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Oral administration of Lactobacillus plantarum 06CC2 prevents
experimental colitis in mice via an anti-inflammatory response
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Abstract. Dysbiosis of the enteric microbiota causes gastro-
intestinal diseases, including colitis. The present study
investigated the beneficial effect of Lactobacillus plantarum
06CC2 in experimental colitis in mice. An experimental
colitis model in C57BL6 mice was induced using dextran
sulfate sodium. Mice were orally administered 06CC2
(06CC2 group) or PBS only (control group) by gavage. The
disease activity index (DAI), histological grading, and colon
tissue and colonic lamina propria mononuclear cells (LPMCs)
were examined macroscopically and histopathologically, and
the expression levels of inflammation-associated cytokines
(IL-6, IL-12, TNF-a and IL-10) in these samples were deter-
mined. Compared with the control group, the 06CC2 group
exhibited a significantly lower DAI (1.5+0.8 vs. 0.2+0.3,
respectively; P<0.05) and pathology score (6.3+1.5 vs. 3.8+1.3,
respectively; P<0.05). IL-10 expression in colonic LPMCs
was higher in the 06CC2 group than in the control group,
although there was no significant difference in IFN-vy, IL-6 or
IL-12 expression in colonic LPMCs between the two groups.
In addition, 06CC2 stimulated the production of IL-10 from
CDl1b-positive cells and CD1l1c-positive cells in the colon.
The 06CC2 strain induced IL-10 production in the colon and
attenuated colon inflammation.
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Introduction

Inflammatory bowel diseases (IBDs) such as ulcerative colitis
and Crohn's disease are refractory disorders characterized by
chronic relapsing inflammation of the gastrointestinal tract.
The mucosal lesions in IBD are generated by an excessive or
dysregulated immune response against commensal microbes
in the gut.

Genome-wide association studies have reported that
IBD-associated single nucleotide polymorphisms (SNPs) in
genes such as NOD2, CARDY, and ATGI6L]I interact with the
microbiota and are involved in the pathogenesis of IBD (1).
Several studies have revealed that microbial imbalance causes
pro-inflammatory immunological responses and induces gut
inflammation (2,3). Further, it has been reported that specific
commensal bacteria affect the differentiation of mucosal
immunocompetent cells. It is possible that some commensal
bacterial strains can also induce anti-inflammatory immu-
nological responses. To maintain intestinal homeostasis
it is important that the commensal bacterial flora remains
consistent (4-7) Microbial dysbiosis is essential for driving
inflammation in IBD (8), and can be induced by several factors
that affect the complexity and stability of the microbiome,
including genetics, birth route, stress, nutrition, and drugs (9).
The gut commensal bacteria regulate mucosal inflammation
by several mechanisms, including inducing regulatory T cells,
down-regulating inflammatory cytokines, and regulating
nuclear factor (NF)-xB activation (4,10,11). Lactobacillus
bacteria, which constitute a significant component of the
gut microbiota, downregulate inflammatory signaling in the
mucosa of IBD patients and also ameliorate dextran sulfate
sodium (DSS)-induced colitis in mice by reducing the produc-
tion of pro-inflammatory cytokines (12).

The Lactobacillus plantarum (LP) 06CC2 strain, isolated
from traditional Mongolian dairy products, has shown probi-
otic potential in mice and has immune modulating effects.
Oral administration of the 06CC2 strain exerted a signifi-
cant immunomodulatory effect in influenza virus-infected
mice (13,14). However, the involvement of the 06CC2 strain
in intestinal inflammation remains unknown. Therefore, we
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assessed the impact of the 06CC2 strain in experimental
colitis and its impact on intestine-specific, antigen-presenting
cell phenotypes such as macrophages.

