Name of Journal: World Journal of Gastroenterology
Manuscript NO: 63153
Manuscript Type: ORIGINAL ARTICLE

Observational Study
Relationship between clinical features and intestinal microbiota in Chinese patients with ulcerative colitis

He XX et al. Intestinal microbiota in patients with UC

Xu-Xia He, Ying-He Li, Peng-Guang Yan, Xiang-Chen Meng, Chu-Yan Chen, Ke-Min Li, Jing-Nan Li

Xu-Xia He, Ying-He Li, Peng-Guang Yan, Xiang-Chen Meng, Chu-Yan Chen, Ke-Min Li, Jing-Nan Li, Department of Gastroenterology, Peking Union Medical College Hospital, Peking Union Medical College and Chinese Academy of Medical Science, Beijing 100730, China

Author contributions: He XX and Li YH contributed equally to this work; He XX, Li YH, and Li JN contributed to study concept and design, data collection, analysis, and interpretation, and review of the manuscript; Yan PG, Meng XC, Chen CY, and Li KM were responsible for the data collection, analysis, and interpretation of the manuscript; all authors contributed to the article and approved the submitted version. 

Supported by the 13th Five-Year Plan for National Key R&D Program of China, No. 2018YFC1705402; and National Natural Science Foundation of China, No. 81770559 and No. 81370500.

Corresponding author: Jing-Nan Li, MD, Doctor, Department of Gastroenterology, Peking Union Medical College Hospital, Peking Union Medical College and Chinese Academy of Medical Science, Dongdan Santiao, Dongcheng District, Beijing 100730, China. lijn2008@126.com

Received: January 26, 2021
Revised: March 7, 2021
Accepted: July 5, 2021
Published online: 

 38 / 39

Abstract
BACKGROUND
Dysbacteriosis may be a crucial environmental factor for ulcerative colitis (UC). Further study is required on microbiota alterations in the gastrointestinal tract of patients with UC for better clinical management and treatment.

AIM
To analyze the relationship between different clinical features and the intestinal microbiota, including bacteria and fungi, in Chinese patients with UC. 

METHODS
Eligible inpatients were enrolled from January 1, 2018 to June 30, 2019, and stool and mucosa samples were collected. UC was diagnosed by endoscopy, pathology, Mayo Score, and Montreal classification. Gene amplicon sequencing of 16S rRNA gene and fungal internal transcribed spacer gene was used to detect the intestinal microbiota composition. Alpha diversity, principal component analysis, similarity analysis, and Metastats analysis were employed to evaluate differences among groups. 

RESULTS
A total of 89 patients with UC and 33 non-inflammatory bowel disease (IBD) controls were enrolled. For bacterial analysis, 72 stool and 48 mucosa samples were obtained from patients with UC and 21 stool and 12 mucosa samples were obtained from the controls. For fungal analysis, stool samples were obtained from 43 patients with UC and 15 controls. A significant difference existed between the fecal and mucosal bacteria of patients with UC. The α-diversity of intestinal bacteria and the relative abundance of some families, such as Lachnospiraceae and Ruminococcaceae, decreased with the increasing severity of bowel inflammation, while Escherichia-Shigella showed the opposite trend. More intermicrobial correlations in UC in remission than in active patients were observed. The bacteria-fungi correlations became single and uneven in patients with UC.

CONCLUSION
The intestinal bacteria flora of patients with UC differs significantly in terms of various sample types and disease activities. The intermicrobial correlations change in patients with UC compared with non-IBD controls.
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Core Tip: Further study is required on gut microbiota alterations in patients with ulcerative colitis (UC). This study aimed to analyze the relationship between clinical features and the intestinal microbiota, including bacteria and fungi, in Chinese patients with UC. Gene amplicon sequencing of 16S rRNA gene and fungal internal transcribed spacer gene was applied. A total of 89 UC patients and 33 controls were enrolled. Results showed that the intestinal bacteria flora of patients with UC differed significantly in terms of various sample types and disease activities. The intermicrobial correlations changed in patients with UC compared with controls.


