EXPERIMENTAL AND THERAPEUTIC MEDICINE 16: 856-866, 2018

Association analysis of dietary habits with
gut microbiota of a native Chinese community

LEIMIN QIAN'?, RENYUAN GAO’*, LEIMING HONG>*, CHENG PAN>#,
HAO LI**, JIANMING HUANG? and HUANLONG QIN!~#

lDepartment of General Surgery, The Affiliated Shanghai No. 10 People's Hospital of Nanjing Medical University,

Shanghai 200072; 2Depa.rtment of Gastrointestinal Surgery, Jiangyin People's Hospital, Jiangyin, Jiangsu 214400;
3The Tenth People's Hospital Affiliated to Tongji University, Shanghai 200072; *Research Institute of
Intestinal Diseases, School of Medicine Tongji University, Shanghai 200092, P.R. China

Received November 20, 2017; Accepted May 22, 2018

DOI: 10.3892/etm.2018.6249

Abstract. Environmental exposure, including a high-fat diet
(HFD), contributes to the high prevalence of colorectal cancer
by changing the composition of the intestinal microbiota.
However, data examining the interaction between dietary
habits and intestinal microbiota of the Chinese population
is sparse. We assessed dietary habits using a food frequency
questionnaire (FFQ) in native Chinese community volunteers.
Based on the dietary fat content determined using the FFQ,
the volunteers were divided into HFD group (=40% of dietary
calories came from fat) or low-fat diet (LFD) group (<40%).
Fecal and colonic mucosal microbiota composition was deter-
mined using 16S rDNA based methods. In stool matter of HFD
group, Prevotella and Abiotrophia showed significantly higher
abundance, whereas unclassified genus of S24-7 (family level)
of Bacteroidetes, Gemmiger, Akkermansia and Rothia were
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less abundant. On colonic mucosal tissue testing, unclassified
genus of S24-7 showed significantly higher abundance while
Bacteroides, Coprobacter, Abiotrophia, and Asteroleplasma
were less abundant in HFD group. A high fat and low fiber
diet in a native Chinese community may partially contribute
to changes of intestinal microbiota composition that may
potentially favor the onset and progression of gastrointestinal
disorders including inflammatory, hyperplastic and neoplastic
diseases.

Introduction

Colorectal cancer (CRC) is the second leading cause of
gastrointestinal tumors with an estimated 380,000 newly
diagnosed cases in China in 2011 (1). In addition to genetics,
environmental factors, such as lifestyle and dietary habits, are
associated with CRC development (2,3). Colonic epithelium
is exposed to digested food substances, which may initiate
cellular transformation and tumor progression through a
variety of direct or indirect processes. It has been suggested
that in these processes, the intestinal microbiota plays an
important role. With the aid of genetic 16S ribosomal RNA
polymerase technique, intestinal dysbiosis has been detected in
CRC-associated gut diseases, such as irritable bowel syndrome
(IBS) (4,5), inflammatory bowel diseases (IBD) (6-8) and
Clostridium difficile associated diarrhea (CDAD) (9). Howe-
ver, it is interesting to note that most of the studies on intestinal
micro biota have been conducted on CRC patients with sparse
knowledge regarding microbiota in healthy human popula-
tions (10).

Dietary fat is the third major source of energy in humans.
Ingested fat is conjugated to bile acids, which transform fat into
bioactive metabolites absorbed by the intestinal epithelial cells.
Primary bile acids that escape intestinal absorption undergo
microbe-mediated enzymatic deconjugation in the terminal
ileum or colon and hence produce secondary bile acids, which
are potentially carcinogenic and have been implicated in the
etiology of CRC and other GI diseases (11,12). Key microbiota
responsible for deconjugation of primary bile acids from
taurine and glycine have been identified as Bifidobacterium,
Lactobacillus and Bacteroides (13). Numerous lipids with
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biological activity are also produced by bacteria, including
lipopolysaccharide (LPS), a component of the cell wall of gram
negative bacteria, which can result in tissue inflammation in
the gut and other organs, chronic low grade systemic inflam-
mation in particular, and initiate the development of many
metabolic diseases. Consequently, dietary fat can influence the
composition and metabolic activity of the gut microbiota and
an imbalance in microbiota can adversely impact the digestion
and absorption of fat.

