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To whom it may concern, 
 
 

I am sending you my report on the PhD work of  
Mario M A N C I N O on the subject 

 
« Neuronal guidance protein Netrin-1 induces 

neuroectodermal-like differentiation by regulating 
the expression of stem cell markers Nanog, Oct4 and Cripto-1». 

 
 
This PhD Thesis is divided in five main parts of variable sizes : The first one is a 
literature review of the main aspects of the thesis, which concerns embryonal 
carcinoma cells (EC) and three important proteins involved in early development 
including self-renewal and the maintenance of pluripotency. The second one is the 
Material and methods part including cell culture, molecular biology and biochemical 
methods and some classical imaging and statiscal tests. The third part is dedicated 
to the results, the fourth chapter to the discussion. Expectingly, references (106) are 
given in the fifth chapter. This PhD thesis contains 51 pages including the front page 
and the PhD dissertation board. 
  
The candidate seems to know perfectly well the scientific literature surrounding his 
theme. The literature review is focusing on the main aspects of the thesis. It is 
concise and bring the main information to introduce the questions of this PhD thesis. 
The introduction brings together the necessary elements required to understand his 
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work. However, even self explicit, the candidate could have written the clear aim(s) 
of his PhD thesis at the end of the introduction. It has to be noted that Mario did not 
fall in the trap to give a general introduction on early development, embryology, 
stem cells and all proteins involved in this events. The quality of the figures is 
adequate. 
 
The materials and methods chapter is clear and seems to be complete. Altogether, 
this demonstrates that Mario Mancino is perfectly able to manage classical 
molecular biology, cell biology and biochemical experiments. 
 
In EC cells, exogenous Netrin affects migration but not proliferation. The reduction 
of migration is at least in part associated with the reduction of Cripto-1. It would 
have been of interest to verify that Cripto-1 affects effectively the migration of EC 
cells. Moreover, he shows that the presence of Netrin induces the reduction of Oct4 
and Nanog (two upstream regulators of Cripto-1). The treatment of EC cells with 
Netrin induces a modification of shape of the cells, a modification of its cytoskeleton 
(reported by the presence of b-III tubulin), the induction of the neurotransmitter 
GABA. They suggest that Netrin induces preferentially a differentiation towards 
ectoderm due to the absence of GATA4 and T-Brachyury. In the second part of the 
work, Mario Mancino shows that Netrin is affecting signalling via its receptor 
Neogenin and triggering the activation of SHP-2 which could result in the 
modification of the levels of active c-src. Altogether, these experiments appear to be 
solid. However, additional experiments showing the consequences at the functional 
level and determination would have been nice to present.  
 
The discussion chapter is proper but it could have bring more perspectives and 
eventually more personal thoughts. Moreover, a general abstract could have be 
presented. Finally, no publication is reported in the PhD thesis. 
 
In conclusion, the quality of the presented work is very good and fulfils the 
conditions that are required to allow Mr Mario Mancino to take his PhD examination.  
 
 
 

 
 
Lionel Larue PhD, HDR 
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To whom it may concern 
 
 

Report on the PhD Thesis 
 of 

Mario M A N C I N O 
 
 

Title 
 

Neuronal guidance protein Netrin-1 induces neuroectodermal-like 
differentiation by regulating the expression of stem cell markers 

Nanog, Oct4 and Cripto-1 
 
 
 

The present thesis is classically structured as expected and spanning 51 pages. The author 

starts with an introduction into the main aspects of the work and presents a comprehensive 

review of the relevant literature.  The role of embryonal carcinoma cells and the stem cell 

markers Nanog, Oct4 and Cripto-1 were described in detail.  

In material and methods the applied technologies such as methods of cell culture, 

biochemistry and molecular biology of the markers and the applied statistics were extensively 

described.  

In the following part results are presented extensively and adequately discussed. Finally in 

more than 100 references the literature, relevant for this field, is cited. 

 



Mario Mancino has shown that he is familiar with the topic of his thesis and the literature 

about embryonal carcinoma cells (EC) and the stem cell markers investigated.  The 

informations necessary to understand the aspects of his word were concisely presented and 

focus to the aspects of his work. 

In material and methods, he presented a complete description of the technology applied in 

cell and molecular biology, which he used  in his investigations. The main results found in the 

present thesis: Netrin reduces migration embryonal carcinoma cells and diminishes the Oct4 

and Nanog production. On the other hand, Netrin modificates the cytoskeleton of embryonal 

carcinoma cells with changes in the shape of the treated cells. Changes tent to a 

differentiation to ectodermal cells. In further investigations Mario Mancino found that Netrin is 

altering Neogenin responses and activating SHP-2. 

 

In summary, Mario Mancino found interesting  biological and molecular pathways. The study 

should be continued in order to show the biological consequences of his findings. The 

methods and results are discussed adequately, tables and figures are clearly structured, 

however a short abstract is missing. 

 

Final conclusion: I want to recommend the present thesis of Mario Mancino to be accepted 

and to allow him to appear for his PhD examination, as the volume and quality of his work 

good and consists of all parts that should be covered in a PhD thesis. 

        

 
(PD Dr. Wolfgang Marek)         
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INTRODUCTION 

Testicular germ cell tumors, which include human embryonal 

carcinoma (EC), teratocarcinoma, and seminoma, are the most common solid 

tumors of young men (1). Their incidence has increased 2–3-fold in most 

Western countries over the past 50 years (2). The reasons for this increasing 

incidence are unclear, although a role for environmental estrogen analogues 

affecting germ cell development in utero has been proposed. Fortunately, 

these tumors are highly susceptible to chemotherapy, and current treatment 

regimens, including monitoring of serum tumor marker levels, are very 

successful (3). Nevertheless, treatment failures occur, and even successful 

treatment is often accompanied by significant morbidity. 

EC cells are probably the single most important malignant component 

of non-seminomatous germ cell tumors and are thought to give rise to the 

other cell types of teratomas by differentiation. EC cells can be differentiated 

with exogenous factors like retinoic acid (4) and the malignant phenotype 

reversed as they become incorporated into normally developing embryonic 

tissues after injection into the mouse blastocyst (5).  
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Transcription factors, such as Oct4 and Nanog are expressed in EC 

cells (6;7) and function to maintain the self-renewal and pluripotency of 

embryonic stem cells (ES) (8). ES cells are pluripotent cells derived from the 

inner cell mass (ICM) of the mammalian blastocyst. They are capable of 

indefinite self renewing expansion in culture. Depending on culture 

conditions, these cells can differentiate into a variety of cell types. Oct4, and 

Nanog are key regulators essential for the formation and/or maintenance of 

the ICM during mouse preimplantation development and for self-renewal of 

pluripotent ES cells. 

A common target gene of Oct4 and Nanog is Cripto-1, a member of the 

epidermal growth factor family of proteins expressed in embryonic stem cells 

and during the initial stages of development (9). Cripto-1, also known as 

teratocarcinoma derived growth factor-1 since first isolated from human 

NTERA/2 EC cells(10), can induce cellular transformation in vitro and 

increase tumor incidence in vivo(9). Interestingly, repression of Cripto-1 has 

been shown to be associated with differentiation of EC cells towards a 

neuroectodermal lineage  (10). However, little information is known about 

how external factors, such as guidance molecules, may regulate the levels of 
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Nanog and/or Oct4, which could result in the differentiation of cancer cells 

with pluripotent characteristics. 

Netrin-1, a secreted guidance molecule, can bind to specific cell surface 

receptors, such as Neogenin, and regulate the development, functional 

differentiation and trafficking of both neuronal and extraneuronal cells (11). 

Netrin-1 can also regulate Cripto-1-induced cellular motility and allometric 

outgrowth of mouse mammary epithelial cells (12). Recently, it has been 

demonstrated that Netrin-1 can cause a reduction in the expression of Nanog 

and Cripto-1 and can increase expression of the early neuroectodermal 

differentiation marker beta-III tubulin in mouse embryonic stem cells 

suggesting that Netrin-1 may affect differentiation of pluripotent cells (13). 

Here, we investigate the effect of Netrin-1 on human EC cells. Exogenous 

soluble Netrin-1 was able to reduce migration and induce increased levels of 

markers of early neuroectodermal differentiation in NTERA/2 and NCCIT EC 

cells. These responses were accompanied by an increases in the levels of 

active P-SHP-2 and inactive P-c-src(Y527). Furthermore, Netrin-1 treated EC 

cells exhibited lower levels of expression of Cripto-1, Nanog and Oct4. These 
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results suggest the potential for Netrin-1 to induce differentiation of human 

EC cells.  
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Embryonal carcinoma: an overview 

Teratocarcinomas, a subset of germ cell tumours (GCTs), provide a 

striking paradigm of the stem cell concept of cancer. They are highly 

malignant tumours containing a disorganized array of many somatic and 

extraembryonic cells, together with nests of EC cells. EC cells are the 

‘pluripotent’ stem cells of these cancers, capable of self-renewal as well as 

differentiation into a very wide range of cell types. The differentiated 

derivatives of the EC cells are typically non-malignant, so that malignancy, as 

shown by the ability to regenerate the whole cancer including its 

differentiated elements, is the property of the EC stem cells. This was 

demonstrated by the classic experiments of Kleinsmith and Pierce (14) in 

which they showed that transplantation of a single EC cell to a new host 

mouse is sufficient to regenerate a new tumour. However, extensive studies 

during the 1970s also showed a close relationship between EC cells from 

murine teratocarcinomas and the pluripotent ICM (inner cell mass) cells of 

the blastocyst stage of early mouse embryos (15). This, together with an 

understanding of how to culture and characterize EC cells in vitro, culminated 
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in the isolation of ES (embryonic stem) cell lines by explanting ICM cells 

from mouse embryos in 1981 (Fig 1) (16,17).  

