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The microbiota is pivotal in the pathogenesis of inflammatory
bowel disease (IBD)-associated inflammation-induced colorectal
cancer (CRC), yet mechanisms for these effects remain poorly char-
acterized. Here, we demonstrate that aberrant inflammasome-
induced microbiota plays a critical role in CRC development, where
mice deficient in the NOD-like receptor family pyrin domain con-
taining 6 (NLRP6) inflammasome feature enhanced inflammation-
induced CRC formation. Intriguingly, WT mice cohoused either
with inflammasome-deficient mice or with mice lacking IL-18 fea-
ture exacerbated inflammation-induced CRC comparedwith singly
housed WT mice. Enhanced tumorigenesis is dependent on
microbiota-induced chemokine (C-C motif) ligand 5 (CCL5)-driven
inflammation, which in turn promotes epithelial cell proliferation
through local activation of the IL-6 pathway, leading to cancer for-
mation. Altogether, our results mechanistically link the altered
microbiota with the pathogenesis of inflammation-induced CRC
and suggest that in some conditions, microbiota components may
transfer CRC susceptibility between individuals.
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Colorectal cancer (CRC) is one of the most common forms of
cancer, yet much of the underlying molecular pathogenesis for

CRC development remains unknown (1). A major risk factor for
the development of CRC is prolonged IBD, with prevalence ranging
from 2% of patients after 10 y of IBD to up to 18% after 30 y
of disease (2, 3). The pathogenesis of inflammation-induced CRC
was suggested to involve chronic exposure of epithelial cells to in-
flammatory stimuli (4–8). It was further demonstrated that activation
of NF-κB by the classical inhibitor of NF-κB kinase-dependent
pathway is crucial for tumor growth and progression, highlighting the
importance of inflammation during the pathogenesis of CRC (9, 10).
The intestinal microflora make up a complex ecosystem that

has been recently shown to greatly influence health and disease
in both animal models and humans (11–14). The intestinal
microbiota is believed to influence the pathogenesis of IBD, as
antibiotic (Abx) treatment and probiotic therapy can ameliorate
the disease in at least some subsets of patients with IBD (15). In
addition, patients with IBD were recently demonstrated to have
a reduced abundance of some members of the gut microbiota,
including Firmicutes and Bacteroidetes (16, 17). Streptoccus bovis/
gallolyticus, enterotoxigenic Bacterodies fragillis, and Escherichia
coli NC101 have been implicated as risk factors for CRC (18–20).
Furthermore, spontaneous intestinal auto-inflammation in sev-
eral murine models fails to develop in the germ-free setting (21).
Alterations in the composition of the microflora have been also

linked to a propensity for intestinal tumorigenesis. Human studies
have revealed that high consumption of dietary fat and red meat are
associatedwithhigh risk for coloncancer,whichcouldpotentially stem
from the dietary-induced difference in composition and metabolic
activity ofmicrobiota (17, 22, 23).Bacteroides vulgatus andBacteroides

stercoris have been suggested to be linked to an increased risk for
CRC, whereas low risk is associated with Lactobacillus acidophilus,
Lactobacillus S06, and Eubacterium aerofaciens species in humans
(24). Moreover, germ-free rats rarely develop colonic tumors in a
chemically induced colon cancer model (17, 25). Likewise, T
cell receptor beta chain (TCRβ)−/−tumor protein 53 (p53)−/−

and transforming growth factor beta (TGFβ)−/−recombination
activating gene 2 (Rag2)−/− mice rarely develop spontaneous
colorectal adenocarcinoma under germ-free conditions (17, 26).
Despite this emerging collateral evidence suggesting possible links
between alterations in the composition of the microflora and
risk for CRC, direct evidence for such a link remains sparse.
Inflammasomes are cytoplasmic multiprotein complexes that

