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1. Abstract

Gut microbiota has been implicated as a critical role in the de-
velopment of colorectal cancer (CRC) and colorectal adenoma
(CRA). However, few basic research has revealed the association
between gut microbiota and the development of CRA and CRC.
We aim to compare the diversity and composition of intestinal
flora in CRA and CRC patients, to reveal the changes of intes-
tinal microorganism in the evolution of normal intestinal muco-
sa-CRA-CRC axis, and to explore potential biomarkers. We an-
alysed colorectal tissues (11 CRC, 11 CRA and 11 healthy vol-
unteers (HC). Using 16S rRNA sequencing analysis to compare
the gut microbiome of patients with CRC, CRA and HC. The
microbial diversity including alpha diversity, beta diversity and
identified the microbial compositions among the three groups were
characterized. Intestinal microbial composition and diversity were
significantly decreased in the CRA group, whereas those were ob-
viously increased in the CRC group. The fourth most predominant
microbial compositions in the three groups were Proteobacteria,
Firmicutes, Actinobacteria and Bacteroidetes at the phylum level.
Moreover, the relative abundance of Fusobacteria at the phylum
level behaved a general trend of decreasing in CRA group first and
then increasing in CRC group. When exploring the Fusobacteria
abundance in MetaCyc database signaling in different groups, it
was indicated that Fusobacteria was also higher in CRC than CRA
especially in the ICME2-PWY, Cobalsyn-PWY and Anaglycolysi
signal pathways. Taken together, the observed intestinal microbial
difference among the three groups provides a basis for understand-
ing the potential role of intestinal microorganism in the evolution
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of normal intestinal mucosa-CRA-CRC axis.
2. Introduction

Colorectal cancer (CRC) is one of most common malignancies
and the second leading cause of death among malignant tumors
worldwide [1,2]. It mainly stems from an adenomatous polyp then
grows into advanced colorectal adenoma (CRA) with highgrade
dysplasia, and finally evolves intoaggressive cancer [3]. Many ex-
plicit environmental factors, such as unhealthy diet and lifestyle,
are vital for the intestinal microbiome composition and function,
which can generate the individual gene expression, physiological
metabolic regulation, and immune response, thereby influencing
cancer development [4]. Based on previous studies, intestinal mi-
crobiota has been considered to play a key role in colorectal tumor-
igenesis, which may ulteriorly promote CRC development through
microbial metabolites, inflammatory pathways or the interference
in the energy balance of cancer cells [5,6]. Yang Y et al indicat-
ed a potential intimate relationship between gut microbiome and
biometabolome in CRC [7]. Metabolites promote genotoxicity and
inhibit or promote tumors through a variety of mechanisms, such
as altered metabolic pathways to promote anabolism, competitive
enzyme inhibition, and signaling protein modification [8,9].De
Martel C et al found that intestinal flora might be an important
etiological factor for liver cancer, gastric cancer and intestinal tu-
mor [10-14]. Another study has shown that microbial composition
has potential significance for the early detection and prevention
of esophageal cancer [15]. Microbiome dysregulation is a change
in the composition of bacteria [16]. The study of microbiota dys-
regulation is of great significance for exploring the carcinogenic
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mechanism of CRC [17-20]. For example, Fusobacterium nu-
cleatum is prevalent in CRC and precancerous lesions with poor
prognosis [21-23]. However, few studies have studied and clarified
the characteristics and differences in the involvement of normal
intestinal mucosa-CRA-CRC axial pathway model [24,25]. In our
study, we will reveal the potential characteristics and differences
of intestinal microbial composition during its evolution along the
above-mentioned axes, and further explore novel biomarkers for
CRA and CRC.

3. Material and Methods
3.1. General Information About Patients Enrolled

A total of 11 CRA subjects from our hospital were followed up reg-
ularly January 30,2015 to December 30,2018. There were 6 males
and 5 females in CRC. There were 8 cases of rectum, 1 case of sig-
moid colon, and 2 cases of colon. The maximum tumor diameter
was 4 cm or greater in 8 cases, and less than 4 cm in 3 cases. All of
these cases were isolated. Besides that a total of 11 CRA subjects
and 11 healthy volunteers tissue were included from Department
of Gastroenterology, Wuhan Eighth Hospital from January 2015 to
December 2018. There were 5 males and 6 females in colorectal
adenomas. There were 8§ cases of rectum, 2 cases of sigmoid colon,
and 1 case of colon. The last follow-up time was August 30, 2019.