Fig 1 Embryonic stem (ES) cells are derived from the inner cell mass of the pre-
implantation embryo. Embryonic germ (EG) cells are derived from primordial germ cells 
(PGCs) isolated from the embryonic gonad. Embryonal carcinoma (EC) cells are derived 
from PGCs in the embryonic gonad but usually are detected as components of testicular 
tumours in the adult. All of the three pluripotent stem cell types are usually derived by 
culture on layers of mitotically inactive fibroblasts, termed feeder layers. 
 
 

The pathology of human and mouse GCTs is significantly different, 

while the properties of human and mouse EC cells also differ from one 

another. For example, while trophoblastic differentiation from human EC 

cells is common, it does not normally occur from mouse EC cells (18). 

Furthermore, they express different patterns of characteristic surface antigens. 

For example, human EC cells typically express the glycolipid antigens 
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SSEA3 (stage-specific embryonic antigen-3) and SSEA4, but not SSEA1, the 

high molecular mass proteoglycan antigens TRA-1-60, TRA-1-81 and 

GCTM2 and the protein antigens Thy1 and MHC class 1; in contrast, murine 

EC and ES cells express SSEA1 but not the other markers (19). It is 

noteworthy, then, that when human ES cells were finally derived by 

explanting the ICM of human blastocysts, their properties closely paralleled 

those of human EC cells and were distinct from those of mouse ES cells 

(20,21). Human ICM cells from blastocysts also express similar patterns of 

surface antigen expression to both human EC and ES cells, again confirming 

the relationships between these cell types and emphasizing that the 

differences from the corresponding mouse cells most probably represent 

species differences in embryogenesis (22). Nevertheless, like murine EC and 

ES cells, human EC and ES cells characteristically express the transcription 

factors OCT4 and Nanog, which are down-regulated upon differentiation 

(23). 

Despite their similarities, teratocarcinoma-derived EC cells present 

only a caricature of ES cells. In contrast with ES cells, EC cells often only 

have a limited capacity for differentiation, and many EC cell lines have 
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completely lost this ability, such cell lines are called ‘nullipotent’. Many, 

particularly in humans, are also karyotypically abnormal (24). Such 

differences from ES cells are not particularly surprising when it is appreciated 

that EC cells have necessarily been selected for tumour growth. While many 

facets of cell biology might contribute to better survival of tumour cells, a 

particular feature that is pertinent in the case of pluripotent stem cells is their 

capacity to choose between the production of daughter stem cells (self-

renewal) on the one hand, and differentiation on the other. Since the 

differentiated derivatives of EC cells have limited competence for extended 

proliferation and survival, one might infer that pluripotent stem cells like EC 

cells will be subject to strong selection for mutations that tend to limit 

differentiation, even a small increase in the probability of self-renewal 

compared with differentiation could have a significant selective advantage 

during tumour progression. If indeed the selection of variants with reduced 

capacity for differentiation is to be expected in the growth of EC cells, similar 

selection might also be anticipated in ES cells on prolonged passage in 

culture. Recently, it has been demonstrated that human ES cells in culture 

commonly acquire additional copies of chromosome 17, particularly its long 
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arm (17q) and also chromosome 12, particularly its short arm (12p) (25). 

What is striking about this observation is that the same chromosomal 

additions are very common in EC cells from human teratocarcinomas (26-28). 

Furthermore, amplification of mouse chromosome 11, which is syntenic with 

much of human chromosome 17q, has also been reported in mouse ES cells 

(29), although mouse chromosome 8 is also commonly amplified too. One 

inference from these observations is that additional copies of a gene(s) 

encoded by these chromosomes contribute to enhancing the capacity of both 

EC and ES cells for self-renewal and to encode key components of the 

molecular mechanism by which these stem cells choose whether or not to 

commit to differentiation. To date, the identity of these genes remains 

unknown.  
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Oct3/4 and Nanog transcriptor factors in EC cells 

The pluripotency of these neoplasms has recently been explained by a 

close resemblance of their expression profile to that of embryonic inner cell 

mass cells studied in culture as embryonic stem cells, with high expression of 

transcription factors associated with pluripotency, such as Nanog and Oct3/4  

(Fig 2). 

Oct3/4, also known as otf3 or pou5f1, is a member of the POU family 

of transcription factors, which is expressed in pluripotent mouse and human 

embryonic stem and germ cells (30– 35). Expression of this gene is down-

regulated during differentiation (36). Furthermore, knocking out the pou5f1 

gene in mice causes early lethality because of lack of inner cell mass 

formation (37) because pou5f1 is critical for self-renewal of embryonic stem 

cells (38). Interestingly, pou5fl has been linked to the capacity of proper 

outgrowth of somatic cell clones (39). During human development, 

expression of POU5F1 is found at least until the blastocyst stage (40) in 

which it is involved in gene expression regulation. The protein activates 

transcription via octamer motifs (ATGCAAAT) located distally or proximally 

from transcriptional start sites (41). POU5F1 binding sites have been 
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identified in various genes, including fibroblast growth factor 4 and the 1.5-

kb alternative promoter of the platelet-derived growth factor receptor (42). 

The data indicate that pou5f1/POU5F1 functions as a master switch in 

differentiation by regulating cells that have, or can develop, pluripotent 

potential. Moreover has been demonstrated that POU5F1 transcripts are 

found in a specific set of human testicular GCT of adolescents and young 

adults (TGCT): the seminomas and embryonal carcinomas (43). In addition, 

the precursor lesions of TGCT, known as CIS (44), also express POU5F1 

(43). These lesions are composed of cells that are considered to be the 

malignant counterpart of an embryonic germ cell, most likely a PGC (44–46). 

In contrast, no expression was found in the differentiated components of 

nonseminomas, i.e., teratomas, yolk sac tumors, and choriocarcinomas (43). 

Indeed, expression of POU5F1 has been reported in embryonal carcinoma 

cells lines, and down-regulation of expression is found upon differentiation 

(33, 42). Nanog also plays a critical role in regulating the cell fate of the 

pluripotent ICM during embryonic development, maintaining the pluripotent 

epiblast and preventing differentiation to primitive endoderm (47). It has been 

identified in human ES cells (48-50), and more recently, also in embryonal 
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carcinoma (51). A more detailed analysis of Nanog in germ cell tumours 

demonstrated a pattern of expression essentially identical to that of Oct3/4 

(52, 53). A common feature of these genes is their link to pluripotency; they 

prevent further differentiation of the cell and ensure a ‘stock’ of 

undifferentiated cells to renew the tissue. Outside the early embryonic 

development, Nanog  and Oct3/4 are only found in immature germ cells. A 

high expression of these genes is a probable explanation of the ability of EC 

cells to undergo reprogramming to pluripotent embryonal carcinoma and 

further differentiation to teratomas, which may contain all types of somatic 

tissues. 
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Cripto-1, a target gene of Oct4 and Nanog, expressed in EC cells 

Cripto-1, a member of the epidermal growth factor (EGF)-CFC family, 

implicated in embryogenesis and carcinogenesis, can enhance migration, 

invasion, branching morphogenesis and EMT of several mammary ephitelial 

cell lines. Moreover, recently, a meta-analysis of 38 original studies revealed 

that TDGF-1, which is the gene name of Cripto-1 is highly ranked as a 

specific marker of ES cells. Seventeen out of 20 lists showed that Cripto-1 is 

specifically expressed in EC cells (54). 

Together with Nanog and Oct4, Cripto-1 has been suggested to play a role in 

self-renewal and maintenance of pluripotency (8). It has been shown to be a 

direct target gene in embryonic stem (ES) cells for Nanog and Oct4 

suggesting that many of the functions of Nanog and/or Oct4 may be mediated 

in part through expression of Cripto-1 (54). Cripto-1 functions through at least 

three different pathways:1) as a co-receptor for the TGF β- related proteins 

Nodal and growth and differentiation factors 1 and 3 (55-57); 2) as a ligand 

for glypican-1/ c-Src/MAPK/PI3K-Akt signaling (58) and 3) as an inhibitor 

for Activin/TGF β signaling (59) (Fig 2). During early mouse embryogenesis, 

Cripto-1 mRNA expression is found in the embryonic ectoderm following 
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implantation of the blastocyst. On day 6.5 of gestation, Cripto-1 is detected at 

increasing levels in the epiblast cells undergoing epithelial to mesenchymal 

transition (EMT) as they migrate through the nascent primitive streak and in 

the developing mesoderm cells (60, 61-63). By day 7, Cripto-1 is detected 

mostly in the truncus arterious of the developing heart. With the exception of 

the developing heart, little if any expression of Cripto-1 mRNA can be 

detected in the remainder of the embryo after day 8 (61,64). As previously 

mentioned, Cripto-1 null mice (Cripto-1-/-) succumb at day 7.5 due to their 

inability to gastrulate and form appropriate germ layers (65). 