Consumption of a high-fat, low-fiber diet has been shown
to be associated with various pathologies, including obesity,
diabetes, hypertension, cardio-cerebrovascular disease and
cancer. A high-fat diet (HFD) affects the colonic environ-
ment by increasing exposure to mutagens such as heterocyclic
amines (HCAs) formed during the cooking and processing of
meat (14,15), and by affecting the composition and diversity
of gut microbiota in CRC populations (2,16-18). Two studies
in inbred mice and human have shown that the shift of dietary
macronutrients could significantly alter the gut microbiota
within a single day (19,20). However, it remains unclear how
the gut microbiota respond to a HFD and low-fat diet (LFD) in
healthy individuals. In this study, we investigated the changes
of gut microbiota composition upon the differences in the fat
content of the diet in a Chinese community.

Patients and methods

Target population. We enrolled volunteers in the age group of
45-65 years (high risk group for cancer as per World Health
Organization guidelines) (21) with a BMI of 18.5-30 kg/m?,
and able to provide written consent and information regarding
basic demographic data as well as dietary history. We excluded
subjects who had congenital intestinal defects and or previous
gastrointestinal operation(s); chronic gastrointestinal diseases
such as inflammatory bowel disease; acute gastrointestinal
diseases including acute gastroenteritis and/or ulcers; a
prior diagnosis of any cancers; history of hospitalization or
use of systemic antibiotics, lipid-lowering agent, probiotics
and prebiotics within the past six weeks and non-steroidal
anti-inflammatory drugs (NSAIDs) within the past four weeks;
and HIV infection. This study was approved by the Institutional
Review Boards of Shanghai Tenth People's Hospital (Shanghai,
China) and Jiangyin People's Hospital (Jiangyin, China).
Ultimately, twenty-nine volunteers were approached to
participate in the study through local community health
service center. After enrollment, each volunteer received a
study kit including all the questionnaires and a sterile stool
collection kit. This study used the self-administered Block 95
food frequency questionnaire (FFQ) to assess the dietary
habits for the last one year of enrolled subjects (22,23). The
amount of fat, carbohydrate, proteins and dietary fiber in
various food products consumed daily were analyzed using the
criteria of China Food Composition (Book 1.2nd Edition) and
the energy yield of the first three nutrients was derived (9, 4
and 4 kcal/g, respectively). Based on the dietary fat content
determined using the FFQ, the volunteers were divided into
HFD group (=40% of dietary calories came from fat) or LFD
group (<40%). Demographic information, familial medical
history (e.g., familial gastrointestinal tumors, hypertension
and diabetes) and other lifestyles including smoking, alcohol
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consumption, intensity of physical labor and exercise, were
assessed using a scalable questionnaire specifically devel-
oped for this study. Physical examination including height,
weight, waist circumference and hip circumference were also
recorded. The background information of the two groups is
shown in Table I.

Stool collection and colonic mucosal tissue sampling. After
filling out the questionnaires, a freshly voided stool sample was
collected from volunteers. Out of 14 volunteers in LFD group,
3 subjects have no stool specimens but perform biopsies of
intestinal mucosa which are used for analysis of mucosa-asso-
ciated microbiota. Finally, 15 stool samples from HFD group
and 11 from LFD group were obtained. All sample kits were
immediately placed in an incubator containing several ice
packs and then transported to the laboratory within two hours.
Upon arrival in the laboratory, each sample was immediately
homogenized in a number of microtubes and frozen at -80°C
waiting for microbiota analysis.

In order to visualize the intestinal mucosa and collect
colonic mucosal tissue, colonoscopic examination and biopsy
were performed. Before the procedure, the subjects were
provided with comprehensive health education including
procedural information and related potential hazards, and
written informed consent was obtained. Final only 24 subjects
(13 and 11 for HFD and LFD groups, respectively) gave cons-
ent for biopsy. Colonoscopy data showed higher incidence of
abnormalities in HFD group including polyps mainly, diver-
ticula and colitis. Most polyps were found under 0.5 cm in
diameter and pathologically classified as mixed polyps and
low-grade intraepithelial neoplasia (data not shown). Biopsies
were obtained from the ascending colon with biopsy forceps.
The normal colonic tissue samples were placed into sterile
microtubes and then promptly transported to a Thermos
bottle containing liquid nitrogen. Finally, the tissue samples
were frozen -80°C together with stool samples for microbiota
analysis.

