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Colorectal polyps serve as the primary precursors for colorectal cancer. A close relationship has been
observed between colorectal polyps and gut microbiota. However, the composition and role of the
microbiome associated with tubular adenoma are not well understood. In this study, we prospectively
evaluated alterations in gut microbiota among patients with colorectal polyps. A total of 60 subjects
were enrolled in this study, including 30 patients with colorectal polyps (CP group) and 30 healthy
controls (control group). The 16S rRNA sequencing was employed to characterize the gut microbiome
in fecal samples. The results revealed that the beta diversity of the gut microbiota in the CP group
significantly differs from that of the control group (p=0.001). At the phylum level, the relative
abundance of Bacteroides, Fusobacteria, and Proteobacteria was higher in the CP group compared to
the control group (p <0.05), whereas the relative abundance of Actinobacteria was higher in the control
group in comparison to the CP group (p <0.05). At the genus level, the abundance of Bacteroides
increased in the CP group (p <0.05), while Bifidobacterium declined in the CP group (p<0.05). At the
species level, the abundance of Clostridium perfringens, unidentified_Bacteroides, unidentified_Dorea,
Escherichia coli, Clostridium ramosum, and Ruminococcus gnavus was higher (p <0.05), whereas the
abundance of Bifidobacterium adolescentis, unclassified_Bifidobacterium, Bifidobacterium longum,
Faecalibacterium prausnitzii, and unidentified_Bifidobacterium is lower in CP group compared to the
control group (p <0.05). There was a structural imbalance in the composition of intestinal colonization
flora for CP patients, characterized by a decrease in beneficial bacteria and an increase in harmful
bacteria. Escherichia, Shigella, and Bacteroides may serve as promising biomarkers for early detection
of colorectal polyps.
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Colorectal cancer (CRC) stands as the third highest contributor to cancer-related mortality globally, resulting
in approximately 1.9 million new cases and 935,000 deaths each year!. The occurrence and development of
CRC involve a multifactorial and multi-step process influenced by a combination of environmental, genetic,
and lifestyle factors. Colorectal polyps are protrusions on the surface of the colorectum and serve as the primary
precursors to CRC!. The transformation of polyps into malignant carcinomas makes them closely associated
with colorectal cancer development?. Tubular adenomatous polyps and serrated polyps are two prevalent types
of precancerous lesions that possess a high potential for malignancy®. Therefore, early diagnosis through polyp
screening is crucial for preventing the occurrence and progression of colorectal cancer.

Previous studies have indicated an association between gut microbiota and intestinal diseases, including
irritable bowel syndrome, inflammatory bowel disease, and CRC*®. The intestinal microbiota has been shown
to have a significant impact on the progression from colorectal adenomatous polyps to colorectal cancer®. A
recent study has reported a significant correlation between an increase in Fusobacterium_mortiferum and the
development of colorectal polyps’. Another study revealed the presence of the Prevotella enterotype in patients
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with colorectal adenoma, suggesting it is a distinctive enterotype associated with this condition®. Furthermore,
gut microbiome differences have been found among healthy individuals and patients with serrated polyps™!°.
Therefore, the distinctive microbiome alterations associated with premalignant colorectal polyps could function
as biomarkers for early cancer detection. Nonetheless, the composition and role of the microbiome associated
with tubular adenoma are not well understood.

The characteristics of fecal microbiota in patients with colorectal polyps, primarily tubular adenoma,
and healthy individuals were analyzed using 16S rRNA gene sequencing. The objective was to determine the
importance of fecal microbial communities in predicting the presence of colorectal polyps, ultimately preventing
the occurrence and progression of CRC.

Materials and methods
Subjects and sample collection
A total of 60 subjects, 30 with colorectal polyps and 30 with healthy colorectums, were prospectively included
from Shanghai Jiading District Hospital of Traditional Chinese Medicine from March 2024 to August 2024.
Written consent forms were obtained from all participants, and the present study was approved by the Ethics
Committee of the Hospital. Patients undergoing colonoscopy and diagnosed with colorectal polyps and healthy
individuals without colorectal polyps were included. All participants should be older than 18 years old. Exclusion
criteria for health control were as follows: (1) with any of the underlying diseases (autoimmune diseases such as
ankylosing spondylitis and systemic lupus erythematosus; cachexia; organ failure; infectious diseases; respiratory
and cardiovascular diseases); (2) history of surgery and history of chronic drug use; (3) use of antibiotics or
probiotics within two months.

