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Abstract
Background and Aim: Obesity affects the gut microbiome, which in turn increases
the risk for colorectal cancer. Several studies have shown the mechanisms by which
some bacteria may influence the development of colorectal cancer; however, gut
microbiome characteristics in obese patients with colorectal cancer remain unclear.
Therefore, this study evaluated their gut microbiome profile and its relationship with
metabolic markers.
Methods: The study assessed fecal samples from 36 consecutive patients with colo-
rectal cancer and 38 controls without colorectal cancer. To identify microbiotic varia-
tions between patients with colorectal cancer and controls, as well as between
nonobese and obese individuals, 16S rRNA gene amplicon sequencing was
performed.
Results: Principal coordinate analysis showed significant differences in the overall
structure of the microbiome among the study groups. The α-diversity, assessed by the
Chao1 index or Shannon index, was higher in patients with colorectal cancer versus
controls. The relative abundance of the genera Enterococcus, Capnocytophaga, and
Polaribacter was significantly altered in obese patients with colorectal cancer, whose
serum low-density lipoprotein concentrations were positively correlated with the
abundance of the genus Enterococcus; among the most abundant species was Entero-
coccus faecalis, observed at lower levels in obese versus nonobese patients.
Conclusions: This study demonstrated several compositional alterations of the gut
microbiome in patients with colorectal cancer and showed that a reduced presence of
E. faecalis may be associated with obesity-related colorectal cancer development. The
gut microbiome may provide novel insights into the potential mechanisms in obesity-
related colorectal carcinogenesis.

Introduction
Colorectal cancer (CRC) is the third most common cancer and
the second most common cause of cancer death, estimated at
881 000 deaths globally in 2018, accounting for about 1 in
10 cancer deaths.1 The average risk of developing colon cancer

before 75 years of age is estimated to be 31%.2 Evidence is suffi-
cient for a causal relationship between the risk of CRC and
excess body weight or obesity, which is thought to be one of the
attributes of the global burden of cancer.3 The underlying
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mechanisms linking obesity to CRC remain a matter of debate;
however, metabolic syndrome, insulin resistance, and alterations
in adipocytokine concentrations appear to be of great impor-
tance.4 The authors of this study previously demonstrated that
visceral fat obesity and metabolic syndrome, insulin resistance
following hyperinsulinemia,5 impaired secretion of
adipocytokine6–8 or incretin,9,10 and systemic low chronic inflam-
mation11,12 contribute to the development of CRC or colorectal
adenoma, which is a well-known precancerous lesion of CRC.

Obesity, physical activity, and dietary patterns may affect
the gut microbiome.13,14 Obesity has been associated with
phylum-level changes and reduced the diversity of the gut micro-
biome.15 The relative abundance of the phylum Firmicutes and the
phylum Bacteroidetes was increased in obese individuals com-
pared with lean individuals; this proportion decreased with weight
loss achieved by a fat-restricted or carbohydrate-restricted low-
calorie diet.16 Microbiome transplantation was demonstrated to
change the capacity for energy harvest from the diet17 or insulin
resistance.18 Several studies have shown the association between
weight loss and enrichment of Akkermansia muciniphila, the
administration of which may prevent the development of obesity
and its complications.19 This evidence implies the significant role
of microbial composition in the pathogenesis of obesity. However,
another study reported no relationship between body mass index
and the ratio of Firmicutes/Bacteroidetes in Japanese individuals.20

To understand the influence of a microbiome on obesity, studies
must investigate the relationships in various environments consid-
ering factors such as race; lifestyle, including diet and physical
activity; socioeconomic status; and disease.

