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Abstract

Inflammatory bowel disease (IBD) is caused by dysregulation of colon mucosal immunity and mucosal epithelial barrier
function. Recent studies have reported that lipoteichoic acid (LTA) from Lactobacillus plantarum K8 reduces excessive pro-
duction of pro-inflammatory cytokine. In this study, we investigated the preventive effects of lysate of Lb. plantarum K8 in
dextran sulfate sodium (DSS)-induced colitis. Male Sprague-Dawley rats were orally pretreated with lysate of Lb. plantarum
K8 (low dose or high dose) or live Lb. plantarum K8 prior to the induction of colitis using 4% DSS. Disease progression
was monitored by assessment of disease activity index (DAI). Histological changes of colonic tissues were evaluated by
hematoxylin and eosin (HE) staining. Tumor necrosis factor-alpha (TNF-c), interleukin-6 (IL-6) levels were measured using
enzyme-linked immunosorbent assay (ELISA). The colon mRNA expressions of TNF-q, IL-6, and toll like receptor-2 (TLR-
2) were examined by quantitative real-time-transcription polymerase chain reaction (QPCR). Lysate of Lb. plantarum K8
suppressed colon shortening, edema, mucosal damage, and the loss of DSS-induced crypts. The groups that received lysate
of Lb. plantarum K8 exhibited significantly decreased levels of the pro-inflammatory cytokines TNF-o and IL-6 in the colon.
Interestingly, colonic expression of toll like receptor-2 mRNA in the high-dose lysate of Lb. plantarum K8 group increased
significantly. Our study demonstrates the protective effects of oral lysate of Lb. plantarum K8 administration on DSS-induced

colitis via the modulation of pro-inflammatory mediators of the mucosal immune system.
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Introduction

Inflammatory bowel disease (IBD), which includes ulc-
erative colitis and Crohn’s disease, is a severe, chronic,
idiopathic autoimmune disease of the gastrointestinal
tract (Podolsky, 2002). IBD is caused by the dysregula-
tion of colon mucosal immunity and mucosal epithelial
barrier function. Therefore, IBD patients may exhibit an
abnormal expression of pro-inflammatory cytokines and
other mediators that induce inflammatory activation of
the colonic mucosal immune system (McGuckin et al.,
2009; Neuman, 2007; Papadakis and Targan, 2000; Pod-
olsky, 1991; Sartor, 2006). Current therapies for IBD in-
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clude pharmacological interventions, such as anti-inflam-
matory drugs and immunosuppressive antibiotics, but
these therapies have limited benefits and significant side
effects (Carvalho and Hyams, 2007; Triantafillidis et al.,
2011). A more reliable strategy would be the total preven-
tion of disease symptoms or non-pharmaceutical treat-
ment, such as nutritional therapy with prebiotics and pro-
biotics (Neuman and Nanau, 2012). Although probiotics
are generally defined as live microorganisms, published
evidence suggests that lysates or components isolated
from probiotics function similarly to probiotics (Adams,
2010; Kataria et al., 2009; Zakostelska et al., 2011). Spe-
cifically, recent studies have reported that lipoteichoic acid
(LTA), which is a cell wall component, obtained from Lb.
plantarum K8 induces lipopolysaccharide (LPS) toler-
ance and reduces the excessive production of pro-inflam-
matory cytokines and nitric oxide in the macrophage or
monocytic cell lines (Kang et al., 2011; Kim et al., 2011;
Ryu et al., 2009). Therefore, LTA from Lactobacillus plan-
tarum K8 may control the homeostasis of intestinal infla-
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mmation during disease states, such as IBD. Based on
these observations, we hypothesized that lysate of Lb. plan-
tarum K8 containing LTA would also protect the histo-
logical mucosa from damage due to disruption by decrea-
sing the levels of pro-inflammatory cytokines in colitis-
induced rats. We also compared the effects of the cellular
particles with those of live Lb. plantarum K8.

