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enchances the efficacy of immunotherapy
for bladder cancer by activating anti-tumor
immune responses
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Abstract

Objective Bladder cancer(BCa) was a disease that seriously affects patients’ quality of life and prognosis. To address
this issue, many researches suggested that the gut microbiota modulated tumor response to treatment; however, this
had not been well-characterized in bladder cancer. In this study, our objective was to determine whether the diversity
and composition of the gut microbiota or the density of specific bacterial genera influence the prognosis of patients
with bladder cancer.

Methods We collected fecal samples from a total of 50 bladder cancer patients and 22 matched non-cancer indi-
viduals for 165 rDNA sequencing to investigate the distribution of Parabacteroides in these two groups. Further we
conducted follow-up with cancer patients to access the impact of different genera of microorganisms on patients
survival. We conducted a Fecal Microbiota Transplantation (FMT) and mono-colonization experiment with Parabac-
teroides distasonis to explore its potential enhancement of the efficacy of anti-PD-1 immunotherapy in MB49 tumor-
bearing mice. Immunohistochemistry, transcriptomics and molecular experiment analyses were employed to uncover
the underlying mechanisms.

Results The 16S rDNA showed that abundance of the genus Parabacteroides was elevated in the non-cancer control
group compared to bladder cancer group. The results of tumor growth curves showed that a combination therapy
of P distasonis and ICls treatment significantly delayed tumor growth and increased the intratumoral densities of

both CD4*T and CD8™T cells. The results of transcriptome analysis demonstrated that the pathways associated
with antitumoral immune response were remarkably upregulated in the P, distasonis gavage group.

Conclusion PR distasonis delivery combined with a-PD-1 mAb could be a new strategy to enhance the effect of anti-
PD-1 immunotherapy. This effect might be achieved by activating immune and antitumor related pathways.
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treatments for select patients with advanced bladder
cancer [1]. However, their long-term efficacy had been
observed in a small subset of patients, with most unable
to benefit from ICIs due to treatment resistance, encom-
passing both primary and acquired resistance [2, 3]. The
prediction and enhancement of drug resistance were piv-
otal factors determining the effectiveness of anti-PD-1/
PD-L1 therapies.

The microbiome was defined as the collective genomes
of microbes within a community,whereas the term micro-
biota refered to the microbes themselves in aggregate.
Within a human organism, there are trillions of microbes
which interact with the host constantly at numerous sites
[4]. Several trillions of microbes exit in human organ-
ism. During the human development, gut microbiota
constantly interacted with the host in many parts of the
body and exert a variety of extremely important role in
host function, especially immunity [5]. Therefore, an
increasing body of research evidence suggested that the
gut microbiota influenced the efficacy of immunotherapy
by affecting host immunity [6, 7]. However, the domi-
nant microbiota impacting responses might vary across
different tumor types and immunotherapies [8]. Accord-
ing to the reports, melanoma patient with a high relative
abundance of favorable microbiota, such as Clostridiales,
Ruminoccaceae, and Faecalibacterium, increased anti-
gen presentation and improved effector CD4*T cells and
CDS8'T cell function in the perpheral blood and TME
to ameliorate the antitomor efficacy of ICIs [9]. Besides,
numerous other bacterial strains had been shown to
enhance the efficacy of PD-1 inhibitors through diverse
mechanisms, including Bifidobacterium bifidum [6, 10],
Enterococcus faecium [11], Lactobacillus rhamnosus GG
[12], and Ackermann bacteria [13]. These gut microbiota
all enhanced the efficacy of immunotherapy by mediating
specific signaling pathways to increase the infiltration of
immune cells.

Furthermore, Parabacteroides  distasonis  played
an important role in human health as a probi-
otic. It improved non-tumoral diseases such as liver
fibrosis,inflammatory arthritis and obesity by affecting
bile acid metabolism [14-16]. It also been reported to
influence PD-1/PD-L1 immunotherapy outcomes in solid
tumors. In a melanoma transplant model, an increased
abundance of P. distasonis correlated with a heightened
response to a combined anti-CTLA-4 and anti-PD-1
antibody treatment [17]. Similarly, in the context of blad-
der cancer, probiotic probio-M9 treatment in mice sig-
nificantly enhanced their response to immunotherapy
and led to a notable increase in P. distasonis abundance
[18]. Experimental evidence had shown significantly
higher levels of P distasonis in the feces of patients in
the immunotherapy response group. Moreover, ginseng
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polysaccharide treatment in mice enhanced their immu-
notherapy response and elevated P, distasonis abundance
[19].

This study aims to investigate the prevalence of P. dis-
tasonis in bladder cancer patients and healthy controls
using 16S rDNA gene sequencing. It also seek to confirm
its impact and the associated mechanism on the anti-
PD-1/PD-L1 immunotherapy in bladder cancer, employ-
ing an animal model of FMT and mono-colonization
with P distasonis. The findings from this research will
serve as a reference for predicting and enhancing the effi-
cacy of ICIs in patients with bladder cancer.

