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Chromosomal instability (CIN) is a 
common feature in human cancer, 

and highly aneuploid tumors are fre-
quently associated with poor progno-
sis; however, the molecular and cellular 
mechanisms underlying CIN-induced 
tumorigenesis are poorly understood. 
Here we review recent findings about the 
role of CIN in driving tumor-like growth 
and host invasiveness in Drosophila 
epithelia and discuss the commonali-
ties of CIN-induced tumors with other 
Drosophila-based cancer models. We 
also discuss possible scenarios that can 
account for the participation of CIN in 
tumorigenesis and propose that, alterna-
tively to the classical role of aneuploidy 
in promoting the accumulation of muta-
tions in cancer cells, aneuploidy can be 
a source of stress that may contribute to 
cancer initiation and/or progression.

CIN-Induced Tumorigenesis  
in Drosophila: A Valid Model  

for Cancer Research

Chromosomal instability (CIN), defined 
as an elevated rate of gains and losses of 
whole chromosomes, is a common trait in 
human cancer and aneuploidy, a karyo-
type that is not a multiple of the haploid 
complement and that is frequently asso-
ciated with poor prognosis. However, 
the molecular and cellular mechanisms 
underlying CIN-induced tumorigenesis 
are not well understood.1 Recently, we 
developed a Drosophila model to address 
the contribution of CIN to tumorigen-
esis2 and presented evidence that the 
molecular and cellular events underlying 
CIN-induced tumorigenesis reproduce 
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key aspects of cancer initiation and pro-
gression. Chromosome segregation defects 
caused by mutations in genes involved in 
the spindle assembly checkpoint [bub3 and 
rough deal (rod)], spindle assembly [abnor-
mal spindle (asp)], chromatin condensa-
tion (orc2) and cytokinesis [diaphanous 
(dia)] have been shown to recapitulate the 
genomic defects most frequently associ-
ated with human cancer, including chro-
mosome rearrangements and aneuploidy.3 
We knocked down the expression levels 
of these genes and analyzed the impact in 
epithelial cells of Drosophila. In particu-
lar, we used the larval primordium of the 
adult wing, a highly proliferative mono-
layered epithelium.4 We first showed that 
CIN leads to apoptotic cell death. This 
cell death depended on the activation of 
the stress-response Jun N-terminal kinase 
(JNK) signaling pathway, and, in con-
trast to mammalian cells,1 CIN-induced 
apoptosis was independent of the activity 
of Dp53, the Drosophila ortholog of the 
tumor suppressor gene p53.5-7 Maintenance 
of aneuploid cells in the tissue by blocking 
cell death at different levels of the apop-
totic pathway, including the pro-apoptotic 
genes hid, reaper and grim (the Drosophila 
functional orthologs of the mammalian 
genes Smac/DIABLO), the initiator cas-
pase Dronc (Drosophila caspase-9) and 
the effector caspases DrICE and Dcp1 
(Drosophila caspase-3), led to tissue over-
growth, basement membrane degradation 
and host invasiveness (micro-metastasis in 
allograft experiments).

A detailed analysis of the CIN-induced 
tumors identified two well-defined cell 
populations in these tumors (Fig. 1). 
Highly aneuploid cells mislocalized 
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delamination usually relies on compro-
mised E-cadherin-mediated cell inter-
actions, which prevent dissociation of 
individual epithelial cells from their 
neighbors. Furthermore, in tumor cells 
MMPs contribute to basement mem-
brane degradation, and MMP1 has been 
shown to play a major role in this pro-
cess in Drosophila epithelial cells both 
during development and disease.12 Thus, 
the molecular and cellular events that 
occur during CIN-induced tumorigen-
esis in Drosophila epithelia reproduce key 
aspects of cancer initiation and progres-
sion (Fig. 2).

