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Chapter 5 
 

General Discussion 
 

The Ets family of transcription factors is one of the largest families of transcription factors 

and they have been intensively studied for their central roles during development and 

disease. Tel is unique in the family in being a dedicated repressor of gene expression. The 

majority of studies have focused on its role in cancer in which it has been found to be part 

of at least 40 different chromosomal translocations involving up to 22 different genes (1). 

The work in this thesis has aimed to elucidate the mode of action of this transcription 

factor. By taking an evolutionary approach, simultaneously studying Tel and its 

invertebrate counterpart, Yan, in a variety of species, we have uncovered fundamental 

aspects of Tel/Yan regulation. 

 

Posttranslational control of the pool of Tel/Yan proteins 

Despite its critical role in development coupled to its clinical importance there is a relative 

lack of mechanistic insight into its function. Over the years a model has emerged that 

envisions the transcriptional repressors Tel and Yan to exist in a dynamic equilibrium of 

monomers and DNA bound oligomers. Deciphering the mechanisms that guide transitions 

between these forms is of major importance for understanding Tel/Yan function. In 

Drosophila, the protein Mae (Modulator of the Activity of Ets) fulfills a crucial role to 

control the balance between actively repressing oligomeric Yan and the monomeric forms. 

Mae sensitizes Yan for MAPK-mediated down regulation and negatively regulates 

oligomeric repression via depolymerization. By binding to monomers it also prevents overt 

nuclear export by inhibiting access of the exportin Crm1 to Yan. A pool of Mae-bound Yan 

monomers are subsequently available to be either exported or to be incorporated into (DNA 

bound) oligomers (2-6). 

A mammalian Mae gene has not been identified; our studies on regulation of Tel by SUMO 

as described in chapter 2 indicate that functionally, SUMO controls the balance between 

repressive and nonrepressive forms of Tel. We found that SUMOylation on lysine 11 (K11) 
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serves to limit DNA binding of Tel and thus inhibits repression. In cells SUMOylation of 

oligomers is stable, but SUMOylation of monomers seems to sensitize them for 

degradation. Importantly, this was one of the first demonstrations that SUMOylation can 

sensitize proteins for proteasomal degradation. It appears Tel function can be readily 

adjusted according to a particular need as a pool of SUMOylated oligomers can be (rapidly) 

mobilized to the DNA and affect repression of target genes. A prerequisite here is that these 

SUMOylated Tel proteins are deSUMOylated, which implies a crucial role for SUMO-

proteases in the regulation of repression by Tel. Indeed we have found that the family of 

SENPs can induce deSUMOylation of Tel (Roukens & Baker unpublished data). 

Alternatively, the pool of SUMOylated Tel can be monomerized leading to its subsequent 

degradation.  

The fact that SUMOylated monomers are sensitized for degradation, coupled to the fact that 

Yan appears to be actively degraded as it is absent in differentiated cells, suggested that 

degradation could play an important role in regulating Tel/Yan function. Significantly, in 

yeast-2-hybrid screens we identified the F-box protein Fbl6 as a common interacting 

protein for both Tel and Yan. Since F-box proteins are the substrate recognition modules in 

the SCF (for Skp-Cullin-F-box) complexes, which serve as ubiquitin E3 ligases, this 

implied that Tel and Yan are subject to ubiquitin mediated degradation. Indeed the findings 

in Chapter 3 establish that Fbl6 mediated ubiquitination is an important evolutionarily 

conserved mechanism of downregulation of Tel and Yan.  

The fact that Tel is degraded exposed a novel angle into its downregulation, since Tel is a 

relatively stable protein. We found that Tel is ubiquitinated in cells and that this process 

was stimulated by Fbl6. Consistent with our findings in chapter 2 we found that monomeric 

forms of Tel were particularly labile, and were strongly ubiquitinated. This supported the 

idea that SUMOylation sensitizes monomeric Tel for degradation via the 

ubiquitin/proteasome system. These findings were among the first to highlight crosstalk 

between SUMOylation and ubiquitination in the regulation of a target protein. Indeed the 

idea of coregulation by SUMOylation and ubiquitination has garnered major interest since 

and for many proteins it has been subsequently found that SUMOylation can stimulate 

proteasomal degradation (7). In the case of Tel, this interplay appears to be specific to 
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monomeric forms of Tel. It raises the intriguing possibility that SUMOylated monomers are 

more accessible for binding by Fbl6, leading to their subsequent degradation. 

