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Abstract
Bacterial flora has clinical significance for the host. The metabolic environment created by this flora influences immu-
notherapy in urothelial carcinoma. However, there are no reports on the clinical significance of bacterial flora in the host 
bloodstream. We aimed to clarify the correlation between extracellular vesicle (EV)-derived blood microflora information and 
tumor immunological status in urothelial carcinoma (UC) patients. Serum samples were collected from 20 healthy donors, 
50 patients with localized UC, and 31 patients with metastatic UC (mUC) who had undergone pembrolizumab treatment. 
Bacterial DNA in EVs was extracted from each sample. Metagenomic sequencing was performed after amplification of the 
V1–V2 region of the bacterial 16S rRNA gene. Using the matched tumor tissue and serum samples, we revealed that the 
smaller amount of peripheral EVs carrying Firmicutes DNA was significantly correlated with the higher number of infiltrat-
ing T cells within tumor tissues (CD3; p = 0.015, CD4; p = 0.039, CD8; p = 0.0084) and the higher expression of activation 
markers on their surface (ICOS on both CD4; p = 0.0013 and CD8 T cells; p = 0.016 and 4-1BB on CD4 T cells; p = 0.016). 
In terms of circulating metabolic information, l-Ser and l-Pro levels, which play important roles in T cell expansion and 
proliferation, were significantly higher in the Firmicutes-low group (p = 0.010). All of the patients with higher Firmicutes 
abundance had disease progression without any clinical response (p = 0.026) and significantly inferior prognosis for pem-
brolizumab therapy (p = 0.035). This is the first study on the importance of peripheral bacterial EVs in cancer patients treated 
with cancer immunotherapy.
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Introduction

Urothelial carcinoma (UC) is the ninth most frequently diag-
nosed cancer worldwide, of which the highest incidence is 
observed in men. Up to 10–15% of initially diagnosed patients 
have metastatic UC (mUC), with a 5-year survival of 15% 
worldwide [1]. Although the advancements in immune check-
point inhibitors (ICIs), such as pembrolizumab and avelumab, 
have revolutionized the management of mUCs, only 20–30% of 
mUC patients achieve significant response to ICIs therapy. We 
previously classified the tumor immunological status based on 
the expression of surface markers in UC patients [2], suggest-
ing the clinical need for predictive biomarkers of immunologi-
cal status in tumor microenvironment that could discern mUC 
patients who could benefit from ICI therapy.

Extracellular vesicles (EVs) are released by all three 
domains of life (eukaryotes, bacteria, and archaea) and rep-
resent an evolutionarily conserved mechanism for intercellu-
lar communication [3]. Although several reports suggest that 
bacteria-derived EVs can enter the bloodstream [4, 5], their 
physiological and clinical significance remains unclear.

Bacterial flora exists in various parts of the human body, 
including the intestine, and is thought to play a role in the etiol-
ogy of various diseases, including multiple sclerosis, bowel dis-
ease, male infertility, and uterine-related diseases [6–9]. In the 
field of clinical oncology, it has become clear that the metabolic 
environment created by the intestinal microbiota influences car-
cinogenesis [10], cancer progression [11], and multidisciplinary 
treatment, including immunotherapy, such as ICIs, in various 
cancer types, including UC [12–15]. Moreover, organ-specific 
microflora exists for different cancer types [16, 17]; although it 
remains unclear if this associated bacterial content arises from 
lysed bacterial cells or bacterial EVs. Components of cancer-
specific microflora has also been reported in the bloodstream, 
which may be useful in cancer diagnosis [18]. However, no 
reports have clarified the clinical significance of bacterial flora 
components in the bloodstream of the host. It is, therefore, nec-
essary to identify more accurate diagnostic markers by com-
bining information on multiple bacterial species for diagnosis 
and cancer staging of UC patients, as has been accomplished 
for other cancer types [18]. Therefore, in this study, we aimed 
to investigate the correlation of EV-derived blood microflora 
information and tumor immunological status, and evaluate its 
clinical significance and impact on the host.

Materials and methods

Clinical specimens

The healthy donor and urothelial cancer specimens were 
obtained from patients undergoing primary resection at the 

Osaka University Medical Hospital, Japan. Histological 
diagnosis was established with standard hematoxylin and 
eosin-stained sections by two senior pathologists experi-
enced in UC diagnosis. Tumors were staged according to the 
seventh TNM staging system [19]. Written informed consent 
was obtained from each patient, and the study was approved 
by the ethics review board of both the Osaka University 
Medical Hospital (#13397–2, #14069–3). The pathological 
information of clinical serum samples used in Figs. 1, 2, 3, 
4 is shown in Supplementary Tables S1.

