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Abstract

BACKGROUNB

Postoperative recurrence (POR) after ileocecal resection (ICR) affects most Crohn's

disease patients within 3-5 years after surgery. Adherent-invasive Escherichia coli (AIEC)
ified by the LF82 strain are pathobionts that are frequently detected in POR of
ohn's disease and have a potential role in the early stages of the disease pathogenesis.

Saccharomyces cerevisite CNCM 1-3856 is a probiotic yeast reported to inhibit AIEC

adhesion to intestinal epithelial cells and to favor their elimination from the gut.

AIM
evaluate the efficacy of CNCM I-3856 in preventing POR induced by LF82 in an
HLA-B27 transgenic (TgB27) rat model.

METHODS

Sixty-four rats (strain F344, 38 TgB27, 26 control non-Tg (nTg)) underwent?n ICR at the
12th week (W) of life and were sacrificed at the 18th week (W18) of life. TgB27 rats were
challenged daily with oral administration of LF82 (10° colony forming units
(CFUs)/day (d), n = 8), PBS (n = 5), CNCM I-3856 (10° CFUs/d, n = 7) or a combination
of LF82 and CNCM I-3856 (n = 18). nTg rats receiving LF82 (n = 5), PBS (1 = 5), CNCM
1-3856 (n = 7) or CNCM 1-3856 and LF82 (n = 9) under the same conditions were used as
controls. POR was analyzed using macroscopic (from 0 to 4) and histologic (from 0 to 6)
scores. Luminal LF82 quantifications were performed weekly for each animal. Adherent
LF82 and inflammatory/regulatory cytokines were quantified in biopsies at W12 and

W18. Data are expressed as the median with the interquartile range (IQR).

RESULTS
nTg anima&)did not develop POR. A total of 7/8 (87%) of the TgB27 rats receiving LF82
alone had POR (macroscopic score = 2), which was siggificantly prevented by CNCM I-

3856 administration (6/18 (33%) TgB27 rats, P = 0.01). Macroscopic lesions were located




2 cm above the anastomosis in the TgB27 rats receiving LF82 alone and consisted of

ulcerations with a score of 3.5 (2-4). Seven out of 18 TgB27 rats (39%) receiving CNCM I-
3856 and LF82 had no macroscopic lesions. Compared to untreated TgB27 animals
receiving LF82 alone, coadministration of CNCM I-3856 and LF82 significantly reduced
the macroscopic (3.5 (2-4) vs. 1 (0-3), P = 0.002) and histological lesions by more than
50% (4.5 (3.3-5.8) vs. 2 (1.3-3), P = 0.003). The levels of adherent LF82 were correlated
with anastomotic macroscopic scores in TgB27 rats (r=0.49, P = 0.006), with a higher risk
of POR in animals having high levels of luminal LF82 (71.4% wvs. 25%, P = 0.02).
Administration of CNCM 1-3856 significantly reduced the levels of luminal and
adherent LF82, increased the production of interleukin (IL)-10 and decreased the

production of IL-23 and IL-17 in TgB27 rats.

aONCLUSION

In a reliable model of POR induced by LF82 in TgB27 rats, CNCM 1-3856 prevents
macroscopic POR by decreasing LF82 infection and gut inflammation.
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Core Tip: Gut dysbiosis plays a main role in the postoperative recurrence (POR) of
Crohn's disease (CD). CD dysbiosis is characterized a lower microbiota diversity
with an increase in pathogenic species. Among them, adherent-invasive Escherichia coli
(AIEC) has been linked to POR. Ecchammyces cerevisiae (S. cerevisine) CNCM [-3856 is a

probiotic yeast that specifically targets AIEC by preventing the bacterial adhesion




process ﬁi inhibiting its persistence within the bowel. This study confirmed the
capacity of S. cerevisiee CNCM 1-3856 to prevent AIEC-induced POR by decreasing the

infection in a transgenic HLA-B27 rat model of POR after ileocecal resection.

INTRODUCTION

Crohn's disease (CD) is a complex chronic inflammatory bowel disease that requires
surgical resection of macroscopic lesions in approximately 30-50% of patients in their
lifetime [1l. Unfortunately, surgery is not curative, and endoscopic recurrence at the
anastomotic site occurs in up to 70% of patients in the first year after surgery, followed
by clinical recurrence a few years later [2l. Postoperative management of these patients is
crucial to identify those at highest risk of recurrence to begin rapid prophylactic
treatments targeting mainly tumor necrosis factor a (TNFa) B, interleukins 12/23 and
a4f7 integrins on leukocytes [4. Given the high rate of recurrence after intestinal
resection for CD and the cost and potential adverse effects of biologic therapies used in
prophylaxis, there is a clear need to identify the mechanisms leading to postoperative
recurrence (POR), to develop noninvasive methods predicting recurrence and to
propose new evidence-based therapeutic strategies.

