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ABSTRACT
Background/Aims: Colorectal cancer (CRC) stands as the third most prevalent cancer on a global scale. In recent years, immunother-
apy, such as anti-PD-L1 treatment, has demonstrated promising therapeutic outcomes in CRC. However, studies have suggested that 
intestinal microbiota may influence the efficacy of anti-PD-L1 immunotherapy. This study aimed to investigate the linkage between 
intestinal bacteria and anti-PD-L1 therapy.
Materials and Methods: Bioinformatics analysis was employed to study the correlation between the intestinal microbiota of CRC 
patients and immune infiltration. The study delved into the relationship between Prevotellaceae and immune-related genes in CRC. 
Mouse experiments were conducted to validate the association between Prevotellaceae abundance and the efficacy of anti-PD-L1 
tumor treatment. Prevotellaceae abundance in mouse feces was assayed by 16S sequencing. Flow cytometry was utilized to assay 
immune cell infiltration in patient tumor tissues, while western blot and quantitative polymerase chain reaction (qPCR) assays measured 
IFN-γ, IL-2, and PD-L1 levels in tumor tissues.
Results: The high immune cell infiltration group demonstrated reduced tumor purity when compared with the group displaying low 
immune cell infiltration. Substantial variances were discerned in the Stromal Score, Immune Score, ESTIMATE Score, and Tumor Purity 
among the 3 distinct subtypes. The community evenness in the gut microbiota of CRC patients from cluster 2 and cluster 3 subtypes 
displayed significant differences. Members of the Prevotellaceae family were significantly enriched in the gut microbiota of cluster 3 
subtype patients. In vivo experiments ascertained the supportive role of Prevotellaceae in anti-PD-L1 immunotherapy.
Conclusion: The facilitating effect of Prevotellaceae on anti-PD-L1 treatment was demonstrated in CRC. The findings suggest that 
elevating Prevotellaceae abundance may offer a new direction for assisting in CRC immunotherapy and provide a foundation for devis-
ing more effective CRC immunotherapeutic strategies.
Keywords: Prevotellaceae, colorectal cancer, immune microenvironment, anti-PD-L1, immunotherapy

INTRODUCTION
Colorectal cancer (CRC) continues to hold a prominent 
position as a leading contributor to cancer-related mor-
bidity and mortality on a global scale. It occupies the third 
position in terms of incidence and the second position in 
terms of mortality.1 In developing countries like Argentina, 
Brazil, and China, there has been a notable surge of 
approximately 20% in the rates of both CRC incidence 
and mortality.2 Research has shown that several immu-
notherapeutic agents, including nivolumab and pembro-
lizumab, have received Food and Drug Administration 
(FDA) approval for cancer treatment.3 Immune check-
point inhibitors (ICIs) targeting programmed cell death 
protein 1 (PD-1) or its ligand 1 (PD-L1) have achieved 
significant clinical success in anticancer therapy.4 For 
instance, BMS-1, a small molecule inhibitor of the PD-1/
PD-L1 interaction, exerts similar effects to PD-1/PD-L1 

antibodies, demonstrating its potential to replace anti-
bodies in immunotherapy.5 Nonetheless, PD-1/PD-L1 
inhibitors have the potential to elicit a spectrum of 
immune-related adverse events.6 Therefore, the quest 
for novel therapeutic approaches to assist in anti-PD-L1 
immunotherapy for CRC is of utmost importance.

Based on the etiology, approximately 20% of CRC patients 
have a family history of CRC, while others present with 
sporadic CRC. Epidemiological research has shown that 
the onset and progression of CRC represent a multifaceted 
and multistep process influenced by environmental and 
genetic factors.7 Inflammation is associated with tumor 
progression,8 and alterations in the gut microbiota play 
a crucial part in inflammatory responses.9,10 Metabolites 
of the gut microbiota, such as short-chain fatty acids 
(SCFAs), including butyrate, possess anti-inflammatory 
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properties.11 Butyrate and its derivative phenylalanine-
butyramide can prevent doxorubicin-induced cardiotox-
icity,12,13 and a reduction in the abundance of microbes 
capable of producing butyrate has been found to be 
involved in the pathogenesis of doxorubicin-related car-
diotoxicity.12 The gut microbiota Prevotellaceae family is 
capable of producing butyrate, and long-term treatment 
with nicotinamide mononucleotide (NMN) helps main-
tain gut homeostasis by modulating the gut microbiota.14 
Furthermore, fecal transplantation can enhance the effi-
cacy of PD-1/PD-L1 inhibitors in cancer therapy.15 For 
instance, in melanoma patients undergoing immunother-
apy, higher dietary fiber intake is significantly linked with 
improved progression-free survival among the 128 indi-
viduals receiving immune checkpoint blockade (ICB), with 
the most pronounced benefits observed in individuals 
with adequate dietary fiber intake and without probiotic 
use.16 However, it remains unclear whether manipulat-
ing gut microbiota abundance can assist in PD-1/PD-L1 
inhibitor therapy for CRC. Therefore, the study delved 
deeper into whether gut microbiota abundance can aid 
anti-PD-L1 immunotherapy, with the hope of providing 
new insights into the treatment of CRC.

