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IFNβ-producing CX3CR1+ macrophages promote T-regulatory cell expansion and
tumor growth in the APCmin/+ / Bacteroides fragilis colon cancer model
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ABSTRACT
Increased T-regulatory cell activity drives tumor progression in the compound APCmin/+/enterotoxic
Bacteroides fragilis colon cancer model. At the same time, how microbially-induced inflammation
promotes T-regulatory cell expansion in the dysplastic intestine remains poorly described. Analysis of
post-infection immune cell kinetics in the colon lamina propria revealed that CD4+ Foxp3+ cell numbers
increased by 25-fold between days 3–14. Importantly, T-regulatory cell expansion was preceded by a 12-
fold spike in lamina propria CD11b+ cell numbers between days 0–4; suggesting a link between the
myeloid compartment and the T-regulatory cells. Consistent with this notion, in vitro co-culture studies
utilizing sorted myeloid cell subsets and CD4+ T-cells demonstrated that the CD11b+CX3CR1+ but not
the CD11b+CX3CR1− subset preferentially induced Foxp3 expression in CD4+ T-cells. Phenotypic analysis
revealed that the CD11b+CX3CR1+ subset represented a homogenous CD64+CD24−CD103a− macro-
phage population. Global CX3CR1 knockout or conditional depletion of CX3CR1+ myeloid cells resulted
in diminished CD4+Foxp3+ cell expansion and a 3 to 6-fold reduction in tumor burden establishing
CX3CR1+ macrophages as a major driver of the T-regulatory cell-tumor axis. Quantitative analysis of
CD11b+ myeloid cell subsets for IFNβ mRNA revealed that the CX3CR1+ macrophages expressed 15-fold
higher levels of IFNβ in comparison to the CX3CR1− myeloid subset. Antibody mediated neutralization of
IFNβ resulted in the suppression of CD4+Foxp3+ cell induction and tumor growth, demonstrating the
central role of IFNβ in mediating CX3CR1+ macrophage-driven T-regulatory cell expansion. These studies
shed new mechanistic light on the cellular ontogeny of pro-tumorigenic T-regulatory cells in the
inflamed colon of the APCmin/+ mouse.
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Introduction

APCmin/+/enterotoxic Bacteroides fragilis (ETBF) murine model
of colon cancer1 has been used extensively to study the role of
microbially-induced inflammation in colon tumorigenesis and
tumor progression. Specifically, a series of elegant studies by the
Sears and the Housseau laboratories have demonstrated the
central role of type 17 T-cell immunity in tumor development
and growth in this model; and delineated how ETBF promotes
type 17 immunity via its pleiotropic activity on gut epithelium
and the myeloid cell compartment.1–5 Separately, these and
other studies, including those from our laboratory, revealed an
equally critical role for T-regulatory cells (Treg) in driving tumor
growth in the ETBF-colonized gut.6,7 Importantly, a recent
report demonstrated that Treg can preferentially help to expand
Th17 cells by acting as a sink for IL-2 in the above model,
establishing a novel link between the two pathogenic subsets.6

While these reports illuminated the cellular origin and the
pathogenic role of type 17 inflammation that accompanies
and drives colon tumorigenesis, the ontogeny of the ETBF-
driven pro-tumorigenic Treg response remains poorly under-
stood. It is known that under steady-state conditions gut-
resident CD11b+CX3CR1+ myeloid cells are critical to the
maintenance of immune homeostasis in the GI tract8,9 and
more specifically that of the lamina propria (LP) Treg

compartment.10 However, the cellular mechanisms that reg-
ulate the generation and expansion of pro-tumorigenic Treg
in the inflamed dysplastic colon have not been directly
addressed.

Herein we report that in the APCmin/+/ETBF model Treg
can drive tumor growth independent of Th17 cell activity and
that the ontogeny of pro-tumorigenic Treg is linked to the
CD11b+CD64+CD24−CD103a−CX3CR1+ gut-resident macro-
phages, which expand within 48 hours of bacterial coloniza-
tion. We further show that the unique ability of these
macrophages to rapidly expand Treg is associated, at least in
part, with production of IFNβ that is required both for Treg
induction and tumorigenesis.