Materials and Methods

Preparation of Lb. plantarum lysate

Lysate of Lb. plantarum K8 containing LTA as 261 ng/
10'® CFU were provided by Sampyo Food Industry (Ko-
rea). Briefly, Lb. plantarum K8 (KCTC 10887BP, KCLB,
Seoul, Korea) was grown in MRS broth at 37°C for 18 h,
the cells were harvested by centrifugation, and the cellu-
lar particles were produced using a high-pressure homog-
enizer (Avestin Inc., Canada). The contents of LTA was
confirmed as previously described (Kang et al., 2011)

Experimental design

A total of 47 7-wk-old male Sprague-Dawley rats were
adapted for 1 wk and assigned into five groups via strati-
fied randomization using body weight: the normal control
group (CON/n=10), a colitis control group (DSS/n=9), a
group treated with live Lb. plantarum K8 (1x10° CFU/d;
DLP/n=9), and two groups treated with Lb. plantarum
cellular particles in doses of 1x0° CFU/d or 1x10'° CFU/
d (DDL/n=10 and DDH/n=9, respectively). All groups
were provided a diet of normal chow throughout the ex-
perimental period. On 0 d and continuing until 13 d, the
animals were orally gavaged once daily with either 500
pL of distilled water, live cells, or lysate of Lb. plantarum
K8. On 7d, 4% DSS w/v (molecular weight, 36-50 kDa;
MP Biomedicals, France) was substituted for drinking
water in the DSS, DLP, DDL, and DDH groups to induce
colitis, which was continued until 14 d, when the animals
were sacrificed. The CON group continued to drink dis-
tilled water throughout the entire experimental period.
The Institutional Animal Care and Use Committee of
Ewha Womans University approved the study protocol
(approval #2012-01-004).

Assessment of colitic Disease Activity Index (DAI)

The severity of colitis was assessed daily using a Dis-
ease Activity Index (DAI) based on the scoring system of
Cooper et al. (Cooper et al., 1993), which scores body
weight loss, stool consistency, and fecal bleeding on an
increasing severity scale from 0 to 4 (Table 1). The DAI

Table 1. Disease Activity Index (DAI) scoring in DSS-indu-
ced colitis

Score Weight loss Stool Fecal
(%) consistency’ bleeding
0 <0 Normal Normal
1 1-5 - -
2 6-10 Soft Slightly bloody
3 11-20 Loose Bloody
4 >20 Diarrhea Severely bloody

'Weight loss was calculated [weight loss (%) = (Weighty,,, —
Weighty,,4) / Weighty,, X 100%] and scored. *
2Stool consistency: Normal (well-formed pellets), Soft (do not ad-
here to the anus), Loose (pasty and semi-formed stools that adhere
to the anus), Diarrhea (liquid stools that adhere to the anus).

was calculated as follows: (combined score for weight
loss, stool consistency, and fecal bleeding)/3.

Histological analysis

The colon was excised from the cecum to the rectum at
the end of the experimental period, and the middle colon
(1 cm) was obtained for histopathological analysis. The
colon samples were fixed immediately in a 10% formal-
dehyde solution, embedded in paraffin, cut into 5-um
trans-verse sections, mounted on glass slides, deparaffini-
zed, and stained with hematoxylin and eosin (H&E) for
histological assessment.

Colonic inflammatory cytokine level assays

The distal colon tissue samples were homogenized in
700 pL lysis reagent (Sigma-Aldrich, USA) and 70 puL
protease inhibitor (Sigma-Aldrich). The homogenate was
centrifuged at 20,000 g for 15 min at 4°C (Union 32R
PLUS, Hanil, Korea), and the supernatants were stored at
-80°C until assays for the determination of cytokine lev-
els were performed. The level of each cytokine was deter-
mined using a Duo Set enzyme-linked immunosorbent
assay (ELISA) (R&D Systems, USA) based on a sandwich
ELISA, and the results are expressed as pg/mg of protein
in each sample. Briefly, 96-well plates were coated for 24
h at 4°C with a purified mouse anti-rat cytokine capture
antibody. After washing three times with wash buffer, the
wells were blocked with reagent diluent at room temper-
ature for 1 h and washed three times with wash buffer.
Recombinant rat cytokines were used as standards, and
the colon samples were subsequently added. The plates
were incubated at room temperature for 2 h. After wash-
ing three times with wash buffer, a biotinylated goat anti-
rat cytokine detection monoclonal antibody was added.
BSA-PBS with 2% heat-inactivated normal goat serum
was used for IL-6. The plates were incubated at room
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temperature for 2 h and washed three times with wash
buffer. Streptavidin-conjugated horseradish peroxidase
was added, and the plate was incubated at room tempera-
ture for 20 min. After washing three times with wash
buffer, a substrate solution was added, and the plate was
incubated at room temperature for 20 min. Finally, a stop
solution was added to the plate, and the absorbance was
read at 450 nm using a microplate reader (Eon Microplate
Spectrophotometer, BioTek® Instruments, Inc., USA). Cy-
tokine concentrations were determined using a standard
curve and normalized to the amount of protein in the
colon sample as measured using a BCA protein assay Kkit.