Fecal samples were self-collected by participants after enrollment. The samples were immediately collected
and placed on dry ice and then stored at—80 °C before use. Then samples were sent to Bioprofile Co. Ltd
(Shanghai, China) for DNA extraction, sequencing, and related analysis.

DNA extraction

DNA of stool samples was extracted using the OMEGA Soil DNA Kit (M5635-02) (Omega Bio-Tek, Norcross,
GA, USA), following the manufacturer’s instructions, and stored at -20 °C before further analysis. The quantity
and quality of extracted DNAs were measured using a NanoDrop NC2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) and agarose gel electrophoresis, respectively.

16S rRNA sequencing and analysis

Pfu high-fidelity DNA polymerase was used for Polymerase chain reaction (PCR) amplification. PCR
amplification of the bacterial 16S rRNA genes V3—V4 region was performed using the forward primer 338F
(5-ACTCCTACGGGAGGCAGCA-3’) and the reverse primer 806R (5-GGACTACHVGGGTWTCTAAT-3’).
PCR products were purified using Vazyme VAHTSTM DNA Clean Beads (Vazyme, Nanjing, China). The 16S
rRNA amplicon libraries were prepared by TruSeq Nano DNA LT Library Prep Kit (Illumina, San Diego, CA,
USA). The final 16S rRNA amplicon libraries were sequenced on a MiSeq sequencing platform (Illumina, San
Diego, CA, USA) using a MiSeq Reagent Kit V3 (600 cycles) for paired-end sequencing.

Microbiome bioinformatics were performed with QIIME2 2019.4 with slight modification according to the
official tutorials (https://docs.qiime2.0rg/2019.4/tutorials/). Briefly, raw sequence data were demultiplexed using
the demux plugin following by primers cutting with cutadapt plugin!!. Sequences were then quality filtered,
denoised, merged and chimera removed using the DADA2 plugin'2 Non-singleton amplicon sequence variants
(ASVs) were aligned with mafft!® and used to construct a phylogeny with fasttree2!%. Taxonomy was assigned
to ASVs using the classify-sklearn naive Bayes taxonomy classifier in feature-classifier plugin'® against the
Greengenes database (Release 13.8). Greengenes database (Release 13.8)'¢ was selected for the 16S rRNA gene
analysis of bacteria or archaea. We used local nt database for annotation for functional genes or others.

Statistical analysis
ASV-level alpha diversity indices, such as Chaol richness estimator, Shannon diversity index, Simpson index
were calculated using the ASV table in QIIME2, and visualized as box plots. ASV-level ranked abundance
curves were generated to compare the richness and evenness of ASVs among samples. To evaluate the diversity
for species complexity across samples, beta diversity calculations were analyzed using Principal co-ordinates
analysis (PCoA) analysis. The statistical significance of the differences in beta diversity between groups was
evaluated by permutational ANOVA (PERMANOVA) and Permdisp using QIIME?2. Bacterial abundance and
diversity were compared using the Wilcoxon rank-sum test and Welch’s t-test. Taxa abundances at the ASV levels
were statistically compared among samples or groups by MetagenomeSeq, and visualized as Manhattan plots'”.
Linear discriminant analysis effect size (LEfSe) was performed to detect differentially abundant taxa across
groups using the default parameters'®. Random forest analysis was employed with QIIME2’s default settings
to differentiate samples from different groups. It involved employing the unrarefied ASV/0TU table and the
abundance table at taxonomic levels, including phylum, class, order, family, and genus, for conducting nested
cross-validation analysis. Nested stratified tenfold cross validation was used for automated hyperparameter
optimization and sample prediction. The area under the receiver operating characteristic (ROC) curve (AUC)
was employed to assess the diagnostic value of potential bacterial markers in discriminating between the CP and
control group. This evaluation was performed by a diagnostic model that is based on only one species.
Statistical analysis was conducted utilizing R software. The results of continuous variables were presented as
mean * standard deviation (mean + SD), while categorical variables were presented as frequency and percentage.
T-test or Wilcoxon tests were employed to analyze differences in the abundance between two groups, for normally
or not normally distributed data, respectively. A p value of less than 0.05 was considered statistically significant.
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Results

Clinical characteristics study population

A total of 60 subjects were enrolled in this study: 30 healthy individuals in the control group and 30 individuals in
the colorectal polyp (CP) group. The histological classification demonstrated that tubular adenomas constituted
86.7% of patients within the CP group. No significant differences were observed between the CP and control
groups in terms of age, gender, height, weight, or BMI. The detailed demographic data of the participants is
summarized in Table 1.