In this study, we initiated our investigation with extensive 
bioinformatics analysis, revealing a significant enrich-
ment of members from the Prevotellaceae family in the 
gut microbiota of cluster 3 subtype CRC individuals. 
We also observed a positive correlation between higher 
Prevotellaceae abundance and increased immune infil-
tration in CRC. Subsequently, through in vivo experi-
ments and cellular functional assays, we verified that a 
high abundance of Prevotellaceae fostered the efficacy 
of anti-PD-L1 tumor therapy. Our research findings con-
firmed the role of Prevotellaceae in the process of anti-
PD-L1 immunotherapy, thereby offering a novel avenue 
for enhancing the effectiveness of immunotherapy in 
treating CRC.

MATERIALS AND METHODS
Bioinformatics
Thirty-three CRC patient RNAseq expression matrices 
were obtained from the Zenodo database (https://doi.
org/10.5281/zenodo.2604777). The gene set variation 
analysis (GSVA) package was utilized to perform single-
sample Gene Set Enrichment Analysis (ssGSEA) analysis 
on the CRC patient samples. Based on ssGSEA results, 
the ConsensusClusterPlus package was employed to 
perform K-means consensus clustering, categorizing the 
samples into 3 distinct immune subgroups. Data from 
16S amplicon sequencing, available in the SRP117763 
project, were supplied by the NCBI’s (National Center for 
Biotechnology Information) sequence read archive (SRA) 
database (https://www.ncbi.nlm.nih.gov/sra/). Following 
the download, the data in SRA format were converted to 
FastQ format using the “SRA Toolkit” software package. 
Sample data were processed using the q2-dada2 plu-
gin within QIIME2 (version 2021.4, https://docs.qiime2.
org/2021.4/). A phylogenetic tree was constructed utiliz-
ing the q2-fragment-insertion plugin (https://github.com/
qiime2/q2-fragment-insertion). Reference sequences 
clustered at 99% similarity were downloaded from the 
Greengenes database (http://greengenes.secondgenome.
com), specifically the V3-V4 region (341F/805R) in the 
99_otus.fasta file. These sequences were used to train 
a naive Bayes classifier for bacterial species annotation 
within this study, facilitated by the q2-feature-classifier 
plugin (https://github.com/qiime2/q2-feature-classifier). 
The q2-diversity plugin (https://github.com/qiime2/
q2-diversity) was harnessed to conduct α-diversity and 
β-diversity analyses among different immune subgroups, 
thereby identifying the composition of gut microbiota 
species and differential microbial taxa in distinct immune 
subtypes of CRC patients. Pearson correlation analy-
sis was utilized to assess the relationship between gut 
microbiota abundance and immune components, as well 
as immune-related gene sets determined in ssGSEA. This 
analysis aimed to identify bacterial strains within the gut 
microbiota that were associated with immune functions. 
The relationship between Prevotellaceae abundance and 
immune-related genes in CRC was examined. Samples 
were categorized into high and low Prevotellaceae abun-
dance groups, and differential expression analysis was 
done utilizing the edgeR package with predefined criteria 
(|logFC| > 1.5, padj < 0.05). Subsequently, cluster 1 and 
cluster 2 were merged into subclass A, with cluster 3 des-
ignated as subclass B. Differential gene expression analysis 
was done utilizing the edgeR package between subclass 
A and subclass B patients. The overlapping differentially 
expressed genes (DEGs) were identified, providing insight 
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into genes associated with both Prevotellaceae and the 
immune system.

Animal Experiments
All animal experiments were executed in strict compli-
ance with the “Guide for the Care and Use of Laboratory 
Animals” and received approval from the Animal Care 
and Use Committee of Xiangyang No.1 People’s Hospital 
(approval number: XYYYE20240003, date: 12/18/2023). 
The CRC mouse models were established using the azoxy-
methane (AOM)/dextran sulfate sodium (DSS) regime, 
with specific procedures detailed in this literature.17

Twenty male C57BL/6 mice (aged 5-6 weeks) were 
acquired for the study. At weeks 2, 5, and 8, the mice 
received intraperitoneal injections of 7.4 mg/kg AOM, 
followed by 3 cycles of 3% DSS administered in drink-
ing water for a continuous 7-day period. The mice were 
stratified into 4 groups, each containing 5 mice, and co-
housed to minimize potential cage effects.