3.2. Inclusion and Exclusion Criteria

Inclusion criteria: 1) Age range from 20 to 70 years old; 2) The
pathological diagnosis of CRA group and CRC group was colorec-
tal adenoma and colorectal adenocarcinoma, respectively; 3) No
previous surgery, chemoradiotherapy or targeted immunotherapy.
Exclusion criteria: 1) Previous history of colorectal surgery, famil-
ial adenomatous polyposis or hereditary non-polyposis colorectal
cancer, inflammatory bowel disease,metabolic diseases, infectious
diseases, liver and kidney diseases, and immunodeficiency diseas-
es; 2) Use of antibiotics or corticosteroids or probiotics; 3) Have

Table 1: Clinical characteristics of the enrolled participants.
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special eating habits; 4) Body mass index is outside the normal
range.

3.3. Sample Collection, DNA Extraction and PCR Amplifica-
tion

Two tissue specimens were collected from the included popula-
tion, one of which was routinely stored in formalin and sent to the
Department of Pathology, and the other specimen was immediate-
ly labeled and placed in a -80°C refrigerator for analysis. We ex-
tracted DNA from the collected samples, used [llumina sequencing
[26] method and PCR to amplify the V3-V4 variable region of 16S
rRNA of bacterial genome. 5'-ACTCCTACGGGAGGCAGCA-3'
and 5'-GGACTACHVGGGTWCTAAT-3' were the upper and low-
er primer sequences respectively.

3.4. Bioinformatics and Statistical Analysis

QIIME 2.0 [27,28] were used to analyze the obtained sequenc-
es. According to the total number of ASV/OTUSs corresponding to
each sample in the ASV/OTUs abundance matrix, software R was
used to draw rarefaction curve, species accumulation curves and
rank abundance curve respectively. We used PICRUSt2.0 from
KEGG database and MetaCyc database to predicte the microbial
metabolism functions. The statistical methods used mainly includ-
ed chi-squared test and t-test.

4. Results
4.1. Participant Information and Study Design

A total of 33 tissue samples were analyzed in this study, including
11 from HC, 11 from CRA and 11 from CRC (Figure 1). There
were 16 samples were male and 17 were female. There were no
significant differences in age, gender, tumor localization, smoking
status and underlying disease among the three groups. And there
were significant statistical differences in surgery status (p<0.001)
and antibiotic usage (p<0.05). Detailed clinical data of the subjects
are shown in Table 1.

Patients (n=33)

Characteristics
HC(n=11) CRA(n=11) CRC(n=11) P
Age,year
Mean = SD 66.5548.45 66.55+8.45 61.64+8.12 0.45
Sex
Female 6(54.50%) 6(54.50%) 5(45.50%) 0.89
Male 5(45.50%) 5(45.50%) 6(54.50%)
Tumor Localization
colon 3(27.28%) 1(9.09%) 2(18.18%) 0.33
Sigmoid 4(36.36%) 2(18.18%) 1(9.09%)
Rectum 4(36.36%) 8(72.73%) 8(72.73%)
TNM Stage
Stage I 5(45.50%)
Stage 11 3(27.28%)
Stage II1 2(18.18%)
Stage [V 1 (9.04%)
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Smoking status
Smoker 3(27.27%) 3(27.27%) 2(18.18%) 0.33
No smoker 8(72.73%) 8(72.73%) 9(81.82%)
Underlying disease
Hypertension 1(9.09%) 4(36.36%) 1(9.09%)
Hypercholesterolemia 2(18.18%) 3(27.28%) 2(18.18%)
Diabetes 8(72.73%) 4(36.36%) 8(72.73%)
Collected colorectal tissue

samples

11 CRC

11 CRA

11 HC
7 v i
Postoperative tissue Postoperative tissue Intestinal mucosal
samples of colorectal samples of colorectal tissue samples from
cancer adenoma healthy persons
Y v
v
DNA extraction
Library construction
16S rRNA Sequencing

'

Microbial diversiy analysis

Figure 1: Study design and flow diagram. Consecutive gut tissue samples were prospectively collected from 11 healthy controls, 11 patients with CRA,

and 11 patients with CRC according to the inclusion criteria. Then we characterized the gut microbiome among 3 groups, identified microbial markers.

