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Cancer cells spread
aggressively during sleep

Harrison Ball & Sunitha Nagrath

The deadly spread of cancer occurs predominantly during
sleep, asrevealed by an analysis of migrating human tumour
cellsinthe bloodstream. What are the implications of this

finding for the treatment of cancer?

Over the years, cancer has remained one of
the greatest threats to human health. Despite
many discoveries and much progress in the
areasof clinical care and of cancer biology, key
gaps in our knowledge of this disease remain
tobeaddressed. Among the many phenomena
that occur during the development of cancer,
none mightbe moreimportant tounderstand
thanthe process, termed metastasis, by which
cancer spreads fromits tissue of origin to grow
elsewhere in the body. Writing in Nature,
Diamantopoulou et al.! present results that
show how the aggressiveness of cancer spread
can change during sleep.

Metastasisis linked toup to 90% of all cancer
deaths®. One main area of clinical research
over the past decade has been the study of
how tumour cells can circulate throughout
the body. In people with cancer, the cellular
progenitors of metastasis are theorized to be
cancerous cells found in the blood, termed
circulating tumour cells (CTCs)?. CTCs that
have ‘broken off’ from the tumour at its origi-
nal site (the primary tumour) can retain their
ability to proliferate and survive evenin the
harsh circulatory environment®.

CTCs can circulate in the bloodstream
(Fig. 1) either as single cells or as aggregates
of two or more cells, known as CTC clusters.
These clusters are often observed together
with other, non-cancerous cells, such as
immune cells, which might increase the
aggressiveness of the clustersin terms of their
capacity to metastasize and the ability of the
cells they contain to survive®.

The dynamics of CTC generation from a
primary tumour are poorly understood. The
prevailingtheory suggests that these cellsare
released continuously into the bloodstream.
Diamantopoulou and colleagues provide evi-
dence indicating instead that CTC release is

connected to our sleep cycle. Throughout a
24-hour period, our bodies undergo a series
of mental and physical changes that corre-
late with our daily sleep-wake cycle, which
is termed a circadian rhythm. The regulation
of hormones such as melatonin (which acts
to govern sleep) and cortisol (which helps to
control blood-sugar levels) is a key function
of this cycle.

Disruption of the circadian rhythmislinked
to a series of chronic diseases, including
cancer®. Previous epidemiological and exper-
imental studies indicate that the circadian
rhythm can influence cancer development’,
and Diamantopoulou et al. now provide a
perspective on how circadian rhythms can
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directly affect how cancer spreads.

The authors’ work suggests that circadian
rhythms might be connected to CTC release
from the primary tumour. Diamantopoulou
and colleagues collected blood samples from
30 people with breast cancer, taking samples
at4a.m.and 10 a.m., times representing the
body’s ‘resting’ and ‘active’ phases, respec-
tively. Astoundingly, they found that more
than 78% of all the CTCs obtained were from
the samples taken during the resting phase.

To test whether results consistent with
these data could be obtained using another
system, the authors undertook a similar type
of experiment using aseries of representative
mouse models. The level of CTCs in the ani-
mals oscillated, peaking while the mice were at
rest. The authors monitored CTC levels when
the circadian rhythms of the mice were dis-
rupted through different means, including by
treatment with the hormone melatoninand by
alterationsinlight cycles; they also monitored
levels in mice that had been genetically engi-
neered to have disrupted circadianrhythms. In
eachmodel, the findings were consistent with
theauthors’ previousresults: CTC levels were
highest while the mice were resting. For the
genetically engineered mice, levels were lower
thanthose of non-engineered control animals.

Arisein CTCs does not necessarily mean that
aperson’s cancer is going to progress and suc-
cessfully spread to secondary locations. Most
CTCs die in the circulation®, suggesting that
only a particularly aggressive subset of these
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Figurel | The spread of cancer at different phases of the day. Diamantopoulou et al.' assessed the spread
of cancer in the body by monitoring tumour cells in blood samples from people with breast cancer and from
mice. The authors examined samples from the active phase of the day (when awake) and from the rest phase
(associated with sleep). a, The bloodstream contains ‘break-away’ tumour cells, called circulating tumour
cells (CTCs), that have migrated there from the initial site of tumour growth (the primary tumour). Some
CTCs migrate in cellular clusters, either with other CTCs or with immune cells called white blood cells. This
clustering might boost cancer spread”®. b, The authors found substantially higher levels of CTCs in the blood
during the rest phase compared with the active phase. Moreover, compared with active-phase CTCs, rest-
phase CTCs had a greater capacity for proliferation and were more likely to form tumours at a secondary site.
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cellshasthe propensity to form tumoursat sec-
ondary sites (metastases). Diamantopoulou
et al. analysed the differences between rest-
and active-phase CTCs and quantified their
ability to metastasize. Using their mouse mod-
els, the authors took rest- and active-phase
CTCsandinjected theminto healthy, tumour-
free mice during different phases of the ani-
mals’ circadian cycle. Strikingly, the authors
found that CTCs from the rest phase not only
form tumours more aggressively than do those
fromtheactive phase, butare also morelikely
to form tumours when injected into resting
mice thaninto active mice.

Diamantopoulou and colleagues assessed
gene expressioninthe cellsusingatechnique
called single-cell RNA sequencing. This helped
them to understand the molecular mecha-
nisms driving the aggressive properties of
CTCs from the rest phase. Single-cell RNA
sequencing provides away of tracking RNA at
asingle-celllevel, whichis useful for attempt-
ing to understand nuanced differences in a
population of cancer cells. Such differences
are known to contribute to driving advanced
cancers’.

In CTCs from the rest phase, the authors
identified a distinct rise in the expression
of genes associated with cell proliferation.
In CTCs from the active phase, by contrast,
they found an increase in the expression of
genes associated with protein synthesis.
Diamantopoulou et al. also identified the
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upregulated expression of genes associated
with proliferationin cells taken from primary
tumoursduringtherest phase; the pattern of
upregulation matched that which the authors
identified in the CTCs. Finally, the authors
found that in mouse models that had been
treated to modify their circadian rhythms
by controlling hormones related to this daily
cycle, the patterns of cellular proliferation
in CTCs matched what would be expected
from the imposed circadian cycle. Together,
these results paint aremarkable picture that
demonstrates how CTC biology changes over
a24-hour period in response to the body’s
rhythms.

Diamantopoulou and colleagues’ work has
striking implications for the field of CTC stud-
iesand for cancer treatmentin theclinic. The
authorsassessed human breast cancer, and it
will beinteresting to see whether these results
hold true for other types of tumour.

Thetime-dependent nature of CTC dynam-
ics might transform how doctors assess and
treat patients. The data pointing to CTC pro-
liferation and release during the rest phase
suggest that doctors might need to become
more conscious of whento administer specific
treatments. However, most of theresearch con-
ductedinthis study was validated using mouse
models. The findings will therefore need tobe
tested through large-scale clinical trials before
any consideration of circadian rhythms is
incorporated into standard practice.
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The evidence presented suggests that a
more holistic approach to studying CTCs,
including harnessing technologies for contin-
uous invivo monitoring'®, might be necessary
to fully understand the dynamics of cancer
metastasis. A new chapter in blood-based
biomarker studies can now start — taking
into account how various regulators, such as
hormones, affect the proliferation and spread
of cancer.
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