 

Fig. 2 Schematic Overview of Nodal and Cripto-1 Signaling Pathways. A) Canonical 
Nodal signaling using Cripto-1 as a co-receptor. Nodal can also activate this pathway, 
albeit less efficiently, independently of Cripto-1. B) Cripto-1 Nodal-independent signaling 
via binding with Glypican-1 and activating src/Ras/raf/PI3K downstream signaling. 
 



16 
 

Netrin-1: diversity in development 

Various studies have identified different chemotropic factors that 

regulate the direction of cell migration. Most of these have been identified 

during neuronal development and include proteins such as, Slits, Ephrins, 

Semaphorins (66), Sonic hedgehog (67), bone morphogenic proteins (68), 

Wnts (69) and Netrins (70,71). Sequence and functional analysis have shown 

that Netrins are a conserved family of secreted proteins that have regional 

homology to laminins and are capable of regulating axonal outgrowth 

(70,72,73). The direction of Netrin-dependent neuronal outgrowth is 

determined by the cellular expression of receptors belonging to either the 

DCC (deleted in colon cancer) or UNC5 families of Netrin-1 receptors 

(74,75). These single-pass transmembrane receptors contain immunoglobulin 

domains with DCC containing fibronectin type-3 domains and with UNC5 

containing a thrombospondin type-I domain (76). The DCC receptors, which 

include the structurally similar Neogenin receptor, mediate attraction, whereas 

repulsion is mediated by a complex of DCC and UNC5 receptor families (Fig 

3) (77,78). The highly conserved family of UNC receptors possesses a high 

level of structural and sequence homology in the ligand binding extracellular 

domain (79). In humans, UNC5 receptors are composed of UNC5HA, 

UNC5HB and UNC5HC and correspond to the rodent orthologues UNC5H1, 

UNC5H2 and UNC5H3, respectively (80).  
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Recent studies have found functioning Netrin molecules outside the 

nervous system, in the pancreas, intestine (81,82), lung (83) kidney, heart and 

vasculature (84-86) where they presumably play a role in the development of 

these organs by regulating the migration of different types of cells. Regulation 

of the expression of Netrin-1 and its receptors may play a role in 

tumorigenesis. In fact, Netrin-1 was shown to be reduced in tumors of the 

prostate and of the nervous system (87,88). Low levels of somatic mutations 

of DCC have been identified in cancers of the brain, stomach, pancreas, 

colorectum and testicle (80) and in a series comparing human colorectal 

tumors with corresponding normal tissues, of the different UNC5 receptors 

studied, UNC5A, the orthologue of rodent UNC5H1, showed the highest 

Fig 3 Attractive and repulsive netrin–receptor 
complexes. The attractive effects of Netrin1 are 
mediated by homodimers of DCC proteins (DCC 
and Neogenin in vertebrates). By contrast, UNC5 
proteins  mediate repulsion, in the presence of 
DCC (DCC-dependent repulsion),  
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percentage of altered expression (89). Netrin-1 and Neogenin have been 

shown to be involved in maintaining adhesion between cap cells and luminal 

cells in the mammary gland terminal end buds (90). As Cr-1 is also expressed 

in the terminal end buds of developing mammary glands (91) and is capable 

of inducing migration by deregulating cell adhesion and promoting EMT in 

mammary epithelial cells. Finally, it has been demonstrated that Netrin-1 can 

cause a reduction in the expression of Nanog and Cripto-1 and can increase 

expression of the early neuroectodermal differentiation marker beta-III 

tubulin in mouse embryonic stem cells suggesting that Netrin-1 may affect 

differentiation of pluripotent cells (13) 
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MATERIALS AND METHODS 

Cell culture, recombinant proteins, migration and proliferation assays 

Human NTERA/2 and NCCIT EC cells were grown in either McCoy's 

5A medium containing 15% fetal bovine serum (FBS) (NTERA/2) or in 

DMEM medium containing 10% FBS (NCCIT) and cultured at 37ºC in a 

humidified atmosphere of 5% CO2. Recombinant Netrin-1 protein was 

purchased from R&D Systems (Minneapolis, MN). Cell migration was 

assessed using fibronectin coated transwell. migration assay Kit (Chemicon, 

Temecula, CA). Briefly, NTERA/2 and NCCIT EC cells were treated with 

various concentrations of Netrin-1 recombinant protein. After 24 h 

incubation, cells that migrated through the porous membrane were stained 

with crystal violet solution (Chemicon). The crystal violet solution was eluted 

with elution buffer (Chemicon) and absorbance was read at 595 nm. Medium 

containing 2% FBS was used in the lower chamber as chemoattractant. The 

experiments were performed in triplicate and repeated twice. 



20 
 

Western blot analysis  

The human EC cells were seeded in 60 mm plates (6x105 cells/plate), 

serum-starved overnight, then treated with media alone (control) or with 

50ng/ml exogenous soluble Netrin-1 for 30 min. For inhibitor studies, the 

cells were pre-treated for 16 h with either media alone (control) or anti-

Neogenin blocking antibody (90) (1μg/ml; SCBT, Santa Cruz, CA) and for 3 

h with either media alone (control) or SHP-2 inhibitor (50μM, 8-Hydroxy-7-

(6-sulfo-2-naphthylazo)-5-quinolinesulfonic acid disodium salt; Acros 

Organics, NJ), followed by stimulation with 50 ng/ml exogenous soluble 

Netrin-1 for 30 min.  

Actively growing cells were harvested from culture, washed in PBS and then 

lysed in lysis buffer (50 mM Tris-HCl (pH 7.4), 250 mM NaCl, 5 mM EDTA, 

50 mM NaF, 0,1% triton-X-100, 0,1mM Na3Vo4 ) containing Protease 

Inhibitor Cocktail (Roche, Complete, Mini, EDTA-Free). The lysates were 

kept on ice for 30 min, vortexed twice, and centrifuged at 4°C for 20min at 

14,000 rpm in an Eppendorf microcentrifuge; and clear supernatant 

recovered. Protein concentration was determined by the Bradford assay. 

Equal amount of cell extracts (50 Ug) were electrophoresed through 10%-
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12% (depending on protein analyzed) acrylamide SDS-denaturing gel, 

electroblotted onto nitrocellulose membrane and probed with the appropriate 

primary and secondary antibodies. Blocking and incubation with primary and 

secondary antibodies were performed in 5% nonfat dry milk and 0.1% 

Tween20 in TBS. The following primary antibodies were used: mouse anti-

CR-1 (1:500, Rockland, Gilbertsville, PA); rabbit anti-Neogenin (1:1000, 

SCBT); rabbit anti-beta III-Tubulin (1:1000, Abcam, Cambridge, MA); 

mouse anti-Nestin (1:1000, R&D Systems); rabbit anti-SHP-2, anti-

phospho(P)-SHP-2Y542, anti-P-srcY416 and anti-P-srcY527 (1:1000, Cell 

Signaling; Danvers, MA); mouse anti-GFAP (1:1000, Chemicon); mouse 

anti-src (1:500; Upstate-Millipore, Billerica, MA)  and mouse anti-actin 

(1:20,000, Sigma, St. Louis,MO). Densitometric analysis of Western blot 

results was performed with the NIH image program 

(http://rbs.info.nih.gov/nih-image). 

http://rbs.info.nih.gov/nih-image�
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Quantitative real time PCR 

 EC cells were plated at a density of 6x105 in 60 mm plates and serum 

starved for 24 h. The cells were then stimulated with exogenous soluble 

Netrin-1 at different concentrations for 30 min. Cells were washed with PBS 

and total RNA was isolated using RNeasy mini Kit (Qiagen) according to the 

manufacturer's protocol. Two µg of total RNA was used for cDNA synthesis 

using the RETROscript Kit (Ambion, Foster City, CA) following the 

manufacturer's instructions. Quantitative real-time PCR was performed on 

Stratagene MX3000P using Brilliant II SYBR Green QPCR master mix 

(Stratagene, La Jolla, CA). The primers for the analysis of GAPDH, CR-1, 

Nanog, Oct3/4 and Nestin mRNA expression were selected by using the 

Primer Express software (PE Biosystems) (Tab.1). Relative quantification of 

CR-1 mRNA within the samples was performed using the Ct method 

( Ctsample - Ctcalibrator = Ct; relative quantity = 2- Ct), as suggested 

by the manufacturer (PE Biosystems). 
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Tab.1 

 

 