4.2. Estimation of Sequencing Depth

On sequencing 16SrDNA of 33 samples, a total of 1188302 usable
high quality sequences were obtained in three groups. According
to the correspondence between the sequence similarity and bac-
terial taxonomic status, 97% similarity is generally considered to
species division. The rarefaction curves indicated that the sequenc-
ing depth was sufficient (Figure 2A). The species accumulation
curves indicated that the sequencing volume of each sample had
reached saturation (Figure 2B). Abundance grade curves were
used to assess the relative homogeneity of bacteria, and all sam-
ples showed a similar pattern (Figure 2C). Furthermore, a Venn
diagram displaying the overlaps among three groups was showed
in Figure 2D.
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4.3. Diversity of Intestinal Microbiota

We analyzed and evaluated the differences in richness, diversity
and evenness among the three groups of bacteria with alpha-di-
versity index. The results indicated that the gut microbial diversity
was significantly lower in the CRA group than the HC group ac-
cording to the CHAO1 index and Observed_species (p<0.05), but
was obviously higher in CRC group than the HC group according
to the Shannon and Observed_species (p<0.05), and dramatical-
ly richer in the CRC group than the CRA group according to the
CHAOI, Faith_d, Observed species index (p<0.001) and Shan-
non index (p<0.05) (Figure 3A). Moreover, we compared the sim-
ilarity and difference degree of communities among three groups
of samples with beta-diversity analysis (Figure 3B-C). The results
were similar to the alpha-diversity analysis. Significant clustering
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was observed among the HC, CRA, and CRC groups. A significant

the CRA and the HC group, while the CRA group and HC group
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has partial overlapping. In summary, the results suggested that gut
clustering was formed as the CRC group was distinguished from microbial diversity was reduced in the CRA group, but increased

significantly in the CRC group.
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Figure 2. Estimation of sample depth and Venn diagram in the HC, CRA, and CRC groups. (A) The dilution curve. (B) Species accumulation curve

between number of samples. (C) The relative bacterial evenness was evaluated by the rank abundance curves. (D) Venn diagram at species level. HC,

healthy volunteers; CRA, colorectal cancer; CRC, colorectal adenoma. OTU, operational taxonomy unit.
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Figure 3. Microbial community richness and Alpha diversity among the HC, CRA, and CRC groups. (A) Gut microbial diversity was estimated by

the Chaol, Faith_pd, Observed_species and Shannon index. (B) PCoA analysis based on unweighted UniFrac distance matrix. (C) Beta diversity was
calculated using unweighted UniFrac by NMDS. Data are shown as the mean = SD, *P<0.05, **P<0.01, ***P<0.001. HC, healthy volunteers; CRA,
colorectal cancer; CRC, colorectal adenoma. PCoA, principal coordinates analysis; NMDS, nonmetric multidimensional scaling.
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4.4. Microbiota Composition at The Phylum Levels

Meanwhile, we examined the microbiota composition differences
at the phylum in HC, CRA and CRC groups. Proteobacteria was
the most abundant phyla, accounting for 75.6% of the total intesti-
nal flora. Firmicutes, Actinobacteria and Bacteroidetes accounted
for 7.75%, 4.8% and 4.28% of the total intestinal flora, respective-
ly (Supplementary Table 1). After statistical analysis based on the
mean value within the group, it was indicated that Fusobacteria
was reduced in the CRA (0.04%) group, but increased in the CRC
group (0.254%) (Figure 4A-B, Supplementary Table 2). The spe-
cies composition heat map also consistently showed that Fusobac-
A
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teria in the CRC group (2.79%) was significantly richer than that
in the CRA group (0.41%) (Figure 4C, Supplementary Table 3)
at the phylum level. LEfSe analysis with an LDA score >4.0 was
also conducted among the HC, CRA and CRC groups. As shown
in Figure 5, the microflora of the CRC patients was enriched with
¢_Alphaproteobacteria, f Sphingomonadaceae, p_Acidobacteria
and g Kaistobacter. However, increased abundances of ¢_Gam-
maproteobacteria, o_Pseudomonadales, g Acinetobacter, { Mo-
raxellaceae, o_Lactobacillales, g Xanthomonadales, f Strepto-
coccaceae, g Streptococcus and f Pseudomonadaceae were ob-
served in the CRA group.
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Figure 4: Gut microbiota composition at the phylum levels. (A-B) Average composition of bacterial community at the phylum levels. (C) The species

