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Dangerous liaisons: MYCN meets condensins
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Cells during mitosis and meiosis undergo
chromosome condensation through a process
that depends on evolutionary conserved large
protein complexes known as condensins.
There are two condensing complexes, con-
densin I and Il, each of which is composed of
five subunits. Condensin | and Il play essential,
yet distinct, roles in chromosome condensa-
tion and segregation during mitosis. Recent
findings also revealed that condensin com-
plexes contribute to a variety of interphase
chromosome functions, such as gene regula-
tion, recombination, and repair.'

Murakami-Tonami et al.? in this issue pro-
vide evidence for a crosstalk between SMC2-
mediated chromosome condensation and
MYCN amplified neuroblastoma cells. They
demonstrate that SMC2, a condensin core
subunit, is regulated by MYCN, a MYC fam-
ily member. The MYC family members (MYC,
MYCN, and MYCL) are transcription factors,
which regulate the expression of a wide range
of genes involved in different cellular func-
tions. Amplification of MYC family members
has oncogenic properties and has been found
in carcinomas of the cervix, colon, breast,
lung, and stomach. The MYC family members
have been explored in recent years as promis-
ing targets for anti-cancer drugs.

While studying the molecular signatures
underlying neuroblastoma development,
Murakami-Tonami et al. observed higher
expression levels of 79 genes in MYCN-
amplified tumor mice. The authors have cho-
sen the SMC2 gene as a candidate of interest
and by further characterizing it they were able
to unmask a novel MYCN-SMC2 axis influenc-
ing the DNA damage response (DDR).

MYC overexpression is known to cause
DNA damage through induction of reactive
oxygen species (ROS) production and replica-
tion stress.>* Murakami-Tonami et al. showed
that MYCN amplified tumor cells depend on
SMC2 for survival, as these cells undergo mas-
sive DNA damage and apoptosis following
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SMC2 depletion. To further investigate the
connection between SMC2, MYCN expres-
sion, and DDR, the authors analyzed the data
of three different cohort sources of neuro-
blastoma patients and found that DDR genes
expression increased in parallel with SMC2
levels. The importance of the current study,
from a clinical perspective, relies on the find-
ing that lower SMC2 expression is beneficial
to patients bearing MYCN-amplified tumors.
Altogether these data emphasize the syn-
thetic lethal therapeutic potential of targeting
SMC2 in MYCN amplified tumors.

The oncogenic role of SMC2 in MYCN over-
expressing cells remains to be elucidated.

Remarkably, treatments with cisplatin, a
DNA cross-linking agent or camptotechin,
a DNA topoisomerase | inhibitor, have syn-
ergistic effects with SMC2 depletion in cells
overexpressing MYCN. Since cisplatin and
camptotechin cause replication fork damage
by generating topological stress

evidence for an oncogenic function of SMC2
in MYCN amplified tumors. These findings
also provide first hand evidence that patients
bearing MYCN-amplified tumors might ben-
efit from low SMC2 levels, thereby making
SMC2 and/or the condensin complex a novel
pharmacological target for the treatment of
MYCN-amplified neuroblostoma. MYCN is well
studied for its oncogenic properties; it repre-
sents an important biomarker and a poten-
tial target for therapeutic anti-cancer agents.
However, considering the diversity of the
MYCN transcriptional targets, its complex reg-
ulation and, more importantly, its functional
overlap with other members of the Myc family,
the identification of those MYCN-targets that
actively promote tumorigenesis remains a real
challenge. The study presented by Murakami-
Tonami et al. highlights a promising thera-
peutic strategy for treating MYCN-amplified
neuroblastomas.

and hindering fork progression,
these observations strongly sug-
gest that, in MYCN overexpressing
cells, SMC2 plays a protective role
in response to intra-S DNA damage.

Given that oncogene over-
expression causes transcription
deregulation associated with rep-
lication stress, one possibility is
that in MYCN amplified cells, the
unscheduled hyperactivation of
transcriptional units, in the absence
of a correct epigenetic and cotran-

scriptional  program, generates

toxic topological stress® and, pos-

sibly, substrates for SMC2 (Fig. 1).
Interestingly, recent observations
have linked chromatin condensa-
tion events to R-loop structures,®
which result from aberrant topo-
logical events at transcribed units.”
In summary, the work presented by

Murakami-Tonami et al. provides

Figure 1. A model to explain the MYCN-SMC2 oncogenic
axis. The model shows chromatin undergoing replication
(R, in blue), transcription (T, in green), and condensation
(C). MYCN overexpression causes replication stress by
inducing unscheduled hyperactivation of transcription
units (UT, in red). SMC2, is involved in chromatin conden-
sation (green arrow) but may also participate in aberrant
condensation events at MYCN-induced transcription
units (red arrows).
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