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A murine colitis model developed using a combination of dextran 
sulfate sodium and Citrobacter rodentium

Adult mice were treated with dextran sulfate sodium (DSS) 
and infected with Citrobacter rodentium for developing a 
novel murine colitis model. C57BL/6N mice (7-week-old) 
were divided into four groups. Each group composed of con-
trol, dextran sodium sulfate-treated (DSS), C. rodentium- 
infected (CT), and DSS-treated and C. rodentium-infected 
(DSS-CT) mice. The DSS group was administered 1% DSS 
in drinking water for 7 days. The CT group was supplied 
with normal drinking water for 7 days and subsequently in-
fected with C. rodentium via oral gavage. The DSS-CT group 
was supplied with 1% DSS in drinking water for 7 days and 
subsequently infected with C. rodentium via oral gavage. The 
mice were sacrificed 10 days after the induction of C. roden-
tium infection. The DSS-CT group displayed significantly 
shorter colon length, higher spleen to body weight ratio, and 
higher histopathological score compared to the other three 
groups. The mRNA expression levels of tumor necrosis fac-
tor (TNF)-α and interferon (INF)-γ were significantly upre-
gulated; however, those of interleukin (IL)-6 and IL-10 were 
significantly downregulated in the DSS-CT group than in 
the control group. These results demonstrated that a com-
bination of low DSS concentration (1%) and C. rodentium 
infection could effectively induce inflammatory bowel dis-
ease (IBD) in mice. This may potentially be used as a novel 
IBD model, in which colitis is induced in mice by the com-
bination of a chemical and a pathogen.

Keywords: Citrobacter rodentium, colitis, dextran sulfate so-
dium

Introduction

Inflammatory bowel disease (IBD), such as ulcerative colitis 
(UC) and Crohn’s disease (CD), is the most important type 
of human enteritis that is characterized by chronic, relaps-
ing, and recurrent inflammatory conditions, resulting from 
chronic dysregulation of the mucosal immune system in the 
gastrointestinal tract (Bauer et al., 2010). The exact mecha-
nism underlying the pathogenesis of IBD is unknown; how-
ever, it is widely known that infection, immunological abnor-
malities, genetics, and environmental factors are important 
determinants of IBD (Kwon et al., 2005).
  In the past few decades, numerous animal models of IBD 
have been developed including spontaneous colitis models, 
adoptive transfer models, genetically modified models, and 
inducible colitis models (Perše and Cerar, 2012). Due to their 
simplicity in induction and reproducibility, the chemically 
induced murine intestinal inflammation models developed 
using dextran sulfate sodium (DSS), trinitrobenzene sulfonic 
acid, oxazolone, acetic acid, and nonsteroidal anti-inflamma-
tory drugs are widely used (Randhawa et al., 2014). Especially, 
the DSS-induced IBD model is widely used because of its 
simplicity and similarities with human IBD (Kim et al., 2012; 
Chassaing et al., 2014). DSS is a water-soluble, negatively 
charged, sulfated polysaccharide, with molecular weight rang-
ing from 5 to 1,400 kDa (Chassaing et al., 2014). The mole-
cular weight of DSS is an important factor in the induction 
of colitis in mice and rats, and most severe colitis results from 
the use of ~40–50 kDa DSS (Hirono et al., 1983; Axelsson et 
al., 1996; Kitajima et al., 2000). Generally, DSS at a concen-
tration of 2–5% is administrated after dissolving it in drink-
ing water, which produces either acute or chronic colitis de-
pending on the experimental protocol (Chassaing et al., 2014). 
Administration of DSS results in symptoms like loose stool, 
diarrhea, bloody feces, body weight loss, mucosal ulceration, 
and shortening of the colon and rectum (Kwon et al., 2005). 
In DSS-induced colitis, cytokine levels of tumor necrosis fac-
tor (TNF)-α, interleukin (IL)-1β, IL-6, IL-10, and IL-17 were 
upregulated (Randhawa et al., 2014).
  Citrobacter rodentium, previously known as Citrobacter 
freundii biotype 4280 or Citrobacter species 9, is a Gram- 
negative rod-shaped bacterium and the causative agent of 
transmissible murine colonic hyperplasia. It is a naturally 
occurring pathogen in the laboratory mice. These mice are 
characterized by epithelial cell hyperproliferation in their 
descending colons (Luperchio and Schauer, 2001). C. roden-
tium is transmitted by the fecal-oral route and colonizes the 
gastrointestinal tract, following migration to the cecum and 
colon, via the formation of attaching and effacing (A/E) le-
sions (Alipour et al., 2013). Enteropathogenic Escherichia 
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(A)
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Fig. 1. Experimental procedure for inducing 
colitis and the measurement of body weight 
changes in mice. (A) Forty mice were divided 
into four groups (10 mice/group) and pre-
treated with dextran sulfate sodium (DSS), or
normal drinking water for 1 week, and sub-
sequently inoculated with C. rodentium or 
fresh LB broth. The mice were sacrificed 10 
days after the induction of C. rodentium in-
fection. (B) The body weight was measured 
every day and was plotted as the percentage 
of the initial body weight of the mouse. The 
data are expressed as the mean (** P < 0.01, 
compared to the control and DSS groups).