CIN-Induced Tumorigenesis  
in the Context of Other  

Drosophila Cancer Models

Drosophila epithelial cells have been pre-
viously used as model systems to elucidate 
the molecular mechanisms underlying 
the tumorigenic response and metastatic 

produces a net increase in the number of 
delaminating and non-delaminating cell 
populations, might have implications 
in tumor initiation and progression in 
human cancer.

The expression of MMP1 and Wingless 
in delaminated cells depends on the activ-
ity of the JNK pathway. The restricted 
activation of JNK to delaminated cells was 
required for CIN-induced tumorigenesis, 
as blocking the activity of this kinase com-
pletely rescued CIN-induced tumor-like 
overgrowth. These results reinforce the 
subversive role of JNK in driving tumori-
genesis in Drosophila epithelia.8-10 While 
JNK is used primarily to remove highly 
aneuploid cells through apoptosis, this 
kinase plays a major role in driving tumor 
growth and basement membrane degrada-
tion when apoptosis is inhibited.

The invasiveness of tumor cells is gen-
erally preceded in human cancers by the 
delamination of tumor cells, followed by 
loss of the basement membrane.11 Cell 

DE-cadherin, lost their apicobasal polar-
ity and delaminated from the epithelium, 
whereas cells with a low level of aneu-
ploidy were maintained in the epithelium. 
The characterization of these two cell 
populations helped us to unveil a cell-
autonomous and a non-autonomous con-
tribution of CIN to tumorigenesis. While 
aneuploidy-induced delaminating cells 
became motile, expressed the secreted 
matrix-metalloproteinase-1 (MMP1) 
and degraded the basement membrane, 
thus supporting a cell-autonomous role 
of CIN in driving tissue invasiveness, 
delaminating cells expressed Wingless 
(the Drosophila ortholog of mammalian 
Wnts), which promotes hyperplasia of the 
non-delaminated tissue. This hyperplastic 
growth is expected to increase aneuploidy 
levels in the non-delaminating cell layer 
and, consequently, augment the num-
ber of aneuploidy-induced delaminated 
cells. The self-reinforcement mechanism 
between these two cell populations, which 

Figure 1. Cellular and molecular mechanisms underlying CiN-induced tumorigenesis in Drosophila epithelia. (A) CiN-induced tumorigenesis repro-
duces key aspects of human cancer, including cell delamination, hyperplasia, basement membrane (BM) degradation and invasiveness. aneuploid 
cells (blue) lose their apicobasal polarity and delaminate from the epithelium (red). Delaminating cells activate the stress-responsive JNK signaling 
pathwa,y which, in turn, leads to the expression of at least two downstream targets genes, wingless and the matrix-metalloproteinase-1 (MMP1). wing-
less contributes to the hyperplastic overgrowth of the monolayer epithelium (B), while MMP1 has an active role in degrading the BM, a critical step in 
tissue invasiveness (C).
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genes. According to this hypothesis, 
resistance to apoptosis would be a direct 
consequence of CIN, and loss of hetero-
zygosis of chromosomes that contain 
the remaining wild type copy of genes 

source of stress, and aneuploidy-induced 
stress may contribute to cancer initiation 
and/or progression.17,19 CIN may act as an 
initiator or late event by promoting the 
loss of heterozygosis of tumor suppressor 