Sample preparation

Clinical specimens were collected from seven UC patients 
(local [n = 3], advanced [n = 4]) who were TURBT at Osaka 
University Hospital (Osaka, Japan) and five healthy indi-
viduals for Fig. 1. Meanwhile, 50 patients with localized UC 
(muscle invasive bladder cancer [MIBC], n = 16; non-MIBC 
[NMIBC], n = 34) who had undergone TURBT and were 
included in our previous study to evaluate the local immune 
status of UC [2], as well as 31 metastatic UC patients who 
had undergone treatment with pembrolizumab (anti-PD-1 
antibody) were included in our analysis shown in Figs. 2, 3, 
4. Healthy individuals were defined as those without a cur-
rent malignant disease or medical history of urinary cancer. 
All UC patients were histologically diagnosed.

Serum samples

Whole blood (2.0–7.0  mL) was collected directly into 
Venoject II tubes (TERUMO, Tokyo, Japan). Within three 
hours after collection, all blood samples were centrifuged at 
1200 × g for 15 min; the serum (supernatant) was collected 
and stored at – 80 °C. Serum samples were subsequently 
centrifuged at 2000 × g for 30 min and filtered with 0.2 µm 
syringe filter (KURABO, Osaka, Japan). Next, EVs were 
isolated according to the following protocol. Serum EVs 
were isolated using ultracentrifugation (Fig. 1a) or Exosome 
Isolation Kit (serum) (Thermo Fisher Scientific, Waltham, 
MA, USA) according to the manufacturer’s instructions.

Fecal and oral samples

Fecal and oral swab samples were obtained with FLO-
QSwabs (COPAN Diagnostics, Murrieta, CA, USA). 
Swabbed samples were immediately immersed in 1 mL of 
DMEM medium (FUJIFILM Wako) without fetal calf serum 
and incubated at 37 °C for 2 h. The swab-immersed medium, 
containing EVs released by fecal (fecal EVs) or oral (oral 
EVs) bacteria, was then centrifuged at 2000 × g, for 30 min, 
and the supernatants were filtered through a 0.2-µm syringe 
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Fig. 1  Serum EVs enriched with bacterial 16S rRNA genes. a Exper-
imental design for EV isolation and subsequent 16S metagenomic 
sequencing analysis. b Representative results of nanoparticle analy-
sis. Serum EVs enriched with bacterial 16S rRNA genes with high 
diversity. Percent dot plot of phylogenetic composition of common 

bacterial taxa (> 0.1% abundance) at the phylum level in each sam-
ple in healthy donors (c) or urothelial cancer patients (d). e Observed 
OTUs. Diversity analysis using Chao1 (f), Faith’s Phylogenetic 
Diversity (g), Shannon index (h), Simpson index (i)
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filter (KURABO) and subjected to ultracentrifugation for 
recovery of EVs (Fig. 1c).

Circulating lymphocytes and tissue-infiltrating lympho-
cytes (TILs) were extracted as previously described [2].

Isolation of DNA

Serum EVs, fecal EVs, and oral EVs

DNA was isolated from EV samples using the QIAamp® 
Circulating Nucleic Acid Kit (QIAGEN, Hilden, Germany) 
according to the manufacturer’s protocol.

Fecal and oral swab: DNA was isolated from swab sam-
ples using the DNeasy PowerSoil Pro Kit (QIAGEN) accord-
ing to the manufacturer’s protocol.

16S rRNA gene PCR with whole blood

Whole blood (5.0 mL) was collected directly into EDTA 
tubes. Then, 16S rRNA was analyzed via PCR using the 
following primer sets [20]: JRP1 forward primer: 5ʹ-CTC 
CTA CGG GAG GCA GCA G-3ʹ and JRP3 reverse primer: 
5ʹ-ACA TGC TCC ACC GCT TGT G-3ʹ (expected amplicon 
size: 600–650 bp). The cycling protocol was as follows: 
denaturation for 1 min at 94 °C, annealing for 30 s at 62 °C, 
and extension for 40 s at 72 °C for 30 cycles. Amplicons 

were resolved by agarose gel electrophoresis and detected 
by SAFELOOK™ Green Nucleic Acid Stain (FUJIFILM 
Wako, Osaka, Japan).