Emerging evidence suggests that the gut microbiome is
also associated with increasing risk of CRC development.13,21,22

In patients with CRC, a higher abundance of Fusobacterium
nucleatum has been associated with unfavorable outcomes.23,24

Enrichment of F. nucleatum on CRC tissue altered recruitment
of tumor-infiltrating immune cells, resulting in attenuation of the
antitumor immune response.25,26 Several specific bacteria,
including Streptococcus bovis, Helicobacter pylori, Bacteroides
fragilis, E. faecalis, Clostridium septicum, and Escherichia coli,
have been identified and are suspected to play a role in CRC
development.27 In addition, recent large-cohort multiomics data
indicated that shifts in the microbiome and metabolome were
apparent in cases of colorectal adenomas and intramucosal carci-
nomas, in addition to more advanced lesions.28

These findings seem to provide new opportunities to take
advantage of the existing knowledge of the gut microbiome for
the pathogenesis of obesity-related CRC development. However,
the characteristics of the microbiome in obese patients with CRC
remain vastly underexplored. Therefore, this study evaluated the
gut microbiome profile and its relationship with metabolic
markers in obese patients with CRC.

Methods

Study population. From June 2018 to July 2019, fecal sam-
ples were obtained from 36 consecutive patients with CRC at
Yamagata University Hospital, Yamagata, Japan, and 38 individ-
uals without CRC (controls) as confirmed on total colonoscopy
as part of the health checkup conducted at Tohoku Central Hos-
pital, Yamagata. The control participants in the present study

were asymptomatic adults who underwent health checkups; they
were not patients who visited the hospital. No obvious gastroin-
testinal abnormalities were found in the results of the health
checkups, including colonoscopy. Exclusion criteria included a
history of bowel resection, inflammatory bowel disease, and irri-
table bowel syndrome for both groups and a history or diagnosis
of malignant neoplasm in the controls. None of the participants
were taking antibiotics or acid-suppressing drugs or were under-
going antiobesity treatment.

This study was approved by the Ethics Committee of
Yamagata University Faculty of Medicine (#2018-260) and
Tohoku Central Hospital (#807-6) and was conducted in accor-
dance with the Declaration of Helsinki. Written informed consent
was obtained from all participants before beginning the study.

Methods for obtaining clinical data, colonoscopy, and
stool collection are described in the Supporting information.

Stool DNA extraction. Fecal DNA was isolated using the
KingFisher Duo Prime Purification System with MagMAX
CORE Nucleic Acid Purification kit (Thermo Fisher Scientific,
Waltham, MA, USA). Approximately 120 μL of the stored fecal
sample was mixed with one volume of sterilized phosphate-
buffered salts; the supernatant was collected after centrifugation
at 100g for 1 min and then incubated at 55�C for 30 min after
mixing with both 10 μL of proteinase K and its buffer. The mix-
ture was centrifuged at 15000g for 2 min; then, the supernatant
was collected. The subsequent extraction procedure was per-
formed according to the manufacturer’s instructions. The yield
and quality of the extracted DNA were evaluated with the Qubit
HS assay kit (Thermo Fisher Scientific).

Sequencing of 16S rRNA gene. Multiplex polymerase
chain reactions (PCRs) were performed for the purified DNA
samples using two primer pools corresponding to the V2, V4,
and V8 regions (size of amplicon was 250 base pairs [bp],
288 bp, and 295 bp, respectively) or V3, V6–7, and V9 regions
(sizes of amplicon were 215 bp, 260 bp, and 209 bp, respec-
tively) of the 16S rRNA (16S metagenomics kit, Thermo Fisher
Scientific). According to the procedure manual of the Ion
AmpliSeq library kit (Thermo Fisher Scientific), adapter
sequences were added to the PCR products to obtain sequence
libraries. To ensure the quality and size of each library, digital
electrophoresis using a D1000 ScreenTape on a 2200 Tape Sta-
tion (Agilent Technologies, Santa Clara, CA, USA) was per-
formed. Amplified 30–140 pM libraries were submitted to
emulsion PCR. After purification using biotin-coated beads, the
PCR products were loaded onto an Ion P1 chip v3. Ion semicon-
ductor sequencing was performed using Ion Proton (Thermo
Fisher Scientific). To obtain taxonomy assignment, >101 bp read
lengths in sequence files were run through the assembly pro-
grams constructed with Bowtie2 version 2.3.5 program along
with consecutive mapping on Greengenes database (published
May 2011, including 16Sr RNA gene sequence information of
406 998 strains). The read depths against the 16S rRNA gene
regions were calculated by using the bedtools software version
2.29.0. To optimize mapping, microbiome data were used that
could confirm multiple reads in �3 bp over the size of amplicon
against the V1–V9 regions using the In House R script.
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Statistical analysis. Continuous variables and categorical
variables were analyzed using the two-tailed Wilcoxon test and
the Fisher exact test, respectively. Multiple comparisons were
performed using the Kruskal–Wallis test to compare continuous
variables following a post-hoc Steel–Dwass test. A value of
P < 0.05 was considered statistically significant. Statistical calcu-
lations were conducted using JMP 14 (SAS Institute) and R pro-
gramming language software, version 3.6.1.