coli (EPEC; the etiological agent of infantile diarrhea) and 
enterohemorrhagic E. coli (EHEC; the causative agent of 
hemorrhagic diarrhea and hemolytic uretic syndrome) are 
members of the A/E family (Deng et al., 2001).
  Whereas both EPEC and EHEC are poorly pathogenic in 
the mouse intestinal epithelial cells, C. rodentium is a much 
better A/E-lesion-forming pathogen compared to E. coli. C. 
rodentium infection results in the depletion of goblet cells, 
crypt cell hyperplasia, inflammatory cell infiltration, and sig-
nificant intestinal barrier disruption in mouse models (Lu-
perchio and Schauer, 2001; Mundy et al., 2005). C. roden-
tium-infected mice develop various pathologies depending 
on their age, genetic background, diet, and indigenous mi-
crobiota (Mundy et al., 2005). C. rodentium infection in the 
suckling and immunodeficient mice results in the develop-
ment of colitis, characterized by diarrhea, rectal prolapse, and 
other clinical signs including retarded growth, listlessness, 
dehydration, and mortality (in severe cases) (Luperchio and 
Schauer, 2001; Ryu et al., 2016). In contrast, the infection in 
adult mice is subclinical and self-limiting, resulting in con-
siderably less morbidity or mortality (Maaser et al., 2004). 
Therefore, it is difficult to induce colitis using C. rodentium 
in adult mice.
  Several studies related to the development of colitis models 
in mice using chemicals or pathogens have been reported; 
however, no studies have reported their simultaneous usage. 
The main purpose of this study was not to induce colitis by 
using chemicals or pathogens alone, but by using them toge-
ther. In this study, a novel colitis mouse model was developed 
by administration of low concentration (1%) of DSS for 7 
days, subsequently followed by infection with C. rodentium.

Materials and Methods

Animals
All procedures were approved by the Institutional Animal 
Care and Use Committee of Konkuk University. Six-week- 
old female C57BL/6N mice were purchased from Koatech 
Co., Ltd. The mice were acclimatized for one week in the 
laboratory animal breeding room of the College of Veteri-
nary Medicine, Konkuk University. All mice were housed 
in sterile polycarbonate cages with wire lids, sterile bedding, 
and filter cage tops, under controlled pathogen-free con-
ditions with a 12:12-h light:dark cycle at 22 ± 2°C and 50 ± 
10% humidity. The mice were fed sterilized food and water 
ad libitum.

Bacterial strain and DSS administration
C. rodentium strain DBS 100 (ATCC 51459) was inoculated 
on Luria-Bertani (LB) agar and allowed to grow overnight 
at 37°C. Subsequently, it was cultured in LB broth overnight 
at 37°C. The culture broth was centrifuged at 1,200 × g for 
10 min. After centrifugation, the bacterial pellet was resus-
pended in fresh LB medium. The mice were infected with 
0.2 ml of LB medium containing 1.6 × 108 CFU via oral 
gavage. The CFU/ml were determined by plating serial dilu-
tions. In this study, the molecular weight range of DSS (MP 
Biomedicals Inc.) used was 36–50 kDa. Low concentration 
of DSS solution (1%) was prepared in sterile drinking wa-
ter and administrated ad libitum.

