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Abstract:

Cellular communication is an important process for animal development, which guides cell fate
specification and the movement of cells within and between tissues. During growth, cell-cell
communication plays a critical role in decisions that determine whether cells survive to contribute to the
organism. Cell competition is one such remarkable phenomenon that is conserved from invertebrate to
mammals, that causes the elimination of relatively less fit cells from tissues, helping to maintain overall
tissue health. Cell competition is not only functional during development but it also replaces less fit cells
in adult tissues. This suggests that the properties of individual cells are monitored and that variant
clones of progenitor cells can be favored or eliminated accordingly. Progress has been made in recent
years to understand the mechanisms of cell competition by several approaches but still much remains to
be learned. Cell competition has been implicated in regenerative medicine, cancer and aging. It was
assumed that molecular signals between cells are necessary and sufficient for cell competition.
However, recent reports illustrate an interesting mechanism that has been previously speculated but
never proven. In this review, we will discuss the process of cell competition and its’ implications and
mechanisms.
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Discovery of cell competition interestingly these Rp/+ cells are lost from
genetic mosaics with wild type neighbors. A
guantitative study showed that proliferation
and survival rate of Rp/+ cells was reduced
when wild type neighbors were nearby (Garcia-
Bellido et al., 1973, 1976). Suggesting that, in
developing tissues, cells can be favored or
eliminated according to their relative fitness
level with respect to their neighbors (Li and
Baker, 2007; Tyler et al., 2007). Generally, cells
that outcompete are known as ‘winner’ cells
and those that get outcompeted are known as
‘loser’ cells. In last decade there are more
developments in the field of cell competition in
Drosophila as well mammals depicted in Table-

Cell competition was first discovered by Gines
Morata and Pedro Ripoll in Drosophila
melanogaster about forty years ago while
studying the growth properties of ‘Minute
mutations’ that affect Ribosomal protein (Rp)
genes (Garcia-Bellido et al., 1976; Morata and
Ripoll, 1975). Cell competition is generally
observed amongst cells having different growth
properties while sharing the same developing
compartment. The most fascinating feature of
cell competition is that otherwise viable
genotypes of cells can be eliminated depending
on their interaction with neighbors. For
example, many ribosomal protein (Minute)

genes are essential and homozygous mutations 1

are often lethal, but heterozygous Minute Cell competition was also observed in cells
mutants generally exhibit a slow growth rate. carrying different doses of the proto-oncogene
Minute (i.e. Rp/+) cells are viable as whole ‘myc’. myc mutant cells are independently

animals of genotype Rp/+ survive, but viable but get outcompeted when surrounded
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by wild type cells (Moreno and Basler, 2004).
Interestingly, cells with extra copies of myc can
outcompete wild type cells from mosaics. In this
situation, triplo-myc or tetraplo-myc cells act as
‘supercompetitors’ and outcompete otherwise
viable wild type cells (de la Cova et al., 2004;
Moreno and Basler, 2004). This reinforces the
notion that cell competition is not due to
internal defects but response to relative fitness
amongst neighbors. The same genotype can be
a winner or loser depending on neighbors, e.g.
wild type cells (2 copies of Myc) win in
competition with myc mutant cells but lose in
competition with triplo-myc cells.

