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Abstract in English
Keywords: Clostridium difficile/Lactobacillus / Bifidobacterium / probiotics /leaky gut/ inflammatory

cytokines

Clostridium difficile is a major cause antibiotic-associated diarrhea and colitis in patients with
broad-spectrum antibiotic therapy. A disruption of the gut microbiota by using antibiotics results in
colonization with C. difficile and release of toxins that cause leaky gut and the production
inflammatory cytokines. We identified six specific strains of Lactobacillus or Bifidobacterium are able
to reduce leaky gut and inflammation caused by C. difficile in vitro. In this study, we aim to investigate
the effect of these strains either alone or in combination on the inhibition of C. difficile infection in a
C57BL/6 mouse model. The administration of L. rhamnosus L34 (1x10° cells) for 4 days at the day of
clindamycin injection to the day before sacrifice (D-1 to D2) reduced mortality, body weight change,
diarrhea, gut leakage and pathology of mice and also suppressed the production of tissue and
systemic inflammatory cytokines including MIP-2, KC, IL—1B and TNF-QL. The administration of 1x10°
cells of L. casei L39, L. casei B13, L. casei B106, B. bifidum NB42 or B. pseudocatenulatum NB48 alone
reduced mortality, body weight change and diarrhea in mice. L. casei L39, L. casei B13 and L. casei
106 administration also reduced the production of some tissue and systemic inflammatory cytokines.
The effect of Bifidobacterium spp. on cytokine production was not determined yet. Only Lacto
cocktail (L. rhamnosus L34 and L. casei L39) attenuated the disease severity whereas Bifido cocktail
(B. bifidum NBA42 or B. pseudocatenulatum NB48) or Lacto-Bifido cocktail (L. rhamnosus L34, L. casei
L39, B. bifidum NB42, B. pseudocatenulatum NB48) did not. These strains are promising probiotics for
C. difficile infection.
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Introduction

Clostridium difficile is an anaerobic, gram-positive spore forming bacillus which causes diarrhea
and colitis [1]. The clinical symptom varies from asymptomatic to mild self-limited diarrhea and severe
pseudomembranous colitis [2]. These symptoms result from the release of two protein exotoxins:
toxin A (Tcd A), a 308-kD enterotoxin and toxin B (Tcd B), an approximately 270-kD cytotoxin [3, 4].
The pathogenesis of C. difficile-associated disease (CDAD) involves the disruption of gut microbiota by
antibiotics which permits C. difficile colonization if the individual is exposed to the organism or its
spores. Toxigenic strains of C. difficile produces two protein exotoxins: toxin A (TcdA), a 308-kD
enterotoxin and toxin B (TcdB), an approximately 270-kD cytotoxin [3, 4]. TcdA and TcdB bind to
specific receptors on the surface of the intestinal epithelium cells, internalized and stimulate the
production of interleukin (IL)-8 [5]. Both toxins modify and inactivate Rho proteins via glucosylation
of Rho GTPases resulting in the rearrangement of actin cytoskeleton, disruption of tight junctions,
rounding up of cell, cell death and loss of intestinal epithelium barrier function [6, 7]. Previous studies
showed that Clostridium difficile toxins cause tight junction disruption which was observed from the
decrease in transepithelial electrical resistance and the increased paracellular permeability in
epithelial cell lines incubated with toxins [8-10]. Disruptions of tight junctions facilitates TcdA and
TcdB to cross the epithelium, reaching and activating monocytes, macrophages and mast cells to
secrete several inflammatory cytokines, such as interleukin (IL)-8, tumor necrosis factor-alpha (TNF-
Q), IL-1 and IL-6.These inflammatory cytokines, especially IL-8 cause neutrophil and lymphocyte influx
resulting in pseudomembrane formation and diarrhea [11, 12].

We previously reported the ability of Lactobacillus rhamnosus L34 (LR-L34) and Lactobacillus
casei .39 (LC-L39) to suppress C. difficile-induced IL-8 production in HT-29 colonic epithelial cells
[13]. L. rhamnosus L34 is also able to increase tight junction (TJ) integrity and prevent C. difficile -
induced TJ disruption of Caco-2 colonic epithelial cells [14]. Moreover, we identified three strains of
Bifidobacterium  including  Bifidobacterium  bifidum-NB42  (BB-NB42) and  Bifidobacterium
psedocatenulatum-NB48 (BP-NB48) with the ability to increase TJ integrity and demonstrated that BB-
NB-42 can prevent C. difficile -induced TJ disruption Caco-2 colonic epithelial cells [15]. We thus aim
to investigate the effect of these lactobacilli and bifidobacteria either alone or in combination on the

inhibition of C. difficile infection in a mouse infection model.

10
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Materials & Methods

Bacterial strains and culture conditions

Lactobacillus and Bifidobacterium in this study (Tablel) were obtained from stock culture
kept at the Department of Microbiology, Faculty of Medicine, Chulalongkorn University. Lactobacillus
and Bifidobacterium strains were stored in deMan Rogosa Sharpe (MRS) broth (Oxoid, Hampshire, UK)
containing 20% (v/v) glycerol and brain heart infusion (BHI) broth (Oxoid, Hampshire, UK) containing
20% (v/v) glycerol, respectively, at -80°C. Lactobacilli and bifidobacterial were cultured on MRS agar
and BHI agar, respectively, in an anaerobic chamber (Concept Plus, Ruskinn Technology, UK) (10%
CO,, 10% H,, and 80%N,) at 37°C for 24 h. Clostridium difficile ATCC BAA1870 (tcdA positive, tcdB-
positive, cdtB positive, Toxinotype llib, Ribotype 027, PFGE Type NAP1, REA Type B1 8; ATCC, Manassas,
VA, USA) was cultured on Brucella agar (Becton, Dickinson, France) at 37°C for 48 h under anaerobic

conditions as mentioned above.

