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Abstract

AIM: To investigate the role of Lactobacillus crispatus
(L. crispatus) strain China Center for Type Culture Col-
lection (CCTCC) M206119 in intestinal inflammation.

METHODS: Forty 8-wk-old Balb/c mice (20 £ 2 g)
were divided into four groups of 10 mice each. Three
groups that had received dextran sulfate sodium (DSS)
were administered normal saline, sulfasalazine or
CCTCC M206119 strain, and the fourth group received
none of these. We assessed the severity of colitis using
a disease activity index, measured the colon length and
weight, collected stools and mesenteric lymph nodes
for bacterial microflora analysis. One centimeter of the
proximal colon, middle colon and distal colon were col-
lected and fixed in 10% buffered formalin, dehydrated
in ethanol, and embedded in paraffin. Interleukin (IL)-
1B, IL-6 and tumor necrosis factor (TNF)-a. expression
was detected using reverse transcription polymerase
chain reaction. Protective factors zonula occludens
(ZO)-1 and p-defensin 2 were detected by immunoblot-
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ting. The features of CCTCC M206119 strain were iden-
tified based on morphology, biochemical profile, and
16S RNA sequencing.

RESULTS: DSS-colitis animals treated with CCTCC
M206119 had markedly more severe disease, with
greater weight loss, diarrhea, fecal bleeding, and short-
ened colon length. In addition, the CCTCC-M206119-
treated group had comparatively higher histologi-
cal scores and more neutrophil infiltration than the
controls. Expression of protective factors ZO-1 and
B-defensin 2 was downregulated due to destruction
of the mucosal barrier after CCTCC M206119 strain
treatment. An /n vitro assay demonstrated that CCTCC
M206119 strain increased the nuclear translocation of
nuclear factor-kB in epithelial cells. Intestinal proinflam-
matory or anti-inflammatory cytokine responses were
evaluated. Proinflammatory colonic cytokine (IL-1B, IL-6
and TNF-a) levels were clearly increased in CCTCC-
M206119-treated animals, whereas anti-inflammatory
colonic cytokine (IL-10) level was lowered compared
with saline or 5-aminosalicylic-acid-treated DSS-colitis
mice. Next, CCTCC M206119 strain was characterized
as L. crispatus by microscopic morphology, biochemical
tests and 16S rRNA gene level.

CONCLUSION: Not all lactobacilli are beneficial for in-
testinal inflammation, and L. crispatus CCTCC M206119
strain is involved in exacerbation of intestinal inflamma-
tion in DSS-colitis mice.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Inflammatory bowel diseases (IBD), including Crohn’s
disease and ulcerative colitis (UC), are characterized by an
abnormal activation of the gut-associated immune system
resulting in a chronic inflammation of the digestive tract''!
It is widely accepted that a combination of genetic fac-
tors, immune disorders and environmental factors could
be involved in the etiology of IBD". Recent research has
shown that some commensal and pathogenic bacteria are
closely related to these diseases’™".

In acute dextran sulfate sodium (DSS)-induced colitis,
bactetia and/or bacterial products play a major role in
the initiation of inflammation but not in chronic DSS-
colitis”™. In the neonatal period, IL-70 gene-deficient mice
have decreased levels of colonic Lactobacillus spp. and an
increase in colonic mucosal adherent and translocated
bacteria. Normalizing Lactobacillus spp. levels reduces co-
lonic mucosal adherent and translocated bacteria and pre-
vents colitis”. Also, it is widely accepted that antibiotic
treatment can definitely alleviate the clinical manifestation
of UC. Various antibiotics have been shown to exhibit
varying abilities to prevent and treat colitis in HLLA-B27
rats and I1.-70”" mice””. Some authors recommended
that where there are no bacteria, there is no colitis. Vari-
ous IBD models in rodents reared under germ-free con-
ditions are free of intestinal inflammation’. Increasing
evidence supports that luminal microflora, or their prod-
ucts, are probably an important initiating factor in the
pathogenesis of IBD".

Interestingly, facultative anaerobic Gram-positive bac-
teria and Lactobacillus spp. are decreased in patients with
active UC, whereas bifidobacteria are decreased in fecal
extracts from patients with Crohn's disease (CD)". An-
other group has shown that bifidobacteria are reported
to be deficient in rectal biopsies from patients with IBD
and studies of fecal flora in patients with CD suggest a
deficiency in both lactobacilli and bifidobacteria'". Fut-
thermore, a marked decrease in intestinal Lactobacillus spp.
precede the onset of colitis in II.-70 gene deficient mice,
and specific lactobacilli are relevant to disease induction
or progression in the 1L-10-deficient mouse model of
colitis"”. These studies offer strong evidence to support
the view that an imbalance in the intestinal microflora
triggers intestinal inflammation.

Microflora considered beneficial to the host includes
the genera Bifidobacterinm and Lactobacillus, whereas species
potentially pathogenic include Enterobacteriacae and clos-
tridia, Therefore, maintaining or recovering the intesti-
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nal microflora or mucosa-associated bacteria in specific
compartments has been proposed as a potential therapy
to treat IBD"). For example, the administration of the
VSL#3 probiotic cocktail delays relapse of pouchitis after
surgical resection ™", Probiotics have undergone investi-
gation for their capacity to reduce the severity of a num-
ber of inflammatory conditions including pouchitis and
UC. Also, some natural anti-inflammatory effects have
recently been shown for Lactobacillus salivarius, Lactobacillus
crispatus (L. crispatus), Bifidobacterinm and Lactobacillus plan-
tarnm and Lactobacillus casei Shirota based on experimental
colitis models" .

