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reduction in wing size, leads to the
formation of aggressive tumours in the
larvae. In this case, the authors observed
that the EGFR/miR-8-overexpressing
cells first gave rise to giant polyploid cells
that then eliminated the surrounding
non-giant cells and became metastatic,
as occurs during cell competition.
Together, these two sets of observations
suggest that in both cases pre-neoplastic
cells hijack cell competition for their
benefit by behaving as super-fit cells and
treating the surrounding wild-type tissue
as less fit (Figure 1B).

These findings raise an important
question, could cell competition be
required for the progression from a
pre-cancerous lesion to a tumour? To
address this issue both groups took a
counterintuitive approach. Induction of
apoptosis is a common therapeutic
approach to try to inhibit tumour
development. Instead of this, Eichenlaub
et al. [8] and Suijkerbuijk et al. [7]
inhibited apoptosis and asked whether
preventing the death induced by cell
competition in the tissue surrounding the
pre-cancerous lesion was sufficient to
halt tumour progression. Fascinatingly,
both studies found that it was. In the
case of the APC mutant cells, this
prevented their overproliferation and
the mutant clones were not able to
overgrow the wild-type ones. In the case
of EGFR/miR-8 overexpression, inhibition
of apoptosis was sufficient to block
formation of the large polyploid cells and
prevent the tumours from undergoing
neoplasia and metastasising. These
results not only indicate that the
apoptosis induced by cell competition is
required for tumour progression, but also
suggest that feedback occurs from the
apoptotic cells to the tumour to promote
its growth, raising the intriguing possibility
that inhibiting apoptosis rather than
promoting it may in some instances be a
suitable therapeutic approach against
cancer.

One interesting conclusion that can be
drawn from both of these studies is that,
although the precise molecular pathways
that are activated during cell competition
differ between the two tumour types,
inhibiting these pathways effectively
blocks cell competition and prevents
tumour progression. This suggests that
cell competition can be targeted in
different ways, and at each of its steps, to

prevent transformation. For example, in
the APC-driven tumours, Suijkerbuijk
et al. [7] found that the Hippo signalling
pathway and the MAP kinase JNK — two
pathways involved in cell competition in
other contexts [4,12] — were activated
during APC clone overgrowth, and that
their inhibition was sufficient to prevent
the formation of APC-driven adenomas.
Similarly, Eichenlaub et al. [8] observed
two things. First, that the giant cells from
EGFR/miR-8 tumours had engulfed the
apoptotic debris from the surrounding
tissue, a feature of certain types of cell
competition [13], and that inhibiting this
engulfment was sufficient to block the
formation of the large polyploid cells and
their subsequent metastatic behaviour.
Second, they observed that the large
polyploid cells had high levels of
expression of the proto-oncogene Myc.
Overexpression of Myc is one of the
best-characterised cell competition
models, as it makes cells super-fit [3].
Eichenlaub et al. [8] showed that
increasing Myc expression in the tissue
surrounding the pre-cancerous cells
inhibited cell competition, preventing
giant cell formation and metastasis.

The findings of these studies raise a
number of intriguing questions. It has long

been acknowledged that tumour–host
interactions are critical in cancer
progression. This interaction is complex;
for example, senescent preneoplastic
cells secrete a complex mixture of factors
that can instruct the stroma and exert
opposing actions [14]. Similarly, the
tumour microenvironment can play
both tumour-suppressing and
tumour-promoting roles [15,16]. Although
primarily studied in Drosophila, many of
the main features of cell competition are
conserved in mammals [17,18],
suggesting that cell competition may
contribute to the tumour–host
interactions in cancer. However, this
assumption will need to be validated in
mammalian models. There are also a
number of key questions to answer, such
as what are the mechanisms by which the
pre-cancerous lesion recognises the
surrounding host tissue as less fit, and
what are the signals that induce the
elimination of these surrounding cells?
Also, in what way do the apoptotic cells
support the growth and development of
the tumour? And finally, given that all
reported contexts for cell competition
identified so far involve interactions
between cells of an equivalent identity or
type, does cell competition only sense the

Fitness sensing
between WT and

defective cells

WT cells eliminate
defective cells 

Pre-cancerous cells
eliminate surrounding

WT cells 

Mutation/generation
of abnormal cell 

Tissue homeostasis 

Transformation

Current Biology
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cancerous and
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B

Figure 1. Modes of cell competition.
(A) During the maintenance of tissue homeostasis, wild-type (WT) cells identify defective cells as less fit
and eliminate them. (B) During tumour progression, pre-cancerous cells detect the wild-type cells of
the surrounding tissue as less fit and signal their apoptotic elimination, a step essential for the
transformation of these pre-cancerous cells and tumour progression.

