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Abstract

Purpose
The wle of intestinal flora in carcinogenesis and chemotherapy efficacy has been

increasingly studied; however, comparisons between oral and intestinal flora remain
limited. Given the oral microbiome’s 1ole in systemic inflammation and immune modu-
lation, it may significantly influence cancer progression and response to immunother
apy. This study aimed to identify the microbial changes in wothelial carcinoma (UC)
by analyzing oral saliva and stool samples from healthy individuals and UC patients.
We also examined the association between microbial composition and immune
checkpoint inhibitor (ICD) response.

Methods

A total of 20 healthy individuals and 38 patients with UC were analyzed. Among
them, 27 patients with UC underwent ICI treatment. Oral saliva and stool samples
were analyzed for 16S rRNA sequences to assess bacterial composition. Operational
taxonomic units were generated, and phylogenetic analysis was performed using the
Tllumina BaseSpace.

Results

Patients with UC showed higher Veillonellaceae and Prevotellaceae levels in saliva
and stool, with lower levels of these bacteria associated with more prolonged overall
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survival and progression-free survival, particularly Veillonellaceae in stool. A higher
neutrophil-to-lymphocyte ratio correlated with increased levels of these bacteria.

Conclusion

Veillonellaceae and Prevotellaceae are potential microbial biomarkers of survival
outcomes and ICI efficacy in patients with UC. Non-invasive oral miciobial sampling
may facilitate personalized cancer treatment strategies.

Introduction

Recent advances in microbiome research have revealed that the oral and intestinal
miciobiota are key regulators of various physiological processes, including immune
regulation, inflammation, and even cancer progression [1-6]. Particularly, the intes-
tinal microbiota has received considerable attention for its role in carcinogenesis
and host response to cancer therapies, such as chemotherapy and immunotherapy
[3,7]. The human microbiome comprises trillions of microorganisms that are crucial
in maintaining homeostasis [2]. However, when this balance is disrupted, a condition
known as dysbiosis occurs, which has been linked to the development of diseases,
including urothelial carcinoma (UC) and renal cell carcinoma [8,9]. Although much
research has focused on intestinal microbiota, the role of oral microbiota is compar
atively underexplored despite its proximity to key digestive and respiratory pathways
[3]. Recent studies have suggested that oral flora, such as intestinal flora, may affect
cancer progression and treatment outcomes through immune modulation and meta-
bolic interactions [5,6,10].

Both oral and gut microbiota are closely associated with systemic inflaimmation
[11,12]. Specific bacterial populations trigger inflammatory responses, contributing
to elevated neutrophil-to-lymphocyte mtio (NLR) [13]. The NLR, an inflammatoxy
marker calculated as the ratio of neutrophils to lymphocytes, is widely recognized as
a key prognostic factorin cancer [14]. Studies have shown that a high NLR is asso-
ciated with cancer progression and a reduced treatment response because of its 1ole
in promoting inflammatory cytokine secretion and fostering an immunosuppiessive
tumor microenvironment [14]. Notably, elevated NLR levels have been conelated with
reduced efficacy of immune checkpoint inhibitors (ICD in cancer patients as well as
poorer outcomes in terms of overall survival (OS) and progression-fiee survival (PFS)
[15,16].

ICIs, the cornerstone of UC treatment, are significantly influenced by the gut
microbiota composition [17—19]. Specific groups of oral and gut bacteria can enhance
or diminish the efficacy of ICI treatment by influencing systemic inflammation and
immune responses via NLR. For example, a high NLR reflects an inflammatory
response; however, adjusting the balance of specific bacterial populations may
reduce the NLR and improve treatment outcomes.

The aim of this study is to identify changes in the bacterial flora in urothelial
carcinoma by comparing the oral and intestinal bacterial flora of healthy people and
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patients with urothelial carcinoma (UC), and to study the relationship between the composition of the bacterial flora and
the response to immune checkpoint inhibitors (ICD. Using 16S rRNA gene sequencing, we aim to characterize microbial
shifts associated with cancer development and response to immunotherapy [20]. By identifying key bacterial patterns
without bias toward specific taxa, this study seeks to contribute to the understanding of the microbiome’s 1le in urothelial
carcinoma and its potential implications for treatment strategies [21,22].

Furthermore, a deeper understanding of the interactions between these bacteria and the immune response will con-
tribute to the development of biomarkers utilizing oral and gut bacterial flora and provide a pathway toward ICI therapy
personalization [21,22]. We hope this study will lay the foundation for further impiovements in cancer treatment and the
ability to make optimal treatment choices for each patient.