Despite the wide usage of probiotics in controlling
IBD, their efficacy is still controversial™*". Thus, it is
very difficult to draw a definitive conclusion in evaluat-
ing the role of microflora in pathogenesis of IBD, and
subsequently, the efficacy of controlling IBD. Some
published data have also questioned the safety of pro-
biotics. The possibilities include possible adverse effects
of probiotics in diseased or debilitated patients, rational
bacterial selection, bacterial translocation, and microflora
shift among individuals. Some published data have shown
that lactobacilli isolated from II.-10-deficient mice failed
to decrease tumor necrosis factor (TNF)-a production,
whereas six lactobacillus isolates from mice without coli-
tis significantly inhibited TNF-q, production. This indi-
cates that multiple strains of lactobacteria may be capable
of probiotic activity but, conversely, that not all strains of
lactobacteria have 7z vitro immunomodulatory activity!”.
Interestingly, it has been reported that Lactobacillus rham-
nosus GG exacerbated acute DSS-induced colitis, demon-
strated by increased colitic disease activity and histologi-
cal damage score, however, in a chronic colitis model, a
protective effect was observed™'.

In a previous study, we investigated and compared the
effect of different Lactobacillus and Bifidobacterium strains,
in a model of DSS-induced colitis™. When we screened
to find some probiotics that can be potentially thera-
peutic, we came across a strain L. ¢rispatus China Center
for Type Culture Collection (CCTCC) M206119 that is
capable of aggravating murine DSS-colitis. What was the
possible mechanism? Does it mean that probiotics safety
should be reconsidered?

In the present study, the promotive effects of strain
CCTCC M206119 on the development of the inflamma-
tion were analyzed using a DSS-colitis model in BALB/c
mice. We compated the effect of CCTCC M206119 admin-
istration, saline, and 5-aminosalicylic acid (5-ASA) treatment
on DSS-colitis in mice. Thus, we tested zz vivo and 7n vitro
whether and how the CCTCC M206119 strain could ag-
gravate epithelial damage of the colon, and indentified the
features of CCTCC M206119 strain based on morphology,
biochemical profiles, and 16S RNA sequencing;

MATERIALS AND METHODS

Bacterial strains and growth conditions
L. crispatus strain CCTCC M206119 was isolated from
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Groups Experimental design

Healthy control No DSS treatments

Negative control 5% (w/v) DSS dissolved in drinking water for 7 d
(saline)

Saline administered intragastrically once daily for
9d

Positive control 5% (w/v) DSS dissolved in drinking water for 7 d
(5-ASA)

5-ASA administered intragastrically once daily

for9d

Investigating group 5% (w/v) DSS dissolved in drinking water for 7 d
(CCTCC M206119)

CCTCC M206119 administered intragastrically

once daily for 9 d

DSS: Dextran sulfate sodium; 5-ASA: 5-aminosalicylic acid.

human feces in the Division of Digestive Disease of the
Second XiangYa Hospital (Changsha, Hunan, China),
and kept at China Center for Type Culture Collection
(CCTCC, Wuhan, China). Lactobacillus strains were grown
at 37 'C in de Man, Rogosa and Sharpe (MRS) medium
(Difco, MD, United States) without shaking.

Animals

Eight-week-old BALB/c mice of either sex were put-
chased from Hunan Agricultural University [SCXK
(Xiang 2002-003)], and then bred under specific patho-
gen-free conditions. Mice were kept in ventilated and
filtered cages, fed an irradiated diet, and housed on irradi-
ated bedding. Food and water were supplied ad Zbitum. All
animal experiments were performed in compliance with
the guidelines of the Chinese government approved by
the College BioResources ethical review board.

Preparation of bacterial strains and administration to
mice

Bacterial strains were grown to an optical density at 600
nm of 3 to 4 (eatly stationary phase) at 37 ‘C in MRS me-
dium anaerobically, harvested by centrifugation, washed
with sterile neutral saline, and resuspended at 10’ colony
forming units (CFU)/mL in neutral saline. Three hun-
dred microliters of this daily-prepared suspension was
fed daily to the mice iz intragastric gavage, whereas the
controls (both UC-induced and healthy mice) received
300 pL neutral saline »iz the same procedure.

DSS-induced colitis model and experimental design

Eight-week-old Balb/c mice (20 + 2 g) were divided
into a healthy control group, negative control (normal
saline) group, positive control (5-ASA, 6 mg/20 g) group,
and investigation (CCTCC M206119 strain) group, with
10 mice in each. Normal saline (300 pl.), sulfasalazine,
CCTCC M206119 strain were administered intragastri-
cally once daily for 2 d before starting DSS and con-
tinued for 7 d after DSS induction. Colitis was induced
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Score Weight loss (%) Stool consistency Occult/gross fecal bleeding

0 0 Normal Negative

1 1-5

2 5-10 Loose stool Hemoccult

3 10-15

4 >15 Diarrhea Gross bleeding

DAI = (combined score of weight loss, stool consistency, and bleeding)/3.
Normal stool, well-formed pellets; Loose stool, pasty and semi-formed
stool that does not adhere to the anus; Diarrhea, liquid stool that adheres
to the anus.

Score Inflammation Depth of  Destruction of crypt Width of

lesions lesions (%)
0 None None None
1 Mild Submucosa 1/3 basal crypt 1-25
2 Severe Muscularis 2/3 basal crypt 26-50
3 Sera Intact epithelium only 51-75
4 Total crypt and 76-100
epithelium

by 5% (w/v) DSS (molecular weight 35 000-50 000;
MP Biomedicals, Solon, OH, United States) dissolved
in drinking water for 7 d (Table 1). The healthy control
group received no DSS. Severity of colitis was assessed
daily using a disease activity index (DAI). After the sev-
enth day of induction of colitis, animals were euthanized
by COzasphyxiation. The colon lengths and weight were
measured. Under aseptic technique, 300 mg stools and
mesenteric lymph nodes (MLNs) were collected for bac-
terial microflora analysis. All the samples were placed
immediately in sterile tubes containing 5 mL of transport
medium. One centimeter of the proximal colon, middle
colon and distal colon was collected and fixed in 10%
buffered formalin, dehydrated in ethanol, and embedded
in paraffin. The remaining tissues were immediately snap-
frozen and stored at -80 C"***Y,

Assessment of colitis DAI

The severity of colitis was assessed daily using a DAI
based on the scoring system of Hamamoto ez al™ which
scotres body weight loss, stool consistency and occult/
gross fecal bleeding (Table 2). Occult blood in feces
was evaluated by means of Hemoccult II test (Beckman
Coulter, Palo Alto, CA, United States).