The physiopathology sustaining POR of CD remains partially unknown. Abnormal
interactions between the mucosal/mesenteric immune system and the intestinal
microbiota favored by surgical techniques and environmental factors are pivotal
hallmarks in POR dynamics [51. Recently, ileal transcriptome analyses of CD patients
found a gene signature of POR characterized by an upregulation of the interleukin (IL)-
23 and IL-17 pathways together with abnormal JAK/STAT activation [6l. Numerous
changes in the microbial composition and a reduction in species diversity have been
observed in the intestinal flora of CD patients [7l, and a few studies have identified an
intestinal microbial signature associated with POR. Recolonization of the neoterminal
ileum by Escherichia coli (E. coli), Bacteroides, and Fusobacteriaceae and the depletion of
Streptococcaceae, Actinomycineae and Faecalibacterium are associated with endoscopic

recurrence of CD L. Among these microorganisms, adherent-invasive E. coli (AIEC)




isolated more than 20 years ago by Darfeuille-Michaud et al from the ileal mucosa of a

patient with CD [910 remains one of the most prominent and influential strains
associated with CD. AIEC are pathobionts found in approximately 30% of CD patients
and in 10% of healthy controls ['1l. They are not strictly pathogenic bacteria, their
influence on CD physiopathology remains incompletely understood. However, AIEC is
associated with the early stages of CD and is predictive of endoscopic POR at 6 mo [12,
reinforcing the need for interventional studies targeting these bacteria to better
understand their direct impact on mucosal inflammation and to find new opportunities
to treat CD patients.

Several therapeutic strategies, including the use of antibiotics [13], pre/probiotics [14]
and fecal microbiota transplantation ['°l, have been proposed to target the intestinal
flora in CD. Due to side effects or limited efficacy, their routine utilization cannot be
recommended 16171, Other strategies to inhibit adhesion or to specifically erase AIEC
using FimH blockers [1819] or specific bacteriophages [2021] are ongoing and seem more
promising in preclinical studies. In this context, Saccharomyces cerevisiae (S. cerevisiae)
CNCM 1-3856 is a probiotic yeast with good tolerance and beneficial effects on
gastro'Etestinal symptoms [2223] that has been shown to agglutinate the LF82 AIEC
strain and to prevent its adhesion to intestinal epithelial cells in vitro, favoring LF82
elimination from the gut of mice [2!l. Among the thousands of strains belonging to the
AIEC family and identified from European and USA isolates, LF82 remains the most
studied reference strain that can both adhere to and invade epithelial cells and,

moreover, survive and replicate within macrophages without inducing cellular death

[25,26]
In the present study, we developed a new animal model of POR of CD occurring 6

wk after ileocecal resection (ICR) in HLA-B27 transgenic (Tg) rats [27.28] infected by the
LF82 AIEC strain 29 to better evaluate the causal role of LF82 on the early steps of CD
lesions and the effectiveness of a rationally selected S. cerevisise CNCM 1-3856 probiotic

to prevent recurrence of the disease.




MATERIALS AND METHODS

Animals

HLA-B27 transgenic (Tg) and nontransgenic (nTg) control Fisher rats (strain F344) were
provided by Professor M. Breban (Cochin Institute, INSERM U1016, Paris, France).
Sixty-four rats were maintained in a specific pathogﬁfree facility at the Institut Pasteur
(Lille, France) and were fed a standard diet with free access to water. Animals were
maintained at a constant temperature with a 12-hour light/dark cycle. Intragastric
gavage administration was carried out with conscious animals using straight gavage
needles appropriate for the animal size. Surgery was performed under general
anesthesia, and postoperative analgesia by opioid treatment was provided. All animals
were euthanized by cervical dislocation under general anesthesia. Experiments were
realized according to the European directive 2016/63/UE enforced by the decree
n°2013-118 and authorized by the departmental ethics committee (n\°CEEA 01292-01).

