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Abstract. Ulcerative colitis (UC), which is a type of inflam‑
matory bowel disease, is a chronic intestinal disorder of 
multifactorial etiology. Numerous studies have indicated an 
association between UC and intestinal bacteria. However, a 
limited number of studies regarding the expression of inter‑
leukin‑17 (IL‑17) and interleukin‑23 (IL‑23) in association 
with intestinal bacteria have been performed. The aim of the 
current study was to investigate the gut microbiota alterations 
in patients with UC, at a number of taxonomic levels, and 
their relationship with intestinal inflammation by analyzing 
the protein expression of IL‑17 and IL‑23. Specimens were 
collected from 10 healthy controls and 16 patients with UC. 
A histological examination was performed in colonic tissues, 
IL‑17 and IL‑23 protein expression was detected by immuno‑
histochemistry, fecal samples were sequenced using 16S rDNA 
sequencing and bioinformatics analysis was performed. The UC 
group exhibited an increased histological score (P<0.01) and 
upregulated IL‑17 and IL‑23 expression (P<0.01). At the order 
level, the bacterial diversity of the UC group was decreased. 
β‑diversity analyses, including principal component analysis, 
principal coordinate analysis and non‑metric multidimensional 
scaling, demonstrated that the two groups of samples were 

separated into two taxonomic categories, as distinct variations 
were observed in the analysis of group differences (P=0.001). 
Regarding the differences in species composition between 
the groups, Enterococcus was indicated to be the species 
with the greatest difference in abundance compared with the 
healthy control group (P<0.01), followed by Lactobacillus 
(P<0.05), Escherichia‑Shigella (P<0.05), Bifidobacterium and 
Bacteroides. In addition, the average optical density of IL‑17 
was positively correlated with the histological score (ρ=0.669; 
P=0.035), Enterococcus (r=0.843; P<0.001), Lactobacillus 
(r=0.737; P=0.001), Bifidobacterium (r=0.773; P<0.001) and 
Escherichia‑Shigella (r=0.663; P=0.005), and the average 
optical density of IL‑23 was positively correlated with the 
histological score (ρ=0.733; P=0.016), Enterococcus (r=0.771; 
P<0.001), Lactobacillus (r=0.566; P=0.022), Bifidobacterium 
(r=0.517; P=0.041) and Escherichia‑Shigella (r=0.613; 
P=0.012). The results of the present study indicated that the 
intestinal microbiota of patients with UC differed from that 
of healthy controls at multiple taxonomic levels. The altera‑
tions of the intestinal microflora were closely associated with 
the degree of inflammation. The IL‑23/IL‑17 axis, as a key 
factor in the development of UC, maybe associated with the 
alterations of intestinal microflora. The interaction between 
intestinal microflora and the IL‑23/IL‑17 axis may serve an 
important role in the pathogenesis of UC.

Introduction

Ulcerative colitis (UC), which is a type of inflammatory bowel 
disease (IBD), is a chronic intestinal disorder of multifactorial 
etiology (1,2). The principal outcome of UC is the development 
of colorectal cancer (3,4).

The pathogenesis of IBD is not fully understood. It is 
believed that chronic inflammation and immune response 
disorders are the key pathological features in UC, whereas an 
imbalance in gut microbiota is a key factor leading to inflam‑
mation and abnormal immune response, thereby contributing 
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to disease initiation and progression (5). Under a normal physi‑
ological state, the intestinal flora remains stable and interacts 
with the host, serving an important role in nutrient absorption, 
the prevention of pathogen invasion and the maintenance of 
normal immune function (6). As the microbiota is an impor‑
tant factor that is associated with the maturation of the early 
immune system, it effectively establishes an interaction with the 
host and is the principal factor leading to chronic inflammatory 
disorders, such as UC (7). Previous observations from clinical 
and experimental studies have indicated that an intestinal 
bacteria imbalance is associated with disease initiation and 
progression in UC (8,9). The alterations in the characteristics 
of the intestinal flora of patients with IBD include variations 
in the total number of mucosal bacteria and diversities in the 
composition of the flora early in the disease (10).

A previous study reported that the amount of total bacteria 
is decreased in patients with active UC, especially the balance 
of Staphylococci/Bacilli, which is characterized by an increased 
abundance of Staphylococci and a decreased abundance of 
Bacilli. Subsequently, UC was attributed to the alterations in 
the abundance of several bacterial species (11). In our previous 
study (12), the abundance of different types of bacteria was 
examined using PCR, and it was revealed that UC was attributed 
to the alterations in the abundance of several bacterial species.

A recent study revealed that the manifestation of dysbiosis 
in patients with UC is characterized by a decrease in bacterial 
diversity, and this study concluded that an alteration in the 
diversity and composition of the gut microbiome, rather than 
the presence of specific pathogens, is likely to serve a critical 
role in disease progression (11). Furthermore, the abundance of 
invasive bacteria types was indicated to increase, and that of 
protective bacteria types was revealed to decrease in patients 
with UC  (13). For example, it was demonstrated that the 
increased abundance of Enterobacteriaceae, Pasteurellaceae, 
Veillonellaceae and Fusobacteriaceae, and the decreased abun‑
dance of Erysipelotrichales, Bacteroidales and Clostridiales, 
were associated with UC disease status (14). Another study has 
indicated that in patients with both Crohn's disease (CD) and 
UC, a decreased biodiversity, a reduced proportion of Firmicutes 
and an increased abundance of Gammaproteobacteria were 
observed when compared with healthy controls (15). In addi‑
tion, it is widely believed that the gut microbiota of patients with 
active UC is different from that of healthy controls, whereas to 
the best of our knowledge, no evidence for a difference between 
remission and control groups exists. Hence, the current study 
aimed to assess whether gut microbiota may be a potential 
target for controlling UC progression.

