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Summary
Oncogenic alterations that confer proliferative advantages in epithelial tissues also often trigger
apoptosis, suggesting an evolutionary mechanism by which organisms eliminate aberrant cells from
epithelia. However, the underlying mechanism of how these tissues eliminate oncogenic cells
remains to be elucidated. In Drosophila imaginal epithelia, clones of cells mutant for evolutionarily
conserved tumor suppressors, such as scrib or dlg, lose their epithelial integrity and are eliminated
by JNK-dependent cell death. Here, we show that Eiger, a Drosophila member of the tumor necrosis
factor (TNF) superfamily, behaves like a tumor suppressor that eliminates oncogenic mutant cells
from epithelia. In the absence of Eiger, these mutant clones are no longer eliminated; instead, they
grow aggressively and develop into tumors. Our analysis shows that Eiger is translocated to endocytic
vesicles in scrib mutant clones, which leads to activation of apoptotic Eiger-JNK signaling in
endosomes. Furthermore, we show that Eiger’s tumor suppressor-like function is dependent on its
endocytosis, as blocking endocytosis prevents both JNK activation and elimination of these clones.
Our data indicate that TNF signaling and the endocytic machinary could be components of an
evolutionarily conserved fail-safe mechanism by which animals maintain epithelial integrity to
protect against neoplastic development.

Introduction
Tumorigenesis in humans requires multiple genetic alterations (Kinzler and Vogelstein,
1996). A given oncogenic mutation often stimulates both proliferative and apoptotic programs,
suggesting that evolution has installed an intrinsic tumor suppression mechanism within the
proliferative machinery (Lowe et al., 2004). For instance, many oncogenic alterations or
damages lead to activation of the p53 tumor suppressor, which can induce apoptosis in these
cells, thereby eliminating cells with deleterious alterations from the tissue. Thus, context-
dependent activation of a cell-death signaling could serve as an important tumor suppressor
mechanism in multicellular organisms.
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Most human cancers originate from epithelial tissues. In these tissues, loss of epithelial
integrity, particularly its apicobasal polarity, is often associated with tumor development and
malignancy (Bissell and Radisky, 2001; Fish and Molitoris, 1994). It is therefore crucial for
animals to maintain epithelial integrity to protect themselves from neoplastic development.
One of the important strategies for maintaining epithelial integrity is to actively eliminate these
aberrant cells from the tissue. However, the underlying mechanism of how epithelial tissue
eliminates oncogenic cells remains to be elucidated.

In Drosophila, clones of cells mutant for evolutionarily conserved tumor suppressor genes
such as scribble (scrib), discs large (dlg), and lethal giant larvae (lgl), which encode proteins
essential for establishing epithelial apicobasal polarity (Bilder, 2004; Hariharan and Bilder,
2006; Tepass et al., 2001), are eliminated by apoptosis from the imaginal epithelia (Agrawal
et al., 1995; Brumby and Richardson, 2003; Igaki et al., 2006; Pagliarini and Xu, 2003; Woods
and Bryant, 1991). This implicates that imaginal epithelia also have an intrinsic “fail-safe”
system to eliminate tumorigenic polarity-deficient cells. The elimination of polarity-deficient
cells such as those mutant for scrib is JNK-dependent (Brumby and Richardson, 2003; Igaki
et al., 2006; Uhlirova et al., 2005). However, the mechanism of how this cell-elimination
pathway is activated is unknown.

Drosophila has a member of the tumor necrosis factor (TNF) superfamily, Eiger (Igaki et al.,
2002; Moreno et al., 2002). It has been suggested that Eiger is a ligand for the Drosophila JNK
pathway, as its overexpression induces JNK-dependent cell death in imaginal epithelia (Igaki
et al., 2002; Moreno et al., 2002). However, eiger loss-of-function mutants show no
morphological or cell death defect during normal development (Igaki et al., 2002). Thus, the
physiological role of Eiger remains unknown. Here, we show that Eiger behaves like a tumor
suppressor that eliminates cells with oncogenic mutations, thereby maintaining epithelial
integrity. Furthermore, we show that endocytosis plays an essential role in this tumor
suppression mechanism.

