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Targeting MYC: is it getting any easier?

“...in tumor cells MYC is deregulated as result of constitutive activation
of upstream oncogenic signaling pathways, or direct mutation in MYC
genes.”
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The MYC bHLHZip transcription factor is a
master regulator of cell growth, cell-cycle pro-
gression, metabolism and survival, which plays
a central role in most human cancers [1-3].

MYC expression in normal cells is tightly
regulated, while in tumor cells MYC is dereg-
ulated as result of constitutive activation of
upstream oncogenic signaling pathways, or
direct mutation in MYC genes. In vivo data
have shown that inactivation of MYC dra-
matically halts tumor cell growth and pro-
liferation, without invoking tumor escape
pathways [45]. Somatic cells tolerate MYC
inactivation over extended periods, and its
effects are rapidly and completely reversible.
Although MYC has become such an attrac-
tive therapeutic target no MYC inhibitors are
yet in clinical studies.

Direct inhibition

MYC functions are tightly regulated by pro-
tein—protein interactions (PPIs) with a num-
ber of co-factors, and therefore targeting key
PPIs has emerged as one of the most valuable
approaches to downregulate its activity [6].
However, inhibition of PPIs with small mol-
ecules has been challenging as they associate
through extensive interfaces via large surface
areas often noncontiguous and with a lack
of deep pockets. This presents challenges for
assay development, biophysical and structural
characterization of the ligand mode-of-action,
and the optimization of the absorption, distri-
bution, metabolism, and excretion (ADME)
properties of the PPI inhibitors, as they tend

to be rather large and hydrophobic com-
pounds [7]. A structural feature that makes
MYC even more different than a traditional
molecular target is its intrinsically disordered
nature. As an intrinsically disordered protein
(IDP) MYC in the native state is disordered for
its full length, and become ordered upon bind-
ing to another protein. MYC, thus, presents an
exceptional degree of plasticity, and its PPIs are
driven by a complex process of coupled fold-
ing and binding [6]. This could offer though
an opportunity to develop small molecules
that can induce a binding site (i.e., an extreme
example of induced fit). Upon binding the
compound would induce a conformational
change in MYC that could result in the hale-
ing, or in the modulation, of its functions. A
significant binding energy is however needed
to overcome the high entropic cost. Further-
more, the compounds are more likely to bind
in multiple states, which makes establishing
modes of molecular recognition more difficult.
Mainly for these reasons progress in developing
direct MYC inhibitors has been slow.

The formation of the MYC:MAX complex
is required for most if not all of MYC func-
tions, and to date this PPI has been viewed
as the most promising target for direct MYC
inhibition. Molecules have been reported in
the literature as putative MYC ligands that
in vitro inhibit the MYC:MAX interaction [8].
Unfortunately, these compounds do not pos-
sess amenable pharmacokinetics and pharma-
codynamics properties for iz vivo application,
and the characterization of their mode of bind-
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ing is very limited. It is important to highlight that the
interaction of MYC with MAX involves two IDPs that
undergo a coupled folding and binding process to form
the complex. It is vital for the development of inhibi-
tors to have a proper understanding of this process and
carry out detailed biophysical studies to characterize
the dynamic and plastic nature of the complex. We also
require improving the biochemistry for developing new
and more robust screening methodologies, and find bet-
ter ways to characterize the mode of molecular binding of
inhibitors. It is also critical to point out that this uncon-
ventional class of molecular targets requires the screen-
ing of chemical libraries more complex and covering a
larger chemical space than those used for conventional
targets (e.g., kinases). The use of innovative chemistry is
also required when developing PP inhibitors.

“Transcription of MYC-target genes also depends
on the activity of transcriptional kinases.”

Beyond the MYC:MAX interface, other PPIs could
be explored as potential targets. The MYC C-terminal
domain is not solely involved in forming the complex
with MAX and binding to DNA, but it also recruits
co-factors that regulate the MYC activity, such as
INI1/hSNF5 and MIZ-1 [9]. As these PPIs involve
MYC in complex with MAX (i.e., MYC is in a folded
state), their inhibition could be more chemically trac-
table. Furthermore, this approach would allow stopping
only selected MYC functions, rather than abolishing all
of the MYC activities, potentially resulting in fewer side
effects. Functional studies also highlighted the MBII
region within MYC N-terminus is a potential target,
due to its well-established role in recruiting co-factors
such as TRAPP. Unfortunately, this region is also fully
intrinsically disordered and there is limited biochemical
and no structural information available about its PPIs.

Indirect inhibition

Because MYC has been deemed ‘undruggable’ a pleth-
ora of approaches has been explored aimed at finding
conventional molecular targets that indirectly inhibit

MYC.