AIEC LF82 and S. cerevisiae CNCM I1-3856 strains

The streptomycin-kanamycin-resistant AIEC strain LF82 isolated from an ileal biopsy of
a patient with CD was ﬁovided by Professor Nicolas Barnich (Clermont-Auvergne
University, France) and used as an AIEC reference strain [*l. Bacteria were Jﬁtinely
grown at 37 °C in Brain-Heart Hoth or on Drigalski agar plates. The dry S. cerevisiae
CNCM 1-3856 yeast strain was provided by Lesaffre International (Marcq-en-Baroeul,
France). The LF82 and S. cerevisite CNCM 1-3856 strains were rehydrated at room
temperature in PBS (pH=7.2, 2x107 colony forming units (CFUs)/mL) before gavage.

Expegimental design

ICR with end-to-end anastomosis was performed at 12 wk (W) of life (W12) in 64 rats
(38 Tg, 26 nTg) (Figure 1). ICR was performed blindly by two operators (Caroline
Dubuquoy and Caroline Valibouze) in Tg and nTg animals. Tg rats were challenged
daily by oral gavage in the morning with PBS (n = 5), S. cerevisine CNCM 1-3856 alone
(10 CFUs/day (d)) (n = 7), LF82 alone (10° CFUs/d) in the afternoon (n = 8), or the




combination of S. cerevisine CNCM 1-3856 (10° CFUs/d) and LF82 (10°CFUs/d) (n = 18)
given in the morning and in the afternoon, respectively. Age-matched nTg rats
receiving PB%{ = 5), S. cerevisine CNCMI-3856 alone (n =7), LF82 alone (n = 5), or the
combination of S. cerevisine CNCM 1-3856 and LF82 (n = 9) under the same conditions
were used as controls. LF82 was administered from W11 to W18, and S. cerevisiae
CNCM 1-3856 was similarly administered from W10 to W18 in Tg and nTg rats.
Streptomycin was given in drinking water at 0.5 mg/mL for the last 3 days of W10 in
Tg and control animals. The rats were followed during the eight-week procedure for
weight changes (% of change compared to initial body weight at W11), diarrhea and the

presence of macroscopic bloody stools and were killed at W18.

Macroscopic and histologic lesions

At W18, the whole intestine was excised and photographed. Anastomotic macroscopic
lesions (+ 2 cm above anastomosis) were assessed blindly using a macroscopic grading
scale adapted from the Rutgeerts score ranging from 0 to 4 (Figure 2) [2l. By analogy
with endoscopic recurrence after surgery in patients with CD (25), POR was defined by
a macroscopic score of = 2 corresponding to the presence of ulcerations + stenosis. The
results were expressed as the median with the interquartile range (IQR).

Transpagietal biopsies of anastomotic areas were collected during surgery at W12
and W18. Tissues were fixed in 4% buffered formaldehyde, embedded in paraffin and
stained by May-Grunwald Giemsa for scoring (from 0 to 6) using the adapted score of
Geboes (Table 1) B!l Identical areas of each section of the different biopsy specimens
were examined at 10x magnification by two blinded observers familiar with the scoring
system (Caroline Dubuquoy and Caroline Valibouze). Anastomotic histologic scores
were expressed as the median score with IQR when an interobserver coefficient of

variation < 15% was obtained.

Luminal and adherent quantification of LF82




Feces (10-600 mg) were collected weekly from W11 to W18 for each animal after
abdominal massage for the quantification of luminal LF82. Mucosal anastomotic swabs
(10-100 mg) were performed at W12 during surgery and at sacrifice (W18) in all animals
for the quantification of anastomotic adherent LF82. Fresh feces and swabs were
collected_jn 1.5 mL of sterile cysteinated Ringer's solution. After serial dilutions,
samples were incubated for 24-48 h at 37 °C in Drigalski agar containing 100 pg/mL
streptomycin to select and quantify LF82 expressed as logl0 CFUs per gram of feces.

