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Background and Objectives: This study aimed to explore the changes of gut bacteria in bladder cancer patients.
Methods and Study Design: Newly diagnosed bladder cancer patients were recruited. All participants completed
a questionnaire about personal behavior and diet. Pyrosequencing of the total genomic DNA extracted from human
feces was carried out by Illumina HiSeq 2000. The copy number of target DNA for bacteria was determined by
real-time quantitative PCR assay. Fecal short chain fatty acids contents were measured by gas chromatography (GC)
analysis. The concentrations of lipopolysaccharide and D-lactic acid in serum were determined by enzyme-linked
immunosorbent assay kits. Results: Fruit intake was significantly lower than in healthy controls. The numbers of
Clostridium cluster XI and Prevotella in bladder cancer patients decreased. The numbers of domain bacteria and
Prevotella were significantly and positively associated with fruit intake (r=0.002, p<0.05 for domain bacteria;
r=0.004, p<0.05 for Prevotella). The concentration of butyric acid decreased significantly in bladder cancer patients,
and the quantities of fecal butyric acid were significantly and positively associated with fruit intake (r=0.610,
p<0.01). The concentrations of lipopolysaccharide and D-lactic acid, two sensitive markers of gut permeability,
were greater in bladder cancer patients. Conclusions: Dysbiosis of gut microbiota, decreased butyric acid concen-
trations and impaired intestinal structural integrity were found in bladder cancer patients, which might be associated

with inadequate fruit intake.
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INTRODUCTION

Urothelial bladder cancer (BC) generally originates from
urothelium. The overall incidence of bladder cancer was
5.71/10° in 2014 in China, ranking the sixth in male can-
cers.! Transitional-cell carcinoma which accounts for over
90% of bladder cancer represents the most frequent histo-
logical type.? Approximately 75% of the newly diagnosed
patients are non-muscle-invasive bladder cancer (Ta or T1
of Tumor, Node, Metastasis (TNM) stage), and 25% of the
patients are muscle-invasive or metastatic diseases belong-
ing to T2-T4 of TNM stage with bad prognosis.® Besides
cigarette smoking and occupational exposure to carcino-
gen,* dietary factors, such as low consumption of fruit and
vegetable as well as high consumption of processed meat
are positively associated with BC risk,>> whereas its under-
lying mechanisms remain unknown.

Recently, some studies explored the composition of uri-
nary bacterial communities in urinary tract. A small pilot
study revealed an enrichment of Streptococcus in urine
samples from BC patients (n=8).° One possible mechanism
is that microbiota produces proteases and then contacts
with epithelium. These enzymes function as extracellular

virulence factors in tissue degradation, evasion and de-
struction of host physical barriers. Bacterial evasion gen-
erates inflammation and oxygen radicals that drive cancer
and cancer recurrence.’

Almost 99% of the microbial mass is located within the
intestinal tract, and the microbiota and its host have co-
evolved into a complex ‘super-organism’.® Moreover, gut
microbiota exerts not only local but also long-distance ef-
fects on the host. To communicate with distant organs, gut
microbial signals should be firstly transmitted across the
intestinal epithelium.’ Failure of the intestinal barrier will
cause the leakage of undesirable solutes, pathogenic mi-
croorganisms and toxins, which subsequently leads to in-
flammation and immune activation.!? It has been sug-
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gested that targeting inflammatory cytokines may be an ef-
fective therapeutic strategy for bladder cancer since for
their important role in cancer formation and progression.'!

The human colonic microbiota produces an enormous
quantity of molecules that impact on the gut homeostasis. '?
Short-chain fatty acids (SCFAs), such as acetate, propio-
nate and butyrate, are synthesized from dietary carbohy-
drates by bacterial fermentation in large intestine.'* Most
SCFAs are locally produced in large intestine by specific
bacterial species. Butyrate is mainly produced by Firmic-
utes, whereas acetate is dominated by most anaerobes.'
Approximately 80-90% of SCFAs are absorbed from the
colonic lumen and partly utilized by colonic epithelial cells,
and the rest are transferred to circulation or excreted in fe-
ces.!'* Therefore, protective effects by SCFAs are not only
presented in intestinal mucosa but also extended to other
compartments of the body. SCFAs might play an essential
role in prevention pathological conditions such as inflam-
matory bowel disease and cancer for its anti-neoplastic,
anti-inflammatory and immune modulatory properties. '
Moreover, butyric acid showed the direct inhibitory effect
on bladder cancer cell by inhibiting cell growth and induc-
ing apoptosis in vitro.'®

Although epidemiological evidence implied the intake
of fruit and vegetable was negatively associated with blad-
der cancer, the underlying mechanism remains unclear.
Here, we aim to profile the characteristics of gut microbi-
ota in bladder cancer, which will be helpful to uncover the
diet-associated mechanism of bladder cancer.