Alpha diversity and beta diversity analysis

To assess the differences in microbial communities and microbiota distribution within fecal microbiota between
the CP and control groups, sequence alignment was performed to estimate alpha and beta diversity. There were
no significant differences in alpha diversity indices including Chaol index (p=0.48) (Fig. 1a), Simpson index
(p=0.78) (Fig. 1b), and Shannon index (p=0.42) (Fig. 1c) between the CP and control groups. This finding
showed that microbial communities in feces are similar between the CP and control groups. This is in line with
previous research conducted on patients diagnosed with tubular adenomas'®. Nonetheless, both unweighted and
weighted PCoA plots showed a significant difference in the microbiota distribution of the two groups (p=0.001;
Fig. 1d, e). Moreover, the Permdisp analysis revealed a homogeneous dispersion of data between the CP and
control groups (Table 2).

Altered fecal microbiota in the CP and control groups

Community analysis was performed utilizing a Venn diagram, in which 17,779 Operational Taxonomic Units
(OTUs) were unique to the CP group, 12,743 OTUs were unique to the control group, and 998 OTUs overlapped
in the CP and control groups (Fig. 2a). Analysis of the relative abundance of each group in the Venn diagram at
the phylum level revealed that Firmicutes was the most predominant in the CP and control groups (Fig. 2b). In
addition, the relative abundance of Bacteroides, Fusobacteria, and Proteobacteria were higher in the CP group
compared to the control group, whereas the relative abundance of Actinobacteria was higher in the control group
in comparison to CP group. At the genus level, the abundance of Bacteroides was increased in the CP group,
while Bifidobacterium declined in the CP group (Fig. 2c).

Identification of biomarkers for colorectal polyps

To identify dominant fecal microbiota as biomarkers, LEfSe analysis was conducted for all samples. A total of
48 OTUs exhibiting statistically significant differences in abundance were identified. Among these, 34 OTUs
showed significantly higher abundance in the CP group compared to the control group, while 14 OTUs exhibited
significantly higher abundance in the control group in comparison to the CP group (p <0.05; Fig. 3a, b and
Supplementary Table 1).

Colorectal polyps | Control

(N=30) (N=30) p value
Age, year 0.954
Mean (SD) 59.6 (6.97) 59.5 (6.49)
Median [Min, Max] 59.0 [45.0, 73.0] | 60.0 [45.0, 69.0]
Gender 0.785
Male, n (%) 21 (70.0%) 19 (63.3%)
Female, n (%) 9 (30.0%) 11 (36.7%)
Height, cm 0.474
Mean (SD) 166 (8.10) 164 (8.06)
Median [Min, Max] 167 [150, 178] 163 [150, 178]
Weight, kg 0.949
Mean (SD) 65.4 (8.04) 65.3 (7.99)
Median [Min, Max] 66.5 [46.0, 80.0] 65.5 [46.0, 80.0]
BMI, kg/m? 0.596
Mean (SD) 23.8 (2.59) 24.1(2.30)
Median [Min, Max] 23.6 [18.7,30.1] 24.2[20.4, 30.1]
Histology
Tubular adenoma, n (%) 19 (63.3%) /
Tubular adenoma/ serrated polyps, n (%) 1 (3.3%) /
Tubular adenoma/ hyperplastic polyp, n (%) 5(16.7%) /
Tubular adenoma/ hyperplastic polyp/ serrated polyps, n (%) | 1 (3.3%) /
Serrated adenoma, n (%) 1(3.3%) /
Hyperplastic polyp, n (%) 3(10.0%) /

Table 1. Demographic and disease characteristics of included individuals. BMI: body mass index; Max:
maximum; Min: minimum; SD: standard deviation.
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Fig. 1. Microbial diversity analyses between the CP and control groups. (a) Chaol index, (b) Simpson index,
(c) Shannon index, (d) unweighted PCoA analysis, (e) weighted PCoA analysis. CP: colorectal polyps. PCoA:
Principal co-ordinates analysis.