The results are expressed as the median with the IQR.

mRNA quantification in anastomotic biopsies at W12 and W18
Anastomotic biopsies were frozen at -80 °C, and total RNA was extracted using a
Nucleospin RNA kit (Macherey Nagel). After RN Ase inactivation, genomic DNA was
suppressed from the samples by DNAse trea&ment, and total RNA was extracted in
RNAse-free water. The RNA content was measured using a NanoDrop
Spectrophotomet ermo Fisher Scientific, Waltham, Massachusetts, USA). Retro-
transcription of total RNA was achieved using a High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific). Rgndom primers, RT buffer and reverse
transcriptase were ad to 1 pg of total RNA, and the samples were incubated for 10
minutes at 25 °C, then 2 h at 37 °C and finally 5 minutes at 85 °C in the Gene AmpPCR
System 9700 automaton (Thermos Fisher Scientific, Waltham, Massachusetts, USA). All
its were used according to the manufacturers’ protocols. IL-1p, IL-6, TNFa, interferon
(IFN)y, IL-17, IL-23 and IL-10 were quantified by qPCR in real time for 40 cycles in the
StepOnePlus™ Real Time PCR system (Thermo Fisher Scientific, Waltham,
Massachusetts, USA) using SYBR Green PCR Master Mix (Thermo Fisher Scientific).
qPCR signal quantification was expressed relative to the expression of -actin as the

reference gene. The results are expressed as the median with IQR.

g’aﬁsﬁmf analysis




Data are expressed as the median with IQR. Comparisons were performed using the
nonparametric Mann— Whitney test for unmatched data and the Wilcoxon signed-rank
test for matched data. Pearson’s chi-squaratest was used for contingency analysis. The
correlation between macroscopic scores and the number of LF82 was tested using
Spearman’s test. To classify animals with low or high quantities of LF82, a cutoff value
was determined using the receiver operating characteristic (ROC) curve. The risk_of
recurrence for low and high producers was compared using Pearson’s chi-square test.
All statistical tests were two-tailed and considered statistically significant if p<0.05.
Statistical analyses were conducted using the GraphPad Prism 5.00 (GraphPad
Software, San Diego, CA) software package for PC and Xlstat 2020.1 version for the
ROC curve.

ESULTS
Effect of S. cerevisiae CNCM 1-3856 on clinical signs
No mortality, diarrhea or bloody stools were observed in any animals receiving PBS,
LF82 alone, S. cerevisite CNCM I-3856 alone or S. cerevisine CNCM 1-3856 and LF82
during the 8-week observation study.

A similar pattern of weight evolution was observed in nTg (Figure 3A) and Tg
animals (Figure 3B), with significant weight loss occurring one week after surgery
followed by a weight recovery phase. More important weight loss was transiently
observed at W13 in Tg rats receiving LF82 vs. S. cerevisite CNCM 1-3856 and LF82 (95.7,
IQR: 92-97 vs. 85.4, IQR: 81-94, P = 0.007). The global weight changes assessed by the
relative difference in weight variation between W11 and W18 were similar in the 4

groups of Tg and nTg animals.

2
Effect of S. cerevisiae CNCM 1-3856 on macroscopic anastomotic lesions and POR
No intestinal lesions were present at W12 in any animal. No macroscopic lesions (or

therefore POR) were observed at W18 in control nTg animals receiving PBS, S. cerevisiae

CNCM 1-3856 alone, LF82 alone, or S. cerevisine CNCM 1-3856 and LF82 (Figure 4A). In




contrast, anastomotic macroscopic lesions corresponding mainly to edema and
ulcerations on more than 20% of the anastomotic area without stenosis were observed
in Tg rats receiving LF82 (3.5, IQR: 2-4), leading to 87.5% POR in this group of animals

jgures 4A-B). Compared to untreated Tg rats receiving LF82 (3.5, IQR: 2-4),
coadministration of S. cerevisige CNCM 1-3856 and LF82 significantly reduced the
macroscopic score (1, IQR: 0-2, P = 0.002) and POR (87.5% vs. 33.3%, P = 0.01) by more
than 60% (Figures_4A-B). Anastomotic macroscopic lesions were similar in Tg rats
receiving PBS or S. cerevisiee CNCM 1-3856 alone or S. cerevisiae CNCM 1-3856 and LFS2,

without a difference compared to those of control nTg animals (Figure 4A).

Effect of S. cerevisiae CNCM I-3856 on anastomotic histologic lesions

No histologic lesions were present at W12 in any animal (data not shown). At W18, no
significant and only mild histologic lesions characterized by neutrophil infiltration not
exceeding 30% of lamina propria cells were observed in control nTg animals receiving
either PBS, LF82 alone, S. cerevisine CNCM 1-3856 alone or S. cerevisine CNCM 1-3856 and
LF82 (Figure 5). In contrast, erosions and mucosal ulcerations associated with moderate
neutrophil infiltration were observed at W18 in Tg rats receiving LE82 (4.5, IQR: 3.3-5.8)
(Figure 5). Compared to untreated Tg animals receiving LF82, coadministration of S.
cerevisine CNCM 1-3856 and LF82 significantly reduced the histological lesions by more
than 50% (4.5, IQR: 3.3-5.8 vs. 2, IQR: 1.3-3, P = 0.003) (Figure 5). No significant lesions
were observed in Tg rats receiving PBS or S. cerevisine CNCM I-3856 alone, which was

not different from the findings in control nTg animals (Figure 5).