Determination of colonic mRNA expression

Total RNA was extracted from distal colonic samples
using the TRIzol protocol (Invitrogen, USA). Single-
stranded cDNA (20 pg) was synthesized from total RNA
using the High-Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, USA). The manufacturer’s pro-
tocol for the PCR system was followed. The following
TagMan primer/probe sets were used to specifically detect
the indicated target genes: TNF-a (Rn99999017 m1), IL-
6 (Rn99999011 ml), TLR-2 (Rn02133647 sl), and (-
actin (Rn0067869 m1). The PCR reactions were per-
formed in a 96-well Optical Reaction Plate (Applied Bio-
systems, USA), and B-actin, which was expressed at simi-
lar levels in all samples tested, was used as an endoge-
nous control. Expression of the target genes was cali-
brated against the conditions found in the normal control
animals.

Statistical analysis

Results are presented as means and standard errors (SE).
The data were analyzed using Statistical Analysis Systems
package version 9.2 (SAS Institute, USA). The differences
between groups (CON, DSS, DLP, DDL, and DDH) were
analyzed using one-way analysis of variance (ANOVA)
with a post hoc Duncan’s test. Statistical significance was
indicated by p<0.05.

Results

DAIs and colon lengths

Lb. plantarum K8 or lysate of Lb. plantarum K8 did
not overcome DSS-induced body weight suppression (data
not shown), but the mean disease activity indexes (DAIs)
in the DLP, DDL, and DDH groups were significantly
lower than the DSS group at 4d (p=0.0001, Fig. 1A).
However, no differences in the mean DAIs of all DSS-
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Fig. 1. Disease activity index (DAI) (A) and colon length (cm)
(B) in DSS-induced colitic rats during the period of
colitis induction. CON (Control, non-colitis induced, n=
10), DSS (colitis induced, n=9), DLP (colitis induced +
1x10° CFU/d live Lb. plantarum K8, n=9), DDL (colitis
induced + 1x10° CFU/d lysate of Lb. plantarum K8, n=
10), DDH (colitis induced + 1x10'° CFU/d lysate of Lb.
plantarum K8, n=9). All values are expressed as means+
SE. Statistical significance was determined using one-way
ANOVA. Different letters at each day indicate significant
differences at the p<0.05 level using Duncan’s multiple
range test.

treated groups were evident from 5 d because symptoms
of DSS-induced colitis were exacerbated in all DSS-trea-
ted groups. Colon lengths are shown in Fig. 1B. The colon
length of the DSS group (14.26+0.50) was significantly
shorter than the CON group (17.47+0.57), whereas the
DLP (14.86+0.57) and DDL groups (14.80+0.23) tended
toward less colon shortening compared with the DSS
group (Fig. 1B). Particularly, the colon length of the DDH
group was significantly longer than the DSS group (p<
0.0001) among the experimental groups.

Microscopic analysis of colonic tissue
Microscopic colonic tissue architecture is shown in Fig.
2A. Severe destruction of epithelial cells, polymorphonu-



832 Korean J. Food Sci. An., Vol. 34, No. 6 (2014)

CON

—o

30

20 A

10 A

Number of goblet cells/crpt

b

Ll

o

CON DsS

DLP DDL DDH

Fig. 2. Representative colon histopathology images of colons (A), and the number of goblet cells in colonic crypts (B) in DSS-
induced colitic rats during the period of colitis induction. CON (Control, non-colitis induced, n=10), DSS (colitis induced, n=
9), DLP (colitis induced + 1x10° CFU/d live Lb. plantarum K8, n=9), DDL (colitis induced + 1x10° CFU/d lysate of Lb. planta-
rum K8, n=10), DDH (colitis induced + 1x10'° CFU/d lysate of Lb. plantarum K8, n=9). All values are expressed as means+SE.
Statistical significance was determined using one-way ANOVA. Different letters indicate significant differences at the p<0.05 le-
vel using Duncan’s multiple range test. Glandular epithelium destruction (arrowhead), neutrophil infiltration (arrow), edema (sharp
arrow), cryptic dilatation (*), or submucosal extension of inflammation (S). H&E stain; bar, 100 um and 500 um.

clear cell infiltration, mucous epithelial necrosis, and
edema in the mucosa and submucosa were observed in
the colon wall mucosa in all DSS groups. Inflammation,
inflammatory cell infiltration, and mucosal edema were
reduced in the DLP, DDL and DDH groups. The lysate of
Lb. plantarum K8-treated groups also showed a dose-
dependent improvement. In particular, the DDH group
appeared to be completely protected from damage, even
more than the DDL or DLP groups, based on a decrease
in edema and cell destruction compared with the DSS
group. The mean numbers of goblet cells in crypts from
three areas on each H&E slide are shown in Fig. 2B. The
number of goblet cells was significantly reduced in the
DSS group compared to the DLP, DDL, and DDH groups

(»p<0.0001), which was similar to that in the CON group.