composition heat map.

Supplementary Table 1: Microbial taxa at the phylum levels within the three groups of HC, CRA and CRC.

Microbiota ID Overall

Proteobacteria 0.755593
Firmicutes 0.077482
Actinobacteria 0.048021
Bacteroidetes 0.042808
[Thermi] 0.027291
Acidobacteria 0.01124

Chloroflexi 0.00918

Gemmatimonadetes 0.007735
Cyanobacteria 0.006139
Verrucomicrobia 0.002859
Planctomycetes 0.001936
Fusobacteria 0.001808
Nitrospirae 0.001584
T™M7 0.001551
Armatimonadetes 0.000454
Others 0.004317

1
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Figure 5: LEfSe analysis among the HC, CRA, and CRC groups. The differentially abundant taxa in the taxonomic tree are shown in the cladogram

in different colors. The LDA scores greater than 4.0 for the significantly differentially abundant bacteria are displayed in the histogram with different

colors. HC, healthy volunteers; CRA, colorectal cancer; CRC, colorectal adenoma; LEfSe, linear discriminant effect size; LDA, linear discriminant

analysis

Supplementary Table 2: The mean value of taxonomic composition of the microbiota among the group of HC, CRA and CRC at the phylum levels.

Proteobacteria 0.717721 0.813776 0.735283
Firmicutes 0.076174 0.100186 0.056086
Actinobacteria 0.056610 0.031743 0.055711
Bacteroidetes 0.057473 0.017146 0.053804
[Thermi] 0.066566 0.009677 0.005631
Acidobacteria 0.002972 0.004228 0.026520
Chloroflexi 0.002419 0.004967 0.020155
Gemmatimonadetes 0.001381 0.003664 0.018160
Cyanobacteria 0.007664 0.008621 0.002131
Verrucomicrobia 0.001408 0.000807 0.006362
Planctomycetes 0.001207 0.000437 0.004163
Fusobacteria 0.001516 0.000371 0.002536
Nitrospirae 0.000385 0.001295 0.003073
™7 0.000865 0.000100 0.003689
Armatimonadetes 0.000213 0.000048 0.001101
OD1 0.000599 0.000192 0.000467
BRCl1 0 0 0.000913
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WPS-2 0.000592 0.000067 0.000229
Elusimicrobia 0.000219 0.000062 0.000410
Spirochaetes 0.000246 0.000034 0.000136
Chlorobi 0.000049 0.000062 0.000234
Tenericutes 0.000102 0.000056 0.000170
AD3 0.000179 0.000012 0.000137
Deferribacteres 0.000031 0.000167 0.000051
WS3 0.000065 0.000062 0.000114
Others 0.002343 0.002219 0.002733

Research Article

Supplementary Table 3: Relative abundances of bacterial taxa per sample corresponding to species Composition Heat mapat the phylum levels.