Results

Select characteristics of participants. In the patients
with CRC (n = 36), the number of current smokers and those
with diabetes or hyperlipidemia; median age; concentrations of
fasting plasma glucose (FPG), fasting plasma insulin (FPI), and
hemoglobin A1c (HbA1c); and the homeostasis model assess-
ment of insulin resistance (HOMA-IR) were significantly higher,
whereas body mass index (BMI), total cholesterol (TC), and
high-density lipoprotein (HDL) and low-density lipoprotein
(LDL) concentrations were significantly lower versus controls

(n = 38, Table S1, Supporting information). No significant differ-
ences were observed between patients with CRC and controls for
the proportion of participants who were male, obese, or a current
drinker or for triglyceride (TG) concentrations. In the controls,
the proportion of males, FPI and TG concentrations, and
HOMA-IR were significantly higher, whereas HDL concentration
was lower in obese (n = 17) versus nonobese participants
(n = 21, Table S2). In patients with CRC, no significant differ-
ences were noted in clinical characteristics and CRC stages
between obese (n = 9) and nonobese (n = 27) participants. In
obese participants, mean age, the proportion of diabetes and
hyperlipidemia, and FPG concentrations were higher, whereas
TC and LDL concentrations were lower in patients with CRC
versus controls.

Altered diversity of the gut microbiome in
patients with CRC. Principal coordinates analysis demon-
strated a significant difference in the overall microbiota structure
between patients with CRC and controls (Fig. 1a) or between
obese and nonobese participants in each group (Fig. 1b,c) or

Figure 1 Principal coordinate analysis to assess the beta diversity based on OTU abundance at the genus levels. Unweighted UniFrac distances
were calculated between the patients with CRC (cross) and the controls (circle) (a), or between obese (pink) and nonobese participants (blue) in con-
trols (b) or patients with CRC (c), or between obese patients with CRC and obese controls (d). Microbial structural differences were observed in each
of the comparisons. Controls, individuals without colorectal cancer; CRC, colorectal cancer; OTU, operational taxonomic unit; PC, principal compo-
nent. , Non-obese control; , obese control; , non-obese CRC; , obese CRC.
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between obese patients with CRC and obese controls (Fig. 1d).
The median Shannon index, which estimated both operational
taxonomic unit (OTU) evenness and richness, tended to be
higher in patients with CRC (Fig. 2a, Table S3). No significant
intergroup differences in the Shannon index were observed
between nonobese and obese controls or patients with CRC
(Fig. 2b). The median Chao1 index, which estimated OTU rich-
ness, was significantly higher in patients with CRC versus con-
trols (Fig. 2c). In either nonobese or obese participants, the
median Chao1 index tended to be higher in patients with CRC
versus controls (Fig. 2d).

