-well plate with 500μl/well cold FACS buffer 
3. Open the yolk sac, clamp the umbilical vein, separate the embryo from the yolk sac 

and placenta and transfer it by umbilical vein to the plate with FACS buffer 
4. After the embryo bleed out, remove it from the well 
5. Transfer 250 μl blood to a 96-well plate with V-shaped bottom 
6. Spin down at 11500 rpm 10oC for 5 minutes 
7. Remove the supernatants by inverting the plate 
8. Add 200μl of blood sample to corresponding well 
9. Pool together the remainder of the blood and transfer it to 3 wells of the 96-well 

plate for non-stained and single-stained controls 
10. Spin down at 11500 rpm 10oC for 5 minutes 
11. Remove the supernatants by inverting the plate 
12. Incubate the blood samples on ice for 30 minutes on ice with lineage-specific biotin-

conjugated antibody cocktail (Lin): 
 100 μl/well 
 2-3 μl/sample in FACS Buffer of each antibody: 

i. Anti-mouse CD45R eBioscience.com cat. no. 13045275 
ii. Anti-mouse CD11b eBioscience.com cat. no. 13011275 

iii. Anti-mouse CD3e eBioscience.com cat. no. 13003175 
iv. Anti-mouse Ter119 (Ly-76) eBioscience.com cat. no. 13592175 
v. Anti-mouse Ly-6G (Gr-1) eBioscience.com cat. no. 13593175 

13. Add 100 μl/well FACS Buffer 
14. Spin down at 11500 rpm 10oC for 5 minutes 
15. Remove the supernatants by inverting the plate 
16. Add 200μl/well FACS Buffer. Repeat steps 14-15 
17. Incubate the cells for 30 minutes on ice with 100 μl/well in FACS Buffer of both: 

 Streptavidin-PE  1:200 (BD Pharmingen cat. no. 554061) 
 Rat anti-Mouse CD117-APC.H7 (c-Kit) 1:100 (BD Pharmingen cat. no. 560185) 

18. Add 100 μl/well of FACS Buffer and spin down again. Remove the supernatants by 
inverting the plate. 

19. Resuspend the cells in 200 μl FACS Buffer and perform the analysis 
 

FACS Buffer  

0,5% BSA in PBS 
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qRT-PCR 

RNA isolation 

RNA was isolated from heads obtained from E12.5 embryos that were also analyzed on 
FACS. QIAGenRNeasyPlus Mini Kit was used. 

1. Add 600 μl RLT Buffer to the tissue samples and thaw them at room temperature 
2. When tissue has thawed and started to disrupt put the tubes on ice and pipet up and 

down few times 
3. Centrifuge the lysate for 3 minutes at maximum speed. Remove the supernatant by 

pipetting, and transfer it to a genomic DNA Eliminator column that is placed in a 2 ml 
collection tube 

4. Centrifugefor 1 minute at 11000rpm. Discard the column and savethe flow-through. 
5. Add 600 μl of 70% ethanol to the flow-through and mix well by pipetting. Do not 

centrifuge 
6. Transfer 700 μl of the sample, including any precipitate thatmay have formed, to an 

RNeasy spin column placed in a 2 mlcollection tube 
7. Spin down for 30 seconds at 11000rpm. Discard the flow-through. 
8. Transfer the remaining 500 μl of the aliquots in the same RNeasy spin column. 

Discard the flow-through again 
9. Add 700 μl Buffer RW1 to the RNeasy spin columnand centrifuge for 30 seconds at 

11000 rpm. Discard the flow-through 
10. Add 500 μl Buffer RPE to the RNeasy spin column. Centrifuge for 30 seconds at 11000 

rpm. Discard the flow-through 
11. Add 500 μl Buffer RPE to the RNeasy spin column. Centrifuge for 2 minutes at 11000 

rpm 
12.  Place the RNeasy spin column in a new 2 ml collectiontube and discard the old 

collection tube with the flowthrough.Centrifuge at full speed (13200 rpm) for 1 min. 
13. Place the RNeasy spin column in a new 1.5 ml collection tube. Add 40 μl RNase-free 

water directly to the spincolumn membrane. Centrifuge for 1 minute at11000 rpm to 
elute the RNA 

Place the tubes on ice and measure the RNA concentration and quality on a NanoDrop 
machine. Analyze the samples on 1% agarose gel to check for gDNA contamination. 

Reverse Transcription 

Roche Transcriptor High Fidelity Kit was used to synthesize cDNA from the RNA templates. 
1. Prepare template-primer mix: 

total RNA 1 μg 
anchored oligo(dT)18 primer 1 μl 
ddH2O 10,4μl 
Final Volume: 12,4μl/sample 

2. Denature template-primer mix for 10 minutes at 65oC in a block cycler. After that 
immediately place the tubes on ice and move to step 3. 