Microbiota analysis

DNA extractions. DNA from stool samples and normal colonic
mucosal tissue samples, most of which were collected from
the same volunteers, was extracted using the Micro Elute
Genomic DNA kit (D3096-01; Omega Bio-Tek, Inc., Norcross,
GA, USA) according to the manufacturer's instructions. The
reagent used to isolate DNA from trace amounts of sample
was effective for the preparation of DNA of the majority of
bacteria. Sample blanks consisted of unused swabs processed
through DNA extraction and were tested to contain no 16S
amplicons. The total DNA was eluted in 50 ul of elution buffer
by modification of the procedure described by manufacturer
(Qiagen, Hilden, Germany) and stored at -80°C until measure-
ment in the PCR by LC-Bio (Hangzhou, China).

PCR amplification and 16S rDNA sequencing. Using total
DNA from the samples as a template and the primer (319
forward, 5'-ACTCCTACGGGAGGCAGCAG-3"; 806 reverse,
5'-GGACTACHVGGGTWTCTAAT-3"), we amplified the
V3-V4 region of the bacterial 16S rRNA. All reactions were
carried out in 25 pl (total volume) mixtures containing approx-
imately 25 ng of genomic DNA extract, 12.5 ul PCR Premix,
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Table I. Background information in LFD and HFD volunteers.

Physical exercise

Physical
labor intensity

intensity

Current or

Less or Less or

past alcohol

Current or past

Hip Familial medical

Waist

circumference (cm) circumference (cm)

Weight BMI
(kg/m?)

Age
(years)

Sex ratio
(male/female)

Higher none

none

smokers (%)  drinkers (%) More

history (%)

(kg)

n

Groups
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9
7

4 (28.6) 4 (28.6)

8 (57.1)
10 (66.7)

95.7+6.1

84.6+8.3

579+5.7 634+79 23.8+2.5

777
7/8

14
15

LFD

8(53.3)

7 (46.7)

62.8+7.5 24.7+3.6 86.1+8.8 97.4+5.2

51.546.1

HFD

LFD, low-fat diet; HFD, high-fat diet; BMI, body mass index.

2.5 ul of each primer, and PCR-grade water to adjust the
volume. PCR reactions were performed in a MasterCycler
Gradient Thermal Cycler (Eppendorf, Hamburg, Germany)
set to the following conditions: initial denaturation at 98°C
for 30 sec; 35 cycles of denaturation at 98°C for 10 sec,
annealing at 54/52°C for 30 sec, extension at 72°C for 45 sec;
and then final extension at 72°C for 10 min. The PCR prod-
ucts were identified using 2% agarose gel electrophoresis.
Throughout the DNA extraction process, ultrapure water,
instead of the sample solution, was used to exclude the possi-
bility of false-positive PCR results as a negative control.
PCR products were normalized by AxyPrep™ Mag PCR
Normalizer (Axygen Biosciences, Union City, CA, USA),
which allowed us to skip the quantification step, regardless
of the PCR volume submitted for sequencing. The amplicon
pools were prepared for sequencing with AMPure XT beads
(Beckman Coulter Genomics, Danvers, MA, USA) and the
size and quantity of the amplicon library were assessed on
the LabChip GX (Perkin Elmer, Waltham, MA, USA) and
with the Library Quantification kit for Illumina
(Kapa Biosciences, Woburn, MA, USA), respectively. PhiX
Control library (v3) (Illumina, San Diego, CA, USA) was
combined with the amplicon library (expected at 30%). The
library was clustered to a density of ~570 K/mm?. The
libraries were sequenced on 300PE MiSeq runs and one
library was sequenced with both protocols using the stan-
dard Illumina sequencing primers, eliminating the need for a
third or fourth index read.

