
EDITORIAL
New Immune Role for Axin1 in Colon Cancer Suppression
pithelial cells lining the intestine continually renew,
Ewith nearly complete replacement occurring at least
weekly.1 The intestine can absorb nutrients and water
because of precisely regulated cellular proliferation, differ-
entiation, and death, all of which maintain the proper bal-
ance of stem and differentiated cells. Several signaling
pathways are involved in intestinal homeostasis and Wnt
signaling plays a key role. In cells not encountering a Wnt
ligand, tumor-suppressor protein adenomatous polyposis
coli (APC) and Axin form a scaffold that brings b-catenin in
proximity with other proteins that mark b-catenin for
proteasome-mediated destruction. Inactivating APC muta-
tions are observed in approximately 80% of all colorectal
cancers (CRCs). Mutations in genes that encode Axin1 and
Axin2 are observed less often (3%–6%) and mutations in
CTNNB1 (encoding b-catenin) that render b-catenin resis-
tant to destruction are found in approximately 6% of CRCs,
thus indicating a critical role for Wnt signaling in colon
tissue maintenance.2 By comparison, 27% of liver cancers
show mutations in CTNNB1, 8% in Axin1 and 3% in APC.3 It
remains unexplained why tumors originating in these 2
tissues appear to dysregulate the same signaling pathway
using mutations in different signal components. Further-
more, although the 2 Axin proteins, Axin1 and Axin2, appear
to have divergent properties in a colon cancer cell line with
APC mutations,4 distinctions in colon tissue are not under-
stood. Why would a cell have multiple scaffolding pro-
teins—are the activities of the Axins and APC completely
redundant? Why would inactivating mutations in both APC
alleles be prevalent in CRC, when Wnt signal activation with
a single CTNNB1 mutation to stabilize b-catenin would seem
simpler? Do the Axins and APC each have tumor-
suppressing roles beyond serving as scaffolds for the b-
catenin destruction complex in the context of Wnt signaling?

In this issue of Cellular and Molecular Gastroenterology
and Hepatology, Sanson et al5 start to address these chal-
lenging questions using mouse models to distinguish the
roles of Axin1, Axin2, and APC. By using an estrogen-
inducible Cre that is driven by the Villin promoter, Axin1
was eliminated from intestinal-lining cells of young mice.
Intestinal homeostasis in these Axin1-knockout mice
appeared to be minimally affected by Axin1 elimination,
aside from a slight increase in apoptosis resulting from
temporary Cre toxicity. Furthermore, there was no increase
in Wnt signaling observed in the Axin1-knockout mice,
indicating system redundancy. In contrast, mice with
knockout of both Axin1 and Axin2, or only a knockout of
APC, showed comparable phenotypes including Wnt signal
activation, defective liver metabolic zonation, and lethality
within a week. Thus, the 2 Axins possess overlapping
functions as Wnt signal antagonists. However, the Axins and
Cellula
APC have distinct roles in Wnt signaling such that elimina-
tion of either component compromises Wnt regulation.

To identify unique functions of Axin1, Sanson et al5

initiated colonic tumors in mice using the mutagen
azoxymethane (AOM), and then promoted tumorigenesis
with the colon irritant dextran sodium sulfate (DSS).5

Indeed, treated Axin1-knockout mice developed more
adenocarcinomas than treated wild-type mice, indicating
that Axin2 could not compensate for Axin1 in this tumor-
suppressor context. Unexpectedly, the DSS-treated Axin1
knockout mice displayed less weight loss than treated
wild-type mice (both with and without AOM), suggesting
a novel proinflammatory role for Axin1. RNA sequencing
analysis of tumors from AOM/DSS-treated Axin1 knock-
out mice showed a gene signature consistent with
reduced numbers of proinflammatory T helper (Th1) 1
cells. This Axin1-dependent gene signature was recapitu-
lated in colons of DSS-treated Axin1-knockout mice, along
with a significant decrease in Th1 cell numbers as
determined by flow cytometry. These results provide
compelling evidence that Axin1 promotes development of
a Th1 proinflammatory immune response. This proin-
flammatory role for Axin1 might contribute to the Wnt-
independent tumor-suppressor functions of Axin1.
Defining the mechanism by which Axin1 promotes this
process will be crucial. Previous demonstration that Axin1
is capable of nucleocytoplasmic shuttling makes a more
direct role for Axin1 in transcription of proinflammatory
mediators such as interferon g and STAT1 signal trans-
ducer and activator of transcription 1 possible.6 In human
colon cancers, the Axin1-deficient gene signature corre-
lated with a small but significant decrease in disease-free
survival.5 Thus, colon cancers with an Axin1-proficient
signature might respond favorably to combination therapy
using Axin-stabilizing tankyrase inhibitors and immune
checkpoint inhibitors.

Overall, the study provides compelling evidence that
Axin1 and Axin2 have overlapping functions in Wnt
signaling, but unique functions in tumor suppression.5

Moreover, the investigators uncovered a proin-
flammatory role for Axin1, beyond that of a Wnt signal
regulator. Although the mechanistic details of this
emerging new Axin1 function remain to be determined,
Wnt-independent roles for Axin1 and other tumor sup-
pressors could serve as innovative platforms for future
cancer therapies.
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