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Comparison of experimental mouse models
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Abstract. Inflammatory bowel disease (IBD) is multifacto-
rial and involves immunological, environmental and genetic
factors. Although there are no animal models that effectively
mimic human IBD, experimental models allow us to analyze
the mechanisms of chronic intestinal inflammation. IBD can
be induced in mice by dextran sulfate sodium (DSS) or by a
2.4 ,6-trinitrobenzene sulfonic acid (TNBS)-ethanol enema,
which evoke immune responses and colitis. In this study, in
order to compare the mechanisms of inflammatory response
in mice, 3 distinct models of IBD were established: 2% TNBS-
induced acute colitis, 4% DSS-induced acute colitis and 2%
DSS-induced chronic colitis. In addition, to evaluate the effects
of TNBS on inflammasome activation, we used caspase-1
knockout (KO) mice. Changes in both body weight and survival
became prominent after day 1 in the 2% TNBS-induced colitis
model, and after day 5 in the 4% DSS-induced colitis model.
The TNBS- and DSS-treated mice, but not the caspase-1
KO mice, showed a massive bowel edema and disruption of
epithelial cells. The level of CD11b*Gr-1* myeloid-derived
suppressor cells (MDSCs) was increased in all tested tissues
of the TNBS- and DSS-treated groups, apart from the basal
membrane (BM) in the DSS-induced colitis groups and the
lamina propria (LP) in the DSS-induced chronic colitis group.
We further analyzed different subsets of CD4* T cells in LP
and found that the levels of interferon (IFN)y-secreting (IFNy*),
IL-17-secreting (IL-17%), but not those of IL-4-secreting (IL-4")
T cells increased upon treatment with TNBS or DSS. In addi-
tion, discrepancies between the histopathologies of wild-type
and caspase-1 KO mice indicated that the pathogenesis of IBD
may be associated with the inflammasome pathway responses
mediated by caspase-1 in TNBS-induced colitis.
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Introduction

Inflammatory bowel disease (IBD) is multifactorial and involves
immunological, environmental and genetic factors. Although
there are no animal models that effectively mimic human IBD,
experimental models allow us to analyze the mechanisms of
chronic intestinal inflammation. Animal models of IBD involve
genetic manipulation, i.e., either the insertion (transgenic) or
selective deletion (knockout) of a gene. In addition, immune
responses evoked in animal models are often used as models of
IBD for the development and evaluation of drug candidates. For
example, 2.4,6-trinitrobenzene sulfonic acid (TNBS)-ethanol
enema-induced colitis is associated with chemically induced
damage and T cell immune reactivity. The administration
of the sensitizing agent, TNBS, in a 45-50% ethanol enema
induces colitis in rodents. In the TNBS model, ethanol breaks
the mucosal barrier and is a crucial component; colitis is not
induced by TNBS alone (1,2). In mice, TNBS-induced colitis
shows the common delayed hypersensitivity response, mediated
by T cells that are sensitized by ‘hapten-modified self-antigens’.
These self-antigens can be produced by the covalent binding
of the hapten trinitrophenyl (TNP) to self-peptides. Tissues
from mice with TNBS-induced colitis show an infiltration of
CD4* T helper (Th) cells, mainly Th1 and Th17 (3), and IgG- or
IgA-producing B cells (4) in the mucosa and submucosa.

Colitis can be also induced in hamsters, rats and mice
by the addition of 30-35 kDa dextran sulfate sodium (DSS)
to drinking water at 3-10% (5). It results in bloody diarrhea,
weight loss, shortening of the colon, mucosal ulceration and
neutrophilic infiltration. This is a fairly simple and reproduc-
ible method used to induce colitis in mice, and DSS-induced
colitis is popular for the screening of potential therapeutic
agents, with a high number of agents having shown beneficial
effects in this model, indicating that it is a sensitive screening
model for IBD. However, limitations of this model include
the fact that DSS-induced colitis does not require T or B cell
responses (6), and that luminal bacteria may play a role in the
development of this type of colitis (7).