Bioinformatic analysis. High-quality 300 bp paired-end
reads (300 PEs) were overlapped by ~90 bp. The assembled
sequences were clustered by using the CD-hit-est based
clustering method (24). Software PyNAST (http:/qiime.org/
pynast/) was used to analyze and calculate the numbers of
sequence and operational taxonomic units (OTUs) for each
sample. Subsequently, the species abundance and distribu-
tion were analyzed followed by cluster analysis. After cluster
analysis, the sequences were grouped into various OTUs
using Felsentein-corrected similarity matrices such that
the sequences within an OTU share at least 97% similarity.
The Ribosomal Database Project (RDP) classifier was used
to classify the 16S rDNA into distinct taxonomic category
by aligning sequences to a curated database of taxonomi-
cally annotated sequences. All 16S rDNA sequences were
mapped to the RDP database using BLASTN in order to
achieve taxonomic assignments. Sequences >97% identity
were used to associate a group of OTUs to specific species,
while those with <97% identity were considered novel reads.
The rank abundance curve was made to roughly assess
species abundance and species uniformity. The microbial
o diversity in individual stool and colonic mucosal tissue
samples was estimated using rarefaction analysis, including
four indices: Observed_species, Shannon, Simpson and
Chaol indexes. We used three different algorithms to
calculate the distance matrices between the samples:
Euclidean, unweighted_unifrac, and weighted_unifrac. The
Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) for clustering of samples was also carried out
on Euclidean, unweighted_unifrac and weighted_unifrac
matrices. Correspondingly, principal coordinates were
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Figure 1. Analysis of sequences and OTU distribution in each of the 26 stool samples and the 24 colonic mucosal tissue samples. (A) The number of
sequences at two intervals of 300-400 bp and 400-500 bp in each sample. (B) Venn diagram of OTUs defined at 97% similarity level. Red indicating stool
samples of high-fat diet group (abbreviated as S-HFD); green stool samples of low-fat diet group (S-LFD); blue colon mucosa tissue samples of high-fat diet
group (T-HFD) and purple colon mucosa tissue samples of low-fat diet group (T-LFD). (C) Species accumulation curve. OTU, operational taxonomic unit;

HDF, high-fat diet; LFD, low-fat diet.

computed for above three distance matrices and used to
generate Principal Coordinate Analysis (PCoA) plots. A
metagenomic biomarker discovery approach was employed
with LEfSe [linear discriminant analysis (LDA) coupled with
effect size measurement] which performed a non-parametric
Wilcoxon sum-rank test followed by LDA analysis using
online software (http://huttenhower.sph.harvard.edu/galaxy/)
to assess the effect size of each differentially abundant taxon.

Statistical analysis. Statistical analysis was performed using
the Statistical Package for Social Sciences (SPSS) version 19.0
(SPSS, Inc., Chicago, IL, USA). Data were presented as
mean =+ standard error of the mean (SEM) for continuous
variables, and as percentages for categorical variables. The
Student's t-test or Wilcoxon's rank sum test was used to analyze
intergroup differences in continuous variables, and categorical
variables were compared using Chi-square and ANOVA was
used for multiple comparison using Fisher's exact tests as
a post hoc test. The relative abundances of stool and tissue
bacteria were compared between HFD and LFD groups using
the Mann-Whitney and Wilcoxon's tests. The level of signifi-
cance was set at P-value <0.05.

Results

Comparison of richness and diversity of gut microbiota
sequencing. To characterize the pattern of microbiota,
we performed 16S ribosomal DNA gene sequencing on
50 samples including 26 stool samples and 24 colonic mucosal
tissues collected from the HFD and LFD groups. On a whole,
2,799,033 high-quality sequences were generated from usable
raw data after optimization process. Eighty-four percent of the
sequences were distributed in the interval of 400-500 bp, which
corresponded to the V3-V4 region of 16S rDNA gene (Fig. 1A).
After CD-HIT clustering, the numbers of OTUs from all
samples at 97% similarity level was 486. The Venn diagram
shows the similarity of OTU distribution (Fig. 1B). The same
OTUs accounted for 76.13%. The most OTUs were included
in the colonic mucosal tissues of HFD group. According to
species accumulation curve (Fig. 1C), when the number of
samples reached more than 20, the number of OTUs tended
to be stable at 500, indicating that the 16S rDNA sequences
in four types of samples (S-HFD for stools of HFD group,
S-LFD for stools of LFD group, T-HFD for colon mucosa
tissues of HFD group and T-LFD for colon mucosa tissues of
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Table II. Comparison of diversity indices.