Interestingly we have also found that other Ets factors, such as Fli-1, Erg and Tel2 are 

SUMOylated and that the SUMOylated fraction is strongly stabilized upon proteasomal 

inhibition (Roukens and Baker, unpublished data). As we have also found that Tel2 is 

ubiquitinated by Fbl6 it will be interesting to study whether cooperation between 

SUMOylation and F-box mediated degradation is a more general strategy to regulate the 

stability of Ets factors. 

Proteasomal degradation was not restricted to Tel, but was also shown to be relevant for 

Yan regulation.  Previous studies have implicated that Yan is degraded, but this had not 

been formally demonstrated (8).We have shown that Fbl6 mediated ubiquitination serves to 

downregulate Yan protein in cells and in vivo. However, it appears that Yan is 

downregulated by multiple complementary mechanisms. This can be inferred from the 

following: proteasomal inhibition was unable to fully rescue degradation induced by Mae 

and Ras, suggesting a concommittant proteasome independent mechanism of 

downregulation. This may reflect the role of nuclear export which subsequently leads to 

inactivation of Yan. Since ubiquitination of Yan via Fbl6 mainly occurs in the nucleus it is 

likely that these form two separated pathways of downregulation that may both be 

stimulated by Ras/MAPK/Mae activity. It is also possible that Fbl6 finetunes Yan activity 

in the nucleus in absence of phosphorylation, whereas activation of MAPK phosphorylation 

then stimulates a strong degradative response that downregulates Yan via both mechanisms.  

 

CtBP is a crucial component of the Tel complex 

The posttranslational modifications by SUMO and ubiquitin control the pool of Tel/Yan 

that is available for repression. As mentioned in Chapter 1 repression might be achieved via 

multiple mechanisms. This involves the formation of homotypic oligomers that block 

access of transcriptional activators. However, another crucial aspect is the recruitment of 

corepressors which are instrumental in mediating repression. A greater understanding of the 
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interplay between Tel and its corepressors is pivotal for determining how Tel mediates 

repression of its target genes.     

Our work presented in Chapter 4 has added a new dimension for understanding how 

repression by Tel is regulated specifically through recruitment of the generic corepressor C-

terminal Binding Protein (CtBP). Our evolutionary approach again proved to be invaluable 

as we identified a CtBP binding motif in the amino acid sequence of Yan. A highly similar 

sequence was conserved in all Tel proteins in vertebrates and was indeed found to be 

indispensable for binding of CtBP by Tel. In the ensuing studies we found that CtBP is 

integral to Tel function and appears to regulate stable nuclear complex formation. CtBP 

stabilizes Tel protein levels and the deletion of the CtBP binding motif in Tel induces 

mislocalization into the cytoplasm. It stably associates with oligomers but not with 

monomers, which may indicate that CtBP reinforces the formation of Tel oligomers. The 

fact that CtBP can dimerize may provide a mechanism that can further regulate the nature 

and extent of the oligomer; perhaps a CtBP dimer can connect two ends of a oligomeric Tel 

complex, and thus effectively induce the formation of a closed oligomer. This may further 

limit depolymerization or degradation as CtBP forms a barrier for access of SUMO, Fbl6 or 

any other factor leading to a loss of DNA-bound Tel. Similarly in this context CtBP could 

act antagonistically to Mae in Drosophila. Structural studies should be employed to 

determine exactly how the Tel:CtBP complex is ordered and this may shed light on the 

mechanism of how CtBP regulates Tel stability.  

 A major implication of the link with CtBP is that Tel function is sensitized to the metabolic 

status of the cell, since CtBP has been postulated to be a redox sensor (9,10). Indeed we 

find that metabolic alterations can strongly affect Tel protein stability and this is of 

particular interest in processes such as angiogenesis or tumor progression where 

metabolical conditions may be highly altered. This will be further elaborated upon below. 