are composed of Nod-like receptors (NLRs), pro-caspase-1, and
in some cases, the adaptor protein apoptosis-associated speck-
like protein containing a CARD (ASC). Known inflammasomes
include the NOD-like receptor family pyrin domain containing
1 (NLRP1), NOD-like receptor family pyrin domain containing
3 (NLRP3), NOD-like receptor family CARD domain con-
taining 4 (NLRC4), NLRP6, and absent in melanoma 2 (AIM2)
inflammasomes (27, 28). Inflammasomes could be activated
by a diverse range of microbial, stress, and damage signals, which
leads to the activation of caspase-1 and the subsequent matura-
tion and secretion of proinflammatory cytokines IL-1β and IL-18
(27-32). In addition to orchestrating multiple innate and adaptive
immune responses, inflammasomes were demonstrated to medi-
ate gut homeostasis and tumorigenesis (27, 33–41). Conflicting
results show that deficiency in caspase-1, ASC, and NLRP3 in
mice was associated with an altered severity of chemically in-
duced colitis. Enhanced colitis in caspase-1−/− mice has been
proposed to result from defects in epithelial cell regeneration and
tissue repair, as well as enhanced NF-κB activation in the colon
tissues (33). In other reports, by Allen et al (35) and Zaki et al
(36), enhanced colitis in NLRP3−/− mice was suggested to be
mediated by loss of epithelial barrier integrity or by reduction in
local IL-1β, IL-18, or IFN-γ production. In contrast, Bauer et al
reported an ameliorated severity of colitis in NLRP3−/− mice in
the same dextran sodium sulfate (DSS)-induced colitis model,
which was suggested to be mediated by the local reduction of
proinflammatory cytokines IL-1β, TNF-α, and IFNγ (39).
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We recently offered a mechanistic explanation to the above
conflicting and at times opposing results by showing that com-
ponents of the NLRP6 inflammasome are regulators of the gut
microflora and/or the host response toward different components
of the microbiota. We demonstrated that NLRP6−/− and ASC−/−

mice harbor a colitogenic gut microflora that is transmissible to
cohoused WT mice, resulting in an exacerbated colitis phenotype
(34). Here, using the azoxymethane (AOM)-DSS induced colitis-
associated CRC model (CAC), we demonstrate that WT mice
cohoused with ASC−/− and NLRP6−/− mice develop a dramati-
cally enhanced tendency for inflammation-induced CRC for-
mation, which is mediated through IL-18-induced alterations
in the microflora and resultant induction of CCL5-dependent
colonic inflammation and activation of the IL-6 pathway.

Results and Discussion
To study the role of inflammasome-deficient microflora in in-
flammation-induced tumorigenesis, we induced colorectal tu-
morigenesis using the AOM-DSS model, with the former initiating
mutation by alkylating DNA and the later causing disruption of
the colonic mucosa (42). Colitis in this model, similar to in its
human IBD counterpart, is believed to be induced by the ap-
proximation of members of the intestinal microflora, through the
permeabilized mucosa, with the colonic mucosal innate immune
arm, inducing a vicious cycle of exaggerated immune response
resulting in enhanced tissue damage and repair.
Inflammasomes were recently shown to play pivotal roles in

both colitis and inflammation-induced cancer. We recently showed
that NLRC4 inflammasome deficiency contributes to enhanced
inflammation-induced tumorigenesis through altered epithelial
cell proliferation and death (37). This phenotype was indepen-
dent of the effects of the NLRP3 or NLRP6 inflammasome-as-
sociated microflora, as caspase-1−/− or NLRC4−/− mice, but not
NLRP3−/−, ASC−/−, or NLRP6−/− mice, featured enhanced tu-
morigenesis compared with cohoused WT mice, even after fully
acquiring their microflora by prolonged cohousing. Indeed,
NLRC4 contains a Caspase recruitment domain (CARD) that
enables direct binding to caspase-1 through CARD–CARD inter-
actions, so assembly of the NLRC4 inflammasome in mice may be
achieved independent of the adaptor protein ASC (43, 44). Sim-
ilar to other described inflammasomes, the NLRC4 inflamma-
some formation results in secretion of IL-1β and IL-18, but it can
also induce caspase-1-mediated cell death (43, 45).
To study the role of the inflammasome-deficient colitogenic

