
The observation of two-body collisions is 
a prerequisite for investigating many types of 
molecular dynamics. One of the most intrigu-
ing prospects is the possibility of initiating 
evaporative cooling6, whereby even lower 
temperatures than that achieved by the authors 
could be obtained by removing high-energy 
molecules from the trap. Unfortunately, this 
process remains to be demonstrated. More-
over, the present work suggests that efficient 
evaporative cooling might not be feasible in 
the case of oxygen molecules, because many 
of the collisions reduce the number of trapped 
molecules without lowering the temperature.

Segev and colleagues managed to trap a large 
number of molecules (about one billion) at a 
high density. This condition, together with the 
long lifetime of the trap, is indispensable for 
pushing cold-molecule research forwards. 
Until now, such conditions have never been 

achieved simultaneously without the use of 
laser cooling. The authors’ work should there-
fore be viewed as yet another landmark in 
this field.

In the past few years, other methods for 
producing cold molecules have also made 
breakthroughs7. For example, an exotic state 
of matter known as a quantum degenerate gas, 
comprising ground-state molecules, has been 
made by assembling cold atoms8. And single 
molecules have been loaded into traps called 
optical tweezers with the help of direct laser 
cooling of ground-state molecules9. None of 
these methods, including the one reported 
by Segev and colleagues, can be applied to 
all types of molecule. But putting them all 
together, a wide range of cold molecules will 
become available for study. After more than 
two decades of hard effort, it is now time to 
start exploring the great promise of cold 

molecules in many fundamental and practical 
applications2,7. ■
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Y A S U Y U K I  F U J I T A

In multicellular organisms, cells usually 
communicate with each other in a peace-
ful manner. But harmony is shattered if 

abnormal cells appear and battle for space and 
survival with normal cells in a process called 
cell competition. This process was identified 
in the fruit fly Drosophila melanogaster1, and it 
also occurs in mammals2. When cancer starts 
to form in mammals, competition occurs 
between normal cells and those on a path to 
tumour formation, but how the molecular 
differences between such cells trigger cell com-
petition is poorly understood. Madan et al.3 
report on page 260 that whether competing 
mammalian cells win such a battle depends on 
which version of a membrane protein called 
Flower they express. 

Earlier work4 in D. melanogaster revealed 
that, during cell competition, the cells that 
survive (winner cells) are distinguished from 
the cells that die (loser cells) by the version of 
Flower protein (FWE) that they express. Dif-
ferent versions of this protein are made when 
the messenger RNA that encodes FWE under-
goes a process called alternative splicing. Loser 
cells express a version of FWE termed FWELose 
and winner cells express a version termed 
FWEWin. When loser cells come into contact 
with winner cells, the former cells die and the 

latter divide to fill the empty space left by this 
cell death4. An encounter between cells that 
express FWELose and those that express FWEWin 
is required for cell death to occur because cells 

that express FWELose survive if cells expressing 
FWEWin are absent4. However, whether a com-
parable FWE system functions in mammals 
was unknown.

Madan and colleagues report that alter-
native splicing generates four versions of 
human FWE, which they term FWE1, 
FWE2, FWE3 and FWE4. Using human 
breast cancer cells grown in vitro, the authors 
examined whether any of these versions of 
FWE behave as winner or loser forms of the 
protein. They report that, when human cells 
that express either FWE1 or FWE3 are cul-
tured with cells that express either FWE2 or 
FWE4, cells that express FWE1 or FWE3 die 
and those that express FWE2 or FWE4 divide 
to compensate for the loss of the dying cells. 
Thus, in this system, cells that express FWE1 

T U M O U R  B I O L O G Y 

Flower power as human 
cancer cells compete
Cells compete for survival during development. It emerges that mammalian cells 
on a path to form a tumour express specific versions of the protein Flower when 
they vie for survival with surrounding normal cells. See Letter p.260

Figure 1 | Mammalian cell competition is driven by the expression of Flower protein. Different 
versions of a membrane protein called Flower (FWE) are made through a process called alternative 
splicing. These different versions are termed winner (FWEWin) or loser (FWELose), and they affect whether 
a cell survives or dies depending on which version of FWE is expressed by neighbouring cells. Madan 
et al.3 studied human FWE in a type of cell called an epithelial cell, and investigated normal cells and 
cancer cells. Their results are consistent with the following model. a, Tumour cells express FWEWin. b, This 
leads, through an unknown mechanism, to the expression of FWELose in neighbouring normal cells. 
c, Competition between cells expressing FWEWin or FWELose results in the death of FWELose-expressing 
cells, and the FWEWin-expressing cells divide to fill the gap in the tissue that arises from this cell death.
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and FWE3 are loser cells and those that express 
FWE2 and FWE4 are winner cells. Loser cells 
undergo a type of cell death called apoptosis, 
and the initiation of cell death requires direct 
contact between winner and loser cells.

The authors examined the expression of 
winner and loser versions of FWE in samples 
of human cancers. FWEWin expression was 
higher in malignant tumours than in benign 
tumours. Madan and colleagues found that 
expression of FWELose in normal cells adjacent 
to the tumour is higher than in normal cells 
farther away from it. Moreover, the level of 
FWELose was higher in normal tissues adjacent 
to malignant tumours than in normal tissues 
that surrounded a benign tumour. 

