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miR-17-92 explains MYC oncogene addiction
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MYC regulates tumorigenesis by coordinating the expression of thousands of genes. We found that MYC appears to
regulate the decisions between cell survival versus death and self-renewal versus senescence through the microRNA
miR-17-92 cluster. Addiction to the MYC oncogene may therefore in fact be an addiction to miR-17-92.

Although cancer cells contain multiple
genetic and epigenetic abnormalities, they
are often dependent on specific oncogenes
for the maintenance of their malignant
phenotype. The inactivation of a single
driver oncogene can result in rapid and
sustained tumor regression.””> The term
“oncogene addiction” has been coined to
describe this phenomenon, which has
been supported by multiple animal cancer
models and is best exemplified clinically
by the targeted therapy of chronic myelog-
enous leukemia with imatinib.?

The MYC oncogene has been impli-
cated in the pathogenesis of most types of
human tumors.” In animal models, activa-
tion of MYC in lymphocyte precursors
drives lymphomagenesis whereas its inac-
tivation results in rapid, complete, and
sustained tumor regression.2 MYC inacti-
vation is associated with the loss of many
of the hallmark features of tumorigenesis
and results in proliferative arrest, apopto-
sis, differentiation, and senescence.” An
overarching question is: how does MYC
maintain a neoplastic state?

Recent work suggests that MYC may
not specifically regulate gene expression
but may instead serve as a general tran-
scriptional amplifier to boost the produc-
tion of already existing transcripts.®’
However, the effects of transcriptional
amplification are generally similar to the
effects attributed to MYC’s influence on
ribosomal biogenesis, which globally regu-
lates protein production.” Both processes

are probably critical for MYC’s biological
function, and particularly its function as
an oncogene, by serving as rate-limiting
constraints on tumor cell growth and pro-
liferation.*>  However, transcriptional
amplification may not explain major deci-
sions on cell fate, such as those between
survival versus apoptosis and self-renewal
versus senescence, which appear to be dic-
tated by levels of MYC expression. Hence,
they may not explain how MYC maintains
the neoplastic state.

While examining the mechanism by
which MYC inactivation induces apopto-
sis in tumor cells we identified the pro-
apoptotic protein Bel2-like 11 (Bcl2111,
best known as Bim) as a key mediator of
this process. Further investigation of how
Bim expression is regulated led to the con-
clusion that it is suppressed by the micro-
RNA cluster miR-17-92, a known MYC
target. The miR-17-92 cluster has previ-
ously been reported to regulate prolifera-
tion, survival, and angiogenesis, several of
the key phenotypes associated with MYC
oncogene addiction.® The similarity of
biological functions between MYC and
miR-17-92 evoked the hypothesis that
miR-17-92 may mediate MYC oncogene
addiction. Indeed, we found that downre-
gulation of miR-17-92 was responsible
not only for apoptosis upon MYC sup-
pression but also for the loss of prolifera-
tion, and even self-renewal.” Hence, the
expression of miR-17-92 was required for
MYC to make the cell fate decisions
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between survival versus apoptosis and self-
renewal versus senescence (Fig. 1).

By comparative microarray analysis we
identified genes that are regulated by both
MYC and miR-17-92. Among genes that
had multiple miR-17-92 binding sites, we
identified histone modifiers, such as Sin3
transcription regulator family member B
(Sin3b), high mobility group box tran-
scription factor 1 (Hbpl), suppressor of
variegation 420 homolog 1 (Suv420h1),
and B cell translocation gene 1 (Btgl), as
well as the apoptosis regulator Bim.”
Functional analysis by shRNA knock-
down confirmed that knockdown of all 5
genes impeded proliferation arrest and
blocked apoptosis and senescence upon
MYC inactivation, and thus largely phe-
the effects of miR-17-92
expression.”

These chromatin regulators had been

nocopied

previously implicated in the regulation
of cellular senescence. Sin3b interacts
with Hbp1 and recruits histone deacety-
lases (HDACG:) to specifically deacetylate
proliferation-related genes and mediate
cell cycle exit and senescence. Suv420h1
trimethylates H4K20, which is known
to direct chromatin compaction and is a
marker of heterochromatin formation
and senescence.® Btgl, a biomarker of
chemotherapy-induced cellular senes-
cence, activates protein arginine methyl-
(Prmtl) to dimethylate
histone H4 arginine 3 and regulate pro-
liferation and differentiation.® Thus, the

transferase 1
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Figure 1. miR-17-92 controls a neoplastic
switch for MYC-driven tumors. Expression of
miR-17-92 can determine the cellular fate
between senescence and apoptosis and
between proliferation and survival and is
essential for the MYC oncogene to maintain a
neoplastic state. (Artwork by Nick Harper).

coordinated action of these chromatin
modifiers may explain how MYC activa-
tion through miR-17-92 maintains a
neoplastic state, and why even brief
MYC inactivation can result in sustained
tumor remission.”

Hence, the regulation of miR-17-92,
and thereby of specific chromatin and
apoptosis regulatory genes, by MYC may
explain oncogene addiction. Other reports
are consistent with this hypothesis. miR-
17-92 is the only microRNA known to be
upregulated by MYC and its expression
can cooperate with MYC in lymphoma-
genesis.6 Furthermore, overexpression of
miR-17-92 alone can initiate lymphoma-
genesis.” Deletion of miR-17-92 signifi-
cantly impedes the ability of MYC to
maintain tumors even in the presence of
miR-106a-363 and miR-106b-25, which
provide some functional redundancy.'®
Thus, many observations suggest that this
single microRNA cluster, miR-17-92,
may be the key nodal point in the ability
of the MYC oncogene to maintain a neo-
plastic state.
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