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Abstract

TEL2/ETV7 is a human oncoprotein that alone or in cooperation with MYC to promote leukomogenesis. It 
is a member of the ETS family of transcription factors. ETS factors are common sites of chromosome translocation 
in cancer and are essential for normal development. Most ETS factors are conserved in mice and their function 
has been characterized by gain or loss of function studies. TEL2 is unique because it is not present in rodents. 
The lack of TEL2 in rodents has made it difficult to properly characterize the role of TEL2 in development. The 
genome sequencing efforts discovered that TEL2 is conserved in the zebrafish, Danio rerio, which has emerged as 
a powerful model system to study vasculogenesis, hematopoiesis, development, and cancer. Here, we discuss the 
types of experiments that have been used to characterize zebrafish ETS factors and suggest new experiments that 
can be performed in zebrafish to further characterize the function of TEL2.

TEL2, a novel ETS transcription factor
The human TEL2 gene

The E26 transformation specific (ETS) family of transcription 
factors regulates a wide variety of cellular processes including 
proliferation, differentiation, development, and cell death. There 
are approximately 30 different ETS proteins and each of them being 
characterized by a highly conserved DNA binding domain commonly 
referred to as the ETS domain. The ETS domain binds specifically to 
the GGAA/T consensus sequence within promoter and enhancer 
elements. The specificity of different ETS transcription factors is 
influenced by key protein interactions and by the surrounding DNA 
sequence. ETS proteins are subdivided into different sub-families and 
are highly conserved [1]. These proteins are classified on the basis of 
the ETS domain’s location and the presence of other highly conserved 
domains, such as the pointed (PNT) protein-protein interaction 
domain [2] (Figure 1).

Since the discovery of ETS1, a plethora of highly conserved 
ETS proteins have been identified and characterized. Some of these 
proteins form fusion proteins as a result of recurrent chromosome 
translocations in tumors such as Ewing’s sarcoma, chronic myeloid, 
and acute lymphoid leukemia. ETV7/TEL2, was first identified by three 
independent groups and was classified into the TEL subgroup (includes 
TEL1 and TEL2) because of its high degree of similarity to ETV6/TEL1 
[3-5]. Unlike TEL1, TEL2 has a restrictive expression pattern but has in 
common with TEL1 that it is implicated in tumorigenesis. Here we will 
discuss what is known about TEL2 and compare this oncoprotein to 
other members of the ETS family of transcription factors. In addition, 
we will suggest new experiments using zebrafish (Danio rerio) as a 
model to characterize the role of TEL2 during normal development 
and tumorigenesis.

Characterizing the activity of TEL2

The TEL2 protein has a conserved ETS DNA binding domain 
at the C-terminus and a PNT domain at the N-terminus (Figure 1). 
Although TEL2 has some sequence identity to other ETS members, it is 
the most similar to TEL1 (~38%) with the highest degree of similarity 
in the ETS and PNT domains (85% and 62.5% identity, respectively) 
[5]. The TEL1 protein is a documented transcriptional repressor and 
TEL2 represses specific reporter constructs in transient transcription 

assays [3,5]. Although TEL2 can repress some reporter constructs 
in vitro, its forced expression in mice has demonstrated that TEL2 
is an oncoprotein suggesting that it behaves differently in vivo. The 
mechanisms that convert TEL2 into an oncoprotein have remained 
elusive. However, a contributing factor could be that TEL1 and TEL2 
form oligomers via the PNT domain. It is possible that when TEL2 is 
over expressed, it binds to TEL1 and prevents TEL1 from repressing 
transcription. These interactions are likely to occur in a tissue specific 
manner because TEL1 is ubiquitously expressed, but TEL2 is not. 