Histology and histological grading

Tissue fixed with 4% (w/v) paraformaldehyde in phos-
phate buffered solution (PBS) was prepared for light
microscopy, and 5-um-thick sections were stained with
hematoxylin and eosin to study histological changes.
Grading of intestinal inflaimmation was determined as
follows (Table 3)*. All scores were obtained in a blinded
fashion by two independent investigators.
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Genes Sequence of primers

GAPDH Sense 5-ATCACCATCTTCCAGGAGCG-3’
Anti-sense 5-CCTGCTTCACCACCTTCTTG-3’

IL-1B Sense 5-TTTTAATCAGCTATCCGGAC-3’
Anti-sense 5-TAATGGGAACGTCACACACC-3’

IL-6 Sense 5-ATGAAGTTCCTCTCTGCAAGAGACT3’
Antisense 5-CACTAGGTTTGTTTAATCTC-3’

TNF-o Sense 5-ACGTGGAACTGGCAGAAGAG-3’
Antisense 5-GGTTGTCTTTGAGATCCATGC-3’

Analysis of colon microflora

Three-hundred-microgram fecal samples were dispersed
in 2 mL PBS. Each pooled sample (0.1 mL) was serially
diluted vz 10-fold dilutions (from 10" to 10™%). Eosin
methylene blue agar, KULB agar, TTC azide dextrose
agar and mannitol salt agar were used for the enumera-
tion of Enterobacteriaceae, Bacteroides, Enterococcns and Staph-
ylococeus spp., respectively. Standard Nutrient Agar was
used for the enumeration of total aerobic bacteria. All
the plates wete incubated at 37 C, aerobically, for 24-48
h and the number of colonies were counted. Brain-heart
infusion agar and LAMVAB agar wete used to enumerate
bifidobacteria and lactobacteria, respectively. Anaerobic
incubation was cartied out in anaerobic jars (Oxoid, Bas-
ingstoke, Hants, United Kingdom) at 37 'C for 48-72 h.
Anaerobic conditions were obtained using Anaerogen
(Oxoid) and were checked using methyl blue strips as
oxidation reduction indicator. CFUs were counted and

expressed per gram of sample”™*".

Myeloperoxidase activity

The extent of neutrophil infiltration was determined by
myeloperoxidase (MPO) assaymj. Briefly, 500 mg colon
was homogenized in 1 mL iced 0.5% hexadecyltrimethyl-
ammonium bromide buffer. The aliquot was centrifuged
(4000 g, 15 min) and the supernatant was diluted into
5% homogenates. A mixture of 0.1 mL 0.05% hydrogen
peroxide and 0.9 mL 5% homogenates was vortexed
to release MPO from the tissue. After incubation in
37 °C for 15 min, 0.2 mL mixture was added to 3 mL
O-dianisidine reaction mixture and incubated for 30 min
at 37 "C. Sodium azide (50 pL, 2.0%) was added and in-
cubated at 60 C for 10 min. Absorbance of the reaction
mixture was measured at 460 nm by spectrophotometer.
Saline was used as a control. MPO activity was expressed
as U/g tissue.

Nuclear translocation of nuclear factor-«B in CCTCC-
M206119-stimulated HT-29 cells

HT-29 cells (purchased from Y-Y Chemical Reagent Co.
Ltd., Shanghai, China) were cultured in RPMI 1640 medi-
um (Gibco, Rockville, MD, United States) supplemented
with 10% fetal calf serum under 5% COz2 at 37 'C and
divided into negative control, TNF-a (10 ng/mL) and
CCTCC M206119 groups. CCTCC M206119 was diluted
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to 10" CFU/mL with RPMI 1640 medium. HT-29 (3 X
10° cells) were cultured in 24-well tissue culture plates
for 72 h and TNF-g or CCTCC M206119 was added.
After 4 h of incubation, HT-29 cells were fixed in cold
methanol for 5-15 min. The fixed cells were blocked
in 5% bovine serum albumin (BSA)/PBS for 1 h on
ice. We remove the blocking buffer and added primary
antibody anti-nuclear factor (NF)-kB p65 (10 pg/mL)
(MBL, Woods Hole, MA, United States; clone 8F11, rat
I2G2a) diluted in PBS/0.3% Triton X100/1%BSA/1%
serum overnight at 4 ‘C in a humidified chamber. After
washing three times for 10 min with PBS on ice, the cells
were incubated with anti-rabbit Cy3 (10 pg/mL) (Abcam,
Cambridge, United Kingdom; polyclonal rabbit IgG)
for 1 h at room temperature. The cells were mounted
in Vectashield mounting medium (Vector Laboratories,
Burlingame, CA, United States) with 4',6'-diamidino-
2-phenylindole hydrochloride after three washes in PBS
at room temperature, and analyzed by a Nikon ECLIPSE
E600 fluorescent microscope. The ratio of positive nu-
clear cells to total cells represented the nuclear transloca-
tion of NF-kB. The average number of positive stained
cells within at least nine independent high power fields
(400 X magnification) were determined microscopically
and subjected to statistical analysis as indicated.