Table 1. Lactobacillus and Bifidobacterium in this study

Strains Source IL-8 Intestinal Prevention of References
suppression ° integrity tight junction
enhancement ° disruption
L. rhamonosus L34 Infant (+) +) (+) [13, 14]
feces
L. rhamonosus L31 Infant ) ) ) [13, 14]
feces
L. casei L39 Infant (+) (+) (+) [13, 14]
feces
L. casei B13 Gastric +) ND ND [16]
biopsy This study d
L. casei B106 Gastric (+) ND ND [16]
biopsy This study d
B. bifidum NB42 Breast +) (+) (+) [15]
milk This study d
B. pseudocatenulatum Breast (+) (+) (+) [15]
NB48 milk This study d

?IL-8 suppression in Clostridium difficile —stimulated HT-29 colonic epithelial cells
® Tested by the measurement of transepithelial electrical resistance (TEER)
“Prevention of tight junction destruction by C. difficile

4See supplementary data

ND, not determined

11



Frysynawil GB-B_60 080 30 24

Animals and C. difficile animal model

The US National Institutes of Health (NIH) protocols (NIH publication protocols #85-23, revised
1985) were followed. Male, 6 weeks old C57BL/6 mice were used. The animal protocol (#006/2560)
was approved by the Animal Care and Use Committee of the Faculty of Medicine, Chulalongkorn
University, Bangkok, Thailand. All animals were housed in an air-conditioned room designed for
infectious animals under a 12:12 h light-dark cycle. Mice were provided with a standard diet and ad
libitum access to tap water.

Mice were randomly separated into different groups (eight mice per group) and subjected to
the experiments as follows.

A. Mouse model of C. difficile infection. A mouse model of CDI was performed as previously
described with minor modification [17, 18]. Briefly, five hundred microliters of a cocktail of antibiotics
(Sigma-Aldrich, St. Louis, MO, USA) containing gentamicin (3.5 mg/kg), colistin (4.2 mg/kg),
metronidazole (21.5 mg/kg) and vancomycin (4.5 mg/kg) were given to mice twice a day for 3 days by
oral gavages (Figure 1). A single dose of clindamycin (10 mg/kg) was then injected intraperitoneally (D-
1). Subsequently, mice were gavaged with either 0.5 ml of normal saline (NSS) in antibiotics control
group, or 1x10' CFU/mL C. difficile in NSS in groups of C. difficile-infected mice at day 0 and day 1
(DO and D1).

B. Treatment of C. difficile-infected mice with Lactobacillus and/or Bifidobacterium strains

C. difficile-infected mice were treated with Lactobacillus and Bifidobacterium strains in Table
1 either alone or in combination at various doses and time points as will be shown in the results.

Groups of mice were divided as shown in Table 2.

Table 2. Groups of mice in this study

Group of mice Number of
mice/Group

Non-infected mice (treated with only antibiotics) 8

C. difficile-infected mice (treated with C. difficile and PBS) 8

C. difficile-infected mice treated with Lactobacillus and/or 8

Bifidobacterium

At the end of the experiment, blood collection was performed via tail vein nicking at D1 (3h
after FITC-dextran administration) for gut permeability determination. Mice were sacrificed through

cardiac puncture under isoflurane anesthesia when moribund or at D3 with blood collection. The

12
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cecum and colon sections were collected at the time of sacrifice, by cutting a haft of cecum and 1
cm of colon for histopathology examination. One part of cecum and colon were collected to test
tissue inflammation by cytokine analysis. The rest of tissue were recorded by weight and stored at -

80°C for C. difficile quantification by real-time PCR.
Evaluation of C. difficile infection (CDI) in mice
Mice symptoms observation

Mice were monitored to observe the symptoms of CDI (i.e., diarrhea, hunching and wet tail)
[19] and survival rate and record their body weight every day.

Gut leakage measurement

Intestinal epithelial permeability defect (gut leakage) in mice was determined by fluorescein
isothiocyanate-dextran (FITC-dextran) assay. Briefly, 12.5 mg/0.5ml of FITC-dextran (molecular weight
4.4 k Da, Sigma, St. Louis, MO, USA) was orally gavaged at day3 (D3) and blood was collected through
cardiac puncture under isoflurane anesthesia at 3h later. Blood was centrifuged and serum was kept
in -80°C until analysis. Serum FITC-dextran was measured by the fluorospectrometry (NanoDrop 3300;
Thermo Scientific, Wilmington, DE, USA) with the excitation and emission wavelength at 485 and 523
nm, respectively, against a standard curve of serially diluted FITC-dextran in phosphate buffer solution
(PBS).

Cytokines measurements in sera and tissues

To test the effect of Lactobacillus and Bifidobacterium to suppress inflammation in mice,
cytokines in sera and cecum and colon tissues were measured. Chemokine including macrophage
inflammatory protein 2 (MIP-2), keratinocyte chemoattractant (KC), TNF-Q and IL-1B in sera were
measured with the ELISA assays (PeproTech, NJ, USA). MIP-2 and KC are homologs of human IL-8. All
assays were performed according to the manufacturer’s protocol. Cecum and colon tissues were
collected at sacrifice, weighed, homogenized (Ultra-Turrax homergenizer, IKA, Staufen, Germany) in
500 pl of PBS containing protease inhibitor, and then centrifuged at 12,000 xg for 10 min at 4°C. The

supernatant was collected and stored at -80°C until analysis. Tissue cytokines (MIP-2, KC, TNF-QL and

|L—1B) as the representatives of local inflammatory responses were measured with the ELISA assays.