Proteo |Firmi |Actino |Bacter .. |Acido .|Gemmat |Cyano |Verru Plancto |Fuso Nitro Armati
sample bacteria |cutes |bacteria|oidetes [Thermi] bacteria Chlorofiexi imonadetes | bacteria | comicrobia | mycetes |bacteria |spirae M7 monadetes
HC_1 0.6315 |0.189710.0777 |0.0291 (0.0063 0.0100 ]0.0129 0.0078 0.0091 [0.0063 0.0015 [0.0083 [0.0025(0.0017|0.0003
HC_2 0.8799 ]0.0739 |0.0254 |0.0045 |0.0097 0.0000 |0.0001 0.0000 0.0055 |0.0000 0.0000 [0.0007 [0.0000 |0.0000 0.0000
HC_3 0.5061 |0.2402 |0.1246 |0.0582 (0.0143 0.0077 ]0.0056 0.0032 0.0143 ]0.0035 0.0029 [0.0094 (0.0010|0.0023 |0.0006
HC_4 0.7375 0.0494 10.0367 |0.0791 [0.0693 0.0023 10.0010 0.0013 0.0099 ]0.0015 0.0022 [0.0022 [0.0001 [0.0016|0.0002
HC_5 0.6717 ]0.0498 |0.0576 |0.0978 |0.1020 0.0024 ]0.0019 0.0004 0.0076 |0.0003 0.0011 [0.0021 {0.0002 |0.0005[0.0001
HC_6 0.7671 ]0.0649 |0.0378 |0.0781 |0.0322 0.0012  {0.0005 0.0008 0.0075 ]0.0015 0.0004 [0.0015 [0.0000 |0.0009 [0.0000
HC_7 0.6857 |0.0411 |0.0371 |0.0882 |0.1230 0.0043 |0.0025 0.0015 0.0078 |0.0005 0.0013 {0.0013 {0.0002 {0.00030.0001
HC_8 0.8273  0.0220 {0.0536 |0.0094 |0.0830 0.0000 {0.0002 0.0000 0.0032 |0.0000 0.0004 [0.0000 {0.0000|0.0004[0.0001
HC_9 0.7005 |0.0496 |0.0290 |0.0861 |0.1085 0.0016 |0.0008 0.0001 0.0104 |0.0011 0.0021 [0.0006 [0.0002 |0.0005 [0.0002
HC_10 0.7255 ]0.0419 {0.0398 |0.0938 |0.0792 0.0033 |0.0012 0.0001 0.0058 |0.0007 0.0003 [0.0015 {0.0000{0.00140.0002
HC_11 0.7621 ]0.0154 |0.1034 |0.0079 |0.1047 0.0000 |0.0000 0.0000 0.0032  |0.0000 0.0010 [0.0000 [0.0000 |0.0000 |0.0005
CRA_1 0.9695 10.0169 |0.0070 |0.0019 |0.0038 0.0000 |0.0001 0.0000 0.0009 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 |0.0000
CRA_2 (0.6191 |0.2201]0.0629 |0.0271 [0.0093 0.0124 ]0.0130 0.0104 0.0127 ]0.0018 0.0008 [0.0005 {0.0027|0.0002|0.0001
CRA_3 (09647 ]0.0216|0.0080 |0.0012 |0.0027 0.0000 |0.0000 0.0000 0.0018 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 |0.0000
CRA _4 (0.6137 [0.2142|0.0584 |0.0409 |0.0127 0.0079 [0.0113 0.0060 0.0226 |0.0022 0.0000 [0.0015 [0.0015{0.0003 [0.0000
CRA_5 (09539 [0.0276]0.0114 |0.0012 [0.0033 0.0000 |0.0000 0.0000 0.0025 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 [0.0000
CRA_6 (0.5813 [0.2111 |0.0706 |0.0397 |0.0302 0.0114 {0.0117 0.0064 0.0203 |0.0011 0.0026 [0.0006 [0.0058 |0.0004 |0.0002
CRA_7 (09704 ]0.0223]0.0036 |0.0010 |0.0019 0.0000 |0.0000 0.0000 0.0007 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 0.0000
CRA_8 (0.7249 [0.1563|0.0515 |0.0171 |0.0068 0.0041 |0.0061 0.0077 0.0179 ]0.0006 0.0004 [0.0002 {0.0020 |0.0000 [0.0000
CRA_9 (09803 [0.0116 |0.0036 |0.0001 |0.0038 0.0000 |0.0000 0.0000 0.0005 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 0.0000
CRA _10 (0.6322 [0.1975|0.0664 |0.0296 |0.0128 0.0107 ]0.0120 0.0099 0.0135 ]0.0032 0.0010 [0.0013 {0.0022 |0.0002 |0.0002
CRA _11 (0.9416 {0.0029 |0.0058 |0.0288 |0.0190 0.0000 |0.0004 0.0000 0.0014 |0.0000 0.0000 [0.0000 [0.0000 |0.0000 [0.0000
CRC_T1 [0.8604 |0.0196]0.0377 |0.0351 [0.0041 0.0081 ]0.0068 0.0122 0.0023 ]0.0023 0.0048 [0.0000 [0.0010{0.0013[0.0007
CRC_T2 (0.8016 [0.0319]0.0527 |0.0446 |0.0019 0.0130 ]0.0146 0.0172 0.0016 |0.0054 0.0021 [0.0003 [0.0018{0.0029(0.0016
CRC_T3 (0.7284 ]0.0364 |0.0608 |0.0585 |0.0086 0.0389 [0.0195 0.0196 0.0015 ]0.0068 0.0060 [0.0002 [0.0025|0.0038(0.0022
CRC_T4 (0.6940 [0.0457|0.0622 |0.0991 |0.0039 0.0283 ]0.0207 0.0182 0.0023 |0.0083 0.0037 [0.0003 [0.0025(0.0042(0.0013
CRC_T5 (0.7566 [0.0463 |0.0402 |0.0735 |0.0045 0.0232  ]0.0142 0.0168 0.0020 |0.0065 0.0060 [0.0002 [0.0017{0.0032(0.0016
CRC_T6 (0.6715 ]0.0477|0.0773 |0.0771 |0.0026 0.0364 ]0.0272 0.0265 0.0022 ]0.0072 0.0042 [0.0005 [0.0040|0.0105{0.0011
CRC_T7 (0.7196 [0.0368 |0.0684 |0.0260 |0.0092 0.0427 ]0.0334 0.0261 0.0028 |0.0065 0.0050 [0.0004 [0.0060 |0.0048(0.0014
CRC_T8 [0.6698 [0.0345(0.0911 |0.0316 |0.0044 0.0538 ]0.0435 0.0330 0.0027 ]0.0100 0.0047 [0.0003 [0.0098|0.0024(0.0016
CRC_T9 (0.6700 [0.0855|0.0699 |0.0613 |0.0049 0.0286 |0.0261 0.0181 0.0028 [0.0117 0.0049 [0.0001 [0.0040 |0.0037|0.0004
CRC_T10 [0.7519 {0.0950 |0.0431 |0.0331 |0.0090 0.0187 ]0.0157 0.0121 0.0029 [0.0053 0.0045 [0.0006 [0.0006 |0.0034 |0.0003
CRC_T11 [0.7643 ]0.1375(0.0093 |0.0520 |0.0087 0.0000 |0.0000 0.0000 0.0004 |0.0000 0.0000 [0.0265 [0.0000 |0.0003 [0.0000
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Supplementary Table 4: Statistically significant signaling pathways enriched in pairwise comparisons between groups.