Indices S-HFD (n=15) S-LFD (n=11) T-HFD (n=13) T-LFD (n=11)
Sequences 30,844+8,880 29,875+7,148 31,020+5,738 29,7084 432
OTUs 180455 18145 224449 20432
Observed species 131.67+41.73¢ 126.91+36.07° 168.23+35.70° 157.00+29.25
Shannon 4.34+1.03 4.16+0.85 4.87+0.56 4.75+0.48
Simpson 0.8620.14 0.87+0.07 0.9120.04 0.90+0.04
Chaol 160.36+46.20° 158.15+36.81° 203.01+48.09° 191.76+37.11°

Significant difference between S-HFD and T-HFD; "significant difference between S-LFD and T-LFD. All P<0.05. HDF, high-fat diet; LFD, low-fat diet.
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Figure 2. Four a diversity curves of all samples. The color code: Red=S-HFD, green=S-LFD, blue=T-HFD, purple=T-LFD. HDF, high-fat diet; LFD, low-fat diet.

LFD group) represent the majority of bacteria in the samples
of this study.

We then analyzed the microbial diversity within each
subject (a diversity) and the difference between each subject's
gut microbiota (f diversity). The estimators of 4 o diversity
indices (Shannon, Chaol, Simpson and observed_species)
are shown in Table II. There were no significant differences
in these indices between the groups S-HFD and S-LFD, or
between the groups T-HFD and T-LFD. However, as shown
in Table II, there were statistically significant differences in
classification number of OTUs, observed_species and Chaol
indices between the stool samples and colonic mucosal
tissue samples in both groups, demonstrating significantly
higher diversity found in colonic mucosal tissues compared
to stools. Furthermore, according to observed_species and
Chaol indices, no rarefaction curve plateaued with the current

sequences, suggesting more phylotypes would be expected
with additional sequencing (Fig. 2). However, two other indices
indicated that most diversity had already been captured. To
compare the overall microbiota structure in HFD and LFD
subjects, B diversity was analyzed using sample clustering and
PCoA based on three distance matrices including euclidean,
unweighted_uniFrac and weighted_uniFrac (Fig. 3). The
results of OTU clustering and PCoA also revealed no
significant difference in bacterial structure in stools or colonic
mucosal tissues, respectively, but a segregation of stools and
colonic mucosal tissues especially on the basis of unweighted
UniFrac matrix, as demonstrated by the first three principal
component scores which accounted for 15.97, 11.15 and 8.49%
of total variations. In addition, LEfSe was performed to obtain
the cladogram representation and the predominant bacteria
of the microbiota within stool and colonic mucosal tissue,
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Table III. List of stool and tissue genera significantly different between HFD and LFD groups.

Relative
abundance (%)* Tendency in HFD

compared to

Sample Phylum Family Genus HFD LFD  «*value® P-value LFD group
Stool  Bacteroidetes Prevotellaceae Prevotella 19.05 497 4433 0.035 1
Firmicutes Aerococcaceae Abiotrophia 1.30x107 0 4.302 0.038 1
Bacteroidetes S24-7 unclassified 0.19 0.29 3.965 0.046 |
Firmicutes Ruminococcaceae Gemmiger 0.11 0.52 5.616 0.018 !
Verrucomicrobia  Verrucomicrobiaceae  Akkermansia 0.03 0.19 4.447 0.035 |
Actinobacteria Micrococcaceae Rothia 6.48x10* 1.63x10°  4.299 0.038 |
Tissue Bacteroidetes S24-7 unclassified 0.1 0 5.033 0.025 1
Bacteroidetes Bacteroidaceae Bacteroides 12.96 29.03 5.237 0.022 |
Bacteroidetes Porphyromonadaceae  Coprobacter 0 0.05 3.863 0.049 !
Firmicutes Aerococcaceae Abiotrophia 2.48x10* 0.02 4.387 0.036 |
Tenericutes Anaeroplasmataceae  Asteroleplasma 0 0.72 3.863 0.049 !

