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intestinal mucositis in relation to the composition of ““intestinal microbiota’
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Introduction

Chemotherapy has greatly improved the overall survival rate in cancer patients, but the gastrointestinal (GI)
side-effects remain a major obstacle which greatly impact the patients’ quality of life. Currently, there is no
satisfactory strategy for the management of intestinal mucositis during cancer chemotherapy. Although
S-fluorouracil (5-FU) is a widely used anti-cancer agent, approximately 50-80% of the patients receiving 5-FU
developed severe diarrhea due to intestinal mucositis. The imbalance and malfunction of intestinal flora has been
implicated in the pathogenesis of chemotherapy-induced intestinal mucositis but the precise mechanism is not
fully understood. In the present study, first I aimed to elucidate the pathogenic mechanisms underlying
5-FU-induced intestinal mucositis. And secondly, the author investigated the effect of probiotics on 5-FU-induced

intestinal mucositis from the insight of “intestinal microbiota”.

Chapter I: Apoptosis, dysbiosis and expression of inflammatory cytokines are sequential events in the
pathogenesis of 5-FU-induced intestinal mucositis in mice.

In this chapter, the author investigated the pathogenic mechanisms underlying intestinal mucositis induced in
mice by 5-FU, especially in relation to apoptosis, intestinal microbiota, and inflammatory cytokines. Repeated
intraperitoneal administration of 5-FU (50 mg/kg) once daily for 6 days caused severe intestinal mucositis in
C57BL/6 mice, characterized by shortening of villi and destruction of crypts, accompanied by body weight loss
and diarrhea. These responses were evidently observed from day 4. Tumor necrosis factor (TNF)-oo mRNA
expression in intestinal cells has been increased on day 1, and further augmented on day 4, simultaneously with
increase in interleukin (IL)-1p mRNA expression and myeloperoxidase (MPO) activity, a marker of neutrophil
infiltration in the mucosa. TUNEL-positive apoptotic cells and Ki-67-positive proliferative cells were significantly
increased and deceased in intestinal crypts on day 1, respectively. Daily administration of ampicillin, a broad
spectrum of antibiotic, and aztreonam, a gram-negative bacteria-specific antibiotic, significantly reduced the
severity of 5-FU-induced intestinal mucositis with body weight loss and diarrhea. The upregulation of TNF-a and
IL-1p mRNA expression together with MPO activity on day 4 were also significantly abrogated by ampicillin and




aztreonam. However, these antibiotics neither had any suppressive effects on the increase in TUNEL-positive
apoptotic cells nor on the upregulation of TNF-ae mRNA expression on day 1. The analysis of intestinal microbiota
via a next-generation sequencer revealed a disruption of its composition, resulting in “dysbiosis”; decrease in the
relative abundance of Firmicutes and Actinobacteria while increase in the relative abundance of Bacteroidetes,
Protecobacteria, and Verrocomicrobia. Daily administration of ampicillin counteracted intestinal dysbiosis via
potent decrease in the number of intestinal microbiotas determined by quantitative PCR on day 6. In cultured
mouse intestinal epithelial cells, the exposure to 5-FU upregulated TNF-a but not IL-1p mRNA expression, in a
concentration-dependent manner. These findings suggest that crypt apoptosis, gram-negative bacteria, and
inflammatory cytokines are sequentially involved in the occurrence of 5-FU-induced intestinal mucositis. Intestinal
dysbiosis resulting from the destruction of epithelial barrier induces secondary inflammation with upregulation of

inflammatory cytokines and neutrophil infiltration in the mucosa, resulting in severe intestinal mucositis.

Chapter II: Probiotic Bifidobacterium bifidum G9-1 attenuates S-fluorouracil-induced intestinal mucositis
in mice via suppression of dysbiosis-related secondary inflammatory responses.

Probiotics are viable bacteria with well-known beneficial effects on human health. It is still unknown whether
probiotics are useful in treatment of chemotherapy-induced intestinal mucositis. In this chapter, the author
investigated the effect of probiotic Bifidobacterium bifidum G9-1 (BBG9-1) on 5-FU-induced intestinal mucositis
in mice. Repeated intraperitoneal administration of 5-FU (50 mg/kg) produced severe intestinal mucositis in [CR
mice, characterized by shortening of villi and destruction of crypts, accompanied by increase in MPO activity and
inflammatory cytokine expressions. Daily administration of BBG9-1 significantly attenuated intestinal mucositis
with decrease in MPO activity and inflammatory cytokine expression on day 6 following the onset of 5-FU
treatment. In contrast, BBG9-1 revealed no effect on crypt apoptosis and initial TNF-a upregulation on day 1. The
structure of the intestinal microbiota on the phylum level via weighted UniFrac analysis on a next-generation
sequencer was largely altered by daily administration of 5-FU, but this response was significantly inhibited by
BBG9-1. These findings suggest that BBG9-1 exhibits an ameliorative effect against 5-FU-induced intestinal
mucositis through attenuation of secondary inflammation by improving intestinal dysbiosis.

Conclusion

Apoptosis, suggested to be mediated by TNF- a, and hypoproliferartion in intestinal crypt cells are the initial
pathogenic events in the occurrence of 5-FU-induced intestinal mucositis. The disruption of epithelial barrier paves
the way for intestinal dysbiosis with upregulation of inflammatory cytokines in a sequential manner resulting in
intestinal mucositis. The correction of dysbiosis can thus, be a useful approach for proper prevention and treatment

of intestinal mucositis during cancer chemotherapy.
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