16S metagenomic sequencing

V1–V2 region of the bacterial 16S rRNA gene was 
PCR-amplified with primers 27Fmod (5'-AGR GTT 
TGATYMTGG CTC AG-3') and 338R (5'-TGC TGC CTC 
CCG TAG GAG T-3'), and sequencing of the 16S rRNA 
was performed on a MiSeq platform (Illumina, San Diego, 
CA). QIIME version 2.202002 was used to process all raw 
sequencing data. Linear discriminant analysis effect size 
(LEfSe, [21]) was used to elucidate bacterial genus clas-
sification taxa that were associated with malignancy of UC 
and immunological classification of T cells. LEfSe was 
calculated using the Galaxy web platform, and only linear 
discriminant analysis (LDA) scores ≥ 2 were listed.

Nanoparticle measurement

The size and concentration of EVs were determined using 
qNano Gold (Izon Science, Christchurch, New Zealand). 
Data were analyzed with Izon Control Suite Software 
(V3.3.2.2001).

Fig. 1  (continued)
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Immunological classification of T cells

Lymphocytes including TILs were stained with multiple 
extracellular antibodies as previously described [2]. The 
positively stained cells were defined above the negative 
region for isotype control. Immunological classification was 
defined based on surface immune checkpoint molecules in 
our previous study [2]. In the current study, we used only 50 
of our previous 70 samples that could pair off with serum 
EVs samples in the present study.

Measurement of amino acid concentration

Concentration of l-serine and l-proline was quantified using 
the micro-2D-HPLC. In brief, amino acids were labeled with 
fluorescence (4-fluoro-7-nitro-2,1,3-benzoxadiazole), and 
l-amino acids were quantified via chiral selectivity. Fluo-
rescence-labeled amino acids were separated by reversed-
phase column, followed by chiral separation using a chiral-
selective column. Detection of fluorescence-labeled amino 
acids was carried out at 530 nm with an excitation of 470 nm 
using two photomultiplier tubes. Detailed methods were pre-
viously described [22].

Survival analysis of mUC patients treated 
with pembrolizumab

Cancer-specific survival (CSS) time was calculated from 
the date of initiation of pembrolizumab until death or the 
date of the patient’s last follow-up visit. Progression-free 
survival (PFS) time was calculated from the date of initia-
tion of pembrolizumab until radiological and clinical disease 
progression or death. The CSS and PFS rates were calcu-
lated using Kaplan–Meier method. We also used the Cox 
regression model to calculate the hazard ratios in univariate 
and multivariate analysis.

Statistical analysis

Statistical analyses were performed using JMP Pro software 
(v.14.0.0; SAS Institute), and quantification was performed 
using GraphPad Prism software (GraphPad Prism 6.0, Graph-
Pad software). Differences between the values were statisti-
cally analyzed using the Mann–Whitney test or Kruskal–Wal-
lis test followed by Dunn’s multiple comparisons test. A p 
value < 0.05 was considered statistically significant. The 
patient characteristics were compared using the Mann–Whit-
ney U test and χ2-test. Univariate analysis was performed with 
the Mann–Whitney U test. Multiple regression analyses were 
performed to assess the relative contributions of factors (age, 
sex, BMI, smoking status, NLR, PLR, MLR, and FAN score 
[23]) and the Firmicutes or Armatimonadetes, Elusimicrobia, 
and Nitrospirae (AEN) abundance in serum EVs. Probability 

analysis was performed using Fisher’s exact probability test. 
Significant predictors of urothelial carcinoma were identified 
by logistic regression analysis. The optimal cut-off value for 
each EV protein was determined from the receiver operating 
characteristic (ROC) curve using Youden index.

Results

Identification of bacterial information 
from serum‑derived EVs in healthy donors and UC 
patients

First, to evaluate the existence of bacterial EVs in circulation 
and their source, we first extracted DNA from the oral cavity, 
feces, and blood from two healthy donors and four patients 
with advanced UC. DNA was also extracted from the blood 
of three healthy donors and three patients with localized UC. 
Extracted DNA was used for 16S rRNA metagenomic analy-
sis to compare the expression profiles (Fig. 1a, b). We found 
that the bacterial diversity in both oral and fecal samples was 
reduced in EV samples compared to samples collected by 
normal collection methods. Moreover, no significant correla-
tion was identified between the bacterial information con-
tained in each sample and clinical background information 
(Fig. 1c–i). The bacterial information in fecal and oral EVs 
were reflected in serum EVs, particularly in a proportion of 
the advanced UC patients, suggesting that serum EVs harbor 
a unique cancer-specific bacterial signature within some UC 
patients (Fig. 1c, d).

Next, we used archived serum samples collected from 20 
healthy donors, those collected immediately before treat-
ment from 50 patient with localized UC who had undergone 
TURBT and those collected from 31 metastatic UC patients 
who had undergone treatment with pembrolizumab (Sup-
plementary Table S1; Fig. 2a). Six negative control samples 
from sterilized PBS were set in each experiment for EV iso-
lation and DNA extraction, and the 16 s rRNA sequencing 
results of all 107 samples were evaluated. As a result, we 
clarified that the flora information isolated from negative 
controls differed significantly from that derived from the 
sera of both healthy donors and UC patients (p < 0.001; 
Fig. 2b, c).