Currently, there is little evidence to support the alterations in 
intestinal aerobes and common anaerobes in patients with UC, 
owing to the differences in the disease course, stage, treatment, 
analysis method and microbiota complexity. Additionally, their 
specific role in the occurrence of the host disease has not yet been 
fully elucidated. Furthermore, to the best of our knowledge, a 
relationship between microbiota alterations and mucosal damage 
has not yet been demonstrated. The majority of the studies on 
intestinal inflammation have focused on the association between 
interleukins and the immune system, which demonstrated that 
interleukin‑17 (IL‑17) and interleukin‑23 (IL‑23) serve a critical 
role in intestinal inflammation and exhibit a typical positive 
correlation with UC (16‑18). In the present study, the differences 

in intestinal flora between patients with UC and healthy controls 
were compared, and the relationship between microbiota altera‑
tions and inflammation was explored, which provided novel 
insights that may be used for the diagnosis and treatment of UC.

Materials and methods

Patient recruitment. A total of 16 patients with UC (age range, 
40‑60 years, median age, 53 years; 7 male and 9 female) were 
recruited at Huaihe Hospital of Henan University (Kaifeng, 
China) from July 2016 to June 2017. Patients with different 
degrees of abdominal pain, diarrhea and mucopurulent bloody 
stool, who were diagnosed with UC by fibro‑colonoscopy and 
routine pathological examination [meeting the diagnostic criteria 
published in the Consensus on the Standards for the Diagnosis 
and Cure of Inflammatory Bowel Diseases in China  (19)], 
were included in the current study according to the Montreal 
standard for the evaluation of clinical performance (20). A total 
of 10 healthy control volunteers (age range, 35‑60 years old, 
median age, 46 years old; 4 male and 6 female) who had not 
received antibiotics in the previous three months, were recruited 
at Huaihe Hospital of Henan University (Kaifeng, China) 
from July 2016 to June 2017. The healthy controls displayed 
no evidence of active pathology. Written informed consent 
was obtained from all patients prior to the procedure. Ethical 
approval was obtained from the Medical Ethics Committee of 
Huaihe Hospital of Henan University (Kaifeng, China). The 
patients were excluded from the present study if at least one of 
the following criteria were met: i) Received antibiotics or probi‑
otics within 4 weeks before specimen collection; ii) diagnosed 
with infective enteritis, such as bacterial dysentery, intestinal 
tuberculosis, schistosomiasis, Crohn's disease, ischaemic 
enteritis, radiation enteritis, irritable bowel syndrome or colon 
carcinoma, via fibro‑colonoscopy; iii) suffered from coronary 
heart disease, hypertensive disease, diabetes, active pulmonary 
tuberculosis or peptic ulcers.

Histological evaluation. Colon tissues were fixed in 
4% paraformaldehyde at room temperature overnight. 
Paraffin‑embedded colon tissues were cut into 5‑µm‑thick 
sections for hematoxylin and eosin (H&E) staining, the slices 
were stained at room temperature for 5 min with hematoxylin 
and 1min with eosin. The histological index was estimated 
based on the histological severity of colitis. The pathological 
sections, which were stained with H&E, were observed under 
a light microscope (magnification, x200) and were scored 
independently by two pathologists via the blind method. 
According to the specific scoring criteria  (21), inflamma‑
tory cell infiltration (0 point, sporadic inflammatory cells 
in lamina propria; 1 point, number of inflammatory cells in 
lamina propria increased; 2 points, number of inflammatory 
cells extended to the submucosa; and 3 points, infiltration of 
inflammatory cells into the intestinal wall) and tissue damage 
(0 point, no mucosal injury; 1 point, lymphoepithelial injury; 
2 points, surface mucosal erosion or focal ulcer; and 3 points, 
extensive mucosal injury and structure extending to deeper 
intestinal wall) were combined. The details are presented 
in Table I. The two sub‑scores were added and the combined 
histological score ranged from 0 (no alterations) to 6 (highest 
score with extensive cell infiltration and tissue damage).
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Immunohistochemistry for IL‑17 and IL‑23 protein. Colon 
tissues were fixed in 4% paraformaldehyde at room temperature 
overnight. Paraffin‑embedded colon tissues were sliced into 
sections (5‑µm thick), and were subjected to dewaxing (60˚C 
for 2 h), followed by soaking in dimethylbenzene twice for 15 
min, hydration (ethyl alcohol was used twice, 95% alcohol and 
80% alcohol once, all for 1 min respectively; 70% alcohol once 
for 2 min. All alcohols used were analytically pure), antigen 
retrieval and washing with PBS. 3% H2O2 was used to block the 
endogenous peroxidase for 10 min at room temperature, and the 
slides were incubated with anti‑IL‑17 (1:50; cat. no. ab79056; 
Abcam) or anti‑IL‑23 (1:200; cat. no. ab45420; Abcam) anti‑
body dissolved in blocking solution (QuickBlock™; Beyotime 
Institute of Biotechnology) at 4˚C overnight. After incuba‑
tion, the slides were washed with PBS and incubated with an 
HRP‑labelled polymer system (used neat; cat. no. SP‑0023; 
Beijing Boaosen Biotechnology Co., Ltd.) at 37˚C for 15 min, 
followed by an incubation with 3,3‑diaminobenzidine detection 
reagent at room temperature for 5 min, and finally observed 
under light microscope with a magnification of x200. The 
semi‑quantitative expression of each protein was analyzed by 
Image‑Pro Plus software v.6.0 (Media Cybernetics, Inc.).