Current Biology 26 , R157–R179, February 22, 2016 ª2016 Elsevier Ltd All rights reserved R165
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Gil, J., & Rodriguez, T. (2016). Cancer: The transforming 
power of cell competition. Current Biology, 26(4), R164-R166.
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competing cells, mice were treated with a low dose of IR (1 Gy)
and their BM was harvested on day 4 after the treatment.
At this time, no more IR-induced apoptosis is observed in the
BM (Christophorou et al., 2005), and expression of DDR genes
in total BM as well as in progenitor cells returns to baseline (Fig-
ures S1A and S1B available online). The BM from 1 Gy-treated
mice was transferred into lethally irradiated recipient mice, either
alone or mixed with untreated competitor BM, with 90% of BM
cells being from irradiated donors and 10% from untreated
donors (Figure 1B). 16 weeks later, the percentage of hemato-
poietic stem and progenitor cells (HSPCs; defined as line-
age!c-kit+Sca1+CD48!CD150+ population) from the untreated
donors increased approximately 4-fold relative to their initial
10% in the injected cell mixture (Figure 1C, WT, day 0 versus

Figure 1. Differential Levels of DNA
Damage Trigger HSPC Competition
(A) Model of stress-induced cell competition. Cells

with intermediate level of stress (gray) have growth

potential in noncompetitive conditions but are

underrepresented in the tissue in the presence of

undamaged cells (white). Cells with high level

of damage (black) may undergo senescence,

apoptosis, or necrosis, regardless of the presence

of competitors.

(B) Design of the experiment shown in (C), (D), and

(E). Total BM was isolated from CD45.2 WT or

p53 +/! mice 4 days after exposure to 1 Gy of IR,

and either used as is or mixed with BM from

untreated mice carrying the CD45.1 congenic

marker roughly at a ratio of 9:1. 15 3 106 cells

were injected into lethally irradiated CD45.2 recip-

ients, and the rest was stained with antibodies

against CD45.1 and HSPC markers and analyzed

by FACS to determine the initial contribution of

HSPCs from the donors.

(C and D) Total HSPC numbers (C) and percent

chimerism (D) were determined in the BM of the

recipient mice 16 weeks later by staining for

CD45.1 and HSPC markers.

(E) Chimerism in the PB was measured every

2 weeks after transfer. Error bars represent SEM,

n R 4; *p % 0.05.

(F and G) Design (F) of the experiment shown in (G)

and Figures S1C–S1G. Untreated mdm2 +/! or WT

CD45.2 donor BM was used as is or mixed with

BM from untreated WT CD45.1 mice, and BM

transfer and analysis were performed as in (B)

8 weeks after transfer.

Error bars represent SEM, n R 4; *p % 0.05;

**p % 0.01; ***p % 0.001. See also Figure S1.

110). The absolute number of HSPCs
at the time of analysis was similar in
chimeras with and without untreated
competitors (Figure 1D, left and central
bars), so any differences in the contribu-
tion of one donor must have occurred at
the expense of the other. In addition, the
untreated donors contributed more that
the expected 10% to the lymphoid and
myeloid lineages in the peripheral blood
(PB), mirroring the changes observed

with HSPCs (Figure 1E, open symbols). These results suggested
that hematopoietic cells from untreated donors outcompeted
cells from irradiated donors. This IR-induced competition pre-
sumably involved long-term repopulating stem cells, because it
affected multiple lineages as well as phenotypic HSCs as late
as16 weeks posttransplantation.

Relative Level of Damage in HSPCs Is Sensed by p53
We next asked whether IR-induced competition is caused by
a general loss of fitness in irradiated cells resulting from accumu-
lated damage, or whether it is mediated by a dedicated sensor of
stress. p53 is a central conductor of cellular stress responses
(Chumakov, 2007; Levine and Oren, 2009; Vousden and Prives,
2009). We hypothesized, therefore, that p53 activity may be
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