INTRODUCTION
Inflammatory bowel disease (IBD) is a group of chronic inflammatory disorders of the gastrointestinal tract that are divided into ulcerative colitis (UC), Crohn’s disease, and IBD-unclassified[1]. The worldwide incidence rate of IBD varies greatly[2]. Among countries in the Asia-Pacific area, where the rate of IBD has rapidly increased, China has the highest incidence, with UC being the most common type[3]. The etiology of UC is still unclear, and it may be related to an abnormal epithelial barrier function and immune response driven by environmental factors in individuals with genetic susceptibility[1].
Disordered intestinal microbiota, or dysbacteriosis, is considered one of the crucial environmental factors for IBD[1]. Animal experiments have indicated the association between microbiota and UC. Some animal models, including mice with an immune deficiency, spontaneously develop chronic colitis resembling human UC[4]. However, under germ-free conditions or durative antibiotic therapy, the development of spontaneous colitis in these mice was prevented[4]. Dozens of studies found that bacterial strains derived from mice with colitis or patients with IBD could induce intestinal inflammation in mice with an immune deficiency and even in wild-type mice[4]. 
Existing evidence from animal experiments has stressed the necessity of a thorough understanding of the constitution and changes of the intestinal microbiota in patients with UC to elucidate the possible pathogenesis and investigate potential treatments. Numerous studies have focused on the variations in bacterial diversity and composition. Compared with non-IBD controls, there is a trend of decreased microbial α-diversity in patients with UC[5-7], although the total bacterial count decreased or increased in different studies[8,9]. Altered bacterial composition in patients with UC was discovered in almost all the related studies. The intestinal bacterial microbiota in the feces was different from that in the colon mucosa[10,11]. Differences were also found between patients with UC and non-IBD controls[6,7,12-16], among patients with UC of various severity[9,17,18] or disease types[11,19], between inflamed and noninflamed biopsies[6,16,19,20], among patients who accepted different therapies[10,11], and between patients who responded or did not respond to certain therapies[13]. In recent years, studies have also focused on changes in intestinal fungi in IBD patients[5,17]. However, existing studies concerning the above areas have arrived at various conclusions, which may be attributed to the limited sample size, imprecise stratification of patients, or other factors. Therefore, further study is required to obtain more information about microbiota alterations in the gastrointestinal tract of patients with UC for better clinical management and treatment.
In this study, our main purpose was to characterize the intestinal microbiota of patients with UC by 16S rRNA gene amplicon sequencing and compare the differences between the fecal and mucosa samples of the same UC patient, among patients with active UC, those with UC in remission, and non-IBD controls, among patients with different degrees of disease activity or with different disease types, and between biopsy samples collected from inflamed and noninflamed sites. In addition, the fecal fungal microbiota in the patients and controls was also analyzed using internal transcribed spacer (ITS) rRNA gene amplicon sequencing. Finally, we compared the intermicrobial correlations in patients with UC and non-IBD controls. 

MATERIALS AND METHODS
Patient selection and stratification
Patients with UC and non-IBD controls were recruited from patients admitted to Peking Union Medical College Hospital in Beijing, China from January 1, 2018 to June 30, 2019. The diagnosis of UC was determined by endoscopic and pathological findings. Only patients with regular follow-ups (more than 3 times in 1 year, outpatient and/or inpatient) were included, and all these patients orally took 1 g of mesalazine per time, 3-4 times per day. Patients with any history of colectomy, antibiotic use or probiotic application within 3 mo before sample collection, or other types of gastroenteric complications (including gastrointestinal tumor, gastroduodenal ulcer, and irritable bowel syndrome) were excluded. The clinical activity of disease was determined by the Mayo score/Disease Activity Index[21], and the patients were classified into UC in remission or active UC groups, with the latter further divided into mild, moderate, and severe groups. The patients were also classified into proctitis (type E1), distal colitis (type E2), or pancolitis (type E3) groups based on their disease types according to the Montreal classification[22]. The inflammatory status of the biopsy was confirmed by pathological evidence. The non-IBD controls were asymptomatic patients with colonic polyps. 
This work was been approved by the ethical committees of Peking Union Medical College Hospital (No. JS-1488). All the patients included have signed an informed consent form.

Sample collection 
Fecal samples were collected 1-2 d before bowel preparation and endoscopic examination, and were stored in stool tubes (Allwegene Company, Beijing) at -80 °C within 2 h after collection. Two biopsies were taken from each biopsy site during endoscopy. One of the biopsies was stored in formalin for standard histological staining, and the other was snap-frozen and then stored at -80 °C for sequencing. 