Supercompetition is also observed in cells that
have mutations in  tumor  suppressor
components of the Salvador-Warts-Hippo
(SWH) pathway. SWH is a conserved kinase
pathway that controls organ size in animals
through the regulation of cell growth,
proliferation and apoptosis (Pan, 2007). The
SHW pathway components, when specifically
mutated in Rp/+ cells, could rescue Rp/+ cells
from cell competition when grown in mosaics
with wild type cells (Tyler et al.,, 2007).
Moreover, it was observed that cells with
mutations in any of the SHW pathway
components can outcompete wild type cells in
mosaics, suggesting a super competitive ability
like that observed with Myc (Chen et al., 2012;
Hariharan and Bilder, 2006). Similar to Myc-
induced super-competition, relative levels of
SHW pathway components in neighboring cells
can trigger cell competition. For example,
proliferation of wild type cells is reduced, and
they get outcompeted when grown in mosaics
with cells over-expressing transcriptional
coactivator protein Yki (which is homologous to
mammalian YAP) (Chen et al., 2012). Yki is well
known effectors of the Hippo signaling cascade
that is required to activate expression of
transcriptional targets that promote cell
growth, cell proliferation, and prevent
apoptosis and in turn tumorigenesis.
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Another example is the remarkable-potential to
undergo cell competition of tumor cells.
Mutation of neoplastic tumor-suppressor genes
like scribble (scrib), discs large (dlg), and lethal
giant larvae (lgl) disrupt proteins that function
as scaffolds at cell-cell junctions (Hariharan and
Bilder, 2006). Loss of both copies of these genes
leads to problems in the epithelial integrity of
the cells leading to the development of
neoplastic tumor (Hariharan and Bilder, 2006)
and eventual death of the animal. Surprisingly,
when such mutant cells co-exist in mosaic
tissues alongside wild type cells, they get
outcompeted and do not form tumors (Agrawal
et al., 1995; Brumby and Richardson, 2003;
Chen et al., 2012; Gateff, 1978; Woods and
Bryant, 1991). The elimination of these cells is
therefore competitive, since it does not occur in
the homotypic environment. (Brumby and
Richardson, 2003). All these data suggest that
loss of epithelial integrity in cells can trigger
elimination of those cells by cell competition
that otherwise cause tumorigenesis.

There are several examples demonstrating that
cell competition is not restricted to Drosophila.
Evidences from mammalian systems have
uncovered cell competition-like phenomena.
When grown in mosaic with wild type cells,
mouse cells, heterozygous for ribosomal protein
gene (RplL24/+) show decreased proliferation
and are outcompeted by wild type cells (Oliver
et al., 2004). Differential Myc levels trigger cell
competition in mouse development and also
during cardiomyocyte replacement (Claveria et
al.,, 2013; Villa del Campo et al., 2014). Cell
competition has also been demonstrated in
mammalian cell culture. MDCK cells mutant for
the neoplastic tumor suppressors ‘scribble’ or
‘Mahjong’ (Norman et al., 2012; Tamori et al.,
2010) or cells expressing Ras'** (Hogan et al.,
2009) survive in homotypic environment but get
outcompeted when cultured with wild type
cells.
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Significance of Cell competition

The phenomenon of cell competition s
conserved from flies to mammals, which
suggests its evolutionary significance (Baker,
2011). When it was first discovered, cell
competition was proposed to be a mechanism
of growth control, providing homeostatic
regulation, but it was later reported that cell
death was a contributing factor for this
homeostasis. So it indicates that cell
competition might act in conjunction with other
size  regulatory mechanisms. Now cell
competition is considered as a surveillance
mechanism that selects for the ‘fittest’ cells
during Drosophila and mouse development
(Claveria et al., 2013). There is an intriguing
relationship between cell competition and
cancer progression (Baker and Li, 2008; Tamori
and Deng, 2011).

Recent reports show that cell competition can
function as both tumor suppressor and
promoter. Epithelial cells harboring neoplastic
tumor suppressor mutations (Lgl, Dlg, Scrib)
lose polarity and causes massive tumor growth
and metastasis when grown in isolation.
However, when generated in the presence of
wild type cells, these mutant cells are
eliminated by cell competition and the integrity
of the epithelium is maintained (Brumby and
Richardson, 2003). -In this case, cell competition
acts as an anti-tumor surveillance mechanism to
remove potentially cancerous cells as well as to
achieve epithelial homeostasis. Conversely, if
cells acquire mutations in hyperplastic tumor
suppressor SHW pathway components (Tyler et
al.,, 2007) or if they over-express the proto-
oncogene Myc (de la Cova et al., 2004; Moreno
and Basler, 2004), they do not lose epithelial
integrity but continue to proliferate. Eventually,
they eliminate neighboring wild type cells by
super-competition (de la Cova et al.,, 2004;
Moreno and Basler, 2004; Tyler et al., 2007).
These tumor cells commandeer the intrinsic
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tumor suppressor mechanism of cells and
expand by outcompeting wild type cells. These
observations suggest that cell competition is a
mechanism to select against pre-cancerous cells
by eliminating them; unfortunately once tumor
cells escape this cell competition they may
expand by outcompeting neighboring cells. This
phenomenon of super-competition is very
similar to the process of field cancerization, a
well-characterized process in tumor progression
(Slaughter et al., 1953).

