


















Jak/Stat signaling activation in Apc-driven
intestinal hyperplasia
Understanding the contribution of Jak/Stat signaling to the Apc
phenotype in the mammalian intestine has been complicated by
genetic redundancy between Stat transcription factors. Constitutive
deletion of Stat3within the intestinal epithelium slowed tumor
formation in the ApcMin/+ mouse, but the tumors that arose were
more aggressive and ectopically expressed Stat1 (Musteanu et al.,
2010). Using the Drosophilamidgut we provide direct in vivo
evidence that activation of Jak/Stat signaling downstream of
Apc1/Myc mediates Apc1-dependent hyperproliferation.

Our data on the Drosophilamidgut and in mouse and human
tissue samples suggest that blocking Jak/Stat activation could
represent an efficacious therapeutic strategy to treat CRC.
Currently, there are a number of Jak2 inhibitors under development
(Che et al., 2009; Quintás-Cardama et al., 2010) and it would be of
great interest to examine whether any of these could modify the
phenotypes associated with Apcloss.

Non-autonomous production of Upd and the role
of Egfr signaling
Previous studies have demonstrated that ECs are the main source of
Upds/interleukins in the midgut epithelium (Jiang et al., 2009). Our
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results show that activation of Wnt/Myc signaling in ISCs leads to
non-autonomous upregulation of upd3within ECs. Furthermore,
Spitz/Egfr signaling appears to mediate the paracrine crosstalk
between Wnt/Myc and Jak/Stat in the midgut. Overexpression of a
dominant-negative Egfr in ECs blocks upd3upregulation and ISC
hyperproliferation in response to high Wnt signaling (Fig. 7). A
previous EC-specific role for Egfr has been demonstrated during
midgut remodeling upon bacterial damage (Buchon et al., 2010).
Nevertheless, the downstream signaling that mediates such a role of
Egfr remains unclear given that the activation of downstream
MAPK/ERK occurs exclusively within ISCs (Buchon et al., 2010;
Biteau and Jasper, 2011; Jiang et al., 2011) (data not shown).
Therefore, the current evidence would suggest that Egfr activity in
ECs does not involve cell-autonomous ERK activation. Consistent
with these observations, we did not detect p-ERK (Rolled – FlyBase)
localization outside ISCs in response to either Apc loss or
overexpression of wgin the Drosophilamidgut (data not shown).
Reports on the Apcmurine intestine have also failed to detect robust
ERK activation (Sansom et al., 2006; Haigis et al., 2008). Since
MAPK/ERK is only one of the pathways activated downstream of
Egfr, it is possible that ERK-independent mechanisms are involved.
It is important to explore this further because ERK-independent roles
of Egfr signaling have not yet been reported in Drosophila. Thus,
what mediates Upd3 upregulation in ECs in response to Egfr
signaling activation and whether Spitz-dependent upregulation of
Upd3 involves a direct role of Egfr in ECs remain unclear. A
potential alternative explanation is that intermediate factors induced
in response to Spitz/Egfr activation in ISCs might drive Upd3
expression (Fig. 9).

In summary, we have elucidated a novel molecular signaling
network leading to Wnt-dependent intestinal hyperproliferation.
Given the preponderance of APCmutations in CRC, the integration
of Egfr and Jak/Stat activation might be a conserved initiating
event in the disease.

Fig. 8. Conserved Stat3 activation in mouse and human colorectal
tumor samples. (A-D) Small intestine from Lgr5-Cre; Apcfl/fl mice
immunostained for p-Stat3 to detect the activated form of the protein.
(B-D) Magnified views of the boxed areas in A, showing differentiated villi
(B), proliferative crypts (C) and hyperplastic adenomas (D). Arrows in A
point to adenomas, which showed ectopic p-Stat3 staining. (E-G) Small
intestines from AhCre; Apcfl/+ (E), AhCre; Apcfl/fl (F) and AhCre; Apcfl/fl; c-
Mycfl/fl (G) mice immunostained for p-Stat3. Dashed lines delimit the
proliferative domain. Expansion of the proliferative zone in response to
Apc loss directly correlated with the levels of p-Stat3 (compare F with E).
Consequently, intestines from Apcfl/fl; c-Mycfl/fl mice showed a restored p-
Stat3 staining domain (compare G with E,F).

Fig. 9. Paracrine Egfr and Jak/Stat signaling crosstalk mediates
Apc1-dependent intestinal hyperproliferation. Loss of Apc1 in the
midgut leads to the production of Spitz and Upd3 in ISCs and ECs,
respectively. Upregulation of both ligands requires previous activation of
Myc in ISCs. Activated Jak/Stat signaling in turn contributes to Myc
upregulation in a Dome-dependent manner. Apc1/Myc-dependent
activation of Egfr and Jak/Stat signaling leads to intestinal
hyperproliferation. Alternative possibilities for Upd3 upregulation by
Spitz/Egfr signaling are shown in gray. EB, enteroblast; EC, enterocyte;
ISC, intestinal stem cell; VM, visceral muscle.
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