DNA extraction. Fresh stool specimen from the control and 
UC groups were collected in a sterile container, and then 
stored in the refrigerator at ‑80˚C within 30 min. A total of 
26 fecal bacterial DNA samples were extracted using a fecal 
nucleic acid extraction kit (cat. no. DP328‑02; Tiangen Biotech 
Co., Ltd.), with additional proteinase K treatment at 70˚C 
for 10 min to ensure adequate bacterial cell lysis. The DNA 
extraction for all included biospecimens was performed at a 
single center by the same person using an identical protocol 
and the same extraction kit for all samples.

Amplicon sequencing and bioinformatics analysis. The 
MetaVx™ library preparation and Illumina MiSeq next 

generation sequencing (NGS) were performed at Genewiz, 
Inc.. The DNA samples were quantified using a Qubit 2.0 
Fluorometer (Thermo Fisher Scientific, Inc.). In total, 30‑50 ng 
DNA was used to generate amplicons using a MetaVx™ 
Library Preparation kit (Genewiz, Inc.). The V3 and V4 
hypervariable regions of prokaryotic 16S rRNA were selected 
for the generation of amplicons and subsequent taxonomic 
analysis. Genewiz, Inc. designed a panel of proprietary 
primers targeting relatively conserved regions bordering the 
V3 and V4 hypervariable regions of the 16S rRNA of bacteria 
and archaea. The V3 and V4 regions were amplified using 
forward primers containing the sequence 5'‑CCT​ACG​GRR​
BGC​ASC​AGK​VRV​GAA​T‑3' and reverse primers containing 
the sequence 5'‑GGA​CTA​CNV​GGG​TWT​CTA​ATC​C‑3'. 
The first‑round PCR products were used as templates for the 
second‑round amplicon enrichment PCR. Indexed adapters 
were added to the ends of the 16S rRNA amplicons to generate 
indexed libraries ready for the downstream NGS Illumina 
MiSeq sequencing. The DNA libraries were validated by an 
Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.) and 
quantified by a Qubit 2.0 Fluorometer. The DNA libraries 
were multiplexed and loaded on an Illumina MiSeq instrument 
according to the manufacturer's instructions (Illumina, Inc.). 
Sequencing was performed using a 2x300 paired‑end configu‑
ration; image analysis and base calling were performed using 
the MiSeq Control Software v.2.5.0.5 (Illumina, Inc.) on the 
aforementioned MiSeq instrument.

Data analysis. The QIIME data analysis packagev.1.8.0 
(http://bio.cug.edu.cn/qiime/) was used for the 16S rRNA data 
analysis. The forward and reverse reads were combined and 
assigned to samples based on the barcode. Raw reads were 
trimmed using QIIME. Quality filtering on the combined 
sequences was performed, and sequences that did not fulfil 
the following criterion were discarded: Sequence length <20 
nucleotides. Subsequently, the sequences were compared 
with those of the reference ribosomal database project 
(RDP) Gold database v.2.2 (http://rdp.cme.msu.edu/classi‑
f ier/classif ier.jsp;jsessionid=D5D6C78C6C197C015E
237D0FD7A85246.10.0.0.9) using the UCHIME (http://www.
drive5.com/uchime/uchime_download.html) algorithm to 
detect chimeric sequences, and the chimeric sequences were 
removed. The remaining sequences were used in the final anal‑
ysis. The sequences were grouped into operational taxonomic 
units (OTUs) using the clustering program VSEARCH (v.1.9.6; 
https://github.com/torognes/vsearch) against the SILVA 119 
database (https://www.arb‑silva.de/search/), pre‑clustered at 
97% sequence identity. The RDP classifier was used to assign 
taxonomic categories to all OTUs at a confidence threshold 
of 0.8. The RDP classifier used the SILVA 123 database 
(https://www.arb‑silva.de/search/), which had taxonomic 
category predictions down to the species level. The sequences 
were rarefied prior to the calculation of α‑ and β‑diversity 
statistics. α‑diversity indexes were calculated in QIIME from 
rarefied samples using the Shannon index for diversity (22) 
and the Chao1 index  (23) for richness. Rarefaction curve 
was used to judge whether the sample size was sufficient 
and to estimate the species richness. β‑diversity was calcu‑
lated using weighted and unweighted UniFrac distances, 
and a principal coordinate analysis (PCoA) and a principal 

Table I. Scores of histology activity.