Reverse transcription polymerase chain reaction

Total tissue RNA was isolated using TRIzol reagent fol-
lowing the manufacturer’s instructions For each sample,
first-strand cDNA was synthesized using 1.0 pg total
RNA with oligo dT23VN primer and M-MuLVuLV re-
verse transcriptase (Gibco). Five milliliters cDNA samples
were amplified in 25 pL of a reaction mixture containing
10 X Taq buffer, 1.5 mmol MgClz, 5 umol dNTPs (each),
10 umol of each 5' and 3' primers, and 2 U TaqGold
polymerase (Perkin-Elmer Cetus, Waltham, MA, United
States). Polymerase chain reaction (PCR) was performed
in a thermal cycler (GeneAmp Model 2400; Perkin-Elmer
Cetus) for 22 cycles (94 'C for 30 s, 55 C for 30 s, and
72 °C for 1 min), followed by a 10-min extension at 72 C.
The PCR products (5 pl.) were subjected to electropho-
resis on 1.5% agarose gels and stained with 0.5 pg/mL
ethidium bromide. Primers used in this paper are illus-
trated in Table 4.

Immunoblotting

Colon extracts (40 ug total protein) from each group of
mice were resolved by SDS-PAGE under reducing condi-
tions and transferred to a nitrocellulose membrane (Bio-
Rad Laboratories, Hercules, CA, United States). The
membrane was blocked with 5% nonfat dry milk over-
night and incubated with a rabbit polyclonal antibody
to zonula occludens (ZO)-1, B-defensin 2 (Lab Version,
Fremont, CA, United States), with a rabbit polyclonal
antibody to IL-1B, IL-6 or TNF-q (Santa Cruz Biotech-
nology, Santa Cruz, CA, United States), with a mouse
monoclonal antibody to IL-10 (BD Biosciences, Franklin
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Lakes, NJ, United States), or with an anti 3-actin or glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) anti-
body (Affinity BioRegents, Golden, CO, United States)
for loading control. Antigen-antibody binding was de-
tected with horseradish-peroxidase-conjugated anti-rabbit
or mouse IgG (Vector Laboratories) using enhanced che-
miluminescence (Amersham Biosciences, Piscataway, NJ,
United States).

Scanning electron microscopy

To investigate the characterization of CCTCC M206119
strain, 10° CFU/mL bactetia werte grown for 18 h in
MRS (Difco), washed with PBS and fixed with 2.5% glu-
taraldehyde. After two washings with PBS, samples were
dehydrated with ethanol to the critical point, coated with
20 nm of gold in the scanning electron microscopy (SEM)
coating unit, and examined by a XI.30 ESEM scanning
electron microscope (Philips, Eindhoven, Netherlands).

Biochemical profiling

CCTCC M206119 strain were grown on MRS agar and
incubated under anaerobic conditions at 37 C for 24-48 h.
All isolates were visualized by Gram staining. Biochemical
testing was performed with API 20A strips (BioMerieux,
Hazelwood, MO, United States) according to the manu-
facturet’s instructions. Catalase and SPOR tests were
performed according to the supplier’s recommendations
(Becton Dickinson). G + C percentage was determined
using high-performance liquid chromatography (HPLC)
method in the Chemistry College of Central South Uni-
versity (China). Ten microliters base standard and 10 pyL
DNA hydrolase were injected into the HPLC sample
injector and analyzed three times. The separating condi-
tions used were as follows: 250 mm Zonbax-C18 column,
0.05 mol/L NH4+H2POu (pH 4.0) and acetonitrile mixture
(20:1) as washing solution, 1 mL/min, moving phase: 2%
acetonitrile, 98% 50 mmol/L NaH2POu buffered solution
(pH 3.94), room temperature, detecting wavelength 254
nm and 270 nm, 0.1 mg/mL dA, dT, dG, dC solution
used as external standard.

16S rRNA gene sequencing

Approximately 700 bp of the 765 rRNA gene were
amplified with primers 16S-F (5-AGA GTT TGA TCA
TGG CTC AG-3’) and 165-R (5>-CAC CGC TAC ACA
TGG AG-3’) under the following PCR conditions: 95 C
for 5 min; 10 cycles of 94 °C for 30 s, 70 ‘C for 30 s, and
72 °C for 40 s; 26 cycles of 94 °C for 30 s, 60 C for 30 s,
and 72 C for 1 min; and 72 ‘C for 10 min. 16S tDNA
amplicons were gel purified by using SDS-PAGE and a
gel band purification kit (Amersham Biosciences). The
5’ terminus of the 765 rRINA gene was sequenced with
primers 16S-F and 16S8-R by using an ABI Prism 3100
(Applied Biosystems) sequencing system and an ABI
Prism BigDye Terminator cycle sequencing ready reac-
tion kit (version 2.0, Applied Biosystems). Sequencing
traces of amplicons containing ambiguous signals were
resubmitted for sequencing, rDNA sequences were ana-
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lyzed by using Lasergene (version 5.0, DNAStar, Madi-
son, WI, United States). Contigs were generated by using
SeqMan. Isolates wete identified by using the nucleotide-
nucleotide Basic Local Alignment Search Tool (BLASTn)
(www.ncbi.nlm.nih.gov/BLAST).

Statistical analysis

Data were analyzed by Student’s # test or analysis of vari-
ance (ANOVA). The Wilcoxon signed-rank test was used
to compare data that did not satisfy Student’s # test. P <
0.05 was considered significant.

RESULTS

Colonic inflammation was aggravated in DSS-colitis
mice after CCTCC M206119 treatment

Survival rate of DSS-colitis mice reduced to 80% from
day 5 after CCTCC M206119 treatment changes, which
differed from other groups significantly (Figure 1A).
Body weight loss, stool consistency, and occult/gross fe-
cal bleeding were evaluated and scored individually for
each animal according (Table 2). The scores were evalu-
ated statistically by ;{2 test and Monte Carlo exact test.
CCTCC-M206119-treated DSS-colitis animals showed
much higher DAI scores compared with 5-ASA- and
saline-treated DSS-colitis mice, starting from day 3 after
5% DSS treatment (Figure 1B).

After 7 d of treatment, all DSS-colitis mice showed a
significant reduction in their colon length compared with
the healthy controls. CCTCC-M206119-strain-treated
DSS-colitis mice had the shortest length (8.2 = 0.68 cm),
followed by saline- (9.8 * 0.56 cm) or 5-ASA- (10.0 £
0.89 cm) treated DSS-colitis mice (P < 0.05, Figure 1C).
CCTCC-M206119-treated DSS-colitis mice had markedly
more severe disease, with greater weight loss, diarrhea,
fecal bleeding, and shortened colon length.