Characteristics of gut microbiome in obese
patients with CRC. The relative abundance rates
(Tables S4,S5) of the phyla Actinobacteria, Fusobacteria, and
Tenericutes were significantly higher in patients with CRC versus
controls (Fig. 3a,b). Relative abundance rates of 38 genera were
significantly higher, whereas those of 9 genera were significantly
lower in patients with CRC versus controls (Fig. 4, Table S6). In

patients with CRC, comparison of these genera between obese
and nonobese participants revealed that the relative abundance of
the genus Enterococcus was significantly lower in obese patients,
whereas the relative abundance of the genera Capnocytophaga
and Polaribacter were significantly higher in obese patients with
CRC (Fig. 5a–c, Table S7). In controls, no significant differences
were observed in the relative abundance of Enterococcus and
Capnocytophaga between obese and nonobese participants
(Fig. 5d,e). The genus Polaribacter was observed in none of the
controls nor in seven patients (19.4%) with CRC.

Relationship between genera and metabolic fac-
tors in patients with CRC. For Enterococcus, Cap-
nocytophaga, and Polaribacter, the relative abundance of which
was significantly altered in obese patients with CRC, their corre-
lation with metabolic factors was evaluated. The relative abun-
dance of the genus Enterococcus positively correlated with LDL
concentrations in patients with CRC (Fig. 6a, Table S8), particu-
larly in obese patients (Fig. 6b).

Figure 2 Alpha diversity in the patients with CRC and the controls with or without obesity. The observed Shannon and Chao1 phylogenetic diver-
sity indices were calculated by the “vegan” version 2.5-6 package of R version 3.6.1. The line inside the box represents the median, while the whis-
kers represent the lowest and highest values within the 1.5 IQR (Table S3). No significant differences were observed in the median Shannon index
among the groups (a, b). The median Chao1 index was significantly higher in patients with CRC versus controls (c) in either case of nonobese or
obese participants (d; Kruskal–Wallis test, P = 0.02; Steel–Dwass test showed no significant differences among the groups). No significant inter-
group differences were noted in the Choa1 index between nonobese and obese controls or patients with CRC. **P < 0.01. CRC, colorectal cancer;
IQR, internal quartile range.
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Enterococcus species in obese patients with CRC.
The most abundant species in the genus Enterococcus was
E. faecalis, which was significantly lower in obese versus nonob-
ese patients with CRC (Fig. 7a). In controls, the relative abun-
dance of E. faecalis was higher in obese versus nonobese
participants. The relative abundance of E. faecalis against all
microbiome components in the present study was significantly
lower in obese versus nonobese patients with CRC (Fig. 7b); in
contrast, no significant difference was observed in those compo-
nents between obese and nonobese controls. Furthermore, no sig-
nificant differences were found in the relative abundance of
E. faecalis among the CRC stages (Fig. S1) and participant ages
(Fig. S2), although patients with CRC were significantly older

than controls. No significant differences were noted in the rela-
tive abundance of the other identified Enterococcus species
between obese and nonobese patients with CRC.

Discussion
In the present study, the gut microbiome compositions were
altered between obese and nonobese participants both in the con-
trols and in patients with CRC. Increased diversity of the gut
microbiome was observed in patients with CRC. The relative
abundance of the genera Enterococcus, Capnocytophaga, and
Polaribacter was significantly altered in obese patients with
CRC. Furthermore, these results were the first to demonstrate the
correlation between serum LDL concentrations and the relative
abundance of the genus Enterococcus and that E. faecalis was
significantly reduced in obese patients with CRC. Thus, the pre-
sent study is the first to describe the association of E. faecalis in
obesity-related CRC development.

A meta-analysis showed that the gut microbiome in
patients with CRC had higher richness than in controls, partly
due to expansions of species typically derived from the oral cav-
ity.28 In the present study, the estimated α-diversity, assessed by
the Chao1 index or Shannon index, was higher in patients with
CRC than in controls. The α-diversity has been shown to be
decreased in obese patients.29 In the present study, lower
α-diversity was observed in obese versus nonobese participants
both in the control and CRC groups, although no significant dif-
ferences were noted. Principal component analysis revealed dif-
ferences in the gut microbiota composition between controls and
patients with CRC for either nonobese or obese cases. The gut
microbiome in obese patients with CRC had unique characteris-
tics that may be associated with the development of obesity-
related CRC.