“Relative contribution of a genus in a group was calculated as percentage of the sequences of this genus to all sequences in this group. °The x*-values
were obtained by Mann-Whitney test. HDF, high-fat diet; LFD, low-fat diet.
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Figure 4. Different structures of microbiota between stool and colon mucosa tissue. (A) Taxonomic representation of statistically and biologically consistent
differences between stool and colonic mucosal tissue. Differences are represented by the color of the most abundant class (red indicating stool, green repre-
senting colonic mucosal tissue and yellow meaning non-significant). Each circle's diameter is proportional to the taxon's abundance. (B) Histogram of the LDA
scores for differential abundance. Cladogram was calculated by LEfSe, and displayed according to effect size.

which is shown in Fig. 4. The differences in taxa between the
HFD and LFD groups are depicted in Fig. 5. Paraprevotella
was enriched in stool of HFD group, whereas Alistipes and
Rikenellaceae were enriched in the stool of LFD group.
Bacteroidaceae, Bacteroides and Clostridium XVIII were
enriched in colon mucosa tissue of LFD group.

Microbial structures of gut in HFD and LFD volunteers.
We analyzed the stool and colonic mucosal tissue bacterial
communities of HFD and LFD volunteers, and assessed the
amounts of different phyla and genera using taxonomic assign-
ment of all sequences with RDP Classifier. Including all the
groups, there were 11 phyla and 129 genera. The overall micro-
biota structure for each group at the phylum level is shown
in Fig. 6, indicating that the tissue bacteria of LFD subjects
covered all phyla. The constituent ratios of stool bacteria at

phylum level were significantly different from those of tissue
bacteria regardless of HFD group or LFD group (P<0.001),
which was consistent with the results of OTU clustering and
PCoA.

At the genus level, there were 111 genera in stool micro-
biota and 117 genera in colonic mucosal tissue microbiota of
HFD group, as well as 96 and 117 genera in stool and colonic
mucosal tissue microbiota of LFD group, respectively. On
comparison of stool genera, HFD group exhibited significantly
higher abundance of Prevotella and Abiotrophia and lower
abundance of unclassified genus of S24-7 (family level) of
Bacteroidetes, Gemmiger, Akkermansia and Rothia, while in
colonic mucosa, HFD group showed significantly higher abun-
dance of unclassified genus of S24-7 and a lower abundance of
Bacteroides, Coprobacter, Abiotrophia, and Asteroleplasma
compared to LFD group (Table III).
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Figure 5. Different structures of stool and colon mucosa tissue microbiota between HFD and LFD groups. (A and C) Taxonomic representation of statistical
differences in stool and colonic mucosa between the two groups. (B and D) Histogram of the LDA scores for differentially abundance of taxon. HDF, high-fat

diet; LFD, low-fat diet; LDA, linear discriminant analysis.

Discussion

The findings of the present study prove that diet has a measur-
able effect on the composition of gut microbiota. Although
the concept of enterotypes as robust clustering of human gut
community compositions was largely driven by the abundance
of key bacterial genera (25), the enterotypes of HFD popula-
tions remains to be elucidated. It is well-known that more than
90% of all the phylotypes at adulthood belong to Bacteroidetes
and Firmicutes (26). Each of these enterotypes is identifiable
by the variation in the levels of one of three genera: Bacteroides
(enterotype 1), Prevotella (enterotype 2) and Ruminococcus
(enterotype 3) (27). Wu et al (20) further suggested that
microbial enterotypes were significantly affected by long-term
diets. They found that the higher intake of proteins and animal
fats was associated with higher abundance of the Bacteroides
dominant enterotype while the consumption of carbohydrate-
rich diet facilitated growth of the Prevotella enterotype.
Kelder et al (28) demonstrated that changes in Bacteroides and
Firmicutes levels correlate with changes in carbohydrate and
fat oxidation, respectively. Our data showed that Bacteroidetes
and Firmicutes together accounted for 80-90% of the bacte-
rial phyla in stool and colonic mucosal tissue irrespective
of the diet composition. However, Bacteroides was the most