METHODS

Patients and stool sample collection

All participants were informed about the study purpose
during the admission interview, and voluntarily signed
consent forms prior to enrolling in the study. All proce-
dures in this study were compliant with the Declaration of
Helsinki, and the study protocol was approved by the Eth-
ics Committee of the First Affiliated Hospital of Harbin
Medical University. This trial was registered at
www.chictr.org.cn as ChiCTR-OOC-16007937. The pri-
vacy rights of human subjects were observed.

BC patients were recruited for this study at the First Af-
filiated Hospital of Harbin Medical University between
October 1, 2014 and January 30, 2015. Healthy controls
(HCs) were recruited from patients who visited the First
Affiliated Hospital of Harbin Medical University for phys-
ical examination. All of the BC patients and HCs were lo-
cal residents, and of Han ancestry. None of the patients
were undergoing radiotherapy, chemotherapy or other
medical interventions. The exclusion criteria were as fol-
lows: 1) a history of taking antibiotics, aspirin, other non-
steroidal anti-inflammatory drugs or probiotics within the
previous 6 months before enrollment; 2) a vegetarian diet;
and 3) a history of any other cancer or inflammatory dis-
ease of the intestine.!” According to the criteria, of the 74
subjects enrolled this study (40 for BC groups, 34 for HC
group), a total of 26 newly diagnosed patients with histo-
logically and 16 HCs were qualified.

Waxed tissue paper (Epitope Diagnostics, CA, USA)
was used by participants, which was laid down on the wa-
ter in the toilet bowl prior to defecation to avoid contami-
nation. All of the fresh stool samples were collected into
sterilized and portable plastic containers and then were

placed on ice and transported to the laboratory immedi-
ately. Aliquots (200 mg/aliquot) were stored at -80°C until
analysis.

Assessment of personal behavior and diet questionnaire
Data on the subjects’ demographics, lifestyle factors and
dietary information were collected from questionnaires by
2 qualified clinical doctors. All the participants completed
a questionnaire that was designed to provide information
on health-related issues, including dietary information,
smoking status, drinking status, and medical history.!” All
of the participants were asked to recall the types and fre-
quency of foods eaten in the past three months. The ques-
tionnaires included 69 kinds of food and drinks. According
the criteria mentioned by Chen et al, foods were grouped
into three categories: fruits, vegetables and grains.'” Indi-
vidual food intake was computed from the reported con-
sumption frequency of each specified unit of food based on
data from the Chinese Society of Nutrition regarding the
nutrient content in the specified food types. According to
the standard for evaluation developed by Chen et al., scores
were assigned for smoking status, daily alcohol intake,
food intake (vegetables, grains and fruits) and frequency of
weekly vigorous exercise.!’

DNA extraction and 16S rRNA gene sequencing analysis
Total genomic DNA was extracted from fecal samples (hu-
man and mice, separately) aseptically using the QIAamp
DNA Stool Mini Kit (Qiagen, CA). Pyrosequencing of the
total genomic DNA extracted from human feces was car-
ried out by using an Illumina HiSeq 2000 by Sangon Bio-
tech Co. Ltd. (Shanghai, China). The sequences were
grouped into unique operational taxonomic units (OTUs)
using 97% identity thresholds. The richness, Shannon in-
dex and Simpson rarefaction plot were calculated to com-
pare the microbial diversity and richness among the HCs
and four subgroups of BC patients (nTa=4,nT1=12,nT2=7,
nT3=3). A Venn diagram with shared OTUs was shown to
depict the similarities and differences among the five
groups. UniFrac principal coordinate analysis (PCoA)
analysis was applied to compare the bacterial communities
of the different groups based on phylogenetic information.
The heatmap figure was generated using the R-package
gplots. '8

RNA extraction, cDNA synthesis and real-time quantita-
tive PCR assay

RNA was extracted with TRIzol Reagent (Life Technolo-
gies), and cDNA was synthesized from total RNA using
the gDNA Removal and cDNA Synthesis Supermix Kit
(TransGen Biotech, Beijing, China). The copy number of
target DNA for bacteria was determined by comparison
with serially diluted standards of plasmid DNA (107 to 107
copies) containing the respective amplicon for each set of
primers and was run on the same plate under the same con-
ditions.!” Bacteria were quantified as logl0 bacteria per
gram of stool.?° All primers used for real-time gPCR were
listed in Table 1.