Material and methods

Patient cohort and sample collection

Samples from BCa patients were validated through
postoperative pathology, by postoperative pathology,
confirming that the paraffin samples all represented
urothelial carcinomas. Additionally, cases of in situ car-
cinoma were meticulously excluded following examina-
tion by two independent pathologists, who also verified
that the samples had not undergone any antitumor treat-
ment. The exclusion criteria for both BCa patients and
non-cancer individuals were as follows: 1) Usage of drugs
known to influence the gut microbiota within one month
prior collection of fecal samples, including antibiotics
and proton pump inhibitors and 2) Suffering gastroin-
testinal diseases that could potentially cause dysbiosis
of the gut microbiota, such as diarrhea, constipation, or
inflammatory bowel disease (IBD). A total of 50 blad-
der cancer patients were included in our present study,
among which 39 patients were non-muscle invasive blad-
der cancer (NMIBC) and other 11 patients were muscle
invasive bladder cancer (MIBC) according to post-oper-
ation pathological diagnosis. Because recurrence being a
primary clinical outcome in NMIBC cases, we performed
a postoperative follow-up on the 39 NMIBC patients
within our clinical cohort and categoried them into two
groups: the recurrence group (R group) and the non-
recurrence group (NR group), based on whether they
experienced disease recurrence or not. The fecal samples
were collected from both BCa patients and controls dur-
ing natural defecation using sterile fecal sample collec-
tors and were promptly stored at -80°C within 2 hours.

DNA extraction and amplification

We extracted total DNA from the fecal samples
obtained from both BCa patients and individuals with-
out cancer using the Omega Mag-Bind soil DNA kit
(Omega Bio-Tek, Norcross, GA, USA). To assess the
quality of the isolated DNA, we performed 1% agarose
gel electrophoresis. The V4 region of 16S rDNA of bac-
teria was amplified. The specific primer sequences for
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V4 region were 5-GTGTGYCAGCMGCCGCGGTAA-
3’ (Forward primer) and 5-CCGGACTACNVGGG
TWTCTAAT-3" (Reverse primer). Subsequently, we
constructed the 16S rDNA sequencing library using
NEBNext® Ultra™ IIDNA Library Prep Kit (Cat No.
E7645) and paired-end sequencing was performed on
an Illumina NovaSeq platform.

16S rDNA analyses and differential flora analysis
Denoising and filtering were carried out using the
DADA2 method within in the QIIME2 software. Sub-
sequently, amplicon sequence variant (ASV) was
obtained [20]. Species annotation was achieved in
QIIME2 using the SILVA database and the naive Bayes
classifier [21]. The a-diversity of the gut microbiota was
assessed by calculating four distinct indices in QIIME2,
which include Observed_otus, Shannon index, Simp-
son index, and Pielou_e index. Bacterial community
richness was evaluated using Observed_otus, while
species evenness was assessed using Pielou’s evenness
index. Bacterial community diversity was evaluated
using the Shannon index and Simpson index. To com-
pare the differences in diversity indices between two
groups, the Wilcoxon test was employed. Furthermore,
the p-diversity of the gut microbiota was analyzed by
calculating both the Bray-Curtis distance and weighted
UniFrac distance in QIIME2 [22].

Principal-coordinate analysis (PCoA) and non-met-
ric multidimensional scaling (NMDS) analyses were
employed to visualize and represent the dissimilarities in
microbial composition between the two groups, utilizing
the Bray-Curtis and weighted UniFrac distance matrices.
To assess the variation in [-diversity between BCa and
control groups, Permutational multivariate analysis of
variance (PERMANOVA) was conducted.

The “circlize” package was utilized to visualize the
relative abundance of major bacteria at phylum, class,
order, family and genus levels in both BC and control
groups. The “survminer” package was used to differenti-
ate NMIBC patients through the optimal cut-off value of
bacteria relative abundance. This approach can reveal a
more pronounced difference between the two groups in
Kaplan-Meier analysis.We examined the difference in the
abundance of bacterial genera between the two groups
and identified differential genera on the Microbiota-Ana-
lyst online platform [23]. A volcano plot was constructed
to depict the differential genera meeting the criteria of
|log,FC| >1 and FDR < 0.05. Specific bacterial identifica-
tion was performed using the Linear Discriminant Anal-
ysis (LDA) Effect Size (LEfSe) method. The Wilcoxon test
was used to compare the relative abundance of bacteria
between the two distinct groups.
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Cell culture

The murine bladder cancer cell MB49 were cul-
tured in DMEM(Gibco) supplemented with 10%
fetal bovine serum(Gibco) and 100 U/mL penicillin/
streptomycin(China) in a humidified incubator, which
contains 5% CO, at 37°C. MB49 cells were harvested
during their logarithmic growth phase for subcutaneous
tumor experiments.

Bacterial strains culture

P distasonis, which was acquired from the American
Type Culture Collection(ATCC, USA), was cultured in
BHI broth as required. Under anoxic condition in a shak-
ing incubator at 37°C with 10% H,, 80% N,, and 10% CO,,
it was subsequently resuspended in BHI broth before
administration by gavage.

Animal experiments

Female 5-7 weeks old C57BL/6] mice were evenly divided
into five groups: BC + a-PD-1 mAb group: Mice received
FMT from bladder cancer patients along with a-PD-1
monoclonal antibody (mAb) at a dose of 250 ug per
mouse (clone: RMP1-14, Bio X Cell) ; N+ a-PD-1 mAb
group: Mice that received FMT from healthy individuals
along with a-PD-1 mAb; Pa + a-PD-1 mAb group: Mice
that were mono-colonized with P. distasonis and received
a-PD-1 mAb; mAb group: Mice treated with a vehicle
(PBS) along with a-PD-1 mAb and control group (#=6).
To establish a transplanted tumor model, approximately
2x10° MB49 cells were inoculated into the left flanks of
the mice. When the tumors reached a size of 100 mm?,
PD-1 drug therapy was initiated. Tumor volume was
monitored every three days with vernier calipers and cal-
culated using the formula: lengthxwidth*x0.52.