Effect of CNCM 1-3856 on luminal and adherent LF82 Levels (W12-W18)

At W12, i.e., one week after the beginning of LF82 administration (10° CFUs/d), the
quantities of luminal (Figure 6 d adherent (Figure 7A) LF82 were similar in Tg and
nTg rats receiying LF82 alonm. cerevisite CNCM 1-3856 LF82. The levels of
luminal (4.4, IQR: 2.5-5.2 vs. 3.4, IQR: 1.7-5.5) and adherent (2.7, IQR: 2.4-3 vs. 3.1, IOR:




2.3-5) LF82 remained similar between W12 and W18 in Tg rats receiving LF82 alone
(Figures 6-7), while a significant rease in luminal (4.6, IQR: 3.5-5.2 vs. 1.8, IQR: 1.7-
2.3, P =0.0002) and adherent (3.1, IQR: 2.5-3.6 vs. 2.5, IQR: 2.3-2.6, P = 0.0005) LF82 was
observed between W12 and W18 in paired Tg animals receiving S. cerevisine CNCM I-
3856 and LF82 (Figures 6-7).

In addition, the global persistence of viable luminal LF82 after surgery and during
the last 5 wk of the study was significantly higher in&e stools of Tg rats receiving LF82
alone (0.22, IQR: 2.071e-008-0.7) compared to Tg rats receiving S. cerevisite CNCM 1-3856
and LF82 (-0.6, IQR: -0.7-0.3, P = 0.0004) (Figure 8).

Cotrelation between LF82 Levels and macroscopic lesions in Tg rats

A correlation was found between the levels of adherent LF82 and the scores of
anastomotic macroscopic lesions observed at W18 in Tg animals receiving LF82 alone or
in combination with S. cerevisite CNCM 1-3856 (r=0.49, P = 0.006) (Figure 9A). These
levels of anastomotic adherent LF82 were correlated at W12 (r = 0.81, P = 0.02) and W18
(r=0.79, P = 0.03) with the levels of luminal LF82 in paired Tg animals receiving LF82
alone (Figures 9B-C). Next, we analyzed whether luminal LF82 Levels at W14 m e
predictive of POR in the 26 Tg rats receiving LF82 alone (n = 8) or in combination with
S. cerevisine CNCM 1-3856 (n = 18). Using a cutoff value of 2.262 Log10 CFUs of luminal
LF82 per gram of stool determined by the ROC curve, 14 animals at W14 were classified
as highly infected by LF82, and 12 were classified as mildly infected (Figure 10A). POR
was significantly more frequent in the highly infected Tg rats than in the mildly infected
Tg rats (71.4% vs. 25%, P = 0.02) (Figure 10B). A value of 2.262 Logl0 CFUs luminal
LF82 per gram of stool at W14 had an 80% sensitivity, 69.2% specificity, 71.4% positive

predictive value and 75% negative predictive value for POR.

Anastomotic cytokine mRNA quantification




The levels of IL-13, IL-6, TNFa and IFNy mRNA were variable and similar in all Tg and

nTg animals at W12 and W18, regardless of the presence of POR, LF82 administration
or treatment with S. cerevisine CNCM 1-3856 (data not shown).

Concerning IL-10 mRNA levels, the only significant difference found by paired
analysis in the different groupséanimals revealed higher levels of IL-10 mRNA at W18

mpared to W12 in animals receiving S. cerevisite CNCM 1-3856. In the Tg groups,
administration of S. cerevisite CNCM 1-3856 with or without the coadministration of
LF82 induced a significant increase in IL-10 production between surgery and sacrifice
(2.5-105, IQR: 1.7 105-2.6 105 vs. 4.9-105, IQR: 3.3105-9105, P = 0.017 and 2.6 105, IQR:
1.5105-3.9 105vs. 7.4-105,IQR: 5.3 105-0.4 105, P = 0.031, respectively), while similar IL-10
Levels were found in animals receiving LF82 alone (Figures 11 A-B-C).