Materials and methods

Preparation of the LP 06CC2 strain. The 06CC2 strain, a
lactic acid bacterium with probiotic potential, was isolated
from Mongolian dairy cheese (Aaruul) as described previ-
ously (13). The 06CC2 cells were cultured at 37°C for 24 h
in Man, Rogosa, and Sharpe (MRS) broth (Merck KGaA),
cells were harvested by centrifugation at 10,000 x g for 5 min,
washed twice with PBS, and then boiled for 1 h (14). The
boiled 06CC?2 cells were washed again with PBS and lyophi-
lized. The lyophilized 06CC2 cells were suspended in Roswell
Park Memorial Institute (RPMI)-1640 medium or Dulbecco's
modified Eagle's medium (DMEM) with 10% heat-inactivated
fetal bovine serum (FBS) for co-culture. For oral administra-
tion to mice, heat-killed 06CC2 cells were lyophilized and
powdered, and the 06CC2 powder was suspended in distilled
water before use.

Animals. Specific-pathogen-free C57BL/6 mice, 8 to 10 weeks
of age and weighing between 22 to 26 g, were sourced from
Kyudo (Saga). Mice were maintained under standard conditions
(22°C, 50-60% humidity, and 12-h light/dark cycle) with free
access to standard mouse/rat chow diet (LabDiet Autoclavable
Rodent Diet 5010; PMI Nutrition International,). We monitored
the health of mice daily, and all efforts were made to minimize
animal suffering. We monitored body and stool conditions and
measured the body weight of the mice each day. Mice were
euthanized by cervical dislocation following anesthesia intra-
peritoneally with pentobarbital (30-50 mg/kg), and the colonic
tissue was collected following euthanasia. Animal experi-
mental procedures were approved by the institutional animal
care and use committees of Kagoshima University (permit
no. MD14106), and were performed in accordance with these
committees' guidelines for animal experiments.

Induction and assessment of colitis. DSS-induced colitis is an
established experimental model that allows the investigation
of the signs and symptoms of UC, including diarrhea, weight
loss, bloody stools, mucosal ulceration, and shortening of
the large intestine (15). The Acute experimental colitis was
induced using 1.0% DSS. DSS powder was manufactured
by Wako Pure Chemical Industries, Ltd., and the average
molecular weight was 5,000 Da. Control mice were given
distilled water. A 06CC2 suspension (20 mg per mouse) or
PBS was inoculated twice a day into experimental mice 3 days
before oral DSS administration. 06CC2-treated mice were
administered 1.0% DSS for 15 days and were euthanized on
day 20. Whole colon tissue was collected and lamina propria
mononuclear cells (LPMCs) were extracted.

In another experiment, a 06CC2 suspension or PBS
was inoculated into mice for 30 days. Beginning 3 days
after inoculation, 1.0% DSS was administered for 27 days,
and neutralizing anti-IL-10 monoclonal antibodies (clone
JES5-16E3; BioLegend) or control rat IgG2a (BioLegend)
(0.4 mg/200 ml) was injected intraperitoneally for the last
8 days. The DAI was assessed blindly in both mouse groups.
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The DALI is based on clinical scores for weight loss, stool
consistency, and bleeding, as previously described (16). Each
clinical parameter was scored on a scale from 0 to 4, and the
parameter values were summed.

Isolation of murine colonic LPMCs. Colonic LPMCs were
isolated according to a previous report (17). Briefly, colon
samples were cut into small pieces in Ca**/Mg**-free 1.5%
Hank's balanced salt solution (1.5% HBSS). The colon
samples were then placed in 1.5% HBSS and washed three
times at 37°C, then incubated with HBSS containing 1 mM
dithiothreitol (#15-508-031; Invitrogen; Thermo Fisher
Scientific, Inc.) and 5 mM EDTA (#15-575-020; Invitrogen;
Thermo Fisher Scientific, Inc.) for 30 min at 37°C to remove
the epithelial layer. The samples were then placed in digestion
solution containing 1.5% HBSS, 1.0-3.0 mg/ml collagenase A
(#11-088-793-001; Roche Diagnostics GmbH) and 0.1 mg/ml
DNase I (#11-284-932-001; Roche Diagnostics GmbH) for
1-2 h at 37°C. The samples were passed through a 100-zm
strainer and transferred to a 50-ml Falcon tube and centri-
fuged for 5 min at 4°C. The supernatant was washed, and the
pellets were resuspended in 40% Percoll and overlaid on a
75% Percoll fraction. Mononuclear cells were collected at the
interphase, washed, and resuspended in RPMI-1640 medium
(#11875-093; Life Science Products, Inc.) containing 10% FBS
and 1% penicillin/streptomycin.