Consistent with the previous reports,28,30–34 this study
could identify associations between patients with CRC and the
phyla Fusobacteria and several genera: Alistipe, Anaerotruncus,
Campylobacter, Collinsella, Enterococcus, Fusobacterium, Gem-
ella, Porphyromonas, Roseburia, Ruminococcus, and Streptococ-
cus. In particular, the association between Fusobacterium31,32,34

or Enterococcus30,35 and CRC development has been well stud-
ied. In addition to these bacteria, an association was found
between 36 genera and the patients with CRC; these candidate
genera have potential roles to enhance CRC development. The
present study included a limited number of participants and
focused on the analysis of obese patients with CRC. Additional
validation studies are therefore required to establish these associ-
ations because they may be influenced by various environmental
factors such as dietary habits, drug treatments, and lifestyle, all
of which are known to have an impact on microbiota
composition.36

The relative abundance of the genera Polaribacter and
Capnocytophaga was significantly higher in obese versus nonob-
ese patients with CRC in the present study. Polaribacter has
been detected in the small intestine of mice,37 but to date, no
reports have shown the association between this genus and obe-
sity or CRC. The genus Capnocytophaga is the oral microbiota.
The increased abundance of Capnocytophaga is reported to be
associated in obese patients who have periodontal disease,38 in
individuals with diabetes,39 and in hyperglycemic individuals.39

Figure 3 Phylum-level microbial composition. The phylum-level taxo-
nomic composition of all participants (a). Comparison between the
patients with CRC and the controls; the median relative abundances of
the phyla Actinobacteria (P = 0.03), Fusobacteria (P < 0.001), and
Tenericutes (P < 0.001) were significantly higher, whereas no signifi-
cant differences were observed in the median relative abundance of
the phyla Firmicutes (P = 0.42), Bacteroidetes (P = 0.16), Prote-
obacteria (P = 0.77), and Cyanobacteria (P = 0.21). *P < 0.05,
**P < 0.01. CRC, colorectal cancer. , Firmicutes; , Bacteroidetes; ,
Actinobacteria; , Proteobacteria; , Fusobacteria; , Tenericutes; ,
Cyanobacteria; , others.
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Diabetic or hyperglycemic individuals are known to have an
increased risk of CRC development. These findings imply the
important roles of the oral microbiota Capnocytophaga in the
development of obesity-related CRC, similar to Fusobacterium,
which is also one of the periodontal pathogens known to be asso-
ciated with type 2 diabetes or hyperglycemia40 and CRC
development.24,25,34

In the present study, the relative abundance of the genus
Enterococcus was reduced in obese patients with CRC and was
positively correlated with LDL concentrations, particularly in
obese patients with CRC. The most abundant species in the
genus Enterococcus was E. faecalis. Administration of heat-
treated E. faecalis FK-23 (FK-23) inhibits body weight gain in
high-fat diet (HFD)-induced mice.41 In general, patients with
CRC, especially with advanced disease, tended to reduce their
body weight. Reduced E. faecalis in obese patients with CRC
may have an inhibitory effect on their body weight loss. Further-
more, FK-23 supplementation in mice could attenuate HFD-
induced liver steatosis by upregulating gene expression involved

in lipid metabolism, such as acetyl-CoA carboxylase and fatty
acid synthase.41 The E. faecalis strain ATCC19433 may exert
cholesterol-lowering effects on hypercholesterolemic mice by
promoting ATP-binding cassette subfamily G member
5/8-mediated cholesterol transportation.42 Aligned with these
findings, E. faecalis seems to have a serum cholesterol-lowing
effect. However, abundance of the genus Enterococcus was posi-
tively correlated with serum LDL concentrations in patients with
CRC, particularly in the obese patients in the present study. The
potential effect of E. faecalis on cholesterol metabolism may dif-
fer for patients with CRC.