  



 

75 

 

3. Add the remaining components and mix carefully at the end: 
5x RT Buffer 4 μl 
Protector RNase Inhibitor 0,5μl 
dNTP mix 2 μl 
DTT 1 μl 
RT 1,1μl 
Final Volume: 20 μl/sample 

4. Incubate the samples for 30 minutes at 50oC in a block cycler 
5. Inactivate the mixture by rising the temperature up to 85oC for 5 minutes 
6. To stop the reaction place the tubes on ice 

cDNA is ready for the amplification step (dilute the cDNA 1:100 before qPCR). 

qPCR 

LightCycler® 480 DNA SYBR Green I Master Kit by Roche was used.  
qRT-PCR machine used: LighCycler®480, Roche. 
cDNA was analyzed to look at the expression levels of Angiopoietin 1/2 and Tie 1/2. Also 
primers for two control household genes (Actin, GAPDH) were used.  
Angiopoietin-1 
Forward: 5’-CACATAGGGTGCAGCAACCA-3’ 
Reverse:  5’-CGTCGTGTTCTGGAAGAATGA-3’ 
Angiopoietin-2 
Forward: 5’-CCTCGACTACGACGACTCAGT-3’  
Reverse:   5’-TCTGCACCACATTCTGTTGGA-3’ 
Tie2  
Forward: 5’- GAGTCAGCTTGCTCCTTTATGG-3’  
Reverse: 5’- AGACACAAGAGGTAGGGAATTGA-3’ 
Tie1 
Forward: 5’- TTTTCTTGGCCTCTCATGTTGG-3’  
Reverse: 5’- CGCACGATGCGATCATCCTT-3’ 
β-actin 
Forward: 5’-AGTGTGACGTTGACATCCGTA-3’ 
Reverse: 5’-GCCAGAGCAGTAATCTCCTTCT-3’ 
GAPDH 
Forward 5’-AGGTTGTCTCCTGCGACTTCA-3’ 
Reverse 5’-GGTGGTCCAGGGTTTCTTACTC-3’ 
 
Samples were loaded on qPCR plate in triplicates.  
 PCR mix (amounts per one triplicate): 
 Master mix 5 μl 
 10x primer mix 4 μl 
 cDNA 1 μl 
 Final volume 10 μl 
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Chromatin Immunoprecipitation (ChIP) 

ChIP was performed on wildtype murine bone marrow samples. 
1. Euthanize mice and collect hind leg long bones. 
2. Cut the bone epiphysis and collect the bone marrow to a 15-ml corning tube using a 

syringe, needle and PBS 
3. Make single cell suspensions pipetting up and down 
4. Spin down for 5 minutes at 1200 rpm. Remove the supernatant twith a vacuum pump 
5. Resuspend the cells in 10 ml 1% formaldehyde in PBS to crosslink the protein to the 

chromatin. Incubate the mixture for 10 minutes on a rotor 
6. Spin down the mix again. Remove the supernatant  
7. Stop crosslinking by adding 0,125M Glycine in PBS (1,88g in 200 ml). Incubate the 

cells for 5 minutes rotating 
8. Spin down again. Remove the supernatant 
9. Wash bone marrow cells with ice-cold PBS 
10. Spin down at 4oC 4000 rpm for 10 minutes. Remove the supernatant 
11. Place the cells on ice and add 3 ml ice-cold PBS with 1 mM EDTA and Protease 

Inhibitor Cocktail (PIC): 
 Complete Mini EDTA-free tablets, Roche, cat. no. 04693159001 

12. Spin the suspension again at 4oC 4ooo rpm for 10 minutes. Remove the supernatant 
13. Snap freeze the cells by placing them on dry ice 

 At this step cells can be stored at -20oC 
14. Defrost the pellet on ice and add 1 ml ChIP Lysis Buffer with PMSF and PIC 

 PMSF: 1 μl 500mM stock per 1 ml of Lysis Buffer 
 PIC: Complete Mini EDTA-free from Roche and PhosSTOP (Roche, cat. no. 

04906837001) 
15. Resuspend the cells in the Lysis Buffer and incubate them for 30 minutes on ice. 