Fecal microbiota transfer and bacteria-colonized
experiment

Based on the method previously described with modi-
fications, the FMT experiment was conducted [24].
Specifically, fecal samples from the donors BCa patients
and healthy individuals were aseptically collected into
centrifuge tubes and then resuspended in PBS at a con-
centration of 125 mg/mL. Following this, the mixtures
underwent centrifugation at 1000xg for 1 minute. The
resulting supernatants were then carefully transferred
and stored in separate 1.5 mL tubes, prepared for future
microbiota transplantation. Before FMT experiment,
the acceptor C57BL/6 mice were given antibiotics,
which included ampicillin (1 g/L, Aladdin), neomycin
sulfate(1 g/L, Aladdin), metronidazole (1 g/L, Aladdin),
and vancomycin (0.5 g/L, Macklin) intragastrically once
a day for one week to deplete the gut microbiota. Next,
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the Pa + mAb group received a daily gavage of 200uL
containing 2.0 CFU of P. distasonis for a duration of 2
weeks. The N + mAb group and BC + mAb group were
administered a daily gavage of 200uL containing a 3.0
CFU suspension. The mAb group and the control group
received an equivalent volume of PBS by gavage.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on sec-
tions of bladder cancer tissues that had been fixed in
10% formalin and embedded in paraffin. All sections
were counterstained with hematoxylin, dehydrated,
mounted, and processed using peroxidase-conjugated
avidin/biotin and 3’-3-diaminobenzidine (DAB). The
primary antibodies used in this study included mono-
clonal mouse anti-CD4*T (Abcam, 1:2000), mono-
clonal mouse anti-CD8'T (Abcam, 1:4000), and
monoclonal mouse anti-FoxP3™ (Abcam, 1:200). Two
independent pathologists assessed all sections in a
blind fashion. The molecular expressions of CD4'T,
CDS8'T, and FoxP3" were determined by calculating the
ratio of positive staining cells to total tumor cells. The
density of CD4" T, CD8" T, FoxP3™ cells was quanti-
fied as the number of positive cells per square millim-
eter (cells/mm?) and was counted in five random areas
(1 mm? /each) , with the average of the five fields taken
into account.

RNA sequencing and analysis

Firstly, we extracted total RNA from the subcutaneous
tumors and determined the RNA concentration using a
NanoDrop2000 Spectrophotometer. Subsequently, we
employed the KAPA RNA library prep kit to construct
RNA sequencing libraries following the manufacturer’s
instructions. The Illumina NovaSeq platform was used
for RNA sequencing. The reference genome (GRCm39)
for mice was downloaded from the GENCODE database
(https://www.gencodegenes.org/mouse/).

We used the R package “edgeR” to identify differentially
expressed genes(DEGs) between the Pa + mAb group
(n=2) and BC +mAb group(n=2). Genes with |log,FC| >2
and p-value < 0.05 were considered as DEGs. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrich-
ment analysis of DEGs was conducted using the “Clus-
terProfiler” package, and the results were visualized using
the “enrichplot” package. Additionally, we employed
Gene Set Enrichment Analysis (GSEA) to explore the dif-
ference in functional pathways between the Pa + mAb
group and the BC + mAb group, the KEGG gene sets
for GSEA analysis were obtained through the "msigdbr"
package (version 7.5.1) [25].
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Statical analysis

Utilizing GraphPad Prism 8.0 for statistical analyses, var-
iables were expressed as Means + SEM, as elaborated in
the figure legends. For comparisons among three or more
groups, one-way ANOVA and Tukey’s tests were used.
The significance threshold was set at p<0.05. Signifi-
cance levels were denoted as follows: *p<0.05, **p<0.01,
**%p<0.001, ****p<0.0001, ns indicates no significant
difference.

Results

The clinical characteristics of the study cohort

and the impact of disease status on the fecal microbiota

In a study conducted at Nanfang Hospital from July
2018 to October 2021, we recruited 50 BCa patients (BC
group) and 22 healthy individuals (control group) care-
fully matched based on exclusion criteria. Analysis of
a-diversity revealed that there were no significant differ-
ences between the BC and control groups in the Shannon
index (p=0.24), Simpson Index (p=0.11), and Observed_
otus(p=0.29)(Fig. 1A,B,D). A slightly higher Pielou_e
index of gut microbiota was observed in the control
group compared to the BC group, the difference was not
statistically significant(p=0.085) (Fig. 1C). Further analy-
ses using PCoA and PERMANOVA demonatrated nota-
ble distinctions in microbial compositions between BC
group and control group, based on Bray-cutis distance
(p<0.001) and Weighted UniFrac distance(p=0.001).
NMDS analysis also highlighted significant differences
in gut microbiota composition between the two groups
(p=0.001)(Fig. 1E).