Our results have thus placed CtBP as a corepressor of major importance in the regulation of 

repression by Tel. There are two different vertebrate ctbp genes encoding the CtBP1 and 

CtBP2 proteins, which exhibit a high degree of sequence homology. We have shown that 

CtBP2 is preferentially associated with Tel and that CtBP1 can even inhibit binding of 

CtBP2 to Tel. This is a first demonstration of differential binding of a target by CtBP1 and 
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CtBP2. This finding further illustrates that corepressors may regulate the recruitment of 

other cofactors by transcription factors. Numerous reports have previously highlighted the 

importance of corepressor recruitment by Tel (11-16), but it is currently unclear what the 

interplay between these various corepressors is. It will be of great interest to determine 

whether other corepressors, such as mSIN3A, NCOR and SMRT will similarly exhibit 

hierarchical recruitment and whether they affect or are affected by CtBP.  

 

Regulation of angiogenesis by Tel 

Since Drosophila Yan is an important mediator of tracheal branching (see Chapter 1), a 

process which shares many molecular mechanisms with angiogenesis, and loss of Tel is 

associated with a yolk sac angiogenesis defect (17), we hypothesized that Tel would also be 

a central regulator of angiogenesis. Interestingly, the CtBP2 knockout mice exhibit a 

similar lack of vitelline vessels. For many years the underlying mechanism of the 

angiogenesis defect in Tel knockout mice had remained elusive, but our work in Chapter 4 

shows that Tel acts directly in endothelial cells, that it controls endothelial cell sprouting 

and provides the mechanism by which this is achieved. Moreover, we show that its activity 

during endothelial sprouting is dependent on CtBP. Importantly, we found that Tel is the 

crucial transcriptional link between pro-angiogenic Vascular Endothelial Growth Factor 

(VEGF) signaling and the intercellular anti-angiogenic Delta-like 4 (Dll4)/Notch pathway. 

In endothelial cells a pulse of VEGF leads to a transitory loss of the Tel:CtBP complex at 

the DNA, which allows target genes such as dll4 to be derepressed. The increase in dll4 

expression guides a regulated formation of a sprout by determining tip/stalk cell fate and 

prevents excessive sprouting. Besides the prominent effect on dll4 expression Tel similarly 

regulates the repression of many other angiogenic genes; by constraining the expression of 

these downstream targets Tel controls the stringency of the transcriptional response to 

VEGF, ensuring that genes required for angiogenesis are only activated once VEGF 

signaling is activated beyond a certain threshold. The transient nature of the dissociation of 

the Tel complex further ensures that these genes are activated for a defined period of time, 

which provides a refined control over the growth of the forming blood vessel. By these 
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mechanisms Tel is instrumental in the regulation of the position, length and integrity of the 

new sprout that forms.  

This process by which Tel mediates angiogenesis is reminiscent of the way that Yan 

regulates tracheal development which requires inhibition of Yan via receptor tyrosine 

kinase (RTK) FGF signaling (18). But the regulation of Tel by RTK signaling appears to be 

fundamentally different to the reported effect of RTK signaling on Yan. It was suggested 

that RTK signaling triggers Yan down regulation; however RTK signaling in endothelial 

cells does not alter Tel protein levels but does alter the timing of its action. Since the 

transitory dissociation of the Tel:CtBP complex occurs rapidly (within minutes) after 

activation of VEGF signaling it is likely that the loss of the complex is driven by 

posttranslational modifications of Tel (or CtBP). VEGF signaling activates a variety of 

different kinases which may phosphorylate Tel, leading to a loss Tel DNA-binding. In 

contrast with Yan, however, Tel does not get (permanently) downregulated but is, in time, 

reconfigured into a repressive complex. This temporary dissociation from the DNA may 

well be further regulated by SUMOylation of Tel, which presumably has evolved for such a 

purpose, i.e. to create a pool of Tel that can be readily mobilized for repression.  