Shake gently every now and then 
16. Transfer the cells to non-sticky eppendorf tubes with 1 ml pipet 
17. Use a syringe to resuspend the cells very well 
18. Spin down the suspension for 10 minutes at 4oC 5000 rpm. Remove the supernatant 

carefully with a syringe 
19. Resuspend the nuclei in 1 ml Sonication Buffer supplemented with PIC (Mini and 

PhosSTOP tablettes) 
20. Performed in Leuven: sonicate the samples in 5 cycles, in each cycle for 10 minutes, 

30sec on/30sec off. Change water after each 10-minute cycle. Take 10µl and run 
1,2% agarose gel to make sure the DNA fragments are of correct size (300-500bp). If 
not, sonicate again. Freeze at -80oC 

21. Spin the samples at 4oC for 10minutes at maximum speed to separate the sample 
from debris. Remove the supernatants 

22. Measure the DNA concentration 
23. Take 50µl DNA and add 3µl antibody. Rotate overnight at 4oC 
24. The day before the IP prepare the beads: 

 Take 300µl of A beads (Protein A Sepharose™ 6MB, GE Healthcare, 51-4526-
00-EH), 300µl G beads (Protein G Sepharose™, GE Healthcare, 51-3478-00-EG) 
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and 600µl of IP Buffer. Spin shortly and remove 600 µl the supernatant with a 
pipet 

 Repeat this step 5-6 times 
 In the end, add 600µl of IP Buffer (50% slurry) 
 For 40µl 50% slurry add: 

i. 10 µl of 10 µg/µl BSA 
ii. 10µl of 10µl/µl salmon sperm 

iii. 40 µl of IP Buffer 
25. Add 50µl of Bead mix to the DNA/antibody. Rotate at 4oC for 2 hours. After this time 

leave the samples for 30 minutes at room temperature 
26. Spin the samples for 30seconds at top speed. Take off the supernatant 
27. Add 1ml of washing buffer and spin down bead/sample mixes 30seconds at top 

speed. Remove the supernatant. Repeat the washing step 2 more times. The last 
time remove the supernatant using a small needle being careful not to remove the 
beads 

28. Resuspend the pellets in 400µl Elution Buffer and rotate the samples for 20 minutes 
at room temperature 

29. Add 16µl 5M NaCl, mix and incubate the samples overnight at 65oC with 350rpm.  
 Take 50µl of each input DNA (without the antibody) and add to it 16µl 5M 

NaCl. Incubate the controls together with the samples 
30. Purify the DNA using Qiagen DNA purification kit: 

 Add 5x sample volume of PB Buffer, mix and transfer to purification column. 
 Spin for 1 minute top speed. Discard the flowthrough 
 Add 750µl PE to the column and spin for 30seconds at top speed. Discard the 

flowthrough. Repeat the step 
 Spin dry the columns for additional minute top speed 
 Replace the collection tube with a fresh eppendorf 
 Add 30µl water to the column. After 5 minutes spin down for 1 minute at top 

speed. 
 Add another 30µl and after 5 minutes spin down for 1 minute at top speed 

The DNA is ready for qPCR (protocol p.75) 
 Use 1µl DNA 
 Primers for the intron of cxcr4:  

o Forward 1: GGCTTGCCTTTAGGATCGTT,  
Reverse 1: CAAAAGGCTCAGGAAACCAC;  

o Forward 2: GGACAGGAGGGCATGTTG,  
Reverse 2: TAAACACTGGGGCTCAGTCA) 

 Primers for β-actin: 
o Forward: 5’-TGGGCCGTTAGCTAGTGTCT-3’ 
o Reverse: 5’-CAGCTGTGGCTGCACATAAT-3’ 

 Primers for GAPDH: 
o Forward: 5’-CTCCTGGCTTCTGTCTTTGG-3’ 
o Reverse: 5’-TGGCGTAGCAATCTCCTTTT-3’ 

 Primers for HMBS: 
o Forward: 5’-CCCCTCACCTGGCTATTTTA-3’ 
o Reverse: 5’-GGACATAATGGAGGGCAAGA-3’ 
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Chromatin Immunoprecipitation Buffers 

ChIP Lysis Buffer 

0,1 M Pipes pH8 
1M KCl 
10% NP-40 
dH2O 

Sonication Buffer 

1M Tris-HCl pH8 
0,5M EDTA 
20% SDS 
10% deoxycholic acid 
dH2O 

Elution Buffer 

1% SDS 
0,1 NaHCO3 

ChIP IP Buffer 

1M Tris-HCl pH8 
0,5M EDTA 
20% SDS 
10% deoxycholic acid 
1M LiCl 
dH2O 

RIPA Buffer 

1M Tris-HCl pH8 
0,5M EDTA 
0,5M EGTA 
20% SDS 
10% deoxycholic acid 
5M NaCl 
10% Triton-X 
dH2O 

Li-Cl Buffer 

5M LiCl 
10% NP-40 
10% Deoxycholic acid 
1M Tris-HCl pH8 
0,5M EDTA 
dH2O 

Wash Buffer 

1mM HEPES 
0,5% NP-40 
1mM EDTA 
200mM NaCl 
10% glycerol 
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Cloning of pΔDV-COIN RMCE Zeb2WT 

Based on MultiSite Gateway™ system (Invitrogen). Experiment performed in order to obtain 
doxycycline-inducible system of WT Zeb2 expression in Zeb2-/-AntiLucESCs. 