                   Primers used for real time-PCR 

 Sense Antisense 

hGAPDH GAA GGT GAA GGT CGG AGT C GAA GAT GGT GAT GGG ATT TC 

hCR-1 CAC GAT GTG CGC AAA GAG A TGA CCG TGC CAG CAT TTA CA 

hNanog TGA ACC TCA GCT ACA AAC AGG TG AAC TGC ATG CAG GAC TGC AGA G 

hOct3/4 CTT GCT GCA GAA GTG GGT GGA GGA A CTG CAG TGT GGG TTT CGG GCA 

Nestin CAG CTG CGC ACC TCA AGA TG AGG GAA GTT GGG CTC AGG ACT GG 
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Immunofluorescence 

 Approximately 2x104 EC cells were seeded in Lab-Tek dual chamber 

slides (Nalge Nunc, Naperville, IL) and treated for 48-72 hours with either 

media alone (control) or 50 ng/ml of exogenous soluble Netrin-1. Culture 

medium was removed and cells were washed twice with PBS, fixed with ice-

cold 100% methanol for 10 minutes and air-dried. Slides were then washed 

three times with PBS, blocked for 30 minutes with 5% normal goat serum and 

incubated for 1 hour with the following primary antibodies: rabbit anti-GABA 

(1:1000; Chemicon); rabbit anti-beta III-tubulin (1:1000, Abcam); mouse 

anti-Nestin (1:1000, R&D Systems) and mouse anti-GFAP (1:1000, 

Chemicon). Cells were again washed three times with PBS and incubated for 

30 minutes with secondary antibodies (1:600) (Molecular Probes, Eugene, 

OR). Slides were finally mounted with Vectashield (Vector Labs, Burlington, 

CA), a mounting medium containing DAPI for identification of cell nuclei. 
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Statistical analysis 

The statistical significance of the various groups in the different 

experiments was calculated with the nonparametric Mann-Whitney U-test. 

Statistical tests were two-sided and data were considered statistically 

significant with P-value < 0.05. 
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RESULTS  

Netrin-1 reduces migration and expression of Cripto-1, Nanog and Oct4 

in NTERA/2 and NCCIT human EC cells  

Since the expression of Netrin-1 in human EC cells is unknown, we 

sought to determine whether it would be expressed in NTERA/2 or NCCIT 

EC cells. In our study we could not detect Netrin-1 protein by WB in either 

NTERA/2 or NCCIT EC cells (data not shown). However, the addition of 50 

ng/ml of exogenous soluble Netrin-1, however, significantly reduced (P<0.05) 

the migration of NTERA/2 and NCCIT EC cells as compared to untreated 

control EC cells (Fig 4). 

      

 

Fig 4 Exogenous soluble Netrin-1 (50 
ng/mL) reduced (*, P < 0.05) migration of 
NTERA/2 and NCCIT EC cells. HPF, high-
power field. 
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Exogenous Netrin-1 did not significantly affect the 72 hr growth rates of 

either NTERA/2 or NCCIT EC cells (Fig 5) arguing against a potential anti-

proliferative effect of Netrin-1 that may have reduced the migratory 

capabilities of the Netrin-1 treated EC cells.  

 

Since a reduction in Cripto-1 levels can lead to lower migratory rates of 

Cripto-1-expressing cells such as mouse mammary epithelial cells and human 

EC cells (12,92), we determined whether the reduced migration observed in 

the Netrin-1 treated NTERA/2 and NCCIT EC cells could be associated with 

a reduction in Cripto-1 levels. Western blot and qRT-PCR analysis show a 

significant reduction in Cripto-1 protein and mRNA levels (P<0.05) in Netrin-

Fig 5 Exogenous soluble Netrin-1 (50 
ng/mL) does not affect proliferation of 
NTERA/2 and NCCIT EC cells. OD, 
absorbance. 
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1 treated NTERA/2 and NCCIT EC cells as compared to control EC cells (Fig 

6 A-B).  

 

Fig 6 Exogenous soluble Netrin-1 (50 ng/mL) significantly reduced the expressions of 
Cripto-1 (CR-1) protein (A) and mRNA (B) (*, P < 0.05). 
 

Since Cripto-1 is a target gene of the stem cell-related transcription 

factors Oct4 and Nanog (54), we investigated whether lower Cripto-1 

expression is accompanied by reduced Oct4 and/or Nanog expressions in 

Netrin-1 treated NTERA/2 and NCCIT cells. A significant reduction (P<0.05) 

in the levels of Oct4 and Nanog mRNA was detected in the Netrin-1 treated 

NTERA/2 and NCCIT cells (Fig 7). This is in agreement with similar 

observations that describe reduced Nanog and Cripto-1 levels in Netrin-1 

treated mouse embryonic stem cells (13). 
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Fig 7 Exogenous soluble Netrin-1 (50 ng/mL) significantly reduced the expressions of 
Oct4 and Nanog mRNA (*, P < 0.05). 
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NTERA/2 and NCCIT EC cells assume early neuronal-like 

characteristics when treated with Netrin-1 

Previous studies have shown that it is possible to induce neuronal-like 

features in EC cells following treatment with different agents, such as retinoic 

acid (4). We investigated whether the effect of Netrin-1 on Cripto-1, Nanog 

and Oct4 expression might be associated with the differentiation of NTERA/2 

and NCCIT EC cells. Western blot analysis of cell lysates from NTERA/2 or 

NCCIT EC cells treated with 50 ng/ml of exogenous soluble Netrin-1 for 12 

days showed increased expression of beta-III tubulin, a common marker for 

early neuronal differentiation, in NTERA/2 (~ 2-fold) and NCCIT (~3.5-fold) 

(Fig 8) EC cells.  

 

 

Fig 8 Western blot analysis shows increased 
expression of beta-III tubulin in NTERA/2 
and NCCIT EC cells treated for 12 d with 
exogenous soluble Netrin-1 (50 ng/mL). 
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Thus far, these results show that Netrin-1 can exert comparable effects 

in both NTERA/2 and NCCIT EC cells. Further analysis of Netrin-1 treated 

NTERA/2 cells show increased levels, as compared to untreated control cells, 

of other markers of early neuronal development, such as Nestin (~2-fold) and 

GFAP (~3.5-fold) (Fig 9).  

 

 

 

Immunofluorescent staining confirmed the higher levels of beta-III 

tubulin expressed in Netrin-1 treated NTERA/2 EC cells which appeared to 

assume a more neuronal-like morphology including dendritic or axonal-like 

cytoplasmic extensions (Fig 10).  

 

Fig 9 Western blot analysis shows increased 
expression of GFAP and Nestin in Netrin-1–
treated NTERA/2 EC cells. 
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Additional immunofluorescent staining showed increased expression of 

the neurotransmitter GABA in GFAP positive Netrin-1 treated NTERA/2 EC 

cells as compared to GFAP negative untreated control cells (Fig 11). 

 

Fig 11 Immunofluorescent staining shows increased GFAP and GABA expressions in 
Netrin-1–treated NTERA/2 EC. DAPI, 4¶,6-diamidino- 2-phenylindole. 

Fig 10 Increased expression of beta III-tubulin in 
Netrin-1–treated NTERA/2 EC cells was also 
detected by immunofluorescent staining. Of note 
is the neuronal-like morphology with 
axonal/dendritic-like cellular extensions (white 
arrows) in Netrin-1–treated NTERA/2 EC cells. 
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We could not detect mRNA expression of either GATA4 or Brachyury, 

markers of endoderm and mesoderm differentiation, respectively, in Netrin-1 

treated or untreated NTERA/2 or NCCIT EC cells (data not shown) 

suggesting that Netrin-1 may be more effective in regulating the expression of 

markers that are common to early precursors of neurons or glial cells in 

human EC cells.  
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Netrin-1 activates SHP-2 and increases levels of inactive c-src in 

NTERA/2 EC cells  

Netrin-1 generally binds to two types of receptors: the DCC/Neogenin 

family of receptors and the UNC5H family of receptors (93). Western blot 

analysis demonstrated expression of Neogenin (Fig 12) in NTERA/2 and 

NCCIT EC cells but not UNC5HA (data not shown) suggesting that the 

biological effects of Netrin-1 observed in NTERA/2 or NCCIT EC cells are 

most likely mediated via Neogenin.  

 

 

 

induced by Netrin-1 can be mediated via recruitment and activation of 

intracellular signaling molecules such as, the tyrosine phosphatase SHP-2 

(94). In fact, treatment of NTERA/2 EC cells with 50 ng/ml or 100 ng/ml of 

exogenous soluble Netrin-1 showed, on average, an approximate 3- and 2.5-

fold increase (P<0.05), respectively, in the levels of active P-SHP-2 as 

 
We could not detect by Western blot 

analysis changes in the level of 

expression of either Neogenin or 

UNC5H between Netrin-1 treated and 

untreated NTERA/2 or NCCIT EC cells 

(data not shown). Previous studies have 

shown that a number of the responses 

   

Fig 12 Western blot analyses show 
expression of the Netrin-1 receptor 
neogenin in NTERA/2 and NCCIT EC 
cells. 