Thus, by temporarily inactivating Tel, VEGF affects transitory phases of derepression of 

angiogenic genes. These genes are certainly subject to multiple layers of regulation and 

their upregulation following VEGF signaling will likely be enhanced by transcriptional 

activators. It will be of great interest to identify activators of these genes that will further 

guide the phase of transcriptional activation. Some transcriptional activators will likely bind 

to similar promoter elements as Tel, and they will therefore compete for these common 

binding sites. This concept of competition is known for a variety of contexts in Drosophila, 

where Yan and Pointed bind to common Ets Binding Sites (19-21). In vertebrates such a 

clear relationship between Tel and an activator has not been identified. A similar 

competition may exist between Tel and other Ets transcriptional activators such as Ets 1 

and/or Fli1, both of which have been suggested to be required for angiogenesis (22,23).  

The relationship with Fli-1 will be of particular interest since Tel and Fli-1 not only share a 

role in angiogenesis, but are also both required during hematopoiesis. A number of studies 

have shown that these Ets factors both affect promoters of megakaryocyte specific genes, 
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but in an opposing manner, but these studies have lacked mechanistic insight. An intriguing 

aspect of this relationship is that Fli-1 has been reported to interact with Tel (24, 25). 

Perhaps the binding serves to keep Fli-1 in an inactive form, but readily available to 

activate the genes once the barrier of Tel repression is relieved by VEGF signaling. 

Alternatively, Fli-1 may be a context dependent transcription factor, acting as a 

(co)repressor when bound to Tel. Our work on the role of Tel in angiogenesis provides an 

excellent base to explore the putative functional relationship between Tel and Fli-1 in this 

process. 

 

Other biological roles of Tel 

The work in chapter 4 has provided strong insight into how Tel regulates angiogenesis. 

These findings may provide indications of how Tel acts in other biological processes as 

well. For example, the interplay between signaling pathways and Tel function has not been 

well characterized. The work showing that VEGF signaling regulates Tel function is the 

first demonstration of how Tel is regulated by RTK signaling during development. By 

contrast, it is well established that signaling via RTKs can downregulate Yan and how this 

might drive development in Drosophila is reasonably well understood. Only a limited 

number of highly conserved signaling pathways have evolved that are used repeatedly to 

pattern all, or at least most, tissues. RTK signaling is one such pathway that regulates cell 

fate. In Drosophila, inhibiting Yan function appears to be an essential function of this 

pathway (8, 26-29). Since we have found that Tel functions to regulate the response of 

endothelial cells to VEGF signaling and many molecular regulations are highly conserved 

between Tel and Yan, it is not inconceivable that Tel, like Yan, is a target of multiple RTK 

signaling pathways. Moreover the fact that Tel is widely expressed also implies that it 

might regulate fundamental cell signaling events. For example, it is well established that 

Tel is essential for postnatal bone marrow hematopoiesis, by regulating survival of 

hematopoietic stem cells (HSC), but the mechanism by which Tel regulates HSC survival is 

unknown (30). Perhaps Tel will play a similar role in HSC survival by transcriptionally 

linking RTK signaling to the Notch pathway, which may serve to keep HSCs primed for 

differentiation.   
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Another area that has remained underexplored for Tel is its role in the development of the 

nervous system. In mice Tel exhibits particularly high expression in the cranial nerve 

ganglia, the dorsal root ganglia and in the ventral region of the caudal neural tube (17). 

Moreover the role of Yan in photoreceptor development is well characterized and loss of 

Yan flies exhibit strong defects in the medial parts of the brain (8,26,28). One interesting 

possibility is that Tel is involved in axonal guidance. Like the endothelial cell response to 

VEGF, neuronal growth is guided by a variety of guidance molecules. The migration of the 

growing axon further mirrors endothelial sprouting as it is led by a highly motile ‘tip cell’ 

called the growth cone (31). Our work has demonstrated that Tel is crucial for interpreting 

the VEGF signals in endothelial cells. By upregulating Dll4 expression Tel also inhibits tip 

cell characteristics in the stalk cells. In tumor cells, Tel was also found to inhibit focal 

adhesions (32), which may suggest that one of the features of Tel is that it inhibits enhanced 

motility of leading edge cells. Perhaps Tel could similarly affect axonal growth cones, by 

ensuring a regulated response to guidance cues and inhibiting the growth cone phenotype in 

trailing cells.   