microflora on CRC formation, we applied the AOM-DSS in-
duced CAC model to mice deficient in ASC, a common adaptor
for most other inflammasomes. We found that ASC−/− mice
exhibited significantly more tumorigenesis than singly housed WT
mice (Fig. 1A). This led us to hypothesize that the aberrant
composition of the colonic microflora in ASC−/− mice may rep-
resent a major inducer of colorectal tumorigenesis in these mice.
Indeed, WT mice cohoused for 3 mo (1 mo cohousing followed
by 2 mo more cohousing during AOM-DSS treatment and follow-
up) with ASC−/− mice [WT(ASC−/−)] developed significantly
enhanced tumorigenesis in the AOM-DSS model compared with
singly housed WT mice, which was characterized by increased
tumor numbers and tumor scores that even reached levels similar
to those of ASC−/− mice (Fig. 1 A and B). Histopathologically,
tumors from ASC−/− mice were indistinguishable from those of
singly housed or cohoused WT mice, with all tumors composed of
crypt and glandular structures consistent with a well-differenti-
ated adenocarcinoma (Fig. 1C). Together, these results suggest
that the enhanced tendency for inflammation induced tumori-
genesis in ASC−/− mice is driven by their altered microflora.
To study the roles of upstream NLRs in this microflora-

induced tumorigenesis, we repeated the cohousing experiments
using the NLRP6−/− mice as donors of the aberrant microflora.
As seen in Fig. 2 A and B, NLRP6−/− mice, and their cohoused

WT partners [WT(NLRP6−/−)], featured significantly greater
tumorigenesis than singly housed WT mice, with tumors from
both NLRP6−/−, singly housed, and cohoused WT mice again
featuring features of well-differentiated adenocarcinoma (Fig. 2C).
As controls, we performed similar experiments in NLRC4−/− mice
that do not feature enhanced DSS-induced colitis or transfer-
ability of exacerbated colitis on cohousing with WT mice (34).
As is seen in Fig. 2D, prolonged cohousing of WT mice with
NLRC4−/− mice [WT(NLRC4−/−)] was not associated with en-
hanced transferrable colitis-induced tumorigenesis in these mice,
as featured in similar tumor score and numbers compared with
singly housed WT mice, supporting our hypothesis that microflora
transferred from the NLRP6−/− mice plays a critical role in the
enhanced susceptibility to inflammation-induced tumorigenesis.
The well-characterized effector functions of inflammasomes

includes activation, by cleavage, of the cytokines IL1-β and IL-
18, as well as promotion of an inflammation-driven form of cell
death termed pyroptosis (27). To test the involvement of the IL-
1β and IL-18 axis in the enhanced inflammation-induced tumor-
igenesis in inflammasome-deficient mice, we performed cohous-
ing experiments using either IL-1R−/− or IL-18−/− mice. As seen
in Fig. 3A, WT cohoused with IL-1R−/− mice [WT(IL-1R−/−)]
featured a comparable tumor score and tumor number compared
with singly housed WT mice. In contrast, WT cohoused with IL-
18−/− mice [WT(IL-18−/−)] developed an increase in tumor score

Fig. 1. The increased tumorigenesis in ASC−/−mice is transmissible to cohoused
WTmice. (A) Tumor score and tumor numbers/mouse in singly housedWTmice,
WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)], and ASC−/− mice
cohoused with WT mice [designated ASC−/−(WT)]. Data are mean ± SEM; n ≥ 4;
*P < 0.05 by one-way ANOVA. The experiments were repeated three times. (B)
Representative colonoscopic appearance of WT, WT(ASC−/−), and ASC−/−(WT)
mice colon in AOM-DSS-induced CRC. (C) Representative histopathologic sec-
tions of colon adenocarcinomas from WT, WT(ASC−/−), and ASC−/−(WT) mice.
Invasive tumor foci (arrowhead) were surrounded by abundant amounts of pale
blue mucin. *, muscularis mucosae; m, mascularis externa. (Scale bars, 200 μm.)
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and number compared with singly housed WT mice (Fig. 3B),
indicating that IL-18, but not IL-1β, is responsible for the aber-
rant microflora that is associated with the enhanced tendency for
inflammation-induced tumorigenesis.
To further validate the causative role of the aberrant micro-