Inflammasomes sense damage signals during infection
(e.g., a norovirus infection) and activate caspase-1, leading to
the activation of interleukin (IL)-1p and IL-18 by cleaving their
pro-forms. Increased levels of pro-inflammatory cytokines,
including IL-1p, IL-6, IL-18 and tumor necrosis factor-a
(TNF-a), have been reported in IBD and correlate with the
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severity of inflammation (8,9). Indeed, enhanced levels of
IL-1p have been found in the colonic mucosa and in peritoneal
macrophages in the mouse model of colitis and may hence
represent an initial trigger of intestinal inflammation (10). In
the DSS-induced colitis model, it has been reported that DSS
triggers inflammation via the activation of the NLRP3 inflam-
masome, leading to caspase-1 activation (11), and also via
the NLRP6 inflammasome (12,13). In addition, studies using
caspase-1 knockout (KO) mice have suggested that caspase-1
contributes to DSS-induced colitis (14).

Myeloid-derived suppressor cells (MDSCs) are a heteroge-
neous group of pathologically activated myeloid CD11b*Gr-1*
cells, consisting of granulocytic and monocytic subsets. MDSCs
are recruited from the blood to the site of chronic inflam-
mation, cancer, or transplantation, and modulate innate and
adaptive immune responses (15). In the mouse model of colitis,
the transplantation of splenic CD11b*Gr-1* cells into mice with
DSS-induced colitis improved disease parameters (16).

In this study, we compared mouse models of TNBS- and
DSS-induced, as well as acute and chronic DSS-induced colitis
in terms of histological parameters and profiles of MDSCs and
CD4* T cells. We also investigated the role of caspase-1 in
TNBS-induced colitis using caspase-1 KO mice.

Materials and methods

Mice. Female, 8-week-old C57BL/6 mice were acquired
from Daehan Biolink Co. Ltd. (Samseong-myeon, Korea)
and caspase-1 KO mice were generously provided by Dr
F.S. Sutterwala from the University of Iowa (Ames, IA,
USA). Mice were housed in an animal care facility, and were
provided with food and water ad libitum; they were exposed to
a 12:12 h light-dark cycle at room temperature. All procedures
were approved by The Animal Care and Use Committee of
Ewha Womans University School of Medicine, Seoul, Korea
(ESM 10-0153).

Mouse model of TNBS-induced colitis. Colitis was induced
by the rectal administration of 2 mg/100 ml of TNBS
(Sigma-Aldrich, St. Louis, MO, USA) in 45% ethanol (Merck,
Darmstadt, Germany) using a vinyl catheter positioned 3.5 cm
proximal to the anus. During the procedure, the mice were
anaesthetized using Rumpun/Zoletil. Following the instilla-
tion of the catheter, the animals were kept vertical for 30 sec.
The control mice underwent identical procedures, but were
instilled with 45% ethanol dissolved in phosphate-buffered
saline (PBS). The mice were monitored daily for survival, body
weight, rectal bleeding and stool consistency. All animals were
sacrificed on day 5 of the experiment by cervical dislocation.

Mouse models of DSS-induced colitis. For acute DSS-induced
colitis, the mice were administered 4% DSS (molecular
weight, 36,000-50,000; MP Biomedicals, Solon, OH, USA)
in their drinking water for 7 days. The control animals were
administered distilled water. For the induction of chronic
colitis, mice were administered 2% DSS in their drinking
water for 5 days, followed by 5 days of the administration
of distilled water. This cycle was repeated 3 times. The
mice were monitored daily for survival, body weight, rectal
bleeding and stool consistency.
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Histological analysis. The large and small intestine and spleen
tissues were fixed in 4% paraformaldehyde and embedded
in paraffin. Fixed tissues were cut into 5-mm-thick sections,
placed on glass slides and deparaffinized. The sections were
stained with hematoxylin and eosin (H&E) and observed under
a light microscope.