CRA & CRC

pathway description logFC SE Pvalues adjPvalues
PWY-5743 3-hydroxypropanoate cycle 1.8550000 0.3193000 0.00000001 0.0000027
PWY-5744 glyoxylate assimilation 1.6720000 0.3171000 0.0000001 0.0000290
PWY-7024 superpathway of the 3-hydroxypropanoate cycle [1.6190000 |0.3160000 0.0000003 0.0000438
DENITRIFICATION-PWY nitrate reduction | (denitrification) -1.2890000 |0.3761000 0.0006102 0.0330300
PWY-7031 protein N-glycosylation (bacterial) -1.9040000 |0.5353000 0.0003740 0.0231300
PWY-7046 4-coumarate degrHCtion (anaerobic) -2.9050000 |0.7515000 0.0001110 0.0080100
PWY-6174 mevalonate pathway Il (archaea) -4.0580000 |0.8570000 0.0000022 0.0001897
PWY-7391 isoprene biosynthesis Il (engineered) -4.2470000 |0.8852000 0.0000016 0.0001740
HC & CRC

PWY-3801 sucrose degrHCtion Il (sucrose synthase) -2.1770000 |0.5645000 0.0001149 0.0256800
PWY-5392 reductive TCA cycle Il -2.9640000 |0.5894000 0.0000005 0.0002198
HC & CRA