Results

CD4+Foxp3+ Treg expansion is rapid and is required for
tumor growth independent of Th17 cell activity

In order to obtain insight into the ontogeny of ETBF-induced
Treg we first analyzed the Treg kinetics in the inflamed colon of
the APCmin/+ mouse. Treg numbers in the colon LP were mon-
itored between days 0 (un-infected mice) and day 21 post-
colonization. The data shown in Figure 1a demonstrate that
Treg expansion commenced between days 3 and 6 post-ETBF
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(8-fold), reached its peak on day 14 (25-fold) and declined
thereafter but remained significantly above baseline (13-fold).
To confirm that this dramatic increase drove tumor growth, we
determined whether depletion of Treg affected tumor burden in
APCmin/+ mice that were heterozygous for Foxp3DTR/+. Mice
were administered diphtheria toxin (DT) starting on day 7 post-
ETBF administration for 3 weeks and tumor burden was ana-
lyzed in control vs DT-treated animals. Figure 1b shows that
depletion of Foxp3+ T-cells (Supplemental Figure 1A) resulted in
a robust 5-fold reduction in tumor number confirming the
critical role of Treg alone in tumor growth. Analysis of colon
LP T-cell subsets revealed that Treg depletion resulted in global
T-effector cell proliferation (Figure 1c). Specifically, all effector
T-cell subset numbers, including Th1, Th17 and CD8+ T-cells
increased by ~28, 7 and 55-fold, respectively. Suppression of
tumor growth in Treg-depleted mice, despite continued Th17
cell expansion, suggested that Treg drove tumor growth inde-
pendent of Th17 cells. Separately, in addition to dramatically-
increased numbers, Th1 and CD8+ T-cells displayed enhanced
activation as measured by IFNγ+ production (Figure 1c),

establishing a link between Treg presence and cytotoxic
T-effector function.

Treg expansion is driven by the CD11b+CX3CR1+ myeloid
cell subset

The essential role of LP-resident CX3CR1+ myeloid cell-Treg
axis in the maintenance of gut immune homeostasis is well-
known.8–10 Separately, recent studies established that ETBF
colonization results in major quantitative and qualitative
changes inmyeloid cell populations that are found in the colonic
LP.4 We thus hypothesized that gut-resident CX3CR1+ myeloid
cells may be critical to regulating post-infection Treg activity. To
this end, we first analyzed the quantitative changes in CD11b+

myeloid cells in the colon during the first week of colonization.
Figure 2a shows that ETBF induced rapid quantitative changes
in both the CD11b+CX3CR1+ and the CD11b+CX3CR1− sub-
sets. Specifically, CD11b+CX3CR1+ cell numbers increased by
6.5-fold on day 2 and peaked at 13-fold above background
on day 4. CD11b+CX3CR1− subset prevalence increased with

a b c

Figure 1. Effect of CD4+Foxp3+ Treg on tumorigenesis and T-effector cell activity.
Panel a. Kinetics of Treg expansion in ETBF-colonized colon. Colons were harvested on indicated days post-ETBF colonization and total LP Treg numbers were
determined per colon. Error bars = SEM, n = 3/time point. Days 5–21 were significantly different from Day 0 (p < .01). Panel b. Colon tumor burden in the presence
and absence of Treg. Tumor burden was quantified 3 weeks after ETBF administration in control and DT-administered mice. Error bars = SEM, n = 3/time point (**
denotes p < .01). Panel c. The colons from control and DT-administered mice were harvested and LP T-effector subsets were quantified. Representative flow panels
showing percent cytokine-producing cells and histograms depicting respective T-effector cell numbers/colon are shown. Error bars = SEM, n = 3/time point (* and ***
denote p < .05 and 0.001, respectively). Data from one of two repeats with similar results are shown.