Pro-inflammatory cytokines in the colon

The levels of cytokines secreted into the colon are shown
in Fig 3A. Colonic TNF-a levels were significantly inc-
reased in the DSS group compared to the CON group.
The DLP, DDL, and DDH groups had significantly lower
colonic TNF-a levels compared to the DSS group (Fig.
3A, p=0.0094). The levels of colonic IL-6 in the DSS
group were also significantly increased compared to the
CON group, whereas colonic IL-6 levels in the DDL and
DDH groups were significantly decreased compared to
the DSS group (Fig. 3A, p=0.0370). However, a tendency
toward a decrease in colonic IL-6 levels was observed in
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Fig. 3. Effect of live or lysate of Lb. plantarum K8 on colonic
TNF-o and IL-6 levels (A) and their mRNA expres-
sion levels (B) in DSS-induced colitis rats. CON (Con-
trol, non-colitis induced, n=10), DSS (colitis induced, n=
9), DLP (colitis induced + 1x10° CFU/d live Lb. plantarum
K8, n=9), DDL (colitis induced + 1x10° CFU/d lysate of
Lb. plantarum K8, n=10), DDH (colitis induced + 1x10'
CFU/d lysate of Lb. plantarum K8, n=9). All values are
expressed as means+SE. Statistical significance was deter-
mined using one-way ANOVA. Different letters indicate
significant differences at the p<0.05 level using Duncan’s
multiple range test.

the DLP group compared with the DSS group. The mRNA
levels of TNF-o and IL-6 are presented in Fig. 3B. The
levels of TNF-ao mRNA in the colon of the DSS group
tended to increase compared with CON. TNF-o. mRNA
levels tended to be lower in the DLP, DDL, and DDH
groups than the DSS group, but this difference was not
significant between the experimental groups (p=0.3418).
IL-6 mRNA levels in the DSS group were significantly
increased compared to the CON group. Furthermore, IL-
6 mRNA levels tended to be lower in the DDL and DDH
groups than in the DSS group.

Toll-like receptor 2 gene expression

Colonic TLR-2 mRNA levels increased significantly in
the DSS group compared to the CON group, whereas the
levels of TLR-2 mRNA tended to decrease in the DLP
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. Effect of live or lysate of Lb. plantarum K8 adminis-
tration on colonic expression of toll-like receptor 2
(TLR-2) mRNA in DSS-induced colitic rats. CON (Con-
trol, non-colitis induced, n=10), DSS (colitis induced, n=
9), DLP (colitis induced + 1x10° CFU/d live Lb. plantarum
K8, n=9), DDL (colitis induced + 1x10° CFU/d lysate of
Lb. plantarum K8, n=10), DDH (colitis induced + 1x10'°
CFU/d lysate of Lb. plantarum K8, n=9). All values are
expressed as means+SE. Statistical significance was deter-
mined using one-way ANOVA. Different letters indicate
significant differences at the p<0.05 level using Duncan’s
multiple range test.

and DDL groups compared with the DSS group (Fig. 4).
Interestingly, TLR-2 mRNA levels increased significantly
in the DDH group compared to the other groups (p=
0.0003).

Discussion

Lysate of Lb. plantarum K8 and its constituent which is
LTA exerted anti-inflammatory effects via the weak acti-
vation of TLR2 in previous studies in macrophage or
monocytic cell lines (Kang et al., 2011; Kim et al., 2011,
Ryu et al., 2009). Specifically, pretreatment with 10-100
pg/mL of highly purified LTA isolated from Lb. plan-
tarum K8 reduced Gram-negative sepsis and induced tol-
erance upon LPS-stimulated monocyte activation via the
inhibition of intracellular signal transduction and the re-
duction of pattern recognition receptors in human mono-
cytic THP-1 cells (Kang et al., 2011; Kim et al., 2011).
The present study confirmed that lysate of Lb. plantarum
K8 which contained LTA as 261 ug/10'° CFU mitigate
colitis pathophysiology by modulating the mucosal im-
mune system in DSS-induced colitic. When the gastroin-
testinal fluid in the rats (12.6 mL) was considered (May-
hew and Carson, 1989), the administrated dosage (261 pg/
12.6 mL) was consistent with the previous in vitro studies
(Kang et al., 2011; Kim et al., 2011). In particular, a high
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dose of Lb. plantarum K8 lysate significantly induced
TLR-2 mRNA expression.