Quantification of Clostridium difficile in mouse cecum and colon

The presence of C. difficile in mice was enumerated by quantitative real-time PCR. DNA was
extracted from in cecum and colon content by using High Pure PCR Template Preparation Kit (Roche,
USA) according to the manufacturer's instruction and quantitated by NanoDrop™ 1000
Spectrophotometer (Thermo Fisher Scientific, Inc, USA). The previously described tcdB-specific primers

13



Frysynawil GB-B_60 080 30 24

tcdB-F [5’-GGAAAAGAGAATGG ATTAA-3’] and tcdB-R [5’-ATCTTTAGTTATAA CTTTGACATCTTT-3’]
from the conserved 5’ region of tcdB were used to generate a 160-bp fragment [19]. The standard
curve was created by the Light Cycler software using 10-fold serial dilutions of C. difficile DNA

equivalents to copy number. The profiling standard curve was indicated as a graph of crossing point

(Cp) vs. bacterial copy number. PCR reaction was performed in 20 Ul mixture containing 4 pl of
Faststart DNA LightCycler®FastStart DNA Master™*°SYBR Green | (Roche, Germany), 9 pl of nuclease-
free water, 1 pl of each 10uM primer, and 5 pl of plasmid template. PCR reaction was performed as
following by 45 cycles of 95°C for 10s, 55°C for 10s, 72°C for 25s with LightCycLer® 2.0 instrument
(Roche, Germany). The amplified product was measured by a SYBR green fluorescent signal using
LightCycler® FastStart DNA Master™® SYBR Green | (Roche, Germany). Melting curve was analyzed
after amplification step as the following: 0 s at 95°C; 1 min at 55°C; 0 s at 95°C until all product was
denatured. C. difficile quantification was calculated by using the standard curve and shown in bacterial

copy numbers.

Histopathology of mouse cecum and colon

Mice were sacrificed and cecum and the proximal 2/3 of colon were fixed in 10% buffered
formalin and stored at room temperature until placed in 10% ethanol. Tissue from each mouse was
placed in separate tissue cassette, then processed and paraffin embedded. Slides with two levels of
sections from each paraffin block were routine-stained with haematoxylin and eosin (H&E). The
histological severity of enteritis was graded using a scoring system reported previously by Reeves et
al. It was used to determine epithelial damage (score 0-4), edema (score 0-4) and cellular infiltration
(score 0-4) and assigned a total score between 0 and 12. [20, 21].

Fecal microbiome

The microbiota analysis protocol was performed as previously reported [22]. Caecal content
samples from individual mice were used for metagenomic DNA extractions, with 3 independent
extractions of 0.25 g performed per sample. The DNA lIsolation Kit (MoBio, Carlsbad, CA, USA) was
used to extract total nucleic acid. Metagenomic DNA quality was assessed by agarose gel
electrophoresis and nanodrop spectrophotometry. Universal prokaryotic 515F (forward; (5'-
GTGCCAGCMGCCGCGGTAA-3’) and 806R (reverse; 5’-GGACTACHVGGGTWTCTAAT-3’), with appended
5" Illumina adapter and 3’ Golay barcode sequences, were used for 16S rRNA gene V4 library
construction [22]. Independent triplicate PCR experiments were performed and pooled to prevent
stochastic PCR bias. The 165 rDNA amplicons of 381 base pairs (bp) were purified by the GenepHlow™
Gel Extraction Kit (Geneaid Biotech Ltd., New Taipei City, Taiwan), and quantified with Picogreen

(Invitrogen, Eugene, Oregon, USA). Each samples at 240 ng were pooled for sequencing by Miseg300

14
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platform (Illumina, San Diego, CA, USA) [23]. Raw sequences were quality screened by Mothur’s MiSeq
platform procedures [24]. Quality screening steps including the removal of reads that have (i)
ambiguous bases, (ii) >1 mismatch in the reverse primer sequence, (iii) >10 homopolymers, (iv) a
minimum quality score of <35 over a 50-bp window, (v) a read length of <350 bases, and (vi) chimeric
sequence. Quality sequences were aligned and assigned taxon (operational taxonomic unit, OTU)
based on a default parameter as previously published [24]. Samples were normalized to an equal
sampling depth (N=118121 reads per sample) [24]. Good's Coverage was used to estimate the OTU
coverage by sequencing (all samples showed 99.7-100% coverage). Non-metric multidimensional
scaling (NMDS) was used to analyze OTU structural patterns.

Statistical analysis

All experiments were performed three times each in triplicate and the results were reported
as mean or standard error of mean (SEM) + standard deviation (SD). The data were analyzed in
GraphPad Prism 5 using the unpaired t test with one-tailed distribution and considered statistically

significant at a P-value < 0.05, unless otherwise stated.

Results
1. Development of mouse model of C. difficile infection using C. difficile ATCC BAA 1870

A C57BL/6 mouse model of C. difficile infection as shown in Figure 1 resulted in the
development of clinical signs characterized by diarrhea (wet tail and traces of liquid stool), weight
loss, hunched posture and sometimes death (Figure 2). Mice in antibiotics control group did not show
signs of disease and also showed 100 percent survival. Percent survival of C. difficile- infected group
was significantly different from antibiotics control group (p<0.05, Figure 2A). C. difficile-infected mice
had weight loss (Figure 2B) and approximately 80% had diarrhea for 2 days (Figure 20C).