The histological lesions were examined blindly and
the average scores were evaluated statistically by ANOVA.
In the acute study, CCTCC-M206119-treated DSS-colitis
mice presented scores of 10.9 £ 0.5 that differed statisti-
cally from those in the 5-ASA-treated DSS-colitis mice. It
became evident that the CCTCC-M206119-treated DSS-
colitis group had comparatively higher DAI scores than
the saline controls (P < 0.01, Figure 1D and E).

Furthermore, there was significant difference in MPO
enzymatic activity detected in the colons control mice
(1.038 + 0.012 U/g tissue), DSS plus saline group (18.368
+ 1.226 U/g tissue), DSS plus 5-ASA group (8.369 *
0.652 U/g tissue), and DSS plus CCTCC M206119 group
(24.565 + 2.006 U/g tissue) (Figure 1F). This indicated
that more neutrophils infiltrated DSS-colitis mice after
CCTCC M206119 treatment.

CCTCC M206119 administration changed the fecal
microflora in DSS-colitis mice

To characterize the role of CCTCC M206119 strain on
potential gut flora shifts during DSS-induced barrier
damage, we performed a bacterial-culture-based survey
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Figure 1 Colonic inflammation was aggravated in dextran sulfate sodium-colitis mice after China Center for Type Culture Collection M206119 treatment.
A: Survival rate changes of four age- and sex-matched BALB/c mouse groups (n = 10) [O : Healthy controls; ® : 5% dextran sulfate sodium (DSS) plus saline treat-
ment; A : 5% DSS plus 5-aminosalicylic acid (5-ASA) treatment; A : 5% DSS plus China Center for Type Culture Collection M206119] at the indicated time points; B:
Disease activity index (DAI) changes among groups in (A) after 7 d 5% DSS treatment at the indicated time points. Each point represents the mean + SE (n = 10); C:
Mean colon length (cm) for the mice in (A); D: Histological analysis of representative colons from the mice in (A) (original magnification, hematoxylin and eosin stain-
ing, 100 x); E: Summarized histological scores from colons of (D); F: Summarized myeloperoxidase (MPO) activities of colons from mice in (D).

of the gut flora in DSS-colitis mice treated with saline,
5-ASA, or CCTCC M206119 strain. No significant dif-
ferences in total aerobic bactetia or Enferococcus were ob-
tained for any of the groups. Bacterial counts of all fecal
aerobic [Escherichia coli (E. coli), Staphylococcus, Bacteroides,
or total aerobic bacteria] cultured in DSS-colitis mice
increased significantly compared to the healthy group.
Also, both E. coli and Staphylococens increased in the saline
group, whereas 5-ASA rebalanced the bacterial counts
of Staphylococcus to normal levels (Figure 2A). In contrast,
Lactobacillus in the colon lumen was reduced significantly
in all DSS-colitis groups, with no significant changes in
Bifidobacterium or Enterococcus spp. (Figure 2B).

To determine whether the changes in gut flora after
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CCTCC M206119 treatment were due to alteration of
the epithelial junction or antagonistic agents, we mea-
sured the expression levels of ZO-1 and B-defensin 2
from colons of DSS-colitis mice treated with saline or
CCTCC M206119 and healthy mice, by western blot-
ting. Expression of ZO-1 in healthy mice remained at an
abundant level compared to all DSS-colitis mice. Treat-
ment of mice for 5 d with 5% DSS plus saline reduced
Z.0-1 expression significantly compared to healthy mice,
whereas 5% DSS plus CCTCC M206119 strain reduced
Z0-1 expression dramatically at day 3. In contrast, no
[B-defensin 2 expression was detected in the healthy mice,
with relatively high expression of -defensin 2 detected
in the colons in mice that were treated with 5 d of either
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Figure 2 Alteration of fecal microflora in DSS-colitis mice after China Center
for Type Culture Collection M206119 treatment. Bacterial counts of (A) aerobic
(Escherichia coli, Staphylococcus, Bacteroides, total aerobic bacteria) and (B) an-
aerobic (Bifidobacterium, Lactobacillus, Enterococcus spp.) in colon luminal contents
from healthy animals and dextran sulfate sodium (DSS)-colitis mice treated by saline,
5-aminosalicylic acid (5-ASA), or China Center for Type Culture Collection (CCTCC)
M206119 strain at day 2 and day 7 after DSS-treatment, as determined by culture.
The data sets were pooled from two independent experiments. Significance levels
were determined by U test. Underlined P values shown in black were calculated
from comparisons of healthy vs diseased animals; C: Zonula occludens (ZO)-1 and
defensin 2 expression from colons of DSS-colitis mice treated with saline or CCTCC
M206119 and healthy mice was measured by westem blotting at indicated time points;
GAPDH was used as a loading control. The data represent at least three experiments.
°P < 0.05 vs healthy group. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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5% DSS plus saline or 5% plus CCTCC M206119. After
5 d exposure to 5% DSS plus CCTCC M206119, there
was a significant (P < 0.05) decrease in B-defensin 2 level
in the colons of mice relative to 5% DSS plus saline
treatment (Figure 2C).

Effects of CCTCC M206119 strain on epithelial injury and
translocation of NF«B in vitro

Nuclear translocation of NF-kB p65 represents in-
creased inflammation at the initiation stage. To investigate
whether the aggravation of DSS-colitis after CCTCC
M206119 strain treatment was due to the initiation of
inflammation-related transcription, we detected the trans-
location of NF-kB p65 in HT-29 cells inoculated with
CCTCC M206119 strain. TNF-¢o was used as a control.
In the blank control, no positive staining for NF-kB p65
was detected. Both TNF-g and CCTCC M206119 strain
upregulated the translocation of NF-kB p65 7 vitro, with
more positively stained cells in the latter group (P < 0.05,
Figure 3A and B).