Finally, the role of Tel in cancer progression is of major importance. Until now Tel has 

mostly been recognized as a causative agent in leukemias involving translocations of Tel. 

On the other hand studies in recent years have highlighted a possible role for Tel as a tumor 

suppressor (1). The data that we present indicates a more complicated involvement of Tel in 

tumor growth since Tel is indispensable for endothelial sprouting. Crucially, this exposes a 

novel mechanism by which Tel can actually promote tumor growth, via regulation of tumor 

angiogenesis. Angiogenesis is a key process in tumor progression, as tumors require active 

delivery of nutrients and oxygen via blood vessels to grow beyond a few millimeters in 

size. For this tumors signal to the local vasculature to stimulate aberrant angiogenesis. It is 

becoming increasingly clear that the tumor microenvironment plays an important 

instructive role in tumor angiogenesis. The tumor microenvironment is chemically and 

metabolically heterogeneous; local areas of hypoxia and high concentrations of lactate are 

generated because of the (initial) lack of vasculature and the high metabolic rate of tumors. 

These properties appear to stimulate tumor angiogenesis but how the tumor 

microenvironment affects transcriptional effectors of angiogenesis is ill-defined. Our 

finding that Tel function is linked to the redox sensor CtBP may prove to be central to 
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define this mechanism, as it indicates that Tel activity is critically dependent upon 

metabolic status. Indeed we find that hypoxia and lactate, which are abundant in the tumor 

microenvironment, can strongly stabilize Tel protein levels, which may subsequently 

stimulate tumor angiogenesis. It will be of great importance to test this hypothesis in vivo, 

and determine whether Tel is upregulated in tumor-associated endothelial cells. 

Importantly, this places Tel as a potential new target to inhibit tumor growth 

therapeutically.    

 

Concluding remarks 

The work in this thesis has provided substantial insight into how Tel and Yan are regulated. 

SUMOylation of Tel on K11 and Fbl6-mediated ubiquitination control the balance between 

repressive and nonrepressive forms. These processes underscore the importance of 

posttranslational regulation of these transcription factors. In contrast, recruitment of the 

generic corepressor CtBP is required for stable Tel complex formation. Crucially our work 

unraveled mechanistically how Tel mediates angiogenesis. Arguably the greatest 

conceptual insights in this thesis have resulted from taking an evolutionary approach, which 

has directed this work towards many important conserved aspects of Tel/Yan function. 

Future studies will greatly benefit from an additional model system that we have recently 

employed (Chapter 4), namely the zebrafish, Danio Rerio. The zebrafish is genetically 

tractable, it is a vertebrate with a very short development time, and using reverse genetics 

allows the study of Tel during early development. We have already shown that Tel is 

crucial for vascular development in zebrafish and this powerful model system should yield 

more insight into Tel biology in the future.  



����

�

References 
 
1. ETV6: a versatile player in leukemogenesis.Bohlander SK. 
Semin Cancer Biol. 2005 Jun;15(3):162-74. Review. 
 
2. Mae mediates MAP kinase phosphorylation of Ets transcription factors in Drosophila. Baker DA, 
Mille-Baker B, Wainwright SM, Ish-Horowicz D, Dibb NJ. 
Nature. 2001 May 17;411(6835):330-4. 
 
3. CRM1-mediated nuclear export and regulated activity of the Receptor Tyrosine Kinase antagonist 
YAN require specific interactions with MAE. 
Tootle TL, Lee PS, Rebay I. 
Development. 2003 Mar;130(5):845-57. 
 
4. Derepression by depolymerization; structural insights into the regulation of Yan by Mae. 
Qiao F, Song H, Kim CA, Sawaya MR, Hunter JB, Gingery M, Rebay I, Courey AJ, Bowie JU. 
Cell. 2004 Jul 23;118(2):163-73. 
 