Bacterial information from serum‑derived 
EVs reflects the immunological condition 
within the tumor microenvironment

We attempted to identify the correlation between bacterial 
flora in the bloodstream and immunological status within the 
tumor microenvironment using 50 matched serum and tumor 
tissue samples (MIBC, n = 16; NMIBC n = 34: identical 
cohort as in Fig. 2) selected from our previously collected 
samples (Supplementary Figs. 1a–c) [2]. No difference was 
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detected in the number of immune cells infiltrating the tis-
sues between two groups, classified based on the expression 
of surface markers (Supplementary Fig. 1d). As previously 
reported, this immunological classification is clearly divided 
into two groups, i.e., Group I, in which ratio of CD4 is sig-
nificantly higher, and Group II, in which ratio of CD8 and 
various immune checkpoint molecules expressed signifi-
cantly higher (Supplementary Figs. 1e, f) [2]. However, the 
immunological status of peripheral blood cells has no such 
features (Supplementary Figs. 1 g, h).

There were no significant differences in the α-diversity in 
the bloodstream according to the immunological classifica-
tion (Fig. 2d). Thus, we attempted to identify specific bacte-
rial information for immunological classification (Fig. 2e). 
LEfSe analysis based on phylum information showed that 
the Nitrospirae, Elusimicrobia, and Armatimonadetes 
phyla were significantly upregulated in Group II, and the 
Firmicutes phylum was significantly upregulated in Group 
I (Fig. 2f, g). In contrast, there was no significant difference 
in the Bacteroidetes phylum abundance between the two 
groups, and the Firmicutes/Bacteroidetes (F/B) ratio, which 
is also known to be significantly correlated with obesity 
[24, 25] and aging [26] with respect to intestinal bacteria, 
tended to be higher in Group I (p = 0.089; Supplementary 
Figs. 2a–c).

We then set a cut-off value using ROC curve analysis 
to divide the groups for prediction of immune classifica-
tion. The best cut-off value for Firmicutes to predict Group 
I was set at 0.12467 (Fig. 2h); 81.8% of the cases with higher 
abundance of Firmicutes (≧ 0.12467) belonged to Group I, 
whereas 42.9% of the cases with lower abundance of Fir-
micutes belonged to Group I (p = 0.008; Fig. 2h). When the 
best cut-off for the F/B ratio to predict Group I was set at 
1.2165, 75% of the cases with higher F/B ratio belonged to 
Group I, and 46.2% of cases with lower F/B ratio belonged 

to Group I (p = 0.048; Supplementary Fig. 2d). AEN, which 
were upregulated in Group II, yielded positive results in 6 
(12.0%), 18 (36.0%), and 8 (16.0%) patients, respectively, 
and the percentage of Group II cases was significantly higher 
in all cases (Supplementary Figs. 3a‒c). Additionally, when 
the presence of any of these three phyla (AEN) was consid-
ered positive, 60.9% of the AEN-positive cases belonged to 
Group II (Fig. 2i).

Using the above classification, we evaluated the 
clinical characteristics and local immune status of UC 
patients depending on the Firmicutes and AEN abun-
dance. Although no clinical characteristics significantly 
correlated with Firmicutes and AEN abundance, Firmi-
cutes abundance tended to be higher in older patients 
(age ≥ 71, p = 0.091; Table 1). We also found that the 
proportion of CD3, CD4, and CD8 T cells per weight of 
tumor tissue was significantly higher in the Firmicutes-
low group than in the Firmicutes-high group (Fig. 3a). In 
addition, although the percentages of tissue-infiltrating 
CD8 and CD4 T cells did not change, inducible costimu-
latory molecule (ICOS), a member of the CD28/CTLA4 
family, was expressed at significantly higher levels on 
the surface of CD8 and CD4 T cells in the Firmicutes-
low group than Firmicutes-high group (p = 0.016 and 
p = 0.0013, respectively). Additionally, 4-1BB, a mem-
ber of the tumor necrosis factor receptor superfamily 
T cell costimulatory receptor, was also significantly 
upregulated on CD4 T cells in the Firmicutes-low group. 
Meanwhile,  CD4+CD45RA+ cells, a naive  CD4+ frac-
tion, were significantly upregulated in the Firmicutes-
high group (p = 0.017) (Fig. 3b, c). The expression of T 
cell surface molecules and abundance of Firmicutes in the 
bloodstream were not significantly correlated with CD4 
or CD8 T cells (Fig. 3d, e).