From week 6 until the endpoint, the control group received 
bi-weekly intraperitoneal injections of anti-mouse IgG1 
isotype control antibody (Thermo Fisher Scientific, USA) 
and were orally administered phosphate-buffered saline 
(1 g/kg/day) for one week, totaling 10 injections of anti-
mouse IgG1 isotype control antibody. The experimental 
group received semi-weekly intraperitoneal injections of 
anti-mouse PD-L1 antibody (Thermo Fisher Scientific, 
USA) for 10 injections. Lyophilized Prevotellaceae (P. loe-
scheii) (ATCC, USA) were resuspended in phosphate-
buffered saline at 5 × 109 colony-forming units (CFUs)/
mL, and the mice were orally administered the P. loescheii 
solution (1 g/kg/day) for 1 week. Additionally, the experi-
mental group received both semi-weekly intraperitoneal 
injections of anti-mouse PD-L1 antibody and oral admin-
istration of the P. loescheii solution (1 g/kg/day) for 1 week, 
resulting in a total of 10 injections of anti-mouse PD-L1 
antibody.

After a 2-week interval post-treatment, all mice were 
humanely euthanized, and their colons were surgically 
excised. The colons were longitudinally opened, and lumi-
nal contents were washed with PBS. Subsequently, the 
intestines were flattened on filter paper and fixed over-
night in 10% phosphate-buffered formalin. Tumor num-
bers within the small and large intestines were quantified 
using an inverted microscope. Prior to euthanasia, fresh 
fecal pellets were collected from the treated mice and 
immediately frozen in liquid nitrogen for subsequent DNA 
extraction and 16S sequencing analysis.

Quantitative Reverse Transcription Polymerase Chain 
Reaction (qRT-PCR)
Total RNA was isolated from tissue samples utilizing 
TRIzol reagent (Invitrogen, USA). Subsequently, 1 μg of 
total RNA was reverse transcribed into cDNA using the 
PrimeScript RT kit (Takara, Japan). Quantitative reverse 
transcription polymerase chain reaction (qRT-PCR) 
assays were executed on the Applied Biosystems™ 7500 
Real-Time PCR System (Thermo Fisher Scientific, USA) 
using TB Green Premix Ex Taq II (Takara, Japan). GAPDH 
served as the reference gene. Each sample was assayed 
in triplicate, and each assay was replicated three times. 
The relative mRNA expression levels were analyzed by 
harnessing the 2−ΔΔCt method. Table 1 shows the primer 
sequences.

Flow Cytometry
Tumor tissue from mice was digested into a single-
cell suspension. Cells were then kept with antibodies, 
including PerCP-Cy5.5 anti-mouse CD3 Antibody, PE 
anti-mouse CD4 Antibody, and APC anti-mouse CD8 
Antibody (Biolegend, USA), at room temperature for 1 
hour. Afterward, cells were subjected to 2 consecutive 
washes with 4 mL of buffer, followed by centrifugation, 
and then resuspended in 0.5 mL of running buffer for 
analysis. Flow cytometry analysis was conducted utilizing 
the NovoCyte flow cytometer system (Agilent, USA), with 
data analysis being carried out through the utilization of 
FlowJo software. Each experiment was replicated 3 times.

Western Blot (WB)
Tumor tissues were lysed using radioimmunoprecipitation 
assay (RIPA) buffer, supplemented with a protease inhibi-
tor cocktail (Thermo Fisher Scientific, USA). Proteins were 
isolated by SDS-PAGE gel and transferred onto polyvi-
nylidene fluoride (PVDF) membranes (Millipore, USA). 

Table 1.  Primers for qPCR

Gene Sequence

IFN-γ Forward Primer 5’-GCATTCCAGTTGCTGCCTACT-3’

Reverse Primer 5’-ACCAGGCATGAGAAGAAATGCT-3’

IL-2 Forward Primer 5’-CCTCAACTCCTGCCACAATGT-3’

Reverse Primer 5’-TGCGACAAGTACAAGCGTCAGT-3’

PD-L1 Forward Primer 5’-GTGGCATCCAAGATACAAACTCAA-3’

Reverse Primer 5’-TCCTTCCTCTTGTCACGCTCA-3’

GAPDH Forward Primer 5’-AAGAAGGTGGTGAAGCAGGC-3’

Reverse Primer 5’-TCCACCACCCAGTTGCTGTA-3’
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Following blocking with 5% skim milk, the membranes 
were maintained overnight at 4°°C with primary antibod-
ies. After washing the membranes, they were kept with 
a secondary antibody labeled with horseradish peroxi-
dase at room temperature for 1 hour. Protein bands were 
detected using an ECL reagent kit (Pierce Biotechnology, 
USA) and a fluorescence and chemiluminescence imaging 
system (Clinx, China). Primary antibodies used included 
rabbit anti-IFN-γ, IL-2, PD-L1 (Thermo Fisher Scientific, 
USA), and GAPDH (Abcam, UK). The secondary antibody 
was goat anti-rabbit IgG H&L (HRP) (Abcam, UK). Each 
experiment was repeated 3 times.

Statistical Analysis
Student’s t-test was employed to assess data between two 
groups, while one-way analysis of variance (ANOVA) was 
used to evaluate data among 3 or more groups. Statistical 
significance was established with a threshold P-value of 
less than .05. All statistical analyses were conducted using 
GraphPad 8.0 software (GraphPad Software, La Jolla, USA).