Property	 Score

Inflammatory cell infiltration
Sporadic inflammatory cells in lamina propria	 0
Number of inflammatory cells in lamina propria	 1
  increased
Number of inflammatory cells extended to the	 2
submucosa
Infiltration of inflammatory cells into the intestinal	 3
wall
Tissue damage
No mucosal injury	 0
Lymphoepithelial injury	 1
Surface mucosal erosion or focal ulcer	 2
Extensive mucosal injury and structure extending	 3
to deeper intestinal wall

The histological score ranged from 0 (unchanged) to 6 (extensive cell 
infiltration and tissue damage).

https://www.spandidos-publications.com/10.3892/etm.2021.10757
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component analysis (PCA) were performed. The unweighted 
pair group method with arithmetic mean (UPGMA) was 
used to build a tree from the β‑diversity distance matrix. 
Nonmetric Mutidimensional Scaling (NMDS) was used to 
reflect the differences between the samples by the distance 
between points. Analysis of similarities (ANOSIM) (24) was 
confirmed according to Bray‑Curtis.

Statistical analysis. The data are presented as the mean ± stan‑
dard deviation. To determine the statistical significance, all 
the data were analyzed with independent‑samples t‑tests 
for normally distributed data or Mann‑Whitney tests for 
non‑normally distributed data, with analyses performed 
using SPSS version 13.0 software (SPSS, Inc.). The associa‑
tions between the average optical density of IL‑17/IL‑23 and 
the histopathological scores in the intestinal mucosa were 
analyzed using Spearman's correlation test, and the associa‑
tions between the average optical density of IL‑17/IL‑23 and 
the abundance of Enterococcus, Lactobacillus, Bacteroides, 
Bifidobacterium and Escherichia‑Shigella, were analyzed 
using Pearson's correlation test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Histological examination. A histological examination of the 
colon was performed to validate the degree of inflammation. 
As illustrated in Fig. 1, the H&E staining showed that no signs 
of inflammation were observed in the control group. The 
epithelial cells of the normal colonic mucosa were intact, and 
the glands were arranged neatly in proximity. The goblet cells 
were abundant, with a few neutrophils and lymphocytes being 
scattered in the lamina propria, and the capillaries did not 
display a compressed or enlarged appearance. In the UC group, 
the colonic mucosa was damaged and eroded, the epithelial 
cells and the lacunae were destroyed, the glands were arranged 
in a distorted manner, the goblet cells were absent, and a large 
number of neutrophils and lymphocytes had infiltrated the 
lamina propria and the myometrium. Capillary hyperemia 
and dilatation, as well as a formation of multiple ulcers, were 
observed. In total, an apparent colitis with characteristic 
ulcers, multiple erosive lesions, a loss of entire crypts in the 
colon, as well as a marked inflammatory cell infiltration into 
the colonic submucosa, were observed; thus, the histological 
score was higher compared with the control group (P<0.01).

IL‑17 and IL‑23 expression in colonic tissues. Immuno
histochemical analysis showed that IL‑17 and IL‑23 proteins 
were weakly expressed in normal colonic mucosal tissues, 
while they were increased in UC tissues, and were primarily 
localized in mucosal epithelial cells and lamina propria. The 
cytoplasm of the mononuclear cells in UC tissues was stained 
in a brown‑yellow color, which indicated positive IL‑17 and 
IL‑23 staining, and the average optical density of IL‑17 and 
IL‑23 expression was increased in UC compared with the 
control groups (P<0.01; Fig. 2).

Gut microbiota variation PCoA, PCA and UPGMA clustering 
analysis. After the unqualified sequences were removed, a total 
of 3,706,470 raw reads and an average of 142,557 reads per 

sample were obtained. Following quality filtering of the reads, 
a total of 1,853,235 high‑quality reads were generated, and 
each fecal sample produced an average of 71,278 high‑quality 
reads. The samples with a low number of high‑quality reads 
(<3,000) were not analyzed.

According to the UniFrac‑based PCoA (Fig. 3A), the gut 
microbiota in both the control and UC groups was divided 
into two groups. The gut microbiota composition exhibited a 
high level of variation between the two groups. The principal 
coordinates 1 and 2 explained 22.05 and 12.47% of the total 
composition variation, respectively. The multivariate analysis 
of variance of the PCoA matrix scores indicated a statistically 
significant difference between the microbiota of the control and 
that of the UC group. The UC group was statistically different 
from the control group, according to the PCA analysis (P<0.05; 
Fig. 3B). The results of the control group clustering analysis 
suggested that the samples were similar. The distribution in 
the UC group was fragmented but was distinct from that of 
the control group. The intestinal flora composition exhibited 
multiple cluster directions but was statistically different from 
that of the control group in total.

According to the UPGMA clustering analysis (Fig. 3C), 
these two groups were separated into two different tree 
clusters, and the samples of each group were clustered well 
together and were separated into two distinct subgroups.

α‑diversity and rarefaction analysis. Fig. 4A and B revealed 
that microbial α‑diversity, which was assessed by the Chao 1 
and Shannon indexes, was decreased in the UC group compared 
with the healthy control group. A rarefaction analysis was 
performed to cluster all OTUs, which were present in the 
data. As shown in Fig. 4C, all the rarefaction curves reached a 
plateau, suggesting that the sequencing depth for all samples 
captured the bacterial diversity in these communities.

Variations in bacterial community diversity
Bacterial community composition at the phylum level. 
Compared with that in the control group, the abundance of 
Bacteroidetes was decreased, the abundance of Proteobacteria 
and Actinobacteria was increased, and the abundance of 
Firmicutes was slightly increased in the UC group (Fig. 5A).

Bacterial community composition at the class/order level. At 
the class level, the abundance of Bacilli, Gammaproteobacteria 
and Actinobacteria in the UC group was increased, the 
abundance of Clostridia and Bacteroidia was decreased, and 
that of Negativicutes and Coriobacteriia exhibited a slight 
decrease (Fig. 5B).

