
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.”

Condensed-matter physics

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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did not change appreciably. However, when 
the authors decreased the magnetic field 
strength, the new configuration induced a 
reversal of the electric polarization. 

This effect was observable only within a 
range of magnetic field angles of around 
10° relative to the orientation of the single 
crystals, a value termed the magic angle. 
At angles smaller than the magic angle, the 
system switched between two states, insti-
gating a change in polarization; and at angles 
larger than the magic angle, there was a two-
state switch that did not affect the polari-
zation. The existence of these two extreme 
cases turns out to be crucial to allowing the 
four-state switch.  

At high temperatures, the spins of GdMn2O5 
point in random directions, changing con-
tinuously, so that there is no net magnetic 
order. As a sample is cooled below a criti-
cal temperature (typically around dozens 
of kelvin), the manganese spins order first, 
followed by the gadolinium spins, which 
align only when the temperature drops to a 
few kelvin. This difference makes the mag-
netization process complicated, because 
the gadolinium ions interfere with the inter-
actions between the manganese ions and with 
the external field, inducing a preferred axis 
along which the manganese spins align. At 
high temperatures, the switching behaviour 
disappears, because thermal fluctuations 
destroy the ordering between gadolinium 
ions, thus relieving the manganese ions of 
their preferred alignment. 

The gadolinium spins align with the manga-
nese chain with which they are most strongly 
coupled. As the magnetic field strength is 
increased, all of the spins undergo a 90° rota-
tion; they undergo another 90° rotation as the 
field is decreased (Fig. 1b). If the field is aligned 
with the magic angle, then, depending on their 
position relative to the gadolinium ions, half of 
the manganese spins will toggle back to their 
original state, and the other half will swing 
the other way — switching the polarization, 
and eventually making a full 360° rotation 
as the field is increased and decreased twice. 
The team considered this effect to be analo-
gous to that of a crankshaft, converting linear 
changes in the magnetic field, which acts as a 
piston, into a rotation of the spins, which acts 
as a driveshaft. 

The authors complemented their measure-
ments with a minimal model to explain how 
the four-state cycle could arise in terms of the 
topology of the system. The model is phenom-
enological, which means that it describes the 
behaviour of the vector characterizing the 
macroscopic order, rather than the behaviour 
of each atom. This trade-off makes the model 
easier to simulate, but also makes it difficult to 
determine the most appropriate model para-
meters. However, the authors’ experiments 
contained clues to how suitable values might 
be estimated.

The energy of the system is reminiscent of 
a two-state model introduced nearly 40 years 
ago6, which helps to elucidate how the two-
state and four-state magnetoelectric switches 

Figure 1 | A four-state electric polarization switch. Ponet et al.1 measured the electric polarization 
of gadolinium manganese oxide under a magnetic field of increasing and decreasing strength, applied 
at different angles. a, At a ‘magic’ angle of around 10°, the system cycled through four magnetic 
configurations, maintaining electric polarization of the same sign (measured in microcouloumbs per square 
centimetre) as the field strength (measured in tesla) increased, and switching polarization as it decreased. 
(Adapted from Fig. 2d of ref. 1.) b, The field affects the direction of the intrinsic angular momentum (spin, 
shown as arrows) of electrons in the manganese ions. As the magnetic field strength increases, all spins 
undergo a 90° rotation, followed by another 90° rotation as the field decreases. However, depending on 
their position in the material, half of the manganese spins (dark grey) toggle between two states, with the 
other half (pale grey) making a full 360° rotation, switching the electric polarization, as the field is increased 
and decreased twice. The resulting configurations (1–4) reflect the different states (1–4) inferred from Ponet 
and colleagues’ polarization measurements in a.
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Shakepearean detective work takes 
centre stage, and fascinating ferns thrive 
at ancient Roman sites.

100 years ago
The Stagery of Shakespeare. By 
R. Crompton Rhodes — Mr. Rhodes’s little 
book is an important contribution to the 
study of the stage-craft of Shakespeare and 
his contemporaries. His method has been 
to compare closely the stage directions 
of the quarto editions of the plays and 
those of the First Folio. He finds that in the 
quartos which are generally recognised 
as pirated, the stage directions have the 
character of observations rather than of 
instructions, as might be expected from 
the circumstances of their origin. As a 
result of the comparison, Mr. Rhodes is 
able to offer a number of suggestions 
as to the use of the curtains to provide 
a recess on the stage and the use of the 
balcony covering the three terms used 
by Shakespeare, “ aloft,” “above,” and “at 
a window.” His deduction that in those 
cases in the First Folio where there are no 
stage directions or very few —”The Two 
Gentlemen of Verona,” “The Merry Wives 
of Windsor,” “Measure for Measure,” “The 
Winter’s Tale,” and “King John,” — we are 
dealing with a text assembled from the 
players’ parts, deserves attention.
From Nature 8 July 1922

150 years ago
For some years past fems and ferneries ... 
have received great attention from amateur 
cultivators; and with good reason, as 
their graceful forms are most attractive, 
their mode of growth interesting, and 
the colour of their fronds enchanting ...  
Adiantum Capillus-Veneris ... has never 
proved to be hardy with me, although I 
have it now growing well in the Fern cave 
... I noticed it ... to be plentiful at Pompeii 
and at Herculaneum, and also in the ruins 
of Nero’s Palace at Rome. But nowhere was 
the maidenhair seen in such perfection as 
in the ruined amphitheatre at Posilippo, 
near Naples. The underground rooms and 
passages formerly used by the gladiators 
... form a series of caves ... and here the 
maidenhair luxuriates in all its glory. 
From Nature 4 July 1872