Results
Imaginal epithelia eliminate scrib mutant clones through Eiger

Clones of scrib mutant cells generated in otherwise wild-type imaginal epithelia are eliminated
by JNK-dependent cell death (Brumby and Richardson, 2003; Igaki et al., 2006; Pagliarini and
Xu, 2003; Uhlirova et al., 2005) (Figures 1A-1D’and 1I-1N’). To study the mechanism of this
cell elimination, we examined the possible role of Eiger in this process. Eiger is the
Drosophila TNF superfamily member that can trigger JNK-dependent cell death; however,
eiger mutant flies have no defect in developmental cell death (Igaki et al., 2002). It is therefore
possible that, like p53, Eiger is latent in normal situation but is activated when tissue needs to
eliminate damaged or harmful cells. To test this possibility, we produced scrib mutant clones
in eiger mutant eye-antennal discs. Strikingly, in this background, scrib clones were no longer
eliminated; instead, these clones grew aggressively and developed into tumors (Figures 1E–
1F’). DAPI staining confirmed that these tumors are indeed masses of overproliferating cells
(data not shown). Animals carrying these tumors died as pupae (100% penetrance, n=289;
Figure 1F’). This tumorigenesis phenotype could not be caused by simply blocking caspase-
dependent cell death, as scrib mutant clones overexpressing p35 did not develop into tumors
and the animals with these clones survived into adulthood (Brumby and Richardson, 2003).
On the contrary, overexpression of a dominant-negative form of JNK (BskDN) in scrib clones
recapitulated the tumorigenesis phenotype (data not shown) (Brumby and Richardson, 2003),
suggesting that scrib clones may result in JNK-dependent and caspase-independent cell death.
We also observed the same tumorigenesis phenotype in wing discs (Figures 1O–1Q’), which
suggests the phenomenon is not organ-specific. The wing disc with wild-type eiger gene
completely eliminated scrib clones by adulthood and perfectly maintained tissue integrity
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(Figures 1N and 1N’), while the wing disc deficient for eiger gene did not eliminate these
mutant clones and allowed them to develop tumors (Figures 1Q and 1Q’). Similar results were
also obtained when another tumor suppressor mutant, dlg, was substituted for scrib (data not
shown), indicating that this phenotype is common to these apicobasal polarity mutations. We
found that both tumor formation and animal lethality were completely rescued by introducing
a wild-type eiger transgene (Eiger+W) (Igaki et al., 2006) within eiger/scrib double-mutant
clones (Figures 1G–1H’), indicating that Eiger expression is sufficient for scrib clones to be
eliminated. Importantly, this transgene is weaker than other UAS-Eiger transgenes and causes
no morphological defect when it is expressed in the eye by the GMR-Gal4 driver (Figures 4I,
4J, and Supplemental Fig. S1) (Igaki et al., 2002; Moreno et al., 2002). We further examined
whether Eiger expression is required for either scrib mutant cells or surrounding wild-type
cells by knocking down eiger only in scrib clones. We found that knock-down of eiger within
scrib clones was sufficient to significantly increase animal lethality (Supplemental Fig. S2),
suggesting that Eiger signaling originates within the scrib clones and acts in an autocrine
fashion. The same result was obtained when we knocked down wengen, a Drosophila TNF
receptor that mediates Eiger signaling (Kanda et al., 2002) (Supplemental Fig. S2), suggesting
that Wengen acts as a receptor for Eiger in this phenomenon. Together, these results indicate
that imaginal epithelia eliminate tumorigenic polarity-deficient cells through Eiger, which
behaves like a tumor suppressor.