Histological assessment and evaluation. Colon tissue was
fixed in 10% phosphate-buffered formalin, and was embedded
in paraffin, sectioned, and stained with hematoxylin and eosin.
Colitis stages were scored via blinded histopathological anal-
ysis according to previously described morphological criteria:
Epithelial properties, depth of inflammation, and degree of
ulceration (18). Epithelial properties were scored as follows: 0,
intact crypt; 1, loss of the basal one-third of the crypt; 2, loss of
the basal two-thirds of the crypt; 3, loss of the entire crypt but
with intact surface epithelium; and 4, loss of the entire crypt
and surface epithelium (erosion). Depth of inflammation was
scored as follows: 0, no infiltration; 1, crypt base; 2, mucosa; 3,
submucosa; and 4, submucosa (extensive). The degree of ulcer-
ation was scored as follows: 0, none; 2, positive; and 4, positive
(extensive). Each specimen was assigned a histological score
ranging from 0 to 12.

Cell separation of LPMCs by magnetic-activated cell sorting
(MACS). Colonic LPMCs were separated by MACS. LPMCs
with specific CD antibodies were magnetically labeled with
their respective magnetic beads (CDllc, #130-108-338;
CDl1b, #130-049-601; CD4, #130-049-201; Miltenyi Biotec).
The cell suspension was loaded onto a MACS® LS Column
(#130-042-401; Miltenyi Biotec), which was placed in the
magnetic field of a MACS Separator (#130-042-301; Miltenyi
Biotec). The MACS Separation Buffer contained a final BSA
(Miltenyi Biotec) concentration of 0.5%. After cells were sepa-
rated, they were analyzed for gene expression.

RNA isolation and gene expression assay. Total RNA was
extracted from colon tissues or LPMCs using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA (0.5 ug)
was reverse transcribed using a PrimeScript RT Reagent kit
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Gene Forward primer (5'-3") Reverse primer (5'-3")

IL-6 CCACTTCACAAGTCGGAGGCTTA CCAGTTTGGTAGCATCCATCATTTC
IL-10 GACCAGCTGGACAACATACTGCTAA GATAAGGCTTGGCAACCCAAGTAA
IL-12a AATGTTCCA GTGCCTCAACC CTAGAGTTTGT CTGGCCTTCTG
TNF-a TATGGCCCAGACCCTCACA GGAGTAGACAAGGTACAACCCATC
TLR2 CTCCCAGCAGGAACATCTGCTA CCAGGAATGAAGTCCCGCTTA
TLR3 TGTCTGGAAGAAAGGGACTTTGA GTTGAACTGCATGATGTACCTTGA
TLR4 CTGGGTGTGTTTCCATGTCTCA TGCGGACACACACACTTTCAAATA
Foxp3 AGTGCCTGTGTCCTCAATGGTC AGGGCCAGCATAGGTGCAAG
TGF-5 GCTGAGCCAGCCAGATATAACAAGA ACAGGCAAGTAGCTGATCCCAAAC
GAPDH TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG

IL, interleukin; TGF-f, transforming growth factor ; TLR, toll-like receptor; TNF-a, tumor necrosis factor a.

Table II. Primer list for target bacteria.

Target bacteria

Forward primer (5'-3")

Reverse primer (5'-3')

Bifidobacterium subspecies TCGCGTCYGGTGTGAAAG CCACATCCAGCRTCCAC
Lactobacillus group AGCAGTAGGGAATCTTCCA CACCGCTACACATGGAG
Bcteroides-Prevotella group GAAGGTCCCCCACATTG CAATCGGAGTTCTTCGTG
Clostridium coccoides group AAATGACGGTACCTGACTAA TTTGAGTTTCATTCTTGCGAA