Several studies demonstrated the association between
E. faecalis and CRC development. In a human study, E. faecalis
was significantly increased in patients with CRC compared with
healthy individuals.35,43 The E. faecalis strain OG1RF could pro-
duce an extracellular free radical that promotes chromosomal
instability associated with CRC development in intestinal epithe-
lial cell lines and a rat model of intestinal colonization.44 M1
macrophages, which are polarized by the E. faecalis strain

Figure 4 Heatmap visualizing the Z-score distribution of the genera in patients with colorectal cancer (CRC) and the controls. The Z-scores were
used to assess the observation’s deviation of microbiome components from the mean values. The proportion of 38 genera (violet-red) was signifi-
cantly higher in the patients with CRC than in the controls: Lactobacillus, Fusobacterium, Lysinibacillus, Bulleidia, Collinsella, Enterococcus, Strepto-
coccus, Anaerotruncus, Tepidimonas, Staphylococcus, Dermatophilus, Gemella, Polaribacter, Bacillus, Corynebacterium, Campylobacter,
Capnocytophaga, Sedimentibacter, Polynucleobacter, Propionibacterium, Saccharomonospora, Paludibacter, Ruminococcus, Gallibacterium, Can-
didatus Regiella, Acholeplasma, Tetragenococcus, Alteromonas, Nitrosovibrio, Alistipes, Oscillospira, Peptoniphilus, Micrococcus, Desemzia,
Porphyromonas, Nitrosococcus, Natronincola, and Odoribacter. In contrast, the proportion of nine genera (blue) was significantly lower in patients
with CRC: Lactococcus, Roseburia, Curvibacter, Lachnospira, Haemophilus, Alishewanella, Ewingella, Mitsuokella, and Diaphorobacter.
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OG1RFSS, activate Wnt/β-catenin signaling in murine primary
colon epithelial cells and enhance the expression of transcription
factors involved in induced pluripotency and CRC stem cell
markers.45 These findings might promote the role of E. faecalis
in the carcinogenesis of CRC. In contrast, it has been reported
that the heat-killed E. faecalis strain EC-12 suppresses intestinal
polyp development in ApcMin/+ mice, partially due to attenuated
β-catenin signaling.46 Furthermore, the heat-killed E. faecalis
strain KH2 may attenuate NLRP3 inflammasome activation in
macrophages and ameliorate the severity of dextran sulfate
sodium-induced colitis and the development of colitis-associated
CRC in mice.47 These conflicting roles of E. faecalis in CRC
development may be attributed to the different isolated and
investigated strains.48,49 Given that obesity leads to increased risk
for CRC, the authors of the present study speculated that reduced
E. faecalis in obese patients with CRC could be a promoting fac-
tor for the development of obesity-related CRC.

No significant differences were noted in the relative abun-
dance of E. faecalis among the CRC stages in the present study.
In either stage, the relative abundance of E. faecalis tended to be
lower in obese versus nonobese patients with CRC. Reduced
E. faecalis was widely observed from the early to the advanced

stages of disease. Reduction of E. faecalis thus seems to be asso-
ciated with CRC promotion rather than the results of CRC
progression.

Age may have an impact on the abundance of E. faecalis.
In fact, the patients with CRC were significantly older than the
controls. However, no significant correlation was noted between
the relative abundance of E. faecalis and age for either patients
with CRC or controls. In the patients with CRC, the relative
abundance of E. faecalis tended to be lower in obese versus non-
obese patients despite age. Therefore, age did not appear to be
major potential confounding factor affecting the link between
the abundance of E. faecalis and obesity-related CRC
development.