Eiger-JNK signaling is activated in endosomes in scrib mutant clones
To explore the mechanism of how tissue eliminates scrib mutant clones through Eiger
signaling, we first asked whether Eiger is up-regulated in these clones. Endogenous Eiger can
be detected in the region posterior to the morphogenetic furrow in the eye disc by
immunostaining (Supplemental Fig. S3). Unexpectedly, we found that Eiger protein level was
down-regulated in scrib mutant clones (Figures 1T and 1X). To explain the discrepancy
between the requirement for Eiger and its down-regulation in scrib mutant clones, we
hypothesized that Eiger might be mislocalized within subcellular compartments, such as
endocytic vesicles, which could enhance both activation of the ligand/receptor signaling and
subsequent degradation of the proteins in lysosomes (Miaczynska et al., 2004). To examine
the subcellular distribution of Eiger in scrib clones, we made use of the Eiger+W transgene,
which could rescue the eiger/scrib mutant phenotype (Figures 1G–1H’), and at the same time
allows us to detect Eiger protein in the mutant clones. In the wild-type background, Eiger
mostly localized to the plasma membrane, showing an extensive overlap with plasma
membrane-targeted CD8-GFP (mGFP) (Figures 2A–2C and 2A’–2C’). In these cells, some
staining also appeared as punctate dots reminiscent of vesicle staining (Figure 2C).
Intriguingly, in scrib mutant clones, plasma membrane staining was dramatically reduced;
however, we observed an increased number of punctate dots staining intensely for Eiger (>8
fold compared to Eiger+W control clones) (Figures 2D–2F and 2D’–2F’). It has been shown
that some mammalian ligand/receptor signaling pathways, such as those for the epidermal
growth factor (EGF), transforming growth factor (TGF)-β, and G-protein-coupled receptor
(GPCR) pathways, are activated in endosomes (Miaczynska et al., 2004). We therefore tested
whether the punctate dots in scrib clones were endosomes. Indeed, most of the punctate Eiger
foci colocalized with the early endosomal marker GFP-Rab5 (Figures 2G–2I, arrows), while
a membrane-targeted control protein myr-RFP did not (Figure 2J). Furthermore, these Eiger
dots colocalized with fluorescently-labeled dextran, a marker for fluid-phase endocytosis
(Figures 2K–2N, arrows). These results indicate that Eiger is translocated to endosomes in
scrib clones. Intriguingly, intense staining of activated JNK (phosphorylated JNK, p-JNK) was
detected in the Rab5-positive endosomes in scrib clones (Figures 2O–2R). This endosomal
JNK activation was not seen when the pathway was activated by a constitutively active form
of the JNK kinase Hemipterous (HepCA) (Figures 2S–2V), suggesting that the endosomal
activation of this pathway occurs in Eiger-dependent contexts. Further supporting a ligand-
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mediated JNK activation, we found that JNK activation in scrib clones was completely
abolished in the eiger mutant background (Figure 3). Together, these results indicate that Eiger-
JNK signaling is activated in endosomes in scrib mutant clones.

scrib clones increase endocytosis
A possible mechanism by which Eiger-JNK signaling is activated through the endocytic
pathway in scrib clones could be a regulated/increased endocytosis in these clones. We
therefore examined the endocytic activities in wild-type and scrib mutant clones in two ways,
and found that this was indeed the case. First, we found that the number of Rab5-positive early
endosomes was significantly increased in scrib mutant clones compared to surrounding wild-
type tissue (Figures 4A–4A’’’). Secondly, uptake of fluorescently-labeled dextran was
significantly enhanced in scrib mutant clones compared to wild-type clones (Figures 4B–
5B’’’). These results suggest that scrib clones increase endocytosis, which could lead to
endocytic activation of Eiger-JNK signaling.

Intriguingly, imaginal discs of scrib mutant animals (tissues entirely made up of scrib mutant
cells) overgrow and develop tumors (Bilder, 2004). This suggests that scrib mutant cells are
able to grow when they are not surrounded by wild-type cells. Indeed, it has been shown that
removal of wild-type tissue from the scrib mosaic disc allows scrib clones to grow (Brumby
and Richardson, 2003). Interestingly, when we removed surrounding wild-type tissues from
scrib mosaic discs by using the EGUF/hid technique (Stowers and Schwarz, 1999), endocytic
activity was no longer enhanced in scrib mutant tissue, but rather was significantly lower than
that of wild-type control (Figures 4C–4F’). These data suggest that scrib mutant clones increase
endocytosis only when they are surrounded by wild-type tissue.

Endocytosis is essential for Eiger-dependent elimination of scrib clones
Increased endocytosis in scrib clones could be the trigger for the endosomal activation of Eiger-
JNK signaling. We tested this hypothesis in three ways. First, if increased endocytosis of Eiger
activates its signaling in scrib clones, these clones should be more sensitive to Eiger signaling
than wild-type cells. Most scrib clones generated in eye discs are eliminated during
development, but a small number of mutant clones can survive into adulthood (Figures 4L and
4L’, arrows). While Eiger+W expression in clones had only a moderate effect on the size of the
clones (19.7% reduction compared to wild-type control; compare Figures 4G and 4I; quantified
in Supplemental Fig. S1) and no effect on adult eye morphology (compare Figures 4H and 4J)
on its own, it strongly enhanced the elimination of scrib clones in developing eye discs (86.5
% reduction compared to scrib control; compare Figures 4K and 4M; quantified in
Supplemental Fig. S1) and resulted in adult eyes with no scrib clones (compare Figures 4L,
4L’, 4N, and 4N’). These results indicate that scrib clones are indeed hyper-sensitive to Eiger
signaling.