GC analysis of SCFA content in fecal samples
Fecal samples (2 g) were homogenized with 10 mL of de-
ionized water for 10 min and centrifuged at 13200 g for 20
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Table 1. Primers used for real-time qPCR

Target group Primer Sequence Reference

Clostridium cluster I F 5’-TACCHRAGGAGGAAGCCAC-3’ 20
R 5’-GTTCTTCCTAATCTCTACGCAT-3’

Faecalibacteriumprausnitzii F 5’-GATGGCCTCGCGTCCGATTAG-3’ 20
R 5’-CCGAAGACCTTCTTCCTCC-3’

Clostridium cluster XI F 5’-ACGCTACTTGAGGAGGA-3’ 20
R 5’-GAGCCGTAGCCTTTCACT-3’

Lactobacillus group F 5’-AGCAGTAGGGAATCTTCCA-3’ 20
R 5’-ATTYCACCGCTACACATG-3’

Clostridium leptum subgroup F 5’-TTACTGGGTGTAAAGGG-3’ 3
R 5’-TAGAGTGCTCTTGCGTA-3’

Clostridium coccoides group F 5’- AAATGACGGTACCTGACTAA-3’ 37
R 5’-CTTTGAGTTTCATTCTTGCGAA-3’

Bacteroides-Prevotella group F 5’-GAAGGTCCCCCACATTG-3’ 20
R 5’-CAATCGGAGTTCTTCGTG-3’

Bacteroides fragilis group F 5’-AYAGCCTTTCGAAAGRAAGAT-3’ 38
R 5’-CCAGTATCAACTGCAATTTTA-3’

Bifidobacterium genus F 5’-GGGTGGTAATGCCGGATG-3’ 37
R 5’-TAAGCCATGGACTTTCACACC-3’

Atopobium cluster F 5’-GGGTTGAGAGACCGACC-3’ 38
R 5’-CGGRGCTTCTTCTGCAGG-3’

Enterobacteriaceae F 5’-CATTGACGTTACCCGCAGAAGAAGC-3’ 20
R 5’-CTCTACGAGACTCAAGCTTGC-3’

Domain Bacteria F 5’-AGAGTTTGATCCTGGCTCAG-3’ 36
R 5’-GCTGCCTCCCGTAGGAGT-3’
R 5’-TGATCCACATCTGCTGGAAGGT-3’

min at 4°C. The supernatant was immediately filtered

through a 0.45 pm microfiber filter, and then 1 mL of su-

pernatant was placed in a 1.5 mL GC vial with 100 uL of
formic acid. Six SCFAs (>99%, analytical standard, Sigma)
(acetic acid, propionic acid, butyric acid, iso-butyric acid,

valeric acid and iso-valeric acid) were serially diluted to

make standard curves separately. Then, the concentrations

of six SCFAs were quantified by GC (Agilent 7890; Ag-

ilent Technologies, USA) equipped with a flame ionization

detector (FID) according to the standards.?' Total SCFAs

concentrations were calculated as the sum of six SCFAs

(acetic acid, propionic acid, butyric acid, iso-butyric acid,

valeric acid and iso-valeric acid).

Determination of lipopolysaccharide (LPS) and D-lactic
acid levels in serum

For patients and healthy controls, venous blood was col-
lected. All the serum was centrifuged after clotting at room
temperature. Aliquots of each serum sample were stored at
-80°C until analyzed. The concentrations of LPS and D-
lactic acid were determined by enzyme-linked immuno-
sorbent assay (ELISA) kits from Jiancheng Bioengineering
Institute (Nanjing, P. R China) according to the manufac-
turer’s instructions. The concentrations were spectropho-
tometrically quantified by measuring the absorbance at 450
nm. The results were expressed as pumol/mL for D-lactic
acid and ng/mL for LPS.

Statistical analysis
The statistical analysis was performed using SPSS ver-
sion 19.0 (SPSS Inc., Chicago, IL, USA). Continuous data

were reported as the mean + SD. One-way analysis of var-
iance (ANOVA) was used to compare the differences. Cat-
egorical variables were compared using chi-squared and
Fisher’s exact tests. Correlation was subjected to Pearson
correlation analysis. A two-sided p value <0.05 was con-
sidered to indicate statistical significance.

RESULTS

Demographics and lifestyle-related factor analysis

Diet has an influence on the gut microbiota composition.??
Moreover, diverse studies have demonstrated that cigarette
smoking and dietary factors such as the decreased intake
of fruit and vegetable were associated with an increased
risk of BC.2 Thus, we evaluated health-related issues
including food intake (vegetables, grains and fruits),
frequency of weekly vigorous exercise, smoking and
drinking status for all individuals. No significant
differences were observed in age, sex, body mass index or
percent of overweight between two groups (Table 2). In
addition, the ratios (scores from 0 to 4) of smoking,
drinking alcohol and weekly vigorous exercise in the two
groups showed no difference (Table 3). Data from food
questionnaires indicated that fruit intake in the BC group
was markedly reduced in contrast with that in the HC group
(the ratio for fruit scores from 0 to 3, 14:8:4:0 for the BC
group versus 2:9:5:0 for the HC group, p=0.026) (Table 3).