At the order level, the abundance of Lactobacillales and 
Enterobacteriales was increased in the UC group compared 
with that in the control group, the abundance of Bifidobacteriales 
and Coriobacteriales was increased to a lesser extent, and that 
of Clostridiales and Bacteroidales was reduced (Fig. 5C).

Bacterial community composition at the family level. At the 
family level, there were prominent differences between the UC 
and the control group. The abundance of Enterococcaceae in 
the UC group was higher than that in the control group. The 
abundance of Lactobacillaceae and Enterobacteriaceae was 
also increased in the UC group, and that of Bifidobacteriaceae 
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was slightly increased; however, the abundance of 
Lachnospiraceae and Bacteroidaceae was decreased (Fig. 5D).

Top five abundant bacteria at the genus level. In the analysis 
of the species diversity differences between the disease group 
and the control group by Metastats (http://metastats.cbcb.
umd.edu/), the top five species with the greatest abundance 
differences were Enterococcus (P<0.01), Lactobacillus 
(P<0.05), Escherichia‑Shigella (P<0.05), Bifidobacterium 
and Bacteroides (Fig. 6). Enterococcus exhibited the highest 
abundance among the gut bacteria of the disease group.

Key OTU analysis of the gut microbiota. The key OTUs were 
identified using partial least square discriminate analysis 
(PLS‑DA). The comparison of the control with the UC group 
revealed that each group had increased numbers of OTUs 
belonging to different species (data not shown). In the Venn 
diagram, there were 176 OTUs shared between the two groups. 

There were 30 types of unique OTUs in the healthy control 
group and 14 types in the UC group; the two groups displayed a 
small number of differences in their OTU types (data not shown).

Non‑metric multidimensional scaling (NMDS) analysis. The 
UC and the control group were distributed on both sides of 
the coordinate axis, they were relatively concentrated in 
distance, and the stress value was <0.173 (Fig. 7). This analysis 
accurately reflected the differences between the two groups.

Analysis of similarities (ANOSIM). ANOSIM is a non‑para‑
metric test, which examines whether the differences between 
groups (≥2 groups) are higher than those within the group, 
ensuring that the grouping is accurate (Fig. 8). The R‑value 
was obtained via the analysis of the distance between the 
sample matrices; usually, the R‑value range is ‑1 to 1, and the 
current result was between 0 and 1. An R‑value close to zero 
demonstrates that no significant difference between the groups 

Figure 1. Histopathological evaluation and microscopy scores. (A) Hematoxylin and eosin staining (upper panels, magnification, x100; lower panels, 
magnification, x200). The arrows reflect fragmentation and loss of the intestinal epithelial layer (red arrow), loss of the crypts of Lieberkühn (green arrow), 
infiltration of neutrophils and lymphocytes into the mucosal compartment (blue arrow) and manifestation of capillary hyperemia and dilatation (yellow 
arrow). (B) Histopathological microscopy score. The data are presented as the mean ± standard deviation. n=16 for UC group, and n=10 for control group. 
**P<0.01 vs. the control group. UC, ulcerative colitis.

Figure 2. Protein levels of IL‑17 and IL‑23 in the colon were examined via immunohistochemical staining. (A) Expression of IL‑17 and IL‑23 in the colon. 
The arrows highlight the positive staining of IL‑17 or IL‑23. (B) Quantification of the IL‑17 and IL‑23 immunohistochemical staining. The data are presented 
as the mean ± standard deviation. n=16 for UC group and n=10 for control group. **P<0.01 vs. the control group. UC, ulcerative colitis; IL‑17, interleukin‑17; 
IL‑23, interleukin‑23.

https://www.spandidos-publications.com/10.3892/etm.2021.10757
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Figure 4. α‑diversity calculation of biodiversity and rarefaction curves for each sample. (A) Chao1 and (B) Shannon‑Wiener index. (C) Rarefaction curves. 
UC, ulcerative colitis; OTUs, operational taxonomic units.

Figure 3. Comparison of the β‑diversity index between patients with UC and individuals without IBD. (A) Principal coordinate analysis and (B) PCA were 
performed using the β‑diversity metrics based on the weighted UniFrac distance within patients with UC and non‑IBD controls. The P‑value was calculated 
using a non‑parametric multivariate analysis of variance. There were differences in the composition of the microbial population between patients with UC 
and non‑IBD controls. (C) Analysis of the unweighted pair group method with arithmetic mean clustering between the two groups. UC, ulcerative colitis; 
IBD, inflammatory bowel disease; PCA, principal component analysis; PC1, principal coordinate 1; PC2, principal coordinate2.
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exists. The R value was close to 1 in the present comparison, 
indicating that the between‑group difference was higher 
than the within‑group difference. The P‑value represents the 
reliability of the statistical analysis, and P<0.05 indicated a 
statistical significance. In the current two groups of samples, 

the R‑value was 0.602, and the P‑value was 0.001, which indi‑
cated that a significant difference between the two groups was 
observed, and the analysis was credible.

Correlation between the expression of IL‑17/IL‑23 and the 
histopathological score. The average optical density values 
of IL‑17 (ρ=0.669; P=0.035; Table II) and IL‑23 (ρ=0.733; 
P=0.016; Table  II) were positively correlated with the 
histological score.