Colonic cytokines in CCTCC-M206119- or vehicle-treated
DSS-colitis mice

To investigate if CCTCC M206119 administration affect-
ed the expression of colonic cytokines, we first screened
the mRNA levels of the major colonic proinflamma-
tory cytokines by semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR). We observed in-
creased mRNA levels for IL-1 3, IL-6 and TNF-o from
the colons of DSS-colitis mice treated with CCTCC
M206119 strain or saline for 3 d. Also, it was evident that
mRNA levels of IL-1 §, IL-6 and TNF-o from colons
of CCTCC-M206119-treated DSS-colitis mice were
significantly higher than those from colons of saline-
treated DSS-colitis mice (Figure 4A). Next, we confirmed
the changes in expression of the above cytokines at the
protein level, suggesting that DSS treatment resulted
in increased expression of proinflaimmatory cytokines,
whereas DSS plus CCTCC M206119 strain treatment re-
sulted in significantly higher expression of the cytokines
mentioned above (Figure 4B).

Anti-inflammatory cytokine I1L-10 expression from
colons of DSS-colitis mice treated with saline, 5-ASA,
ot CCTCC M206119 was measured by western blot-
ting. IL.-10 expression was dramatically downregulated in
saline- and CCTCC-M206119-treated DSS-colitis mice,
with more significant changes in the latter group. In con-
trast, 5-ASA upregulated IL-10 expression compared to
saline-treated DSS-colitis mice (Figure 4C). It indicated
that CCTCC M206119 treatment inhibited the expression

of anti-inflammatory cytokine in DSS-colitis mice.

Characteristics of CCTCC M206119 strain

Distinct microscopic morphological features were ob-
served after Gram staining of broth-grown CCTCC
M206119 strain. Gram-positive, rod-shaped morphol-
ogy could be distinguished (Figure 5A). Under SEM,
CCTCC M206119 strain showed exclusively smooth rod-
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treatment; B: Positive staining areas were quantified as pixels per high-power microscopic field (400 x) using Photoshop. Error bars indicate mean + SD (n = 3).

or fork-shaped morphology, without spores, flagella or
capsules (Figure 5A). Based on analysis of the peak and
data of base C, G, T'and A, G + C mol% of CCTCC
M206119 strain was determined as 58.64% (Figure 5B).
All CCTCC M206119 strains tested were unable to utilize
indepamide, urea enzymes and gelatin. All strains tested
were able to utilize glucose, mannitol, lactose, saccharose,
maltose, salicin, L-xylose, arabitol, esculin, glycerol, cello-
biose, MNC, melezitose, D-raffinose, sorbitol, rthamnose,
and trehalose. All strains were found to be catalase nega-
tive [at 3% (v/v) H20z2]. With discriminant and factotial
analyses of data from all biochemical tests, a presumptive
identification scheme for CCTCC M206119 strain was
formulated based on biochemical properties. In conjunc-
tion with Gram stain morphology, biochemical profiling
can be used to differentiate among major groups of
lactobacilli (up to 95% confidence interval). In our ab-
breviated identification scheme, CCTCC M206119 strain
can be presumptively grouped into lactobacilli when bio-
chemical tests are combined with microscopic morphol-
ogy (Figure 5C). To verify the identities of the reference
strains used in this study, 16S trRNA genes were amplified
and sequenced. With BLASTn, CCTCC M206119 strain
was determined as L. crispatus at the 7165 rRINA gene level
(Figure 5D).

DISCUSSION

IBD, including CD and UC, are chronic immune-medi-
ated diseases in which endogenous bacteria are thought
to play an important role, as suggested by many clinical
observations and experimental studies summarized in re-
cent reviews!. Recent studies have also shown that some
bacterial strains or mixtures may have the capacity to pro-
mote ot reduce intestinal inflammation"™.
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Although the pathogenesis of IBD remains clusive,
the relevance of intestinal luminal bacteria in the initia-
tion and progression of chronic intestinal inflammatory
disorders is gaining support[‘m. However, no specific mi-
croorganism has been associated with the pathogenesis
of IBD, suggesting that qualitative/quantitative differ-
ences in the intestinal microbiota may play some role in
the initiation or perpetuation of intestinal inflammation.

In the current study, we compared the phenotypes of
DSS-colitis mice treated by saline, 5-ASA, and CCTCC
M206119 strain, trying to determine the role of the
probiotic bacterium. We demonstrated that CCTCC
M206119 treatment reduced survival rate of DSS-colitis
mice. CCTCC-M206119-treated DSS-colitis animals had
markedly more severe disease, with greater weight loss,
diarrhea, fecal bleeding, and shortened colon length. In
addition, the CCTCC-M206119-treated DSS-colitis group
had comparatively higher histological scores and more
neutrophil infiltration than the controls. To our surprise,
CCTCC M206119 strain could be characterized as L. ¢rés-
patus by microscopic morphology, biochemical tests and
165 rRINA gene level. Hence, our study suggested that
not all probiotics are safe for treatment of colitis. Instead,
probiotics safety should be carefully evaluated before
their application.

Other recent studies also have shown supporting
evidence. A strain of Lactobacillus salivarins was isolated
from blood and bile pus cultures of a 70-year-old man
with bacteremic acute cholecystitisp”. Administration of
different lactobacilli and a Bifidobacterinm strain in an acute
liver injury rat model has shown different effects on
bacterial translocation and hepatocellular damage. Bifido-
bacterinm animalis NM2 increases bacterial translocation to
the MLNs but does not affect hepatocellular damagemj.
Together with our data, some probiotics could act as op-
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Figure 4 Colonic cytokines changes in China Center for Type Culture
Collection M206119 or vehicle-treated dextran sulfate sodium-colitis mice.
Expression of interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-o. from
the colons of dextran sulfate sodium (DSS)-colitis mice treated with China Cen-
ter for Type Culture Collection (CCTCC) M206119 or saline was measured by (A)
RT-PCR and (B) western blotting at indicated time points; GAPDH was used as
a loading control; C: IL-10 expression from colons of DSS-colitis mice treated
with saline, 5-aminosalicylic acid (5-ASA), or CCTCC M206119 was measured
by western blotting at indicated time points; B-actin was used as a loading con-
trol. The data represent at least three experiments. GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase.

portunistic pathogens and result in endogenous infection
unexpectedly. Also, some researchers have demonstrated
that the activities to promote endogenous infections are
strain specific.