Materials and methods
Study design and clinical samples

Samples were collected from 38 patients with metastatic UC (38 patients) treated with ICIs at Yamaguchi University Hos-
pital between April 2020 and Maxch 2022, before using ICIs. Table 1 shows the clinicopathological characteristics of the
patients.

Table 1. Patient’s background.

ucC NORMAL
N=38 N=20
n(%),n(range) n(%) n(range)
Factor/category
Gender
Men 28(73.7) 4(20)
Women 10(26.3) 16(80)
Age 74(60-89) 61(46-82)
Previous primary leision removal
Yes 21(55.3)
No 17(44.7)
Prior systemaic therapy before 10
0 1(2.6)
20(52.6)
2 6(15.8)
3 3(7.9)
>4 0(0)
no 10 8(21.1)
metastatics sites
0 1(2.6)
1 26(68.4)
2 4(10.5)
>3 7(18.4)
ECOG PS
0 13(34.2)
1 17(44.7)
>2 8(21.1)
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Fig 1. Visualization of microflora sequencing results in urothelial carcinoma (UC) and healthy groups using a 100% horizontal stacked bar
chart. (a) Salivary bacterial genera composition. (b) Fecal bacterial genera composition.

s://doi.org/10.137 /journal. pone.0324814.2001

During the same period, samples were collected from 20 healthy non carcinoma donors as contols. The oral and
intestinal microflora of each patient were examined, and the distributions of oral and fecal microflora in healthy subjects
and patients with cancer were retiospectively assessed. The proportions of the different stages of the obtained bacterial
species were calculated and used in the analysis (Fig 1).

The bar chart shows the relative abundances of Veillonellaceae, Streptococcaceae, Prevotellaceae, and other bacterial
families in saliva and stool samples from the UC and contiol groups. Each color represents a specific bacterial family. The
X-axis indicates the sample group and the Y-axis indicates the percentage of abundance.

All procedures in studies involving human subjects were conducted in accordance with the ethical standaxds of the
stitutional and/or national research committee and with the Helsinki Declaration of 1964 and its subsequent amend-
ments or equivalent ethical standards. The study received the approval of the Institutional Review Board (IRB) of Yama-
guchi University Hospital (approval number H 27-023-3). No financial incentives were offered or offered for participation.
Participants were recruited and samples were collected between 1 April 2020 and 31 March 2022. Written informed
consent, informed consent, including agreement to the ethical provisions and online information, was obtained from all
participants. For retrospective analysis of medical records and stored samples, data were fully anonymised before access.
We accessed data from April 1, 2020 to October 31, 2024.

P1OS One | hitps://doi.org/10.1371/joumal pone.0324814  June 18, 2025 4/11




PLO&. One

DNA extraction from oral specimens

Oral bacteria were collected from the periodontal pockets and tongue tissue during oral care. In the edentulous jaw, we
collected bacteria only friom the tongue, whereas in the case of the teeth, we collected bacteria fiom the periodontal pock-
ets. The QIAamp DNA Mini Kit (QIAGEN) was used to extract genomic DNA fiom the oral samples.

DNA extraction from fecal samples

Fecal samples were collected by the participants themselves following the manufacturer's instructions. DNA was extracted
fiom 200 mg of stool using a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany).

16S ribosomal RNA sequencing for gut and salivary microbiota genomics

After determining the concentration of genomic DNA extracted from the samples using Nanodrop one (Thermo Fisher
Scientific), 6.25 ng DNA was added to 25 pl of 2x KAPA HS HiFi ready mix (KAPA Biosystem). The DNA mixture was
amplified using a PCR thermal cycler (C1000 Touch Thermal Cycler, Bio-Rad) programmed with an initial denaturation of
3 minutes at 95°C, followed by 25 cycles of denaturation at 95°C for 30 seconds, annealing at the temperature of 72°C
for 30 seconds, and extension at 72°C for 30 seconds with the following primer pair for the V3-V4 region of 16S rRNA.
Forward primer: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG, 16S amplicon Reveise
primer: TCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCCA.

The barcode and adaptor sequence were inserted into the products by the Nextera XT Index Kit (Tlumina) using a
C1000 Touch Thermal Cycler (Bio-rad) programmed with an initial denaturation of 3 min at 95°C, followed by 8 cycles of
denaturation at 95°C for 30 sec, annealing at the temperature of 55°C for 30sec, and extension at 72°C for 5 min. Prod-
uct concentrations were confirmed using a Qubit (Thermo Fisher Scientific). The lbraries were pooled to equal molecular
amounts and analyzed on an Iumina Mi-Seq DNA sequencer with a 300bp paired-end cycle sequencing kit (lMumina).
Trimmed reads were mapped to the GreenGenes with default settings using a BaseSpace (16S Metagenomics ver.1.1.0,
Mumina).