DNA extraction and polymerase chain reaction amplification 
DNA was extracted from samples using the DNeasy PowerSoil Kit (QIAGEN, Dusseldorf, GER) according to the manufacturer’s protocol. The purity and quality of the genomic DNA were checked on 0.8% agarose gels. The V3-4 hypervariable region of the bacterial 16S rRNA gene was amplified with the primers 338F (ACTCCTACGGGAGGCAGCAG) and 806R (GGACTACHVGGGTWTCTAAT)[23]. The fungal ITS gene was amplified with the primers ITS3-F (GCATCGATGAAGAACGCAGC) and ITS4-R (TCCTCCGCTTATTGATATGC)[24]. For each mucosa or fecal sample, a 10-digit barcode sequence was added to the 5’ end of the forward and reverse primers. Polymerase chain reaction (PCR) was carried out on a Mastercycler Gradient (Eppendorf, Germany) using a 25 μL reaction volume containing 12.5 μL of 2 × Taq PCR MasterMix, 3 μL of BSA (2 ng/μL), primers (5 μM), 2 μL of template DNA, and 5.5 μL of ddH2O. The cycling parameters were 95 °C for 5 min, followed by 32 cycles of 95 °C for 45 s, 55 °C for 50 s, and 72 °C for 45 s with a final extension at 72 °C for 10 min. Three PCR products per sample were pooled to mitigate reaction-level PCR biases. The PCR products were purified using a QIAquick Gel Extraction Kit (QIAGEN, Germany), quantified using real-time PCR, and sequenced by Allwegene Company (Beijing, China).

High-throughput sequencing and comparative sequence analysis
Deep sequencing was performed on the Miseq platform at Allwegene Company (Beijing). After the run, image analysis, base calling, and error estimation were performed using Illumina Analysis Pipeline Version 2.6. The raw data were first screened, and sequences were removed if they were shorter than 150 bp or longer than 500 bp, had a low-quality score (≤ 20), contained ambiguous bases, or did not exactly match the primer sequences and barcode tags. After screening, the qualified reads were separated using the sample-specific barcode sequences and trimmed with Illumina Analysis Pipeline Version 2.6. Then, the dataset was analyzed using Quantitative Insights Into Microbial Ecology (QIIME, Ver2.1, Rob Knight laboratory and Greg Caporaso laboratory, United States). After 16S rRNA amplicon sequencing and screening, an average of 59307 ± 4058 [mean ± standard error of mean (SEM)] qualified reads were obtained from the fecal samples, and an average of 54201 ± 3834 qualified reads were obtained from the mucosa samples. After ITS sequencing and screening, an average of 47051 ± 4675 qualified reads were obtained from the fecal samples. In the subsequent subgroup analysis, singletons were further removed from the qualified sequences and then the latter was subsampled and clustered into operational taxonomic units (OTUs) at a similarity level of 97% to generate rarefaction curves and to calculate the richness and diversity indices (the number of subsampled sequences and the corresponding OTUs for each subgroup analysis are described in Supplementary Table 1. The Ribosomal Database Project Classifier tool was used to classify all sequences into different taxonomic groups. Finally, the bacterial taxonomic groups were matched to specific genera based on Silva database (Ver. 128), and the fungal groups were based on the Unite database (Ver. 7.1). 

Statistical analysis
A t-test was used to detect the difference in age among groups. The chi-square test was used to compare the distributions of sex, disease type, and disease activity among groups. The alpha diversity, principal component analysis (PCA), and analysis of similarities (ANOSIM) were performed based on the OTUs and the abundance acquired from the subsampled sequences of samples involved in the subgroup analysis. Alpha diversity was estimated using Shannon index metric, and one-way ANOVA (SPSS 19.0) was used to measure the difference among Shannon indices. To examine the similarity of the microbiota structure between different samples, PCA was performed using R software. PCA was used to reduce the high dimensionality of the intestinal microbiota structure, which contained numerous original variables, and to observe the relationship among samples in a rectangular coordinate. To further examine the similarity between different samples and to determine whether the between-group difference was greater than the inter-group difference, ANOSIM was performed in the R. The Metastats analysis using Mothur was employed to detect interindividual differences and the differences in microbiota composition among groups at the phylum and genus levels were measured. Only bacteria or fungi with relative abundances higher than 1% in either group were displayed in this study and were discussed with emphasis. Generally, the numerical value is shown as the mean value ± standard deviation. Under the condition of multiple comparisons, the P values were corrected to control for the false discovery rate by Benjamini-Hochberg method (α = 0.05). Differences with a P < 0.05 were considered statistically significant. Moreover, Spearman correlation coefficient analysis was applied and inter-microbial correlations at the genus level with a P value less than 0.05 and an R value greater than 0.6 were selected and put into a correlation network using Cytoscape v3.7.0. The statistical methods of this study were reviewed by Dr. Tao-Tao Han from Chinese Academy of Medical Sciences and Peking Union Medical College.