Next, to assess the metabolic information associ-
ated with T cells in blood, we evaluated the correlation 
between Firmicutes abundance and concentrations of 
l-serine (l-Ser, [27]), l-asparagine (l-Asn, [28]), and 
l-proline (l-Pro [29],), which play important roles in 
T cell expansion and proliferation. l-Ser and l-Pro lev-
els were higher in the Firmicutes-low group (p = 0.010) 
(Fig. 3f).

We conducted further analysis based on AEN abun-
dance and found no significant correlation with the 
number of tumor-infiltrating T cells (Fig.  3g). ICOS 
was highly expressed on CD8 and CD4 T cells in the 
AEN-positive group. In addition, 4-1BB+CD4 T cells 
were significantly upregulated in the AEN-positive group 
(Fig.  3h, i). Furthermore, unlike that for Firmicutes 
abundance, there was no significant correlation between 
AEN abundance and T cell surface molecule expression 
in the blood nor l-Ser or l-Pro concentration (Fig. 3j–l). 
We also compared the expression profile of cells in the 

Fig. 2.  16S metagenomic sequencing of peripheral EVs in UC 
patients. a Schematic design of the study. b β diversity plots for 20 
healthy donors (HD), 81 urothelial carcinoma patients (UC), and six 
negative controls (NC) (unweighted). c β diversity analysis using 
UniFrac distance. Kruskal–Wallis test followed by Dunn’s multiple 
comparisons test. ****p < 0.0001. Exact p values: p < 0.0001 (NC 
vs. HD), p < 0.0001 (NC vs. UC), p = 0.0862 (HD vs. UC). Immuno-
logical classification of peripheral bacterial information. d α diversity 
analysis based on immunological classification (Group I: 30, Group 
II: 20). e Taxa bar plots of UC peripheral EVs based on immuno-
logical classification. f Distinctive bacterial phylum in UC patients 
and the percent of each phylum abundance depending on immuno-
logical classification. g Mann–Whitney test (Two-tailed). *p < 0.05. 
Exact p values: p = 0.038 (Firmicutes), p = 0.012 (Armatimonadetes), 
p = 0.043 (Elusimicrobia), p = 0.028 (Nitrospirae). h ROC analysis 
based on Firmicutes abundance in UC (left panel). Cumulative bar 
chart based on abundance of peripheral Firmicutes (right panel). i 
Cumulative bar chart based on positivity of peripheral AEN (Armati-
monadetes, Elusimicrobia and Nitrospirae). Fisher’s exact probability 
test

◂
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Firmicutes- or AEN-positive groups with that of mye-
loid cells in tumor tissues, and found no significant dif-
ferences, including that for PD-L1 [30] or CCR2 [31] 
expression, which is associated with immunosuppres-
sion (Supplementary Figs. 4a, b). These results together 
indicate that peripheral EV-derived bacterial information 
significantly reflects the immune status of T cells, but 
not myeloid cells, within the tumor microenvironment.

Serum‑derived EVs carrying Firmicutes represent 
potential predictive and prognostic markers of mUC 
patients treated with pembrolizumab

Finally, we investigated whether peripheral EV-derived 
bacterial information could predict response and progno-
sis for ICI therapy using 31 mUC samples from patients 
who had undergone treatment with pembrolizumab. Among 
the 31 patients treated with pembrolizumab, none of the 12 
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patients classified in the Firmicutes-high group, stratified 
using the cut-off value of 0.12467, could achieve a thera-
peutic response higher than stable disease (SD). All seven 
patients who achieved a therapeutic response higher than SD 
belonged to the Firmicutes-low group (Fig. 4a). Additionally, 
patients in the Firmicutes-high group had significantly lower 
progression-free survival (PFS) (hazard ratio [HR]: 2.41, 
95% confidence interval [CI]: 1.07–5.42, p = 0.034) and can-
cer-specific survival (CSS) (HR: 2.44, 95% CI: 1.07–5.57, 
p = 0.035) than those in the Firmicutes-low group (Fig. 4b, 
c). When the F/B ratio was stratified using the cut-off value 
of 1.2165, only one (6.2%) of the 16 patients with higher 
F/B ratio showed a therapeutic effect of SD or higher, and 
six (40%) of the 15 patients with a lower F/B ratio showed 
therapeutic effect of SD or higher (p = 0.037; Supplementary 
Fig. 5a). Patients with a higher F/B ratio had significantly 