35 
 

determined by Western blot and densitometric analysis of bands (Fig 13). A 

similar effect was observed in NCCIT EC cells.  

 

 

 

Since SHP-2 is known to regulate a number of intracellular tyrosine 

kinases in a variety of cell types (95), we determined whether this is also true 

in EC cells before and after Netrin-1 treatment. We could not detect 

differences in the activation of Akt, focal adhesion kinase (FAK) or MAPK in 

Netrin-1 treated and untreated NTERA/2 or NCCIT EC cells (not shown). 

Members of the src family of tyrosine kinases are also affected by SHP-2 

activity. Since Fyn and c-src activity have been implicated in Netrin-1 cellular 

effects (96) it is possible that these tyrosine kinases might perform a role in 

the Netrin-1 induced effects observed in the NTERA/2 and NCCIT EC cells. 

We therefore performed WB analysis to detect basal levels of Fyn and c-src in 

NTERA/2 and NCCIT in order to determine which of these tyrosine kinases 

Fig 13 P-SHP-2 expression is 
increased in NTERA/2 EC cells 
treated with 50 or 100 ng/mL 
of soluble Netrin-1. 
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could be affected by Netrin-1 induced SHP-2 activity in NETRA/2 and 

NCCIT EC cells. We could not detect activated Fyn in Netrin-1 treated or 

untreated NTERA/2 or NCCIT EC cells (data not shown). However we did 

find that Netrin-1 treatment resulted in an increased ratio between inactive c-

src (c-srcY527) to active c-src (c-srcY416) in NTERA/2 and NCCIT EC cells 

(Fig 14 A-B). The potential molecular interplay between Netrin-1, SHP-2 and 

c-src was further investigated in NTERA/2 cells.  

     

 

A 

B 

Fig 14 (A) Western blot analysis shows reduced expression of active c-src(Y416) with 
concomitant increase in the expression of the inactive c-src(Y527) in Netrin-1–treated 
NTERA/2 and NCCIT (inset) EC cells. (B densitometric analysis of the results in A 
shows a significant increase (*, P < 0.05) in the ratio between the expression of inactive 
[P-c-src(Y527)] to active [P-c-src(Y416)] forms of c-src in NTERA/2 and NCCIT (inset) 
EC cells after treatment with Netrin-1. 
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We found that this Netrin-1 induced effect on c-src was significantly 

reduced when NTERA/2 cells were pretreated with anti-Neogenin blocking 

antibody (1µg/ml) or with the SHP-2 inhibitor (50µM), alone or in 

combination (Fig 12 A-B). Furthermore, when NTERA/2 EC cells were 

pretreated with the anti-Neogenin blocking antibody and with the SHP-2 

inhibitor, Netrin-1 could no longer induce the expression of neuroectodermal 

markers like Nestin (Fig 15A) or repress the expression of Nanog, Oct4 and 

CR-1 (Fig 15B). 

 

Fig 15 Antagonizing the Netrin-1 effect in NTERA/2 EC cells by treating the cells with a 
specific anti-Neogenin functional blocking antibody (1 Ag/mL) and with a synthetic SHP-
2 inhibitor (50 Amol/L) not only significantly inhibited Netrin-1–dependent induction of 
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Nestin (A) but also significantly inhibited Netrin-1–dependent reduction of Nanog, Oct4, 
and Cripto-1 (B). *, P < 0.05. 
 

These results suggest that exogenous soluble Netrin-1 may affect 

human EC cells by signaling via its receptor Neogenin and triggering the 

activation of SHP-2 which could result in the modification of the levels of 

active c-src.  
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DISCUSSION 

Extracellular environmental factors play important roles during the 

regulation of cell growth and differentiation (97). They can significantly. 

influence cell fate by activating specific signaling pathways and can affect the 

activity of different transcription factors and therefore gene expression. 

Netrin-1, a neuronal guidance protein, was among several genes that were 

identified in ES cells using a modified gene-trap approach which analyzed the 

in vivo function of these genes encoding secreted and membrane proteins and 

considered critical for normal or abnormal in vivo development (98). Netrin-1 

was found to promote adhesion between cap cells and body epithelial cells, 

which is necessary for proper development of the mouse mammary TEB (90) 

and to affect branching and development of extraneuronal systems like lung 

and vasculature (83,99). Moreover, Netrin-1 was identified as a potential 

regulator of Cripto-1 function both in vitro and in vivo (12). Significant 

expression of Cripto-1 mRNA and or protein has been demonstrated to occur 

with high frequency in different types of human malignancies, as compared to 

lower levels of Cripto-1 expression observed in corresponding normal tissues 

(9, 100). Interestingly, Cripto-1 expression is also increased in premalignant 
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lesions, such as colon adenomas and intestinal metaplasia of the gastric 

mucosa and has been detected in normal colon mucosa specimens from 

individuals with increased familial risk for developing colon carcinomas 

(101-103). Cripto-1 expression, therefore, gradually increases during the 

multistage process that evolves from normal mucosa to premalignant lesions 

and carcinoma. Furthermore, repression of Cripto-1 is associated with 

differentiation of EC cells toward a neuroectodermal lineage(7). Together 

with Nanog and Oct4, Cripto-1 has been suggested to play a role in self-

renewal and maintenance of pluripotency (8). It has been shown to be a direct 

target gene in ES cells for Nanog and Oct4 suggesting that many of the 

functions of Nanog and/or Oct4 may be mediated in part through expression 

of Cripto-1 (54).  

Our data demonstrate for the first time that Netrin-1 can inhibit 

migration and induce differentiation of human EC cells by influencing 

signaling pathways in which the genes, above mentioned, are involved. 

Human EC cells can assume morphological and biochemical features 

common to early neuronal precursor cells when treated with exogenous 

soluble Netrin-1. We show that Netrin-1 can activate SHP-2 resulting in 
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increased levels of inactive c-src. In fact, previous work has shown that 

Netrin-1 was capable of regulating c-src-dependent signaling in Cripto-1 

expressing mammary epithelial cells (13). Furthermore, activation of SHP-2 

is associated with differentiation of ES cells (104) and activity of src family 

tyrosine kinases, such as c-src, Fyn and c-Yes have been previously shown to 

play a role during the maintenance of pluripotency (105). Our data suggest 

that c-src is most likely the more essential tyrosine kinase involved in the 

Netrin-1 induced effects observed in the human EC cells that were utilized in 

our study. The members of the src family of tyrosine kinases which might 

have been important in mediating Netrin-1 signaling is Fyn (96). However, 

Fyn or activated P-Fyn was not detected in either control or Netrin-1 treated 

NTERA/2 or NCCIT EC cells. Furthermore, active FAK, which is a 

downstream mediator of Netrin-1 induced Fyn activity (106), could not be 

detected in Netrin-1 treated EC cells. Netrin-1 treated NTERA/2 and NCCIT 

EC cells also showed reduced levels of Nanog, Oct4 and Cripto-1. Taken 

together, these results demonstrate that Netrin-1 can reduce the 

aggressiveness of EC cells by influencing signaling pathways known to 

regulate pluripotency and affect the expression of stem cell-related 
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transcription factors and target gene(s). These findings support the rationale 

for future investigation of the potential use of Netrin-1 for treatment of human 

EC. 



43 
 

 

REFERENCES 

1. Damjanov, I. Pathogenesis of testicular germ cell tumours. Eur. Urol., 23: 2–7, 1993. 
2. Skakkebæk, E. E., Rajpert-de Meyts, E., Jørgensen, N., Carlsen, E., Petersen, P. 

M.,Giwercman, A., Andersen, A-G., Jensen, T. K., Andersson, A-M., and Mu¨ller, J. 
Germ cell cancer and disorders of spermatogenesis: an environmental connection? Acta 
Pathol. Microbiol. Immunol. Scand., 106: 3–12, 1998 

3. Horwich, A. Testicular germ cell tumours: an introductory overview. In: A. 
Horwich(ed.), Testicular Cancer, pp. 1–17. London: Chapman and Hall, 1996 

4. Andrews PW, Gonczol E, Plotkin SA, Dignazio M,Oosterhuis JW. Differentiation of 
TERA-2 human embryonal carcinoma cells into neurons and HCMV permissive cells. 
Induction by agents other than retinoic acid. Differentiation 1986;31:119–26. 

5. Illmensee K, MintzB. Totipotency and normal differentiation of single teratocarcinoma 
cells cloned by injection into blastocysts. Proc Natl Acad Sci U S A1976;73:549–53. 

6. Looijenga LH, Stoop H, de Leeuw HP, et al. POU5F1 (OCT3/4) identifies cells with 
pluripotent potential in human germ cell tumors. Cancer Res 2003;63:2244–50. 

7. Clark AT, RodriguezR T, Bodnar MS, et al. Human STELLAR, NANOG, and GDF3 
genes are expressed in pluripotent cells and map to chromosome 12p13, a hotspot for 
teratocarcinoma. Stem Cells 2004;22:169–79. 