RESULTS
Sample collection and microbiota analysis
Eighty-nine patients with UC and 33 non-IBD controls were included in the present study. Among the 89 patients with UC, 31 provided both stool and mucosa samples and 19 patients with UC at active stage provided mucosa samples from inflamed and noninflamed sites, and finally 72 stool samples and 67 mucosa samples were obtained. Twenty-one stool samples and 12 mucosa samples were obtained from non-IBD controls diagnosed with tubular adenoma, tubulovillous adenoma, or a hyperplastic polyp according to histological evidence. The basic clinical characteristics of the subjects among the groups under different stratifications were compared (Supplementary Tables 2-4), including age, sex proportion, disease activity, and disease type distribution in patients with UC. Most of the characteristics showed little intergroup difference, except for the mean age of the non-IBD controls and patients with UC and the disease type distribution of active UC and UC in remission. Among the stool samples, the compositions of fungal flora in 15 non-IBD samples and 42 UC samples were detected by ITS sequencing. The rest of the samples (6 non-IBD controls and 30 UC patients) failed to undergo ITS sequencing due to the insufficiency of tissues. Although a difference existed in the results of OTUs clustering in different subgroup analysis, in both the fecal and the mucosa sample, Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria were always the four chief components among the identified phyla, and the identified fecal fungi mainly consisted of Basidiomycota and Ascomycota.

Fecal and mucosal bacterial microbiota of patients with UC is different
The microbiota in the stool and mucosa samples of the same patient with UC were compared if collected within less than 3 d, and 31 pairs of samples were included. Compared with the mucosal sample (Shannon index, 5.04 ± 1.14), the α-diversity of the microbiota in the fecal sample (Shannon index, 4.08 ± 0.89) was significantly lower (P = 0.001) (Figure 1A). As directly assessed by PCA (Figure 1B), the flora structure of the mucosa sample and that of the stool sample showed obvious differences and ANOSIM indicated significant intergroup differences (Figure 1C). The microbiota compositions at the phylum and genus levels of the mucosa and fecal samples are shown in Figure 1D. At the phylum level, the relative abundance of mucosal Proteobacteria and unidentified phyla was higher than that of fecal Proteobacteria, while the relative abundances of Bacteroidetes and Firmicutes were lower in the mucosa sample. At the genus level, 16 types of bacterial genera differed significantly between the mucosa and stool samples (the relative abundance and the P value of each bacterium are described in Supplementary Table 5). 

Comparison between patients with UC with different levels of disease activity and non-IBD controls–for stool samples
The α-diversity of intestinal bacteria decreases in patients with UC and the microbiota composition differs among UC patients in remission, patients with active UC, and non-IBD controls: As shown in Figure 2A, compared with the non-IBD controls (Shannon index, 4.71 ± 0.64), the α-diversity of the intestinal microbiota evaluated by the Shannon index significantly decreased in patients with UC in remission (Shannon index, 4.11 ± 0.74; P = 0.013), as well as in patients with active UC (Shannon index, 3.20 ± 1.04; P = 0.000). The α-diversity of patients with active UC was also significantly lower than that of UC patients in remission (P = 0.002). According to the PCA and ANOSIM results, the intergroup difference between the non-IBD controls and UC patients in remission group was significant (Figure 2B and C). The microbiota compositions of the different groups are shown in Figure 2D (the relative abundance and P value are listed in Supplementary Table 6). At the phylum level, the abundance of Proteobacteria significantly increased in patients with active UC but decreased in patients with UC in remission, while that of Firmicutes showed the opposite pattern. The abundance of Bacteroidetes significantly decreased in both the active UC and UC in remission groups. At the genus level, compared with the non-IBD controls, the relative abundances of Alistipes, Bacteroides, Dialister, and Escherichia-Shigella in patients with UC in remission significantly decreased, while that of Lachnospira increased. The relative abundances of Escherichia-Shigella, Enterococcus, and Peptoclostridium were significantly higher in the active UC group than in the non-IBD group, while those of Alistipes, Subdoligranulum, Roseburia, Ruminococcus 2, and Ruminococcus torques were significantly lower in patients with active UC. When comparing patients with active UC and UC in remission, the relative abundances of Escherichia-Shigella, Enterococcus, Haemophilus, and Klebsiella were higher in the former, while those of Lachnospira, Faecalibacterium, Roseburia, and Blautia were higher in the latter. 