flora on tumor development in inflammasome-deficient mice, we
treated ASC−/− mice and their WT cohabitants with 1 g/L met-
ronidazole and 200 mg/L ciprofloxacin in the drinking water for
a period of 4 wk during cohousing. This Abx protocol was recently
demonstrated to inhibit the microflora elements responsible for
enhanced colonic inflammation (34). As shown in Fig. 3C, Abx-

treated ASC−/− mice and their cohoused WT cohabitants fea-
tured a reduced level of tumor formation compared with control
ASC−/− mice and their cohoused WT mice. Tumor score and
tumor numbers in WT mice cohoused with Abx-treated ASC−/−

mice were indistinguishable from those of singly housed WT

Fig. 2. The increased tumorigenesis in NLRP6−/− mice is transmissible to
cohoused WT mice. (A) Tumor score and tumor numbers/mouse in singly
housed WT mice, WT mice cohoused with NLRP6−/− mice [designated WT
(NLRP6−/−)], and NLRP6−/− mice cohoused with WT mice [designated
NLRP6−/−(WT)]. Data are mean ± SEM; n ≥ 8; *P < 0.05 by one-way
ANOVA. The experiments were repeated three times. (B) Representative
colonoscopic appearance of WT, WT(NLRP6−/−), and NLRP6−/−(WT) mice
colon in AOM-DSS-induced CRC. (C ) Representative histopathologic sec-
tions of colon adenocarcinomas from WT mice, WT(NLRP6−/−) mice, and
NLRP6−/−(WT) mice. Invasive tumor foci (arrowhead) were surrounded by
abundant amounts of pale blue mucin. *, muscularis mucosae; m, mas-
cularis externa. (Scale bars, 200 μm.) (D) Tumor score and tumor numbers/
mouse in singly housed WT mice, WT mice cohoused with NLRC4−/− mice
[designated WT(NLRC4−/−)], and NLRC4−/− mice cohoused with WT mice
[designated NLRC4−/−(WT)]. Data are mean ± SEM; n ≥ 8; ns, not signifi-
cant; *P < 0.05 by one-way ANOVA.

Fig. 3. Enhanced tumorigenesis in cohousedWTmice is driven by microbiota
and mediated by IL-18 and CCL5. (A) Tumor score and tumor numbers/mouse
in singly housed WT mice and WT mice cohoused with IL-1R−/− mice [desig-
nated WT(IL-1R−/−)]. Data are mean ± SEM; n ≥ 9; ns, not significant. The
experiments were repeated two times. (B) Tumor score and tumor numbers/
mouse in singly housed WT mice and WT mice cohoused with IL-18−/− mice
[designated WT(IL-18−/−)]. Data are mean ± SEM; n = 9; *P < 0.05 by one-way
ANOVA. The experiments were repeated two times. (C) Singly housed WT
mice, WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)], and
ASC−/− mice were treated with 4 wk of metronidazole and ciprofloxacin. In
parallel, non-Abx-treated singly housed WT mice, WT mice cohoused with
ASC−/− mice, and ASC−/− mice were set up. Subsequently, AOM-DSS treatment
was induced, and tumor score and tumor numbers/mouse were recorded.
Data are mean ± SEM; n ≥ 7; *P < 0.05 by one-way ANOVA. The experiments
were repeated two times. (D) Tumor score and tumor numbers/mouse in
separately housed WT mice, WT mice cohoused with NLRP6−/− mice [desig-
nated WT(NLRP6−/−)], CCL5−/− mice cohoused with NLRP6−/− mice [designated
CCL5−/−(NLRP6−/−)], and separately housed CCL5−/− mice. Data are mean ±
SEM; n ≥ 4; *P < 0.05 by one-way ANOVA. The experiments were repeated
two times.
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Fig. 4. Enhanced tumorigenesis in cohoused WT mice is mediated by IL-6. (A) Ki67 (Left) and BrdU (Right) proliferation index in colonic epithelial cells of
separately housed WT mice and WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)] at day 15 of the CAC regimen. Data are mean ± SEM; n ≥ 6; *P <
0.05 by t test. The experiments were repeated two times. (B) Representative Ki67 (Upper) and BrdU (Lower) immunohistochemistry of singly housed WT mice
and WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)] at day 15 of the CAC regimen. (Scale bars, 200 μm.) (C) IL-6 concentration in colonic tissue
explant of separately housed WT mice and WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)] harvested at day 15 of the CAC regimen. Data are
mean ± SEM; n ≥ 5; *P < 0.05 by one-way ANOVA. The experiments were repeated three times. (D) Singly housed WT mice and WT mice cohoused with ASC−/−