5. MAE, a dual regulator of the EGFR signaling pathway, is a target of the Ets transcription factors 
PNT and YAN. 
Vivekanand P, Tootle TL, Rebay I. 
Mech Dev. 2004 Dec;121(12):1469-79. 
 
6. Antagonistic regulation of Yan nuclear export by Mae and Crm1 may increase the stringency of the 
Ras response. 
Song H, Nie M, Qiao F, Bowie JU, Courey AJ. 
Genes Dev. 2005 Aug 1;19(15):1767-72.  
 
7. The ubiquitin-proteasome system is a key component of the SUMO-2/3 cycle. 
Schimmel J, Larsen KM, Matic I, van Hagen M, Cox J, Mann M, Andersen JS, Vertegaal AC. 
Mol Cell Proteomics. 2008 Nov;7(11):2107-22.  
 
8. Yan functions as a general inhibitor of differentiation and is negatively regulated by activation of 
the Ras1/MAPK pathway. Rebay I, Rubin GM. Cell. 1995 Jun 16;81(6):857-66. 
 
9. Regulation of corepressor function by nuclear NADH. 
Zhang Q, Piston DW, Goodman RH. 
Science. 2002 Mar 8;295(5561):1895-7.  
 
10. Differential binding of NAD+ and NADH allows the transcriptional corepressor carboxyl-
terminal binding protein to serve as a metabolic sensor. 
Fjeld CC, Birdsong WT, Goodman RH.  
Cell. 2008 Dec 12;135(6):1053-64. 
 
11.The leukemia-associated gene TEL encodes a transcription repressor which associates with SMRT 
and mSin3A. 
Chakrabarti SR, Nucifora G. 
Biochem Biophys Res Commun. 1999 Nov 2;264(3):871-7. 
 
12.Both TEL and AML-1 contribute repression domains to the t(12;21) fusion protein. 
Fenrick R, Amann JM, Lutterbach B, Wang L, Westendorf JJ, Downing JR, Hiebert SW. 
Mol Cell Biol. 1999 Oct;19(10):6566-74. 
 



����

�

13. Recruitment of the nuclear receptor corepressor N-CoR by the TEL moiety of the childhood 
leukemia-associated TEL-AML1 oncoprotein. 
Guidez F, Petrie K, Ford AM, Lu H, Bennett CA, MacGregor A, Hannemann J, Ito Y, Ghysdael J, 
Greaves M, Wiedemann LM, Zelent A. 
Blood. 2000 Oct 1;96(7):2557-61. 
 
14. TEL contacts multiple co-repressors and specifically associates with histone deacetylase-3. 
Wang L, Hiebert SW. 
Oncogene. 2001 Jun 21;20(28):3716-25. 
 
15. Cooperative NCoR/SMRT interactions establish a corepressor-based strategy for integration of 
inflammatory and anti-inflammatory signaling pathways. 
Ghisletti S, Huang W, Jepsen K, Benner C, Hardiman G, Rosenfeld MG, Glass CK. 
Genes Dev. 2009 Mar 15;23(6):681-93. 
 
16. Recruitment of the nuclear receptor corepressor N-CoR by the TEL moiety of the childhood 
leukemia-associated TEL-AML1 oncoprotein. 
Guidez F, Petrie K, Ford AM, Lu H, Bennett CA, MacGregor A, Hannemann J, Ito Y, Ghysdael J, 
Greaves M, Wiedemann LM, Zelent A.  
Blood. 2000 Oct 1;96(7):2557-61. 
 
17. Yolk sac angiogenic defect and intra-embryonic apoptosis in mice lacking the Ets-related factor 
TEL. 
Wang LC, Kuo F, Fujiwara Y, Gilliland DG, Golub TR, Orkin SH. 
EMBO J. 1997 Jul 16;16(14):4374-83.  
 
18. sprouty encodes a novel antagonist of FGF signaling that patterns apical branching of the 
Drosophila airways. 
Hacohen N, Kramer S, Sutherland D, Hiromi Y, Krasnow MA. 
Cell. 1998 Jan 23;92(2):253-63. 
 