Elucidating the role of TEL2 in cancer is complicated by the 
presence of TEL2 alternative transcripts. At least 6 alternative splice 
forms have been identified, TEL2a- TEL2f [3]. The full-length TEL2 
transcript is usually referred to as TEL2b. It contains exons 1-8. TEL2a 
contains an alternative exon, 3a, which has a second start site. The 
subsequent transcript is bicistronic and can form a short form that 
consists primarily of the N-terminal region with most of the PNT 
domain or a second protein that starts in Exon 3 and contains the ETS 
domain. TEL2c has deleted exon 2 and therefore, does not have the full 
PNT domain, which is comprised of exons 2-4. TEL2d does not have 
the PNT domain due to a deletion of exon 3, but it does have the ETS 
domain. The TEL2e and TEL2f isoforms do not have exon 8, which 
causes a truncation of the ETS domain. The primary difference between 
forms e and f is the usage of exon 3. TEL2e retains exon 3, but TEL2f 
deletes exon 3. Each of these variants displays different expression 
patterns. TEL2b is primarily found in the liver, lung, and placenta; 
TEL2d has a similar expression pattern. TEL2e and TEL2f are found in 
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the spleen and thymus, but not in the liver or lung; the other variants 
do not have well defined expression patterns. Most importantly, these 
variants appear to have different activities in reporter gene assays. The 
presence of these variants in cancer has not been characterized, but it is 
likely that these forms have a cell type specific role.

TEL2 is a human oncoprotein

To study the role of TEL2 in leukemia, researchers expressed human 
TEL2 in murine bone marrow progenitors and then transplanted these 
into lethally irradiated mice carrying the Eµ-Myc allele, driving Myc 
overexpression in pre-B-cells. This translocation normally leads to pre-
B-cell lymphoma and death in approximately 4-6 months [6,7]. The co-
expression of TEL2 and Eµ-Myc accelerates the disease showing that 
the TEL2 protein cooperates with Myc overexpression during cancer 
formation and progression [8]. TEL2/ E-Myc mice have decreased 
apoptosis and increased proliferation demonstrating that TEL2 can 
affect cell cycle progression. These observations appear to contradict in 
vitro reports suggesting that TEL2 is a repressor; however it is plausible 
that TEL2 represses the expression of cell cycle inhibitors such as 
p21 and p16. Suppressing these genes could accelerate the cell cycle. 
Another possibility is that the in vivo role of TEL2 could be influenced 
by tissue specific protein interactions with TEL1, which might alter the 
activity of both proteins. 

A subsequent study showed that forced TEL2 expression causes 
a myeloproliferative disorder. However, the disorder’s long latency 
period suggests that other secondary mutations contribute to the 
disease [9]. Along with the studies in Eµ-Myc mice, these data suggest 
that TEL2 contributes to tumorigenesis. 

A distinct role for TEL2 in tumorigenesis

TEL1 was initially discovered as the target of a translocation in 
leukemia [10]. Since its initial discovery, multiple different fusion 
partners have been identified including PDGFRB, MN1, RUNX1 
(AML1), ABL1, and JAK2, which have been reviewed elsewhere [11]
(Figure 3). Other ETS proteins such as ERG, ETS1, FLI1, and PEA3 
also form fusion proteins in human cancer [12,13]. These fusion 
proteins come in all different varieties and can include or exclude the 
ETS domain. Translocations excluding the ETS domain but including 
the PNT domain mostly create constitutively activated tyrosine kinases 
such as TEL1-PDGFRB, TEL1-ABL1, TEL1-JAK2 [11]. Dimerization 
via the PNT domain activates the linked tyrosine kinase domains 
of these fusion proteins, which leads to increased proliferation and 
inhibition of cell death [14,15]. An exception is TEL1/RUNX1, which 
contains the PNT domain from TEL1 and the DNA binding domain 
from RUNX1. This presumably alters the activity of RUNX1 [16]. A 
translocation exploiting the ETS domain of TEL1 is MN1/TEL1 [17], 
resulting in fusion of the transcription activation domains of MN1 
to the ETS domain. This alters TEL1 from a transcriptional repressor 
into a transcriptional activator. Although TEL2 does not appear to 
be a target of chromosome translocation, its expression is frequently 
upregulated in human cancer (www.oncomine.org), but its role in 
cancer progression is unclear.

Studies in the U937 cell line have provided insight into the role 
of TEL2 during cancer formation and progression. These cells can be 

Figure 1: ETS factors are classified into distinct subclasses. The different sub-
classes of ETS factors are classified according to the presence or absence of 
the ETS domain (DNA binding domain) and the PNT domain (pointed domain). 
The generic structure depicted aligns each class according to the ETS domain 
(shaded gray) and includes the pointed domain (PNT, shaded black). The PNT 
domain can range from 65-80 amino acids in length and is important for protein-
protein interactions. TEL1 and TEL2 make up the TEL subclass and each 
has a PNT domain. These two proteins can homo and hetero dimerize. This 
dimerization likely affects the activity of each protein. 