Experimental design
After one week of acclimation, the 7-week-old mice were 
divided into four groups. The mice were administered 1% 
DSS or normal drinking water for 1 week and infected with 
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Table 1. Histopathologic score to quantify the degree of intestinal inflammation 

Criterion
Score

0 1 2 3 4
Loss of goblet cells None 
Mucosa thickening None
Inflammatory cells in mucosa None
Inflammatory cells in submucosa None

(A) (B) Fig. 2. Weight of the spleen and length of the 
colon. Body weight, spleen weight, and colon
length were measured after the experiment 
(n = 10 mice per group). (A) Spleen to body 
weight ratio. (B) Colon length. The data are 
expressed as the mean ± SD (** P < 0.01, 
compared to control group; ## P < 0.01, com-
pared to DSS group; $ P < 0.05 and $$ P < 0.01,
compared to the CT group).

C. rodentium via oral gavage. They were fasted for 12 h prior 
to C. rodentium infection. The control group was supplied 
with normal drinking water for 7 days and inoculated with 
fresh LB broth on the seventh day after the start of the 
experiment. The DSS group was administered 1% DSS in 
normal drinking water for 7 days and inoculated with fresh 
LB broth on the seventh day as above. The CT group was 
administered normal drinking water for 7 days and infected 
with C. rodentium on the seventh day via oral gavage. The 
DSS-CT group was administered 1% DSS in normal drink-
ing water for 7 days and infected with C. rodentium on the 
seventh day via oral gavage (Fig. 1A). The body weights of 
mice were recorded every day. The mice were euthanized 
seventeen days after the experiment. The spleen was removed, 
weighed, and stored at  -70°C until further analysis. The en-
tire large intestine was collected and the length of colon was 
measured.

Histopathological evaluation of colitis
Portions of mid and distal colon were fixed in 10% buffered 
formalin, dehydrated using a gradient of ethanol, clarified 
with xylene, and embedded in paraffin. The embedded par-
affin blocks were cut into 4-μm sections and stained with 
hematoxylin and eosin (H&E). Quantification for histopa-
thology was performed from the images using the Meta-
Morph 7.5 computerized image analysis software (Molecular 
Devices). The selected sections were scored by two blinded 
investigators. Colonic histopathology was scored as described 
previously (Rath et al., 1996), with slight modifications (Table 
1). The tissue sections were assessed for goblet cell depletion 
(scored based on the number of goblet cells per high-power 
field at 400 × magnification, where 0, > 240; 1, 181–240; 2, 
121–180; 3, 61–120; and 4, < 60 cells), mucosal thickening 
(0, < 200; 1, 201–300; 2, 301–400; 3, 400–500; and 4, > 500 
μm), inflammatory cells in mucosa or submucosa (scored 
based on the number of inflammatory cells in mucosa or sub-
mucosa per high-power field at 400× magnification, where 

0, < 50; 1, 50–100; 2, 51–150; 3, 151–200; and 4, > 200 cells).

Extraction of RNA and cDNA synthesis
Total RNA was extracted from the stored spleen tissue us-
ing the RNeasy Mini kit (Qiagen), according to the manu-
facturer’s instructions. RNA was quantitated by determining 
the absorbance or optical density (OD) at 260 nm. Further, 
it was assessed for purity by measuring the ratio of absorb-
ance at 260 and 280 nm (A260/280) and direct examination of 
RNA bands on 1.5% agarose gels. Equal amounts of RNA 
were reverse transcribed into cDNA using the M-MLV re-
verse transcriptase (Invitrogen). Briefly, 5 μg of total RNA 
extracted from a tissue was reverse transcribed in 20 μl of 
reaction mixture containing the RT buffer, oligo(dT)12–18 pri-
mer (500 μg/ml, 1 μl), dNTP mix (10 mM, 1 μl), RNaseOUT TM 
(1 μl), 5 × first-strand buffer (4 μl), DTT (0.1 M, 2 μl), and 
MMLV reverse transcriptase (1 μl). The cDNA was used as 
a template for real-time PCR.