Secondly, we examined whether enhanced endocytosis could stimulate Eiger signaling.
Elevation of Eiger expression by Eiger+W in eye discs causes no morphological defect in the
adult eye (Figures 4O and 4P). However, when endocytosis is enhanced by co-expression of
Rab5 (Bucci et al., 1992; Wucherpfennig et al., 2003), it caused a severe small-eye phenotype
(Figure 4R). This small-eye phenotype was indistinguishable from that caused by strongly
activated Eiger signaling (Igaki et al., 2002; Moreno et al., 2002). These results suggest that
endocytosis is crucial for activation of Eiger signaling.

Finally, we tested the role of endocytosis in the elimination of scrib clones by blocking
endocytosis using a dominant-negative form of Rab5 (Rab5DN) (Entchev et al., 2000).
Strikingly, scrib clones that were also expressing Rab5DN were not eliminated but grew
aggressively (Figure 4T; compare with scrib alone in Figure 4K or Rab5DN expression alone
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in Figure 4S). Furthermore, these scrib/Rab5DN clones no longer activated JNK signaling
(Figures 4V–4X, compare with Figure 3), supporting our hypothesis that Eiger-JNK signaling
is activated by endocytosis in scrib clones. We also noticed that p-JNK staining was seen
strongly outside of the scrib/Rab5DN clones, suggesting that surrounding wild-type cells are
being outcompeted by these clones. Together, these results indicate that scrib clones are
eliminated by endocytic activation of JNK signaling through endocytosis of Eiger.

Discussion
Clones of cells mutant for Drosophila tumor suppressor genes such as scrib or dlg are
eliminated from imaginal discs, suggesting an evolutionarily conserved fail-safe mechanism
that eliminates oncogenic cells from epithelia. Here, we report that this elimination of mutant
cells is accomplished by endocytic activation of Eiger/TNF signaling. Eiger is a conserved
member of the TNF superfamily in Drosophila, but its physiological function has been elusive.
Although ectopic overexpression of Eiger can trigger apoptosis (Igaki et al., 2002; Moreno et
al., 2002), flies deficient for eiger develop normally and exhibit no morphological or cell death
defect (Igaki et al., 2002). Here, we have shown that Eiger is required for the elimination of
oncogenic mutant cells from imaginal epithelia. This not only provides an explanation for
previous unexplained observations, but also argues that Eiger behaves like an intrinsic tumor
suppressor in a fashion similar to mammalian p53 or ATM, which causes no phenotype when
mutated but protects animals as tumor suppressors when their somatic cells are damaged (Lowe
et al., 2004).

The intrinsic tumor suppression found in scrib mutant clones was also observed in dlg mutant
clones, suggesting that this is a mechanism triggered by loss of epithelial basolateral
determinants. Intriguingly, we found that mutant clones of salvador, the hippo pathway tumor
suppressor (Tapon et al., 2002), were not susceptible to similar effect of Eiger (data not shown).
These data suggest that the Eiger-JNK pathway behaves as an intrinsic tumor suppressor that
eliminates cells with disrupted cell polarity.

It is intriguing that Eiger’s tumor suppressor-like function is dependent on endocytosis. Our
data show that Eiger is translocated to endosomes through endocytosis and activates JNK
signaling in these vesicles. Moreover, blocking endocytosis abolishes both JNK activation and
Eiger-dependent cell elimination. Endocytic activation of signal transduction has been
observed for EGF and β2-adrenergic receptor signaling in mammalian cells (Miaczynska et
al., 2004). After endocytosis, these ligand/receptor complexes localize to endosomes, where
they meet adaptor or scaffold proteins that recruit downstream signaling components
(McDonald et al., 2000; Miaczynska et al., 2004). Therefore, the endocytic activation of Eiger/
TNF-JNK signaling might also be achieved by the recruitment of its downstream signaling
complex to the endosomes, possibly through a scaffold protein that resides in endosomes.
Recent studies in Drosophila have shown that components of the endocytic pathway, vps25,
erupted, and avalanche, function as tumor suppressors (Lu and Bilder, 2005; Moberg et al.,
2005; Thompson et al., 2005; Vaccari and Bilder, 2005). Furthermore, mutations in endocytosis
proteins have been reported in human cancers (Floyd and De Camilli, 1998). Thus, de-
regulation of endocytosis may contribute to tumorigenesis. Our study provides new
mechanistic insights into the role of endocytosis in tumorigenesis.