As we know, most lactobacilli have a remarkable record
of safety and have been consumed by humans for decades.
However, the possible involvement of certain strains has
been described in cases of sepsis, endocatditis, or bactere-
mia; mostly in association with a severe undertlying disease

(49

Boishidongs  WIG | www.wjgnet.com

A
- ’ Y s q{ &
"\,..\’ ,\ R
[ S
— ’[ ’ ‘
F ..
- -
85 8
g R & T
Gram staining. Oil 1000 x
B /| 8
18 - D
o~ o
E Nl P 2
(0] ~N
o i
8
S
t/min
C IND - ESC +
URE - GLY +
GLU + CEL +
MAN + MNC +
LAC + MLZ +
SAC + RAF +
MAL + SOR +
SAL + RHA +
XYL + TRE +
ARA + CAT -
GEL - SPOR -
D http://www.ncbi.nlm.nih.gov/blast
Lactobacillus crispatus

10 20 30 a0 50 60 7 80 90 100 uo

120 130 140 150 160 170 180 190 200 210 220
§ VY PO U PP U (P OB D HOUTY PO OO PO DODIN PO 4UUE DI 00T PO DO PO |

L
AAACAGGTGCTA TCAGCTTTTAAAL

L
TAGCTAGTTGGTAAGGT

AL VY ALYV VYW i VAWV YW T
AAACAGGTGCTAATACCGGATAAGAAAGCAGATCGCATGATCAGCTTTTAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGT

230 240 250 260 270 280 290 300 310 320
L 1 A L i ! ! 1 L 7ol (- R A L e i L L

TAAAGGCT T AGCAGTAGGGAATCTTCCA

AW it ihﬂnhhllhhmhﬂmhmhl“ It Wt AR

TAAAGGCTTACCAAGGCGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCARACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCA

330
1

340 350 360 370 380 390 400 a10 420 430 240
L I LA Ll e L Vil aie] (RO T | I i L i L FercBY
ACAATGGACGCA TT Ak TGT TTATTTG

L

ACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGEATCGTAMAGCTCTGTTGTTG6TGAAGAAGGATAGAGGTAGTAACTGGCCTTTATITG
500 510 520 530 540 550
R DO Y PO IR LU U OS] £ PO

450 460 470 430 490
PP Y DO 1 OO PP O OO | L
GACGGTAATCAACCAGAA ATA TGTCC! TAT AL AG

e ey

GACGGTAATCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGECAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGEAAG

560 570 580 590 600 610 620 630 640 650
L i TR ] (AATTY TR L Leiial I I 1 L) L f5ciil ! L
GAATA, A ACCGAGGA A TTTTCT TAGCG

Il il 0

A MO8 1GI Ui eS| s AR W LS DY G X AY \o0olX
TTAACCGAGGAACTGCATCGGAA, TTTICTTY TCCATGTGTTAGCG
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or detrimental condition””. In view of these facts, the
safety of potential probiotic microorganisms in these con-
ditions should be assessed individually. Bactetial transloca-
tion (BT) is most likely the first step in the possible passage
of viable (indigenous) bacteria to sterile body sites and is
thus important for sepsis, endocarditis, and bacteremia
caused by the commensal flora. In animal studies, mono
association experiments have shown that the type of colitis
is dependent on the bacterial species“z’3 I

Based on our research, E. ¢o/i and staphylococci were
increased in DSS-colitis mice, whereas lactobacilli in the
colon luminal contents were reduced significantly in all
DSS-colitis groups, with no significant changes in Bifido-
bacterium or Enterococcus spp. Furthermore, our data indi-
cated that changes in gut flora after L. erispatus CCTCC
M206119 treatment were related to reduced ZO-1 ex-
pression and increased f-defensin 2 expression. Our
vitro experiment showed that both TNF-q and CCTCC
M206119 strain upregulated the nuclear translocation
of NF-kB p65, with more positively stained cells in the
latter group. Other studies have found that NF-kB can
be activated in both intestinal epithelium and intestinal
lamina propria mononuclear cells (ILPMCs) in acute DSS-
colitis mice™. Intrarectal administration of antisense
oligonucleotides to NF-kB P65 could alleviate the in-
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flammation””". Thus, it is reasonable to conclude that L.
crispatns CCTCC M206119 strain exacerbated the imbal-
ance of gut flora; changed the pathogen species or colo-
nies adhered to the colonic mucosa; subsequently altered
the expression of tight junction proteins and antibacterial
molecules; and activated nuclear translocation of NF-xB
P65 in epithelium or inflammatory response cells.

It is thought that IBD might be due to complex mu-
cosal immune responses to antigens of resident enteric
bacteria®*". 11.-1 and I1.-6 have been shown to be the
major cytokines secteted by lamina propria cells and play
a critical role in the development of Thl-cell-mediated
chronic colitis™". Recombined I1.-1 receptor antagonist
can alleviate the mucosal inflammation and necrosis in
DSS-coltis mice*. DSS-induced colitis was less severe in
II-6 gene knockout mice, whereas transgenic mice with a
mutant CIS/SOCS3 gene, encoding a negative regulator
for the IL-6/STAT3 (signal transducer and activator of
transcription) signaling pathway, had increased suscep-
tibility to DSS-induced colitis™. In our study, we found
that both mRNA and protein levels of IL-1 3, IL-6 and
TNF-q from colons of CCTCC-M206119-treated DSS-
colitis mice were significantly higher and earlier than
those from colons of saline-treated IDSS-colitis mice. In
contrast, we found that expression of anti-inflammatory
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cytokine I1.-10 was dramatically downregulated in saline-
and CCTCC-M206119-treated DSS-colitis mice, with
more significant change in the latter group. This indicated
that DSS treatment resulted in increased expression of
proinflammatory cytokines and decreased anti-inflam-
matory cytokines, whereas DSS plus CCTCC M206119
treatment resulted in significantly higher and earlier ex-
pression of the proinflammatory cytokines and inhibited
the expression of anti-inflammatory cytokine in DSS-
colitis mice.