lower PFS (HR: 2.96, 95% CI: 1.26–6.96p = 0.013) and CSS 
(HR: 3.29, 95% CI: 1.38–7.86, p = 0.007) than those with 
higher F/B ratios (Supplementary Figs. S5b, c). In contrast, 
33.3% of the 15 AEN-positive patients and 12.5% of the 16 
AEN-negative patients showed therapeutic effect higher than 
SD. Although the therapeutic effect was higher in AEN-pos-
itive patients, there was no significant difference between the 
two groups (AEN-positive vs -negative, Fig. 4d). In terms 
of prognosis, some AEN-positive patients achieved long-
term survival though there was no significant difference in 
PFS (HR: 0.70, 95% CI: 0.31–1.55, p = 0.377) or CSS (HR: 
0.82, 95% CI: 0.36–1.86, p = 0.636; Fig. 4e, f). According to 
multivariate analysis, peripheral EVs carrying Firmicutes, 
but not AEN, significantly correlated with PFS (HR: 3.906, 
95% CI: 1.436–10.625, p = 0.008) and CSS (HR: 4.593, 95% 
CI: 1.697–12.428, p = 0.003) (Table 2).

Discussion

The present study is the first, to our knowledge, to demon-
strate the importance of bacterial information in peripheral 
EVs in cancer patients (Fig. 4g). We found that aging tended 
to be associated with increased blood Firmicutes abundance, 
which correlated with a decrease in the abundance, and 
activation of markers such as ICOS and 4–1 BB on CD4 
and CD8 tissue-infiltrating T cells. In previous reports, an 
increase in the F/B ratio was closely correlated with aging 
[24] and obesity [5, 25]. Although the underlying molecular 
mechanism requires further clarification, these results sug-
gest that higher peripheral abundance of Firmicutes leads to 
senescence of the immune system.

In patients with malignant melanoma, bacterial peptides 
within cancer cells are presented on HLA molecules and 
activate local immune cells [16]. In addition, we recently 
clarified that Helicobacter pylori infection increases ICOS 
expression on CD4 regulatory T cells in gastric and colo-
rectal cancer patients [32, 33]. Moreover, the presence of 
tumor-infiltrating cytotoxic CD4 T cells is reportedly impor-
tant for predicting the efficacy of ICI treatment in patients 
with metastatic UC [34]. These results support our findings 
that the peripheral abundance of Firmicutes could reflect the 
local immune status and serve as a predictor of the efficacy 
and prognosis of ICI treatment.

We previously showed that an increase in Tim-3+ T cells 
in peripheral blood mononuclear cells (PBMCs) before and 
after ICI treatment, but not in either time period indepen-
dently, correlated with treatment responses [35]. Interest-
ingly, the present study did not show a significant correlation 
between the expression of markers on PBMCs and the abun-
dance of Firmicutes or AEN information in the bloodstream, 
which supports the notion that predicting the therapeutic 
effect of ICI by evaluating PBMC samples before treatment 