Cell preparation

Lamina propria (LP) cell isolation. Segments of the small
intestine were incubated for 30 min at 37°C with fluores-
cence-activated cell sorting (FACS) buffer [PBS containing
10% fetal bovine serum (FBS), 20 mM Hank's balanced salt
solution, 100 U/ml penicillin, 100 mg/ml streptomycin, 1 mM
sodium pyruvate, 10 mM ethylenediaminetetraacetic acid
(EDTA) and 10 mg/ml polymyxin B] to remove epithelial
cells, and were washed extensively with PBS. The segments
were then digested with 400 Mandl U/ml collagenase D and
10 mg/ml DNase I (both from Roche Diagnostics GmbH,
Mannheim, Germany) in RPMI-1640/10% FBS solution with
continuous stirring at 37°C for 45-90 min. EDTA was added
(10 mM), and the cell suspension was incubated for an addi-
tional 5 min at 37°C. After washing, the cells were subjected
to density gradient centrifugation in 40/75% Percoll (approxi-
mate density, 1.058/1.093 g/ml), and LP leukocytes harvested
from the interface were washed with PBS.

Basal membrane (BM) cell isolation. For BM isolation,
mice were sacrificed by cervical dislocation and their limbs
removed. The BM was flushed from the medullary cavities
of femurs and tibias in RPMI-1640 medium using a 25-gauge
needle. Cell suspensions were collected though a 70-mm cell
strainer and centrifuged. After the cells were pelleted, eryth-
rocytes were removed by incubation with RBC lysis solution
(0.15 M NH,CI, 10 mM NaHCO;, 10 mM EDTA-disodium in
distilled water) and washed with PBS.

Peyer's patch (PP) and spleen (SP) cell isolation. Freshly
isolated tissues were placed on a cell strainer (70 ym pore size)
in a dish (6 cm in diameter) containing RPMI-1640 medium and
10% FBS. Tissues were mechanically disrupted using a plunger
and cells were released through a cell strainer. After collection
of the cells in a 15-ml conical tube, the cells were centrifuged
and the erythrocytes removed using RBC lysis solution.

Flow cytometry. In order to compare the cellular profiles
following the induction of colitis, cells from the BM, SP, PP and
LP were resuspended in FACS buffer. The cells were subse-
quently incubated with the following antibodies for 30 min at
4°C (all from BioLegend, San Diego, CA, USA): fluorescein
isothiocyanate (FITC)-labeled anti-mouse Ly-6G/Ly-6C
(Gr-1, RB6-8C5), phycoerythrin (PE)-labeled anti-mouse
CDl11b (M1/70), PE-labeled anti-mouse CD4 (GK1.5),
peridinin-chlorophyll-protein complex (PerCP)-labeled
anti-mouse CD4 (GK1.5), FITC-labeled anti-mouse inter-
feron (IFN)-y (XMG1.2), PE-labeled anti-mouse IL-9
(RM9A4), PE-labeled anti-mouse IL-17A (TC11-18H18.1) and
Alexa Fluor®488-labeled anti-mouse FoxP3 (150D). The levels
of labeled proteins were then analyzed on a FACSCalibur
instrument (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis. Values are expressed as the means + stan-
dard error of the mean (SEM). Survival rates were estimated
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using Kaplan-Meier plots. Non-parametric Mann-Whitney
tests or two-way analysis of variance were conducted to deter-
mine significance (P<0.05), using GraphPad Prism software
(GraphPad Software Inc., San Diego, CA, USA).

Results

Induction of colitis with DSS or TNBS. In order to examine the
pathogenesis of IBD, we established mouse models of colitis
using TNBS or DSS. To compare different types of intestinal
inflammation caused by different chemical agents or induced
for different periods of time, colitis was induced as illustrated
in Fig. 1. For instance, to induce acute colitis, the intrarectal
administration of TNBS, combined with ethanol to increase
intestinal permeability, was used to elicit intense and sustained
inflammation. In the model of DSS-induced acute colitis, the
mice were administered 4% DSS in their drinking water for
7 days (days 0-6).