mice [designatedWT(ASC−/−)] were treated with IL-6R Ab or isotype control Ab at day 7 of the CAC regimen. Ki67 proliferation index in colonic epithelial cells of
each group of mice was quantified at day 15 of the CAC regimen. Data are mean ± SEM; n ≥ 5; *P < 0.05 by one-way ANOVA. The experiments were repeated
two times. (E) Representative Ki67 immunohistochemistry of singly housed WT mice and WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)] with
IL-6R Ab (Lower) or isotype control Ab (Upper) treatment at day 15 of the CAC regimen. (Scale bars, 200 μm.) (F) Singly housed WT mice and WT mice cohoused
with ASC−/− mice [designated WT(ASC−/−)] were treated with IL-6R Ab, isotype control Ab, or PBS weekly after the last cycle of DSS. Tumors were analyzed after
4 wk Ab or PBS treatment. Data are mean ± SEM; n ≥ 7; *P < 0.05 by one-way ANOVA. The experiments were repeated two times. (G) Tumor score and tumor
numbers/mouse in separately housed WT mice, WT mice cohoused with ASC−/− mice [designated WT(ASC−/−)], VillinCre;IL-6Rf/f mice cohoused with ASC−/− mice
[designated VillinCre;IL-6RF/-−ASC−/−)], and singly housed VillinCre;IL-6RF/− mice. Data are mean ± SEM; n ≥ 3; *P < 0.05 by one-way ANOVA. The experiments
were repeated two times.
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mice, supporting the role of the ASC-deficient microflora in the
pathogenesis of enhanced tumorigenesis.
The aberrant microflora in the NLRP6 inflammasome-

deficient mice was recently shown to induce spontaneous or
chemically induced colonic inflammation through induction of
the chemokine CCL5 [also known as regulated on activation,
normal T cell expressed and secreted (RANTES)]. In the absence
of CCL5, mice failed to develop microflora-dependent exacer-
bation in colitis despite full acquisition of the aberrant microflora
from the NLRP6−/− mice (34). We thus sought to examine
whether CCL5 was also necessary for inflammation-induced tu-
mor formation. Indeed, as is shown in Fig. 3D, CCL5−/− mice
cohoused with NLRP6−/− mice [CCL5(NLRP6−/−)] developed
significantly fewer tumors thanWTmice cohoused with NLRP6−/−

mice [WT(NLRP6−/−)], indicating that in the absence of CCL5,
reduced colitis leads to reduced tumor formation in mice exposed
to the aberrant inflammasome-deficient microflora.
Intestinal inflammation and associated recurrent mucosal

damage have been suggested to enhance colonic epithelial pro-
liferation, ultimately resulting in epithelial dysplasia (6, 7, 9).
Thus, we determined the level of epithelial cell proliferation in
WT cohoused with ASC−/− mice [WT(ASC−/−)] compared with
singly housed WT mice (Fig. 4 A and B) at day 15 after ad-
ministration of AOM, when no tumors were yet detectable by
murine colonoscopy. Intriguingly, epithelial cell proliferation,
determined by both antigen KI-67 (Ki67) and BrdU staining, was
significantly higher in WT mice cohoused with ASC−/− mice [WT
(ASC−/−)] compared with singly housed WT mice, suggesting that
alterations in the microflora drive excessive epithelial cell pro-
liferation, possibly leading to enhanced tumorigenesis.
Finally, we sought to determine the mechanisms by which mi-