Correlation between the expression of IL‑17/IL‑23 and intes‑
tinal bacteria. Pearson's correlation analysis revealed that 
the average optical density of IL‑17 was positively correlated 
with the abundance of Enterococcus (r=0.843; P<0.001), 
Lactobacillus (r=0.737; P=0.001), Bifidobacterium (r=0.773; 
P<0.001) and Escherichia‑Shigella (r=0.663; P=0.005). The 
average optical density of IL‑23 was positively correlated 
with the abundance of Enterococcus (r=0.771; P<0.001), 
Lactobacillus (r=0.566; P=0.022), Bifidobacterium (r=0.517; 
P=0.041) and Escherichia‑Shigella (r=0.613; P=0.012). The 
results are presented in Table III.

Discussion

The human body is estimated to be composed of 3x1013 
eukaryotic cells and 3.9x1013 colonizing microorganisms, 

Figure 5. Relative abundances at the phylum, class, order and family level in each sample. (A) The relative abundance of top 30 species at the phylum level. 
The relative abundance of top 30 species at the (B) class, (C) order and (D) family level. UC, ulcerative colitis.

Figure 6. Relative abundances of the top five genera of key operational 
taxonomic units. MetaStat variation analysis was performed to determine 
the significance of the species abundance differences between groups. 
*P<0.05 vs. control; **P<0.01 vs. control. UC, ulcerative colitis.
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indicating that host cells and microbiota are represented in 
similar numbers within an individual (25). The gut microbiota 
constitutes a complex intestinal microecosystem and serves 
an important role in the host intestinal immune system, the 
synthesis and absorption of nutrients and the inhibition of 
colonization by pathogenic bacteria (26,27). An alteration in 
the bacterial numbers and proportions results in an imbal‑
ance in the intestinal mucosa, as well as in the dysfunction 
of the intestinal epithelial cells and the dysregulation of the 
immune response (28,29).

Several lines of evidence support the hypothesis that 
gut microbiota dysbiosis contributes to the pathogenesis of 
IBD (30,31). Certain gene knockout or gene‑deficient mice did 
not develop UC when they were placed in a sterile environment, 
but developed UC following an intestinal flora enema (32), 
which introduced the concept of ‘sterility without inflamma‑
tion’. It has also been suggested that the composition of the 
intestinal flora is an important factor that is associated with 
the pathogenesis of enteritis. Gradel et al (33) demonstrated 
that patients infected with Campylobacter or Salmonella 
were susceptible to IBD. Li et al (34) observed fecal bacteria 
in 16 healthy controls and 41 patients with UC, and revealed 
that the microbial diversity of the healthy control feces was 
higher than that of patients with UC. Compared with that in 

the normal, static and mild active stages, the abundance of the 
principal types of fecal bacteria were prominently altered in 
the moderate and severe active stages, and the proportion of the 
principal bacteria types was negatively correlated with disease 
activity. Additionally, the number of Clostridium perfringens 
was increased, and the number of Enterobacteriaceae and 
rectal bacteria was decreased in patients with UC. The results 
from Rajilić‑Stojanović et al (35) revealed that the composition 
of fecal bacteria in patients with UC was different from that 
in healthy controls. In the active disease period, the primary 
markers of bacterial dysbiosis were as follows: The bacterial 
diversity of the Clostridium IV cluster was decreased, the 
abundance of bacteria involved in the metabolism of butyric 
and propionic acid, including Rumen, Enterococcus, Roche and 
Akkermansia, was decreased, however, the abundance of the 
conditionally pathogenic bacteria Clostridium, Streptococcus, 
Helicobacter, Campylobacter and Clostridium difficile was 
increased. Other studies have also indicated that microbiota 
alterations, namely dysbiosis, are common in IBD (36‑39). These 
alterations include an increased number of Enterobacteriaceae 
and Bacteroides‑Prevotella, an increased or decreased abun‑
dance of Bifidobacteria and a decrease in the numbers of 
Firmicutes (especially Clostridium coccoides, Eubacterium 
rectale and Faecalibacterium prausnitzii). Therefore, recent 
technological advances have provided evidence that gut dysbi‑
osis is one of the triggers and/or mediators of the progression of 
intestinal inflammation in IBD.

In the current study, a prominent decrease in the abundance 
of Bacteroides in the UC group was observed, accompanied by 
an increased abundance of Proteus and Actinomycetes, as well 
as a slightly increased abundance of Firmicutes. These results 
are not consistent with the results of other reports (40‑42). 
Several studies (43‑46) have indicated that the reduced diversity 
of the gut microbiota in patients with IBD is primarily associ‑
ated with the reduced abundance of the phylum Firmicutes, 

Figure 7. NMDS analysis. The stress value <0.173, which reflects the 
significance of the difference among the samples. UC, ulcerative colitis; 
NMDS, non‑metric multidimensional scaling.

Figure 8. Analysis of similarities. This is a non‑parametric test to determine 
whether the differences between groups (≥2 groups) are higher than those 
within each group. For the two groups of samples, the R‑value was 0.602, and 
the P‑value was 0.001, which indicated that there was a statistically signifi‑
cant difference between the two groups. UC, ulcerative colitis.

Table II. Correlation of IL‑17/IL‑23 with the histological score.