The chord diagram represented the relative abun-
dance of major taxonomic groups within the BC and
control groups across five taxonomic levels. Each level
aimed to reveal the relationships and relative propor-
tions between different biological taxa.At the phy-
lum level, four major taxa were observed: Firmicutes,
Bacteroidota, Proteobacteria, and Actinobacteriota
(Fig. 2A) ,and the major taxa at the Family, Order, and
Class levels also were displayed (Fig. 2B-D). The ten
most abundant taxa at the genus level were shown,
including Bacteroides, Faecalibacterium, Prevotella,
Parabacteroides, Blautia, Escherichia-Shigella, Rose-
buria, Fusobacterium, Lachnoclostridium, and Alis-
tipes (Fig. 2E). The diagram intuitively displayed the
interactions and connections between different taxa
through linking lines, providing deep insights into the
variations in microbial diversity under different condi-
tions or environments. Furthermore, through LEfSe
analysis comparing the differences in the distribu-
tion of the microbial communities at the genus level
between the two groups, it was found that Bacteroides,
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Parabacteroides and Prevotellaceae were more abun-
dant in the control group. Meanwhile, the BC group
exhibited a higher relative abundance of Rombout-
sia, Bifidobacterium, and Pseudomonas at the genus
level (Fig. 3A).We identified 50 genera with signifi-
cantly different abundance between the two groups
using the DESeq2 method. Among these, 18 genera
showed a significant increasing in the control group,
including Parabacteroides (Fig. 3B). Both the absolute
abundance(p<0.001) and relative abundance (p<0.001)

of the genus Parabacteroides were significantly in the
control control group compared with those in the BC
group(Fig. 3C and D).

To investigate the potential associations between gen-
der or smoking habits and the gut microbiome in bladder
cancer patients, we assessed the microbiome composition
differences across genders and smoking statuses. Our
analysis revealed no significant disparities in the Shannon
index(p=0.34), Simpson Index(p=0.73), and Observed_
species (p=0.055) among male and female bladder cancer
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Fig. 2 Chord diagram display of the relative abundance of the major taxa. This chord diagram represents the relative abundance of major
taxonomic groups within the BC and control groups across five taxonomic levels: Phylum (A), Class (B), Order (C), Family (D) and Genus (E)

patients (Supplement Figure 1A-C). Similarly, no sig-
nificant differences in Shannon index(p=0.089), Simp-
son Index(p=0.22), and Observed_species(p=0.58) were
observed in gut microbiota a-diversity between patients
with smoking habit versus not(Supplement Figure 1E-G).
Results from PCoA analysis further confirmed that the
composition of the gut microbiota was comparable
between males and females(p=0.06), as well as between
smokers and non-smokers (p=0.56) (Supplement Fig-
ure 1D and H). Therefore, we considered that the differ-
ences in gut microbiota composition could be related to
the disease status of the patients. We proceeded to con-
duct follow-up statistics on 39 NMIBC patients and cat-
egorized them into two groups: the recurrence group (R
group, n=11) and the non-recurrence group(NR group,
n=28). The detailed baseline characteristics of NMIBC
patients were presented in Table 1. Subsequently, we
distinguished NMIBC patients based on the optimal
cut-off value of bacteria relative abundance by using the
"surv_cutpoint” function from the "survminer" package,
This approach revealed a more pronounced difference
between the two groups in Kaplan-Meier analysis. The
results of a-diversity analysis showed that there were no
significant differences between the R and NR groups in
the Shannon index (p=0.34), Simpson Index (p=0.18)
and Observed_species (p=0.36)(Fig. 4A-C). Results
from PCoA indicated that R and NR group had notably
distinct microbial compositions(Fig. 4D). The results

of the survival curve analysis uncovered a significant
relationship between the abundance of specific bacte-
ria and patient prognosis. Specifically, an increase in
the abundance of Lachnospira was associated with an
extended prognosis in patients (p=0.0034) (Fig. 4E). Fur-
thermore, while no statistical difference was observed
in the abundance of Fusobacterium (p=0.095) and
Lactobacillus(p=0.13) (Fig. 4F and G). However, it was
worth mentioning that patients with a higher relative
abundance of the Parabacteroides genus had significantly
worse recurrence-free survival compared to those with
lower abundance(p=0.039)(Fig. 4H). This could be attrib-
uted to our use of 16s rDNA sequencing to analyze the
gut microbiota of bladder cancer patients, which only
measured abundance at the genus level. The paradoxical
results suggested that different species of Parabacteroides
might have distinct effects on bladder cancer. Although
Parabacteroides genus did not effectively differenti-
ate patient prognosis, this did not hinder our continued
investigation into the role of the Parabacteroides species
in immunotherapy for bladder cancer animal models.

P.distasonis enhances the effectiveness of anti-PD-1
treatment by increasing immune cell infiltration
According to the LEfSe analysis and literature reports,
we discovered that Parabacteroides distasonis, rec-
ognized as a beneficial bacterium, was being exten-
sively studied. It played a crucial role in improving
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Table 1 The detailed baseline characteristics of NMIBC patients
Characteristics Patients (N=39) R (n=11) NR (n=28) P
Ages(years) Median(range) 59(29-86) 65(49-86) 57(29-86) 0.733
Sex Male 32(82.05%) 10(90.91%) 22(78.57%) 0.635
Female 7(17.95%) 1(9.09%) 6(21.43%)
Smoking history Yes 16(41.03%) 3(27.27%) 13(46.43%) 0.291
No 23(8.97%) 8(72.72%) 15(53.57%)
BMI <24 22(56.41%) 6(54.55%) 16(57 14%) 0.747
24-28 14(35.90%) 3(27.27%) 11(39.29%)
>28 3(7.69%) 2(18.18%) 1(3.57%)
Grade PUNMLP 11 (28.21%) 2(18.18%) 9(32.14%) 0.468
Low 17(43.59%) 6(54.54%) 11(39.29%)
High 11(28.21%) 3(27.27%) 8(28.57%)

metabolism and inhibiting disease progression in non-
tumor diseases [14, 16]. However, current research on
its role in bladder cancer immunotherapy was lacking.
Therefore, to explore the correlation between the two,
we conducted an experiment to investigate whether P.
distasonis could enhance the effectiveness of a-PD-1
mAb in MB49 tumor-bearing mice (Fig. 5A).