Figure 2: TEL2 is conserved in different species, but is absent from rodents. 
This tree depicts the species that have a TEL2 homologue. Rodents are not 
found on this tree, but if the gene were present in rodents it would be shown as 
a branch of the Murinae taxon. The Murinae taxon branches off of the Rodentia 
taxon, which stems from the Euarchontoglires taxon. The Euarchontoglires 
taxon is connected to the Eutheria taxon node, which is depicted here by the 
red box. All of the above taxons are part of the Mammalia taxon shown here by 
the orange box.

http://www.oncomine.org
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induced by vitamin D3 to differentiate into human monocytes. U937 
cells that over-express TEL2 do not differentiate upon vitamin D3 
treatment; furthermore, the amount of TEL2 mRNA decreases during 
differentiation suggesting that TEL2 regulates the differentiation 
of monocytes [18]. These data suggest that TEL2 is important for 
monocytic differentiation and that the forced expression of TEL2 
maintains cells in an immature state. 

What is the normal function of TEL2?

TEL2 is primarily expressed in the bone marrow and fetal liver [3-
5] suggesting that it regulates hematopoiesis. As mentioned previously, 
TEL2 has the most sequence identity with TEL1; therefore, the function 
of TEL1 may provide insight into the function of TEL2. TEL1 knockout 
mice die by E12.5 because of defects in angiogenesis [22]. Although 
these mice have severe defects in vasculogenesis, hematopoeisis 
appears to progress normally. The role of TEL1 during vasculogenesis/
angiogenesis is similar to that of other ETS factors such as ETS1, FLI1, 
and ERG. All of these proteins are expressed in endothelial cells and are 
necessary for proper angiogenesis/vasculogenesis [21].

It has been difficult to characterize the role of TEL1 during 
development because TEL1 deficient mice die in utero. The use of 
chimeric mice circumvented this problem because chimeric mice are 
viable and can be engineered to express blood cells that exhibit gain 
or loss of function alleles. TEL1-/- chimeras have decreased numbers 
of B and T-cells in the bone marrow, but have sufficient amounts of B 
and T-cells in the secondary lymphoid organs (i.e. spleen and thymus)
[23]. These data suggest that TEL1 regulates the number of B and 
T-cells in the bone marrow and contributes to proper regulation of 
hematopoiesis.

TEL2 is present in vertebrates but has been deleted in rodents while 
the closely related lagomorphs maintained the gene (Ensembl.org). 
(Figure 2) represents a phylogenetic tree of species that retain TEL2. 
Rodents are not listed because the gene has been deleted. Because of 
the deletion of TEL2, we hypothesize that the function of the TEL2 gene 

will be better characterized in another species. The zebrafish genome 
sequencing effort confirmed the existence of TEL2 in zebrafish by 
performing sequence alignment with the human TEL2 gene and the 
annotated zebrafish TEL2 (zTEL2). zTEL2 is 49% homologous with 
human TEL2 with a high degree of similarity in the ETS and PNT 
domains (85% and 73% identity, respectively) (Figure 3). zTEL2 also 
shares some degree of homology with the human TEL1 gene, where the 
ETS domain has 86% identity, but the PNT domain has 56% identity. 
The presence of this highly conserved ortholog in zebrafish suggests 
that zebrafish can be used as a model to characterize zTEL2 function 
during normal development. Zebrafish are an excellent model system 
because of its external fertilization, translucency, and high fecundity. 

Vertebrate Hematopoiesis
Many of the mechanisms regulating vertebrate hematopoiesis have 

been reviewed elsewhere [24,25]; however because TEL2 may play a 
significant role regulating hematopoiesis, we will briefly compare and 
contrast the process of hematopoieisis in zebrafish with that of higher 
vertebrates. All vertebrate hematopoiesis occurs in two waves. In the 
first wave (primitive hematopoiesis), red blood cells and macrophages 
are produced in the extraembryonic yolk sac. These initial cells 
are required for growth of the organism, but are not multipotent. 
The second wave (definitive hematopoiesis) occurs in the aorta-
gonad-mesonephros (AGM) region and results in the production of 
multipotent stem cells that form multiple blood cell lineages. 

