
www.landesbioscience.com	 Cell Cycle	 3457

Cell Cycle 9:17, 3457-3459; September 1, 2010; © 2010 Landes Bioscience

 review REVIEW

ELF4 (also known as myeloid Elf-1 like factor, MEF) belongs 
to the ETS family of transcription factors, which contains over 
30 family members. These have an evolutionarily conserved 
ETS domain that binds to a consensus “GGAA” DNA sequence 
via a winged helix-turn-helix motif. While some ETS proteins 
are transcriptional repressors, most are transcriptional activa-
tors (including MEF and ERG). ETS proteins are regulated by 
mitogenic signaling transduction pathways (e.g., Ras/MAPK), 
and play important roles in cellular differentiation, prolifera-
tion, apoptosis and tissue remodeling. ETS proteins implicated 
in hematopoietic cell differentiation include PU.1, FLI-1, ETS-1, 
ETS-2 and TEL. Aberrant expression of ETS proteins have been 
observed in prostate cancer, breast cancer, sarcoma, glioma and 
hematological malignancies.

The MEF gene is located on the X chromosome (Xq26) and 
MEF is normally expressed in many tissues, especially in ovary, 
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Several ETS transcription factors, including MEF/ELF4 and 
ERG, can function as oncogenes and are overexpressed in 
human cancer. MEF cooperates in tumorigenesis in retroviral 
insertional mutagenesis-based mouse models of cancer and 
MEF is overexpressed in human lymphoma and ovarian cancer 
tissues via unknown mechanisms. ERG (Ets-related gene) 
overexpression or increased activity has been found in various 
human cancers, including sarcomas, acute myeloid leukemia 
and prostate cancer, where the ERG gene is rearranged due to 
chromosomal translocations. We have been examining how 
MEF functions as an oncogene and recently showed that MEF 
can cooperate with H-RasG12V and can inhibit both p53 and p16 
expression thereby promoting transformation. In fact, in cells 
lacking p53, the absence of Mef abrogates H-RasG12V-induced 
transformation of mouse embryonic fibroblasts, at least in 
part due to increased p16 expression. We discuss the known 
mechanisms by which the ETS transcription factors MEF and 
ERG contribute to the malignant transformation of cells.
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placenta, colon and hematopoietic cells.1 MEF activates the 
expression of a diverse set of target genes (e.g., IL-3, GM-CSF, 
IL-8, Perforin and MDM2), and also plays a critical role in 
innate immunity affecting NK cell development and perforin 
gene expression.2,3

While the MEF gene has been reported to be fused to the 
ERG gene in a single patient with AML,4 and is overexpressed as 
result of retroviral insertional mutagenesis in mice,5-7 ERG over-
expression is more commonly associated with human cancer. In 
a remarkable and paradigm changing discovery, a fusion involv-
ing the prostate-specific gene transmembrane protease serine 2 
gene (TMPRSS2) and the ERG gene was identified in 80% of 
prostate cancer specimens.8 This gene fusion allows the androgen 
responsive 5' regulatory element in TMPRSS2 to control ERG 
expression, which promotes prostate cancer. TMPRSS2 is also 
rarely fused to other ETS members such as ETV1, ETV4 and 
ETV5 in prostate cancer.9 ERG overexpression induces murine 
epithelial hyperplasia, but it requires collaboration with either 
PI3K signaling or androgen receptor overexpression to promote 
the development of prostate cancer in mice.10 The ERG gene is 
also overexpressed in Ewing’s sarcoma (EWS/ERG), peripheral 
primitive neuro-ectodermal tumors (FUS/ERG), and in AML 
(also FUS/ERG) via chromosomal translocations. Furthermore, 
in AML cases with normal cytogenetics, ERG overexpression 
predicts for a worse outcome than “normal” ERG expression.11 
To address the physiological role of ERG in blood cell prolifera-
tion, the ERG gene was targeted in mice: a loss of function Erg 
mutant was shown to impair definitive hematopoiesis and HSC 
function, demonstrating that Erg is essential for normal hemato-
poiesis.12 Erg also plays an important role in megakaryocytic dif-
ferentiation and maturation.13 ERG overexpression promotes the 
proliferative and self-renewal capacity of HSCs, however over-
expression of the FUS/TLS-ERG fusion gene is not sufficient to 
promote the development of AML.14 These studies imply that 
ERG overexpression plays a critical role in promoting the growth 
of various human tumors, however, what ERG target genes con-
tribute to the development of cancer remain largely unknown.