It has been reported that the gut microbiota in the
host body could be transferred through FMT, result-
ing in the recipient exhibiting the same effects as the
donor. Therefore, to more fully evaluate the enhance-
ment of immunotherapy effects by P distasonis, we
conducted FMT with fecal samples from both BCa
cancer patients and healthy control groups into mice.
We then assessed the therapeutic effects by observ-
ing tumor growth differences between the groups. By
regularly monitoring tumor volume growth and ana-
lyzing the tumor growth curves and tumor weight,we
found that gavage with P. distasonis combined with
a-PD-1 mAb treatment could significantly inhibit
tumor growth and reduce tumor weight compared
to the BC + a-PD-1 mAb treatment group (p<0.05,
p<0.001) (Fig. 5B). The immune cell profile of MB49
bladder tumors was analyzed using immunohisto-
chemistry. Data revealed that following mono-col-
onization by P. distasonis combined with the a-PD-1
mAb treatment significantly boosted the intratumoral
densities of both CD4*T and CD8" T cells, compared
to the BC + a-PD-1 mAb treatment group(p<0.01,
p<0.05). However, the density of intratumoral FoxP3*
cells showed no significant difference (Fig. 5C-D). This
suggested that the antitumor effect in tumor-bearing
mouse models may be enhanced by the combination of
P. distasonis and a-PD-1 mAb through the promotion
of increased immune cell infiltration.

RNA-sequencing results indicated P.distasonis improved
anti-PD-1 treatment efficacy through enhancing
anti-tumor immune response

To elucidate the molecular mechanisms underlying
the enhancement of anti-PD-1 treatment efficacy by
Pdistasonis, we performed RNA sequencing of tumor
tissue collected from Pa + mAb group(n=2) and BC +
mAb group(n=2). According to the transcriptome analy-
sis volcano plot, we screened 699 DEGs between BC +
mAb and Pa + mAb groups, among which 600 genes
were markedly upregulated and 99 genes were down-
regulated in the Pa + mAb group compared with those
in the BC+mAb group (Fig. 6A).The heatmap showed
the top ten genes up in the Pa + mAb group compared
to BC+mAb group (Fig. 6B) .The results of KEGG enrich-
ment analysis revealed that these DEGs were closely
associated with some tumor-related pathways, including
the PI3K/Akt signaling pathway, the calcium signaling
pathway, the proteoglycans in cancer signaling pathway
and the PPAR signaling pathway (Fig. 6C-D).

The results of GSEA demonstrated that the pathways
associated with the antitumor immune response were
remarkably upregulated in the Pa + mAb group, includ-
ing “natural killer cell-mediated cytotoxicity”(p=0.001),
“T cell receptor signaling pathway”(p=0.0073), “B cell
receptor signaling pathway”(p=0.0074), “calcium sign-
aling  pathway”(p=0.001),cytokine-cytokine  recep-
tor interaction”(p=0.001) and “chemokine signaling
pathway”(p=0.001)(Fig. 7A-F).

Discussion

Solid tumors frequently employed multiple drug resist-
ance mechanisms to evade immune response, lead-
ing to a notably low overall response rate to anti-PD-1/
PD-L1 immunotherapy, which has emerged as a pressing
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challenge in this field. Existing solutions to this issue immunotherapy, the application of dual immune
encompassed the incorporation of chemotherapy, radio- checkpoint blockade or co-stimulatory molecule ago-
therapy, angiogenesis inhibitors alongside anti-PD-1 nist in conjunction with anti-PD-1/PD-L1 drugs, the
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combination of targeted therapy (excluding angiogen-
esis inhibitors) with anti-PD-1/PD-L1 treatments and the
innovation approach of FMT in combination with anti-
PD-1/PD-L1 therapies [26]. Gut microbiota combined
with anti-PD-1/PD-L1 immunotherapy was a novel and
intriguing strategy but the precise mechanisms and opti-
mal protocols of which remain unclear. Our study con-
tributes fresh evidence regarding the efficacy, specific
protocols, and underlying mechanism of this therapeutic
approach, drawing insights from both animal models and
clinical samples.

It has been reported that the administration of the
probiotics Lactobacillus rhamnosus probio-M9 could
enhance the therapeutic effect of anti-PD-1 immuno-
therapy, and significantly increase the abundance of P
distasonis [18]. A recent study further revealed that the
relative abundance of P. distasonis and Bacteroides vulga-
tus was notably elevated in NSCLC patients who exhib-
ited a more favorable therapeutic response to anti-PD-1
immunotherapy. Additionally, the administration of Gin-
seng polysaccharides was shown to restore the therapeu-
tic efficacy in tumor-bearing mice who had received fecal
material from patients with a poor response to immu-
notherapy, subsequently increasing the abundance of
P distasonis [19]. These findings collectively suggested
a close association between P. distasonis and the host’s
anti-tumor immune response, indicating that Pdistasonis
administration might enhance the effectiveness of anti-
tumor immunotherapy.