Analysis of serum cytokines and intestinal leakage in dead mice and alive mice showed that
the levels of serum IL—1B, TNF-Q, MIP-2 and KC in dead mice were significantly higher than those in
alive mice (Figure 3A-D). In addition, the levels of serum FITC-dextran of dead mice were significantly
higher than those of alive mice (Figure 3E). The data suggested that the severity or death of mice

depend on the increase of serum cytokines and intestinal leakage.
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day)

Figure 1. Experimental scheme for primary C. difficile infection (CDI) mouse model
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2. Effects of L. rhamnosus L34 (LR-L34) treatment on C. difficile infection in mice

We have tried using high dose (10'° cells/mouse) of LR-L34 and found that it led to more or
worse symptoms in mice compared with C. difficile-infected mice (as shown in the progress report).

We then used a lower dose of LR-L34 to study its effects on C. difficile-infected mice. LR-L34
1.0x10° cells were given simultaneously with C. difficile at day0 and day1 (DO and D1) as shown in
Figure 4. LR-L31, a matching strain without the ability to suppress IL-8 in vitro was used as a negative
control. It was found that the application of LR-L34 increased percent survival in mice as compared
with C. difficile-infected group while LR-L31 did not (Figure 5). None of the mice in antibiotics control
group was dead but approximately 20% had diarrhea. Percent survival of LR-L34 -treated group (92.85
%) was significantly different (p= 0.01) as compared with C. difficile-infected group (50%) and LR-L31-
treated group (50%) (Figure 5). Treatment with LR-L34 slightly increased body weights of mice at day1-
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3 (D1-D3) (Figure 6A), reduced diarrhea as compared with LR-L31 and C. difficile-infected group
(Percent diarrhea was 28.57, 66.67 and 85.71, respectively) (Figure 6B), significantly (p= 0.01) reduced
the level of serum FITC-dextran as compared with C. difficile-infected group (Figure 6C), reduced the
levels of serum cytokines ||_—1B, TNF-QL, MIP-2 and KC (Figure 7A-D). Treatment of LR-L31 also reduced
the levesl of serum FITC-dextran (Figure 6C) and suppressed serum cytokine MIP-2, and KC (p< 0.05)
(Figure 7A-D).

In order to test ability of LR-L34 to suppress local cytokine production, tissue cytokines were
determined. Treatment with LR-L34 significantly diminished the levels of |L—1[3 and TNF-QL in colon
tissue while non-significantly diminished KC level (Figure 8A,B,D). LR-L31 also suppressed IL-1f3 and
TNF-QL in colon tissue of survivor mice.

Mice infected with C. difficile showed the swelling of ileum, cecum and colon with small
amount of intestinal content. Treatment with L. rhamnosus LR-L34 reduced swelling of the intestine
and also increased cecum and colon content. Survivor mice after treatment with LR-L31 reduced

swelling of intestine about 40%. These results were shown in Figure 9.

D-6 D-3 D-1 DO D1 D2 D8
— >
! !
< > | ey >

Clindamycin v v

3 -day oral gavage 2- day C. difficile1.0 x 10 cells Observe clinical
Water for 2 days and LR-L34 or  signs and record
LC-L31 (DO - D1) weight everyday

of antibiotic mixture

( twice a day)

Figure 4. Experimental scheme for simultaneous treatment of LR-L34 or LR-L31 (1.0 x 10°

cells/mouse) in C. difficile — infected mice
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I l C. difficile(ATCC BAA1870) for 2 days (day0 — day1)
L. rhamonosus (LR-L34) or (LR-L31) (day0 — day1)

-©- Antibiotics only
& NSS
150~ A LR-L34
-+ LR-L31
<
2
: 00T 2
2 *%*
c **
S 50 I |
G —y
a
0 L] LI L 1 1
0 2 4 6 8 10

Days-Post-Infection

Figure 5. The percentage of survivors in each group at day 0 to day 8. (C. difficile- infected mice
were treated simultaneously with LR-L34 or LR-L31 (1.0 x 10® cells/mouse) (p=0.01).
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Figure 6. Simultaneous treatment with 1.0 x 10° cells of LR-L34 or LR-L31 per mouse (D0-D1). .A;

Weight of mice (g). B; Percent diarrhea was observed at D1- D2. C; Serum FITC-dextran was detected

at D3.
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Figure 7. Simultaneous treatment with 1.0 x 10° cells of LR-L34 or LR-L31 on the day of C. difficile
infection (DO-D1). Serum cytokines were analyzed using ELISA assay at day3. A, ||_—1|3 (pg/mL), B; TNF-
Q (pg/mL), C; MIP-2 (pg/mL), D; KC (pg/mL).
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Figure 8. Simultaneous treatment with 1.0 x 10% cells of LR-L34 or LR-L31 on the day of C. difficile
infection (D0-D1). Tissue cytokines were analyzed using ELISA at day3. A; IL-1 (pg/mg protein), B;

TNF-Q (pg/mg protein), C; MIP-2 (pg/mg protein), D; KC (pg/mg protein).