3 Entry Vectors: 

1. attL4-rtTA-IRES-Puro-pA-TRE-attR1 
2. attL1-cDNA-attL2  
3. attR2-IRES-EGFP-Luc-pA-attL3 

Destination Vector: 

 attR4-ccdB-attR3 

Bacteria Transformation 

1. Take 100ng of each Entry Vector 
2. Add TE/water up to 8 μl 
3. Add 2μl LR Clonase (Gateway® LR Clonase™II Enzyme mix, Invitrogen, 11797-020) 
4. Incubate the mixture for 8 hours at 25oC 
5. Add 150ng of the Destination Vector 
6. Add TE/water up to 14 μl 
7. Add 1 μl LR Clonase 
8. Incubate the mixture for 8 hours at 25oC 
9. Perform electroporation into electrocompetent DH5α/AmpRE.coli strain 

a. Desalt the DNA mix by pipetting 10 μl of the construct on a dialysis membrane 
in a Petri dish filled with dH2O. Wait for 1 hour 

b. Electroporation using BioRad Pulse Controller Plus 
i. Take DH5α/AmpRE.colifrom the deep freezer and thaw the vial 
ii. Add 5 μl DNA and incubate the bacteria for 1 minute on ice 

iii. Electroporate 25mF and 2kV 
iv. Incubate the bacteria for 1 hour at 37oC 

c. Plate out 50μl and 150μl the transformed bacteria on agar plates with 
Ampicilin 

d. Incubate overnight at 37oC 
10. The next day pick six bacteria colonies and inoculate 3 ml of LB with Ampicilin (1:100) 
11. Incubate the tubes overnight at 37oC on a shaker 

Plasmid DNA Isolation 

Wizard®Plus SV Minipreps DNA Purification System by Promega was used. 

1. Harvest 3ml of bacterial culture by centrifugation for 5 minutes at 10,000 x g in a 
benchtop centrifuge. Pour off the supernatant and dry the inverted tube on a paper 
towel to remove excess media 

2. Thoroughly resuspend the pellet in 250μl Cell Resuspension Solution 
 To prevent shearing of chromosomal DNA, do not vortex after Step 2.Mix only 

by inverting the tubes. 
3. Add 250μl of Cell Lysis Solution and mix by inverting the tube 4 times(do not vortex). 

Incubate until the cell suspension clears but do not incubate for longer than 5 
minutes. 
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4. Add 10μl of Alkaline Protease Solution and inverting the tube 4times. Incubate for 5 
minutes at room temperature but do not exceed that time.  

5. Add 350μl of Neutralization Solution and immediately mix by inverting thetube 4 
times (do not vortex) 

6. Centrifuge the bacterial lysate for 10 minutes at maximum speed in 
amicrocentrifugeat room temperature. White pellet will form 

7. Transfer the cleared lysate (approximately 850μl) to theprepared Spin Column by 
decanting. Avoid disturbing or transferring any ofthe white precipitate with the 
supernatant 

8. Centrifuge the supernatant for 1 minute at top speed in a at room temperature. 
Discard the flowthrough from the Collection Tube and reinsert the Spin Column into 
the Collection Tube 

9. Add 750μl of Column Wash Solution to the Spin Column 
10. Centrifuge at top speed for 2 minutes at roomtemperature 
11. Transfer the Spin Column to a new, sterile 1.5ml eppendorf tube. Do not transfer any 

Wash Solution with the column 
12. Elute the plasmid DNA by adding 50μl of Nuclease-Free Water to the Spin Column 
13. Centrifuge at top speed for 1 minute at room temperature 
14. Discard the Spin Column. DNA is readu for further experiments and it can be stored 

the DNA at -20oC 
 Measure DNA concentration and quality on a NanoDrop Machine 
 Perform a restriction digest to verify which isolated plasmid is correct and can 

be used further on 

Plasmid DNA Digestion 

1. Prepare the DNA-restriction enzyme mix: 
DNA 2μl 
10x EcoRI Buffer 2μl 
100xBSA 0,2μl 
EcoRI 0,5μl 
dH2O 15,3μl 
Final Volume: 20μl/sample 

2. Incubate the mix for 1 hour at 370C 
3. Analyze the DNA band pattern on 1% agarose gel 

 Expected pattern: 0,4kb ;0,5kb; 0,9kb; 1,2kb; 3,5kb; 4,1kb; 4,8kb 

Transfection of Zeb2-/-AntiLuc ESCs 

1. ESCs were transfected in 3 variants each time with Flpe plasmid for RMCE reaction: 
a. pΔDV-COIN RMCE Zeb2WTplasmid 
b. monositeLacZ plasmid 
c. COIN LacZ plasmid 

2. Protocol for RMCE reaction using Effectene® was followed 