Figure 2. Post-ETBF myeloid cell subset kinetics and function.
Panel a. CD11b+ myeloid cell subset kinetics in the colon. LP CD11b+CX3CR1+ and CD11b+CX3CR1− myeloid cell numbers were quantified in post-ETBF mice. Error
bars = SEM, n = 3-6/time point. Days 2–6 were significantly different than day 0 (p < .05). Panel b. In vitro co-culture assay. Sorted CD11b+ cell subsets were
incubated with CD4+ T-cells as described in the Methods. Control T-cells were isolated from naïve APCmin/+ mice whereas experimental T-cells (Bf) were purified from
ETBF-inoculated mice. Representative FACS panels are shown for control (T-cells only, top row) and experimental (T-cells + myeloid cells, bottom row). CD4+ T-cells
were gated on and analyzed for Foxp3 vs IL-17 production. Quantitative data are shown for percent Foxp3+ and IL-17+ cells for each well. Error bars = SEM, n = 3
mice per group (** and *** denote p < .01 and < 0.001, respectively). Data from one of two repeats with similar results are shown.
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somewhat slower kinetics (~2-fold on day 2) but ultimately
caught up (11-fold on day 4). These findings showed that the
CD11b+CX3CR1+ subset expansion preceded the Treg response
by ~2–3 days, consistent with a role for this subset in driving
Treg ontogeny.

We then focused on the ability of CX3CR1+ vs CX3CR1 –

subsets to promote Foxp3 expression in CD4+ T-cells. For this
we utilized an in vitro co-culture system similar to one we
used previously.11 CD11b+CX3CR1+ and CD11b+CX3CR1−

subsets were sorted and co-incubated with purified CD4+

T-cells in culture in the presence of IL-2 for 4 days and
analyzed for Foxp3 vs IL-17 expression (corresponding to
the two subsets that have been linked to tumorigenesis in
this model). The data are shown in Figure 2b. The findings
demonstrate that the CX3CR1+ subset preferentially induced
Foxp3 expression in CD4+ T-cells that were sorted from
ETBF-colonized mice (8-fold increase) vs the CX3CR1− subset
(2-fold increase). In contrast, both myeloid cell subsets sup-
pressed IL-17 expression in CD4+ T-cells, suggesting that
post-ETBF Th17-cell expansion, which accompanied Treg
expansion with similar kinetics (Supplemental Figure 1B)
was likely driven by another cell type.

Next, we wanted to determine whether the CX3CR1+ subset
was essential to Treg expansion in vivo. For this we initially used
a global CX3CR1 knockout model in the APCmin/+ background.
APCmin/+ mice were backcrossed to CX3CR1flstopflDTR/flstopflDTR

mice to obtain APCmin/+ mice homozygous for the modified DTR
gene insertion downstream of the endogenous CX3CR1 promo-
tor, which results in an inactive CX3CR1 gene (Supplemental

Figure 2). These mice were then administered ETBF and tumor
development was evaluated 4 weeks post-infection. Figure 3a
demonstrates that global loss of CX3CR1 expression led to
a 5.5-fold reduction in colon tumor burden, establishing the
critical requirement for CX3CR1 expression during tumorigen-
esis. Moreover, analysis of colon LP T-cell subsets revealed
a significant ~2-fold reduction in Treg accompanied with
a 2-fold increase in IFNγ-producing CD8 + T-cells consistent
with the Figure 1 data. In contrast, there was no significant effect
on Th1/Th17 populations (Supplemental Figure 3A). These find-
ings were consistent with our hypothesis that CX3CR1+ myeloid
cells were important to Treg expansion and tumor growth in the
above model.

Figure 3a data convincingly demonstrated an important role
for CX3CR1 in Treg expansion/tumor growth. At the same
time, since CX3CR1 can be expressed by multiple leukocyte
subsets we could not exclude the possibility of contribution by
CX3CR1+ cells that are non-myeloid in origin to Treg expan-
sion/tumor progression. To address this issue directly, we
generated a double transgenic mouse in the APCmin/+ back-
ground, i.e. LysMcre/+CX3CR1flstopflDTR/+APCmin/+ mice in
which CX3CR1+ myeloid cells could be partially depleted in
a lineage-specific manner by DT administration (Supplemental
Figure 2B). These mice were administered ETBF and starting
one week after bacterial inoculation were either treated with
DT or PBS for 3 weeks. The colons were then analyzed for
tumor burden and T-cell subset prevalence. Figure 3b data
show that partial elimination of CX3CR1+ myeloid cells
resulted in a 3-fold reduction of tumor burden confirming