Zebrafish hematopoiesis occurs in two stages, but both stages 
occur intraembryonically. Primitive hematopoiesis occurs at two 
different sites in the developing embryo. Hematopoiesis begins in 
the ventral mesoderm (that is formed from inner cell mass), but the 
production of red blood cells and myeloid cells is segregated within 
the embryo. Red blood cells are primarily produced in the embryo’s 
posterior end whereas myeloid cells are produced in the embryo’s 
anterior end. Definitive hematopoiesis occurs primarily in the caudal 
hematopoietic tissue (CHT) and eventually, adult stem cells migrate 
to secondary tissues such as the thymus and kidney. Because of the 

Figure 3: Alignment of human and zebrafish TEL2 functional domains. Top: The zebrafish TEL2 ETS domain is approximately 85% identical to the human TEL2 
ETS domain. The regions of similarity are shown in gray. Bottom: The PNT domains from human TEL2 and zebrafish TEL2 are shown. They exhibit a high degree of 
sequence identity, but less than the ETS domain. Regions of similarity are shown in gray. 
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strikingly conserved mechanisms of higher vertebrate and zebrafish 
hematopoiesis, it is likely that zebrafish can be used to determine the 
role of TEL2 during hematopoiesis.

The role of ETS factors during zebrafish development

Using zebrafish to our advantage

Many groups have started using zebrafish to study the role of ETS 
factors in vertebrate hematopoiesis. Gain or loss of function assays 
can be performed quickly in zebrafish by microinjecting antisense 
oligonucleotides or transiently expressing in vitro synthesized mRNA. 
The primary advantage of using zebrafish for these types of studies is the 
ability to visualize morphological changes early in the developmental 
timeline. In some cases, transgenic zebrafish expressing fluorescently 
tagged hematopoietic markers have been used to analyze the effects of 
gene deletion or over expression. These experiments, combined with 
whole mount in situ hybridization can pinpoint both the expression 
and the biological function of ETS genes during this process.

ETS factors that regulate hematopoiesis

The SPI family of ETS factors consists of PU.1/SPI, SPIB, and 
SPIC. In zebrafish two homologous SPI factors have been identified, 
PU.1 and SPI-1l. In humans, PU.1 is expressed in hematopoietic 
cells and controls proper differentiation of myeloid and lymphoid 
cells [26,27]. Deletion of PU.1 is lethal in mice [28,29], but since 
zebrafish are externally fertilized and hematopoietic mechanisms are 
highly conserved in vertebrates some groups have used zebrafish to 
characterize PU.1 function. 

PU.1 expression begins at the 12-somite stage of zebrafish 
development and is localized in the anterior lateral mesoderm [30]. 
Approximately 16 hours after fertilization, PU.1 expression can be 
detected in both the anterior and posterior regions of the animal and by 
22 hours post fertilization (hpf) expression in the posterior region is lost 
[31]. PU.1 expression overlaps with Scl, a myeloid specific marker [30], 
but not with Gata1 [32] suggesting that PU.1 is essential for primitive 
myelopoiesis, but not erythropoeisis. In fact, when PU.1 is absent, 
the differentiation of cells within the anterior region of the animal 
is skewed towards the red blood cell lineage [33]. These results have 
been confirmed with an enhanced green fluorescent protein (EGFP) 
reporter gene in which EGFP expression is regulated by elements of the 
PU.1 promoter [34]. Although previous work had not demonstrated a 
role for PU.1 in adult hematopoiesis, EGFP expression was found in a 
small subset of cells that were MPO positive and a subset of lymphoid 
progenitors within the kidney, the site of adult hematopoiesis.

Spi-1l is a novel zebrafish ETS protein with a high degree of similarity 
to the human and zebrafish PU.1. Spi-1l is expressed in the anterior 
lateral plate mesoderm as early as the 6-somite stage suggesting that it 
regulates hematopoiesis [35]. Spi-1l knockdown alters the expression 
of MPO and is up regulated by exogenous expression of PU.1. These 
data suggest that PU.1 and Spi-1l share some overlapping functions and 
but also have some unique functions during hematopoiesis. 

Vertebrate Vasculogenesis/Angiogenesis
Vasculogenesis occurs as a multi-step process. The vasculature 

is among the first organs produced during development. The 
process begins with the differentiation of hemangioblasts from the 
extraembryonic mesodermal cells. Hemangioblasts aggregate and form 
blood islands in the yolk sac and then differentiate to form an external 
endothelial cell layer and an internal blood layer. This structure is 

referred to as the primary vascular plexus. Similarly, intraembryonic 
hemangioblasts derived from the lateral mesoderm differentiate into 
endothelial cells that form the dorsal aorta. After these two structures 
are formed, new vessels are distributed throughout the rest of the body. 
The original formation of the vasculature is called vasculogenesis; the 
subsequent extension is referred to as angiogenesis [36]. 