The α-diversity continuously decreases, and some bacteria show a consistently changing pattern with increasing disease activity in patients with active UC: As shown in Figure 3A, the α-diversity of the intestinal microbiota gradually decreased with increasing inflammation degree (the Shannon index of mild, moderate, and severe active UC was 3.74 ± 0.84, 3.08 ± 0.95, and 2.66 ± 1.14, respectively), and the difference between the mild and moderate groups (P = 0.025), and between the mild and  severe groups (P = 0.003) was significant, though that between the moderate and severe groups was not obvious (P = 0.235). Significant differences were observed through PCA (Figure 3B) and ANOSIM (Figure 3C). The microbiota compositions of different groups are shown in Figure 3D (the relative abundance and P value are listed in Supplementary Table 7). At the phylum level, the abundance of Proteobacteria showed a significantly increasing trend with deteriorating disease conditions, and that of Bacteroidetes gradually decreased, although only the difference between the mild and severe groups was obvious. At the genus level, some bacterial genera that differed significantly between the non-IBD controls and patients with active UC displayed consistently changing patterns when the disease condition worsened, including a further increase in Escherichia-Shigella in moderate-severe active UC and an obvious reduction of Faecalibacterium, Roseburia, and Bacteroides in severe active UC. The relative abundance of Eubacterium rectale group gradually decreased when the inflammation worsened, although this genus did not differ significantly between the non-IBD controls and patients with UC. Decreased Blautia in moderate active UC and reduced Parasutterella and Lachnospira in severe active UC compared with the mild UC group were also observed. 

Comparison between patients with UC with different levels of disease activity and non-IBD controls–for mucosa samples
The α-diversity of the mucosal microbiota decreases in patients with active UC, and the microbiota composition differs among groups: As shown in Figure 4A, the α-diversity of the mucosal microbiota in the non-IBD controls (Shannon index, 6.12 ± 0.70) was similar to that in patients with UC in remission (Shannon index, 5.63 ± 1.53; P = 0.682) but was significantly higher than that in patients with active UC (4.99 ± 1.02; P = 0.001). The α-diversity of patients with UC in remission and with active UC showed little difference (P = 0.453). Direct observation of the PCA rectangular coordinates (Figure 4B) indicated that the flora structure of the non-IBD controls was different from that of either UC group. ANOSIM indicated that the difference between the controls and patients with UC in remission was significant (Figure 4C). As shown in Figure 4D (the relative abundance and P value are listed in Supplementary Table 6), at the phylum level, compared with the non-IBD controls, the relative abundances of Firmicutes and Proteobacteria significantly increased in patients with active UC, and that of Actinobacteria was significantly higher in patients with both active UC and UC in remission. The relative abundance of unidentified bacterial phyla obviously decreased in patients with UC in remission and further decreased in patients with active UC. At the genus level, the relative abundances of Geobacillus, Lactococcus, Pseudomonas, Methylobacterium, Acinetobacter, Streptococcus, Bacillus, and Ralstonia increased in the active UC group compared with the non-IBD controls, while those of Ruminococcus torques and the unidentified bacterial genera were reduced. When comparing the non-IBD controls and patients with UC in remission, the relative abundances of Eubacterium rectale and the unidentified genera were lower in the latter, while those of Methylobacterium, Rhodococcus, Peptoclostridium, and Faecalibacterium were higher. The difference between patients with active UC and UC in remission was also obvious, and more Geobacillus, Lactococcus, Pseudomonas, Streptococcus, Bacillus, Ralstonia, and Prevotella group 9 were observed in patients with active UC. 

