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Abstract

In the field of molecular oncology, the Myc basic helix-loop-helix family of transcription factors
has been extensively studied. The Myc proto-oncogene c-Myc binds DNA, activates or represses
gene transcription, and consequently affects cellular proliferation. However, emerging evidence
presents the existence of c-Myc variants that lack transcriptional activity. A cytoplasmic variant of
c-Myec called “Myc-nick,” which arises from calpain-mediated cleavage of c-Myc, assists in stable
microtubule assembly. Furthermore, Myc-nick promotes MyoD-mediated myogenic
differentiation, thus antagonizing its precursor. These results provide exciting new opportunities in
formulating molecular approaches for treatment of cancer and in our understanding of cell
differentiation.

The Myc family of transcription factors participates in key tumor growth processes (1, 2).
Although most studies have focused mainly on their gene regulatory activity, rare reports
have indicated the existence of several cytoplasmic c-Myc variants with unexplored
functions (3, 4). Interest in c-Myc degradation led Conacci-Sorrell et al. to identify a
previously unknown member of Myc family, which they termed “Myc-nick” (5). Myc-nick
was generated in the cytoplasm of dense populations of murine and human cell lines and
primary cultures, as well as that of various normal and cancer cell lines, indicating that the
generation of Myc-nick is a widespread phenomenon. Myc-nick was generated by
proteolytic cleavage of full-length c-Myc in the cytoplasm. The use of various protease
inhibitors (such as MG132 or calpeptin) and RNA interference revealed the proteases
responsible for c-Myc cleavage to be the regulatory subunit of calpains, which preferentially
cleaved at Lys2%8 of c-Myc. When expressed in Myc-null fibroblasts, Myc-nick induced
additional morphological changes and cytoskeletal reorganization compared with full-length
c-Myec. c-Myc associated with tubulins (6, 7), and stable microtubules were more prominent
in Myc-nick—expressing cells, as evidenced by the presence of acetylated a-tubulin and
resistance to destabilization by nocodazole. Deletion of the Myc-box motif 11 (AMBII) of c-
Myc, which is the binding site for TRRAP (transformation/transcription domain-associated
protein) and the acetyltransferase GCN5 (8), reverted the acetylation of a-tubulin to control
levels, suggesting that Myc-nick promotes acetylation of microtubules by recruiting GCN5.
Addition of c-Myc to either cytoplasmic extract or purified microtubules potentiated
acetylation of a-tubulin by GCNb5. Therefore, these data suggest a role for a Myc-nick—
GCNS5 complex in tubulin acetylation and, hence, reorganization of the cytoplasmic
compartment (Fig. 1).

Myc-nick was abundant in mature skeletal muscle and the brain. However, because tubulin
acetylation increased during tissue formation (9, 10), the authors sought to delineate the role
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of Myc-nick in this process, using myogenic differentiation in culture as a model system.
Increased abundance or activity of calpains, the emergence of Myc-nick, and elevated a-
tubulin acetylation were observed in differentiated muscle cells (myotubes). In differentiated
myotubes, c-Myc was predominantly cytoplasmic and colocalized with acetylated a-tubulin.
Furthermore, introduction of Myc-nick with a myogenic transcription factor (MyoD)
enhanced the conversion and differentiation of fibroblasts, as measured by expression of
myogenic genes. Distinct from acetylation of a-tubulin, induction of myogenic genes was
only partially dependent on the MBIl domain of Myc-nick. This observation suggests that,
in addition to acetylation, Myc-nick may regulate myogenesis through unidentified
mechanisms. Alternatively, other acetyltransferases beside GCN5 might interact with the
Myc-nick mutant lacking the MBIl domain. Cells expressing a c-Myc mutant that lacked the
calpain-recognition domain were less efficient in undergoing myogenic differentiation.
Collectively, these results show that Myc-nick cooperates with MyoD in cellular
programming and myogenic differentiation.

The study by Conacci-Sorrell et al. highlights the pleiotropic functions of the Myc family of
transcription factors. By losing its nuclear localization and DNA binding domains, c-Myc
becomes mainly cytoplasmic and promotes acetylation of a-tubulin. These observations
raise interesting questions regarding the processivity of c-Myc by calpains. For example, can
calpain activity be modulated in tumor cells such that it results in cleavage of c-Myc and
regression of tumor growth? If so, can pharmacological agents be devised to selectively
activate the regulatory subunit of calpains? Other questions relate to how calcium
homeostasis influences calpain activity in cancer cells or how c-Myc may escape calpain
cleavage in rhabdomyosarcoma cells.

The data of Conacci-Sorrell et al. suggest a role for Myc-nick in promoting myogenic
differentiation. Whereas previous studies indicated that c-Myc interferes with MyoD activity
(11), Myc-nick assists in the MyoD-dependent conversion of fibroblasts. In this regard, we
speculate that Myc-nick may modulate the activity of MyoD indirectly through crosstalk
with assembled microtubules. This proposed mechanism may be analogous to the release of
the myocardin-related coactivator of Serum Response Factor (SRF) from polymerized actin
in the cytoplasm (12). Alternatively, recruitment of Myc-nick by GCN5 may acetylate and
activate MyoD en route from cytoplasm to nucleus (13). Purification of Myc-nick—
associated proteins should help in identifying additional binding partners (Fig. 1). It will be
interesting to see as the field advances and unravels details in these Myc-nick-assisted
processes.
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Fig. 1.

Myec-nick generation and regulation of cellular processes in the cytoplasm. Calpain-
mediated cleavage of c-Myc results in the generation of Myc-nick. Myc-nick interacts with
TRRAP and GCNS5 and assists in the acetylation of tubulins, which results in more stable
microtubular structures. The link between stable microtubule formation and MyoD-mediated
gene transcription is currently unknown (indicated by the dashed lines). Ac, acetyl group.
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