The important feature of cell competition is the
replacement of one group of cells by another.
Aside from the normal role of cell competition,
it also has implications in regenerative
medicine.  For  example, during liver
repopulation in rat, host cells are taken over by
transplanted fetal liver cells by a process very
similar to cell competition (Oertel et al., 2006).
A similar phenomenon has also been observed
during cardiomyocyte replacement in adult
mouse (Villa del Campo et al.,, 2014). A very
recent work implied a role of cell competition-
mediated elimination of less fit cells in the
context of aging to extend life span of an
organism (Merino et al., 2015).

Mechanisms of cell competition

The phenomenon of cell competition raises
multiple questions about the survival of cells
growing in a tissue. What is the signal for the
relative fitness that makes one cell survive but
causes the other to perish? What differences
between cells trigger cell competition, and in
what tissues? As cell competition was first
observed in Minute mutants, it was thought
that cell competition is caused by differential
growth rates between the cells. However, it was
later demonstrated that an increase of growth
rate do not trigger cell competition when
mutant cells are grown in mosaics with wild
type cells (de la Cova et al., 2004).
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There are many known signaling pathways that
are implicated in cell competition, such as Bone
morphogenetic protein (BMP) family member
Decapentaplegic (Dpp), Jun-N-terminal kinase
(JNK), Tumor Necrosis Factor (TNF), SHW,
JAK/STAT, WNT, etc (Penzo-Mendez and
Stanger, 2014). There are reports of genes that
are involved in apoptotic corpse engulfment by
winner cells after death of loser cells during
competition (Claveria et al., 2013; Fullard et al.,
2009; Li and Baker, 2007). Although there is also
a report that contradicts this hypothesis (Lolo et
al.,, 2012), and hence more work is needed to
understand the involvement of engulfment in
cell competition. Components of the innate
immune system are also required for cell
competition (Meyer et al., 2014). Microarray
analysis of gene expression during cell
competition led to the identification of several
genes, such as flower (fwe), sparc, ahuizotl, etc.
flower (a calcium channel) has different splice
isoforms namely Fwe", Fwe™** and Fwe'"*®,
and the expression of these different isoforms
depend on the neighbor (Rhiner et al., 2010).
During competition, winner cells recognize and
induce Fwe'"™® isoform in loser neighbor cells.
Expression of Fwe'®*® isoform in turn triggers the
elimination of the cell. By contrast, the
increased expression of Sparc (the homolog of
the Sparc/Osteonectin protein family), a
multifunctional secreted glycoprotein, protects
loser cells against death (Portela et al., 2010). In
this case, cell competition could be a steady,
reversible process, which blocks removal of cells
that have inconsequential short-term
fluctuations in gene expression. ahuizot! (azot)
(an EF-hand-containing cytoplasmic protein)
expression is specific to suboptimal but
otherwise morphologically viable cells. —azot
mutants show increased morphological
malformations, susceptibility to accidental
mutations, and accelerated tissue
degeneration. Azot works with the above-
mentioned molecular players and acts as a
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fitness checkpoint to remove less efficient cells
(Merino et al., 2015). This was the first report to
show that cell competition is beneficial for
tissue health and has positive effects on
lifespan and, in turn, aging.