MEF was first isolated approximately 15 years ago. MEF 
regulates the cell cycle transition from G

1
 to S phase, thereby 

promoting cell proliferation. Mef-null mice show greater num-
ber of quiescent hematopoietic stem cells (HSCs), indicating 
that Mef also promotes the transition of HSCs from G

0
 to G

1
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prognosis subtypes.18 Although the MEF gene is involved in a 
case of AML with a t(X;21), the main consequence of this trans-
location, which generates a fusion between MEF and ERG, may 
be the regulation of ERG expression by the MEF promoter.4 
Thus, MEF may contribute to the development of ovarian and 
hematologic malignancies, consistent with its expression profile 
in normal human tissues.

To understand the mechanisms by which MEF promotes 
tumorigenesis, we have recently shown that MEF can cooper-
ate with oncogenic H-RasG12V in promoting transformation.17 
In response to oncogenic stress, cells activate both the p53 and 
p16 tumor suppressor pathways, promoting apoptosis or cellu-
lar senescence in order to avoid transformation. In the absence 
of Mef, mouse embryonic fibroblasts show enhanced senes-
cence with increased p53 expression, due to decreased Mdm2 
expression. We determined that this is because Mef binds to 
and activates the Mdm2 promoter (Fig. 1A).17 MEF also has 
p53-independent effects on tumorigenesis inhibiting Ras/Ets-1 
induced p16 expression; thus p53-null/Mef-null mouse embry-
onic fibroblasts are markedly resistant to H-RasG12V-induced 
transformation, at least in part due to the accumulated p16 
expression (Fig. 1B). Thus, MEF promotes the tumorigenesis 
using both p53-dependent and p53-independent mechanisms.

In earlier studies, we showed that MEF also binds to wild 
type AML1 (also known as RUNX1) and to the AML1-ETO 
fusion protein, found in AML with t(8;21). AML1-ETO blocks 
the transcriptional activating function of MEF,19 and although 
MEF mRNA is detectable by northern blot in all AML cases 

studied, AML cases containing AML1-ETO do have lower MEF 
expression than other subtypes of AML.18 The role of MEF is 
likely context-dependent;18 however, given that ERG overex-
pression contributes to the more aggressive behavior of AML 
with normal cytogenetics, higher levels of Mef could function 
similarly. Yet, given the effects of MEF on HSC quiescence, the 
selection of low MEF-expressing cells could occur over time, as 
Mef-null HSCs are more resistant to chemotherapy or radiother-
apy than normal HSCs. At this time, understanding how ETS 
proteins like MEF and ERG function in tumorigenesis, and how 
they are regulated by different signaling pathways, remains a pri-
ority and a fertile ground for exploration.

phase. By generating Mef-null/p53-null mice we determined 
that the enhanced quiescence of Mef null HSCs depends on 
p53 (Fig. 1A).15 To further determine the relevance of MEF to 
human tumors, we examined the level of MEF expression in 
ovarian cancer and B-cell lymphoma. MEF is overexpressed in 
ovarian cancer, with protein expression being seen in 48% of 
serous cystadenocarcinomas, 43% of endometrioid tumors, and 
21% of clear cell tumors (where p53 mutations are more com-
mon).16 In 26 B-cell lymphoma patient samples with presumably 
wild type in p53, 23% (6 of 26) showed higher expression of 
MEF (and enhanced expression of MDM2, see below).17 MEF 
is also expressed in human AML, with higher expression in poor 

Figure 1. A model of how MEF contributes to tumorigenesis. (A) This 
model shows how low (or null) MEF expression leads to senescence or 
quiescence due to enhanced p53 expression in normal tissues (e.g., HSCs). 
(B) The model for transformation in the absence of p53 and the presence 
of RasG12V (e.g., in ovarian cancer). Oncogenic-Ras can upregulate the ex-
pression of MEF. In the absence of wild type p53 (due to genetic deletion 
or mutations), MEF overexpression promotes transformation by activat-
ing MDM2 and suppressing Ras/Ets-1-induced p16 expression.
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