Differences between TNBS- and DSS-induced colitis in
C57BL/6 mice. As shown in Fig. 2A, both groups of TNBS-
and DSS-treated mice exhibited severe inflammation,
manifested by shortened, thickened and erythematous colons.
In macroscopic histological observations, both groups showed
a massive bowel edema and disruption of epithelial cells by
large ulcerations (Fig. 2B). However, changes in body weight
were more prominent in TNBS-induced colitis compared
with DSS-induced colitis. In particular, the majority of the
TNBS-induced mice quickly developed diarrhea and showed
poor coat quality and reduced mobility, followed by significant
weight loss and mortality (data not shown). By contrast, mice
with DSS-induced colitis showed a delay in these reactions,
manifesting on day 5 from the first day of administration,
while survival was 100% (Fig. 2C and D).

Pronounced differences between acute vs. chronic
DSS-induced colitis. Since IBD is characterized by chronic
inflammatory responses and multiple exacerbations during
disease progression, a mouse model of chronic colitis is
required. The mice with TNBS-induced colitis showed a higher
rate of mortality, as shown in Fig. 2D; we therefore used the
model of DSS-induced colitis for studying both the acute and
chronic forms of the disease. While acute colitis was induced
by preparing a 4% DSS solution in drinking water for 5 days,
C57BL/6 mice (a highly susceptible strain) were subjected to
cyclic treatment with 2% DSS for 30 days to induce chronic
inflammation (Fig. 1C). Under these conditions, as shown in
Fig. 3A, chronic colitis developed, accompanied by reduced
colon length, similar to that observed in DSS-induced acute
colitis. Moreover, continuous weight loss was observed,
particularly in the 2- to 3-day interval following DSS adminis-
tration (Fig. 3B). In accordance with these signs of colitis, mice
further exhibited pathological characteristics at the endpoint of
the experiment, i.e., they showed necrosis, ulcerations, increase
in the number of goblet cells, and infiltration of neutrophils and
macrophages into the colonic mucosal and submucosal layers
at 30 days post-DSS treatment (Fig. 3C). The colonic mucosal
structure of the crypt was broken in both the acute and chronic
disease groups, with the occurrence of colonic inflammation,
resulting in a clear thickening of the mucosal and muscle layers
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Figure 1. Experimental protocol for the induction of colitis in mice. (A) Acute
colitis was induced by the rectal administration of 2 mg 2.,4,6-trinitrobenzene
sulfonic acid (TNBS) in 45% ethanol or (B) by the administration 4% dextran
sulfate sodium (DSS) in drinking water for 7 days. (C) Chronic colitis was
induced by cyclic treatment with 2% DSS. Mice were administered 2% DSS
in drinking water for 5 days and distilled water for the following 5 days. This
cycle was repeated 3 times for 30 days. All mice were sacrificed on the indi-
cated days (arrows). d, days.

in the DSS-induced colitis group as compared with the control
mouse group (Figs. 2B and 3C).

Comparison of cellular profiles between acute and chronic
DSS-induced colitis. We then compared acute and chronic
DSS-induced colitis in terms of the mucosal innate immune
response, focusing on cellular profiles. IBD is a chronic
intestinal inflammatory disease characterized by the infil-
tration and activation of various immune cells, leading to
prolonged inflammation in the intestine. In order to identify
the colonic cellular populations involved in acute and chronic
DSS-induced colitis, LP leukocyte cells isolated from
DSS-treated mice were examined for their MDSC profile
through the determination of CD11b*Gr-1* levels, as well
as of the levels of Th cells, including Th1l (IFNy-secreting,
IFNy*), Th2 (IL-4-secreting, IL-4%), Th9 (IL-9-secreting,
IL-9%), Th17 (IL-17-secreting, IL-17*) and T,., (Foxp3*). Other
lymphoid organs, including the BM, SP and PP, were also
included in the determination of cellular profiles following
the administration of DSS.