Concerning IL-23 mRNA levels, a significant increase was observed at W18 in Tg
animals receiving LF82 alone in comparison to the groups ats treated with S.
cerevisize CNCM [-3856 with or without administration of LF82 (P = 0.04 and P = 0.006,
respectively) (Figure 12 A). Additionally, using a paired t test, a significant increase in
inflammatory IL-23 production was observed between surgery and sacrifice in the Tg
group receiving LF82 alone (2.2104,IQR: 1.8 104-8 104 vs. 26.9 104, IQR: 6.1 10%-6 104, P =
0.008), while no significant difference was observed in the Tg groups treated with S.
cerevisize CNCM 1-3856 with or without administration of LF82 (Figures 12 B-C-D).

Analysis of IL-17 mRNA levels found significantly higher rates at W18 in Tg rats
receiving LF82 in comparison with the Tg group receiving S. cerevisiee CNCM 1-3856
and LF82 (2.7 104, IQR: 0.8 104-9,5 104 vs. 0.4 104, IQR: 0.2 104-0.6 10¢, P = 0.015) (Figure
13 A).

DISCUSSION

The role of the intestinal microbiota composition and diversity in POR of CD is
importapt. Among intestinal microorganisms potentially involved in POR, many
studies support the roles of AIEC in early ileal lesions of CD and particularly in

endoscopic POR occurring 6 mo after CD-related ileocolonic resection 12, In the present




study, we show that ﬁ probiotic S. cerevisite CNCM 1-3856 prevents LF82-induced
POR occurring 6 wk after ICR in susceptible HLA-B27 Tg rats. In our model, oral
administration of the LF82 AIEC strain induced POR in 85% of HLA-B27 Tg rats raised
in a controlled pathogen-free facility. The lesions developed in a concentration-
dependent manner to the amount of adherent LF82; moreover, they shared many
similarities with CD lesions, including erosions and ulcers that could lead to stenosis,
transparietal neutrophil infiltration, and a shift in cytokine profileﬁoward the IL-23/1L-
17 axis. The goal of the postoperative management of CD is to identify patients at
highest risk of recurrence to begin prophylactic treatment with biotherapies [l. In our
study, a high fecal concentration of LF82 had a 70% positive predictive value for POR
occurring 4 wk later. The utility of this noninvasive diagnostic biomarker for predicting
POR should be considered in future clinical studies evaluating the postoperative
manﬁement of CD patients.

S. cerevisine CNCM 1-3856 [22] is a probiotic yeast that has already been evgluated in
large-scale clinical studies showing the safety and efficacy of this strain for abdominal
pain managelﬁent in patients with irritable bowel syndrome [(2232-3I In the present
study, daily oral administration of S. cerevisite CNCM 1-3856 at 10° CFU/d was
perfectly tolerated and reduced the severity and frequency of POR by more than 60% in
HLA-B27 Tg rats. Moreover, an absence of LF82-induced POR without Ey macroscopic
lesions was observed in 40% of transgenic animals treated preventively with S. cerevisiae
CNCM 1-3856. To our knowledge, this is the first time that a probiotic treatment showed
such efficaqén preventing POR in a rodent preclinical model of POR of CD. -

Different mechanisms of action may be involved in the therapeutic preventive effect
of S. cerevisine CNCM 1-3856 against POR. Speciﬁcéactions of B6-glucan and a4-glucan
expressed by S. cerevisine CNCM I-3856 represent the strongest anti-adhesive yeast cell
wall components against AIEC adhesion 2433 In our study, prevention of LF82-induced
POR by S. cerevisite CNCM 1-3856 was associated with a significant decrease in
adherent LF82 in the intestinal mucosa ofﬁnimals together with a decrease in the

persistence of luminal LF82, demonstrating the ability of S. cerevisite CNCM 1-3856 to