1L-10 can inhibit the expression of IL-1a, IL-1f3,
1L-6, IL-12, TL-18, granulocyte-macrophage colony-stim-
ulating factor (GM-CSF), G-CSE, M-CSE, TNE, leukemia
inhibitory factor and platelet activating factor produced
by activated monocytes or macrophages. It exerts strong
immune inhibitory function®™ and plays a major role in
the immune tolerance of intestinal mucosa”™'”. Thus,
it is possible that administration of L. crispatus CCTCC
M206119 strain interrupts the balance between anti-
inflammatory and proinflammatory responses in colonic
mucosa or lamina propria after DSS treatment, and leads
to subsequently aggravated colonic inflammation. These
processes are similar to those observed in UC patients'"!

Thus, our hypothesis in this study is as follows: some
bacteria or bacterial products, such as L. erispaius CCTCC
M206119, may interact directly with colonic epithelial
cells or LPMCs after disruption of the mucosal barrier
and balance of gut flora by DSS administration. Then
neutrophils and mononuclear cells infiltrate the lamina
propria and activate NF-kB translocation, which in turn
increases proinflammatory cytokines such as IL-1f, IL-6
and TNF-a. Furthermore, TNF-a can augment NF-kB
activation in various cell types, and inhibit the production
of anti-inflammatory cytokines such as 1L-10 (Figure 06).

Overall, human IBD trials to date have suggested that
probiotics display no overt side effects, but conflicting
reports on probiotic efficacy highlight the importance of
selecting well-characterized probiotic strains and in deliv-
ering intact pharmaceutical formulations at an appropti-
ate dose level to the inflamed regions of the intestine.
These studies have emphasized that certain probiotic
strains need to be thoroughly investigated 7z vitro and in
vivo using appropriate disease models. Also, some probi-
otics such as L. ¢risparus CCTCC M206119 might act as
aggravating factors in the pathogenesis of UC. Future
studies to identify associations between microorganisms
(and or their genes and gene products) and human physi-
ological or disease processes will lead to the development
and testing of hypotheses that address causality as well as
a myriad of specific host-microbe interactions.
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Background

Itis widely accepted that a combination of genetic factors, immune disorders and
environmental factors could be involved in the etiology of inflammatory bowel
disease (IBD). Recent research has illustrated that some commensal and patho-
genic bacteria are closely related to IBD. However, to date, the role of bacteria in
the pathogenesis of IBD, or the efficacy of probiotics is still controversial.
Research frontiers

The efficiency of probiotics in controlling IBD is still controversial. Thus, it is
difficult to draw a definitive conclusion in evaluating the role of microflora in the
pathogenesis of IBD, and subsequently, the efficacy in controlling IBD. Some
published data have also questioned the safety of probiotics.

Innovations and breakthroughs

Microflora considered beneficial to the host include the genera Bifidobacterium
and Lactobacillus. In this context, several candidate strains were screened
to find some probiotics as therapeutics using dextran sodium sulfate (DSS)-
induced colitis in mice, and China Center for Type Culture Collection (CCTCC)
M206119 strain led to an exacerbated phenotype of DSS-colitis mice. Expres-
sion of protective factors zonula occludens-1 and B-defensin 2 was downregu-
lated after CCTCC M206119 treatment. There was an increase in the nuclear
translocation of nuclear factor-kB in epithelial cells. Then, intestinal proinflam-
matory and anti-inflammatory cytokine responses were evaluated. Proinflam-
matory colonic cytokines [interleukin (IL)-1B, IL-6 and tumor necrosis factor-o]
levels were clearly increased in CCTCC-M206119-treated animals, whereas
anti-inflammatory colonic cytokine (IL-10) level was lowered compared with
saline- or 5-ASA-treated DSS-colitis mice. Next, CCTCC M206119 strain was
identified as Lactobacillus crispatus, so it was concluded that not all lactobacilli
strains have beneficial effects on intestinal inflammation and that Lactobacillus
crispatus (L. crispatus) CCTCC M206119 is involved in exacerbation of intesti-
nal inflammation in DSS-colitis mice.

Applications

The study results suggest that some probiotics such as L. crispatus CCTCC
M206119 strain might act as an aggravating factor in the pathogenesis of ulcer-
ative colitis (UC). They also highlight the importance of selecting well-character-
ized probiotic strains and in delivering intact pharmaceutical formulations at an
appropriate dose level to the inflamed regions of the intestine.

Terminology

IBD is a group of inflammatory conditions of the colon and small intestine,
including Crohn’s disease and UC, which are characterized by abnormal activa-
tion of the gut-associated immune system, resulting in chronic inflammation of
the digestive tract. Lactobacillus is a genus of Gram-positive facultative anaero-
bic or microaerophilic rod-shaped bacteria. They are a major part of the lactic
acid bacteria group, named as such because most of its members convert
lactose and other sugars to lactic acid. They are common and usually benign.

Peer review

In this study, the authors investigated the role of CCTCC M206119 strain on
intestinal inflammation using a DSS-induced colitis mice model. They showed
that CCTCC M206119 strain was identified as L. crispatus, but this strain was
involved in the exacerbation of intestinal inflammation in DSS-colitis mice. From
these results, the authors concluded that not all lactobacilli strains have benefi-
cial effects on intestinal inflammation. This paper has been well written and the
results are interesting.
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