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Addicted to Myc—but why?
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Many tumors continuously depend on the initiating on-
cogenes, but whether this extends to their downstream
targets is unclear. In this issue of Genes & Development,
Sodir and colleagues (pp. 907-916) demonstrate an essential
role for endogenous Myc proteins in maintaining the tu-
mor microenvironment, providing an unexpected molecu-
lar explanation for addiction to Myec.

A central tenet of molecular oncology states that tumors
remain dependent on the activity of the oncogenic path-
ways that drive tumorigenesis (Weinstein 2002; Luo et al.
2009). This hypothesis forms the basis of many strategies
for targeted tumor therapy. One central piece of evidence
supporting the concept of oncogene “addiction” stems
from mouse models using tunable expression of oncogenes.
When expression of the oncogene is switched off in these
models, many of the tumors regress.. Tumors induced by
conditional expression of the MYC proto-oncogene exhibit
this behavior. Turning MYC off in established tumors
precipitates—albeit often only temporary—regression,
sometimes leaving a small population of dormant tumor
cells behind (Arvanitis and Felsher 2006). Multiple mech-
anisms, including apoptosis and senescence, have been
documented to contribute to this regression. In contrast,
the molecular mechanisms that establish oncogene ad-
diction are incompletely understood.

The inducible transgenic models used in these exper-
iments mimic the situation in Burkitt’s lymphoma, in
which translocations juxtapose MYC to strong enhancers
that normally control the expression of immunoglobulin
genes. This transcriptional deregulation initiates tumor
development by inducing grossly elevated levels of Myc
expression. In contrast, mutations in MYC genes are
relatively rare in solid tumors, and, more frequently, a
nonmutated MYC gene is expressed at elevated levels in
tumor cells due to mutations in any one of a large number
of upstream signaling pathways. Whether endogenous
MYC genes are required for initiation and maintenance of
most solid tumors—and, if so, whether tumor cells re-
quire elevated levels of MYC relative to normal cells—is
much less clear. One example for a strict dependence
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appears to be the development of colon carcinoma, which
is often driven by loss of the APC tumor suppressor gene.
In a corresponding mouse model, deletion of MYC ablates
tumor development (Sansom et al. 2007). Furthermore,
downstream targets of Myc can be haploinsufficient for
tumor formation but not normal development, suggest-
ing that tumor cells indeed depend on elevated levels of
Myc activity (Nilsson et al. 2005; Barna et al. 2008).

In addition to MYC, the genes encoding the closely
related MYCN and MYCL proteins have also been impli-
cated in the genesis of human tumors. Indeed, MYCN and
MYC are partially redundant during embryonal develop-
ment and in hematopoietic stem cells (Laurenti et al.
2008). Furthermore, individual neuroblastomas show
enhanced expression of either MYC or MYCN but not
both, suggesting that these genes can substitute for each
other during tumorigenesis. In order to test the require-
ment for “Myc activity” rather than the involvement of
a specific member of the MYC gene family in tumorigen-
esis, Soucek and Evan (Soucek et al. 2008) developed an
elegant dominant-negative allele of Myc, termed OmoMyc.
OmoMyc heterodimerizes with endogenous Myc pro-
teins and blocks their association with a heterodimeric
partner protein—termed Max—that is required for se-
quence-specific binding to DNA and the subsequent
transactivation of target genes. However, OmoMyc does
not block the interaction of Myc with another partner
protein—termed Mizl—that is required for transrepres-
sion by Myc. The expression of OmoMyc in tissue culture
consistently blocks transactivation, but not transrepres-
sion, by Myc (Soucek et al. 2002). In previously published
work, Evan and colleagues (Soucek et al. 2008) used
OmoMyc to suppress the development of KRAS-dependent
lung carcinomas, confirming and extending the work on
c-myc knockout mice. They showed that OmoMyc not
only has a high therapeutic efficacy, but is also well tolerated
in adult animals for an extended period of time, demonstrat-
ing the potential of inhibiting Myc as a therapeutic strategy.