As shown in Fig. 4A, we observed a significant increase
in the number of CD11b*Gr-1*cells in the SP and PP of the
acute and chronic colitis mouse groups, as compared with the
controls. However, the number of CD11b*Gr-1* cells decreased
in the BM and increased in the LP only in the acute colitis
group. As regards CD4* T cell subsets in the LP, we observed
a significantly higher percentage of IFNy* and IL-17* cells in
the mice with DSS-induced colitis in both the acute and the
chronic models of colitis (Fig. 4B). Notably, the number of
IL-97 cells was markedly increased only in the chronic colitis
group, whereas the number of Foxp3* cells showed a signifi-
cant decrease in both groups of mice with colitis.
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Figure 2. Induction of acute colitis. (A) Macroscopic changes in the colons of mice that received 2% 2 ,4,6-trinitrobenzene sulfonic acid (TNBS) or 4% dextran
sulfate sodium (DSS). Representative image of colons from day 5 after TNBS injection (left panel) and 7 days after DSS administration (right panel). Shortening
of the colon length and thickening of the colonic wall were pronounced in both TNBS- and DSS-treated mice. (B) Infiltration of inflammatory cells, mucosal
necrosis, transmural inflammation, ulcerations and loss of cryptal cells observed in the colon and small intestine following induction of colitis with TNBS or
DSS treatment. Tissue specimens were fixed, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E). (C) Daily changes in body weight
during the induction of colitis. Changes in body weight percentage were calculated by dividing the body weight on the specified day by the body weight at day 0.
Data are presented as the means + SEM (n=8). “P<0.05 from a two-way analysis of variance. (D) Mortality rate of the mice with colitis. The survival of the mice
was scored daily and is presented as a percentage; 100% denotes the survival (%) of the mice at the beginning of the experiment. d, days.
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Figure 3. Induction of chronic colitis. (A) Macroscopic changes of the colon of mcie with colitis compared with healthy mice at the endpoint of the experiment;
(B) body weight loss during the experiment, expressed as a percentage; and (C) histological appearance of the colon and small intestine at the endpoint of the
experiment in mice with colitis compared with the healthy mice. The colon manifests mucosal ulceration, crypt damage and transmural inflammation. Chronic
colitis was induced in C57BL/6 mice by 3 cycles consisting of 5 days of 2% dextran sulfate sodium (DSS) administration in drinking water followed by a 5-day
interval where distilled water was administered to the mice. The third cycle was completed on day 30. d, days.
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Figure 4. Cellular profiles during acute and chronic colitis induced by dextran sulfate sodium (DSS). (A) Levels of myeloid-derived suppressor cells
(MDSCs) CD11b*Gr-1* within the basal membrane (BM), spleen (SP), Peyer's patch (PP) and lamina propria (LP) of mice with acute and chronic colitis, ana-
lyzed by flow cytometry at 7 days (acute) or 30 days (chronic) following DSS administration. (B) The proportions of CD4* T cells from the LP were determined
according to the intracellular levels of cytokines, for IFNy-secreting T cells (IFNy*), IL-4-secreting T cells (IL-4%), IL-9-secreting T cells (IL-9%), Th17 cells
(IL-17%), and T, cells (Foxp3*) (B). The data are expressed as the means = SEM ("P<0.05 from a non-parametric Mann-Whitney test).
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Figure 5. Induction of acute colitis in C57BL6 wild-type (WT) and caspase-1 knockout (KO) mice by the intrarectal injection of 2% 2,4,6-trinitrobenzene
sulfonic acid (TNBS), clinical and macroscopic observations. (A) Macroscopic appearance of colons harvested from TNBS-treated and control mice; (B) body
weight loss; and (C) percentage of survival and (D) histological appearance of the colon and small intestine. Upon sacrifice of the control and TNBS-treated
mice, paraffin-embedded tissue sections were stained with hematoxylin and eosin (H&E). Data are presented as the means + SEM (n=8).