P distasonis had been substantiated to play a role
in treating certain diseases by actively participat-
ing in metabolism and immune processes [27, 28]. In
our research, 16S rDNA analysis revealed a significant
decrease in the abundance of P. distasonis in patients with
bladder cancer compared to healthy individuals. This
reduction in abundance might contribute to the reduced
effectiveness of ICIs in bladder cancer patients. There-
fore, restoring the intestinal ecology in these patients
could potentially enhance the efficacy of ICIs. To investi-
gate this, we constructed an animal experiment model to
examine T cell subset densities within the tumor micro-
environment. We noted an increase in the densities of
CD4"T and CD8™ T cells in the tumor of the Pa + mAb
group, while the density of FoxP3™ cells showed no sig-
nificant change. Our results indicated that combining P
distasonis with PD-1 inhibitors could improve immuno-
genicity by promoting the recruitment or expansion of
CD4'T and CDS'T cells. This was consistent with pre-
vious findings suggesting that P. distasonis could support
ICIs mediated anticancer immunity by stimulating of
CDS8* T cell production [29, 30].

Concerning the biological mechanism, the DEGs
analysis between the BC + mAb and Pa + mAb groups
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revealed enrichment in pathways related to tumor pro-
gression and antitumoral immune responses. These path-
ways encompassed calcium signaling, PPAR signaling,
and proteoglycans in cancer. The role of calcium signal-
ing in facilitating tumor cell proliferation, invasion, and
interaction within the tumor microenvironment was
well established [31]. Furthermore, BCG and its super-
natant had been observed to stimulate bladder cancer
cells to secrete pro-inflammatory cytokines such as IL-8
by activating calcium signaling [32]. The involvement of
Peroxisome Proliferator-Activated Receptors (PPARs) in
tumorigenesis and antitumor immune responses were
also well noted [33]. For example, PPAR-y activation
could enhance PD-L1 expression in human cancer cells
and organoids [34]. Agonists of the PGC-1/PPAR com-
plexes had shown promise in increasing the proliferation
and functionality of cytotoxic T lymphocytes, thereby
improving the effectiveness of anti-PD-1 immunother-
apy [35]. Moreover, Chondroitin Sulfate Proteoglycan 4
(CSPG4) exhibits increased expression in various can-
cers, including melanoma, breast cancer, and renal cell
carcinoma, positioning it as a potential target for anti-
tumor immunotherapy [36]. These insights collectively
illuminated the complex biological mechanisms that
might underlie the observed enhancement in antitumoral
immune response in the Pa + mAb group through the
enrichment of DEGs in these significant pathways.

In previous studies, various indicators had been pro-
posed to predict the effectiveness of immunotherapy.
PD-L1, recognized as a key and logical immune bio-
marker for PD-1/PD-L1 checkpoint blockade therapy,
was notably linked with treatment outcomes in immune
and tumor cells, as demonstrated in studies such as
IMvigor 210 and Checkmate 275 [37, 38]. Beyond PD-L1,
molecular and hematological markers had emerged as
valuable predictors of therapy response and the progno-
sis of bladder cancer. Research showed that molecular
subtypes serve as indicators for the effectiveness of cis-
platin-based neoadjuvant chemotherapy in MIBC, with
patients exhibiting a basal tumor type experiencing supe-
rior clinical outcomes [39]. Furthermore, recent findings
suggested that Fibronectin-1 levels may forecast the suc-
cess of immunotherapy in MIBC, with higher expression
levels correlating with an increase in immunosuppressive
cell infiltration [40]. Additionally, MDM2 had been iden-
tified as a marker linked with the anti-tumor immune
response, offering prognostic insights for bladder cancer
[41]. The presence of circulating tumor cells (CTCs) in
the bloodstream also served as an indicator of progres-
sion and a poor prognosis for NMIBC and metastatic
bladder cancer patients [42, 43].

Therefore, identifying predictive indicators for
immunotherapy outcomes via gut microbiota analysis
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remained a task of considerable importance and chal-
lenge. By integrating evaluation and precise modulation
of gut microorganisms, we could improve the accuracy
of both predicting and augmenting immunotherapy’s
effectiveness for patients. The comprehensive strategy
was promising for overcoming the intricate challenges
involved in predicting treatment responses across differ-
ent cancers. Our study underlined the innovative poten-
tial of combining P. distasonis with anti-PD-1 therapy to
boost the efficacy of anti-PD-1 immunotherapy in treat-
ing bladder cancer. This enhancement likely results from
the stimulation of pathways related to immunity and
tumor suppression, providing crucial insights for future
clinical approaches and mechanisms research.

Nevertheless, it was important to acknowledge the
limitations of our study. Firstly, The the clinical samples
obtained from both healthy individuals and bladder can-
cer patients were relative small, lacking a more extensive
clinical cohort for support. And we should also expand
the animal trails to comprehensively investigating the
impact of P. distasonis on immunotherapy efficacy. Sec-
ondly, regarding the research on the mechanism by
which P, distasonis enhanced the efficacy of immunother-
apy, we had only verified that it could enhance immune
cell infiltration in the tumor microenvironment and
predicted downstream mechanism pathways through
RNA sequencing, including calcium ion pathways, PPAR
pathways, etc. However, more potential mechanism path-
ways required further exploration. Finally, while positive
results were achieved in animal models, the safety and
efficacy of P, distasonis for human bladder cancer patients
still required further validation to assess their potential
application. Therefore, in the future, we will make more
efforts to address these shortcomings.