In this issue of Genes & Development, Sodir et al. (2011)
now use OmoMyc to show that insulinomas arising in
B cells of mice that express a SV40 large T protein are
similarly continuously dependent on Myc activity. This is
surprising, since at least some cell-autonomous functions
of Myc are likely to be nonessential in cells that express
large T, because large T binds to and sequesters the pRb
and p53 tumor suppressor proteins and thereby overrides
many of the controls that control cell cycle progression
and maintain chromosomal stability.
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The mouse model used here is the exemplar to dem-
onstrate an “angiogenic switch” during tumor develop-
ment: The term refers to the ability of a subset of early-
stage malignant lesions to acquire the ability to promote
the formation of new blood vessels and develop fully
vascularized tumors (Hanahan and Folkman 1996). This
ability is essential to sustain the oxygen and nutrient
supply of tumors that grow beyond a certain minimal
size. Molecularly, tumors that undergo the angiogenic
switch begin to secrete proangiogenic factors (such as
VEGF) and repress anti-angiogenic factors, most notably
thrombospondin. Sodir et al. (2011) show that expression
of OmoMyec in insulinoma cells leads to apoptosis of
endothelial cells and disrupts the oxygen supply of the
tumor cells, demonstrating an essential role for endoge-
nous MYC in tumor maintenance. Furthermore, contin-
uous Myc activity is required for recruitment of neutro-
phils and tumor macrophages, essential components of
the tumor microenvironment. Both cells produce matrix
metalloproteinase MMP-9, which in turn increases the
availability of VEGEF that is secreted by the tumor cells but
initially is retained in an inactive form in the extracellular
matrix. Molecular analyses show that secretion of a broad
spectrum of cytokines depends on ongoing Myc activity
(Fig. 1). Taken together, the data show that endogenous
Myc function is required to maintain the tumor micro-
environment—in particular, the blood supply of growing
tumors—and strongly support a non-cell-autonomous role
of Myc in tumor formation. These findings significantly
extend previous work that links expression of Myc to the
tumor microenvironment and angiogenesis. For example,
previous studies had shown that endogenous c-myc is
required to express VEGF and suppress thrombospondin in
murine embryonic stem cells and derived teratomas
(Baudino et al. 2002). Similarly, in Myc-driven lymphomas,
thrombospondin is required for tumor regression and
collapse of tumor angiogenesis when MYC expression is
turned off (Giuriato et al. 2006; Rakhra et al. 2010).

Like all major steps forward, the current work raises
a number of important questions. For example, how is
Myc recruited to direct the genetic program that pro-
motes the angiogenic switch? One possibility is that the
elevated levels of Myc present in many tumor cells
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Figure 1. Model for the interplay between
- Myc and the microenvironment. When en-
\\ dogenous Myc is active (Myc on), insulinoma
. . Endothenm  cells secrete VEGF and chemokines. These
\&\\‘&x chemokines serve as chemoattractants
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for inflammatory cells, such as neutrophils
and macrophages. These cells then secrete
MMPY, leading to an increased availability
of VEGF, up-regulated cell proliferation, and
the survival of endothelial cells. In turn,
these synergistic actions provide the tumor
with sufficient oxygen and nutrients for
expansion. Turning off Myc in the tumor
cells (Myc off) leads to a first wave of
apoptosis in the endothelial cell population
and, subsequently, tumor regression due to
hypoxia-induced apoptosis.

regulate genes that are not regulated by physiological
levels of Myc (Yustein et al. 2010; Kress et al. 2011).
However, in the insulinoma cells studied here, Myc is not
overtly up-regulated, suggesting that genetic factors that
are present in tumor cells alter the transcriptional prop-
erties of Myc. For example, the Arf tumor suppressor
protein associates with both Myc and Mizl and alters the
target gene spectrum of the complex. This leads to, among
other changes, the induction of Egrl, a potently proangio-
genic transcription factor (Herkert et al. 2010; Boone et al.
2011). Similarly, low oxygen supply leads to stabilization
of the Hifla transcription factor, which can both repress
Myc expression and cooperate with Myc in the transcrip-
tional activation of genes (Gordan et al. 2007). The re-
lationship between Hifla and Myc is reminiscent of that
between Myc and TGFB: TGF represses Myc expression
in primary cells, but synergizes with deregulated Myc in
promoting metastasis once its cytostatic function is dis-
abled during tumor progression (Smith et al. 2009). Simi-
larly, the angiogenic switch may reflect a change in Myc
activity that allows cells to overcome the repressive effects
of Hifla on Myc expression and allow the synergistic
activation of joint target genes.

The second issue raised by these findings is how, exactly,
OmoMyc acts in insulinoma cells to block angiogenesis.
Clearly, OmoMyec itself is not a therapeutic agent, but
serves as a tool that models the efficacy of future strategies
that interfere with Myc function in tumorigenesis. But, as
described before, OmoMyec is not simply a dominant-
negative allele, since it does not block all functions of
Myc. OmoMyc'’s astounding efficacy in this and the pre-
viously described tumor models may therefore depend on
a particular way of inactivating Myc function. In order to
design and evaluate strategies that use small molecules to
interfere with Myc function for tumor therapy, the data
presented here establish an urgent need to further de-
lineate how OmoMyc works on a cell-biological and
mechanistic level.
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