Pronounced differences between WT and caspase-1 KO mice
in TNBS-induced colitis. IL-1p and IL-18 are activated by
caspase-1; therefore, studies using caspase-1 KO mice are neces-
sary to elucidate the roles of IL-1p and IL-18 in TNBS-induced
colitis. In this study, we established acute colitis in wild-type
(WT, C57BL/6) and caspase-1 KO mice by the administration
of TNBS (Fig. 1A) and examined the progress of the disease.
Colon shortening was more prominent in the WT mice than
in the caspase-1 KO mice, and severe colitis with the thick-
ening of the colonic wall and ulcerations were observed in
TNBS-treated WT mice. By contrast, TNBS-treated caspase-1
KO mice showed smaller erosions and a mild edema in the
colon (Fig. 5A). Furthermore, lower mortality rates were
observed in the caspase-1 KO mice compared with the WT
mice, although a similar decrease in body weight was observed
in both groups (Fig. 5C). The caspase-1-dependent phenotypes
were also confirmed by histological examination. Fig. 5D shows
representative histological features of the colon and the small
intestine in healthy WT, TNBS-treated WT and TNBS-treated
caspase-1 KO mice. TNBS administration induced a marked
thickening of the colonic wall, with transmural infiltration and
aggregation of numerous inflammatory cells; all these features
are absent in the healthy colon. Moreover, an alteration in the
crypt structure and an erosion in the surface of the epithelium
were clearly visible in the colons of the TNBS-treated WT
mice. The TNBS-treated caspase-1 KO mice showed moderate
leukocyte infiltration, a submucosal edema, and partial reten-
tion of the crypt structure and of the surface of the epithelium.

Comparison of cellular profiles between colitis in WT vs.
caspase-1 KO mice. To compare the cellular profiles between
WT and caspase-1 KO mice following the administration
of TNBS, we performed flow cytometry. The number of

CD11b*Gr-1" MDSCs was significantly higher in the BM, SP,
PP and LP of the TNBS-treated WT mice compared with the
control mice. However, the TNBS-treated caspase-1 KO mice
did not show a significant increase in the numbers of these
cells apart from the BM cells (Fig. 6A). As regards the CD4*
T cell subsets in the LP, the number of IL-9* and IL-17* cells
significantly increased in TNBS-treated WT mice, whereas
the proportions of these cells were not increased in the TNBS-
treated caspase-1 KO mice compared with the corresponding
control group. The number of Foxp3* cells showed a significant
increase only in the TNBS-treated caspase-1 KO mice (Fig. 6B).

Discussion

In this study, we compared 3 different experimental mouse
models of IBD (colitis): 4% DSS-induced (acute), 2%
DSS-induced (chronic) and 2% TNBS-induced acute colitis,
the latter studied in both WT and caspase-1 KO mice. We found
that mice with chronic DSS-induced colitis showed periodic
fluctuations in weight loss during the 30-day experimental
period (Fig. 3B); this phenotype is more similar to the progres-
sion of IBD in humans compared with the one observed in
the mouse models of acute colitis (Fig. 2C). All 3 WT mouse
models of colitis showed an increase in the number of IFN-y*
and IL-17* T cells and a decrease in the number of IL-4*
T cells. TNBS-induced colitis was less severe in the caspase-1
KO mice and was accompanied by an increase in the number
of Foxp3* CD4 T cells (Fig. 6).

Although the model of TNBS-induced colitis has been
reported to involve T cell responses(3), mucosal damage from
ethanol challenge is a prerequisite for establishing this model.
In this study, we evaluated epithelial layer damage in terms of
inflammasome activation. The final step in inflammasome acti-



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 33: 333-340, 2014 339

A WT Caspase-1 KO o 40 P—
3 * & TNBS
Control TNBS Control TNBS 2
N .. . 7 ‘g E
Py a
BM 3 i =
&
s
3

- 4 = control
3 * e ThES
.
2
a
=
-
=
o
k3
a £
WT caspase-1 KO
4
* 2 contral
3 &2 TNBS