Conclusion

Combining the delivery of P distasonis with anti-PD-1
treatment represents a novel strategy aimed at augment-
ing the effectiveness of anti-PD-1 immunotherapy. This
enhanced effect is likely achieved through the activation
of immune and antitumor-related pathways.
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and H) also showed no difference gut microbiota composition in bladder
cancer patients with gender or smoking status.

Page 14 of 15

Acknowledgements
We acknowledge the hard and dedicated work of all the staff who have con-
tributed to the conception, implementation and analysis of this study.

Authors’ contributions

PW.designed the research; BLW.Y.F.Q. and M.X. performed research and wrote
the manuscript; YEQ, YY, JW.X. and Z.YF. collected the samples; PCH. Y.FQ,
B.LW, WJ.L and Y.X.Z analyzed the data; QS., ZR.Z, SGW.T. and QS.Y. prepared
material. All authors reviewed the manuscript.

Funding

This current study was supported by funding from the National Natural Science
Foundation of China (grant No. 82173304 and No. 82370782); the Science and Tech-
nology Planning Project of Guangdong Province of China (grant No. 2023803J1245).

Availability of data and materials

All data involved in this study has been submitted to the NCBI database,
accession number PRINA884863 and PRINA884991. Additional information
and requests for additional data and code should be directed to Peng Wu
(doctorwupeng@gmail.com).

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Research Ethics Committee of the
Nangfang prior to the start of the study (NFEC-202005-K7 , NFEC-202003-K3 )
and informed consent was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 December 2023 Accepted: 17 June 2024
Published online: 03 July 2024

References

1. Song D, et al. Bladder cancer, a unique model to understand cancer
immunity and develop immunotherapy approaches. J Pathol.
2019;249(2):151-65.

2. Sharma P, et al. Primary, adaptive, and acquired resistance to cancer
immunotherapy. Cell. 2017;168(4):707-23.

3. Kim JM, Chen DS. Immune escape to PD-L1/PD-1 blockade: seven
steps to success (or failure). Ann Oncol. 2016;27(8):1492-504.

4. Gopalakrishnan V, et al. The influence of the gut microbiome on cancer,
immunity, and cancer immunotherapy. Cancer Cell. 2018;33(4):570-80.

5. Sender R, Fuchs S, Milo R. Revised estimates for the number of human
and bacteria cells in the body. PLoS Biol. 2016;14(8):e1002533.

6. Sivan A, et al. Commensal Bifidobacterium promotes antitumor immu-
nity and facilitates anti-PD-L1 efficacy. Science. 2015;350(6264):1084-9.

7. Vetizou M, et al. Anticancer immunotherapy by CTLA-4 blockade relies
on the gut microbiota. Science. 2015;350(6264):1079-84.
Matson V, et al. The commensal microbiome is associated with
anti-PD-1 efficacy in metastatic melanoma patients. Science.
2018;359(6371):104-8.

9. Gopalakrishnan'V, et al. Gut microbiome modulates response to anti-PD-1
immunotherapy in melanoma patients. Science. 2018;359(6371):97-103.

10. Lee SH, et al. Bifidobacterium bifidum strains synergize with immune
checkpoint inhibitors to reduce tumour burden in mice. Nat Microbiol.
2021,6(3):277-88.

11. Griffin ME, et al. Enterococcus peptidoglycan remodeling promotes check-
point inhibitor cancer immunotherapy. Science. 2021,373(6558):1040-6.

12. SiW, et al. Lactobacillus rhamnosus GG induces cGAS/STING- dependent
type | interferon and improves response to immune checkpoint block-
ade. Gut. 2022;71(3):521-33.


https://doi.org/10.1186/s12866-024-03372-8
https://doi.org/10.1186/s12866-024-03372-8

Wang et al. BMC Microbiology

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.
30.
31.
32.

33.

34

35.

36.

37.

38.

(2024) 24:237

Routy B, et al. Gut microbiome influences efficacy of PD-1-based immu-
notherapy against epithelial tumors. Science. 2018;359(6371):91-7.

Zhao Q, et al. Parabacteroides distasonis ameliorates hepatic fibrosis
potentially via modulating intestinal bile acid metabolism and hepato-
cyte pyroptosis in male mice. Nat Commun. 2023;14(1):1829.

Wei W, et al. Parabacteroides distasonis uses dietary inulin to sup-

press NASH via its metabolite pentadecanoic acid. Nat Microbiol.
2023;8(8):1534-48.

Sun H, et al. Gut commensal Parabacteroides distasonis alleviates inflam-
matory arthritis. Gut. 2023;72(9):1664-77.

Andrews MC, et al. Gut microbiota signatures are associated with toxicity
to combined CTLA-4 and PD-1 blockade. Nat Med. 2021;27(8):1432-41.
Gao G, et al. Adjunctive probiotic lactobacillus rhamnosus probio-m9
administration enhances the effect of anti-PD-1 antitumor therapy

via restoring antibiotic-disrupted gut microbiota. Front Immunol.
2021;12:772532.

Huang J, et al. Ginseng polysaccharides alter the gut microbiota and
kynurenine/tryptophan ratio, potentiating the antitumour effect of anti-
programmed cell death 1/programmed cell death ligand 1 (anti-PD-1/
PD-L1) immunotherapy. Gut. 2022;71(4):734-45.