decolonize AIEC from the gut of rats. Additional preclinical studies will be performed
in our model using specific soluble glucan fractions of S. cerevisite CNCM 1-3856 to
avoid the constraints of a live probiotic and to optimize the therapeutic efficacy.
Another possible mechanism by which S. cerevisine CNCM [-3856 prevents POR resides
in its immunomodulatory and anti-inflammatory capacities 3¢. We observed that the
administration of S. cerevisite CNCM 1-3856 significantly increased IL-10 production in
the intestine of rats and restored the local upregulation of IL-17 and IL-23 associated
with LF82-induced POR in transgenic animals. The capacity of S. cerevisiae to induce IL-
10 production has already been highlighted in vitro in bone-marrow dendritic cells and
in porcine jejunal epithelial cells 36371, In the gut, IL-10 is produced by leukocytes and
intestinal epithelial cells and plays important roles in maintaining gut homeostasis and
harmonizing the interaction between host immunity and lun‘Elal microorganisms 1381, In
a previous study of 79 patients with CD undergoing a first ileocolectomy and
ileocolonic anastomosis, we reported that a low ileal IL-10 mRNA cqgcentration was
predictive of endoscopic recurrence occurring 3 mo later 9. Thus, the ability of S.
cerevisine CNCM 1-3856 to induce the intestinal production of IL-10 could be a key factor

in preventing POR in our model.

CONCLUSION

In conclusion, our results identified S. cerevisiee CNCM 1-3856 as a new and, _original
candidate for the prevention of POR in selected AIEC-infected CD patients. In a reliable
model of ICR in HLA-B27 Tg rats mimicking POR of CD, S. cerevisine CNCM 1-3856 was
found to prevent macroscopic and histologic POR through a pathobiont AIEC-targeted
mechanism and through its ability to induce intestinal IL-10 production. Given that the
majority of patients with CD wish to have safe, natural, nonchemotherapeutic
treatmenh the S. cerevisite CNCM 1-3856 probiotic, which is already an alternative
solution for the management of patients with irritable bowel syndrome because of its
ability to alleviate abdominal pain and to improve quality of life, should represent a

promising therapeutic solution in the management of postoperative CD.




ARTICLE HIGHLIGHTS

Research background

&e presence of adherent-invasive E. coli (AIEC) in intestinal flora is associated with
postoperative recurrence (POR) of Crohn's disease (CD). Saccharomyces cerevisiae (S.
cerevisine) CNCM 1-3856 is a safe and effective probiaic yeast that has already been
evaluated in randomized placebo-controlled studies irﬁatients with irritable bowel
syndrome. Preclinical studies demﬁ'lstrate the capacity of S. cerevisite CNCM 1-3856 to
agglutinate invasive E. coli strains and to prevent their adhesion to intestinal epithelial

cells, favoring AIEC elimination from the gut of mice.

Research motivqtion
To demonstrate that S. cerevisite CNCM 1-3856 should be considered as a postoperative

prophylactic medical therapy in CD patients harboring AIEC bacteria.

Research objectives

To evaluate the beneficial effect of S. cerevisige. CNCM 1-3856 and its mechanisms of
action in preventing AIEC-induced POR in an HLA-B27 transgenic (TgB27) rat model of
CD.

Research methods

TgB27 and control rats underwent an ileocecal resection the 12th week of life and
sacrificed 6 wk later to assess POR using macroscopic and histological scores and
quantification of mucosal inflammatory/regulatory cytokines. Animals were
challenged daily with an oral administration of AIEC and were treated orally with S.
cerevisite CNCM 1-3856 (10”7 colony forming units/day). Luminal and adherent AIEC

were regularly quantified throughout the duration of the study.

Research results




Eighty-seven percent of TgB27 rats developed POR characterized by anastomotic
macroscopic ulcerations, transparietal neutrophil infiltration and a shift in the cytokine
profile toward the interleukin (IL)-17/IL-23 axis. Oral administration of S. cerevisiae
CNCM 1-3856 reduced this POR by more than 60%, increased AIEC elimination from
the gut, induced intestinal IL-10 production and restored the local upregulation of IL-
17/1L-23. A high concentration of AIEC quantified in the stool of rats after surgery had

a 70% positive predictive value for POR occurring 4 wk later.

Research conclusions

Ileocecal resection in TgB27 rats is a novel, useful, reliable odel mimicking POR of CD
and aided the discovery of new therapeutic targets. Oral administration of S. cerevisiae
CNCM 1-3856 safely prevented POR of CD through AIEC decolonization and

immunomodulatory/anti-inflammatory capacities.

esearch perspectives
The probiotic S. cerevisiae CN [-3856, which is already an alternative solution for the
management of patients with irritable bowel syndrome to improve abdominal pain and
quality of life, should represent a promising prophylactic natural nonchemotherapeutic
solution in the management of postoperative CD. Monitorir&AIEC levels in stool after
surgery for CD should be considered as a companion test to identify patients at high

risk of POR and to monitor treatment response.
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