Targeting upstream

Numerous upstream signal transduction pathways
activate the transcription of the MYC gene. Targeting
these pathways has been explored as a strategy to halt
its activation (1], however, the ability of tumor cells to
find escape pathways to maintain MYC activation is a
serious drawback to this approach.

Stopping MYC being made
BRD4, a BET bromodomain-containing protein,
acts as a nodal point for many of the upstream acti-

vation-pathways. BRD4 binds acetylated histones via
its bromodomain and stimulates MYC transcription.
Numerous inhibitors of BRD bromodomain have
shown great promise as anticancer agents [10]. Tumors
can become resistant to these agents by activating
MYC transcription via pathways that do not require
BRD4, particularly via Wnt signaling. Nonetheless, as
a limited number of alternative ways to directly acti-
vating myc transcription is available to cells, combina-
tion of BRD4 inhibitors with agents blocking rescue
pathways could work.

Stopping MYC working

Transcription of MYC target genes requires a num-
ber of mediators that could be amenable to small-
molecule inhibition [11]. For example, MYC recruits
the TRRAP complex that includes the histone acet-
yltransferases TIP60 and GCNS5. Transcription of
MYC-target genes also depends on the activity of
transcriptional kinases, such as CDK-7, CDK-8 and
CDK-9. Both these classes of enzymes are desirable
for drug discovery and small-molecule inhibitors are
being intensively pursued. However, the pleiotropic
role of these enzymes could present serious draw-
backs. Rather than going after the catalytic activity of
these enzymes, the inhibition of the protein—protein
interactions they make with MYC could offer more
selectivity.

MYC degradation

An intriguing strategy focuses on modulating the sta-
bility of the MYC protein. The MYC proteins have a
naturally short half-life, as they are efficiently targeted
by the Ubiquitin Proteosome System (UPS). [12] The
interactions between MYC proteins and the E3 ligases
that target them are regulated by post-translational
modifications such as phosphorylation and acetylation.
Some serine and threonine phosphorylation prevent
MYC degradation, and thus development of kinase
inhibitors could be pursued as a way of enhancing
MYC degradation. For example, approaches targeting
the inhibition of MEK-ERK pathway, or PI3K-AKT
signaling, are actively explored.

The Aurora A kinase binds to the N-terminus of
MYC proteins to protect them from degradation by
FBW7 E3 ligase. Allosteric inhibitors of this kinase
that stop its binding to MYC, thereby allowing MYC
degradation have shown promise as a way of targeting
MYC [13]. An alternative strategy could be to inhibit
the deubiquitinating enzymes (DUBs) that by remov-
ing poly-ubiquitin chains from MYC slow down its
degradation. Several MYC-specific DUBs are over-
expressed in cancer, and DUBs are attractive molecular
targets for drug discovery.
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Synthetic lethality

Synthetic lethality-based approaches are being widely
employed to indentify candidates for the develop-
ment of anti-MYC drugs (14]. This strategy exploits
the fact that cancer cells overexpressing MYC have
unique dependencies that normal cells do not require.
Inhibiting the pathways involved should selectively kill
MYC-dependent cancer cells while leaving somatic
cells largely unaffected (what is knows in genetics as
a synthetic lethal interaction). Highly parallel RNAi
screening has identified a multitude of these interac-
tions, which could potentially offer many molecular
targets for halting MYC-dependent tumor cells. A lot
of attention has been focusing on kinases because of
their tractability as molecular targets. For example,
AMPK (AMP-dependent kinase), Cdk-1 and CSNKI1E
kinases have all been identified as critical for the sur-
vival of cells with high levels of MYC. A screen has
also identified the ALDO A and PDK enzymes both
of which are involved in metabolic pathways. Other
hits from these screenings have produced some surpris-
ing MYC-dependencies such as the SAE1/2 SUMO-
activating enzyme [15] and spliceosome core factors [16].
The jury is still out whether this strategy can lead to
useful anticancer drugs. Success requires on the extent
of how much MYC depends upon these putative tar-
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gets and how much the normal cells are not, and how
easy such inter-dependency can be escaped by the can-
cer cells [17]. We will only know this once small-mol-
ecules inhibitors get tested at the very least in mouse
modes of MYC-driven tumorgenesis, which can be an
expensive and lengthy process.

Although indirect approaches to targeting MYC have
provided some promising potential drugs (e.g., BRD4
inhibitors for leukemia) ultimately to obtain the most
effective agents we will have to bite the bulletand directly
inhibit MYC. This will need better ways of character-
izing this protein and the interactions that it makes,
drawing upon our growing knowledge of IDPs [13.19],
and more imaginative ways of developing ligands that
can modulate these interactions making use of recent
developments in chemistry technologies [20-22].
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