Mammalian TNF superfamily consists of at least 19 members (Aggarwal, 2003; Locksley et
al., 2001). While many have been shown to play important roles in immune responses,
hematopoiesis, and morphogenesis, the physiological functions for other members have yet to
be determined (Aggarwal, 2003; Locksley et al., 2001). Mechanisms that eliminate damaged
or oncogenic cells from epithelial tissues are essential for multicellular organisms, especially
for long-lived mammals like humans. The tumor-suppressor role of Eiger might have evolved
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for host defense or elimination of dying/damaged cells, such as cancerous cells, very early in
animal evolution. Given that components of the Eiger signaling machinery (such as Eiger,
endocytic pathway components, and JNK pathway components) are conserved from flies to
humans, it is also possible that Eiger and its mammalian counterparts are components of an
evolutionarily conserved fail-safe by which animals maintain their epithelial integrity to protect
against neoplastic development.

Experimental Procedures
Fly Strains and Generation of Clones

Fluorescently-labeled clones were produced in larval imaginal discs using the following
strains: y,w, eyFLP1; Act>y+>Gal4, UAS-GFP; FRT82B, Tub-Gal80 (82B ey-GFP tester),
y,w, eyFLP1; Act>y+>Gal4, UAS-myrRFP, G454; FRT82B, Tub-Gal80 (82B ey-RFP tester),
w, UAS-mGFP, hsFLP1.22; Tub-Gal4, FRT82B, Tub-Gal80 (82B hs-GFP tester), and y,w
eyFLP1; Tub-Gal80, FRT40A; Act>y+>Gal4, UAS-GFP (40A tester). Heat-shock clones were
induced by larval heat shock at 37°C for 20 min at 48 hr after egg laying. Additional strains
used are as follows: egr1 (Igaki et al., 2002), scrib1 (Bilder and Perrimon, 2000), UAS-
EigerW (Igaki et al., 2006), UAS-BskDN (Adachi-Yamada et al., 1999b), UAS-HepCA (Adachi-
Yamada et al., 1999a), UAS-p35, UAS-GFP-Rab5 (Wucherpfennig et al., 2003), UAS-Rab5
(Entchev et al., 2000), and UAS-Rab5DN (Entchev et al., 2000). UAS-myrRFP was a kind gift
of H.C. Chang.