Statistical analysis

Comparisons of microbial community structure diversity are analyzed using indicators of a-diversity and (3-diversity. The
Shannon index was calculated using the 16S Metagenomics application (ver 1.1.0) within BaseSpace (TIlumina). Simpson
and Chaol mdicators were calculated using the a-diversity tool in the microbial genomics module of the CLC Genomics
Wotkbench (ver. 23.0.1, Qiagen). All data are described as means +standard deviation. For the count data of saliva and
stool from healthy individuals and UC family members analysed using llumina BaseSpace, we used ALDEx2 to perform
a centred log ratio (CLR) transformation to normalise the count data and compare healthy individuals and UC. For the
data after CIR transformation, we performed Welch’s t-test (we.ep) and Wilcoxon test (wi.ep) to calculate p-values, and
performed multiple test correction (we.e BH, wi.e BH) using the Benjamini-Hochberg method (Fig 2). Statistical analyses
were performed by the Log-rank (Mantel-Cox) test (Figs 3 and 4) and Mann-Whitney U test for comparisons between two
groups (Figs -4) using GraphPad Prism software v 10.0 (GraphPad Software, San Diego, CA, USA). Statistical signifi-
cance was set at p<0.05.

Statistical significance was assessed by using the Log-rank (Mantel-Cox) test.

The proportion of Veillonellaceae in saliva (b, d) and stool (f, h) samples was shown based on NLR (23 vs.<3) and
C-reaitive protein (CRP) (21 vs.<1). Statistical analyses wete performed using a Mann-Whitney U test.

Statistical significance was assessed by using the Log-rank (Mantel-Cox) test.
The proportion of Prevotellaceae in saliva (b, d) and stool (f, h) samples was shown based on neutrophil-to-lymphocyte
ratio NLR (23 vs.<3) and CRP (21 vs.<1). Statistical analyses were performed using a Mann-Whitney U test.
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Results

1. Disturbances and specific changes in the oral and intestinal and bacterial flora in UC compared to healthy
controls

First, we compared the diversity indices of the oral and intestinal bacterial flora using the Simpson index Shannon index,
and PCoA. The results were similar between the patients with UC and healthy contiols (S1 Fig and S2).

The results of the oral bacterial flora analysis demonstrated significant differences in the relative abundance of the
bacterial families Veillonellaceae, Streptococcaceae, Prevotellaceae, and Neisseriaceae between patients with UC and
healthy contiols (Fig 1a). Analysis of the intestinal flora revealed significant differences in the relative abundances of the
bacteral families Veillonellaceae, Porphyromonadaceae, Prevotellaceae, and Ruminococcaceae between patients with
UC and healthy controls (Fig 1b).

Notably, there was a significant increase in Veillonellaceae and Prevotellaceae were significantly increased in the saliva
of patients with UC compared with healthy individuals. (Fig 2). These bacterial floras are particularly elevated in patients
with cancer, and it has been suggested that they may imfluence their response to immunotherapy.

2. Relationship between the bacterial flora and immunotherapy efficacy in patients with UC

The effects of specific bacterial flora on OS and PFS were also investigated. It was confirmed that patients with low levels
of Veillonellaceae in both saliva and stool had longer OS (saliva: P=0.2094, stool: P=0.0251) (Fig 3a, b). Similarly, there
was a trend towards longer OS in patients with low Prevotellaceae levels, but this effect was more pronounced in saliva
(saliva: P=0.0475, stool: P=0.4712) (Fig 4a, b). In addition, although there was a trend towards prolongation of PFS at
low Veillonellaceae and Prevotellaceae levels in the saliva and stool, the only significant difference was observed for stool
Veillonellaceae (P=0.0125) (Fig 3d).
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Fig 2. Comparison of the abundance of Veillonellaceae and Prevotellaceae in sample groups. These figures show the abundance of Veillonella-
ceae (a, b) and Prevotellaceae (c, d) in saliva and stool samples from the normal and UC groups. For data after CLR conversion, we calculated p-values
using Welch'’s ttest (we.ep) and Wilcoxon’s test (wi.ep), and then performed multiple test correction using the Benjamin-Hochberg method (we.e BH,
wi.eBH) to evaluate statistical significance.

https‘//doi.org/10.1371/journal. pone.0324814.2002
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Fig 3. Relative abundance of Veillonellaceae with statistical analysis. Kaplan-Meier survival curves illustrating the overall survival (OS) and pro-

gression free survival (PFS) of UC groups stratified by high and low Veillonellaceae abundance in saliva (a, ¢) and stool (e, g) samples.
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It was also found that the higher the ratio of both bacterial flora, the higher the NLR. These results suggest that the Veil-
lonellaceae to Prevotellaceae ratios may be significantly associated with the response to ICIs in patients with UC. They
also suggested that specific oral and gut bacteria may improve the response to immunotherapy.