Real-time PCR
Real-time PCR was performed using the Bio-Rad CFX96 
real-time PCR detection system (Bio-Rad), according to 
the manufacturer’s instructions. The TaqManTM fluorogenic 
probes and PCR primers for TNF-α, INF-γ, IL-6, IL-10, 
IL-1β, monocyte chemoattractant protein-1 (MCP-1), and 
GAPDH were obtained from Bio-Rad. The threshold cycle 
(Ct), which correlates inversely with the target mRNA ex-
pression level, was measured as the cycle number at which 
the reporter fluorescence emission increased above the thre-
shold level. The relative changes in TNF-α, IFN-γ, IL-6, 
IL-10, IL-1β, and MCP-1 mRNA levels were normalized 
with the levels of GAPDH mRNA in the same samples.

Statistical analysis
All data obtained in this study were analyzed using the Graph-
Pad Prism 5.0 software (GraphPad Software, Inc.). Data were 
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(A) (B)

(C) (D)

Fig. 3. Representative images of histopathological lesions in the colon of 
control (A), DSS (B), CT (C), and DSS-CT (D) group mice. Depletion of 
goblet cells (arrowheads) and inflammatory cell infiltration (arrows) 
were observed in the DSS-CT group (H&E stain). Scale bar = 200 μm.

(A) (B)

(C) (D)

Fig. 4. Total histopathological scoring 
for goblet cell loss (A), mucosal thicken-
ing (B), inflammatory cells in mucosa 
(C), and submucosa (D) in the mid and 
distal colon regions of mice. The scores
are expressed as the mean ± SD (* P < 
0.05 and ** P < 0.01, compared to the 
control group; # P < 0.05 and ## P < 0.01,
compared to the DSS group; $ P < 0.05 
and $$ P < 0.01, compared to the CT 
group).

expressed as the mean ± standard deviation (SD). The results 
were considered to be statistically significant at P < 0.05 
and P < 0.01.

Results

Combination of DSS administration and C. rodentium in-
fection decreases the gain in body weight
Body weights of the mice were measured every day. For each 
mouse, the change in body weight was calculated as the per-
centage of its initial weight (Fig. 1B). In all the groups, the 
gain in body weight gradually increased by about 4%, until 
6 days after the start of the experiment. Subsequently, on 
the seventh day, it decreased about 14% in all the groups 
due to fasting. The mice were fasted for 12 h to increase the 
infectivity of C. rodentium. No differences in the gain of body 
weight were observed among all the groups prior to C. ro-
dentium infection. However, after C. rodentium infection, the 
body weight gain in the DSS-CT group was significantly (P 
< 0.01) lower than that in the control and DSS groups.

Combination of DSS and C. rodentium treatment increases 
the spleen to body weight ratio and decreases colon length
The DSS-CT group displayed significantly (P < 0.05) higher 
spleen to body weight ratio (0.69 ± 0.16%) compared to the 
CT group (0.52 ± 0.18%), and significantly (P < 0.01) higher 
spleen to body weight ratio than the control (0.33 ± 0.02%) 
and DSS (0.33 ± 0.05%) groups (Fig. 2A). The ratio of spleen 
to body weight was also significantly (P < 0.01) higher in the 
CT group than in the control and DSS groups. The entire 
colon length was also measured for all the mice after sacri-
ficing them. The DSS-CT group displayed significantly (P 
< 0.01) shorter colon length (3.83 ± 0.3 cm) compared to 
the control (5.1 ± 0.48 cm), DSS (5.03 ± 0.65 cm), and CT 
(4.87 ± 0.47 cm) groups (Fig. 2B). No difference in the co-

lon length was observed among the control, DSS, and CT 
groups.