WPS-2
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80% Candidatus Saccharibacteria
= Verrucomicrobia
60% = Synergistetes
= Fusobacteria
40% = Tenericutes
= Actinobacteria
20% = Proteobacteria
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(Phylum level)
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= Bacteroidetes

Relative abundance
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Figure 6. Relative abundance of bacterial phyla in stool and colon mucosa
tissue of HFD and LFD groups. Bacteroidetes was the most predominant
phylum, contributing 58.76 and 52.42% of the stool microbiota in HFD
and LFD groups, respectively, followed by Firmicutes, which contrib-
uted 32.0 and 22.7%, respectively. Proteobacteria, Actinobacteria and
Fusobacteria constituted the next most dominant phyla, contributing 3.83,
2.53 and 0.46% in HFD group, and 2.38, 0.33 and 1.41% in LFD group,
respectively. The dominant phyla in the tissue microbiota mainly consisted
of Firmicutes, Bacteroidetes, Proteobacteria, Cyanobacteria/Chloroplast,
Fusobacteria and Actinobacteria, which contributed 50.22, 30.10, 12.06,
3.66, 1.94 and 1.12% of HFD group, and 39.30, 36.60, 17.13, 0.33, 3.17 and
2.52% of LFD group, respectively. S, abbreviation for stool; T, abbreviation
for colonic mucosal tissue.

abundant phyla in stool, whereas Firmicutes occupied the
first phyla in colonic mucosal tissue, which has been rarely
reported. The abundance of Proteobacteria in colonic mucosa
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was higher than that in stool. There has been recent interest in
the potential associations between gut microbiota and obesity
which was thought to be the clinical model of a HFD, in
particular, a decreased proportion of Bacteroidetes in obese
individuals (26,29). Contrastingly, our study detected a higher
abundance of Bacteroidetes in HFD group, most likely as a
HFD does not necessarily indicate obesity, or because our
probes and primers admittedly do not cover all Bacteroidetes
species. Furthermore, due to differences in methodology,
results cannot be compared directly to previous 16S rDNA
based studies. Also, recent work from other researchers could
not confirm the proposed association between lower propor-
tions of Bacteroidetes and obesity (30). Combined with a
relatively higher proportion of colonic disorders, including
colorectitis, polyps, adenomas and carcinoid tumors in HFD
group, our observations are consistent with the hypothesis that
diet mediated differences in gut microbiota may contribute
to the observed increased risk of colorectal diseases in HFD
populations (31,32).

It has been previously shown that an increase in the
proportion of carbohydrates in the Western diet is remarkably
associated with a significantly increased representation of
Prevotella (10,33,34). Mozes et al demonstrated, using fluores-
cent in situ hybridization, that Bacteroides/Prevotella (BAC)
prevalence decreased in the jejunum of obese rats consuming
HFD (35). Agrarian diets are associated with greater microbial
diversity and a predominance of Prevotella over Bacteroides.
In contrast, our findings demonstrated that Prevotella consti-
tuted more than 19% of stool microbiota of HFD volunteers.
Similarly, vervets consuming a Western diet showed a rela-
tively higher abundance of Prevotella (36). These findings
provide the first evidence implying a species-specialization of
the gut microbiota. It is also important to note that Western
and Asian human HFDs vary markedly across populations. In
our study, Chinese high fat diet is mostly related to cooking
oil. However, western HFD mostly contains saturated animal
fat. The daily intake of fat, protein, and carbohydrate by HFD
populations in our study resembled that of the control groups in
other studies based on naive Western and non-Western popula-
tions, or even lower, with no difference in the proportions of
dietary energy from these three sources between Western and
Asian populations (37). Likewise, the data were not generated
using the same methodology. Our study further showed that
Abiotrophia, which has been associated with infective endo-
carditis (38), was of a higher representative proportion in HFD
populations compared to LFD group. This indicates that a high
fat diet may lead to cardiac events through gut dysbiosis. On the
contrary, there was significantly lower representation of genera
Gemmiger, Akkermansia, and Rothia and an unclassified S24-7
in the feces of HFD subjects. The family S24-7 is a member
of Bacteroidetes, belonging to butyrate-producing bacterium,
which has been shown to be beneficial for digestive health (39).
The decrease of family S24-7 due to a HFD is consistent with
findings of other studies (39-41). Some studies suggested that
Gemmiger was found to be highly abundant, or stimulated,
by prebiotics in the microbiota of subjects with a low BMI
suggesting a potential role in weight loss, and positively
associated with blood levels of LDL cholesterol and glucose
levels (42.,43). Akkermansia is amember of the Verrucomicrobia
phylum and capable of degrading mucin (44). A growing body
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of research including rodent and human models of obesity has
suggested that Akkermansia spp. abundance in stool negatively
correlates with the onset of inflammation, altered adipose tissue
metabolism and metabolic syndrome, thus reinforcing the
beneficial role of this bacterium on lipid metabolism (45-47).
Moreover, recent findings indicated that the higher abundance
of Akkermansia muciniphila is also associated with improved
glucose metabolism and lower body mass (48), although this
has not yet been demonstrated in humans. Rothia is most
frequently isolated from the oral cavity and may be associated
with periodontal inflammatory disease (49,50). Several studies
have indicated that this bacterium may be associated with the
occurrence of obesity and obesity-related diseases such as
inflammatory bowel disease (IBD) probably by its shift to the
gut from the oral cavity (51,52).