C. difficile + PBS C. difficile + LR-L34 C. difficile + LR-L31

Figure 9. The swelling of intestine of C. difficile-infected mice without and with treatment of LR-L34
or LR-L31
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Although the results of the above experiments demonstrated that 1 x 10% cells of LR-L34 given
simultaneously with C. difficile were able to attenuate the disease in mice, we investigated the dose
and timing for appropriate application of LR-L34. First, we pretreated mice with LR-L34 or LR-L31 (1
x 108 cells) for 7 days before antibiotics administration to the day of C. difficile infection (D-13 to DO).
The results indicated that pretreatment with L. rhamnosus LR-L34 or LR-L31 diminished percent

diarrhea but did not improve the mortality rate and body weight change in mice. (data not shown).

We then tried to give LR-L34 at the dose of 1 x 10% cells or 1 x 10° cells for 4 days starting at
the day of clindamycin injection to the day before sacrifice (D-1 to D2) (Figure 10). The application of
LR-L34 (1 x 10° cells) resulted in 100 percent survival of mice while the group received LR-L34 (1 x
10® cells) resulted in 50 percent survival (Figure 11A). Body weight change of the group received L.
rhamnosus LR-L34 (1 x 10° cells) was significantly different (p <0.05) as compared with C. difficile-
infected group while that of the group received LR-L34 (1 x 10° cells) was not significantly different
(Figure 11B). Percent diarrhea of groups treated with L. rhamnosus LR-L34 (1 x 10° cells), (1 x 10° cells)
and C. difficile-infected group was 12.50, 66.67, and 87.50, respectively (Figure 11C).

Treatment with LR-L34 (1 x 10° cells) for 4 days from (D-1)-(D2) suppressed serum IL—1B, TNF-
Q, MIP-2, and KC as compared with C. difficile-infected group (Figure 12A-D) and attenuated
proinflammatory cytokine IL—1B, TNF-QL and chemokines MIP-2, and KC in both cecum and colon
tissue as compared with C. difficile-infected group (Figure 13A-D). Treatment with LR-L34 (1 x 10° cells)
resulted in the decrease of some cytokines (Figures 13 and 14). Mice infected with C. difficile showed
the swelling of ileum, cecum and colon with small amount of intestinal content. Treatment with L.
rhamnosus LR-L34 reduced swelling of the intestine and also increased cecum and colon content.
Treatment with L. rhamnosus LR-L34 (1 x 10° cells) showed more swelling of intestine form colon

than L. rhamnosus LR-L34 1 x 10° cells. These results were shown in Figure 14.
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Figure 10. Experimental scheme for the application of L. rhamnosus L34 (1.0x10° or 1.0x10°

cells/mouse) for 4 days (D -1 to D2) in C. difficile — infected mice.
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Figure 11. Application of L. rhamnosus (1 x 10° or 1 x 10 cells/mouse) for 4 days (D-1 to D2). A;
Percent survival was observed at DO - D8, B; Weight change (%) was measured at D1 and D2, C;

Percent diarrhea was observed at D1- D2.
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Figure 12. Treatment with Lactobacillus rhamnosus L34 (1 x 10°or 1 x 10% CFU) for 4 days (D-1- D2).

Serum cytokines were analyzed using ELISA at day3. A, |L—1B (pg/mL), B; TNF-QL (pg/mL), C; MIP-2
(pg/mL), D; KC (pg/mL).
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Figure 13. Treatment with Lactobacillus rhamnosus (1 x 10%or 1 x 10° CFU) for 4 days from clindamycin

injection to sacrifice (D-1- D2). Tissue cytokines were analyzed using ELISA assay at day3. A, IL—1B

(pg/mg protein), B; TNF-OL pg/mg protein), C; MIP-2 pg/mg protein), D; KC pg/mg protein).
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C. difficile + PBS C. difficile + LR-L34 ( 1078 ) C. difficile + LR-L34 ( 106 )

Figure 14. The swelling of intestine of C. difficile-infected mice without and with treatment of LR-L34
(10® and 10° cells) for 4 days (D-1 to D2).

3. Effect of Lactobacillus casei treatment on C. difficile-infected mice

We tested three L. casei strains, L. casei 39 (LC-L39), L. casei B13 (LC-B13) and L. casei B106
(LC-B106). Based on the results from L. rhamnosus L34, we used the same protocol as described
above. It was found that the application of 1.0x10° and 1.0x10° cells of LC-L39 per mouse resulted
in 100 percent survival in mice whereas the survival rate of C. difficile-infected group was 50% (Figure
15A). The average body weight of mice in LC-L39-treated group at 1.0x10° cells/mouse was not
significantly increased, whereas treatment of 1.0x10° cells LC-L39 did not improve the body weight
change as compared with C. difficile-infected group (Figure 15B). The application of LC-L39 (1.0x10°
cells/mouse) reduced C. difficile-associated diarrhea in mice as compared with group received LC-
L39 (1.0x10° cells/mouse) and C. difficile-infected group (7.14%, 42.68% and 71.63%, respectively)
(Figure 150).

For L. casei B13 (LC-B13), it was found that the application of 1.0x10% and 1.0x10° cells of
LC-B13 per mouse resulted in 100 percent survival in mice whereas the survival rate of C. difficile-
infected group was 58% (Figure 16A). Treatment of 1.0x10° or 1.0x10° cells of LC-B13 showed
improvement of the body weight as compared with C. difficile-infected group (Figure 16B). The
application of LC-B13 either 1.0x10° or 1.0x10° cells/mouse reduced C. difficile-associated diarrhea
as compared with C. difficile-infected group (Percent diarrhea was 9.09%, 9.09% and 55.33%,
respectively) (Figure 16C).