Sample size | Permutations | p value

60 999 0.001

Table 2. Permdisp results between the colorectal polyp and control groups.

Furthermore, using LEfSe and metagenomeSeq analysis, we observed that microbiota of the CP group
showed a significantly increased abundance of Bacteroidetes, Verrucomicrobia, and Proteobacteria at the phylum
level (p <0.05; Fig. 3 and Supplementary Table 1); Bacteroides, Ruminococcus, and Akkermansia at the genus level
(p<0.05; Fig. 3 and Supplementary Table 1); Clostridium perfringens, unidentified_Bacteroides, unidentified_
Dorea, Escherichia coli, Clostridium ramosum, Ruminococcus gnavus at the species level (logFC>2, p<0.05)
compared with the controls (Supplementary Table 2). Additionally, compared with the CP group, the microbiota
of the control group showed an increased abundance of Actinobacteria at the phylum level (p <0.05; Fig. 3 and
Supplementary Table 1); and Bifidobacterium, Faecalibacterium, and Gemmiger at the genus level (p<0.05;
Fig. 3 and Supplementary Table 1); Bifidobacterium adolescentis, unclassified_Bifidobacterium, Bifidobacterium
longum, Faecalibacterium prausnitzii, unidentified_Bifidobacterium at the species level (logFC>4, p<0.05;
Supplementary Table 2). The analysis of the random forest indicates that our results exhibit a significantly high
level of accuracy (0.88; Table 3).

Subsequently, we evaluated the predictive capability of specific bacterial species in relation to colorectal
polyps using ROC curves. Escherichia, Shigella, and Bacteroides were employed to identify biomarkers indicative
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Fig. 2. Microbial abundance profiling between the CP and control groups. (a) Venn diagram showing the
number of the overlapping OTUs between the CP group and control group (b) Taxonomic composition type
at the phylum level, (¢) Taxonomic composition at the genus level. CP: colorectal polyps. OTUs: Operational
Taxonomic Units. CP-Ctrl: CP versus control.

of colorectal polyps. The ROC analysis results indicated a good predictive capability of these bacterial species for
colorectal polyps, with corresponding AUC values of 0.723, 0.712, and 0.705 (Fig. 4).

Discussion

In this study, we performed 16S rRNA sequencing on stool samples obtained from CP and control groups.
The objective of this study was to identify gut microbiota related to polyps, primarily tubular adenomas, and
investigate potential biomarkers linked to them. Here, we found that alpha diversity (including Chaol index,
Shannon index, and Simpson index) does not exhibit any significant differences between the CP and control
groups. However, the beta diversity of the gut microbiota in the CP group significantly differs from that of the
control group. Previous studies on colorectal polyps have yielded inconsistent findings in terms of community
diversity?*22. Some studies reported no significant differences in microbial diversity, while other studies
found higher microbial diversity in patients with polyps. These discrepancies could potentially be influenced
by various factors, including sample size, statistical power, and the presence of microbial drivers specific to
certain populations. Furthermore, using LEfSe analysis, we observed significant differences in the microbial
composition of gut microbiota between the two groups.

The majority of colorectal cancer cases arise from the presence of colorectal polyps. The intestinal microbiota
has been identified as an important factor in promoting the progression from colorectal polyps to colorectal
cancer®. In this study, we found that the predominant components of the intestinal microbiome in both
groups are composed mainly of Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria. Firmicutes and
Bacteroidetes are two types of obligate anaerobic bacteria found in the intestinal tract, which have important
functions in maintaining human health. Imbalance in these bacteria leads to inflammatory bowel disease,
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Fig. 3. Linear discriminant analysis effect size analysis of the CP and control groups. (a) Cladogram indicating
the phylogenetic distribution of microbiota correlated with the CP or control groups. (b) The differences in
abundance between the CP and control groups. CP: colorectal polyps.

Control | colorectal polyps | Overall Accuracy
Control 0.833333 | 0.166667
Colorectal polyps | 0.066667 | 0.933333
Overall Accuracy 0.883333
Baseline Accuracy 0.5
Accuracy Ratio 1.766667

Table 3. Accuracy of feces microbiota as a potential tool for detecting colorectal polyps.

formation of adenomas, and development of CRC®2, Remarkably, the relative abundance of Fusobacteria in
the CP group is higher than control group. Fusobacteria, a group of Gram-negative bacteria commonly present
in the gastrointestinal tract, have been linked to a range of diseases??. A high abundance of Fusobacterium
has been observed in CRC, yet its role in disease development remains elusive?®?’. The abnormal increase of
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Fig. 4. ROC analysis of the association of Escherichia, Shigella, and Bacteroides with colorectal polyps. ROC:
receiver operating characteristic.