Changes in fecal microbial communities and microbial
components in BC patients

Firstly, 83815 sequences were obtained for high
throughput sequencing. Then, a total of 70702 optimized
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Table 2. Clinicopathological parameters between patients and healthy controls

Parameters HC BC p value
(n=16) (n=26)
Ages (years)/ range’ 58.5+10.6 62.249.80 0.162
Sex [% (n)] 0.095
Male 43.8(7) 69.2(18)
Female 56.3(9) 30.8(8)
BMI (kg/m?) f 23.8+3.07 24.3+3.30 0.606
Overweight [% (n)] ¥ 37.5(6) 34.6 (9) 0.852
Tumor stage
Ta 4
Tl 12
T2 7
T3 3
HC: healthy controls; BC: bladder cancer patients.
Data were expressed as the mean+SD.
ICategorical variables were compared by a chi-square test or Fisher’s exact test.
Table 3. Personal behavior-related characteristics between patients and healthy controls
HC BC |
Parameters (n=16) (n=26) p value
Smoking [%(n)]"t 0.960
0 6.25(1) 7.69 (2)
1 18.8(3) 26.9(7)
2 0.00 (0) 3.85(1)
3 6.25(1) 3.85(1)
4 68.8(11) 57.7(15)
Weekly vigorous exercise [%(n)]"* 0.163
1 93.8 (15) 76.9 (20)
2 6.25(1) 3.85(1)
3 0.00 (0) 19.2 (5)
Alcohol [% (n)] T 0.206
0 6.25(1) 15.4 (4)
1 43.8(7) 15.4(4)
2 0.00 (0) 3.85(1)
3 0.00 (0) 0.00 (0)
Vegetables [% (n)] 7+ 0.381
0 0.00 (0) 0.00 (0)
1 93.8 (15) 100 (26)
2 6.25(1) 0.00 (0)
3 0.00 (0) 0.00 (0)
Grains [% (n)] ™ 0.106
0 0.00 (0) 0.00 (0)
1 68.8(11) 50.0(13)
2 25.0(4) 50.0(13)
3 6.25(1) 0.00 (0)
Fruits [% (n)] 7* 0.026
0 12.5(2) 53.9(14)
1 56.3(9) 30.8 (8)
2 31.3(5) 15.4 (4)
3 0.00 (0) 0.00 (0)

HC: healthy controls; BC: bladder cancer patients.

fCategorical variables were compared by a chi-square test or Fisher’s exact test.

iScores for personal behavior information were according to Chen et al.

sequences were used for downstream analysis (on average,
14140+1855 reads per sample) and were clustered into
3233 OTUs. The results of richness diversities, Shannon
index, and Simpson rarefaction plot indicated that bacterial
diversities in the BC groups were reduced (data not shown).

On account of the decreased bacterial diversities in BC
patients, the detailed distributions of fecal microbial
communities at the phylum level were studied (Figure 1A).
The main differences between the HC and BC groups were
attributed to Bacteroidetes and Firmicutes, which

17

accounted for up to 85% of the overall on average. The
abundance of bacteria at the class level in all groups is
presented in Figure 1B. The results of PCoA (Figure 1C)
indicate that the fecal microbial communities of BC
patients and HCs are separate as P1, P2 and P3 (43.3%,
33.5% and 17.4% of the explained variance, respectively).

Twelve dominant bacterial groups, mainly belonging
to the phyla Firmicutes, Bacteroidetes, Actinobacteria and
Proteobacteria, were analyzed by real-time qPCR (Table
4). The numbers of domain Bacteria, Clostridium
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Figure 1. The composition of the fecal microbiota in the BC patients and healthy controls. (A) The compositional gut microbiota profiles
are shown at the phylum level in the healthy control group and four subgroups of BC patients (each color represents one bacterial phylum).
(B) The heatmap of specimens shows the relative abundance of main bacteria at the class level. (C) PCoA-estimated gut microbiota in the
healthy control group and four subgroups of BC patients. HC: healthy controls; BC: bladder cancer patients.