croflora-induced inflammation promotes excessive epithelial cell
proliferation. The IL-6 axis has been shown to be central in the
pathogenesis of CRC through enhancing proliferation of tumor
progenitor cells (6, 7, 9). In addition, IL-6 produced by lamina
propria myeloid cells has been suggested to protect normal and
premalignant intestinal epithelial cells from apoptosis through
signal transducer and activator of transcription 3 (Stat3) signaling
(6, 7, 9). Indeed, colonic IL-6 levels were markedly increased in
WT mice cohoused with ASC−/− mice [WT(ASC−/−)] and
NLRP6−/− mice [WT(NLRP6−/−)] compared with singly housed
WT mice, but not in CCL5−/− mice cohoused with NLRP6−/−

mice [CCL5−/−(NLRP6−/−)], suggesting that transfer of the ab-
errant microflora and the associated CCL5-induced enhanced
inflammation induced increased local IL-6 secretion in these mice
(Fig. 4C and Fig. S1A). In addition, during the late CAC regimen,
IL-6 mRNA expression levels in both the normal colonic tissue
and tumor tissue ofWTmice cohoused with NLRP6−/−mice [WT
(NLRP6−/−)] and NLRP6−/− mice were up-regulated compared
with those of singly housed WT mice, which could potentially
stem from the enhanced infiltration of IL-6 secreting inflam-
matory cells (Fig. S1 B and C). Furthermore, systemic adminis-
tration of neutralizing anti-IL-6 receptor Ab (46) completely
abolished both the cohousing-associated epithelial cell pro-
liferation, as evident by Ki67 labeling (Fig. 4 D and E), and
cohousing-associated tumor promotion with continuous IL-6R
Ab treatment (Fig. 4F), establishing the IL-6 axis as a major
mechanism for microflora-enhanced inflammation-induced CRC.
Moreover, the effect of IL-6 on the colonic epithelium is direct, as
cohousing of mice with conditional deletion of IL-6R in the in-
testinal epithelial compartment (VillinCre;IL-6RFL/-) with ASC−/−

mice resulted in abrogation of the microbiota-mediated trans-
ferrable cancer phenotype. In fact, tumorigenesis in VillinCre;
IL-6RFL/−(ASC−/−) mice was comparable to that of singly
housed VillinCre;IL-6RFL/− and WT mice (Fig. 4G). This near-
total abolishment of the microbiota-mediated tumor phenotype
on deletion of IL-6R from intestinal epithelial cells makes
unlikely the possibility of a contribution of IL-6 transsignaling

through soluble IL-6 receptors. Furthermore, we suggest that IL-6-
related mucosal phenotypes in our work, as well as in previous
other studies, may be dependent on the presence of an underlying
dysbiotic microbiota configuration, as we observed no effects of IL-
6 blockade when applied to singly housedWTmice. Thus, dysbiosis
in IL-6-dependent models should be taken into consideration and
further characterized in future studies. Altogether, microbiota-
induced activation of IL-6 signaling in intestinal epithelial cells is
a critical step in the induction of inflammation-induced CRC.
Our results demonstrate that altered elements in the

microbiota of inflammasome-deficient mice drive inflammation-
induced CRC. This microbiota-mediated effect is dependent on
the induction of local colonic inflammation through epithelial
reprogramming and induction of CCL5 transcription. This, in
turn, results in local induction of IL-6 secretion, resulting in en-
hanced epithelial cell proliferation culminating in tumor forma-
tion. We suggest that alterations in the microbiota ecosystem be
added to factors regulating tumorigenesis and, in particular, in
the inflammatory setting. Further studies are needed to charac-
terize components in the altered microbiota in inflammasome-
deficient animals that are responsible for transferable inflammation-
induced tumorigenesis and the possible implications for human
IBD-associated CRC. Nonetheless, recognition that dysbiosis aris-
ing from inflammasome dysregulation may be a central compo-
nent in carcinogenesis, as well as the remarkable transmissibility
of this tendency from one mouse to another, are intriguing and
merit further investigation in mice and humans.