RESULTS
Correlation Between Gut Microbiota and Immune 
Infiltration in CRC Patients
From the results of ssGSEA analysis, a consensus cluster-
ing analysis was performed on 33 CRC samples. Using the 
cumulative distribution function (CDF) (Figure 1A) and the 
CDF delta area curve (Figure 1B), the 33 clinical informa-
tion-enriched cancer samples were put into 3 subtypes 
(Figure 1C). To validate the reliability of the 3 immune sub-
types, Stromal Score, Immune Score, ESTIMATE Score, 
and Tumor Purity were calculated using the ESTIMATE 
algorithm based on the gene expression profiles of CRC 
patients. In contrast to the cohort characterized by low 
immune cell infiltration, the high immune cell infiltration 
group exhibited diminished tumor purity but elevated 
overall ESTIMATE Score, Immune Score, and Stromal 
Score. Cluster 1 (Low immune), cluster 2 (Middle immune), 
and cluster 3 (High immune) consisted of 12 samples, 18 
samples, and 3 samples, respectively (Figure 1D). The box-
plot results unveiled noteworthy disparities in the Stromal 
Score, Immune Score, ESTIMATE Score, and Tumor Purity 
across the 3 subtypes (Figure 1E-H).

Taxonomic Features Similarities and Disparities in Gut 
Microbiota of CRC Individuals with Different Immune 
Subtypes
We characterized the gut microbiota of 33 CRC indi-
viduals. After Illumina sequencing, a total of 7087 522 
high-throughput sequence data were generated, with 

the maximum sequencing reads for a single sample being 
356 637, the minimum being 69 390, and a median of 
210 845. Following quality control steps, feature tables 
and feature sequences (sequences.fasta) were obtained. 
Based on the sparse curve, sequencing depth reached a 
plateau after reaching a minimum of 59 532 sequence 
reads for each sample (Figure 2A). A total of 2765 fea-
tures were included for subsequent analysis after rarefy-
ing the sample reads to 59 532. Various metrics, including 
Chao1, ACE, richness indices, Jaccard index (J), observed 
Operational Taxonomic Units (OTUs), and Shannon index, 
were used to assess taxonomic and functional α-diversity. 
No significant differences in observed OTUs, Chao1, and 
ACE indices were observed between different subtypes. 
However, significant differences were observed in the 
Shannon index, Simpson index, and J index between clus-
ter 2 and cluster 3, as well as the J index between cluster 
1 and cluster 3 (Figure 2B). These findings suggested that 
different immune subtypes may exhibit minimal differ-
ences in species richness but significant differences in 
evenness, particularly in terms of microbiome evenness 
between cluster 2 and cluster 3 CRC patients.

We further explored the β-diversity indices to exam-
ine potential differences in gut microbiota composi-
tion among CRC patients with different subtypes. 
Principal Coordinates Analysis (PCoA) results revealed 
that there were no significant disparities in gut micro-
biota community structure between different sub-
types, as measured by Jaccard distance and unweighted 
UniFrac distance. However, significant differences were 
observed in Bray-Curtis distance and weighted UniFrac 
distance between the cluster 3 subtype, and the other 
2 subtypes (Figure 3A-D). Statistical analysis based on 
Wilcoxon tests supported these findings (Figure 3E and 
F). These results suggested that while species com-
position in gut microbiota may not significantly differ 
between different immune subtypes of CRC patients, 
there were significant differences in microbial commu-
nity abundance.

At the phylum level, a total of 17 phyla were observed 
(Figure 4A), with dominant phyla including Firmicutes, 
Bacteroidetes, Proteobacteria, and Fusobacteria. The 
results indicated that the gut microbiota of cluster 1 and 
cluster 2 subtypes of CRC patients were predominantly 
composed of Firmicutes and Bacteroidetes, whereas 
cluster 3 was primarily characterized by Bacteroidetes, 
with a significant decrease in Firmicutes abundance. At 
the genus level, dominant genera included Bacteroides, 
Prevotella, Faecalibacterium, and Roseburia (Figure 4B). 
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Notably, the gut microbiota of cluster 3 subtype patients 
was primarily enriched with Prevotella, while the abun-
dances of Faecalibacterium and Roseburia were signifi-
cantly lower compared to cluster 1 and cluster 2 subtypes. 
Analysis of differentially abundant species within the 
subtypes revealed significant enrichment of members of 

the Veillonellaceae family in the gut microbiota of clus-
ter 2 subtype individuals and enrichment of members of 
the Prevotellaceae family in the gut microbiota of clus-
ter 3 subtype individuals (Figure 4C and D), highlighting 
the pivotal role of Prevotellaceae abundance in the gut 
microbiota of CRC individuals.