Fig. 3  Peripheral Firmicutes phylum abundance correlated with 
the number and expression of activation surface markers of tumor 
tissue-infiltrating T cells. Number of tumor tissue-infiltrated T cells, 
frequency of  CD8+ or  CD4+ cells, and surface activation marker 
expression were analyzed based on peripheral Firmicutes abundance 
(a–e). a Number of tumor tissue-infiltrating T cells. b Frequency 
of tumor tissue-infiltrating  CD8+ cells (left panel). Expression of 
immune checkpoint markers in  CD8+ cells (right panel). c Frequency 
of tumor tissue-infiltrating  CD4+ cells (left panel). Expression of 
immune checkpoint markers in  CD4+ cells (right panel). d Frequency 
of peripheral  CD8+ cells (left panel). Expression of immune check-
point markers in  CD8+ cells (right panel). e Frequency of peripheral 
 CD4+ cells (left panel). Expression of immune checkpoint markers 
in  CD4+ cells (right panel). Peripheral levels of L-amino acids based 
on peripheral Firmicutes abundance (f). Correlation analysis between 
peripheral AEN abundance and the number of tumor tissue-infiltrat-
ing T cells and myeloid cells and expression of activation markers on 
their surface. g Number of tumor tissue-infiltrated T cells, frequency 
of  CD8+ or  CD4+ cells, and surface activation marker expression 
were analyzed based on the presence/absence of AEN. h Frequency 
of tumor tissue‒infiltrating  CD8+ cells (left panel). Expression 
of immune checkpoint markers in  CD8+ cells (right panel). i Fre-
quency of tumor tissue‒infiltrating  CD4+ cells (left panel). Expres-
sion of immune checkpoint markers in  CD4+ cells (right panel). 
(j) Frequency of peripheral  CD8+ cells (left panel). Expression of 
immune checkpoint markers in  CD8+ cells (right panel). k Fre-
quency of peripheral  CD4+ cells (left panel). Expression of immune 
checkpoint markers in  CD4+ cells (right panel). l Peripheral levels of 
L-amino acids based on the presence/absence of AEN. Mann–Whit-
ney test (Two-tailed). Mann–Whitney test (Two-tailed). *p < 0.05; 
**p < 0.01. Exact p values for (a): p = 0.015  (CD3+), p = 0.039 
 (CD4+), p = 0.0084  (CD8+); for (b): p = 0.24 (PD-1), p = 0.97 (Tim-
3), p = 0.84 (CD25), p = 0.016 (ICOS), p = 0.66 (4-1BB), p = 0.71 
(OX40); for (c): p = 0.017 (CD45RA), p = 0.60 (PD-1), p = 0.56 
(Tim-3), p = 0.45  (CD25high), p = 0.0013 (ICOS), p = 0.016 (4-1BB), 
p = 0.084 (OX40); for (f): p = 0.010 (L-Ser), p = 0.75 (l-Asn), 
p = 0.051 (l-Pro). Expression of immune checkpoint markers in 
 CD8+ cells (right panel). *p < 0.05; **p < 0.01. Exact p values for 
(h): p = 0.86 (PD-1), p = 0.24 (Tim-3), p = 0.35 (CD25), p = 0.0022 
(ICOS), p = 0.10 (4-1BB), p = 0.36 (OX40); for (i): p = 0.93 
(CD45RA), p = 0.74 (PD-1), p = 0.14 (Tim-3), p = 0.49  (CD25high), 
p = 0.0022 (ICOS), p = 0.039 (4-1BB), p = 0.12 (OX40); for (k): 
p = 0.27 (CD45RA), p = 0.070 (PD-1), p = 0.56 (Tim-3), p = 0.028 
 (CD25high), p = 0.18 (ICOS), p = 0.30 (4-1BB), p = 0.93 (OX40)

◂
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was more difficult than comparing PBMC samples before 
and after ICI treatment.

Although the evaluation of bacterial flora in stool has 
great potential for facilitating the implementation of 

treatments, such as stool transplantation [36] and oral admin-
istration of bacteria [37], it is limited by defecation condi-
tions [38]. Furthermore, it is difficult to monitor bacteria in 
the mucus secreted from the mucosa [39]. In comparison, 

Fig. 4  Peripheral Firmicutes abundance could predict the response 
and prognosis of metastatic urothelial carcinoma patients treated 
with pembrolizumab. a Cumulative bar chart based on abundance of 
peripheral Firmicutes. Fisher’s exact probability test. Progression-
free survival ratio (b) and cancer-specific survival ratio (c) based 
on peripheral Firmicutes abundance. Peripheral AEN could not pre-

dict the response and prognosis of metastatic urothelial carcinoma 
patients treated with pembrolizumab. d Cumulative bar chart based 
on the presence/absence of AEN. Fisher’s exact probability test. 
Progression-free survival ratio (e) and cancer-specific survival ratio 
(f) based on the presence/absence of peripheral AEN (g) Graphical 
abstract representing the primary findings of this study
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the evaluation of bacterial flora information contained in 
blood-derived EVs using the methods described in our 
research is highly versatile as it does not involve compli-
cated ultracentrifugation methods and allows for stable 

blood sample collection. In addition, this method makes it 
possible to perform various analyses on stored samples.

In the present study, we used operational taxonomic units 
(OTUs) to analyze bacterial information. Future studies are 

Table 1  Univariate logistic 
regression analysis to identify 
a correlation between clinical 
characteristics and the 
abundance of peripheral EVs 
containing Firmicutes and 
presence of AEN in patients 
with localized UC

OR, odds ratio; CI, confidence interval; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; 
PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio

Characteristics Firmicutes phylum AEN expression

OR 95% CI P OR 95% CI P

Age (< 71 vs. ≥ 71) 2.705 0.854–8.568 0.091 1.641 0.529–5.093 0.391
Sex (male vs. female) 1.022 0.239–4.368 0.976 0.639 0.140–2.912 0.563
BMI (< 23.9 vs. ≥ 23.9) 1.000 0.327–3.055 1.000 0.434 0.138–1.371 0.155
Smoking status
(never vs. current/former) 0.519 0.167–1.611 0.257 0.434 0.138–1.371 0.155
pT stage (Ta vs. T1 and more) 1.132 0.357–3.587 0.833 2.031 0.614–6.710 0.246
Tumor grade (2 vs. 3) 1.444 0.468–4.460 0.523 0.642 0.207–1.989 0.442
NLR (< 2.39 vs. ≥ 2.39) 0.519 0.167–1.611 0.257 1.179 0.383–3.627 0.775
PLR (< 0.81 vs. ≥ 0.81) 0.722 0.235–2.215 0.569 1.179 0.383–3.627 0.775
MLR (< 0.23 vs. ≥ 0.23) 0.539 0.174–1.671 0.285 1.244 0.402–3.853 0.705
FAN score (0, 1 vs. 2, 3) 0.900 0.212–3.822 0.886 1.143 0.279–4.683 0.853