Discussion

Our findings highlight the critical role of both oral and gut microbiota in modulating the response to ICIs in patients with
UC. The observed differences in bacterial composition between patients with cancer and healthy individuals suggest

that dysbiosis contrbutes to carcinogenesis and influences treatment outcomes [1-3]. Specifically, envichment of Veil-
lonellaceae and Prevotellaceae in the oral and gut microbiota of patients with UC was strongly associated with survival
outcomes. Lower levels of these bacteral families were associated with prolonged OS and PFS, suggesting that elevated
levels may negatively affect ICI efficacy.

An important aspect of this study was the relationship between microbiota composition, systemic inflammation, and
NLR. A high proportion of Veillonellaceae and Prevotellaceae was associated with an elevated NLR, which is recognized
as an inflammatory marker that reflects systemic inflammation and impaired immune regulation. High NLR is widely con-
sidered a poor prognostic factorin cancer because it promotes the secretion of inflammatory cytokines and contributes to
an immunosuppressive tumor microenvironment. This may explain the reduced efficacy of ICI observed in patients with
UC and the high levels of these bacteral families. In contrast, reduced NLR levels, potentially linked to a healthier microbi-
ome, may enhance immune response, improving tumor control and survival [17,23].

The observed prolonged OS and PFS in patients with low Veillonellaceae and Prevotellaceae levels support the
hypothesis that these bacterial families contribute to systemic inflammation and immunosuppression. Previous studies
have suggested that Veillonellaceae may promote a proinflammatory environment, exacerbate tumor progression, and
reduce the efficacy of immunotherapy. In this context, lower levels of these bacteria may reduce mflammatory signaling
and allow for more effective antitumorimmune responses. Similarly, Prevotellaceae, particulary in the oral miciobiota,
have been implicated in systemic inflammation, and their reduction in patients with UC is conelated with improved survival
indicators.

Our study is one of the first to examine the combined rle of oral and gut microbiota in UC, highlighting the oral micro-
biota as an equally valuable area of research. Although most microbiome studies have focused on the gut, our findings
suggest that oral microbiomes provide important insights into patient prognosis and treatment responses. The association
between lower Prevotellaceae levels in the oral microbiota and improved OS and PFS highlights the potential of non-
mvasive oral sampling as a predictive tool for assessing ICI efficacy.

Future research should investigate the mechanistic links between specific bacterial families, NLR, and cancer progres-
sion. Understanding how Veillonellaceae and Prevotellaceae influence systemic inflammation and immune modulation
may lead to the development of microbiota-targeted therapies. Such interventions, including probiotics, dietary modula-
tion, or fecal microbiota transplantation, may reduce the NLR and enhance ICI responses, ultimately improving treatment
outcomes in patients with UC [3,6].

This study has several limitations. First, the sample size was relatively small, which may have limited the generalizabil-
ity of the findings. Second, the bacterial composition was not assessed after treatment, preventing analysis of dynamic
changes in the microbiota following immunotherapy. Third, although associations with the NLR were identified, the causal
relationships between microbiota composition, NLR modulation, and treatment outcomes require further investigation
through longitudinal studies.

Our study highlights the significant impact of the oral and gut microbiota on ICI efficacy and cancer outcomes in
patients with UC. These results suggest that Veillonellaceae and Prevotellaceae may serve as biomarkers for predicting
swrvival and treatment responses. Furthermore, the association between these bacterial families, the NLR, and systemic
inflammation highlights the potential of microbiota-based therapeutic strategies to optimize immunotherapy outcomes. By
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incorporating microbiome profiling into clinical practice, personalized cancer treatment approaches can be developed to
improve patient survival and quality of life.

Supporting information

S1 Fig. 16S ribosomal gene analysis. Detailed analysis of microbial composition across additional sample types or
conditions. Specific comparisons and statistical comments are provided.
(TIF)

S2 Fig. Bray-Curtis Distance and PCoA revealing microbial community differences Between healthy and uroth-
erial carcinoma. llumina BaceSpace 16S For the count data of the families analysed by metagenomics, we used the
vegan R package to calculate the Bray-Cruits distance and then performed intergroup comparisons and PCoA. For
intergroup comparisons, we analysed the whole group using PERMANOVA. We also calculated and plotted the distances
between Healthy, UC and Healthy-UC. We used the Wilcoxon test to test for significance in each group.

(TIF)
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