Table 4. Qualification of fecal bacteria from patients and healthy controls by real-time gPCR

Bacteria group HC BC p value
Domain Bacteria 8.01+0.64 7.47+0.25 0.006
Phylum: Firmicutes

Clostridium cluster I 4.46+0.77 3.96+1.46 0.191

Faecalibacterium prausnitzii 7.41+0.75 7.49+0.97 0.775

Clostridium cluster XI 4.97+0.67 4.40+0.85 0.031

Lactobacillus group 4.98+0.90 4.83+0.53 0.531

Clostridium leptum subgroup 7.41+1.17 6.82+1.10 0.122

Clostridium coccoides group 5.31+0.89 5.56+0.95 0.446
Phylum: Bacteroidetes

Bacteroides-Prevotella group 7.54+1.21 6.524+0.90 0.004

Bacteroides fragilis group 5.94+0.81 6.06+1.17 0.732
Phylum: Actinobacteria

Bifidobacterium genus 2.80+1.03 3.37+1.12 0.100

Atopobium cluster 5.88+0.71 5.47+0.77 0.128
Phylum: Proteobacteria

Enterobacteriaceae 3.04+1.01 3.27£1.03 0.580

HC: healthy controls; BC: bladder cancer patients

cluster XI and Prevotella in BC patients were significantly
lower than those in HC group (p<0.05). Other
microorganism such as Clostridium cluster [ and
Faecalibacterium prausnitzii were not significantly
different between the two groups.

Correlation analysis was used in patients and healthy
controls to analyze the relationship between fruit
consumption and bacteria amounts; the numbers of domain
bacteria and Prevotella were positively and significantly
correlated with the fruit consumption (Figure 2A&B).
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Figure 3. SCFAs concentrations in BC patients. (A) GC analysis of SCFAs concentrations in fecal samples from BC patients and HCs. (B)
Relationship of butyric acid (umol/g) and fruit intake (g/d) in the BC patients and healthy individuals. Pearson’s correlation analysis was
r=0.610, with p<0.01. HC: healthy controls; BC: bladder cancer patients.

Decreased concentrations of SCFAs in BC patients

The microbiota is enriched in genes relevant for dietary
nutrient absorption.?* The quantities of SCFAs, the
fermented metabolites of undigestible carbohydrates in the
colon and cecum were measured. As shown in Figure 3A,
the contents of butyric acid in the BC group (69.4+45.1
umol/g) were lower than those in the HC group (125+39.7
umol/g) (p<0.05). To explore whether a lower fruit intake
is associated with a decreased concentration of butyrate,
correlation analysis was performed for patients and healthy
controls. According to the r value, butyric acid
concentration is positively and significantly correlated
with fruit consumption (Figure 3B).

Excessive LPS and D-lactic acid in BC patients

SCFAs, especially butyrate, act as a key energy source for
intestinal epithelial cells (IECs) and impact on mucosal
integrity by stimulating the growth of IECs.?5 LPS and D-
lactic acid, known as two sensitive markers of gut

permeability, can penetrate across the intestinal epithelium
when the intestinal barrier is impaired.?®?” As shown in
Figure 4, the concentrations of LPS and D-lactic acid in the
BC group were both significantly higher in contrast with
those in the HC group (7.89+2.85 ng/mL versus 3.19+1.00
ng/mL for LPS, 49.3+47.0 pmol/mL versus 14.5+4.67
umol/mL for D-lactic acid, both p<0.05).

DISCUSSION
BC is a most costly cancer to treat, and there is a pressing
need for new and potential therapeutic targets and path-
ways. Our previous work has demonstrated that abnormal
fecal microbiota composition and impaired gut epithelial
barrier are to be found in N-butyl-N-(4-hydroxybutyl)-ni-
trosamine induced bladder cancer in mice.?® Here we have
explored the gut microbiota composition in BC
patients as a possible therapeutic consideration.

In the present study, the numbers of Clostridium cluster
XI and Prevotella were both significantly lower in BC pa-
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patients.

tients than those in the HC group. Clostridium cluster XI is
known to be a SCFA-producing microorganism.?
Prevotella is positively associated with dietary fiber con-
sumption and induces the fermentation of complex poly-
saccharides.®® A high level of Prevotella is found in
healthy people, but not patients with colorectal or breast
cancer, consistent with our findings.>! Meanwhile SCFAs
(especially butyric acid), were decreased in patients. Bu-
tyrate is essential for growth and proliferation of IECs, and
maintains homeostasis of the intestinal mucosal barrier.?
Butyrate, also known as a histone deacetylase inhibitor,
significantly inhibits cell growth and inducts apoptosis in
bladder cancer cell lines in vitro.”® Exposure to butyrate
can sensitize bladder cancer cells to chemotherapeutic
agents in vitro.> The decreased levels of butyrate in BC
patients might delay the proliferation and development of
IECs and also decrease its direct anticancer effect on blad-
der cancer.