Combination of DSS and C. rodentium treatment decreases 
histopathological lesions in the colon
Disruption and hyperplasia of mucosa are important indi-
cators of colitis. In the DSS-CT group, histopathological le-
sions in the colon were characterized by loss of goblet cells, 
mucosal thickening, and infiltration of inflammatory cells 
in the mucosa and submucosa (Fig. 3D and Supplementary 
data Fig. S1). The histopathological lesions were examined 
independently by two pathologists and evaluated using the 
scoring system. In the DSS and CT groups, loss of goblet 
cells, mucosal thickening, and infiltration of inflammatory 
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(A) (B) (C)

(D) (E) (F)

Fig. 5. mRNA expression of cytokine and chemokine genes in the spleen of control, DSS, CT, and DSS-CT group mice. mRNA expression levels of TNF-α 
(A), IFN-γ (B), IL-6 (C), IL-10 (D), IL-1β (E), and MCP-1 were measured using real-time PCR. The mRNA expression levels were normalized with the 
GAPDH mRNA levels in the same samples. The scores were expressed as the mean ± standard error (* P < 0.05 and ** P < 0.01, compared to the control 
group; # P < 0.05 and ## P < 0.01, compared to the DSS group; $ P < 0.05 and $$ P < 0.01, compared to the CT group).

cells slightly increased compared to that in the control group. 
All four histopathological scores, including loss of goblet 
cells, mucosal thickening, and infiltration of inflammatory 
cells in the mucosa and submucosa, were significantly (P < 
0.05) higher in the mid and distal regions of the colon in the 
DSS-CT group compared to those in the other three groups 
(Fig. 4). The CT group also displayed significantly (P < 0.05) 
higher histopathological scores in the distal colon region com-
pared to the control and DSS groups (Fig. 4). In contrast to 
the distal colon region of the CT group, the mid colon re-
gion displayed significantly (P < 0.05) higher histopatholo-
gical scores than the control group. The total histopatholo-
gical score was expressed as the sum of each individual his-
topathological score. The total histopathological scores for 
the mid and distal colon regions in the DSS-CT group (13.1 
± 2.7 and 14 ± 1.1, respectively) were significantly (P < 0.01) 
higher compared to those for the other three groups. The 
total histopathological scores for the mid and distal colon 
regions in the CT group (5.1 ± 2.1 and 7.5 ± 2.2, respectively) 
were also significantly (P < 0.01) higher than those for the 
control and DSS groups. No difference in the total histo-
pathological score for the mid and distal colon regions was 
observed between the control (1.5 ± 0.7 and 1.5 ± 1.3, respec-
tively) and DSS (2.4 ± 1.4 and 2.3 ± 1.5, respectively) groups.

Combination of DSS and C. rodentium treatment increases 
the mRNA expression levels of inflammatory cytokines
The mRNA expression levels of TNF-α, IFN-γ, IL-6, IL-10, 
IL-1β, and MCP-1 were evaluated in the spleen using real- 
time PCR. The mRNA expression levels of the proinflam-
matory cytokines, including TNF-α and IFN-γ, were signi-
ficantly (P < 0.01) higher in the DSS-CT group compared 
to the other three groups (Fig. 5A and B). On the other hand, 
the mRNA expression levels of the anti-inflammatory cyto-

kines, such as IL-6 and IL-10, were significantly (P < 0.05) 
lower in the DSS-CT group compared to those in the con-
trol and CT groups (Fig. 5C and D). Interestingly, compared 
to the control group, the mRNA expression levels of IL-6 
and IL-10 did not change in the CT group; however, the 
levels significantly (P < 0.05) decreased in the DSS group 
(Fig. 5C and D). The mRNA expression level of IL-1β was 
significantly (P < 0.05) lower in the DSS group than in the 
control group. The mRNA expression of MCF-1 was higher 
in the other groups than in the control group; however, no 
significant differences were observed between the groups 
themselves (Fig. 5E and F).