PWY-1882 ngzerpathway of C1 compounds oxidationto | ) ch000  |0.4691000 00002338 |0.0847400
PWY-7391 isoprene biosynthesis Il (engineered) 2.8540000 0.8031000 0.0003792 0.0847400

4.5. Prediction Analysis of Functional Potential of Intestinal
Microbiota

The imbalance of microflora can cause metabolic changes in the
system [26,27], while metabolic disorders can in turn affect the
composition of microflora [28]. PICRUSt2 refer to KEGG and
MetaCyc database to study the Phylogenetic characteristics of all
OUT [29]. Picrust2 analysis showed that there were 12 KEGG
pathways with significant abundance differences between CRA
and CRC groups (Supplementary Figure 1A). There were also 12
significant abundance differences between the CRC group and the
HC group (Supplementary Figure 1B). And there were 11 KEGG
pathways with significant abundance differences between the
CRA group and the HC group (Supplementary Figure 1C). Fur-
ther results showed that the relative abundances of 2 sugurose
metabolism-related pathways (PWY-5392, p<0.001; PWY-3801,
p<0.01) was significantly increased in the CRC group than in the
HC group (Figure 5). The relative abundances of 5 Degradation/
Utilization-related pathways (PWY-6486, P21-PWY, p<0.001;
PWY-7046, PWY-1361, p<0.01; P164-PWY, p<0.05), 5 Bio-
synthesis -related pathways (PWY-7391, PWY-6174, PWY-1882,
p<0.001; PWY-7031, DENITRIFICATION-PWY, p<0.05) were
significantly higher in the CRC group than in the CRA group,
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while the abundances of 3 C1 compound utilization-related path-
ways were significantly lower in the CRC group than in the CRA
group (PWY-7024, PWY-5744, PWY-5743, p<0.001 ) (Figure 5).
However, there was no significantly different pathways between
CRA group and HC group. Therefore, these results suggest that
metabolic significantly changes in CRC individuals.

Previously, it was described that Fusobacteria was expressed in
high levels in CRC while the Fusobacteria expression was linked
to clinical and pathological parameters. After analysis of the mi-
crobiota composition among the three group, we consistantly
found that the abundance of Fusobacteria was higher in CRC and
CRA group than HC group (Figure 4C). As a target of interest, we
futher explored the abundance of Fusobacteria in different KEGG
signaling pathways in the different groups. We interestingly found
that in 2 pathways of Cofactor, Prosthetic Group, Electron Car-
rier and Vitamin Biosynthesis (ICME2-PWY and Anaglycoly-
si-PWY),1pathways of Glycolysis (ANAGLYCOLYSIS-PWY)
and 1 pathways of Short-Chain Fatty Acids Fermentation (AN-
AEROFRUCAT-PWY) , expression of Fusobacteria in HC tissues,
CRA tissues, and CRC tissues is descending in turn (Figure 6 and
Figure?7).
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Significance
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C1 Compound Utilization and Assimilation

C1 Compound Utilization and Assimilation

Figure 6. Metabolic pathway analysis with p-value <0.05. In the horizontal axis, positive values of LOGFC (LOG2 (fold change)) represent up-regu-
lation in the upregulated group compared with the control group, and negative values represent down-regulation. The vertical coordinates are different
Pathway/Group tags, which indicated the degree of significance in different colors.
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Figure 7: Species composition in four differnet metabolic pathways at the genus level. The contribution ratio of different taxa to this metabolic path-
way in ICME2-PWY (A), Cobalsyn-PWY (B), Anaglycolysi (C) and Anaerofrucat (D) signal pathway was shown by different color stratification. The
abscissa is the sample label; the ordinate is the relative abundance of related metabolic pathways.
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5. Discussion