In addition to molecular signals that were
summarized in the previous paragraph, there
are new reports uncovering novel mechanism
for cell competition. It has been demonstrated
that mechanical forces are responsible for the
elimination of cells during cell competition, a
process termed as ‘mechanical cell competition’
(Levayer et al., 2016; Wagstaff et al., 2016).
MDCK cells that lose ‘scribble’ (scrib®) get
outcompeted when grown with wild type
neighbors (Norman et al., 2012). These scrib®
cells are hypersensitive to compaction and
display elevated tumor suppressor protein p53
(Wagstaff et al., 2016). Compaction of scrib®
cells causes activation of the Rho-associated
kinase (ROCK) that in turn activates p38 leading
to further p53 elevation. This mechano-
transduction cascade leads to death of scrib
cells. Elevation of p53 is necessary and
sufficient to induce a mechanical loser status
due to compaction (add Wagstaff et al., 2016).
p53 is a general sensor of cell stress, so it is
possibility that mechanical cell competition may
be widespread among the damaged cells. Since
p53 is a tumor suppressor gene commonly
mutated in cancer, it is possibility that
neoplastic cells can circumvent mechanical cell
competition when lose p53. Cancer cells
expressing oncogene Ras can compress
neighboring wild type cells and can eliminate
cells up to several cell diameters away from the
clones (Levayer et al., 2016). This mechanical
super-competition could be involved in tumor
growth as well.

Despite all the progress in the field, the exact
mechanism of cell competition is not clear yet.
The phenomenon of cell competition s
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conserved through evolution that proves its
significance  (or  “Conservation  through
evolution proves the biological significance of
cell competition). Moreover, cell competition
has implications on processes such as cancer,
regenerative medicine, and aging. There are
many opportunities to associate the known
molecular pathways of cell competition and,
most probably, to uncover new ones in order to
define the adaptive roles of cell competition.
Future research in the field will shed some light
on such functions of cell competition.

Table: 1 Summary of different cell competition
scenario studied.

Winner Loser Organism Downstream effectors
Wild type cells :::;::;s (Rp'+) Drosophila INK,p53,Azot, NF-kB,Sparc
Wild type cells :1';:5 :acsaflllcs ;1‘;:‘}'(’2‘:;‘ JNK,p53

(scrib,lgl,dlg)
Illrva;srcllml:tcd fetal :)clﬁi:r liver Rat Unknown
lh—’lqiy%:\cr level of Wild type cells zr:::cphila, INK,p53,Azot, NF-kB,Sparc
E;I:aig‘l‘\:i:flls Wild type cells | Drosophila | JNK,Azot
E:‘;:{;tsp':jms?“ Wild type cells | Drosophila | Unknown

References:

Agrawal, N., Kango, M., Mishra, A., and Sinha, P.
(1995). Neoplastic transformation and aberrant
cell-cell interactions in genetic mosaics of
lethal(2)giant larvae (lgl), a tumor suppressor
gene of Drosophila. Dev Biol 172, 218-229.
http://dx.doi.org/10.1006/dbio.1995.0017
PMid:7589802

Baker, N.E. (2011). Cell competition. Curr Biol
21, R11-15.
http://dx.doi.org/10.1016/j.cub.2010.11.030
PMid:21215926

Baker, N.E., and Li, W. (2008). Cell competition
and its possible relation to cancer. Cancer Res
68, 5505-5507.
http://dx.doi.org/10.1158/0008-5472.CAN-07-

33

6348 PMid:18632598

Brumby, A.M., and Richardson, H.E. (2003).
scribble mutants cooperate with oncogenic Ras
or Notch to cause neoplastic overgrowth in
Drosophila. EMBO J 22, 5769-5779.
http://dx.doi.org/10.1093/emboj/cdg548
PMid:14592975 PMCid:PMC275405