L. casei B106 (LC-B106), it was found that the application of 1.0x10° and 1.0x10° cells of LC-
B106 per mouse resulted in 96 and 100 % survival in mice, respectively whereas the rate of C
difficile-infected group was 58% (Figure 17A). Treatment of 1.0x10° or 1.0x10° cells of LC-B106
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showed improvement the body weight as compared with C. difficile-infected group (Figure 17B). The
application of LC-B106 (1.0x10° cells/mouse) reduced C. difficile-associated diarrhea as compared
with group received LC-B106 (1.0x10° cells/mouse) and C. difficile-infected group (Percent diarrhea
was 9.09%, 27.07% and 60.00%, respectively) (Figure 17C).

Treatment with LC-B106 (1 x 10° cells) for 4 days (D-1 to D2) suppressed the levels of serum
||_—1B, MIP-2, and KC as compared with C. difficile-infected group while LC-B13 suppressed the levels
of all serum cytokines and LC-B39 suppressed only serum IL-1[3 (Figure 18A-D). Treatment with higher
dose of LC-B13 and LC-B106 (1 x 10° cells) suppressed the levels of all tested serum cytokines while
LC-L39 could not suppress all of these cytokines (Figure 18A-D)

For the suppression of tissue cytokines, treatment with LC-B106 (1 x 10° CFU) decreased the

levels of proinflammatory cytokines ||_—1[3, TNF-Q and chemokines MIP-2, and KC in colon tissue but

treatment with LC-L39 or LC-B13 (1 x 10° CFU) decreased the levels of IL-1[3, TNF-QL and MIP-2 in
colon tissue as compared with C. difficile-infected group (Figure 19A-D). Treatment with LC-B13, LC-
B106 (1 x 10° cells) decreased only the levels of MIP-2 and KC in cecum tissue as compared with C.
difficile-infected group (Figure 19A-D). Treatment with a lower dose (1x10°) of L. casei strains had
less effect in the suppression of cytokine production. The finding indicated that pretreatment with
L. casei (1 x 108 CFU) at the day of clindamycin injection to the day before sacrifice (D-1)-(D2)
was appropriate dose and proper time to attenuate disease severity and increase survival rate in C.

difficile-infected mice
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Figure 15. Treatment with L. casei (LC-L39) (1 x 10° or 1 x 108 cells/mouse) for 4 days from CLIN to
Sacrifice (D-1 - D2). A; Percent survival was observed at DO — D8, B; Weight (g), C; Percent diarrhea

was observed at D1- D2.

36



Frysynawil GB-B_60 080 30 24

-©- ATB only
& NSS
A, 1207 (LC-B13) -A- LC-B13 (10"8)
-+ LC-B13 (1076)
— 100- B ]
©
2
E 80+ I*** HHHH
?
= 601 -
]
O 401
&
20+
O L] L] L] L] 1
0 2 4 6 8 10
Days-Post-Infection
-o— Antibiotics only
-= | C-B13 (10"8)
-+ LC-B13 (10"6)
- (. difficile
18 T T T T |
0 2 4 6 8 10

Time after C. difficile administration (days)

37



Frysynawil GB-B_60 080 30 24

(@]

o)

=]
J

At D2 - D3
(LC-B13)

)

[ 2N
o O
1 1

Diarrhea (%
N W A G
o O O O
1 1 1 1

104

C. difficile administration

Figure 16. Pretreatment with L. casei (LC-B13) (1 x 10°and 1 x 10 cells/mouse) for 4 days from CLIN
to Sacrifice (D-1 - D2). A. Percent survival was observed at DO — D8; B-C. Weight change (%) was

measured at D1 and D2; D. Percent diarrhea was observed at D1- D2.

ATB only

NSS

LC-B106 (10"8)
LC-B106 (1076)

1204 (LC-B106)

>

100+

©
-
A
+

80+ I

0 2 4 6 8 10
Days-Post-Infection

Percent survival
()]
<

o

38



Frysynawil GB-B_60 080 30 24

B. 28 e
-e— Antibiotics only

26 -= | C-B106 (1078)
S 24 -+ LC-B106 (10"6)
= -+ C. difficile
En 22+
()
< 20-

18-

16 L] L] L] 1

o 1 2 3 4 5 6 7 8 9
Time after C. difficile administration (days)

(@]
o))
o

J

At D2 - D3
70+ (LC-B106)
—~ 60'
X
~ 50-
o
< 401
_E 304
0O 20
10-
0-
S——=
8
v N>
O’Q)
v

C. difficile administration

Figure 17. Pretreatment with L. casei (LC-B106) (1 x 10°and 1 x 10° cells/mouse) for 4 days from CLIN

to Sacrifice (D-1 — D2). A; Percent survival was observed at DO — D8, B; Weight (g), C; Percent diarrhea
was observed at D1- D2.
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Figure 18. Pretreatment with L. casei (1 x 10°and 1 x 10° cells/mouse) for 4 days from CLIN to Sacrifice

(D-1 - D2). A IL-1B (pg/mL); B. TNF-QL (pg/mL); C. MIP-2 (pg/mL); D. KC (pg/mlL).
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Figure 19. Treatment with L. casei (1 x 10°and 1 x 10° cells/mouse) for 4 days (D-1 to D2). Cytokine
was measured in cecum and colon. A. IL-1B (pg/mg tissue); B. TNF-OL (pg/mg tissue); C. MIP-2 (pg/mg
tissue); D. KC (pg/mg tissue).