8. Loh YH, Wu Q, Chew JL, et al. The Oct4 and Nanog transcription network regulates 
pluripotency in mouse embryonic stem cells. Nat Genet 2006;38: 431–40. 

9. Strizzi L, Bianco C, Normanno N, Salomon D. Cripto-1:a multifunctional modulator 
during embryogenesis and oncogenesis. Oncogene 2005;24:5731–41. 

10. Baldassarre G, Romano A, Armenante F, et al. Expression of teratocarcinoma-derived 
growth factor-1 (TDGF-1) in testis germ cell tumors and its effects on growth and 
differentiation of embryonal carcinoma cell line NTERA2/D1. Oncogene 1997;15:927–
36. 

11. Cole SJ, Bradford D, Cooper HM. Neogenin: a multifunctional receptor regulating 
diverse developmental processes. Int J Biochem Cell Biol 2007;39:1569–75. 

12. Strizzi L, Bianco C, Raafat A, et al. Netrin-1 regulates invasion and migration of mouse 
mammary epithelial cells overexpressing Cripto-1 in vitro and in vivo. J Cell Sci 
2005;118:4633–43. 

13. Strizzi L, Mancino M, Bianco C, et al. Netrin-1 can affect morphogenesis and 
differentiation of the mouse mammary gland. J Cell Physiol 2008;216:824–34. 

14. Kleinsmith, L.J. and Pierce, G.B. Multipotentiality of single embryonal carcinoma cells. 
Cancer Res. 1964, 24: 1544–1552. 

15. Jacob, F. The Leeuwenhoek Lecture, 1977. Mouse teratocarcinoma and mouse embryo. 
Proc. R. Soc. London Ser. B 1978, 201: 249–270. 

16. Evans, M.J. and Kaufman, M.H. Establishment in culture of pluripotential cells from 
mouse embryos Nature 1981: 292, 154–156. 

17. Martin, G.R. Isolation of a pluripotent cell line from early mouse embryos cultured in 
medium conditioned by teratocarcinoma stem cells Proc. Nat. Acad. Sci. U.S.A. 
1981,78: 7634–7636. 

18. Andrews, P.W. From teratocarcinomas to embryonic stem cells Trans. R. Soc. London 
Ser. B 2002, 357: 405–417. 

19. Andrews, P.W., Casper, J., Damjanov, I., Duggan-Keen, M.,Giwercman, A., Hata, J.I., 
von Keitz, A., Looijenga, L.H.J., Milla´ n, J.L., Oosterhuis, J.W. et al. Comparative 



44 
 

analysis of cell surface antigens expressed by cell lines derived from human germ cell 
tumours Int. J. Cancer 1996, 66: 806–816. 

20. Thomson, J.A., Itskovitz-Eldor, J., Shapiro, S.S., Waknitz, M.A.,Swiergiel, J.J., 
Marshall, V.S. and Jones, J.M. Embryonic stem cell lines derived from human 
blastocysts Science 1998, 282:1145–1147. 

21. Draper, J.S., Pigott, C., Thomson, J.A. and Andrews, P.W. Surface antigens of human 
embryonic stem cells: changes upon differentiation in culture J. Anat. 2002 200: 249–
258. 

22. Henderson, J., Draper, J.S., Baillie, H.S., Fishel, S., Thomson, J.A.,Moore, H. and 
Andrews, P.W. Preimplantation human embryos and embryonic stem cells show 
comparable expression of stage-specific embryonic antigens. Stem Cells.2002, 20: 329–
337. 

23. Schoorlemmer, J., Jonk, L., Sanbing, S., van Puijenbroek, A., Feijen, A. and Kruijer, W. 
Regulation of Oct-4 gene expression during differentiation of EC cells. Mol Biol Rep. 
1995, 21:129-40. 

24. Wang, N., Trend, B., Bronson, D.L. and Fraley, E.E. Nonrandom abnormalities in 
chromosome 1 in human testicular cancers. Cancer Res.1980, 40: 796–802. 

25. Draper, J.S., Smith, K., Gokhale, P.J., Moore, H.D., Maltby, E., Johnson, J.,Meisner, L., 
Zwaka, T.P., Thomson, J.A. and Andrews, P.W. Recurrent gain of chromosomes 17q 
and 12 in cultured human embryonic stem cells Nat. Biotechnol. 2004, 22: 53–54.  

26. Atkin, N.B. and Baker, M.C. Specific chromosome change, i(12p), in testicular 
tumours? Lancet 1982, 1349. 

27. Skotheim, R.I., Monni, O., Mousses, S., Fossa, S.D., Kallioniemi, O.P., Lothe, R.A. and 
Kallioniemi, A. New insights into testicular germ cell tumorigenesis from gene 
expression profiling. Cancer Res. 2002, 62: 2359–2364. 

28. Rodriguez, E., Houldsworth, J., Reuter, V.E., Meltzer, P., Zhang, J., Trent,J.M., Bosl, 
G.J. and Chaganti, R.S. Molecular cytogenetic analysis of i(12p)-negative human male 
germ cell tumors. Genes Chromosomes Cancer 1993,8: 230–236. 

29. Liu, X., Wu, H., Loring, J., Hormuzdi, S., Disteche, C.M., Bornstein, P. and Jaenisch, 
R.Trisomy eight in ES cells is a common potential problem in gene targeting and 
interferes with germ line transmission. Dev. Dyn. 1997, 209: 85–91. 

30. Scho¨ler, H. R., Dressler, G. R., Balling, R., Rohdewohld, H., and Gruss, P. Oct-4: a 
germline-specific transcription factor mapping to the mouse t-complex. EMBO J. 1990, 
9: 2185–2195. 

31. Okamoto, K., Okazawa, H., Okuda, A., Sakai, M., Muramatsu, M., and Hamada, H. A 
novel octamer binding transcription factor is differentially expressed in mouse 
embryonic cells. Cell 1990, 60: 461–472. 

32. Rosner, M. H., Vigano, M. A., Ozato, K., Timmons, P. M., Poirier, F., Rigby, P. W., 
and Staudt, L. M. A POU-domain transcription factor in early stem cells and germ cells 
of the mammalian embryo. Nature 1990, 345: 686–692. 

33. Pera, M. F., and Herszfeld, D. Differentiation of human pluripotent teratocarcinoma 
stem cells induced by bone morphogenetic protein-2. Reprod. Fertil. Dev. 1998, 10: 
551–555. 

34. Goto, T., Adjaye, J., Rodeck, C. H., and Monk, M. Identification of genes expressed in 
human primordial germ cells at the time of entry of the female germ line into meiosis. 
Mol. Hum. Reprod. 1990, 5: 851–860. 

35. Hansis, C., Grifo, J. A., and Krey, L. C. Oct-4 expression in inner cell mass and 
trophectoderm of human blastocysts. Mol. Hum. Reprod. 2000, 6: 999–1004. 

36. Pesce, M., Wang, X., Wolgemuth, D. J., and Scho¨ler, H. Differential expression of the 
Oct-4 transcription factor during mouse germ cell differentiation. Mech. Dev. 1998, 71: 
89–98. 



45 
 

37. Nichols, J., Zevnik, B., Anastassiadis, K., Niwa, H., Klewe-Nebenius, D., Chambers,I., 
Scho¨ler, H., and Smith, A. Formation of pluripotent stem cells in the mammalian 
embryo depends in the POU transcription factor Oct4. Cell 1998, 95: 379–391. 

38. Niwa, H., Miyazaki, J., and Smith, A. G. Quantitative expression of Oct-3/4 defines 
differentiation, dedifferentiation or self-renewal of ES cells. Nat. Genet. 2000, 24: 372–
376. 

39. Boiani, M., Eckardt, S., Scho¨ler, H. R., and McLaughlin, K. J. Oct4 distribution and 
level in mouse clones: consequences for pluripotency. Genes Dev. 2002, 16: 1209–
1219. 

40. Abdel-Rahman, B., Fiddler, M., Rappolee, D., and Pergament, E. Expression of 
transcription regulating genes in human preimplantation embryos. Hum. Reprod. 1995, 
10: 2787–2792. 

41. Lamb, K. A., and Rizzino, A. Effects of differentiation on the transcriptional regulation 
of the FGF-4 gene: critical roles played by a distal enhancer. Mol. Reprod. Dev. 1998, 
51: 218–224. 

42. Kraft, H. J., Mosselman, S., Smits, H. A., Hohenstein, P., Piek, E., Chen, Q., Artzt, K., 
and Van Zoelen, E. J. J. Oct-4 regulates alternative platelet-derived growth factor α 
receptor gene promoter in human embryonal carcinoma cells. J. Biol. Chem. 1996, 271: 
12873–12878. 

43. Palumba, C., Van Roozendaal, K., Gillis, A. J. M., Van Gurp, R. J. H. L. M., De 
Munnik, H., Oosterhuis, J. W., Van Zoelen, E. J. J., and Looijenga, L. H. J. Expression 
of the PDGF α-receptor 1.5 kb transcript. OCT-4 and c-KIT in human normal and 
malignant tissues. Implications for early diagnosis of testicular germ cell tumors and 
understanding regulatory mechanisms. J. Pathol. 2002, 196: 467–477. 