Figure 1.  Correlation of gut microbiota with immune infiltration in CRC patients. A: Consensus clustering cumulative distribution function 
curve. B: CDF delta area curve. C: Heatmap showing the clustering of CRC patients into three subtypes. D: Heatmap of ssGSEA and ESTIMATE 
analysis results in different immune subtypes. E: Immune score. F: Stromal score. G: ESTIMATE score. H: Tumor purity. * indicates P< .05.
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Figure 2.  Taxonomic characteristics of gut microbiota in different immune subtypes of CRC patients. A: Sparse curve of gut microbiota in 
CRC patients. B: Comparison of Alpha diversity of gut microbiota in different immune subtypes of CRC patients.
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Relationship Between Prevotellaceae and Immune-
related Genes in CRC
In the previous analysis, significant differences at the 
family level were identified for Veillonellaceae and 

Prevotellaceae. Correlation analysis was performed 
between these 2 groups of bacteria and immune com-
ponents and activities in CRC patients. The results indi-
cated that Veillonellaceae showed no correlation with 

Figure 3.  Beta diversity indices. A: Based on the Jaccard distance metric. B: Based on Bray-Curtis distance metric. C: Based on unweighted 
UniFrac distance metric. D: Based on weighted UniFrac distance metric. E: Differential analysis based on unweighted UniFrac distance metric. 
F: Differential analysis based on weighted UniFrac distance metric.
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Figure 4.  Correlation of gut microbiota abundance with immune components and immune activity gene sets in ssGSEA. A: Bar chart showing 
the abundance of gut microbiota at the phylum level in different immune subtypes of CRC patients. B: Bar chart showing the abundance of 
gut microbiota at the genus level in different immune subtypes of CRC patients. C: Box plot of differential species in different immune 
subtypes of CRC patients. D: A phylogenetic tree of differential species.
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inflammation-promoting and T_cell_co-inhibition. In 
contrast, Prevotellaceae exhibited significant correlations 
with various immune components and immune activities, 
with a strong association with inflammation-promoting 
and T_cell_co-inhibition (Figure 5A and B).

Prevotellaceae was the most significantly different group 
among CRC patient subtypes, and its strong correlation 
with the immune system was observed. Here, we catego-
rized CRC patient samples into high and low-abundance 
groups based on the median abundance of Prevotellaceae 
in the gut. Then, differential gene expression analysis 
was conducted on these 2 groups. This analysis resulted 
in a gene set (Abundance_DEGs) containing 211 DEGs, 
including 163 upregulated and 48 downregulated genes 
(Figure 5C). As shown in previous analyses, the gut micro-
biota community structures of cluster 1 and cluster 2 
subtypes were relatively similar, and they both differed 
significantly from the cluster 3 subtype. Therefore, in this 
analysis, cluster 1 and cluster 2 subtypes were merged 
into subclass A, while the cluster 3 subtype was desig-
nated as subclass B. Gene differential expression analysis 
was then carried out for subclass A and subclass B. This 
analysis yielded a gene set (Subclass_DEGs) comprising 
1196 DEGs, with 671 upregulated and 525 downregulated 
genes (Figure 5D). The intersection of Abundance_DEGs 
and Subclass_DEGs resulted in a set of 40 DEGs that 
were associated with both Prevotellaceae gut microbiota 
abundance and immune functions (Figure 5E). A heat-
map was subsequently employed to visualize the expres-
sion patterns of these 40 different genes across different 
groups (Figure 5F).

The 40 DEGs were subjected to Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
functional enrichment analyses. The GO analysis revealed 
significant enrichment of these genes in biological func-
tions related to “response to virus,” “cellular response to 
interferon-gamma,” “lymphocyte-mediated immunity,” 
“adaptive immune response based on somatic recombi-
nation of immune receptors built from immunoglobulin 
superfamily domains,” and “negative regulation of viral 
process” (Figure 5G). The KEGG analysis demonstrated 
significant enrichment of these genes in signaling path-
ways such as “Staphylococcus aureus infection,” “NOD-
like receptor signaling pathway,” “Cytokine-cytokine 
receptor interaction,” and “Cell adhesion molecules” 
(Figure 5H). This denoted that Prevotellaceae exerted a 
regulatory role across multiple signaling pathways, influ-
encing the gut microbiota composition in CRC patients.

Prevotellaceae Adjuvant Anti-PD-L1 Immunotherapy
In this study, healthy male C57BL/6 mice aged 5-6 weeks 
were used to establish CRC mouse models by the AOM/
DSS method, and they were set as the control group. The 
experimental group consisted of 3 groups: mice receiv-
ing anti-PD-L1 immunotherapy (group PD-L1), mice 
orally fed with Prevotellaceae (group Prevotellaceae), and 
mice orally fed with Prevotellaceae followed by anti-PD-
L1 immunotherapy. (Group Prevotellaceae+PD-L1). Two 
weeks after the treatment, the mice were euthanized, 
and colon tissues were collected to assess tumor forma-
tion. The outcomes revealed that, compared to the con-
trol group, both group PD-L1 and group Prevotellaceae 
exhibited a significant reduction in the number of 
colon tumors. Notably, group Prevotellaceae+PD-L1 
showed a further significant decrease in tumor numbers 
(Figure 6A). Fecal samples were collected from the mice, 
and 16S sequencing was performed to analyze the abun-
dance of Prevotellaceae in the gut. The analysis indicated 
that, in comparison to the control group, both group 
PD-L1 and group Prevotellaceae had significantly higher 
Prevotellaceae abundance in their feces. Furthermore, 
group Prevotellaceae+PD-L1 exhibited a further increase 
in Prevotellaceae abundance (Figure 6B). Immune cell 
infiltration within tumor tissues was assessed using flow 
cytometry, with results displaying that the levels of CD3, 
CD4, and CD8 immune cells within the tumor tissues 
were notably elevated in both group PD-L1 and group 
Prevotellaceae. Importantly, group Prevotellaceae+PD-L1 
exhibited a further increase in immune cell infiltration lev-
els within tumor tissues (Figure 6C).