We have shown that the concentrations of LPS and D-
lactic acid, were both increased in patients, indicating a de-
fect in gut intestinal integrity. Due to poor intestinal integ-
rity, LPS entering the blood will stimulate the related im-
mune cells or inflammatory cells to secrete inflammatory
cytokines, which in turns aggravates or even initiates car-
cinogenesis. Our previous studies indicate that the concen-
tration of IL-6 in serum is elevated in mice with N-butyl-
N-(4-hydroxybutyl)-nitrosamine-induced bladder cancer
accompanied by breakage of intestinal epithelium and the
presence of inflammatory lesions in colon and cecum.?

The present report shows that fruit consumption is posi-
tively associated with the numbers of domain bacteria and
Prevotella, and amount of butyrate. Thus, inadequate fruit
consumption might partly alter gut microbiota and SCFAs
in BC patients. Dietary factors and dietary patterns play a
critical role in modulation of gut microbiota.?> BC patients
consumed less than 20 g fruit per day, which is well below
recommendations (200 g/day).>®> Possibly and conse-
quently, the richness and composition of the intestinal flora,
and also SCFAs were altered. The average fruit intake
among Chinese is lower than the recommended intakes.**
The Chinese Nutrition Society in 2012 showed the average
intake of dietary fiber to be around 13 g, below the recom-
mended 25 g. Inadequate dietary fiber, probably as a food

marker of a wider range of food factors, is associated with
lower overall mortality and cancer prevalence.>> Gut mi-
crobiota may serve as a bridge between dietary factors and
cancer. Future research can pursue this possibility in more
detail.

In summary, we have identified a gut microbiota-asso-
ciated mechanism for bladder cancer (Figure 5). However,
our study is of a relatively small number of cases in all
stages reflecting the low incidence of BC so that larger
sample sizes will be required for the required confidence
in these findings.

AUTHOR DISCLOSURES
The authors declare no conflict of interest.

This study was supported by National Natural Science Foun-
dation of China (NSFC81773427), Ningbo Natural Science
Foundation (2019A610253), Fang Runhua Found and K.C.Wong
Magna Fund in Ningbo University.

REFERENCES

1. Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, Yang Z,
Li H, Zou X, He J. Cancer incidence and mortality in China,
2014. Chin J Cancer Res. 2018;30:1-12. doi: 10.21147/j.issn.
1000-9604.2018.01.01. (In Chinese)

2. Di Maso M, Bosetti C, Taborelli M, Montella M, Libra M,
Zucchetto A et al. Dietary water intake and bladder cancer
risk: An Italian case-control study. Cancer Epidemiol. 2016;
45:151-6. doi: 10.1016/j.canep.2016.09.015.

3. Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H,
Karakiewicz P et al. Epidemiology and risk factors of
urothelial bladder cancer. Eur Urol. 2013;63:234-41. doi: 10.
1016/j.eururo.2012.07.033.

4. Turati F, Bosetti C, Polesel J, Serraino D, Montella M, Libra
M et al. Family history of cancer and the risk of bladder
cancer: A case-control study from Italy. Cancer Epidemiol.
2017;48:29-35. doi: 10.1016/j.canep.2017.03.003.

5. Shivappa N, Hebert JR, Rosato V, Rossi M, Libra M,
Montella M, Serraino D, La Vecchia C. Dietary inflammatory
index and risk of bladder cancer in a large Italian case-control
study. Urology. 2017;100:84-9. doi: 10. 1016/j.urology.2016.
09.026.

6. XuW, YangL, Lee P, Huang WC, Nossa C, Ma Y, Deng FM,
Zhou M, Melamed J, Pei Z. Mini-review: perspective of the
microbiome in the pathogenesis of urothelial carcinoma. Am
J Clin Exp Urol. 2014;2:57-61.



402

C He, B Li, L Huang, C Teng, Y Bao, M Ren and Y Shan

/

Gut microbiota

Clostridium XI l,
. s y Mmoo N ; ;
Fruit intake | Domain bacteria | Butyric acid|
AY
\
Bacteroides-Prevotella J, \\‘
\
C — A"
(A0 () gesmem 000 S=>— X
ki l{%?ﬁ, JUEILET ARRARER Afspnse=250 ;
. | , / | Y ‘ Intestianl
Intestinal | ‘ I | i ‘ ( |
epithelium | , \ \ \ | \ | structural
/ { / / / / | . s
; : integrity |
200000 ©
4
4
U
/
1 /
1 ,(,
v .
Inflammation

1 Increased

| Decreased

Figure 5

/ Immune system

Bladder
cancer

Figure 5. A conceptual diagram by which gut microbiota might increase the risk of urothelial bladder cancer.

Alfano M, Canducci F, Nebuloni M, Clementi M, Montorsi
F, Salonia A. The interplay of extracellular matrix and
microbiome in urothelial bladder cancer. Nat Rev Urol. 2016;
13:77-90. doi: 10.1038/nrurol.2015.292.