44. Skakkebæk, N. E. Possible carcinoma-in-situ of the testis. Lancet, 1972, 2: 516–517. 
45. Møller, H. Decreased testicular cancer risk in men born in wartime. J. Natl. Cancer Inst. 

(Bethesda) 1989, 81: 1668–1669. 
46. Jørgensen, N., Giwercman, A., Møller, J., and Skakkebæk, N. E. Immunohistochemical 

markers of carcinoma in situ of the testis also expressed in normal infantile germ cells. 
Histopathology 1993, 22: 373–378. 

47. Chambers, I., Colby, D., Robertson, M., Nichols, J., Lee, S., Tweedie, S. and Smith, A. 
Functional expressioncloning of Nanog, a pluripotency sustaining factor in embryonic 
stem cells. Cell 2003; 113:643-655. 

48. Sato, N., Sanjuan, I.M., Heke, M., Uchida, M., Naef, F. and Brivanlou, A.H. Molecular 
signature of human embryonic stem cells and its comparison with the mouse. Dev Biol. 
2003, 260: 404–413. 

49. Sperger, J.M., Chen, X., Draper, J.S., Antosiewicz, J.E., Chon, C.H., Jones, S.B., 
Brooks, J.D., Andrews, P.W., Brown, P.O. and Thomson, J.A. Gene expression patterns 
in human embryonic stem cells and human pluripotent germ cell tumors. Proc Natl 
Acad Sci USA 2003, 100: 13350–13355 

50. Clark, A.T., Rodriguez, R.T., Bodnar, M.S., Abeyta, M.J., Cedars, M.I., Turek, P,J., 
Firpo, M.T. and Reijo-Pera, R.A. Human STELLAR, NANOG, and GDF3 genes are 
expressed in pluripotent cells and map to chromosome 12p13, a hotspot for 
teratocarcinoma. Stem Cells 2004, 22:169–179 

51. Skotheim, R.I., Abeler, V.M., Nesland, J.M., Fosså, S.D., Holm, .R, Wagner, U., 
Florenes, V.A., Aass, N., Kallioniemi, O.P. and Lothe, R.A. Candidate genes for 
testicular cancer evaluated by in situ protein expression analyses on tissue microarrays. 
Neoplasia 2003, 5:397–404. 

52. Hart, A.H., Hartley L., Parker, K., Ibrahim, M., Looijenga, L.H., Pauchnik, M., Chow, 
C.W. and Robb, L. The pluripotency homeobox gene NANOG is expressed in human 
germ cell tumors. Cancer 2005, 104: 2092–2098. 



46 
 

53. Hoei-Hansen, C.E., Almstrup, K., Nielsen, J.E., Brask Sonne, S., Graem, N., 
Skakkebæk, N.E., Leffers, H. and Rajpert-De Meyts, E. Stem cell pluripotency factor 
NANOG is expressed in human fetal gonocytes, testicular carcinoma in situ and germ 
cell tumours. Histopathology 2005, 47:48–56. 

54. Assou, S., Le Carrour, T., Tondeur, S., Ström, S., Gabelle, A., Marty, S., Nadal, L., 
Pantesco, V., Réme, T., Hugnot, J.P., Gasca, S., Hovatta, O., Hamamah, S., Klein, B. 
and De Vos, J. A meta-analysis of human embryonic stem cells transcriptome integrated 
into a web-based expression atlas. Stem Cells 2007, 25: 961-73. 

55. Schier, A.F. Nodal signaling in vertebrate development. Annu Rev Cell Dev Biol. 2003, 
19: 589-621. 

56. Yeo, C., and Whitman, M. Nodal signals to Smads through Cripto-dependent and 
Cripto-independent mechanisms. Mol Cell. 2001, 7: 949-957.  

57. Bianco, C., Adkins, H.B., Wechselberger, C., Seno, M., Normanno, N., De Luca, A., 
Sun, Y., Khan, N., Kenney, N., Ebert, A.,Williams KP, Sanicola M and Salomon DS. 
Cripto-1 activates nodal- and ALK4-dependent and -independent signaling pathways in 
mammary epithelial Cells. Mol Cell Biol. 2002, 22: 2586-2597. 

58. Cheng, S.K., Olale, F., Bennett, J.T., Brivanlou, A.H., and Schier, A.F. (2003). EGF-
CFC proteins are essential coreceptors for the TGF-beta signals Vg1 and GDF1. Genes 
Dev 17, 31-36. 

59. Reissmann, E., Jornvall, H., Blokzijl, A., Andersson, O., Chang, C., Minchiotti, G., 
Persico, M.G., Ibanez, C.F., and Brivanlou, A.H. The orphan receptor ALK7 and the 
Activin receptor ALK4 mediate signaling by Nodal proteins during vertebrate 
development. Genes Dev. 2001, 15: 2010-2022. 

60. Ding, J., Yang, L., Yan, Y.T., Chen, A., Desai, N., Wynshaw-Boris, A., and Shen, 
M.M. Cripto is required for correct orientation of the anterior-posterior axis in the 
mouse embryo. Nature 1998, 395: 702-707 

61. Dono, R., Scalera, L., Pacifico, F., Acampora, D., Persico, M.G., and Simeone, A. The 
murine cripto gene: expression during mesoderm induction and early heart 
morphogenesis. Development 1993, 118: 1157-1168.  

62. Johnson, S.E., Rothstein, J.L., and Knowles, B.B. Expression of epidermal growth 
factor family gene members in early mouse development. Dev Dyn. 1994, 201: 216-
226. 

63. Xu, C., Liguori, G., Persico, M.G., and Adamson, E.D. Abrogation of the Cripto gene in 
mouse leads to failure of postgastrulation morphogenesis and lack of differentiation of 
cardiomyocytes, Development 1999, 126: 483-494. 

64. Minchiotti, G., Parisi, S., Liguori, G., Signore, M., Lania, G., Adamson, E.D., Lago, 
C.T., and Persico, M.G. Membrane-anchorage of Cripto protein by 
glycosylphosphatidylinositol and its distribution during early mouse development. 
Mechanisms of development 2000, 90: 133-142. 

65. Ding, J., Yang, L., Yan, Y.T., Chen, A., Desai, N., Wynshaw-Boris, A., and Shen, 
M.M. Cripto is required for correct orientation of the anterior-posterior axis in the 
mouse embryo. Nature 1998, 395: 702-707.  

66. Kolodkin, A. L., Matthes, D. J. and Goodman, C. S. The semaphoring genes encode a 
family of transmembrane and secreted growth cone guidance molecules. Cell, 1993 75: 
1389-1399. 

67. Charron, F., Stein, E., Jeong, J., McMahon, A. P. and Tessier-Lavigne, M. The 
morphogen sonic hedgehog is an axonal chemoattractant that collaborates with netrin-1 
in midline axon guidance. Cell 2003, 113: 11-23. 

68. Butler, S. J. and Dodd, J. A role for BMP heterodimers in roof platemediated repulsion 
of commissural axons. Neuron 2003, 38: 389-401. 



47 
 

69. Yoshikawa, S., McKinnon, R. D., Kokel, M. and Thomas, J. B. Wnt-mediated axon 
guidance via the Drosophila Derailed receptor. Nature 2003, 422: 583-588. 

70. Serafini, T., Colamarino, S. A., Leonardo, E. D., Wang, H., Beddington, R., Skarnes, 
W. C. and Tessier-Lavigne, M. Netrin-1 is required for commissural axon guidance in 
the developing vertebrate nervous system. Cell 1996, 87: 1001-1014. 

71. Serafini, T., Kennedy, T. E., Galko, M. J., Mirzayan, C., Jessell, T. M. and Tessier-
Lavigne, M. The netrins define a family of axon outgrowth-promoting proteins 
homologous to C. elegans UNC-6. Cell 1994, 78: 409-424. 

72. Kennedy, T. E., Serafini, T., de la Torre, J. R. and Tessier-Lavigne, M. Netrins are 
diffusible chemotropic factors for commissural axons in the embryonic spinal cord. Cell 
1994, 78: 425-435. 

73. Puschel, A. W. Semaphorins: repulsive guidance molecules show their attractive side. 
Nat. Neurosci. 1999, 2: 777-778. 

74. Keino-Masu, K., Masu, M., Hinck, L., Leonardo, E. D., Chan, S. S., Culotti, J. G. and 
Tessier-Lavigne, M. Deleted in Colorectal Cancer (DCC) encodes a netrin receptor. 
Cell 1996, 87: 175-185. 

75. Leonardo, E. D., Hinck, L., Masu, M., Keino-Masu, K., Ackerman, S. L. and Tessier-
Lavigne, M. (1997). Vertebrate homologues of C. elegans UNC-5 are candidate netrin 
receptors. Nature 1997, 386: 833-838. 

76. Chisholm, A. and Tessier-Lavigne, M. Conservation and divergence of axon guidance 
mechanisms. Curr. Opin. Neurobiol. 1999, 9: 603-615. 