% of Gr-1* CD11b" cells
»

caspase-1 KO

B contral
3 TNES

% of Gr-1* CD11b* cells
-
3

B WT Caspase-1 KO
Control TNBS Control TNBS

%ol IFN* CD4* cells

IL-4*
% of IL4° CD4*

WT caspase-1 KO

* D control

Le*

“Yoof ILS* CD4" cells

O3 control
B3 THES

IL-17*

“eof IL-17* CD4* cells
-

[ | B2

WT caspase-1 KO
3 control
B3 TNBS

*

Foxp3*

“of Foxp3* CD4" cells

WT caspase.1 KO

Figure 6. Caspase-1-dependent cellular profiles in acute colitis induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS). (A) Levels of myeloid-derived suppressor
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vation involves caspase-1 activation, leading to the cleavage of
pro-IL-1f to the active form of IL-1B. We challenged caspase-1
KO mice with TNBS to induce colitis, and found that acute
TNBS-induced colitis was accompanied by an increase in the
number of IFNy* and Foxp3* cells but not in the number of
IL-17* cells. Considering that IL-1p enhances Th17 (IL-17%)
cell differentiation, the observed decrease in the number of
IFNy* cells upon TNBS challenge in the caspase-1 KO mice
was expected (Fig. 6B).

It was previously reported that NLRP3 KO mice are protected
against DSS- and TNBS-induced colitis, possibly due to an
increase in the number of tolerogenic CD103* dendritic cells (11).
In the present study, we focused on the immune-suppressive
cell population of MDSCs. MDSCs are poorly characterized in
human and mouse models of IBD; there are only limited studies
available on MDSCs in colitis. It has been previously reported
that the transplantation of CD11b*Gr-1* splenic cells into mice
with DSS-induced colitis improved disease parameters (16)
and suppressed the development of CD8-induced autoimmune
enterocolitis (17). By contrast, there are several reports on
the pro-inflammatory role of myeloid cells in models of IBD.
For example, during chronic colitis, adoptively transferred
Ly6Chie" monocytes are recruited to the colon and differentiate
into inflammatory DCs and macrophages (18), while neutro-
phils (CD11b*Ly6G*Ly6C™) act as antigen-presenting cells
to trigger T cell proliferation (19). These results suggest that
MDSCs can provide activation signals for effector T cells in
the LP of the colon. In our study, since severe inflammatory
changes occured in the DSS- and TNBS-challenged mice and
the proportion of CD11b*Gr-1* cells was increased in the SP,
PP and LP, MDSCs may contribute to the pro-inflammatory
response. However, the increase in the number of MDSCs that
we observed may also be due to the modulation of immune
responses. The most notable difference between the caspase-1
KO and WT mice was that no significant increase was observed
in the number of CD11b*Gr-1* cells in the PP and LP after
TNBS challenge in the caspase-1 KO mice (Fig. 6A). It has
been reported that IL-13 expression correlates with the early
recruitment of MDSCs to inflammatory tissue (20), and this
result could explain the decrease in the number of MDSCs in
the caspase-1 KO mice, where IL-1p3 expression is expected to
be low. MDSCs are defined as CD11b*Gr-1* cells and are subdi-
vided into granulocytic (CD11b*Ly6G*Ly6C™) and monocytic
(CD11b"Ly6G Ly6C*eM). As we used anti-mouse Ly-6G/Ly-6C
(Gr-1, RB6-8C5) antibody binding to both Ly6G and Ly6C, we
could not differentiate granulocytic from monocytic MDSCs in
our study and thus could not compare these populations of cells.

In conclusion, among CD4* T cell subsets in the LP,
the number of IFNy* and IL-17*, but not that of IL-4* cells,
increased in the 3 different mouse models of IBD. The
discrepancies in histopathological changes between the WT
and caspase-1 KO mice further suggest that IBD pathogenesis
may be associated with the caspase-1-mediated inflammasome
pathway in TNBS-induced colitis, and is accompanied by an
increase in the number of T,,, (Foxp3®) cells.
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