Chen, C.L., Schroeder, M.C., Kango-Singh, M.,
Tao, C., and Halder, G. (2012). Tumor
suppression by cell competition through
regulation of the Hippo pathway. Proc Natl
Acad Sci U S A 109, 484-489.
http://dx.doi.org/10.1073/pnas.1113882109
PMid:22190496 PMCid:PM(C3258595

Claveria, C., Giovinazzo, G., Sierra, R., and
Torres, M. (2013). Myc-driven endogenous cell
competition in the early mammalian embryo.
Nature 500, 39-44.
http://dx.doi.org/10.1038/nature12389
PMid:23842495

de la Cova, C., Abril, M., Bellosta, P., Gallant, P.,
and Johnston, L.A. (2004). Drosophila myc
regulates organ size by inducing cell
competition. Cell 117, 107-116.
http://dx.doi.org/10.1016/S0092-
8674(04)00214-4

Fullard, J.F., Kale, A., and Baker, N.E. (2009).
Clearance of apoptotic corpses. Apoptosis 14,
1029-1037.
http://dx.doi.org/10.1007/s10495-009-0335-9
PMid:19291407

Garcia-Bellido, A., Ripoll, P., and Morata, G.
(1973). Developmental compartmentalisation of
the wing disk of Drosophila. Nat New Biol 245,
251-253.
http://dx.doi.org/10.1038/newbio245251a0
PMid:4518369

Garcia-Bellido, A., Ripoll, P., and Morata, G.
(1976). Developmental compartmentalization in
the dorsal mesothoracic disc of Drosophila. Dev
Biol 48, 132-147.
http://dx.doi.org/10.1016/0012-



http://dx.doi.org/10.1006/dbio.1995.0017
http://dx.doi.org/10.1016/j.cub.2010.11.030
http://dx.doi.org/10.1158/0008-5472.CAN-07-6348
http://dx.doi.org/10.1158/0008-5472.CAN-07-6348
http://dx.doi.org/10.1093/emboj/cdg548
http://dx.doi.org/10.1073/pnas.1113882109
http://dx.doi.org/10.1038/nature12389
http://dx.doi.org/10.1016/S0092-8674(04)00214-4
http://dx.doi.org/10.1016/S0092-8674(04)00214-4
http://dx.doi.org/10.1007/s10495-009-0335-9
http://dx.doi.org/10.1038/newbio245251a0
http://dx.doi.org/10.1016/0012-1606(76)90052-X

34

1606(76)90052-X

Gateff, E. (1978). Malignant neoplasms of
genetic origin in Drosophila melanogaster.
Science 200, 1448-1459.
http://dx.doi.org/10.1126/science.96525
PMid:96525

Hariharan, I.K., and Bilder, D. (2006). Regulation
of imaginal disc growth by tumor-suppressor
genes in Drosophila. Annu Rev Genet 40, 335-
361.
http://dx.doi.org/10.1146/annurev.genet.39.07
3003.100738

PMid:16872256

Hogan, C., Dupre-Crochet, S., Norman, M.,
Kajita, M., Zimmermann, C., Pelling, A.E.,
Piddini, E., Baena-Lopez, L.A., Vincent, J.P., Itoh,
Y., et al. (2009). Characterization of the
interface between normal and transformed
epithelial cells. Nat Cell Biol 11, 460-467.
http://dx.doi.org/10.1038/ncb1853
PMid:19287376

Levayer, R., Dupont, C., and Moreno, E. (2016).
Tissue Crowding Induces Caspase-Dependent
Competition for Space. Curr Biol 26, 670-677.
http://dx.doi.org/10.1016/j.cub.2015.12.072
PMid:26898471 PMCid:PMC4791483

Li, W., and Baker, N.E. (2007). Engulfment is
required for cell competition. Cell 129, 1215-
1225.http://dx.doi.org/10.1016/j.cell.2007.03.0
54 PMid:17574031

Lolo, F.N., Casas-Tinto, S., and Moreno, E.
(2012). Cell competition time line: winners Kkill
losers, which are extruded and engulfed by
hemocytes. Cell Rep 2, 526-539.
http://dx.doi.org/10.1016/j.celrep.2012.08.012
PMid:22981235