. Human Microbiome Project Consortium. Structure, function

and diversity of the healthy human microbiome. Nature.
2012;486:207-14. doi: 10.1038/naturel 1234.

Schroeder BO, Backhed F. Signals from the gut microbiota to
distant organs in physiology and disease. Nat Med. 2016;
22:1079-89. doi: 10.1038/nm.4185.

. Natividad JM, Verdu EF. Modulation of intestinal barrier by

intestinal  microbiota:  pathological and therapeutic
implications. Pharmacol Res. 2013;69:42-51. doi: 10.1016/j.
phrs.2012.10.007.

.Morgan XC, Tickle TL, Sokol H, Gevers D, Devaney KL,

Ward DV et al. Dysfunction of the intestinal microbiome in
inflammatory bowel disease and treatment. Genome Biol.
2012;13:R79. doi: 10.1186/gb-2012-13-9-179.

.Matsuki T, Pedron T, Regnault B, Mulet C, Hara T,

Sansonetti PJ. Epithelial cell proliferation arrest induced by
lactate and acetate from Lactobacillus casei and
Bifidobacterium breve. PLoS One. 2013;8:¢63053. doi: 10.
1371/journal.pone.0063053.

.Wong JM, Jenkins DJ. Carbohydrate digestibility and

metabolic effects. J Nutr. 2007;137:2539S-46S. doi: 10.
1093/jn/137.11.2539S.

.Iraporda C, Errea A, Romanin DE, Cayet D, Pereyra E,

Pignataro O, Sirard JC, Garrote GL, Abraham AG, Rumbo M.
Lactate and short chain fatty acids produced by microbial
fermentation downregulate proinflammatory responses in
intestinal epithelial cells and myeloid cells. Immunobiology.
2015;220:1161-9. doi: 10.1016/j.imbi0.2015.06.004.

. O'Keefe SJ. Diet, microorganisms and their metabolites, and

colon cancer. Nat Rev Gastroenterol Hepatol. 2016;13: 691-
706. doi: 10.1038/nrgastro.2016.165.

. Maruyama T, Yamamoto S, Qiu J, Ueda Y, Suzuki T, Nojima

M, Shima H. Apoptosis of bladder cancer by sodium butyrate

17.

18.

19.

20.

21.

22.

23.

and cisplatin. J Infect Chemother. 2012;18:288-95. doi: 10.
1007/s10156-011-0322-2.

Chen HM, Yu YN, Wang JL, Lin YW, Kong X, Yang CQ et
al. Decreased dietary fiber intake and structural alteration of
gut microbiota in patients with advanced colorectal adenoma.
Am J Clin Nutr. 2013;97:1044-52. doi: 10.3945/ajcn.112.
046607.

Jami E, Israel A, Kotser A, Mizrahi I. Exploring the bovine
rumen bacterial community from birth to adulthood. ISME J.
2013;7:1069-79. doi: 10.1038/ismej.2013.2.

Aloisio I, Mazzola G, Corvaglia LT, Tonti G, Faldella G,
Biavati B, Di Gioia D. Influence of intrapartum antibiotic
prophylaxis against group B Streptococcus on the early
newborn gut composition and evaluation of the anti-
Streptococcus activity of Bifidobacterium strains. Appl
Microbiol Biotechnol. 2014;98:6051-60. doi: 10.1007/s0025
3-014-5712-9.

Chen Y, Yang F, Lu H, Wang B, Chen Y, Lei D, Wang Y,
Zhu B, Li L. Characterization of fecal microbial communities
in patients with liver cirrhosis. Hepatology. 2011;54:562-72.
doi: 10.1002/hep.24423.

Wang A, Sun D, Cao G, Wang H, Ren N, Wu WM, Logan
BE. Integrated hydrogen production process from cellulose
by combining dark fermentation, microbial fuel cells, and a
microbial electrolysis cell. Bioresour Technol. 2011;102:
4137-43. doi: 10.1016/j.biortech.2010.10.137.

Mandal S, Godfrey KM, McDonald D, Treuren WV,
Bjornholt JV, Midtvedt T et al. Fat and vitamin intakes during
pregnancy have stronger relations with a pro-inflammatory
maternal microbiota than does carbohydrate intake.
Microbiome. 2016;4:55. doi: 10.1186/s40168-016-0200-3.
Murta-Nascimento C, Schmitz-Drager BJ, Zeegers MP,
Steineck G, Kogevinas M, Real FX, Malats N. Epidemiology
of urinary bladder cancer: from tumor development to
patient’s death. World J Urol. 2007;25:285-95. doi: 10.1007/
s00345-007-0168-5.