Vasculogenesis in zebrafish is very similar to that in higher 
vertebrates. The endothelial cells are derived from hemangioblast 
precursors. Hemangioblasts are visible in the lateral plate mesoderm 
12 hpf and differentiate into endothelial cells by 17 hpf [37]. By 20 
hpf zebrafish have formed the dorsal aorta and the posterior cardinal 
vein. Formation of new blood vessels occurs between 20-24 hpf and by 
30 hpf vessels are connected to the dorsal aorta. Zebrafish are unique 
because they can survive up to a week without a vasculature [37], while 
most other animal models succumb to death almost immediately. One 
example of this phenomenon is the zebrafish cloche mutant, which 
does not develop blood cells but has been used in numerous studies up 
to 26 hpf [38,39].

ETS factors regulate angiogenesis in zebrafish

There are three zebrafish ETS factors that have been shown to 
regulate angiogenesis, FLI1, etsrp, and erg. FLI1 was originally identified 
as the Friend murine leukemia virus’ target site of integration [40] and 
is expressed in hematopoietic tissues in the mouse [41]. In zebrafish 
FLI1 is expressed as early as 10 hpf and by 19-22 hpf is found in regions 
that give rise to endothelial cells and hematopoietic precursors [42]. 
As development progresses, FLI1 is localized to the zebrafish brain 
and within precursors of the heart endothelium. Knockdown of FLI1 
results in severe brain hemorrhage at 72 hpf [38] and mutant zebrafish 
that do not form a proper vasculature have decreased FLI1 expression.

Three independent groups identified etsrp as a potent regulator 
of vasculogenesis [38,43,44]. The expression of etsrp is very similar to 
that of FLI1 etsrp-knockdown has been shown to cause a complete loss 
of circulation [44]. Furthermore, an etsrp mutant, y11, has a beating 
heart, but does not have circulation in its trunk [43]. These effects 
may be mediated through the induction of genes such as scl and flk1 
[38,44]. Interestingly, etsrp does not alter gata1 expression, which 
marks hemangioblasts that give rise to erythrocytes and endothelial 
cells suggesting that only the subset of hemangioblasts that give rise to 
myeloid and endothelial cells are affected by etsrp knockdown. These 
data provide implications for spatial differences in the differentiation 
program of early progenitors and suggest that environmental factors 
influence differentiation.

Erg (ETS related gene) was originally identified using microarray 
analysis [45] and is expressed in the vasculature of the brain, trunk, and 
tail [46]. Over expressing erg protein increases angioblast proliferation 
suggesting that erg regulates the proliferation of immature precursors. 
However, erg is not essential for this process because erg knockdown 
does not affect vascular development [46]. These data suggest that 
other factors may play a redundant role during vasculogenesis. It is 
plausible that either etsrp or FLI1 mediates this redundancy, given that 
their expression patterns are relatively similar. 

Does TEL2 regulate hematopoiesis, vasculogenesis, or 
angiogenesis?

As discussed previously, numerous different ETS factors are 
expressed during zebrafish development and play critical roles 
in the development of proper hematopoiesis and vasculogenesis/
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the phenotype observed following AML1 knockdown [54] suggesting 
that fusing ETO to AML1 acts as a dominant negative mutation. This 
phenomenon has also been observed in mice expressing AML1:ETO 
[55].

TEL-JAK2a

TEL-Jak2a is a fusion that was identified in cancer. It fused the PNT 
domain of TEL1 with the kinase domain of Jak2 making a constitutively 
activated kinase [56]. Expressing exogenous TEL1:Jak2a in mice 
causes T-cell leukemia [57], which suggests that this fusion protein is 
a potent oncoprotein. For these reasons, TEL1:Jak2a was transiently 
expressed in zebrafish. Over-expression caused defects in normal 
blood circulation where red blood cells do not contain hemoglobin and 
accumulate near the animal’s heart [58]. Furthermore, injected animals 
had more white blood cells relative to red blood cells and the expression 
of Spi-1l, a marker of myeloid differentiation, is elevated in the injected 
animals [58]. Taken together, these data demonstrate that TEL1: Jak2a 
alters the differentiation program and causes up regulation of white 
blood cells at the expense of erythropoiesis, which could contribute to 
leukemia formation.