4. Histopathology of C. difficile-infected mice treated with L. rhamnosus L34, L. casei L39,
L. casei B13 and L. casei B106
Mice infected with C. difficile showed higher histology scores than uninfected group. For the 4-

day treatment (D-1 to D2), L. rhamnosus L34 (LR-L34), L. casei 139 (LC-L39), L. casei B13 (LC-B13)
and L. casei B106 (LC-B106) reduced histology score when compared with C. difficile-infected mice
group while L. rhamnosus L31 a strain without the capability of suppressing IL-8 did not reduce

histology score. L. casei B13 reduced histology score the most (Figure 20).

-
o
I

T

Histology score (0-12)

ATBonly NSS  LR-L31 LRL34 LC-L39 LC-B13 LC-B106

Figure 20. Treatment with L. rhamnosus L34, L. casei L39, B13 and B106 decreased disease severity

in C. difficile-infected mice determined by histopathology.

5. Quantitation of C. difficile in mice by real-time PCR
To investigate the effect of Lactobacillus on the quantity of C. difficile in cecum and colon of
mice, real-time PCR was performed to quantitate C. difficile. L. rhamnosus L34 was first tested. The
data showed that L. rhamnosus L34 non-significantly reduced the number of C. difficile as shown in

Figure 21.
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Figure 21. Real-time PCR analysis of C. difficile in cecum and colon content in pretreatment with L.

rhamnosus LR-L34.

6. Fecal microbiome analysis of mice treated with Lactobacillus spp.

To investigate the ability of Lactobacillus spp. to restore (change) microbiota in C. difficile-
infected mice, microbiome analysis was performed. A total of 68 fecal samples at specific days as
shown in Tables 3 were collected and subjected to DNA extraction. The libraries were created but
still waited for sequencing. Moreover, we plan to study the effect of L. casei to restore (change)
microbiota in C. difficile- infected mice within a next few months as shown in Table 4. Microbiome

analysis takes a long time to perform and also needs specialist to analyze the results.

Table 3. Fecal samples of mice in L. rhamnosus treatment

Group D-7 D-3 D3
Control 2 2 8
C. difficile 2 2 8
L34 8 8 8
L31 2 2 8
Total 14 14 40
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Table 4. Fecal samples of mice in C. difficile in L. casei treatment

Group D-7 D-3 D3
Control 2 2 8
C. difficile 2 2 8
L39 8 8 8
L13 8 8 8
B106 8 8 8
Total 28 28 28

7. Effect of Bifidobacterium spp. treatment on C. difficile-infected mice

We tested two Bifidobacterium strains, Bifidobacterium bifidum NB42 (BB-NB42) and

Bifidobacterium pseudocatenulatum-NB48 (BP-NB48) with the same protocol as described above. It

was found that the application of 1.0x10°cells of BP-NB42 and BP-NB48 per mouse resulted in 100

percent survival in mice whereas the rate of C. difficile-infected group was 50% (Figure 22A). The

average body weights in the groups of BP-NB42- or BP-NB48-treated mice was not significantly

changed when compared with those before C. difficile infection (Figure 22B). The average body

weights of BP-NB42- and BP-NB48-treated groups were significantly different (p=0.001) as compared

with C. difficile-infected group (Figure 22B). The application of BP-NB42 and BP-NB48 reduced C.

difficile-associated diarrhea to 0 and 10%, respectively.(Figure 220C).

Percent survival

ATB only
NSS
NB42 (10"8)

Bifido (Clin)-(D2) NB48 (108)

-©-
-
A
—

2 4 6 8 10
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Figure 22. Treatment with Bifidobacterium spp. (1 x 10° cells/mouse) for 4 days from CLIN to Sacrifice
(D-1 - D2). A; Percent survival was observed at DO — D8, B; body weight loss, C; Percent diarrhea was

observed at D1- D2.
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8. Treatment with Lacto cocktail (LR-L34 and LC-L39), Bifido cocktail (BB-NB42 and BP-NB48)
and Lacto-Bifido cocktail (LR-L34, LC-L39, BB-NB42 and BP-NB48)

We investigated the combination of Lactobacillus and/or Bifdobaterium to modulate disease
severity in C. difficile-infected mice. Mice received Lacto cocktail (LR-L34 and LC-L39; total of 1 x 10°
CFU), Bifido cocktail (BB-NB42 and BP-NB48; total of 1 x 10° cells) and Lacto-Bifido cocktail (LR-L34,
LC-L39, BB-NB42 and BP-NB48, total of 1 x 10° cells) for 4 days (D-1 to D2). Mice of Lacto-cocktail
group showed 100 % survival, whereas C. difficile-infected group, Bifido-cocktail and Lacto-Bifido
cocktail groups showed 50.00, 83.33 and 57.13%, respectively (Figure 23A). Body weights (BW) of the
mice were shown in the Figure 23B. The BW change of Lacto cocktail-treated group was less than that
of C. difficile -infected group (Figure 23C-E). The BW change of either Bifido cocktail- or Lacto-Bifido
cocktail -treated group was not significantly different when compared with C. difficile-infected group
(Figure 23C-E). Only Lacto cocktail treatment reduced percent diarrhea to14.28% ( Figure 23F). Percent
diarrhea of C. difficile-infected group, Bifido-cocktail, and Lacto-Bifido cocktail was 85.71, 71.43 and
100%, respectively (Figure 23F). The results indicated that treatment with Lacto- could increase
survival rate and also reduced diarrhea in C. difficile-infected mice while Bifido-cocktail or Lacto-Bifido

cocktail could not.
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Figure 23. Treatment with Lacto cocktail, Bifido cocktail and Lacto-Bifido cocktail (total of 1 x 10° cells)
for 4 days (D-1 to D2). A. percent survival; B. Weight (g), C-E. Body weight change; H. percent diarrhea
at D1-D2.