Inflammatory cytokines	 ρ	 P‑value

IL‑17	 0.669	 0.035
IL‑23	 0.733	 0.019

IL, interleukin.
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particularly the Clostridium cluster IV of anaerobic bacteria. 
The reason for this difference may be accounted for by the 
samples being collected from different research centers, there‑
fore additional supporting evidence is required.

The increased appreciation of the role of the microbiota in 
host physiology and disease has resulted in a vigorous effort 
to understand the precise mechanisms underlying the involve‑
ment of the microbiota in the pathogenesis of IBD (47). The 
alterations in bacterial numbers and proportions result in an 
ecological imbalance in the intestinal mucosa, a decreased 
production of metabolites, butyrate and anti‑inflammatory 
factors, and an increased production of pro‑inflammatory 
factors (48). This is followed by a dysfunction of intestinal 
epithelial cell responses to the gut flora signals, and a dysregu‑
lation of the signal transfer and the immune responses (49). 
Dysbacteriosis also leads to a lack of necessary micronutri‑
ents, such as short chain fatty acids, and redox potential in the 
intestinal mucosa, thereby resulting in increased permeability 
and damage of the intestinal mucosa (28,29).

Another important manifestation of dysbacteriosis is the 
alteration in the microbiota composition. Several studies have 
indicated that the bacterial diversity was reduced in patients 
with UC (50‑52), however, no differences were observed in the 
gut microbiota diversity between patients with CD and those 
with UC, but prominent differences existed between the micro‑
biota of patients with IBD and healthy controls. In addition, 
α‑diversity was demonstrated to be lower in patients with UC 
and CD compared with non‑IBD controls (53). In the present 
study, microbial α‑diversity was substantially decreased in the 
UC compared with the healthy control group, as assessed by 
the Chao1 and Shannon indexes, suggesting that the compo‑
sition of the microbiome may be different between the two 
groups. The hypothesis of decreased α‑diversity contends that 
various intestinal bacteria constitute a normal barrier (54). In 
response to various stresses, such as inflammation and antibi‑
otics, the microbial diversity decreases, the normal bacterial 
functions cannot be performed and anecological imbalance 
occurs, which indicates that the gut microbiota diversity is 
required to maintain balance (13,46,55,56).

The β‑diversity, which reflects the diversity of constituents 
in different samples, was also dissimilar between the two 
groups. PCoA is a method of research data visualization to 
analyze similarities or differences, and involves ranking the 
samples through a series of eigenvalues and eigenvectors, 
and subsequently selecting the most prominent of several 
main characteristic values to calculate the coordinates of the 

main distance matrix (57). In the present study, the principal 
coordinate sample difference contribution rate was 22.05%, 
the second was 12.47%, and the two groups were distinctly 
separated based on the distinguished coordinates. Similarly, 
the PCA and NMDS results also supported this conclu‑
sion. In patients with IBD, differences in the abundances of 
pro‑inflammatory and non‑inflammatory microbiota have 
been identified based on β‑diversity (48). The exploration of 
inflamed and non‑inflamed sites per patient also resulted in 
similar conclusions (58).

At the class level, the Bacillus class was the most abundant 
in the UC group, and the abundance of Gammaproteobacteria 
also appeared to increase, compared with that in the control 
group. By contrast, the abundance of Clostridia and 
Bacteroidia was reduced. Bacilli, as a taxonomic class of 
bacteria, include two orders, Bacillales and Lactobacillales. 
Lactobacilli have been identified as probiotics that can alter the 
intestinal environment and cure or alleviate certain intestinal 
diseases  (59). Lactobacillus bulgaricus OLL1181 has been 
reported to activate the aryl hydrocarbon receptor pathway to 
suppress inflammation (60). Animal experiments have indi‑
cated that Lactobacillus plantarum K68 improved the dextran 
sulfate sodium‑induced UC in BALB/c mice via anti‑inflam‑
matory and immunomodulatory activities (61). Furthermore, 
Lactobacillales BR11 were demonstrated to reduce the severity 
of experimental IBD due to their probiotic properties, possibly 
via the production of thiol using a unique cysteine/cystine‑trans‑
port system  (62). Contrary to these previous studies, in 
the current study, the UC group had the highest levels of 
Lactobacillus, and at the genus level, Lactobacillus also 
displayed high abundance. It was hypothesized that β‑diversity 
differences existed between the UC group and healthy controls, 
but this was not observed in certain species of bacteria, such 
as Lactobacillus and Bifidobacterium (63,64). Therefore, the 
clinical function of probiotics for the treatment of intestinal 
diseases was questioned. Indeed, the therapeutic effects of 
some probiotics were not satisfactory (65). In a double‑blind, 
randomized, placebo‑controlled study, VSL#3®, which is a 
high‑potency probiotic mixture that has been efficiently used in 
the treatment of pouchitis, was used to treat relapsing patients 
with UC, who were also being treated with 5‑aminosalicylic 
acid and/or immunosuppressants at stable doses (27). Although 
VSL#3 appeared to exert an alleviative effect, no significant 
differences were observed in the measured parameters. The 
association of Lactobacillus with UC should be the focus of 
future research.

Table III. Correlation of IL‑17/IL‑23 with top five differentially abundant bacteria.