TEL1:AML1

The TEL1:AML1 fusion protein is present in approximately 25% of 
all childhood pre-B-cell acute lymphoblastic leukemia and is the most 
common translocation in childhood leukemia [59]. TEL1: AML1 is 
not highly oncogenic when over expressed in mouse models, but can 
be highly tumorigenic in the presence of other synergistic mutations 
[60,61]. In addition TEL1: AML1 can be present during normal fetal 
development, but only specific subsets of individuals develop leukemia 
[62]. 

Zebrafish engineered to express TEL1: AML1 under the control of 
a β-actin (ubiquitous) promoter developed hyperplasia and subsequent 
leukemia [63]. The leukemia observed in zebrafish exhibits down 
regulation of endogenous TEL1, which has been observed in human 
cancers that express TEL1: AML1 [64-66]. The leukemias also have 
deregulation of genes that normally regulate cell cycle and apoptosis 
[63]. These data suggest that TEL1: AML1 tumorigenesis depends on 
the presence of other cooperating mutations.

Characterizing TEL2 function in zebrafish

We discussed three independent studies characterizing the role of 
fusion proteins during carcinogenesis in zebrafish. All three studies 
provide evidence that zebrafish are a potent model of cancer and 
provide a foundation for future research in this area. For the remaining 
portion of this review, we will discuss potential experiments that can 
be used to characterize TEL2 during normal development and cancer. 
TEL2 is one of the few ETS transcription factors that is conserved 
in vertebrates, but not in mice; however, forced TEL2 protein 
expression can drive tumorigenesis [9]. The primary mechanism 
that ETS transcription factors use to contribute to tumorigenesis is 
chromosomal translocation, but to date there has been no report of 
chromosomal translocation involving TEL2 in human leukemia. The 
fact that TEL2 expression is upregulated in many human tumors 
(www.oncomine.org) suggests that TEL2 may play an important but 
poorly understood role in cancer development. Because TEL2 is not 
expressed in rodents, it becomes necessary to use alternative models to 
characterize the function of TEL2 in cancer. Given that zebrafish TEL2 
(zTEL2) is highly conserved suggests that this is a promising model 

Figure 4: ETS factors are important for normal development. Different classes 
of ETS transcription factors regulate different biological processes. The SPI 
class specifically regulates normal hematopoiesis, while other ETS proteins 
such as FLI1 are essential for vasculogenesis and angiogenesis. TEL2 might 
regulate both hematopoiesis and vasculogenesis. In this review we suggest that 
zebrafish are a powerful model system to study TEL2 function.

angiogenesis. Little is known about the function of TEL2 during these 
processes, however, since other ETS factors have overlapping functions 
it is plausible that TEL2 has a role in these developmental processes 
(Figure 4). Because zebrafish have an evolutionarily conserved TEL2 
gene, we propose using zebrafish to determine what role (if any) TEL2 
might play during hematopoiesis, vasculogenesis, and angiogenesis. 

Are zebrafish a good model to study cancer?

Zebrafish have been used for decades to study the mechanisms 
and signaling cascades regulating proper development. In recent years, 
many researchers have realized that cancer cells have the capability 
to highjack normal developmental pathways such as the WNT or 
sonic hedgehog pathways to accelerate proliferation and escape cell 
death [47,48]. These pathways are highly conserved from zebrafish to 
humans, a fact which prompted scientists to use zebrafish as a model 
of carcinogenesis. Furthermore, zebrafish tumors are very similar to 
tumors in mice and humans, making zebrafish a good model to study 
how developmental pathways go awry in cancer [49]. 

Recently, three independent studies were performed that validate 
the efficacy of zebrafish as model for carcinogenesis. In each case a 
fusion protein derived from chromosomal translocation was expressed 
in zebrafish embryos. These fusion proteins were originally identified 
in humans and have been studied extensively in mice. These studies 
demonstrate that zebrafish develop cancers that are similar in pathology 
to human cancers and suggest that future work characterizing the 
mechanisms causing cancer should include zebrafish.