Fusobacteria detected in feces may be related to colorectal polyps. However, further studies with larger sample
sizes are required to confirm this correlation.

The human microbiome comprises more than 1000 microbial species and the gastrointestinal tract harbors
approximately 100 trillion bacteria?®. Although numerous types of bacteria are present in the gut, the abundance
of each species varies widely. The gut microbiome consists of 30-40 bacterial species, accounting for over 99%%.
These bacteria in the gut can be classified into three main groups based on their distinct physiological functions:
pathogenic bacteria, conditional pathogens, and commensal bacteria. Commensal bacteria make up over 99% of
the gut microbiota, producing beneficial substances that contribute to human health*®. In our study, we observed
a decreased abundance of commensal bacteria such as Bifidobacterium, Faecalibacterium, and Gemmiger in the
microbiota of the CP group compared to the control group. In comparison to commensal bacteria, the presence
of conditional pathogens in the gut is less common. However, the proliferation of these pathogens under specific
conditions can be harmful to the body. Pathogenic bacteria, including Salmonella, Shigella, Escherichia, and
Klebsiella, are directly responsible for causing diseases. In this study, using LEfSe analysis, we identified 34 distinct
types of gut microbiota that showed significant differences between the CP and control groups. Specifically,
Escherichia and Shigella were abundant in the CP group. Shigella is classified as a gram-negative intracellular
bacterial pathogen that initiates infection by invading cells, leading to intense inflammation in the colonic and
rectal epithelium. Notably, a recent study reported that Shigella is associated with malignancy?!. In accordance
with our findings, Zhong et al. reported that Shigella is abundant in the polyp and the mucosal sample®.
Furthermore, we also found the abundance of Clostridium perfringens, unidentified_Bacteroides, unidentified_
Dorea, Clostridium ramosum, and Ruminococcus gnavus. Clostridium perfringens and Clostridium ramosum have
been reported to be associated with CRC>***, The research conducted on mice revealed a significant increase
in the abundance of Bacteroides in mice with CRC. Ruminococcus gnavus can produce pro-inflammatory
polysaccharides, which disrupt the integrity of the intestinal mucosal barrier and promote inflammation>-%’.
These results indicate a structural imbalance in the composition of intestinal colonization flora, characterized
by a decrease in beneficial bacteria and an increase in harmful bacteria. Therefore, we hypothesize that the
imbalance of intestinal colonization flora could be a contributing factor to colorectal carcinogenesis.

There are limitations in this study. Firstly, since this study was conducted at a single center, it is crucial
to validate our findings through multicenter studies involving larger sample sizes. Secondly, in contrast to
metagenomic sequencing, 16S rRNA sequencing does not provide sufficient depth for species-level identification
of specific bacteria®®. Conversely, metagenomic sequencing allows for high-throughput sequencing of all
microbial genomes in each sample and provides comprehensive species-level annotation®’. Consequently, the
inclusion of metagenomic sequencing data is frequently recommended for additional support. Thirdly, it is
essential to acknowledge that fecal samples may not fully represent the entire landscape of the gut microbiota.
Therefore, it is advisable to consider additional endoscopic sampling of gut mucosal samples for co-analysis to
obtain a more comprehensive dataset of microbial information.

Opverall, in this study, the abundance of gut microbiota at different levels was assessed in both CP patients and
healthy individuals. We found that there is a structural imbalance in the composition of intestinal colonization
flora, characterized by a decrease in beneficial bacteria and an increase in harmful bacteria. The presence of
distinct microbial genera in each group suggests the presence of potential biomarkers for the disease. Our
findings showed that Escherichia, Shigella, and Bacteroides may serve as promising biomarkers for early detection
of colorectal polyps. Nonetheless, a larger sample size is necessary to further validate the candidate biomarkers.

Data availability

The datasets generated and/or analysed during the current study are available in the National Center for Bio-
technology Information repository, available at http://www.ncbi.nlm.nih.gov/bioproject/1,180,202. The NCBI
Sequence Read Archive (SRA) ID is SRA31178251-310.
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