The potentially important role of gut microbiota in the initiation
and progression of CRC has been extensively studied, especially
in CRC, but the potential impact and dynamic change of gut mi-
crobiota on CRA-CRC is far from clear. Studies on the component
and characteristics of intestinal microbiota between CRA and CRC
patients and healthy people mostly use samples such as feces, oral
or pharyngeal swabs of subjects, and studies using intestinal tissue
samples are rare. To the best of our knowledge, this study is the
earliest to use CRA, CRC and HC tissue samples in South China
to reveal the characteristics of intestinal microbiome communi-
ty structure, microbial diversity and predict the potential function
based on intestinal microbiota ASV/ OTUs. First, we assessed
the diversity of the intestinal microbiome in the three groups in
and found that the tissue microbial diversity was memorably de-
creased in the CRA group when compared with the HC group but
observably increased from CRA to CRC. Previous studies have
shown that Fusobacteria is associated with CRC [21,30,31], and
Fusobacteria may be the "driving factor" of CRC [32]. In addition,
numerous studies have indicated that Fusobacterium nucleatum is
more enriched in CRC tumor tissues than CRA [32,22]. Our re-
sults consistently indicated that Fusobacteria expressed higher en-
richment in CRC than CRA, but the curve of the expression trend
of Fusobacteria looked like a “V” (It fell first in CRA, and then
rose in CRC). This research intersetingly suggests that Fusobacte-
ria may play diverse roles at different stages of normal intestinal
mucosa-CRA-CRC axis, but the mechanism between the different
abundance of Fusobacterium in intestinal tissues requires further
investigation. We then demonstrated that the development of CRC
is accompanied by changes in intestinal flora. It is generally be-
lieved that the development of most CRC is a continuous process,
usually following the normal mucosa-CRA-CRC sequence axis
model [34]. Our results suggest that the gut microbiome also ex-
hibits dynamic changes as CRC progresses. The mian microflora
of the three groups were Proteobacteria, Firmicutes, Actinobacte-
ria and Bacteroidetes at the phylum level. This is consistent with
previous research. Feng et al. [14] also confirmed the development
and change of intestinal flora along the colorectal adenoma-carci-
noma sequence axis through shotgun sequencing of fecal samples,
and similar results were obtained by Nakatsu [35]. Finally, we
used PICRUSt2 to analyze the potential function of intestinal flo-
ra. The research findings showed that the metabolic of xenobiotics
by cytochrome P450 signaling pathway was increased in the CRC
group and the mannosylglycerate biosynthesis I signaling pathway
was increased in the CRA group compared with HC group. Com-
pared with CRC group, Endocytosis signal pathway was signifi-
cantly increased in the CRA group. Meera et al [36] et al showed
that the expression of Metabolism of xenobiotics by cytochrome
P450 was increased in colorectal cancer by microarray analysis,
and also showed that high expression of P450-CYP51/CYP2S1
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was associated with poor prognosis in colorectal cancer. Letizia
Lanzetti et al [37] showed that endosytosis plays a key role in the
occurrence and development of human diseases, especially cancer,
and is a potential carcinogenic pathway. This is consistent with the
conclusion of significant increase of Endocytosis signal pathway
in the CRA group in our study. This study includes a number of no-
table advantages and limitations. As is known to all, tissue samples
are conducive to identify the microbiome during the initiation and
development of CRC. In addition to this, we have analyzed clini-
cal variables as thoroughly as possible. However, there are some
defects to the research. First of all, our research only compared
the diversity in the component and structural characteristics of in-
testinal microflora among the three groups, and simply predicted
the potential function of intestinal microflora through PICRUSt2,
but did not study the potential mechanism of colorectal tumors.
Secondly, we only conducted a single center study, rather than a
multi-center study, and included a small sample size, while the
component and activity of the intestinal flora lies on many factors.
These biomarkers of intestinal flora are significantly ethnically de-
pendent and should be validated in a wide range of populations,
so the existing data sets may be untypical and unrepresentative.
Thirdly, there are various sampling methods for the study of intes-
tinal flora, such as intestinal tissue, fecal sample and oral sample.
In this study, only intestinal tissue samples were used, which may
lead to bias of the results.

6. Conclusion

In conclusion, we prove that the microbiome characteristics in
CRC, CRA and HC tissue samples, explored the underlying char-
acteristics and differences of intestinal microbial composition in
the evolution of normal intestinal mucosa-intestinal adenoma-in-
testinal cancer axis and explored that Fusobacteria might be a
novel biomarker for the identification of CRA and CRC.
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