Discussion

Although numerous colitis models induced using DSS have 
been developed, susceptibility to DSS depends on the spe-
cies of animal used. In mice and rats, colitis develops pri-
marily in the colon; however, in guinea pigs, the lesions de-
velop mainly in the cecum (Okayasu et al., 1990; Iwanaga 
et al., 1994; Hoshi et al., 1996). Additionally, the symptoms 
of colitis also vary according to the molecular weight of DSS 
used (Chassaing et al., 2014). Acute or chronic colitis is usu-
ally induced by continuous administration of 2–5% DSS for 
4–9 days or by cyclic DSS treatment (Kwon et al., 2005; Perše 
and Cerar, 2012). We used both, a chemical and a pathogen, 
to induce murine colitis. Unlike previous studies, we treated 
mice with a very low dose (1%) of DSS and C. rodentium. 
Thus, in this study, we established a novel model for IBD 
induced using both DSS and C. rodentium.
  IBD is becoming increasingly prevalent and affects about 
90–300 per 100,000 people worldwide (Casati and Toner, 
2000). Although it occurs at any age, the peak age for the on-
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set of IBD is 15 to 30 years. The symptoms of IBD include 
chronic uncontrolled inflammation of the intestinal mucosa, 
which can affect all parts of the gastrointestinal tract (Andres 
and Friedman, 1999; Hanauer, 2006). However, the mecha-
nism by which DSS induces colitis has not yet been eluci-
dated. Interestingly, various studies have shown that DSS 
administration induces toxic effects on the colonic epithe-
lium, causes alteration of the luminal bacterial flora, and ac-
tivation of T cell-, B cell-, and macrophage-mediated in-
flammatory responses (Okayasu et al., 1990; Yamada et al., 
1992; Ohkusa et al., 1995).
  The clinically significant pathogenic strains EPEC and 
EHEC, have also been linked to IBD. EPEC and EHEC are 
known to induce A/E lesions, which intimately attach to 
the apical host cell membrane of the cecal and colonic epi-
thelium, thereby forming a non-invasive pedestal-like struc-
ture (Eckmann, 2006). However, mice are not susceptible to 
EPEC and EPEC infections. C. rodentium, an A/E patho-
gen, is the causative agent for transmissible murine colonic 
hyperplasia, a naturally occurring disease in mice (Luperchio 
and Schauer, 2001; Mundy et al., 2005). Oral C. rodentium 
infection in mice causes transient colonization of the cecum, 
progresses to the distal colon 2 to 3 days after infection, and 
peaks after 1 week. Subsequently, the infection gets cleared 
over the next 2–3 weeks (MacDonald et al., 2003; Eckmann, 
2006). C. rodentium-induced typhlitis or colitis is difficult to 
induce in adult mice and some mouse strains, which are re-
sistant to C. rodentium infection (Simmons et al., 2002).
  To establish a novel IBD model in adult mice, we deter-
mined the percent of DSS and optimum dose of C. roden-
tium by conducting preliminary experiments. Experimental 
colitis in adult mice was not induced by administration of 
0.5% DSS for 1 week, followed by infection with a high-dose 
(1.6 × 109 CFU) of C. rodentium. Following pretreatment 
with 1% DSS and infection using 1.6 × 109 CFU of C. roden-
tium, a successful IBD model was not established because 
60% mice died (Supplementary data Fig. S2). In this study, 
we successfully developed a colitis model using 7-week-old 
C57BL/6N adult mice. These mice were pretreated with 1% 
DSS for 7 days, and subsequently infected with 1.6 × 108 
CFU of C. rodentium.
  After the induction of C. rodentium infection, the gain in 
body weight significantly reduced in the DSS-CT group com-
pared that in the control group. However, no significant dif-
ference in the gain in body weight was observed between the 
DSS or CT group compared to the control group. Unlike pre-
vious studies (Wu et al., 2008; Knod et al., 2014), in this study, 
body weight increased steadily, except during the fasting 
period, even in the DSS-CT group because we used only 1% 
DSS and a low dose of C. rodentium. Hypertrophy of spleen, 
hyperplasia, and shortening of the large intestine have been 
observed in the TLR2-deficient mice infected with C. ro-
dentium (Gibson et al., 2008). Consistent with the previous 
reports, in the DSS-CT group, the spleen to body weight 
ratio significantly increased and colon length significantly 
shortened compared to the other three groups. Disrupted cell 
morphological characteristics were observed in the C. ro-
dentium-infected mice, with loss of goblet cells, mucosal hy-
perplasia, and dramatic infiltration of inflammatory cells into 
the mucosa and submucosa (Luperchio and Schauer, 2001). 