Table 2  Univariate and 
multivariate analyses with 
Cox regression analysis for 
progression-free survival (A) 
and cancer-specific survival (B) 
of 31 metastatic UC patients 
treated with pembrolizumab

HR, hazard ratio; CI, confidence interval; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; 
PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio
Bold values represent the statistically significant

Characteristic Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

(A)
Age (< 73 vs. ≥ 73) 1.026 0.460–2.289 0.950 0.822 0.320–2.114 0.684
Sex (male vs. female) 2.137 0.934–4.888 0.072 1.029 0.410–2.581 0.951
BMI (< 20.2 vs. ≥ 20.2) 0.880 0.403–1.923 0.749
Smoking status (never vs. current/former) 0.842 0.350–2.028 0.702
Firmicutes abundance (low vs. high) 2.408 1.071–5.417 0.034 3.906 1.436–10.625 0.008
AEN presence (negative vs. positive) 0.698 0.314–1.550 0.377 0.484 0.197–1.189 0.114
NLR (< 5.0 vs. ≥ 5.0) 1.353 0.598–3.061 0.468
PLR (< 1.50 vs. ≥ 1.50) 1.424 0.640–3.165 0.386
MLR (< 0.52 vs. ≥ 0.52) 1.658 0.740–3.713 0.219
FAN score (0, 1 vs. 2, 3) 2.601 1.137–5.951 0.024 3.820 1.354–10.775 0.011
(B)
Age (< 73 vs. ≥ 73) 0.675 0.301–1.512 0.339 0.541 0.208–1.404 0.207
Sex (male vs. female) 3.051 1.243–7.491 0.015 1.841 0.713–4.757 0.207
BMI (< 20.2 vs. ≥ 20.2) 0.648 0.293–1.435 0.285
Smoking status (never vs. current/former) 1.071 0.442–2.594 0.879
Firmicutes abundance (low vs. high) 2.920 1.251–6.815 0.013 4.593 1.697–12.428 0.003
AEN presence (negative vs. positive) 0.652 0.281–1.513 0.320 0.643 0.268–1.540 0.321
NLR (< 5.0 vs. ≥ 5.0) 1.666 0.725–3.830 0.229
PLR (< 1.50 vs. ≥ 1.50) 1.144 0.511–2.562 0.744
MLR (< 0.52 vs. ≥ 0.52) 1.564 0.705–3.468 0.271
FAN score (0, 1 vs. 2, 3) 2.259 0.999–5.109 0.050 2.328 0.898–6.040 0.082
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required to evaluate bacterial information with amplicon 
sequence variant (AVE), which enables higher resolution.

In general, the average size of bacteria is approximately 
0.4 to 2 μm in diameter and 0.5 to 5 μm in length [40]. In 
contrast, the mean diameter of EVs secreted from oral and 
fecal flora was smaller than 200 nm (Fig. 1b), which enable 
their passage through a 200-nm filter (but not bacteria). 
Moreover, it has been reported that bacterial EVs in the gut 
lumen can gain access to the circulatory system [41]. There-
fore, we believe that we have analyzed the bacterial-derived 
EVs which originate from the fecal and oral flora.

This study has several limitations. Considering that this is 
a pilot study with a relatively small population size, further 
large-scale and multi-institutional studies with an independ-
ent cohort are warranted to confirm our findings. Second, we 
could not clarify the source of circulating EVs with bacteria 
DNA. Since our present data showed that serum EVs con-
tained several bacterial components, which represent the gut 
and oral bacterial flora (Bacteroidetes, Firmicutes, Actino-
bacteria, and Proteobacteria phylum), we postulate that each 
localized bacterial flora releases EVs into the bloodstream. 
Third, although we identified a strong correlation between 
the Firmicutes abundance in serum EVs and the immune 
status within tumor tissues, we could not clarify the under-
lying mechanism; hence, further investigation is warranted.

In conclusion, information on Firmicutes abundance 
derived from EVs in the blood can reflect the local immune 
status of the tumor microenvironment and could be used to 
predict the efficacy and prognosis of UC immunotherapy.
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