Subsequently, WB and qPCR were used to measure the 
expression of IFN-γ, IL-2, and PD-L1 in tumor tissues. The 
findings revealed a significant upregulation of IFN-γ and 
IL-2, coupled with a notable downregulation of PD-L1 in 
both group PD-L1 and group Prevotellaceae. Remarkably, 
group Prevotellaceae+PD-L1 exhibited a further signifi-
cant upregulation of IFN-γ and IL-2, along with a further 
significant downregulation of PD-L1 (Figure 6D and E). 
These findings indicated that Prevotellaceae effectively 
enhanced the efficacy of anti-PD-L1 immunotherapy.

DISCUSSION
Colorectal cancer is a prevalent malignancy within the 
gastrointestinal tract. Existing treatments for CRC 
include early tumor surgery and, for advanced patients, 
chemotherapy or radiation therapy. In recent years, as 
immunotherapy has come to the forefront, ICB strategies 
have been applied to CRC treatment.18,19 For instance, 
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Figure 5.  Relationship between Prevotellaceae and immune-related genes in CRC. A: Pearson correlation analysis of Prevotellaceae with 
inflammation-promoting. B: Pearson correlation analysis of Prevotellaceae with T_cell_co-inhibition. C: Volcano plot of differential mRNA in 
CRC patients’ gut microbiota with high and low Prevotellaceae abundance. D: Volcano plot of differential mRNA in different subtypes of CRC 
patients. E: Venn diagram of differential genes related to Prevotellaceae abundance and immune. F: Heatmap of differential gene expression 
related to both Prevotellaceae abundance and immune. G: GO enrichment analysis results of differential genes related to both Prevotellaceae 
abundance and immune. H: KEGG enrichment analysis results of differential genes related to both Prevotellaceae abundance and immune.
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Figure  6.  Prevotellaceae assists anti-PD-L1 immunotherapy. A: Observation of tumor formation in colon tissues of mice at the end of 
treatment. B: Analysis of Prevotellaceae abundance. C: Flow cytometry analysis of immune cell infiltration in tumor tissues. D-E: Detection of 
IFN-γ, IL-2, and PD-L1 expression in tumor tissues by WB and qPCR. * indicates P< .05.
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PD-1, PD-L1, and members of the CD28 superfamily of 
T cell regulatory factors have been identified as potential 
targets for immunotherapy in CRC.20 Recently, research 
has shown that the microbiome can influence the effec-
tiveness of cancer immunotherapy. For example, Gao 
and colleagues21 found that high levels of Fusobacterium 
nucleatum were associated with improved treatment 
responses to PD-1 blockade in CRC patients. F. nuclea-
tum enhanced the anti-tumor effects of PD-L1 blockade 
in mouse models of CRC, leading to extended survival.

The gut microbiota, including families like Rikenellaceae 
and Ruminococcaceae, along with their metabolic 
byproducts such as short-chain fatty acids (SCFAs), play 
pivotal roles in maintaining intestinal barrier integrity and 
homeostasis.22 For instance, the Rikenellaceae family, 
belonging to the Bacteroidales order, has been associ-
ated with resistance to immune-related colitis induced by 
CTLA-4 inhibitors,23 and a reduction in taxa that produce 
butyrate has been linked to increased systemic inflam-
mation and atherosclerosis.24 Conversely, the expan-
sion of certain bacteria, particularly Shigella species, has 
been positively correlated with gastrointestinal toxicity 
induced by ICIs.25

In this study, through bioinformatics analysis, we 
observed that, in comparison to the low immune cell 
infiltration group, the high immune cell infiltration group 
exhibited reduced tumor purity. Notably, the 3 subtypes 
displayed significant disparities in Stromal Score, Immune 
Score, ESTIMATE Score, and Tumor Purity. Cluster 2 and 
cluster 3 CRC patients exhibited a marked difference 
in microbial community evenness. Notably, members 
of the Prevotellaceae family were significantly enriched 
in cluster 3 CRC patients’ gut microbiota. In conclu-
sion, a higher abundance of Prevotellaceae in CRC is 
associated with increased immune infiltration. A previ-
ous study suggested that enrichment of Prevotellaceae, 
Ruminococcaceae, and Lachnospiraceae is associated 
with a favorable response to PD-1/PD-L1 therapy.26 Our 
in vivo experiments confirmed that a high abundance 
of Prevotellaceae enhanced the efficacy of anti-PD-L1 
tumor therapy. Therefore, therapeutic agents that mod-
ulate the gut microbiota, such as probiotics, have the 
potential to be one of the most effective approaches to 
combat CRC.