Histology
Larval tissues were stained with standard immunohistochemical procedures using rabbit anti-
Eiger polyclonal antibody R1 (1:250-500), mouse anti-phospho-JNK monoclonal antibody G9
(Cell Signaling, 1:100), or rabbit anti-DRab5 antibody (Wucherpfennig et al., 2003) (1:50),
and were mounted with Vectashield-DAPI mounting medium (VECTOR). anti-Eiger R1
antisera was raised against the extracellular domain of Eiger (without the TNF homology
domain) and was absorbed with egr1 mutant larval tissues. The specificity of the anti-Eiger R1
antibody was confirmed by immunostaining of imaginal discs from wild-type and eiger
homozygous mutant larvae (Supplemental Figure S3). For dextran uptake, larvae were
dissected in Schneider’s media and were incubated at 25°C in the same media containing 1mg/
ml dextran-Alexa546 for 120 min.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Eiger is required for elimination of tumorigenic scrib clones
(A–H’) GFP-labeled wild-type (A–B’) or scrib mutant (C–H’) clones were generated in eye-
antennal discs of wild-type (A–D’) or eiger (egr) homozygous mutant (E–H’) animals. scrib
clones in eiger mutant animals develop into tumors in pupal eye-antennal tissue (F, F’,
arrowheads). Expression of Eiger+W within scrib clones prevented both tumor development
and pupal lethality (G–H’).
(I–Q’) GFP-labeled wild-type (I–K’) or scrib mutant (L–Q’) clones were generated in wing
discs of wild-type (I–N’) or eiger mutant (O–Q’) animals. Shown are larval wing discs or pupal
wings (unfolded with water) at 24, 72, and 96 hours after clone induction. scrib clones in
eiger mutant animals form tumors in pupal wings (Q, arrows).
(R–Y) GFP-labeled scrib clones were produced in eye-antennal discs and were stained with
anti-Eiger antibody. The XY section (R–U) and the XZ section (V–Y) of the confocal images
are shown. BskDN was coexpressed to make the clone bigger for XZ analysis. See Supplemental
Data for genotypes.
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Fig. 2. Eiger-JNK signaling is activated in endosomes in scrib clones
(A–F, A’–F’) Eiger+W and mGFP were coexpressed in wild-type (A–C, A’–C’) or scrib mutant
(D–F, D’–F’) clones in wing discs, and were stained with anti-Eiger antibodies. The numbers
of Eiger-positive dots/cell ± S.E. are as follows: Eiger+W clones, 0.88 ± 0.07 (n=105, N=5);
scrib/Eiger+W clones: 7.44 ± 1.70 (n=117, N=11) (n=number of cells examined, N=number of
discs examined). (G–J) Eiger+W, GFP-Rab5, and myr-RFP were coexpressed in scrib mutant
clones in eye disc, and were stained with anti-Eiger antibodies. Arrows indicate specific
colocalization of Eiger and GFP-Rab5. A dominant-negative form of JNK (BskDN) was
coexpressed to keep the clones alive.
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(K–N) Eiger+W was expressed in scrib mutant clones in eye disc, and were assayed for dextran
uptake for 120 min (see Materials and Methods). After the dextran uptake, tissues were fixed
and stained with anti-Eiger antibodies. Arrows indicate colocalization of Eiger and
endocytosed dextran. A dominant-negative form of JNK (BskDN) was coexpressed to keep the
clones alive.
(O–R) GFP-labeled scrib clones were generated in eye discs and were co-stained with anti-
DRab5 and anti-p-JNK antibodies. Arrows indicate colocalization of these two signals. The
caspase inhibitor p35 was co-expressed to keep the clones alive. No signs of compensatory
proliferation or non-cell autonomous growth were seen in this mosaic tissue (data not shown).
(S–V) GFP-labeled HepCA-expressing clones were generated in eye discs and were co-stained
with anti-DRab5 and anti-p-JNK antibodies. No colocalization was seen in these two signals.
See Supplemental Data for genotypes.
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Fig. 3. Eiger is required for JNK activation in scrib clones
GFP-labeled scrib clones were generated in eye-antennal discs or wing discs of wild-type (A–
C, G–I) or eiger (egr) mutant (D–F, J–L) larvae, and were stained with anti-p-JNK antibodies.
See Supplemental Data for genotypes.
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Fig. 4. Eiger-JNK signaling is activated by endocytosis in scrib clones
(A–A’’’) GFP-labeled scrib clones were generated in eye discs and were stained with anti-
DRab5 antibodies.
(B–B’’’) Eye-antennal discs with GFP-labeled scrib mutant clones were assayed for dextran
uptake for 60 min (see Experimental Procedures).
(C–F’) Wild-type (C, C’, E, E’) or scrib mutant (D, D’, F, F’) clones were generated in eye-
antennal discs and surrounding wild-type tissue was simultaneously removed by a combination
of GMR-hid and a recessive cell-lethal mutation CL3R. The discs were either stained with anti-
Rab5 antibody (C–D’) or assayed for dextran uptake (E–F’).
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(G–N’) GFP-labeled wild-type (G–H’), Eiger+W-expressing (I–J’), scrib mutant (K–L’), or
scrib mutant also expressing Eiger+W (M–N’) clones were generated in eye-antennal discs.
Percentages of adult flies carrying scrib clones in the eyes are shown (L and N). The sizes of
the clones in eye-antennal discs are quantified in Supplemental Fig. S1.
(O–R) Eyes of adult flies expressing Gal4 alone (O), Eiger+W (P), Rab5 (Q), or both
Eiger+W and Rab5 (R) are shown.
(S–U) GFP-labeled Rab5DN-expressing (S) or scrib mutant also expressing Rab5DN (T) clones
were produced in eye-antennal discs. DAPI staining shows non-cell autonomous overgrowths
adjacent to the mutant clones (U, and data not shown), which has also been seen in other
endocytic mutants (Moberg et al., 2005; Thompson et al., 2005; Vaccari and Bilder, 2005).
scrib−/−/Rab5DN clones eventually died later during the pupal stage (data not shown). This is
probably due to the lethality of endocytosis-deficient cells, which was also reported in other
endocytic mutants (Moberg et al., 2005; Thompson et al., 2005; Vaccari and Bilder, 2005).
(V–X) Eye-antennal discs with GFP-labeled scrib−/−/Rab5DN clones were stained with anti-
p-JNK antibodies. Endogenous activation of JNK can be detected in eye discs posterior to the
morphogenetic furrow (Agnes et al., 1999; Igaki et al., 2002) (allow), while scrib−/−/
Rab5DN clones do not activate JNK. See Supplemental Data for genotypes.
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