(Takara Bio Inc.) at 37°C for 15 min and 85°C for 5 sec. Each
reaction mixture for RT (total volume 20 ul) consisted of
total RNA (adjusted to 500 ng, 2.5 ul), oligo dT PCR primer
(50 uM, 1 ul), 5X PrimeScript buffer (4 pl), PrimeScript RT
enzyme mix (1 ul), random 6 mers (100 M, 1 ul), and RNase
free distilled H,O (10.5 pl1). The synthesized cDNA was ampli-
fied by RT-qPCR using SYBR (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Each reaction mixture for PCR (total
volume 20 pl) consisted of cDNA (adjusted to 500 ng, 2 ul),
forward and reverse PCR primers (10 #M, 0.8 ul each), SYBR
(10X, 10 ul), ROX reference dye (50X, 0.4 ul), and distilled
H20 (6 ul). The cycling conditions were as follows: One
cycle at 95°C for 30 sec followed by 35 cycles each at 95°C
for 5 sec and 60°C for 34 sec. The relative expression levels of
target genes were normalized to rRNA (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and were calculated using the
2224 method (19). Primers for the following genes were used:
GAPDH, IL-6, IL-10, IL-12a, IL-23a, TGF-$, TNF-a, and
Toll-like receptor (TLR)2, TLR3, and TLR4 (Table I).

ELISA for IL-10. LPMCs were co-cultured with 06CC2 at
concentrations of 0, 1, 10 and 100 pg/ml, and the supernatant
was collected. IL-10 concentrations were measured with
an ELISA kit (#M1000B; R&D Systems) according to the
manufacturer's instructions, and analyzed in duplicate using
a microplate reader (Bio-Rad Laboratories, Inc.) at 450 nm.
The concentration of IL-10 in the supernatant was calculated
according to a standard curve.

DNA extraction from fecal samples and intestinal bacteria
assay. For quantification by quantitative PCR, DNA was
extracted from fecal samples obtained from 06CC2-treated
and control mice on day 20 using an ISOFECAL for Beads
Beating kit (Nippon Gene) according to the manufacturer's
instructions as described in a previous report (20). DNA
was also extracted from standard strains for each group,
including Bifidobacterium longum JCM 1217 for the
Bifidobacterium subspecies, the 06TCal9 strain for the
Lactobacillus group, Clostridium coccoides JCM 1395 for the
Clostridium group, and Bacteroides fragilis JCM 11019 for
the Bacteroides-Prevotella group. Except for strain 06TCal9,
these strains were cultured at 37°C for 24-48 h in GAM broth
and on GAM agar (Nissui) containing 0.5% glucose in jars
with anaerobic packs for enumeration of colony-forming
units (CFUs). Strain 06TCal9 was cultured at 37°C for 24 h
in MRS broth and on MRS agar. Bifidobacterium subspecies,
C. coccoides, Bacteroides-Prevotella, and Lactobacillus
groups were detected by SYBR-Green quantitative PCR.
Specific primers are shown in Table II (20). Bacterial CFUs
were calculated using a standard regression curve of the
threshold cycle values generated from 10-fold serial dilu-
tions of DNA samples from the standard strains with known
numbers of CFUs. Each fecal sample was diluted 10°-fold and
stained with 4',6-diamidino-2-phenylindole (DAPI) solution
(Dojindo Laboratories), and the bacteria were counted with
a hemocytometer for bacteria (ASONE) using a fluorescence
microscope (Olympus).
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Figure 1. LPMCs isolated from entire mouse colons were co-cultured with 06CC2 (0, 1, 10 and 100 ug/ml). The gene expression levels of IL-12a, TNF-a,
TGF-f and IL-10 were significantly and dose-dependently higher in LPMCs exposed to 06CC2; IL-10 gene expression was particularly high compared with
the other genes. IL-12a, IL-4 and IL-23a were analyzed using Tukey's test. TNF-a,, TGF-f and IL-10 were analyzed using Dunnet T3 test."P<0.05 vs. 0 yg/ml.
IL, interleukin; LPMCs, lamina propria mononuclear cells; TGF-f, transforming growth factor f3; TNF-a, tumor necrosis factor a.