The α-diversity of mucosal bacteria further decreases in severe active UC, and the microbiota composition is slightly different among subgroups that vary in inflammation degree: The α-diversity of mucosal bacteria in patients with severe active UC (Shannon index, 3.67 ± 1.25) was significantly lower than that in patients with mild active UC (Shannon index, 5.40 ± 1.01; P = 0.017). However, little difference was observed between the mild and moderate subgroups (Shannon index, 4.80 ± 0.90; P = 0.100) or between the moderate and severe subgroups (P = 0.251) (Figure 5A). Only the flora structure of the mild and severe groups showed obvious differences according to PCA and ANOSIM (Figure 5B and C). As shown in Figure 5D (the relative abundance and P value are listed in Supplementary Table 7), at the phylum level, the relative abundance of Actinobacteria in patients with severe active UC was significantly lower than that in patients with mild/moderate UC, and fewer unidentified bacterial phyla were observed in patients with severe UC than in patients with mild UC. At the genus level, the relative abundance of Methylobacterium in patients with mild UC was significantly higher than that in patients with moderate/severe UC, and Blautia significantly decreased in patients with severe UC compared with the other two subgroups.

Comparison between intestinal bacteria in patients with active UC with different disease extents or different biopsy sites
Patients with active UC with different disease extents show slight differences in bacterial α-diversity and composition: Based on the extent of colitis, patients with active UC were divided into two groups:  Partial colitis (E1 and E2) and pancolitis groups (E3). The α-diversity of fecal bacteria in these groups was similar, while that of mucosal bacteria was higher in the pancolitis group. Regarding the bacterial composition in stool samples, only the relative abundance of the phylum Fusobacteria and its genus Fusobacterium was significantly higher in the stool of pancolitis patients. Regarding the mucosa sample, the relative abundance of unidentified phyla and the genus Methylobacterium in the “partial colitis” group was significantly lower than that in the pancolitis group (Supplementary Figures 1 and 2, and Supplementary Table 8).

Mucosa samples from inflamed and noninflamed sites have similar intestinal microbiota structures: Nineteen pairs of mucosa samples from inflamed and noninflamed sites of one subject were collected. There was no significant difference between the microbiota of mucosa samples from the inflamed and noninflamed sites as evaluated by the α-diversity, PCA, ANOSIM, or microbiota composition at the phylum and genus levels (Supplementary Figure 3).

Analysis of fecal fungi and bacteria-fungi correlations
The α-diversity and composition of stool fungal microbiota slightly differ among groups: There was little difference between the fecal fungal microbiota of patients with UC and the non-IBD controls or among the active UC groups with different degrees of inflammation as evaluated by α-diversity, PCA, or ANOSIM. Regarding the fungal composition, only a few fungal genera differed significantly, including a higher relative abundance of Mycosphaerella, Malassezia, and/or Suillus in patients with active UC, more Xeromyces and Yarrowia in patients with severe active UC, and more Rhizopus in patients with moderate active UC (Supplementary Figures 4 and 5, and Supplementary Table 9). 

The intestinal intermicrobial correlation changes in patients with UC compared with non-IBD controls: The intestinal intermicrobial correlations at the genus level in the non-IBD controls and the UC in remission and active UC groups are shown in a correlation network (Figure 6). In all of the groups, most of the bacteria-bacteria correlations existed in Firmicutes, the majority of the bacteria-fungi correlations occurred in Firmicutes and Ascomycota, and the Ascomycota-Ascomycota/Basidiomycota correlations were the major fungi-fungi correlations. Compared with the controls, the number of significant correlations increased in patients with UC in remission but decreased in patients with active UC. The most obvious change occurred in the number of bacteria-fungi correlations, while the number of fungi-fungi correlations was insignificant among the three groups. 
To further investigate the change in bacteria-fungi correlations, we focused on the bacterium-fungus pairs in which at least one of the two genera had a relative abundance higher than 0.01, and the correlations with a P value smaller than 0.05 are shown in the heat map (Supplementary Figure 6). In the non-IBD controls, bacterial genera from nine bacterial phyla were correlated with fungal genera from four fungal phyla, while for patients with UC in remission, the number of involved bacterial phyla decreased to five, and for patients with active UC, the number of phyla was further reduced to three. In addition, the correlation intensity of the related bacterium-fungus pairs was distributed evenly among the controls, while the correlation intensity of some microbe pairs in patients with UC became prominent, indicating that the bacteria-fungi interaction became single and circumscribed in patients with UC.