Callahan BJ, et al. DADA2: High-resolution sample inference from lllumina
amplicon data. Nat Methods. 2016;13(7):581-3.

Bokulich NA, et al. Optimizing taxonomic classification of marker-gene
amplicon sequences with QIIME 2's g2-feature-classifier plugin. Microbi-
ome. 2018;6(1):90.

Lozupone CA, et al. Quantitative and qualitative beta diversity measures
lead to different insights into factors that structure microbial communi-
ties. Appl Environ Microbiol. 2007;73(5):1576-85.

Chong J, et al. Using Microbiome analyst for comprehensive statisti-

cal, functional, and meta-analysis of microbiome data. Nat Protoc.
2020;15(3):799-821.

Hu J, et al. Enteric dysbiosis-linked gut barrier disruption triggers early
renal injury induced by chronic high salt feeding in mice. Exp Mol Med.
2017;49(8):e370.

Yu G, et al. clusterProfiler: an R package for comparing biological themes
among gene clusters. OMICS. 2012;16(5):284~7.

Yi M, et al. Combination strategies with PD-1/PD-L1 blockade: current
advances and future directions. Mol Cancer. 2022;21(1):28.

Wang K, et al. Parabacteroides distasonis alleviates obesity and metabolic
dysfunctions via production of succinate and secondary bile acids. Cell
Rep. 2019;26(1):222-235.e5.

Lei, et al. Parabacteroides produces acetate to alleviate heparanase-
exacerbated acute pancreatitis through reducing neutrophil infiltration.
Microbiome. 2021:9(1):115.

TanoueT, et al. A defined commensal consortium elicits CD8 T cells and
anti-cancer immunity. Nature. 2019;565(7741):600-5.

Gao J, et al. Loss of IFN-gamma pathway genes in tumor cells as a mecha-
nism of resistance to anti-CTLA-4 therapy. Cell. 2016;167(2):397-404.€9.
Monteith GR, Prevarskaya N, Roberts-Thomson SJ. The calcium-cancer
signalling nexus. Nat Rev Cancer. 2017;17(6):367-80.

Ibarra C, et al. BCG-induced cytokine release in bladder cancer cells is
regulated by Ca(2+) signaling. Mol Oncol. 2019;13(2):202-11.

Peters JM, Shah YM, Gonzalez FJ. The role of peroxisome proliferator-acti-
vated receptors in carcinogenesis and chemoprevention. Nat Rev Cancer.
2012;12(3):181-95.

Gutting T, et al. PPARgamma induces PD-L1 expression in MSS+ colorec-
tal cancer cells. Oncoimmunology. 2021;10(1):1906500.

Chowdhury PS, et al. PPAR-induced fatty acid oxidation in T cells increases
the number of tumor-reactive CD8(+) T cells and facilitates anti-PD-1
therapy. Cancer Immunol Res. 2018;6(11):1375-87.

WangY, et al. Chondroitin sulfate proteoglycan 4 as a target for chimeric
antigen receptor-based T-cell immunotherapy of solid tumors. Expert
Opin Ther Targets. 2015;19(10):1339-50.

Rosenberg JE, et al. Atezolizumab in patients with locally advanced and
metastatic urothelial carcinoma who have progressed following treat-
ment with platinum-based chemotherapy: a single-arm, multicentre,
phase 2 trial. Lancet. 2016;387(10031):1909-20.

Sharma P, et al. Nivolumab in metastatic urothelial carcinoma after plati-
num therapy (CheckMate 275): a multicentre, single-arm, phase 2 trial.
Lancet Oncol. 2017;18(3):312-22.

39.

40.

41.

42.

43.

Page 15 of 15

Seiler R, et al. Impact of molecular subtypes in muscle-invasive bladder
cancer on predicting response and survival after neoadjuvant chemo-
therapy. Eur Urol. 2017;72(4):544-54.

Zhang X, et al. Fibronectin-1: a predictive immunotherapy response
biomarker for muscle-invasive bladder cancer. Arch Esp Urol.
2023;76(1):70-83.

Zheng J, et al. Identification of MDM2 as a prognostic and immunothera-
peutic biomarker in a comprehensive pan-cancer analysis: A promising
target for breast cancer, bladder cancer and ovarian cancer immuno-
therapy. Life Sci. 2023;327:121832.

Gazzaniga P, et al. Circulating tumor cells detection has independent
prognostic impact in high-risk non-muscle invasive bladder cancer. Int J
Cancer. 2014;135(8):1978-82.

Flaig TW, et al. Detection of circulating tumor cells in metastatic and clini-
cally localized urothelial carcinoma. Urology. 2011;78(4):863-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Gut microbiota Parabacteroides distasonis enchances the efficacy of immunotherapy for bladder cancer by activating anti-tumor immune responses
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patient cohort and sample collection
	DNA extraction and amplification
	16S rDNA analyses and differential flora analysis
	Cell culture
	Bacterial strains culture
	Animal experiments
	Fecal microbiota transfer and bacteria-colonized experiment
	Immunohistochemistry
	RNA sequencing and analysis
	Statical analysis

	Results
	The clinical characteristics of the study cohort and the impact of disease status on the fecal microbiota
	P.distasonis enhances the effectiveness of anti-PD-1 treatment by increasing immune cell infiltration
	RNA-sequencing results indicated P.distasonis improved anti-PD-1 treatment efficacy through enhancing anti-tumor immune response

	Discussion
	Conclusion
	Acknowledgements
	References