Statistical analysis. All of the data are expressed as the
mean and standard error of the mean. Differences between
two or three groups were appropriately analyzed using
one-way ANOVA followed by the Tukey HSD, Dunnet T3,
Mann-Whitney U test, and Steel-Dwass tests (IBM SPSS
version 23.0). P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of genes for inflammation-related cytokines
and concentrations of LPMCs co-cultured with LP 06CC2.
The effect of 06CC2 on LPMCs isolated from whole colon
samples of mice without DSS-induced colitis was investi-
gated. The expression of genes for the following pro- and
anti-inflammatory cytokines was assessed: IL-12a, TNF-a,
IL-4, IL-23a, TGF-f, and IL-10. Gene expressions of
IL-12a, TNF-a, TGF-p, and IL-10 were significantly and
dose-dependently higher in LPMCs exposed to 06CC2. Since
the gene expression of IL-10 was induced at particularly
high levels, we focused on results related to IL-10 (Fig. 1).
LPMCs were separated by MACS as follows: CD4-positive
cells, CDI11b-positive cells, and CD1l1c-positive cells. The
gene expression and protein concentration of IL-10 were
increased by 06CC?2 stimulation in a dose-dependent manner
in CDI11b-positive and CDl1l1c-positive cells (Fig. 2), but not
in CD4-positive cells (data not shown). The production of
IL-10 was especially high in CDll1c-positive cells. These
results show that 06CC2 induced expression of a regulatory
cytokine in LPMCs. TLR gene expression was significantly
increased by 06CC2 administration only in the case of TLR2
in CDlIc-positive cells; gene expressions of TLR3 and TLR4
were unchanged (Fig. 3).

Effects of oral administration of LP 06CC?2 on the immune
system of the murine large intestine. 06CC2 was orally
administered to mice twice a day for 4 days; the mice were
subsequently euthanized, and colon tissue was collected for
analysis. Pro-inflammatory and regulatory cytokines in the
large intestine were investigated by quantitative PCR. The
expression of IL-10 was significantly increased in mice treated
with 06CC2 compared to control mice (P=0.048). However,
administration of 06CC2 did not affect the expression of three
pro-inflammatory genes, namely IL-6, TNF-a, and IL-12a
(Fig. 4).

Effects of oral administration of LP 06CC2 in mice with
DSS-induced colitis. The ability of 06CC2 to prevent colitis
was investigated. After the administration of 06CC2 or
phosphate-buffered saline (PBS) as vehicle by oral gavage
for 20 days. Approximately 20 mm of the distal colon was
collected and fixed by 10% phosphate-buffered formalin
for histological analysis. LPMCs were extracted from the
remaining colon. Mice with DSS-induced colitis that received
vehicle demonstrated significantly decreased body weight,
while those administered 06CC2 showed marked attenuation
of average body weight loss (a 6.5% decrease in body weight
relative to day O body weight) and reduced colon shortening.
Thus, we confirmed a transient decrease in the body weights
of DSS+06CC2 treated mice during our preliminary tests.
We performed these experiments several times, and this
phenomenon was easily reproducible, although we note that
this weight loss could also be induced by the physical irrita-
tion associated with oral 06CC?2 administration. The disease
activity index (DAI) and pathological score in the 06CC2
group were significantly lower than in the vehicle group.
The expression of inflammatory cytokine genes such as IL-6
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Figure 2. IL-10 expression in CD11c-positive and CD11b-positive cells in colonic lamina propria mononuclear cells under co-culture with 06CC2. Top panel,
CDlc; lower panel, CD11b. Data were analyzed using Tukey's test. “P<0.05 and “P<0.01 vs. 0 yg/ml. IL-10, interleukin 10.
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Figure 3. TLR2, TLR3 and TLR4 expression in CD11c-positive cells in colonic lamina propria mononuclear cells under co-culture with 06CC2. Data were

analyzed using Mann-Whitney's U test. "P<0.05. TLR, toll-like receptor.

and TNF-a in colonic LPMCs was elevated in colitis mouse
models. The expression of IL-10 was also slightly higher in
the 06CC2 group, but these differences were not significant
(Fig. 5). The symptoms of clinical and pathological colitis
were lessened in the 06CC2 group, despite the fact that the
expression of proinflammatory cytokines such as IL-6 and
TNF-a were increased. Therefore, IL-10 expression may act to
mitigate the symptoms of colitis.

