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Epithelial regeneration and cancer: news
from the Src front

Pedro Sousa-Victor & Heinrich Jasper

Src family kinases (SFKs) have long been
implicated in tumorigenesis, but the exact
requirement for individual kinase
members, and their specific spatially and
temporally defined roles in the mainte-
nance of epithelial homeostasis remained
unclear. A study by Cordero et al (2014)
now combines the strengths of Drosophila
and mouse models for intestinal epithelial
regeneration to characterize the role of
individual SFKs in epithelial stem cells,
tissue regeneration, and tumorigenesis.

See also: JB Cordero et al (July 2014)

xpression and activation of the tyro-

sine kinase Src have long been linked

with  proliferation, invasion, and
metastasis of multiple types of human
tumors, including colorectal, breast, ovar-
ian, lung, and pancreatic cancers (Summy &
Gallick, 2003). Colorectal cancer (CRC) is
the third most common malignancy diag-
nosed worldwide and a leading cause of
cancer deaths in the developed world (Jemal
et al, 2011). Twelve percent of advanced
human colon cancer cases contain mutations
activating  Src, expression is
increased in about 80% of CRC specimens
compared with normal colonic epithelium
(Sirvent et al, 2012). Furthermore, high Src
activity has also been shown to be an inde-
pendent indicator of poor clinical prognosis
in all stages of colon cancer (Sirvent et al,
2012). Given the strong link between Src
activity and cancer, a number of inhibitors
targeting Src family kinases (SFK) have been
developed in recent years, yet their use as a
monotherapy in CRC has proven ineffective
(Gargalionis et al, 2014). The reason for the
low efficacy of CRC monotherapy with Src
inhibitors is still not clear, and mechanistic

and Src

insights are hampered by the fact that these
inhibitors act on a broad number of targets.

Clearly, further dissection of the physio-
logical role of SFKs in epithelial regeneration
and homeostasis, and of their integration
into signaling networks controlling cell
proliferation and differentiation in vivo are
required if rational therapies for CRC target-
ing these kinases are to be developed. In this
issue, Cordero et al (2014) significantly
advance our understanding of this physio-
logical role of SFKs by combining Drosophila
and mouse models of intestinal regeneration
to examine the effects of SFK mutations on
tissue homeostasis, damage-induced regen-
eration, and hyperplasia of the intestinal
epithelium.

Similar to the human intestine, the
Drosophila adult midgut epithelium is self-
renewed by intestinal stem cells (ISC)
(Micchelli & Perrimon, 2006; Ohlstein &
Spradling, 2006), making it a useful and
productive model to explore cellular and
molecular signaling interactions governing
intestinal homeostasis, regeneration, and
disease (Biteau et al, 2011). Using this para-
digm, Cordero et al (2014) dissect the contri-
bution of individual SFKs to the control of
ISC proliferation, identify EGFR/Ras/MAPK
and Stat signaling as mediators of this func-
tion, and place Src downstream of Wnt
signaling during tumorigenesis.

The authors show that SFK activity from
either Drosophila SFK ortholog (Src42A and
Src64B) is sufficient to drive ISC hyperprolif-
eration in the Drosophila intestine, but that
only one ortholog (Src42A) is required for
homeostatic ISC proliferation and for the
proliferative response to damage induced by
pathogenic bacteria. This specificity is also
observed in pro-tumorigenic conditions
associated with elevated Wingless (Wg)

signaling. Integrating Src42A into estab-
lished pro-proliferative signaling networks
in ISCs, the authors show that Src42A acts
upstream of EGFR/MAPK and Jak/Stat
signaling to promote ISC proliferation
(Fig 1).

Importantly, the authors show that most
of these functional links are conserved in
mammals: Mammalian SFKs (c-Src, Fyn,
Yes) act redundantly to control homeostasis
of the intestinal epithelium (loss of all three
kinases results in loss of Paneth cells and
increased apoptosis in villae, as well as an
inability to form organoids in culture), but
c-Src is uniquely required for regeneration
following gamma irradiation and in tumors
resulting from adenomatous polyposis coli
(APC) loss. As in flies, c-Src thus acts down-
stream of Wnt to promote tumorigenesis,
and the authors provide evidence that it also
acts upstream of EGFR/MAPK/Erk and Stat3
signaling during regeneration following
damage (Fig 1).

This report uncovers a new mechanism
for Wnt-mediated pro-tumorigenic function
involving Src activity that is very similar to
the mechanism proposed by the same group
for myc-mediated control of ISC proliferation
downstream of Wnt signaling (Cordero et al,
2012). Both pathways converge on EGFR/
MAPK and Stat signaling activation, suggest-
ing alternative ways to activate common
pro-tumorigenic signaling cascades. Under-
standing this signaling cross talk in the
control of SC proliferation and tumorigenesis
in more detail is expected to identify key
downstream regulators that can be effective
therapeutic targets.

The findings further highlight the inti-
mate relationship between processes that
regulate ISC proliferation in response to
regeneration cues and conditions that
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Figure 1. Model for the integration of SFKs in the control of ISC proliferation in flies and mice.
See text for details. APC, adenomatous polyposis coli; EC, enterocyte; EE, enteroendocrine cells; EB, enteroblast;
ISC, intestinal stem cell; TA, transit amplifying cell population; SFKs, Src family kinases.

promote tumorigenesis. ISC-like cells have
recently been established as critical drivers
of tumor growth in models for adenoma
formation (Schepers et al, 2012), and the
data reported here further support the idea
that endogenous signaling networks govern-
ing epithelial regeneration are being
hijacked during the establishment and
growth of intestinal tumors.

Finally, the evident conservation of the
Src-mediated regulation of ISC function
and epithelial regeneration corroborates the
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relevance of the Drosophila intestine as a
model for discovery of pathways and drug
targets relevant for human disease.
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