In the present study, patients with CRC were older and
had a lower proportion of obesity and lower BMI than con-
trols. However, abnormalities in glucose metabolism and high
insulin resistance were found. Aging and reduced food intake
due to CRC development may have altered the weight of
patients with CRC, particularly in the advanced stage. Never-
theless, glucose intolerance and insulin resistance were
observed in patients with CRC, which is consistent with previ-
ous reports4–12 that metabolic abnormalities associated with

Figure 5 Comparison of the genera between obese and nonobese patients with colorectal cancer (CRC). In the obese patients with CRC, the
genus Enterococcus (P = 0.04) was significantly lower, and the genera Polaribacter (P = 0.03) and Capnocytophaga (P = 0.03) were significantly
higher than in the nonobese patients with CRC. In the controls, no significant differences were observed in the genera Enterococcus (P = 0.65) and
Capnocytophaga (P = 0.74) between obese and nonobese participants. None of the controls has Polaribacter. *P < 0.05.
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obesity are independent risk factors of CRC development. In
addition, TC and LDL levels were lower in patients with CRC
than in controls, which may be attributable to the higher pro-
portion of patients with hyperlipidemia in the CRC group. In
the present study, we evaluated microbiome features of
patients with obesity-related CRC by comparing obese and
nonobese individuals in the control and CRC groups, respec-
tively. Although age and CRC stage had no significant effect
on microbiome features, the replication of these alterations
must be confirmed in a well-controlled study using a popula-
tion with weight changes and treatment details.

This study has several important limitations. First, observa-
tions were restricted to the limited number of participants, which
may affect the conclusions. Various factors, such as food, exercise
habits, race, lifestyle, physical activity, environment, drug, and
bowel habits, impact the composition of the gut microbiome. In

the present study, we could not perform a comparison by adjusting
for all these factors. Future studies with larger populations and
adjustments to various environments are required to verify these
results. Second, this observational study could not evaluate the
causal relationship. Microbiome alterations observed in the present
study may have a combined effect on both CRC development and
obesity. However, the relative abundance of Enterococcus was sig-
nificantly lower in obese patients with CRC, although no signifi-
cant difference in its relative abundance was found between the
obese and nonobese participants in the control group. Moreover,
the relative abundance of E. faecalis was significantly lower in
obese patients with CRC. Therefore, we believe that this micro-
biome alteration may be a specific finding in patients with obesity-
related CRC rather than in those with CRC or obesity alone. Obe-
sity is a well-known risk factor of CRC development but does not
always lead to CRC, and some specific findings might lead to

Figure 6 Association with metabolic markers. The Spearman correlation coefficient was used for metabolic markers to assess the correlations (a).
The genus Polaribacter was observed in none of the controls. In the patients with CRC, particularly in the obese patients, the LDL concentrations
were associated with the relative abundance of the genus Enterococcus (b). No strong correlation between the relative abundance of the genus
Capnocytophaga or Polaribacter and metabolic markers, including FPG, HbA1c, FPI, TG, TC, HDL, and LDL concentrations and HOMA-IR, was
observed in patients with CRC. In controls, no significant correlation between the genus Enterococcus or Capnocytophaga and metabolic markers
was noted. CRC, colorectal cancer; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; NA, not applicable; TC, total cholesterol; TG, triglyceride.
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obesity-related CRC development. Thus, we believe that
E. faecalis may play a role in its pathogenesis. Further investiga-
tions must clarify the mechanisms underlying the association
between the microbiome alteration, especially E. faecalis, and the
development of obesity-associated CRC. In addition to the analysis
of the composition of gut microbiome, examinations of the func-
tional characteristics such as metabolites and meta-transcriptomes
would help in the understanding of the mechanisms.

In conclusion, this study described several compositional
alterations, including the genera Enterococcus, Polaribacter, and
Capnocytophaga, in obese patients with CRC in whom
E. faecalis was reduced. Thus, E. faecalis may be an active par-
ticipant in the development of obesity-related CRC. Understand-
ing how the gut microbiome communicates the link between
obesity and colorectal carcinogenesis may provide an opportunity
to better describe the mechanistic insights into obesity-related
colorectal carcinogenesis and to identify potential significant
implications for therapeutic strategies for CRC.
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