LP 06CC2-treated colitis model mice: Effect of neutralizing
anti-IL-10 antibody. To confirm whether IL-10 was required

for the protective effect of 06CC2 against DSS-induced colitis,
mice were orally administered PBS or 06CC2 twice a day
before drinking DSS, and neutralizing anti-IL-10 monoclonal
antibody (100 mg/mouse, once a day) or control antibody were
intraperitoneally administered after the second administration
of PBS or 06CCs, as previously described (21).

Group A constituted a control group that did not receive
DSS,06CC2,or intraperitoneal antibody administration; Group
B received only anti-IL-10 neutralizing antibody without DSS
or 06CC2; Group C received DSS and PBS gavage; Group D
received DSS and 06CC2 gavage but no intraperitoneal injec-
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Figure 4. Inflammatory and anti-inflammatory cytokine gene expression in the large intestine. The expression of IL-10 was significantly increased in
06CC2-treated mice compared with control. IL-6 and IL-10 were analyzed by Tukey's test. TNF-a and IL-12a were analyzed by Dunnet T3 test. "P<0.05.

IL, interleukin; TNF-a, tumor necrosis factor a.

tion; Group E received DSS, 06CC2 gavage, and control IgG
intraperitoneal injection; and Group F received DSS, 06CC2
gavage, and intraperitoneal injection of anti-IL-10 neutralizing
antibody. Group F showed attenuated average body weight loss
(93.1% of day 0 body weight), while Group E mice exhibited
no significant changes in body weight. Pathological examina-
tion showed that mucosal layer crypts still existed in Group E,
whereas in Group F these crypts had disappeared and inflam-
matory cells had invaded the submucosal layer. The pathology
scores of Group F were worse than those of Group E. These
findings may indicate that the protective probiotic effect of
06CC2 against colitis depends on IL-10 (Fig. 6).

LP 06CC2-treated colitis model mice: Alteration of the micro-
biome. The total bacterial counts measured by DAPI staining
did not differ between the control group, the colitis and PBS
group, and the colitis and 06CC2 group. The Lactobacillus and
the Bifidobacterium counts in feces from 06CC2-treated colitis
model mice were significantly higher than those in control and
PBS-treated colitis model mice. Bacteroides-Prevotella and
Clostridium counts were similar regardless of the administra-
tion of 06CC2. Lactobacillus and Bifidobacterium counts

increased significantly in the 06CC2 group during the intake
period (Fig. 7).

Discussion

We showed that the 06CC2 strain attenuated DSS-induced
colitis and stimulated the production of IL-10 from
CDl1b-positive and CD11c-positive cells in the colon. The
06CC2 strain, which was isolated and identified from tradi-
tional Mongolian dairy products, has beneficial probiotic
properties (13,14). 06CC?2 is a useful probiotic lactic acid
bacteria strain for activating immunocompetent cells in the
large intestine. Our data regarding the beneficial effects of
06CC2 are the first to suggest that this strain may prevent
colitis.

Several reports demonstrated that intestinal bacteria in
the Firmicutes phylum, which is divided primarily into the
Clostridia and Bacilli classes, also attenuated DSS-induced
colitis (22,23). In particular, Faecalibacterium prausnitzii, a
species in the Firmicutes phylum, was shown to ameliorate
DSS-induced colitis through the TLR2-dependent modulation
of IL-12 and IL-10 production (22). Clostridium cluster IV and
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Figure 5. Effects of oral administration of LP 06CC2 in mice with DSS-induced colitis. (A) In a mouse experimental colitis model, 06CC2 was administered
by oral gavage prior to the induction of DSS-colitis. (B) Final body weight relative to Day 0 (%). (C) DAI scores. (D) Colon lengths (mm). (E) Histopathology
of the distal large intestine and the pathological score. Magnification, x200. (F) Cytokine gene expression in colonic lamina propria mononuclear cells. Data
were analyzed by (B and D) Tukey's test, (C) Dunnett T3 test and (E and F) Games-Howell test. "P<0.05 and “P<0.01, as indicated. DAI, disease activity index;

DSS, dextran sulfate sodium; IL, interleukin; TNF-c, tumor necrosis factor a.