The effect of a HFD on the mucosa-associated bacterium
community has rarely been reported. Previous studies have
shown that the mucosa-associated microbiota differs from the
composition of the fecal microbiota, which is in agreement
with our study including data of OTU clustering, PCoA and
LEfSe analysis. The mucosa-associated microbiota may be
particularly important for performing the nutrient exchange
at the epithelial interface by converting glycans into short-
chain fatty acids (SCFA) that provide energy for the nearby
colonocytes and other gut epithelial cells. Such mucosa-asso-
ciated microbiota are likely to exert a more disproportional
effect than the luminal microbiota on the development of
the local immune system, and provide resistance against the
colonization of pathogenic bacteria at the mucosal epithelial
cells in the gut. In this study, we found that five genera had
significant differences in prevalence between HFD and LFD
groups. Within colonic mucosa, Bacteroides, a member of
dominant genera, significantly declined in HFD compared
to LFD groups. Most species of Bacteroides scattered
among the microbiota-associated phyla degraded the mucin,
which possibly led to the availability of oligosaccharides
for other bacteria that do not have glycolytic enzymes (53).
Several studies have used high-throughput techniques to
study the mucosa-associated microbiota in IBD and IBS
patients (54,55). Interestingly, there is still no consensus on the
changes in Bacteroides abundance in colonic mucosal tissues
of intestinal-related diseases (56-58). However, we believe
that the decrease of Bacteroides on the mucosal layer due
to a HFD may be involved in the perturbation of intestinal
mucosal barrier, thereby promoting the occurrence of IBD or
CRC. The relative abundance of mucosa-associated unclassi-
fied S24-7 increased and genus Abiotrophia decreased in the
HFD group, which may explain the inverse prevalence in stool
samples. Two genera, Coprobacter and Asteroleplasma, not
detectable in the colonic mucosal tissue of HFD populations,
were present in small proportions in colonic mucosa of LFD
subjects. The genus Coprobacter, first described in 2013, is
classified within the family Porphyromonadaceae, the order
Bacteroidales, and the phylum Bacteroidetes, and comprise of
a single species, Coprobacter fastidiosus (59,60). The genera
Asteroleplasmais also rarely reported. The role of these two
genera on human health, to date, remains unknown.

In conclusion, gut microbiota is significantly affected by
dietary habits and HFD may serve as an etiological factor
of colorectal disorders by altering the fecal and mucosal
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microbiota composition especially at genus level. Whether
modifying diet or supplementation with protective probi-
otics can prevent such diseases remains to be elucidated.
Furthermore, since colonic diseases such as CRC and the
aforementioned illnesses can change the intestinal micro-
biota composition themselves as shown by fecal transfer
studies (17), further investigations are required to link micro-
biota composition with carcinogenesis.
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