a

b

Figure 3. Role of CX3CR1+ myeloid cells in Treg induction and T-effector cell activity in vivo.
Panel a. Effect of global knockout of CX3CR1+ on tumor burden and T-cell activity. Control APCmin/+ or APCmin/+ CX3CR1 flstopflDTR/flstopflDTR mice were inoculated with
ETBF and tumor burden/colon LP T-cell activity were analyzed 3 weeks after bacteria administration. Representative FACS panels and quantitative data for Treg and
CD8+ T-cells are shown. Error bars = SEM, n = 5–6 mice per group (*, ** and *** denote p < .05, 0.01 and 0.001, respectively). Panel b. Effect of CX3CR1+ myeloid cell
depletion on tumor burden and T-cell activity. Control or DT-administered LysMcre/+CX3CR1flstopflDTR/+APCmin/+ mouse colons were analyzed 3 weeks post-ETBF for
tumor burden and T-cell activity. Representative FACS panels and quantitative data for Treg and CD8+ T-cells are shown. Error bars = SEM, n = 6 mice per group. **
denotes p < .01.
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the specific role of this subset in tumorigenesis/tumor growth
(Figure 3b). Furthermore, loss of CX3CR1+ myeloid cells
resulted in a modest but significant decrease in Treg prevalence
(Figure 3b) consistent with a central role for CD11b+CX3CR1+

myeloid subset in specifically driving the Treg-tumor axis. In
this model, partial depletion of CX3CR1+ myeloid cells did not
affect CD8+ T-cell activity (Figure 3b) or Th1/17 cell prevalence
(Supplemental Figure 3B).

CD11b+CX3CR1+ subset represents a homogenous
CD64+CD24−CD103a− macrophage population

The above data confirmed the critical involvement of gut-resident
CD11b+CX3CR1+ myeloid cells in post-ETBF Treg expansion.
However, whether this population represented a unique cell type,
or a heterogenous mix of dendritic cell (DC) and/or macrophage
subsets that are found in the inflamed gut,12,13 remained unde-
termined. To this end, further phenotypic analysis of
CD11b+CX3CR1+ myeloid cells infiltrating the colonic LP
in day 3 post-ETBF mice was undertaken. The data shown in
Figure 4 demonstrate that this subset consisted overwhelmingly
(≥90%) of CD64+CD24−CD103a− cells, consistent with macro-
phage lineage, as well as morphology.14,15 Further analysis con-
firmed that CD64, CX3CR1 and CD103a expression patterns
clearly distinguished these macrophages from
CD11c+MHCII+CD64−CD24+CD103a+ DC in both phenotype
and morphology (Supplemental Figure 4). Separately, CX3CR1+

macrophages expressed high levels of CD11c and MHCII, again
consistent with that of an activated LP-resident subset16

(Supplemental Figure 4).

Preferential expansion of Treg by CX3CR1+ macrophages
requires IFNβ

Whereas the above findings supported a major role for the
CX3CR1+ macrophages in promoting the expansion of Treg in
the LP of ETBF-inflamed colon, they did not provide insight into
the molecular mechanism that mediates this expansion. A single
recent study reported a requirement for IFNβ in the mainte-
nance of Treg in the gut by resident CX3CR1+ myeloid cells.17

To determine whether a similar mechanism was responsible for
the ontogeny of the Treg in the ETBF-infected colon, we first
analyzed IFNβ expression in CD11b+ cell subsets. CX3CR1-
positive and negative subsets were sorted and analyzed for
IFNβ expression by qPCR. Figure 5a shows that
CD11b+CX3CR1+ macrophages expressed significantly higher
levels of IFNβ mRNA in comparison to CX3CR1− subset both
prior to (~5-fold) and subsequent to (~15-fold) bacterial inocu-
lation. In contrast, no significant differences were observed in
the relative levels of TNFα mRNA between the two subsets.
Importantly, treatment of mice with a neutralizing anti-IFNβ
antibody not only reduced Treg prevalence in the colonic LP but
also resulted in a significant (~2.5-fold) reduction in tumor
burden (Figure 5b). The reduction in Treg/tumor burden was

a b

Figure 4. Phenotypic and morphological characterization of CD11b+CX3CR1+ myeloid cells.
Panel a. LP CD45.2+ cells that were CD11b+CX3CR1+ were analyzed for CD24 and CD64 expression. CD11b+CX3CR1+CD64+ macrophages were then assessed for
CD103a, CD11c and MHCII (shaded histograms = fluorescence minus one control; open histograms = antibody staining). Panel b. CD11b+CX3CR1+ subset was sorted
and analyzed by cytospin. Intact cells demonstrated abundant foamy cytoplasm with prominent cytoplasmic vacuoles typical of macrophage morphology.
Magnification = 800x.