Bacteria	 r (IL‑17)	 P‑value (IL‑17)	 r (IL‑23)	 P‑value (IL‑23)

Enterococcus	 0.843	 <0.001	 0.771	 <0.001
Lactobacillus	 0.737	 0.001	 0.566	 0.022
Bacteroides	 0.454	 0.077	 0.475	 0.063
Bifidobacterium	 0.773	 <0.001	 0.517	 0.041
Escherichia‑Shigella	 0.663	 0.005	 0.613	 0.012

IL, interleukin.
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Although the gut microbiota has important physiological 
functions, it may also pose a considerable threat to the immune 
homeostasis of the host. Bacteria may induce an immune 
response if they are recognized by mucosal immune cells as 
foreign species (66). In the present study, it was also demonstrated 
that Enterococcus was the most abundant genus in the UC group, 
which was clearly distinct from the control group. Furthermore, in 
the bacterial abundance diagram, the difference in the abundance 
of Enterococcus was higher compared with other bacteria. These 
results are consistent with those of previous studies, which aimed 
at elucidating the association between Enterococcus faecalis and 
chronic intestinal inflammation. Steck et al (67) reported that 
Enterococcus resulted in chronic intestinal inflammation via 
producing gelatinase GelE, which is a type of metalloproteinase 
that can damage the intestinal mucosal barrier. Another study 
also demonstrated that Enterococcus faecalis was enriched in 
patients with IBD, and an increased Enterococcus faecalis abun‑
dance was associated with clinically active CD (68). However, 
the mechanisms underlying the pathogenesis of Enterococcus 
remain to be further elucidated.

Previous studies investigating IL‑17 and IL‑23 demon‑
strated that these two factors were associated with intestinal 
inflammation. Xie et al  (69) revealed that the occurrence 
of human colon cancer was associated with an increased 
inflammatory response driven by IL‑17. Another study, 
which investigated the lamina propria T cells of the intestinal 
mucosa, revealed that an increased IL‑17 expression and a 
reduced suppressor activity were observed in patients with UC 
compared with the control group (70). In a meta‑analysis, the 
level of IL‑17 was indicated to increase in association with 
the increase of the degree of UC (17). Furthermore, drugs 
inhibiting the IL‑17/IL‑23 axis were demonstrated to exhibit 
a therapeutic effect on UC (18,71). In summary, IL‑17 and 
IL‑23 were associated with intestinal inflammation. Previous 
studies have comprehensively described the intestinal flora of 
patients with IBD, suggested that the alterations of the IBD 
microbiome are closely associated with the development 
of inflammation, identified the function of certain cells and 
mechanisms which regulate the interaction between the host 
and the microorganisms, or explored the flora of patients 
with UC with/without primary biliary cirrhosis (46,72‑76). In 
the current study, the altered intestinal flora and IL‑17/IL‑23 
expression were discussed, and it was demonstrated that IL‑17 
and IL‑23 expression was correlated with histological score. 
The association of IL‑17/IL‑23 with intestinal flora was also 
analyzed, and it was revealed that IL‑17/IL‑23 expression was 
correlated with the abundance of Enterococcus, Lactobacillus, 
Bifidobacterium and Escherichia‑Shigella.

However, certain limitations are still present in this field. 
For example, the challenges of the microbiota studies, which 
are associated with the remarkable variation in the micro‑
biome, owing to a variety of factors, including body site, age, 
location, lifestyle, diet and host genetics, still exist, and the 
importance of isolation standards and sample processing in 
these studies requires improvement (75,77). In addition, as 
demonstrated in early genetic association studies (75,77,78), 
the current studies investigating the microbiota may not be 
adequate to identify the microbiota‑phenotype associations, 
and future studies are likely to require an increased numbers 
of samples. Whether a more general intestinal microbial 

profile of fecal samples or a specific localized profile of 
endoscopic tissue samples is optimal for the study of micro‑
biota in UC remains to be elucidated. The mucosa‑associated 
organisms, however, are not limited to a particular intestinal 
location and are observed in fecal and tissue samples, albeit 
at different abundances (14). Until a consensus is reached on 
the optimal biospecimen type for the characterization of the 
intestinal microbiota, future studies may consider collecting 
both biospecimen types in their design. Next generation 
sequencing technologies continue to develop, with their cost 
progressively decreasing, which results in an increase in the 
number of sequences that are generated per sample (78). As 
a consequence, more in‑depth sequencing will be feasible in 
future studies, resulting in low‑abundance organisms being 
characterized.

Despite the results of the present study, it is possible that 
the presence of the pathogens examined in fecal samples 
may not accurately reflect the microbiome dynamics in the 
gut. Adherent bacteria are in direct contact with the host 
epithelium, and may exert greater effects on gene expression 
in the colonic mucosal cells than transient bacteria, which 
are removed in fecal samples (79). Therefore, the lack of 
mucosal microbiota is a potential limitation of the current 
study. As the bacterial abundance in the colonic tissue is low, 
and the small size of the collected tissues was not adequate 
for the detection of microbiota, fecal samples were selected, 
which reflect the colonization of flora to a certain extent. 
In addition, the number of patients in the current study was 
small. However, more patients will be included in order to 
collect adequate samples and deeply sequence each sample.

In conclusion, the present study indicated that the intes‑
tinal microbiota of patients with UC was different from that of 
healthy controls at multiple taxonomic levels, and an altered 
intestinal microflora was closely associated with the degree 
of inflammation. The IL‑23/IL‑17 axis, as a key factor in the 
development of UC, maybe associated with the alterations 
of intestinal microflora. The interaction between intestinal 
microflora and the IL‑23/IL‑17 axis may serve an important 
role in the pathogenesis of UC.
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