From the archive
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Just the thought of wearing a woollen sweater 
next to your skin can bring itchy sensations to 
mind. But how does a mechanical stimulus, 
such as the touch of wool fibre, cause itch? On 
page 104 Hill et al.1 provide an exciting step 
forward in our understanding of the sensation 
of itch evoked by touch, known as mechani-
cal itch. PIEZO1 and PIEZO2 are ion-channel 
proteins that open in response to mechanical 
stimuli. PIEZO2 has well-characterized roles in 
mechano sensation, mechanical pain and sens-
ing of movement in both mice and humans2. 
The authors now show in mice that Piezo1 is 
indispensable for mechanical itch and some 
forms of itch sensitization.

In the past decade, substantial progress has 

been made in elucidating the mechanisms by 
which sensory neurons mediate chemical 
and mechanical itch. For instance, it has been 
shown in animal studies that chemical itch is 
mediated by a subset of sensory neurons that 
express membrane receptors for itch-evoking 
chemicals. One such receptor protein, Mrgprd, 
is activated by the itch-evoking food supple-
ment β-alanine3, and another, Mrgpra3, is acti-
vated by the anti malarial drug chloroquine4. 
A third set of sensory neurons co-express the 
neuropeptide molecules natriuretic peptide B 
(Nppb) and somatostatin (Sst). These neurons 
are partly responsible for the itch evoked by 
histamine, a chemical produced by the body 
during allergic reactions5 (although it is not 

differ. Specifically, they have a different 
‘winding number’. This is a topological meas-
ure characterizing trajectories through 
two-dimensional parameter space — in this 
case, describing the possible orientations of 
each chain of manganese ions. The two-state 
switch has a winding number of 0, whereas the 
winding number of the four-state switch is 1. 
In this system, the non-zero winding number 
means that as long as the high- and low-angle 
cases exist, there will always be a range of 
angles between them in which it is possible 
for the system to move between the various 
two-state scenarios, thus creating a four-state 
switch.

The physics of crankshaft switching will 
no doubt inspire further research, and with a 
deeper understanding of the intrinsic mech-
anism behind Ponet and colleagues’ results, 
it might even be possible to realize practical 
devices on this basis. Single-crystal samples 
of higher quality than those reported here 
might be achievable using a technique known 
as the optical floating zone7. And related mate-
rials within and outside the RMn2O5 family8,9 
could be explored for their propensity to show 
strong magneto electric coupling — perhaps 
even at room temperature. 

Wei Ren is in the Physics Department, 
Shanghai University, Shanghai 200444, 
China, and Zhejiang Laboratory, Hangzhou, 
China. Laurent Bellaiche is in the Physics 
Department and Institute for Nanoscience 
and Engineering, University of Arkansas, 
Fayetteville, Arkansas 72701, USA. 
e-mails: renwei@shu.edu.cn;  
laurent@uark.edu

1. Ponet, L. et al. Nature 607, 82–85 (2022). 
2. Dai, J.-Q., Lu, Y.-S. & Yuan, J. Mater. Today Commun. 22, 

100837 (2020).
3. Wang, C., Guo, G.-C. & He, L. Phys. Rev. Lett. 99, 177202 

(2007).
4. Yang, Y. et al. Phys. Rev. B 96, 104431 (2017). 
5. Picozzi, S., Yamauchi, K., Sanyal, B., Sergienko, I. A. & 

Dagotto, E. Phys. Rev. Lett. 99, 227201 (2007).
6. Rice, M. J. & Mele, E. J. Phys. Rev. Lett. 49, 1455 (1982).
7 Koohpayeh, S. M., Fort, D. & Abell, J. S. Prog. Cryst. 

Growth Charact. 54, 121–137 (2008). 
8. Li, X. et al. Chin. Phys. B 28, 027502 (2019).
9. Cao, S., Zhao, H., Kang, B., Zhang, J. & Ren, W. Sci. Rep. 4, 

5960 (2014).  

 The authors declare no competing interests.

Neuroscience

Scratching the surface 
of touch-evoked itch
Taylor Follansbee & Xinzhong Dong

The sensation of touch-evoked itch is common in people who 
have chronic itch conditions. Evidence in mice now suggests 
that the mechanoreceptor protein Piezo1 underlies this 
sensation. See p.104 
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Figure 1 | Neuronal populations that regulate itch. Several types of itch are mediated by sensory neurons. 
These include: chemical itch, triggered by chemicals; mechanical itch, triggered by touch; and alloknesis, 
triggered by touch only after skin has become sensitized. a, In some neurons, the receptor protein Mrgpra3 
mediates chemical itch triggered by the antimalarial drug chloroquine. b, Neurons called low-threshold 
mechanoreceptors (LTMRs) mediate some forms of mechanical itch and alloknesis. c, Neurons that express 
the genes Nppb and Sst are partly responsible for the chemical itch triggered by histamine (produced by the 
body during immune responses). Hill et al.1 report that this population also expresses the mechanoreceptor 
protein Piezo1, which is activated by light touch to trigger mechanical itch and alloknesis.
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