Figure 5. Role of IFNβ in CX3CR1+ macrophage-mediated Treg expansion.
Panel a. Relative IFNβ expression in CD11b+ myeloid cell subsets. CD11b+ CX3CR1+ or CD11b+CX3CR1− cells from the colon LP were sorted, RNA extracted and IFNβ
mRNA levels were quantified by qPCR. TNFα levels were also analyzed as an independent variable. Relative ratios of cytokine levels (CD11b+ CX3CR1+/
CD11b+CX3CR1−) prior to and 3 days after ETBF colonization are shown. Average of 3 technical replicates from pooled samples (5 mice/group) were calculated
for CX3CR1+ and CX3CR1− subsets and relative proportion was determined. Panel b. In vivo IFNβ neutralization. Effect of anti-IFNβ antibody on tumor burden and
T-cell activity in ETBF colonized mice was determined. Representative FACS panels and quantitative data (% Foxp3+ CD4 T-cells and number of IFNγ+ CD8 T-cells per
colon) are shown. Error bars = SEM, n = 4 mice per group. * and ** denote p < .05 and 0.01.
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accompanied with increased CD8+ T-cell activity similar to that
observed in Figure 1, again consistent with a link between IFNβ
and Treg activity. IFNβ neutralization resulted in a tendency
toward increased Th1 and Th17 activity, which did not reach
significance (Supplemental Figure 5). Collectively, these findings
strongly support a role, at least in part, for IFNβ in mediating the
CX3CR1+ macrophage-mediated expansion of colonic Treg.

Discussion

Our studies, for the first time, demonstrate that the expansion of
Treg in the colonic LP of ETBF-colonizedAPCmin/+mice is driven
by CX3CR1+ tissue-resident macrophages. The findings also
establish that Treg expansion requires the production of IFNβ by
these macrophages. Additionally, our data suggest that the Treg,
independent of Th17 cells, are essential to tumor growth in this
model. Collectively, this information sheds significant new light on
the post-ETBF Treg ontogeny in the APCmin/+ mouse colon.

The finding that in the inflamed colon CX3CR1+macrophages
promote Treg activity in an IFNβ-dependentmanner is consistent
with the literature on the central role of theCX3CR1+myeloid cell-
Treg axis in maintaining steady-state tolerance in the gut.8–10 Our
data confirm and extend the physiological relevance of this path-
way to the regulation of microbially-induced inflammation in the
dysplastic colon. Whereas we identified gut-resident CX3CR1+

macrophages as the primary driver of Treg expansion, our data
cannot distinguish between the ontologically and functionally
distinct subsets within this population.13 Therefore, whether
a unique CX3CR1+macrophage subpopulation is directly respon-
sible for the activity observed here remains to be determined.

In addition to driving Treg expansion, CX3CR1+ macro-
phages actively inhibited IL-17 production in CD4+ T-cells.
This observation suggests that co-expansion of the Th17 com-
partment in ETBF-colonized gut is driven by another cell type
such as the recently-described inflammatory DC-like antigen-
presenting cells that arise from Ly6Chi monocytes.18–20 In this
study we did not attempt to identify the cell type that promotes
the expansion of Th17 cells or the mechanism by which
CX3CR1+ macrophages suppress IL-17. One potential candidate
for the latter is IFNβ, which has been reported to suppress IL-17
production in both murine and human CD4+ T-cells.21,22

Previous studies showed that Treg can enhance Th17 expan-
sion by acting as a sink for IL-26. Our data show that Th17
expansion persisted in the absence of Treg, and thus could
occur independent of Treg help. One possible explanation for
this seeming contradiction is that Treg act as a secondary enhan-
cer, rather than the primary driver, of Th17 expansion.
Alternatively, the timing of the Treg elimination may be impor-
tant. That is, in the previous report Treg depletion was initiated
prior to ETBF administration and performed for one week fol-
lowed by analysis of the colon for Th17 activity. In contrast, we
initiated depletion one week after ETBF colonization and admi-
nistered DT for 3 weeks (starting DT prior to ETBF and continu-
ing for 4 weeks resulted in significant mortality). It is therefore
possible that the one-week period between ETBF infection and
Treg depletion was sufficient for Treg to enhance Th17 cell
polarization, which then expanded without further Treg help.