XIVa strains promoted the accumulation of IL-10-producing
Treg cells in the colon and induced resistance to acute
DSS-induced colitis (23). Clostridium butyricum exerted
a protective effect on the epithelial barrier by maintaining
the expression of tight junction proteins; it also increased
the expression of the anti-inflammatory cytokine IL-10, and
decreased levels of pro-inflammatory cytokines such as IL-18,
TNF, and IL-13 (17,24). In terms of Lactobacillus members
of the Bacilli class, orally administered LP-K68 ameliorated
DSS-induced colitis in BALB/c mice by reducing the produc-
tion of pro-inflammatory cytokines such as TNF-a, IL-1,
and IL-6 (12). Lactobacillus brevis K65 reduced the levels of

the pro-inflammatory cytokines TNF-a, IL-6, and IL-1p (25).
Lactobacillus reuteri F-9-35 prevented DSS-induced colitis by
inhibiting the expression of several pro-inflammatory genes,
namely those for TNF-a, cyclooxygenase-2, and IL-6 (26).
Therefore, we focused on 06CC2 under the hypothesis that
its probiotic effect would augment intestinal immunity in
DSS-induced colitis model mice.

We analyzed the levels of anti-inflammatory and
pro-inflammatory cytokines, namely IL-6, TNF-a, IL-12a,
and IL-10, in mice without DSS-induced colitis that were
orally administered 06CC2. Regulation of the production
of pro-inflammatory mediators is critical for normal physi-
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Figure 6. Effect of anti-IL-10 neutralizing antibody on LP 06CC2-treated colitis model mice. Mice were allocated into six groups: Group A is a control; Group
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ological immune function and for controlling inflammation.
The expression levels of IL-6, TNF-a, IL-12a, and IL-10
showed no significant difference between DSS-induced colitis
mice treated with and without 06CC2 (Fig. 5). Although
the expressions of IL-6, TNF-a, and IL-12 genes were not

changed by 06CC2 stimulation, the expression of IL-10 was
significantly increased in 06CC2-treated mice compared to
controls (Fig. 4). Furthermore, the expression of the inflam-
matory cytokine genes IL-12a. and TNF-a were significantly
associated with 06CC2 concentration (expression was 10
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to 30 times higher relative to the O ng/ml). However, the
expression of IL-10 following 06CC2 culture was much higher
relative to the control (80 to 120 times higher), as shown in
Fig. 1. Therefore, we considered that IL-10 played a key role
in these experiments, and focused on how its expression was
altered by 06CC2 stimulation.

It has generally been reported that IL-10 is produced by
CDl11b-, CDllc-, and CD4-positive cells, including Treg cells.
We investigated CD11b-, CDl1c-, and CD4-positive colonic
LPMCs co-cultured with 06CC2. CDI11b- and CDI1c-positive
cells produced IL-10 following stimulation by 06CC2. IL-10
production was much higher in CDI11c-positive cells relative
to CD11b-positive cells (Fig. 2), whereas IL-10 production was
unaffected in CD4-positive cells (data not shown). In addi-
tion, the transcription factor Foxp3 is specifically expressed
by naturally occurring Treg cells and plays a key role in
their development and function (27-29). As we observed no
changes in the expression of Foxp3 following the co-culturing
of colonic LPMCs with 06CC?2 in this study (data not shown),
we suggest that the number of Treg cells in LPMCs was unaf-
fected by co-culturing, and that other cells were responsible
for IL-10 production. We believe that the main locus of IL-10
production may be CDl11c-positive cells.

The function of IL-10 is important for regulating gut
homeostasis during host defense, and IL-10 suppresses the
function of T-lymphocytes and mononuclear cells (30,31).
A genome-wide association study in humans showed that a
single nucleotide polymorphism in the /L-10 gene was closely
associated with IBD (32,33). Thus, the association between
IL-10 and IBD has been demonstrated by several findings in
both humans and animal models (34). In fact, IL-10 knockout
mice spontaneously developed colitis in the presence of
commensal bacteria (35). There are reports that various
immune cell types, including regulatory T cells (Treg cells),

macrophages, and dendritic cells, are a major source of IL-10
in the gut (36-38).