19.  Combinatorial signaling in the specification of unique cell fates. 
Flores GV, Duan H, Yan H, Nagaraj R, Fu W, Zou Y, Noll M, Banerjee U. 
Cell. 2000 Sep 29;103(1):75-85. 
 
20. Ras pathway specificity is determined by the integration of multiple signal-activated and tissue-
restricted transcription factors. 
Halfon MS, Carmena A, Gisselbrecht S, Sackerson CM, Jiménez F, Baylies MK, Michelson AM. 
Cell. 2000 Sep 29;103(1):63-74. 
 
21. Overlapping activators and repressors delimit transcriptional response to receptor tyrosine kinase 
signals in the Drosophila eye. 
Xu C, Kauffmann RC, Zhang J, Kladny S, Carthew RW. 
Cell. 2000 Sep 29;103(1):87-97. 
 
22. Role of ETS family transcription factors in vascular development and angiogenesis. 
Sato Y. 
Cell Struct Funct. 2001 Feb;26(1):19-24. Review. 
 
23. Fli-1 is required for murine vascular and megakaryocytic development and is hemizygously 
deleted in patients with thrombocytopenia. 
Hart A, Melet F, Grossfeld P, Chien K, Jones C, Tunnacliffe A, Favier R, Bernstein A. 
Immunity. 2000 Aug;13(2):167-77. 



����

�

 
24.  Effects of overexpression of the Ets family transcription factor TEL on cell growth and 
differentiation of K562 cells. 
Sakurai T, Yamada T, Kihara-Negishi F, Teramoto S, Sato Y, Izawa T, Oikawa T. 
Int J Oncol. 2003 Jun;22(6):1327-33. 
 
25. The ets family member Tel binds to the Fli-1 oncoprotein and inhibits its transcriptional activity. 
Kwiatkowski BA, Bastian LS, Bauer TR Jr, Tsai S, Zielinska-Kwiatkowska AG, Hickstein DD. 
J Biol Chem. 1998 Jul 10;273(28):17525-30. 
 
26. Negative control of photoreceptor development in Drosophila by the product of the yan gene, an 
ETS domain protein.  
Lai ZC, Rubin GM.  
Cell. 1992 Aug 21;70(4):609-20. 
 
27. The activities of two Ets-related transcription factors required for Drosophila eye development are 
modulated by the Ras/MAPK pathway. O'Neill EM, Rebay I, Tjian R, Rubin GM. Cell. 1994 Jul 
15;78(1):137-47. 
 
28. EGF receptor signaling induces pointed P1 transcription and inactivates Yan protein in the 
Drosophila embryonic ventral ectoderm. Gabay L, Scholz H, Golembo M, Klaes A, Shilo BZ, Klämbt 
C. Development. 1996 Nov;122(11):3355-62. 
 
29. The role of yan in mediating the choice between cell division and differentiation. Rogge R, Green 
PJ, Urano J, Horn-Saban S, Mlodzik M, Shilo BZ, Hartenstein V, Banerjee U. Development. 1995 
Dec;121(12):3947-58. 
 
30. Tel/Etv6 is an essential and selective regulator of adult hematopoietic stem cell survival.Hock H, 
Meade E, Medeiros S, Schindler JW, Valk PJ, Fujiwara Y, Orkin SH. Genes Dev. 2004 Oct 
1;18(19):2336-41. Epub 2004 Sep 15. 
 
31. The specific targeting of guidance receptors within neurons: who directs the directors? Allen J, 
Chilton JK. Dev Biol. 2009 Mar 1;327(1):4-11. Epub 2008 Dec 24. Review.  
 
32. TEL, a putative tumor suppressor, induces apoptosis and represses transcription of Bcl-XL.Irvin 
BJ, Wood LD, Wang L, Fenrick R, Sansam CG, Packham G, Kinch M, Yang E, Hiebert SW. J Biol 
Chem. 2003 Nov 21;278(47):46378-86. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