In this study, we did not address the mechanism that med-
iates tumor suppression in Treg-depletedmice. Our data showed

that global elimination of CX3CR1 resulted in potent CTL
activation, which would be expected to suppress tumor growth.
Of note, this effect was strong enough to counter expanding pro-
tumorigenic Th17 cell activity, suggesting that the functional
balance between CTL and Th17 is important to outcome in
this model. Consistent with this notion, we previously reported
that suppression of colon tumorigenesis by orally-administered
IL-10 formulations was associated with the paradoxical ability of
IL-10 to suppress Th17 cell activity while enhancing
CD8 + T-cell cytotoxicity in the ETBF-colonized gut.7

Finally, our findings may have broader implications for the
treatment of colon cancer, which (with the exception of
a small microsatellite unstable subset) is unresponsive to
immune therapy.23 Specifically, as ETBF has been associated
with colorectal cancer (CRC) as well as familial adenomatous
polyposis (FAP), IFNβ and IL-17 may represent relevant
immunological targets in CRC and/or FAP patients.

Materials and methods

Mice and the tumor model

C57BL/6 (B6), C57BL/6J-ApcMin/J (APCmin/+), B6.129(Cg)-
Foxp3tm3(DTR/GFP)Ayr/J (Foxp3DTR/DTR), B6N.129P2-
Cx3cr1tm3(DTR)Litt/J (CX3CR1 flstopflDTR/flstopflDTR) and B6.129P2-
Lyz2tm1(cre)Ifo/J (LysMcre) mice were purchased from Jackson
Laboratory. Enterotoxic B fragilis strain 86-5443-2-2 (ETBF)
which secretes B. fragilis toxin 2 (BFT-2) was a kind gift from
Dr. Cynthia L Sears (Johns Hopkins University School of
Medicine, Baltimore, Maryland). ETBF was grown under anaero-
bic conditions at 37ºC overnight prior to administration to mice.
For colonization with ETBF, 5–6 week old APCmin/+ mice (or
transgenic mice in APCmin/+ background) were administered clin-
damycin (0.1g/L) and streptomycin (5g/L) for 3–5 days before oral
gavage (~5 × 107 bacteria in PBS) essentially as described.1 All
experiments were conducted in accordance with guidelines set
forth by the Institutional Animal Care and Use Committees at
the University of Louisville (Louisville, KY).

Genetic models

For APCmin/+Foxp3DTR/DTR mice, APCmin/+ male mice were
crossed to Foxp3DTR/DTR female mice to generate APCmin+Foxp3-
DTR/+ male mice. Then APCmin+Foxp3DTR/+ male mice were
crossed to Foxp3DTR/DTR female mice for the second time to
generate APCmin/+Foxp3DTR/DTR mice. For APCmin/+CX3CR1
flstopflDTR/+LysMcre/+ mice, APCmin/+ male mice were initially
crossed to CX3CR1flstopflDTR/flstopflDTR mice to establish APCMin/

+CX3CR1 flstopflDTR/+ male mice. Then APCMin/+CX3CR1
flstopflDTR/+ male mice were crossed to LysMcre female mice to
establish APCmin/+CX3CR1 flstopflDTR/+LysMcre/+ mice.
Genotyping for each strain was performed using the primer
sequences and PCR conditions recommended by the supplier
(Jackson Laboratories, Bar Harbor, ME).