47



Frysynawil GB-B_60 080 30 24

Discussion

Animal models have been developed to study the pathogenesis and novel therapeutics of C.
difficile [25]. Some models use antibiotic cocktail to destroy normal microbiota in gastrointestinal
tracts of mice [17, 18] and some use a single antibiotic for stimulating C. difficile infection [26, 27]. In
an attempt to test the ability of specific strains of Lactobacillus and Bifidobacterium for the protection
of C. difficile infection, a C57BL/6 mouse model previously developed [28, 29] was applied with minor
modification. We first tried the administration of spores of a hypervirulent strain C. difficile BAA 1870
to mice. It was found that it took very long time to prepare the desired amount of spores for the
experiment. We then performed oro-gastric infection of mice with various amount of vegetative cells
of C. difficile. Antibiotic cocktails was applied to disrupt intestinal microbiota before C. difficile
infection. It was found that giving C. difficile dose of 1.0 x 10" cells for 2 days resulted in the
development of clinical signs characterized by diarrhea (wet tail and traces of liquid stool), weight
loss, hunched posture and the death of about half of the mice.

We first started with testing various amounts of L. rhamnosus L34 (LR-L34) at different time
points and found that the administration of LR-L34 (1x10° cells) for 4 days at the day of clindamycin
injection to the day before sacrifice (D-1 to D2) reduced mortality, body weight change, diarrhea, gut
leakage and pathology of mice and also ameliorated tissue and systemic inflammatory responses. As
summarized in Table 5. We are waiting for the result of microbiome analysis to find whether this strain
is able to restore gut microbiota. Testing other strains of Lactobacillus and Bifidobacterium either
alone or in combination showed satisfactory results when each of the test strain was applied alone.
Only Lacto cocktail gave satisfactory result (Table 5).

Although more tests need to be performed for most strains, we have shown the capability of

these specific strains in the protection of C. difficile infection.
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Table 5. Summary of the suppression of clinical symptoms and inflammation of C. difficile-infected

mice by treatment with Lactobacillus and Bifidobacterium for 4 days (D-1 to D2)

Antibiotic C LR-L34 LC-L39 LC-B13 LC-B106 | BB-NB42 | BP-NB48 Lacto-
only difficile cocktail
% Survival | 100 47.3 100.00 100.00 100.00 100.00 100.00 100.00 100.00
% BW 5.19 18.06 10.85 8.57 12.94 11.22 3.37 10.74 2.64
change
(D2)
% 0 71.45 12.50 7.14 9.09 9.09 0 12.50 14.28
Diarrhea
Serum 904.17 3875.58 1156.91%* ND ND ND ND ND ND
FITC-
dextran
Reduction
of serum
cytokines
IL-1b (+) (+)* () ()% ND ND ND
TNF-OL (4)x* ) (4)rx (4% ND ND ND
MIP-2 (4% ) (4% ()% ND ND ND
KC ()% ) () (+)* ND ND ND
Reduction
of cecum
cytokines
IL-1b (O] O] o Q) ND ND ND
TNF-OL (4)r** ) ) ) ND ND ND
MIP-2 “) (+)* (+)** () ND ND ND
KC (+)* ) (+)** () ND ND ND
Reduction
of colon
cytokines
IL-1b (+)* (+)* G (+)* ND ND ND
TNF-OL (+)* (4)x** (4)** (4)* ND ND ND
MIP-2 ()% (+)* ()% ()% ND ND ND
KC ()% ) ) (4% ND ND ND
Histology | 3.50 7.80 5.20 4.85 3.06 3.58 ND ND ND

score

(+), Positive; (-), Negative; ND, not determined and will be performed further; *Significantly different
at p < 0.05, * p < 0.01, **p < 0.001.
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Conclusion

We have identified six strains of Lactobacillus and Bifidobacterium with the ability to protect
against C. difficile infection. Our result demonstrated that the preventive effect of L. rhamnosus L34
was mediated via improving gut leakage and down-regulating both local and systemic inflammatory
responses. More experiments are still ongoing to define the functional properties contributing to the
protective effects of these strains.

( Associate Professor Dr. Somying Tumwasorn )
Principle Investigator
29 /06 /2561
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Supplement data 1. Human-derived Lactobacillus spp. produce factors suppressing C. difficile-
induced pro-inflammatory cytokine production in Caco-2 or HT-29 intestinal epithelial cells. LCM from
human-derived lactobacilli were tested for the ability to suppress IL-8 production in Caco-2 (A) or HT-
29 (B) cells stimulated with C. difficile. Cells were incubated with 5% LCM in the presence or absence
of C. difficile ATCC BAA1870 for 24 h and IL-8 production was measured by ELISA. The results were
from three independent experiments in triplicate and are expressed as the mean + SEM, **p-value

<0.001 as compared to medium control.
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Supplement data 2. Human-derived Bifidobacterium spp. produce factors suppressing C. difficile-
induced pro-inflammatory cytokine production in Caco-2 or HT-29 intestinal epithelial cells. BCM from
human-derived Bifidobacterium were tested for the ability to suppress IL-8 production in Caco-2 or
HT-29 cells stimulated with C. difficile. Cells were incubated with 5% BCM in the presence or absence
of C. difficile ATCC BAA1870 for 24 h and IL-8 production was measured by ELISA. LCM of LC-L39 were
used as positive control. The results were from three independent experiments in triplicate and are
expressed as the mean + SEM, **p-value <0.001 as compared to medium control.
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