The findings of our study demonstrated for the first time 
that Prevotellaceae abundance influenced the efficacy 
of CRC anti-PD-L1 immunotherapy, confirming that a 
high abundance of Prevotellaceae enhanced the efficacy 

of anti-PD-L1 tumor therapy. Nevertheless, it should be 
emphasized that our investigation was conducted using 
murine models, and the extent to which Prevotellaceae 
abundance influences the efficacy of PD-1/PD-L1 inhibi-
tors in human cancer remains a topic that requires further 
exploration. Further validation of these results in human 
subjects is needed in the future. Viewed in toto, our results 
indicated that alterations in the gut microbiota impacted 
tumor immunotherapy. Therefore, the modulation of the 
gut microbiome, such as increasing Prevotellaceae abun-
dance, could serve as a novel approach for CRC treatment.

Availability of Data and Materials: The data that support the find-
ings of this study are available from the corresponding author.

Ethics Committee Approval: All animal experiments were approved 
by the Animal Care and Use Committee of Xiangyang First People’s 
Hospital (approval number: XYYYE20240003, date: 12/18/2023).

Peer-review: Externally peer reviewed.

Author Contributions: Concept – S.X.; Design – S.X.; Supervision – 
Y.D.; Resources – H.L.; Materials – J.K.; Data Collection and/or 
Processing – S.X.; Analysis and/or Interpretation – J.K.; Literature 
Search – S.X.; Writing Manuscript – J.K., Y.D.; Critical Review – S.X., 
H.L.

Declaration of Interests: The authors have no conflicts of interest 
to declare.

Funding: This study received no funding.

REFERENCES
1. Sung  H, Ferlay  J, Siegel  RL, et  al. Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249. 
[CrossRef]
2. Qiu  H, Cao  S, Xu  R. Cancer incidence, mortality, and burden in 
China: a time-trend analysis and comparison with the United States 
and United Kingdom based on the global epidemiological data 
released in 2020. Cancer Commun (Lond). 2021;41(10):1037-1048. 
[CrossRef]
3. Chae YK, Arya A, Iams W, et al. Current landscape and future of 
dual anti-CTLA4 and PD-1/PD-L1 blockade immunotherapy in can-
cer; lessons learned from clinical trials with melanoma and non-small 
cell lung cancer (NSCLC). J Immunother Cancer. 2018;6(1):39. 
[CrossRef]
4. Constantinidou A, Alifieris C, Trafalis DT. Targeting programmed 
cell death -1 (PD-1) and Ligand (PD-L1): a new era in cancer active 
immunotherapy. Pharmacol Ther. 2019;194:84-106. [CrossRef]
5. Li M, Ma Y, Zhong Y, et al. KALRN mutations promote antitumor 
immunity and immunotherapy response in cancer. J Immunother 
Cancer. 2020;8(2). [CrossRef]
6. Lyon  AR, Yousaf  N, Battisti  NML, Moslehi  J, Larkin  J. Immune 
checkpoint inhibitors and cardiovascular toxicity. Lancet Oncol. 
2018;19(9):e447-e458. [CrossRef]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cac2.12197
https://doi.org/10.1186/s40425-018-0349-3
https://doi.org/10.1016/j.pharmthera.2018.09.008
https://doi.org/10.1136/jitc-2019-000293
https://doi.org/10.1016/S1470-2045(18)30457-1


Xu et al. Adjuvant immunotherapy by Prevotellaceae Turk J Gastroenterol 2024; 35(12): 909-921