This study used a colitis mouse model to investigate the
effects of prolonged DSS treatment. We used prolonged DSS
treatment because, in terms of the duration of DSS treatment,
the short-term administration of DSS has been used as an
acute colitis model in previous studies, while low-dose and
long-term administration for periods of around 10 days have
often been used as model for chronic colitis (39,40). We found
no differences between the PBS group and the 06CC2 group
after DSS administration for 10 days in our preliminary
experiments. We decided that a 10-day DSS treatment period
would be sufficient to identify any changes in mouse weight.

In this study we co-cultured LPMCs with 06CC2 and inves-
tigated which cells produced IL-10. LPMCs were separated
by MACS as follows: CD11b-positive cells, CD11c-positive
cells, and CD4-positive cells. It has been reported that IL-10
is produced by CD11b-positive cells, CD11c-positive cells, and
Treg cells. We confirmed that 06CC2 exposure dose-depend-
ently increased the gene expression of IL-10 in CDI11c-positive
cells, and to a lesser extent, CD11b-positive cells (Fig. 2), but
not CD4-positive cells (data not shown). Since CD11b and
CDllc are mainly expressed by macrophages and dendritic
cells, respectively, we believe that 06CC2 mainly affected
dendritic cells.

The 06CC2 administered to mice with DSS-induced
colitis resulted in increased numbers of Lactobacillus and
Bifidobacterium bacteria compared with mice not treated with
06CC2. This result occurred despite the fact that heat-killed
06CC2 was administered. Lactobacillus and Bifidobacterium,
both of which have probiotic characteristics, play a pivotal
role in the intestinal environment by preventing pathogen
colonization and maintaining normal mucosal immunity.
Increased numbers of Lactobacillus and Bifidobacterium lead


https://www.spandidos-publications.com/10.3892/mmr.2020.10925

1190

to downregulation of the gene expression of pro-inflammatory
cytokines such as TNF-a, IL-6, and IL-1 (25-41). Thus, as a
result of changing the composition of the intestinal microflora,
heat-killed 06CC2 may indirectly prevent colitis.

There were some limitations to this study. First, we
demonstrated that 06CC2 suppressed colon inflammation
by altering IL-10 production, but this should be confirmed
using genetically engineered animals such as IL-10 knockout
mice. However, administration of a neutralizing IL-10 anti-
body to DSS-induced colitis model mice demonstrated that
the protective effects of 06CC2 were mediated by IL-10.
Further study should aim to determine whether the number
of IL-10-producing LPMCs is increased in mice following
06CC?2 treatment. Unfortunately, we did not count the total
number of LPMCs because we focused primarily on LPMC
gene expression. However, we believe that our results are
valid because of the number of experimental replicates we
performed. MACS could not be used to strictly classify
LPMCs, though CDI11b-positive cells and CDl1l1c-positive
cells were considered to be macrophages and dendritic
cells, respectively. It is thus not exactly clear how 06CC2
directly or indirectly affects immune cells, although TLR2
gene expression in CDl1l1c-positive cells was increased by
06CC2 stimulation. We showed that 06CC2 may act on
macrophages or dendritic cells to induce IL-10 via TLR2
in vitro, but we have not demonstrated how the mechanism
of 06CC2 differs between in vivo and in vitro experiments.
Data concerning 06CC2 monotherapy in mice is almost
non-existent. However, we have performed a similar study
in humans. Participants ingested strain 06CC2 daily for
28 days, resulting in the elevation of fecal Bifidobacterium
abundance (data not shown). Although our study was limited
to only humans, 06CC2 may facilitate Bifidobacterium abun-
dance in other organisms.

In conclusion, oral administration of the 06CC2 strain
suppressed colon inflammation by altering IL-10 production
in colonic dendritic cells and macrophages. We expect that
06CC2 will be available clinically as a therapeutic agent in
the future.
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