Merino, M.M., Rhiner, C., Lopez-Gay, J.M.,
Buechel, D., Hauert, B., and Moreno, E. (2015).
Elimination of unfit cells maintains tissue health
and prolongs lifespan. Cell 160, 461-476.
http://dx.doi.org/10.1016/j.cell.2014.12.017
PMid:25601460 PMCid:PMC4313366

Journal of Postdoctoral Research January 2017: 29-35

Meyer, S.N., Amoyel, M., Bergantinos, C., de la
Cova, C., Schertel, C., Basler, K., and Johnston,
L.A. (2014). An ancient defense system
eliminates unfit cells from developing tissues
during cell competition. Science 346, 1258236.
http://dx.doi.org/10.1126/science.1258236

Moreno, E., and Basler, K. (2004). dMyc
transforms cells into super-competitors. Cell
117, 117-129. http://dx.doi.org/10.1016/S0092-
8674(04)00262-4

Norman, M., Wisniewska, K.A., Lawrenson, K.,
Garcia-Miranda, P., Tada, M., Kajita, M., Mano,
H., Ishikawa, S., lkegawa, M., Shimada, T., et al.
(2012). Loss of Scribble causes cell competition
in mammalian cells. J Cell Sci 125, 59-66.
http://dx.doi.org/10.1242/jcs.085803

PMid:22250205 PMCid:PMC3269023

Oertel, M., Menthena, A., Dabeva, M.D., and
Shafritz, D.A. (2006). Cell competition leads to a
high level of normal liver reconstitution by
transplanted fetal liver stem/progenitor cells.
Gastroenterology 130, 507-520; quiz 590.
http://dx.doi.org/10.1053/j.gastro.2005.10.049
PMid:16472603

Oliver, E.R., Saunders, T.L., Tarle, S.A.,, and
Glaser, T. (2004). Ribosomal protein L24 defect
in belly spot and tail (Bst), a mouse Minute.
Development 131, 3907-3920.
http://dx.doi.org/10.1242/dev.01268
PMid:15289434 PMCid:PMC2262800

Pan, D. (2007). Hippo signaling in organ size
control. Genes Dev 21, 886-897.
http://dx.doi.org/10.1101/gad.1536007
PMid:17437995

Penzo-Mendez, A.l, and Stanger, B.Z. (2014).
Cell competition in vertebrate organ size
regulation. Wiley Interdiscip Rev Dev Biol 3,
419-427.

http://dx.doi.org/10.1002/wdev.148
PMid:25176591

Portela, M., Casas-Tinto, S., Rhiner, C., Lopez-
Gay, J.M., Dominguez, 0., Soldini, D., and


http://dx.doi.org/10.1126/science.96525
http://dx.doi.org/10.1146/annurev.genet.39.073003.100738
http://dx.doi.org/10.1146/annurev.genet.39.073003.100738
http://dx.doi.org/10.1038/ncb1853
http://dx.doi.org/10.1016/j.cub.2015.12.072
http://dx.doi.org/10.1016/j.cell.2007.03.054
http://dx.doi.org/10.1016/j.cell.2007.03.054
http://dx.doi.org/10.1016/j.celrep.2012.08.012
http://dx.doi.org/10.1016/j.cell.2014.12.017
http://dx.doi.org/10.1126/science.1258236
http://dx.doi.org/10.1016/S0092-8674(04)00262-4
http://dx.doi.org/10.1016/S0092-8674(04)00262-4
http://dx.doi.org/10.1242/jcs.085803
http://dx.doi.org/10.1053/j.gastro.2005.10.049
http://dx.doi.org/10.1242/dev.01268
http://dx.doi.org/10.1101/gad.1536007
http://dx.doi.org/10.1002/wdev.148