921

7. Russo E, Gloria LD, Nannini G, et al. From adenoma to CRC stages: 
the oral-gut microbiome axis as a source of potential microbial and 
metabolic biomarkers of malignancy. Neoplasia. 2023;40:100901. 
[CrossRef]
8. Khandia R, Munjal A. Interplay between inflammation and cancer. 
Adv Protein Chem Struct Biol. 2020;119:199-245. [CrossRef]
9. Ciccarelli  M, Dawson  D, Falcao-Pires  I, et  al. Reciprocal organ 
interactions during heart failure: a position paper from the ESC 
Working Group on Myocardial Function. Cardiovasc Res. 
2021;117(12):2416-2433. [CrossRef]
10. Tocchetti  CG, Ameri  P, de Boer  RA, et  al. Cardiac dysfunction in 
cancer patients: beyond direct cardiomyocyte damage of anticancer 
drugs: novel cardio-oncology insights from the joint 2019 meeting of 
the ESC Working Groups of Myocardial Function and Cellular Biology 
of the Heart. Cardiovasc Res. 2020;116(11):1820-1834. [CrossRef]
11. Sadeghi O, Milajerdi A, Siadat SD, et al. Effects of soy milk con-
sumption on gut microbiota, inflammatory markers, and disease 
severity in patients with ulcerative colitis: a study protocol for a ran-
domized clinical trial. Trials. 2020;21(1):565. [CrossRef]
12. Huang  K, Liu  Y, Tang  H, et  al. Glabridin prevents doxorubicin-
induced cardiotoxicity through gut microbiota modulation and 
colonic macrophage polarization in mice. Front Pharmacol. 
2019;10:107. [CrossRef]
13. Russo M, Guida F, Paparo L, et al. The novel butyrate derivative 
phenylalanine-butyramide protects from doxorubicin-induced car-
diotoxicity. Eur J Heart Fail. 2019;21(4):519-528. [CrossRef]
14. Huang P, Jiang A, Wang X, et al. NMN maintains intestinal home-
ostasis by regulating the gut microbiota. Front Nutr. 2021;8:714604. 
[CrossRef]
15. Cheng  WY, Wu  CY, Yu  J. The role of gut microbiota in cancer 
treatment: friend or foe? Gut. 2020;69(10):1867-1876. [CrossRef]
16. Spencer CN, McQuade JL, Gopalakrishnan V, et al. Dietary fiber 
and probiotics influence the gut microbiome and melanoma immu-
notherapy response. Science. 2021;374(6575):1632-1640. [CrossRef]

17. Yassin  M, Sadowska  Z, Djurhuus  D, et  al. Upregulation of PD-1 
follows tumour development in the AOM/DSS model of inflamma-
tion-induced colorectal cancer in mice. Immunology. 2019;158(1):35-
46. [CrossRef]
18. Maibach  F, Sadozai  H, Seyed Jafari  SM, Hunger  RE, Schenk  M. 
Tumor-infiltrating lymphocytes and their prognostic value in cuta-
neous melanoma. Front Immunol. 2020;11:2105. [CrossRef]
19. Breakstone  R. Colon cancer and immunotherapy-can we go 
beyond microsatellite instability? Transl Gastroenterol Hepatol. 
2021;6:12. [CrossRef]
20. Xiao Y, Freeman GJ. The microsatellite instable subset of colo-
rectal cancer is a particularly good candidate for checkpoint block-
ade immunotherapy. Cancer Discov. 2015;5(1):16-18. [CrossRef]
21. Gao Y, Bi D, Xie R, et al. Fusobacterium nucleatum enhances the 
efficacy of PD-L1 blockade in colorectal cancer. Signal Transduct 
Target Ther. 2021;6(1):398. [CrossRef]
22. Wang  G, Sun  S, Wu  X, et  al. Intestinal environmental disorders 
associate with the tissue damages induced by perfluorooctane sul-
fonate exposure. Ecotoxicol Environ Saf. 2020;197:110590. 
[CrossRef]
23. Dubin K, Callahan MK, Ren B, et al. Intestinal microbiome analy-
ses identify melanoma patients at risk for checkpoint-blockade-
induced colitis. Nat Commun. 2016;7:10391. [CrossRef]
24. Brandsma E, Kloosterhuis NJ, Koster M, et al. A proinflammatory 
gut microbiota increases systemic inflammation and accelerates 
atherosclerosis. Circ Res. 2019;124(1):94-100. [CrossRef]
25. Flannigan KL, Taylor MR, Pereira SK, et al. An intact microbiota 
is required for the gastrointestinal toxicity of the immunosuppres-
sant mycophenolate mofetil. J Heart Lung Transplant. 
2018;37(9):1047-1059. [CrossRef]
26. Peng Z, Cheng S, Kou Y, et al. The gut microbiome is associated 
with clinical response to anti-PD-1/PD-L1 immunotherapy in gastro-
intestinal cancer. Cancer Immunol Res. 2020;8(10):1251-1261. 
[CrossRef]

https://doi.org/10.1016/j.neo.2023.100901
https://doi.org/10.1016/bs.apcsb.2019.09.004
https://doi.org/10.1093/cvr/cvab009
https://doi.org/10.1093/cvr/cvaa222
https://doi.org/10.1186/s13063-020-04523-8
https://doi.org/10.3389/fphar.2019.00107
https://doi.org/10.1002/ejhf.1439
https://doi.org/10.3389/fnut.2021.714604
https://doi.org/10.1136/gutjnl-2020-321153
https://doi.org/10.1126/science.aaz7015
https://doi.org/10.1111/imm.13093
https://doi.org/10.3389/fimmu.2020.02105
https://doi.org/10.21037/tgh.2020.03.08
https://doi.org/10.1158/2159-8290.CD-14-1397
https://doi.org/10.1038/s41392-021-00795-x
https://doi.org/10.1016/j.ecoenv.2020.110590
https://doi.org/10.1038/ncomms10391
https://doi.org/10.1161/CIRCRESAHA.118.313234
https://doi.org/10.1016/j.healun.2018.05.002
https://doi.org/10.1158/2326-6066.CIR-19-1014