Histopathologically, loss of crypts, infiltration of inflamma-
tory cells into the mucosa and submucosa, submucosal edema, 
erosion, and ulceration have been observed in murine colitis 
induced by DSS (Kitajima et al., 2000). Consistent with the 
previous observations, significant depletion of goblet cells, 
mucosal hyperplasia, and infiltration of inflammatory cells 
were observed in the mid and distal colon regions of the DSS- 
CT group mice compared to the mice in the other three 
groups. These results suggested that C. rodentium infection, 
following administration of DSS, causes morphological al-
terations in the colon.
  IFN-γ, predominantly produced by the T and natural killer 
(NK) cells, acts as mediator for macrophage activation and 
immunological responses (Flynn et al., 1993). Both TNF-α 
and IFN-γ are proinflammatory cytokines that have diverse 
biological effects, including cytolysis, cytotoxicity, immu-
noregulation, cellular proliferation, and antiviral responses. 
Thus, their action further worsens the disease condition (Yu 
et al., 2009). IL-10 is an anti-inflammatory cytokine predo-
minantly produced by the monocytes, macrophages, and 
other cells including the type 2 T helper cells and B cells 
(Moore et al., 2001). Interestingly, IL-6, which is primarily 
produced by the T cells, B cells, monocytes, and PMNs, acts 
as a pro- and anti-inflammatory cytokine during immune 
responses (Scheller et al., 2011). The mRNA levels of TNF-α, 
IFN-γ, IL-6, IL-10, and IL-1β in the colon were significantly 
higher in the C57BL/6 mice with colitis that was induced 
using 2 or 2.5% DSS compared to the untreated control 
group mice (Ouyang et al., 2012; Sang et al., 2016). Contrary 
to the previous studies, the mRNA levels of TNF-α and IFN-γ 
in the spleen did not change in the 1% DSS group; however, 
the mRNA levels of IL-6, IL-10, and IL-1β dramatically de-
creased in the 1% DSS group compared to the levels in the 
control group. This may be due to the concentration of DSS 
used and duration of its administration. In our colitis model 
induced using both DSS and C. rodentium, the mRNA ex-
pression levels of TNF-α and IFN-γ were significantly higher 
in the DSS-CT group than in the other three groups. In con-
trast, the mRNA expression levels of IL-6 and IL-10 were sig-
nificantly lower in the DSS-CT group than in the control 
and CT groups. These data showed that low concentration 
of DSS, and not C. rodentium infection, inhibited the ex-
pression of cytokines, including IL-6 and IL-10. However, 
in our novel model, increase in the levels of proinflammatory 
cytokines, namely TNF-α and IFN-γ, was due to C. roden-
tium infection. These results suggested that in our colitis 
model, the immunological balance between pro- and anti- 
inflammatory cytokines was maintained. Thus, this was a 
novel animal model of IBD.
  In summary, we administrated a low concentration (1%) 
of DSS to 7-week-old adult mice for 7 days, and subsequently 
infected them with C. rodentium via oral gavage. The mice 
showed less body weight gain, shortened colon length, in-
creased spleen weight, and severe histopathological lesions 
(including depletion of goblet cells, mucosal hyperplasia, 
and inflammatory cell infiltration). The expression levels of 
TNF-α and IFN-γ increased, and those of IL-6 and IL-10 
decreased in the DSS-CT group compared to the control 
group. In conclusion, a novel murine IBD model was effec-
tively developed by the combination of low concentration 



278 Park et al.

(1%) of DSS and C. rodentium infection. To our knowledge, 
this is the first study that demonstrated the induction of 
colitis in mice using the combination of a chemical and a 
pathogen.
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