When the authors transplanted human 
breast cancer cells that express FWEWin 
into mice, the mouse cells adjacent to the 
transplanted tumour cells increased their 
expression of mouse FWELose compared with 
the levels in animals that had not received 
a tumour transplant. All these results sug-
gest that FWEWin expression in tumour cells 
induces FWELose expression in neighbour-
ing normal cells (Fig. 1). The mechanism 
responsible for such induction is unknown.

The authors report that, when human 
breast cancer cells expressing FWEWin were 
transplanted into the breast region of mice 
engineered to express human FWELose, the 
transplanted cells generated aggressive 
tumours. By contrast, less aggressive tumours 
were generated if FWELose-expressing human 
breast cancer cells were transplanted into 
mouse breast tissue that expressed human 
FWEWin. This indicates that it is the combina-
tion of high expression of FWEWin in tumours 
and high expression of FWELose in the tissue 
that surrounds them that aids cancer growth.

When the authors engineered human 
cancer cells to block expression of FWE and 
transplanted these cells into mouse legs, 
the cancer cells showed diminished growth 
and reduced capacity for migration (termed 
meta stasis) to a secondary site compared with  
transplants of human cancer cells in which 
FWE expression was not blocked. When 
chemotherapy was also administered, growth 
of the engineered human cancer cells in the 
mouse legs was substantially inhibited. 

Madan and colleagues suggest that FWE 
should be investigated as a possible therapeu-
tic target in human tumours and in the tissues  
that surround them. However, whether 
human FWE can be selectively targeted 
using antibodies or chemical compounds 
should be examined before a clinical approach 
can be considered. 

The authors have demonstrated convincingly  
that, in addition to its known role in D. melano-
gaster, FWE also functions in cell competition  
in mammals. In both mammals and flies, 
the expression of FWELose is induced in loser 
cells; cells expressing FWELose die only if 
they encounter cells that express FWEWin; 
and it is the relative rather than the absolute 

levels of FWELose and FWEWin that trigger cell 
 competition. 

Several issues remain to be addressed. For 
example, the regulatory proteins that act 
upstream or downstream of FWE have not 
been identified. What controls the alternative 
splicing that generates different forms of FWE 
is unknown, and understanding this process 
might reveal other therapeutic targets. Previ-
ous work4 suggests that membrane proteins 
of unknown identity can distinguish between 
winner and loser versions of FWE expressed 
on neighbouring cells. If such proteins exist, 
their identification will be necessary to under-
stand how FWE-mediated cell competition 
functions.

Another key question is whether cancer-
promoting mutations trigger FWE-mediated 
cell competition in mammals, and, if so, 
which mutations are responsible. There 
are reports that abnormal expression of the 
tumour-promoting proteins Myc or Wnt is 
involved in FWE-related cell competition in 
D. melanogaster4–6. Analyses of tumour cells 
from patients might shed light on whether this 
also occurs in humans.

Madan and colleagues’ work should motivate 
researchers to analyse human-tumour samples  
to determine the involvement of FWE in 
cell competition and cancer development. If 

antibodies could be developed to specifically  
recognize human FWELose proteins, this 
would greatly aid such studies. However, 
generating such antibodies is not straight-
forward, and the authors discuss the technical 
hurdles that would need to be overcome.

In D.  melanogaster, other proteins in 
addition to FWE can regulate cell competi-
tion7,8, and further studies in human cancer 
cells will be needed to gain a more complete 
picture of mammalian cell competition. 
Such work might offer new perspectives for 
improving cancer treatments. ■
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J U L I A  A .  C L A R K E

We can gain insights into evolution 
by studying the sequence in which 
new features are acquired. But 

studying loss of features has its benefits, too. 
When a certain trait is lost multiple times in 
distinct groups of organisms, powerful sta-
tistical approaches can identify its genomic 
under pinnings. A study by Campagna et al. in 
Evolution1 sheds light on the genetic changes 
associated with a loss of flight in birds. They 
compare the whole genomes of 59 individual 
steamer ducks (of the genus Tachyeres) to 
examine loss of flight as it is evolving. 

Steamer ducks occupy coastal habitats 
and lakes in southern Chile, southern 
Argentina and the Falkland Islands2. They 
show a distinctive escape behaviour called 
steaming — rapid, synchronized paddling of 
their wings and feet across water that mimics 

the action of their namesake, paddle-steam-
ing boats (Fig. 1). Of the four recognized 
species, three (T. brachypterus, T. pteneres and 
T. leuco cephalus) are characterized by their 
in ability to fly2. Some heavier, male ducks of 
the usually flighted species, T. patachonicus, are 
also unable to fly, because their wing loading 
(the ratio of body weight to wing surface area) 
is higher than that of their lighter counterparts. 

All steamer ducks also walk proficiently on 
land, and dive to feed and to escape preda-
tors. Unlike puffins and penguins, which use 
wing movements in foraging and feeding, 
they do not steam to acquire food. However, 
they do use their wings when diving under-
water, and the flight muscles in flightless 
species are only slightly proportionally smaller 
relative to body mass than in steamer ducks 
that can fly2. 

It has been debated whether the flightless 
species of steamer duck each independently 

G E N O M I C S 

Evolution of flight loss 
caught in the act 
The ability to fly has been lost in many groups of birds. A comparison of the wing 
structures and genomes of flighted and non-flighted species of steamer duck 
highlights a possible mechanism for the loss of flight.
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