Materials and Methods
Mice. ASC−/−, NLRP6−/−, NLRC4−/−, IL-18−/−, IL-1R−/−, CCL5−/−, and VillinCre;IL-6RF/−

mice on C57BL/6 background were bred and maintained under specific patho-
gen-free conditions at the animal facility of Yale University School of Medicine.

For cohousing experiments, age- and sex-matched WT and knockout mice
were cohoused in new cages at 1:1 ratios for 4 wk.

For Abx treatment, mice were given a combination of ciprofloxacin (0.2
g/L) and metronidazole (1 g/L) for 4 wk in their drinking water. All Abx were
obtained from Sigma Aldrich.

For IL-6RAband isotype control Ab (Bioxcell, BE0047andBE0090) treatment,
mice were injected intraperitoneally with Ab at a dose of 5 mg/kg body weight
at day 7 of the CAC regimen or weekly 4 d after the last cycle of DSS for 4 wk.

All experimental procedures were approved by Yale University’s In-
stitutional Animal Care and Use Committee.

Tumor Induction and Analysis. Age- and sex-matched cohoused 6–8-wk-old
mice were injected with AOM (Sigma) intraperitoneally at a dose of 12.5 mg/kg
body weight. After 5 d, mice were treated with 2% (wt/vol) DSS (MP Bio-
medicals; molecular weight 36,000–50,000 Da) in the drinking water for 5 d,
followed by 16 d of regular water. This cycle was repeated twice (9).

Endoscopic Procedures. Colonoscopy was performed at indicated points to
monitor for severity of colitis and tumorigenesis. According to the murine
endoscopic index of colitis severity system (47), tumor size was graded from
1 to 5 as follows: grade 1 (very small but detectable tumor), grade 2 (tumor
covering up to one-eighth of colonic circumference), grade 3 (tumor cov-
ering up to one-fourth of the colonic circumference), grade 4 (tumor cov-
ering up to half of the colonic circumference), and grade 5 (tumor covering
more than half of the colonic circumference) (47). Tumors observed during
endoscopy were counted to obtain the total number of tumors per animal.
The size of each tumor in every mouse was recorded, and the sum of all
tumor sizes per mouse was calculated to be the tumor score.

Histopathology. Organs were removed and fixed in 10% neutral formalin so-
lution overnight at 4°C, then embedded in paraffin, sectioned, and stained with
H&E. Slides were prepared at the Yale University Department of Pathology.

Immunohistochemistry. Paraffin-embedded sections were rehydrated, sub-
jected to heat-induced epitope retrieval, and incubated with the following
antibodies: anti-BrdU (1:4,000; Sigma), anti-Ki67 (1:100; Lab Vision). The DAKO
EnVision System was used for detection. All sections were counterstained
with hematoxylin. For the BrdU proliferation assay, mice were injected in-
traperitoneally with 1 mL BrdU (Sigma) solution (1 mg/mL) and killed 24 h after
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injection. Ki67+ and BrdU+ cells were quantitated from ≥30 crypts of each
mouse at day 15 of the CAC regimen at the magnification of 10 × 40.

Colon Culture and ELISA. Sections of 1 cm of the proximal colon were cut,
removed of feces, washed with PBS, and then cut in half longitudinally. The
colon sections were placed into culture in Roswell Park Memorial Institute
(RPMI)-1640 media (Sigma) with penicillin, streptomycin, and gentamicin and
cultured at 37°C with 5% CO2. Supernatants were harvested after 24 h, and
the concentration of cytokine was determined by ELISA. IL-6 antibody pair
was purchased from BD Pharmingen, and ELISA was performed according to
the manufacturer’s protocol.

Statistical Analysis. Data are expressed as mean ± SEM. Differences were
analyzed by Student t test and one-way ANOVA and post hoc analysis for
multiple group comparison. P values < 0.05 were considered significant.
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