TLRs are responsible for microbial recognition, the in-
duction of anti-microbial genes, and the control of the
adaptive immune response (Li et al., 2010). Interestingly,
besides TLR-4, which recognizes LPS, TLR-2 recognizes
pathogenic and non-pathogenic peptidoglycan and LTA,
which are principal components of Gram-positive bacte-
ria, including the Lactobacillus genus (Han et al., 2003;
Veckman et al., 2004). In a previous study, LTA obtained
from Lb. plantarum K8 acted as a TLR-2 activator and
suppressed inflammation stimulated by LPS or Shigella
flexneri peptidoglycan in the human monocytic THP-1
cells (Kim et al., 2011). Additionally, the present results
show that colonic mRNA expression of TLR-2 in the DDH
group was significantly increased compared with that in
all of the experimental groups, whereas colonic TLR-2
mRNA expression in the DDL group tended to be lower
than in the DSS and DLP groups. Several studies have
reported a protective effect of TLR-2 on the intestinal
epithelial barrier via the regulation of the expression of
tight junction proteins (Cario, 2008; Cario et al., 2007,
Rakoff-Nahoum et al., 2004; Yuki ef al., 2011).

Pro-inflammatory mediators play central roles in the
pathogenesis of IBD, including UC (Papadakis and Targan,
2000; Suzuki, 2012). The mucosal production of pro-in-
flammatory cytokines and immune cells are increased by
enhanced intestinal permeability and the consequent im-
mune cell infiltration. Therefore, the DSS-induced murine
model and IBD patients show enhanced production of
pro-inflammatory cytokines, such as TNF-a and 1L-6 (Neu-
man, 2007). A number of studies have reported that the
administration of live or killed bacteria of the Lb. plan-
tarum genus decreases colonic pro-inflammatory cytok-
ines and/or increases anti-inflammatory cytokines (Chen
et al., 2012; Fujiki et al., 2012; Geier et al., 2007; Mileti
et al., 2009; Zhou et al., 2012). However, the physiologi-
cal effects might be varied according to the strains. There-
fore, we examined the levels and mRNA expression of
colonic pro-inflammatory cytokines in the DSS-induced
IBD rats treated with Lb. plantarum K8 live cells or lys-
ates. TNF-a is known to induce the inflammatory res-
ponse and apoptosis in intestinal epithelial cells (Suzuki,
2012). In this study, the DLP, DDL, and DDH groups sig-
nificantly decreased colonic TNF-a level and tended to
decrease TNF-oo mRNA expression compared with the
DSS group. IL-6, which stimulate neutrophils and are
associated with necrosis in the colon, are key mediators
of IBD progression (Suzuki, 2012). In the present study,

the DDL and DDH groups showed decreased colonic IL-
6 protein and mRNA expression levels compared to the
DSS group. However, DLP administration decreased col-
onic pro-inflammatory cytokine levels, but no significant
difference in colonic mRNA expression of pro-inflamma-
tory cytokines was evident. Our results suggest that cellu-
lar particles are better anti-IBD nutritional supplements
than live probiotics at the same doses because greater ex-
posures of LTA might be exposed to the colonic mucosa.

Conclusions

Lysate of Lb. plantarum K8 was found to protect against
damage to the histological mucosa and disruption of the
balance of the immune system induced by DSS colitis.
Lysate of Lb. plantarum K8 decreased neutrophil infiltra-
tion of the colonic mucosa and inhibited the production of
pro-inammatory cytokines, including TNF-o and IL-6
mRNA levels. Furthermore, DSS-induced colitis symp-
toms, such as weight loss, diarrhea, fecal bleeding, and
shortened colon length, were reduced. In particular, a
high dose of Lb. plantarum K8 lysate may mediate the
TLR-2 signaling that is associated with tight junctions.
Therefore, we suggest that the improvement in colonic
immune function in the high-dose Lb. plantarum K8
lysate (1x10'° CFU/d)-administered group may result
from TLR-2-mediated signaling and/or immune system
regulation via the induction of LPS tolerance stimulated
by LTA as a low-grade inflammation. Further studies
should be performed to elucidate TLR-2-mediated signal-
ing by determining its epithelial barrier function, and
human clinical trials are needed for nutritional treatments
for gastrointestinal inflammatory conditions including
IBD using Lb. plantarum K8 lysate.
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