Potential role of gut microbiota in bladder cancer

403

24.

25.

26.

27.

28.

29.

30.

Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ,
Samuel BS » Gordon JI, Relman DA, Fraser-Liggett CM,
Nelson KE. Metagenomic analysis of the human distal gut
microbiome. Science. 2006;312:1355-9. doi: 10.1126/
science.1124234.

Huang C, Song P, Fan P, Hou C, Thacker P, Ma X. Dietary
sodium butyrate decreases postweaning diarrhea by
modulating intestinal permeability and changing the bacterial
communities in weaned piglets. J Nutr. 2015;145: 2774-80.
doi: 10.3945/jn.115.217406.

Gao M, Jiang Y, Xiao X, Peng Y, Xiao X, Yang M. Protective
effect of pioglitazone on sepsis-induced intestinal injury in a
rodent model. J Surg Res. 2015;195:550-8. doi: 10.1016/].
j88.2015.02.007.

Volynets V, Reichold A, Bardos G, Rings A, Bleich A,
Bischoff SC. Assessment of the intestinal barrier with five
different permeability tests in healthy C57BL/6J and
BALB/cJ mice. Dig Dis Sci. 2016;61:737-46. doi: 10.1007/
$10620-015-3935-y.

He C, Huang L, Lei P, Liu X, Li B, Shan Y. Sulforaphane
normalizes intestinal flora and enhances gut barrier in mice
with BBN-induced bladder cancer. Mol Nutr Food Res.
2018;62:¢1800427. doi: 10.1002/mnfr.201800427.

Fang D, Shi D, Lv L, Gu S, Wu W, Chen Y et al
Bifidobacterium pseudocatenulatum LIO9 and
Bifidobacterium  catenulatum  LI10  attenuate  D-

galactosamine-induced liver injury by modifying the gut
microbiota. Sci Rep. 2017;7:8770. doi: 10.1038/s41598-01 7-
09395-8.

Kovatcheva-Datchary P, Nilsson A, Akrami R, Lee YS, De
Vadder F, Arora T, Hallen A, Martens E, Bjorck I, Backhed
F. Dietary fiber-induced improvement in glucose metabolism
is associated with increased abundance of Prevotella. Cell
Metab. 2015;22:971-82. doi: 10.1016/j.cmet. 2015.10.001.

31.

32.

33.

34.

35.

36.

37.

38.

Urbaniak C, Gloor GB, Brackstone M, Scott L, Tangney M,
Reid G. The microbiota of breast tissue and its association
with breast cancer. Appl Environ Microbiol. 2016;82:5039-
48. doi: 10.1128/AEM.01235-16.

Wang D, Wang Z, Tian B, Li X, Li S, Tian Y. Two hour
exposure to sodium butyrate sensitizes bladder cancer to
anticancer drugs. Int J Urol. 2008;15:435-41. doi: 10.1111/j.
1442-2042.2008.02025.x.

Liu H, Wang XC, Hu GH, Guo ZF, Lai P, Xu L, Huang TB,
Xu YF. Fruit and vegetable consumption and risk of bladder
cancer: an updated meta-analysis of observational studies.
Eur J Cancer Prev. 2015;24:508-16. doi: 10.1097/CEJ.00000
00000000119.

Du H, Li L, Bennett D, Guo Y, Key TJ, Bian Z et al. Fresh
fruit consumption and major cardiovascular disease in China.
N Engl J Med. 2016;374:1332-43. doi: 10.1056/NEJMoa
1501451.

Du H, Li L, Bennett D, Yang L, Guo Y, Key TJ et al. Fresh
fruit consumption and all-cause and cause-specific mortality:
findings from the China Kadoorie Biobank. Int J Epidemiol.
2017;46:1444-55. doi: 10.1093/ije/dyx042.

Xie Y, Luo Z, Li Z, Deng M, Liu H, Zhu B, Ruan B, Li L.
Structural shifts of fecal microbial communities in rats with
acute rejection after liver transplantation. Microb Ecol.
2012;64:546-54. doi: 10.1007/s00248-012-0030-1.
Ponnusamy K, Choi JN, Kim J, Lee SY, Lee CH. Microbial
community and metabolomic comparison of irritable bowel
syndrome faeces. J Med Microbiol. 2011;60:817-27. doi:
10.1099/jmm.0.028126-0.

Matsuda K, Tsuji H, Asahara T, Matsumoto K, Takada T,
Nomoto K. Establishment of an analytical system for the
human fecal microbiota, based on reverse transcription-
quantitative PCR targeting of multicopy rRNA molecules.
Appl Environ Microbiol. 2009;75:1961-9. doi: 10.1128/
AEM.01843-08