AML1: ETO

AML1:ETO was originally identified in acute myeloid leukemia 
[50]. The translocation results in the fusion of AML1 (RUNX1) with 
ETO (CBF2T1). In the absence of AML1, mice develop hemorrhages in 
the central nervous system and have defects in hematopoiesis [51,52]; 
furthermore, over expression of AML1: ETO in mice causes death in 
utero [53]. Recently, these data have been extended in a zebrafish model 
of leukemia, which expresses the human AML1-ETO protein [54]. The 
transient overexpression of AML1:ETO caused blood cell defects and 
central nervous system hemorrhaging [54]. This phenotype is similar to 

http://www.oncomine.org
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system by which to determine the normal and tumorigenic role of the 
zTEL2. 

The feasibility of gain or loss of function assays

Zebrafish biologists have used a variety of different mechanisms to 
change the expression of target genes. Transient overexpression studies 
can be performed by injection of in vitro transcribed mRNA. This can 
lead to expression of a particular gene throughout the organism. A more 
advantageous means of over expression is the creation of transgenic 
zebrafish. In recent years, it has become possible to efficiently make 
transgenic fish that over express a particular gene under tissue specific 
promoters. In the past, transgenic zebrafish were produced primarily by 
the injection of plasmid DNA. However, the efficiency of this method 
was relatively low (approximately 1-10%) [67]. Transduction efficiency 
has increased with the advent of the Tol2kit, a multisite gateway cloning 
kit [68]. Multiple groups have demonstrated that this method is more 
efficient and can be used to produce inducible transgenes [68,69].

Loss of function studies can be performed with a variety of different 
tools. One of the most popular means of knocking down a gene is to 
use morpholino oligos to inhibit translation or alternative splicing. 
Morpholinos are antisense oligonucleotides that have a morpholino 
ring in place of the ribose ring that is normally present in DNA and 
RNA [70]. This method is relatively fast and cheap. Other methods 
like Zinc-Finger nucleases (ZFNs) have emerged as a powerful tool 
to produce stable transgenic lines with site-specific genetic alteration. 
ZFNs are fusion proteins that contain a zinc-finger protein fused to 
the cleavage domain of FokI endonuclease [71]. These engineered 
proteins can be designed to cleave specific DNA sequences [71,72] 
and the introduction of ZFNs at the one cell stage has led to stable 
heritable transmission of mutant alleles in zebrafish [73,74]. These 
two methods include the injection of DNA oligonucleotides or the 
laborious design of proteins that specifically recognize a specific DNA 
sequence. Other methods such as TILLING (Targeting Induced Local 
Lesions in Genomes) are efficient means to construct null transgenic 
lines. TILLING is a method based on random mutagenesis and has 
been used to generate transgenic lines of fish with mutations in p53 
and TSC2 [75,76].

Antibodies: The missing reagent?

Research with zebrafish has advanced immensely in recent years. 
Although zebrafish biology includes powerful techniques such as in 
situ hybridization, tissue sectioning/pathology, morpholinos, and the 
Tol2kit; other useful tools are still lacking. For example, antibodies that 
recognize zebrafish homologues are not routinely produced. Antibodies 
allow researchers to study protein: protein interactions, protein: DNA 
interactions, localization, and post-translational modifications. zTEL2 
is a transcription factor that regulates gene expression. It is likely 
to interact with other proteins and it might be modified by post-
translational modifications. These interactions and modifications will 
affect zTEL2 activity and determine the specificity of zTEL2 when it 
interacts with DNA. Therefore, in order to more accurately characterize 
zTEL2 function, antibodies that recognize zTEL2 will be essential.

Concluding Remarks
ETS transcription factors are linked to a variety of different 

types of cancer. A recent member of the ETS family, TEL2, can 
drive tumorigenisis and cooperate with Myc to accelerate leukemic 
progression in mice [8]. A number of other ETS factors are involved 

in translocations that affect cancer formation. Although TEL2 has not 
been shown to be a target of chromosomal translocation its expression 
is frequently upregulated in human cancer. TEL2 is not found in 
rodents, which has hindered our efforts to characterize TEL2’s normal 
function during embryonic development. Because the mechanisms 
regulating proliferation, hematopoiesis, and angiogenesis are very 
similar in humans and zebrafish, we believe that studying zTEL2 will 
help elucidate the role of TEL2 in human development and provide 
novel insights in human cancer.
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