
Over the years, cancer has remained one of 
the greatest threats to human health. Despite 
many discoveries and much progress in the 
areas of clinical care and of cancer biology, key 
gaps in our knowledge of this disease remain 
to be addressed. Among the many phenomena 
that occur during the development of cancer, 
none might be more important to understand 
than the process, termed metastasis, by which 
cancer spreads from its tissue of origin to 
grow elsewhere in the body. On page 156, 
Diamantopoulou et al.1 present results that 
show how the aggressiveness of cancer spread 
can change during sleep.

Metastasis is linked to up to 90% of all cancer 
deaths2. 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)3. CTCs that 
have ‘broken off ’ from the tumour at its  
original site (the primary tumour) can retain 
their ability to proliferate and survive even in 
the harsh circulatory environment4.

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 aggressive-
ness of the clusters in terms of their capacity 
to metastasize and the ability of the cells they 
contain to survive5.

The dynamics of CTC generation from a 
primary tumour are poorly understood. The 
prevailing theory suggests that these cells are 
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 rhythm is linked 
to a series of chronic diseases, including 
cancer6. Previous epidemiological and exper-
imental studies indicate that the circadian 
rhythm can influence cancer development7, 
and Diamantopoulou et al. now provide a  
perspective on how circadian rhythms can 

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 
at 4 a.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 a series of representative 
mouse models. The level of CTCs in the animals 
oscillated, peaking while the mice were at rest. 
The authors monitored CTC levels when the 
circadian rhythms of the mice were disrupted 
through different means, including by treat-
ment with the hormone melatonin and by alter-
ations in light cycles; they also monitored levels 
in mice that had been genetically engineered 
to have disrupted circadian rhythms. In each 
model, the findings were consistent with the 
authors’ previous results: CTC levels were high-
est while the mice were resting. For the genet-
ically engineered mice, levels were lower than 
those of non-engineered control animals.

A rise in CTCs does not necessarily mean 
that a person’s cancer is going to progress and  
successfully spread to secondary locations. 
Most CTCs die in the circulation8, sug-
gesting that only a particularly aggressive 
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The deadly spread of cancer occurs predominantly during 
sleep, as revealed by an analysis of migrating human tumour 
cells in the bloodstream. What are the implications of this 
finding for the treatment of cancer? See p.156 

Figure 1  | The spread of cancer at different phases of the day. Diamantopoulou et al.1 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 spread5. 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.  

White blood
cell

CTC

Secondary
tumour

Blood vessel

Active phase Rest phase

Primary
tumour

a b

Nature | Vol 607 | 7 July 2022 | 33

Expert insight into current research

News & views

©
 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.



subset of these cells has the propensity to 
form tumours at secondary sites (meta stases). 
Diamantopoulou et al. analysed the differ-
ences between rest- and active-phase CTCs 
and quantified their ability to meta stasize. 
Using their mouse models, the authors took 
rest- and active-phase CTCs and injected them 
into healthy, tumour-free mice during different 
phases of the animals’ circadian cycle. Strik-
ingly, the authors found that CTCs from the 
rest phase not only form tumours more aggres-
sively than do those from the active phase, but 
are also more likely to form tumours when 
injected into resting mice than into active mice.

Diamantopoulou and colleagues assessed 
gene expression in the cells using a technique 
called single-cell RNA sequencing. This helped 
them to understand the molecular mechanisms 
driving the aggressive properties of CTCs from 
the rest phase. Single-cell RNA sequencing  
provides a way of tracking RNA at a single-cell 
level, which is useful for attempting to under-
stand nuanced differences in a population of 
cancer cells. Such differences are known to 
contribute to driving advanced cancers9.

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 associ-
ated with protein synthesis. Diamantopoulou 
et al. also identified the upregulated expression 
of genes associated with proliferation in cells 
taken from primary tumours during the rest 
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 prolifer-
ation in CTCs matched what would be expected 
from the imposed circadian cycle. Together, 
these results paint a remarkable picture that 
demonstrates how CTC biology changes over 
a 24-hour period in response to the body’s 
rhythms.

Diamantopoulou and colleagues’ work 
has striking implications for the field of CTC  
studies and for cancer treatment in the clinic. 
The authors assessed human breast cancer, 
and it will be interesting to see whether these 
results hold true for other types of tumour. 

The time-dependent nature of CTC dynamics 
might transform how doctors assess and treat 
patients. The data pointing to CTC proliferation 
and release during the rest phase suggest that 
doctors might need to become more conscious 
of when to administer specific treatments. 
However, most of the research conducted in 
this study was validated using mouse models. 
The findings will therefore need to be tested 
through large-scale clinical trials before any 
consideration of circadian rhythms is incor-
porated into standard practice. 

The evidence presented suggests that a 

more holistic approach to studying CTCs, 
including harnessing technologies for contin-
uous in vivo monitoring10, might be necessary 
to fully understand the dynamics of cancer 
meta stasis. 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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Electricity and magnetism are inextricably 
linked by the physics that laid the foundation 
for the rapid industrial progress of the late 
nineteenth century. Studies at the level of 
atoms and electrons have revealed that such 
coupling can occur even in a single mater ial, 
known as a multiferroic material, in which 
electric and magnetic ordering can coexist. 
Such materials might one day be used to build 
a computer that combines electronic logic 

with magnetic memory. But this technology 
requires efficient switching — electric control 
of the material’s magnetization or magnetic 
control of its electric polarization — and that 
is difficult to achieve. On page 82, Ponet et al.1 
report a magnetic-field-induced mechanism 
for switching electric polarization that is 
driven by the topology of the material.   

Conventional ferroelectricity occurs when 
the displacement of polar ions in a material 
results in spontaneous electric polarization. 
In ‘electronic ferroelectric’ materials, the 

polarization instead arises from interactions 
between electrons. Electronic ferroelectricity 
can develop in chemical compounds of the 
form RMn2O5, where R represents one of the 
rare-earth elements, such as gadolinium (Gd), 
paired with manganese oxide2. Electrons asso-
ciated with Mn4+ and Mn3+ ions in the material 
interact antiferromagnetically, meaning that 
their intrinsic angular momenta (spins) are 
aligned, but in an antiparallel manner. The 
magnetic ordering leads to a tiny displace-
ment in the positions of the atoms3, which 
gives rise to a net electric polarization. This 
type of magneto electric coupling is known as 
symmetric exchange striction4,5.  

Magnetism and ferroelectricity have been 
studied previously in many RMn2O5 com-
pounds, and these investigations suggest that 
the manganese ions are arranged in two anti-
ferromagnetic chains. Ponet et al. measured 
the changes in magnetization and electric 
polarization of single crystals of GdMn2O5 
under magnetic fields of various strengths 
and orientations, and at different temper-
atures. They found that, at temperatures 
below 5 kelvin, they could drive a transition 
through four distinct magnetic configura-
tions (states) by increasing and decreasing 
the magnetic field strength (Fig. 1a). As the 
field was increased, the electric polarization 

“The existence of two 
extreme cases turns out  
to be crucial to allowing  
the four-state switch.”
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Topology turns the crank 
on magnetoelectric switch
Wei Ren & Laurent Bellaiche

A mechanism resembling a crankshaft switches the electric 
polarization of a material in response to changes in an applied 
magnetic field. The resulting four-state switch is linked to the 
material’s intriguing topology. See p.82  
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