77. Hinck, L. The versatile roles of “axon guidance” cues in tissue morphogenesis. Dev. 
Cell 2004, 7: 783-793. 

78. Hong, K., Hinck, L., Nishiyama, M., Poo, M. M., Tessier-Lavigne, M. and Stein, E. A 
ligand-gated association between cytoplasmic domains of UNC5 and DCC family 
receptors converts netrin-induced growth cone attraction to repulsion. Cell 1999, 97: 
927-941. 

79. Engelkamp, D. Cloning of three mouse Unc5 genes and their expression patterns at 
mid-gestation. Mech. Dev. 2002, 118: 191-197. 

80. Arakawa, H. Netrin-1 and its receptors in tumorigenesis. Nat. Rev. Cancer 2002, 4: 978-
987. 

81. Jiang, Y., Liu, M. T. and Gershon, M. D. Netrins and DCC in the guidance of migrating 
neural crest-derived cells in the developing bowel and pancreas. Dev. Biol. 2003, 258: 
364-384. 

82. Yebra, M., Montgomery, A. M., Diaferia, G. R., Kaido, T., Silletti, S., Perez, B., Just, 
M. L., Hildbrand, S., Hurford, R., Florkiewicz, E., Tessier- Lavigne, M. and Cirulli V. 
et al. Recognition of the neural chemoattractant Netrin-1 by integrins alpha6beta4 and 
alpha3beta1 regulates epithelial cell adhesion and migration. Dev. Cell 2003, 5: 695-
707. 

83. Liu, Y., Stein, E., Oliver, T., Li, Y., Brunken, W. J., Koch, M., Tessier- Lavigne, M. 
and Hogan, B. L. Novel role for Netrins in regulating epithelial behavior during lung 
branching morphogenesis. Curr. Biol. 2004, 14: 897-905. 

84. Koch, M., Murrell, J. R., Hunter, D. D., Olson, P. F., Jin, W., Keene, D. R., Brunken, 
W. J. and Burgeson, R. E. A novel member of the netrin family, beta-netrin, shares 
homology with the beta chain of laminin: identification, expression, and functional 
characterization. J. Cell Biol. 2000, 151: 221-234. 

85. Lu, X., Le Noble, F., Yuan, L., Jiang, Q., De Lafarge, B., Sugiyama, D., Breant, C., 
Claes, F., De Smet, F., Thomas, J. L., Autiero, M., Carmeliet, P., Tessier-Lavigne, M. 
and Eichmann, A. The netrin receptor UNC5B mediates guidance events controlling 
morphogenesis of the vascular system. Nature 2004, 432: 179-186. 



48 
 

86. Park, K. W., Crouse, D., Lee, M., Karnik, S. K., Sorensen, L. K., Murphy, K. J., Kuo, 
C. J. and Li, D. Y. The axonal attractant Netrin-1 is an angiogenic factor. Proc. Natl. 
Acad. Sci. USA 2004, 101: 16210-16215. 

87. Latil, A., Chene, L., Cochant-Priollet, B., Mangin, P., Fournier, G., Berthon, P. and 
Cussenot, O. Quantification of expression of netrins, slits and their receptors in human 
prostate tumors. Int. J. Cancer 2003, 103: 306-315. 

88. Meyerhardt, J. A., Caca, K., Eckstrand, B. C., Hu, G., Lengauer, C., Banavali, S., Look, 
A. T. and Fearon, E. R. Netrin-1: interaction with deleted in colorectal cancer (DCC) 
and alterations in brain tumors and neuroblastomas. Cell Growth Differ. 1999, 10: 35-
42. 

89. Thiebault, K., Mazelin, L., Pays, L., Llambi, F., Joly, M. O., Scoazec, J. Y., Saurin, J. 
C., Romeo, G. and Mehlen, P. The netrin-1 receptors UNC5H are putative tumor 
suppressors controlling cell death commitment. Proc. Natl. Acad. Sci. USA 2003, 100: 
4173-4178. 

90. Srinivasan, K., Strickland, P., Valdes, A., Shin, G. C. and Hinck, L. Netrin-1/neogenin 
interaction stabilizes multipotent progenitor cap cells during mammary gland 
morphogenesis. Dev. Cell 2003, 4: 371-382. 

91. Kenney, N. J., Huang, R. P., Johnson, G. R., Wu, J. X., Okamura, D., Matheny, W., 
Kordon, E., Gullick, W. J., Plowman, G., Smith, G. H. et al. Detection and location of 
amphiregulin and Cripto-1 expression in the developing postnatal mouse mammary 
gland. Mol. Reprod. Dev. 1995, 41: 277-286. 

92. Mancino M., Strizzi L., Wechselberger C., Watanabe, K., Gonzales, M., Hamada, S., 
Normanno, N., Salomon, D.S. and Bianco, C. Regulation of human Cripto-1 gene 
expression by TGF-h1 and BMP-4 in embryonal and colon cancer cells. J Cell Physiol 
2008;215: 192–203. 

93. Barallobre, M.J., Pascual, M., Del Rio, J.A. and Soriano, E. The Netrin family of 
guidance factors: emphasis on Netrin-1 signalling. Brain Res .Rev. 2005, 49:22–47. 

94. Tong, J., Killeen, M., Steven, R., Binns, K.L., Culotti J. and Pawson, T. Netrin 
stimulates tyrosine phosphorylation of the UNC-5 family of netrin receptors and 
induces Shp2 binding to the RCM cytodomain. J Biol Chem 2001;276: 40917–25. 

95. Neel, B.G., Gu, H. and Pao, L. The ‘Shp’ing news: SH2 domain-containing tyrosine 
phosphatases in cell signaling. Trends Biochem. Sci. 2003, 28:284–93. 

96. Round, J. and Stein, E. Netrin signaling leading to directed growth cone steering. Curr 
Opin Neurobiol 2007, 17:15–21. 

97. Kondo T. Epigenetic alchemy for cell fate conversion. Curr Opin Genet Dev. 2006, 
16:502–507. 

98. Mitchell, K.J., Pinson, K.I., Kelly, O.G., Brennan, J., Zupicich, J., Scherz, P., Leighton, 
P.A., Goodrich, L.V., Lu, X., Avery, B.J., Tate, P., Dill, K., Pangilinan, E., Wakenight, 
P., Tessier-Lavigne, M. and Skarnes, W.C. Functional analysis of secreted and 
transmembrane proteins critical to mouse development. Nat Genet. 2001, 28:241–249. 

99. Wilson, B.D., Ii, M., Park, K.W., Suli, A., Sorensen, L.K., Larrieu-Lahargue, F., 
Urness, L.D., Suh, W., Asai, J., Kock, G.A., Thorne, T., Silver, M., Thomas, K.R., 
Chien, C.B., Losordo, D.W. and Li, D.Y. Netrins promote developmental and 
therapeutic angiogenesis. Science 2006, 313:640–644. 

100. Bianco, C., Strizzi, L., Normanno, N., Khan, N. and Salomon DS. Cripto-1: An 
oncofetal gene with many faces. Curr Top Dev Biol. 2005, 67:85–133. 

101. Saeki, T., Salomon, D.S., Gullick, W.J.,Mandai, K., Yamagami, K., Moriwaki, S., 
Takashima, S., Nishikawa, Y.and Tahara, E. Expression of cripto-1 in human colorectal 
adenomas and carcinomas is related to degree of dysplasia. Int J Oncol. 1994, 5:445–
452. 



49 
 

102. Saeki, T., Salomon, D.S., Normanno, N., Johnson, G.R., Gullick, W.J., Mandai, K., 
Moriwaki, S., Takashima, S., Kuniyasu, M., Tahara, E., Kawami, M., Nishiyama, M. 
and Toge, T. Immunohistochemical detection of cripto-1-, amphiregulin and 
transforming growth factor alpha in human gastric carcinomas and intestinal 
metaplasias. Int J Oncol. 1994, 5:215–223. 

103. De Angelis, E., Grassi, M., Gullick, W.J., Johnson, G.R., Rossi, G.B., Tempesta, 
A., De Angelis, F., De Luca. A, Salomon, D.S. and Normanno N. Expression of cripto 
and amphiregulin in colon mucosa from high risk colon cancer families. Int J Oncol. 
1999, 14:437–440. 

104. Feng, G.,S. Shp2-mediated molecular signaling in control of embryonic stem cell 
self-renewal and differentiation. Cell Res 2007;17:37–41. 

105. Anneren, C., Cowan, C.A. and Melton, D.A., The Src family of tyrosine kinases is 
important for embryonic stem cell self-renewal. J Biol Chem 2004;279:31590–8. 

106. Nikolopoulos, S.N. and Giancotti, F.G. Netrin-integrin signaling in epithelial 
morphogenesis, axon guidance and vascular patterning. Cell Cycle 2005, 4:e131–5. 


	frontespizio
	PhD dissertation board
	rapport Mancino
	Gutachten Mancino_270909
	tesi dottorato mario.pdf