Abhijit Kale

Moreno, E. (2010). Drosophila SPARC is a self-
protective signal expressed by loser cells during
cell competition. Dev Cell 19, 562-573.
http://dx.doi.org/10.1016/j.devcel.2010.09.004
PMid:20951347

Rhiner, C., Lopez-Gay, J.M., Soldini, D., Casas-
Tinto, S., Martin, F.A.,, Lombardia, L., and
Moreno, E. (2010). Flower forms an
extracellular code that reveals the fitness of a
cell to its neighbors in Drosophila. Dev Cell 18,
985-998.
http://dx.doi.org/10.1016/j.devcel.2010.05.010
PMid:20627080

Slaughter, D.P., Southwick, H.W., and Smejkal,
W. (1953). Field cancerization in oral stratified
squamous epithelium; clinical implications of
multicentric  origin. Cancer 6, 963-968.
http://dx.doi.org/10.1002/1097-
0142(195309)6:5<963::AID-
CNCR2820060515>3.0.C0;2-Q

Tamori, Y., Bialucha, C.U., Tian, A.G., Kajita, M.,
Huang, Y.C., Norman, M., Harrison, N., Poulton,
J., Ivanovitch, K., Disch, L., et al. (2010).
Involvement of Lgl and Mahjong/VprBP in cell
competition. PLoS Biol 8, e1000422.
http://dx.doi.org/10.1371/journal.pbio.100042
2 PMid:20644714 PMCid:PMC2903597

Tamori, Y., and Deng, W.M. (2011). Cell
competition and its  implications  for
development and cancer. ] Genet Genomics 38,
483-495.
http://dx.doi.org/10.1016/j.jgg.2011.09.006
PMid:22035869 PMCid:PMC3891807

Tyler, D.M., Li, W., Zhuo, N., Pellock, B., and
Baker, N.E. (2007). Genes affecting cell
competition in Drosophila. Genetics 175, 643-
657.
http://dx.doi.org/10.1534/genetics.106.061929
PMid:17110495 PMCid:PMC1800612

Villa del Campo, C., Claveria, C., Sierra, R., and
Torres, M. (2014). Cell competition promotes
phenotypically silent cardiomyocyte
replacement in the mammalian heart. Cell Rep

35

8, 1741-1751.
http://dx.doi.org/10.1016/j.celrep.2014.08.005

PMid:25199831

Wagstaff, L., Goschorska, M., Kozyrska, K.,
Duclos, G., Kucinski, I., Chessel, A., Hampton-
O'Neil, L., Bradshaw, C.R., Allen, G.E., Rawlins,
E.L., et al. (2016). Mechanical cell competition
kills cells via induction of lethal p53 levels. Nat
Commun 7, 11373.
http://dx.doi.org/10.1038/ncomms11373

PMid:27109213 PMCid:PMC48484381

Woods, D.F., and Bryant, P.J. (1991). The discs-
large tumor suppressor gene of Drosophila
encodes a guanylate kinase homolog localized
at septate junctions. Cell 66, 451-464.
http://dx.doi.org/10.1016/0092-
8674(81)90009-X



http://dx.doi.org/10.1016/j.devcel.2010.09.004
http://dx.doi.org/10.1016/j.devcel.2010.05.010
http://dx.doi.org/10.1002/1097-0142(195309)6:5%3C963::AID-CNCR2820060515%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0142(195309)6:5%3C963::AID-CNCR2820060515%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0142(195309)6:5%3C963::AID-CNCR2820060515%3E3.0.CO;2-Q
http://dx.doi.org/10.1371/journal.pbio.1000422
http://dx.doi.org/10.1371/journal.pbio.1000422
http://dx.doi.org/10.1016/j.jgg.2011.09.006
http://dx.doi.org/10.1534/genetics.106.061929
http://dx.doi.org/10.1016/j.celrep.2014.08.005
http://dx.doi.org/10.1038/ncomms11373
http://dx.doi.org/10.1016/0092-8674(81)90009-X
http://dx.doi.org/10.1016/0092-8674(81)90009-X