Flow cytometry

MLN were processed into single cell suspensions and colons were
digested and LP lymphocytes were isolated as described.24 For
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experiments requiring detection of intracellular antigens, cell sus-
pensionswere cultured in the presence ofGolgistop (5 μL/mL; BD),
phorbolmyristate acetate (50 ng/mL; Sigma) and ionomycin (1mg/
mL Sigma). Cells were then permeabilized and fixed using an
intracellular staining kit (eBioscience). The following antibodies
were used: CD4 (RM4-5, eBioscience), CD8α (53–6.72,
Biolegend), CD11b (M1/70, Biolegend), CD45R/B220 (RA3-6B2,
BD Pharmingen), CX3CR1 (SA011F11, Biolegend), CD11c (HL3,
BD), MHCII (M5/114, Biolegend), CD24 (M1/69, Biolegend),
CD64 (X54-5/7.1, Biolegend), CD103a (2E7, Biolegend), IL-17A
(TC11-18H10, Biolegend), Foxp3 (FJK-16s, eBioscience) and IFNγ
(XMG1.2, BD Pharmingen).

Cytospin analysis

CD11b+CX3CR1+orCD11c+CD24+CD64− cellswere sorted tonear
homogeneity (>93%, FACSARIA III) from colonic lamina propria
of day 3APCmin/+/B fragilismice, were stainedwithWright-Giemsa,
and were evaluated by light microscopy (800x magnification).

Diphtheria toxin (DT) administration

For Treg depletion, APCmin/+Foxp3DTR/DTR mice received 1μg
of DT (Sigma) dissolved in 100μl of Dulbecco PBS by intraper-
itoneal injection on days 7, 14, and 21 after ETBF inoculation.25

APCmin/+CX3CR1flstopflDTR/+ LysMcre/+ mice also received 1μg
of DT dissolved in 100μl of Dulbecco PBS by intraperitoneal
injection on days 7, 14, and 21 after ETBF inoculation for
lineage-specific knockdown of CX3CR1+ myeloid cells.

IFNβ neutralization

Anti-mIFN-β mAb (HDβ-4A7, Leinco Technologies) was given
intraperitoneally to APCmin+ mice (0.25mg in 0.25ml PBS, three
times per week for 3 weeks) to neutralize IFN-β (PBS as control).
The above treatment was initiated 1 week after ETBF inoculations.

Quantitative real-time PCR

Total RNA was extracted using Trizol (Invitrogen/ThermoFisher).
The Trizol solution was then added to the Zymo-Spin IIC column
for further purification per the manufacturer’s instructions (Zymo
Research, Irvine, CA). DNA was removed by adding rDNase
I (Ambion/ThermoFisher) to the RNA solution. RNA was then
eluted in DNase/RNase free water and immediately processed for
reverse transcription. Complementary DNA (cDNA) was synthe-
sized by using TaqMan reverse Transcription reagents (Applied
Biosystems/ThermoFisher). The prepared cDNAs were amplified
using iTaqUniversal SYBRGreen supermix kit (Bio-Rad,Hercules,
CA) using the Stratagene Mx3005P system with the following
primers: IFN-β Fwd: 5ʹ-CCAGCTCCAAGAAAGGACGA −3ʹ,
Rev: 5ʹ-CGCCCTGTAGGTGAG GTTGAT −3ʹ; TNFα Fwd 5ʹ-
GAA CTG GCA GAA GAG GCA CT −3ʹ and Rev 5ʹ- AGG
GTC TGG GCC ATA GAA CT −3ʹ; β-actin Fwd 5ʹ- TCA CCC
ACACTGGCCCATCTACGA −3ʹ and Rev 5ʹ- TGG TGAAGC
TGT AGC CAC GCT −3ʹ. Relative quantitative measurement of
target gene levels was performed using the 2−ΔΔΔΔCt method. β-
actin was used as the endogenous housekeeping control gene.

In vitro cell culture

Lymphocytes (CD45+CD4+, CD45+CD11b+CX3CR1+ and
CD45+CD11b+CX3CR1− cells) were sorted to >90% purity from
MLN of APCmin/+ mice 3 days after ETBF inoculation on
a FACSAria III (BD Pharmingen). Foxp3-induction assays were
performed by in vitro co-culture of 1 × 105/ml
CD45+CD11b+CX3CR1+ or CD45+CD11b+CX3CR1− cells together
with 1 × 106/ml CD45+CD4+ T cells and 40U/ml IL-2 (Peprotech,
Inc) for 4 days.

Statistical analysis

Statistical calculations were performed using Student t test in pair-
wise comparisons of groups. In experiments with multiple groups
homogeneity of inter-group variance was analyzed by one-way
ANOVA. P values of 0.05 or less were considered statistically
significant.
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