behavior of the tissue upon expression 
of the RasV12 oncogene and depletion of 
the conserved tumor suppressor genes 
that form the Scribble polarity complex 
(scribble, Discs large and Lethal giant lar-
vae).8-10,13,14 Interestingly, these tumors 
share many features with those induced 
by CIN, including loss of DE-Cadherin, 
activation of JNK, expression of mitogenic 
molecules, basement membrane degrada-
tion and tissue invasiveness. Inactivation 
of the Scribble polarity complex alone or 
in combination with other tumor-initi-
ating mutations (such as the proto-onco-
gene dMyc) does not produce metastatic 
tumors. This observation strongly sug-
gests a highly specific cooperation between 
these genetic alterations. A subversive role 
of JNK in driving tumorigenesis has also 
been reported in these tumors.8-10 While 
JNK-mediated apoptosis eliminates cells 
mutant for the Scribble polarity complex, 
JNK promotes tumors in these cells when 
they express RasV12. JNK exerts its func-
tions by inducing the expression of cyto-
kines and MMP1, which are responsible 
for tissue overgrowth and basal membrane 
degradation, a pre-requisite for tissue 
invasiveness. JNK activation alone is not 
sufficient to drive tumorigenesis, and dis-
ruption of the apical-basal polarity appears 
to play a fundamental role in this process. 
The identification of the delaminating cell 
population in CIN-induced tumors as one 
with a critical contribution to promot-
ing JNK-dependent deregulated growth 
and host invasiveness is consistent with 
these observations. Oncogene-induced 
DNA replication stress has previously 
been shown to induce genomic instabil-
ity and to contribute to tumorigenesis.15 
Whether RasV12 generates genomic insta-
bility in Drosophila epithelial cells and, 
if so, the extent of the contribution of 
oncogene-induced aneuploidies to the 
RasV12 /Scribble tumor model remains to 
be elucidated.

Aneuploidy-Induced Stress  
and Tumorigenesis

Several scenarios can account for the 
participation of CIN in tumorigenesis. 
CIN can be a source of mutability to 
specific tumor-prone aneuploid cells.16,18 
Alternatively, aneuploidy can be a 

Figure 2. a subversive role of JNK in CiN-induced tumorigenesis. CiN leads to a JNK-dependent 
apoptotic response to eliminate potentially dangerous cells. when maintained in the tissue, aneu-
ploid cells induce neoplastic growth in a JNK-dependent manner.

Figure 3. aneuploidy-induced stress may contribute to tumorigenesis. Several scenarios can 
account for a role of CiN in driving tumorigenesis: CiN can be a source of mutability, which 
might facilitate the acquisition of genetic alterations that drive malignant growth. alternatively, 
aneuploidy can be a source of stress and aneuploidy-induced stress might contribute to tumor 
initiation and/or progression.
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required for eliminating aneuploid cells 
(i.e., pro-apoptotic genes) might con-
tribute to the survival of aneuploid cells 
and to cancer development. Consistently, 
CIN generated by haploinsufficient spin-
dle assembly checkpoint (SAC) mutants 
increases the frequency and number of 
tumors in heterozygous mice for the p53 
tumor suppressor gene.20 Remarkably, a 
mechanistic link between aneuploidy and 
genomic instability has also been recently 
identified both in yeast and mammals.18,19 
In this scenario, aneuploidy-induced 
genomic instability could facilitate the 
acquisition of genetic alterations that 
drive malignant growth.

In addition, our results reveal a gen-
eral and rapid response of the tissue upon 
induction of CIN, characterized by the 
loss of apical-basal polarity, cell delamina-
tion, JNK activation and basement mem-
brane degradation. It is highly unlikely 
that this quick response is caused solely by 
CIN-dependent loss of tumor-suppressor 
genes or the accumulation of oncogenic 
mutations, and it supports the notion that 
aneuploidy-induced stress might also con-
tribute to tumorigenesis. A recent analysis 
of gene expression data from aneuploid 
cells in several organisms, including yeast, 
plants, mice and humans, has unraveled a 
consistent upregulation of genes involved 
in the stress response in all these spe-
cies.23 Protein stoichiometry imbalances 
as a source of stress have been verified to 
be responsible for some aneuploidy-related 
phenotypes.21,23 The formation of protein 
aggregates in aneuploid cells has been 
proposed to be caused by limiting protein 
quality-control systems, including the 
proteasome and the chaperone systems, 
and increasing proteosomal degradation 
by deleting the gene encoding the de-
ubiquitinating enzyme Ubp6 improves the 
proliferative capacity of aneuploid cells.22 
Whether aneuploidy-induced protein stoi-
chiometry imbalances contribute to JNK 
activation and tumor-like overgrowth in 
Drosophila epithelial tissues remains to be 
elucidated (Fig. 3).
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