DISCUSSION
In this study, the intestinal bacteria flora of patients with UC was analyzed, and three important results were acquired. First, the fecal bacteria and mucosal bacteria of patients with UC were different, and the former was characterized by a lower α-diversity, lower relative abundances of Proteobacteria and unidentified phyla, and higher proportions of Bacteroidetes and Firmicutes. Significant differences were also shown in 16 bacterial genera. This result agrees with a previous study showing that the sample origin (biopsy vs stool) is the single most influential factor on the microbial community structure in IBD patients[10]. Another study also reported fecal-specific bacterial species[11]. Bowel preparation impacted the mucosal microbiota α-diversity (mainly presented as decreased diversity) and the abundance of certain bacteria[25], which may partially contribute to the difference between biopsy and fecal samples. The vastly distinct environment for the colonization of microbes may be the principal factor. 
Second, obvious distinctions were observed between the non-IBD controls and patients with UC. Notably, the intestinal bacteria in patients with UC in remission and active UC may be regarded as two dissimilar populations owing to their significantly different α-diversity and flora structure. The former was more similar to that of the non-IBD controls, as reflected by a smaller decrease in α-diversity and smaller changes in the bacterial composition. Moreover, the bacterial composition of the active and relieved UC groups even showed opposite changing patterns in some circumstances; for example, Proteobacteria and its genus Escherichia-Shigella increased in the feces of active UC but decreased in UC in remission, while Firmicutes and some of its members changed oppositely. Previous studies have confirmed a depletion of α-diversity in patients with UC, but the changes in bacterial composition were inconsistent. Some studies have reported a depletion of fecal Firmicutes and its members in patients with UC compared with non-IBD controls or co-habitation healthy partners[10,15,17,26,27], while others have reported opposite alterations[7]. The analysis of fecal Bacteroids and their members in patients with UC compared with non-IBD controls also reached different results[7,11,15,17,27]. The changes in mucosal bacteria in patients with UC are even more complicated and inconsistent than those in fecal ones[6,12,13,16]. Such confusing results may partially be attributed to the different sample sizes, ages, and races of subjects[14]; sampling biogeography; and the luminal pH values[10]. Another possible reason may be that many studies took the active and the quiescent patients with UC as a whole and analyzed them without distinction. This opinion was supported by our study as well as other studies that found different changing patterns of certain bacteria in active and quiescent UC[9,28]. Patients with UC even displayed different bacterial compositions before and after treatment, with the latter being more similar to non-IBD controls[8].
Third, the intestinal bacteria displayed a gradually decreased α-diversity and consistently changing pattern of certain bacteria when the inflammation state of active UC increased, which was represented by a gradual increase in Proteobacteria and Escherichia-Shigella and decrease in Bacteroidetes, Faecalibacterium, Roseburia, Bacteroides, and Eubacterium rectale group in stool, as well as less Methylobacterium and Blautia in the mucosa. Previous studies also found that the patients with active UC with intestinal bacteria dominated by some kinds of bacteria (the members of Proteobacteria) exhibited more severe disease conditions than those enriched in other genera (Blautia, Ruminococcus, and other members belonging to Firmicutes)[17,18,29]. 
Despite the obvious alteration in intestinal bacteria along with the changed disease activity of UC, the bacterial composition only showed a slight or no difference when the disease type or biopsy site differed. These results agreed with most of the previous studies[11,16,19,20] except one finding that showed a significant difference between inflamed and noninflamed sites[6].
There were some commonalities among the changes of intestinal bacteria in this study. The bacteria with “protective effects” decreased while those with “deleterious effects” increased in active UC, especially in patients with moderate-severe inflammation, while in UC in remission, some of these bacteria changed in the opposite way, indicating a “correction effect” of some “protective” bacteria in recovering patients. The most representative change was the reduction of a series of genera affiliated with Lachnospiraceae and Ruminococcaceae in active UC. These are important bacteria for producing butyric acid, a substance beneficial to IBD in terms of anti-inflammation and intestinal barrier defense[30]. In addition, a decrease in the genus Alistipes in active UC was reported to produce bacterial sulfonolipids with potential anti-inflammatory effects[31]. Most of the genera that increased in the active UC and/or moderate-severe UC groups were opportunistic pathogens that may be harmful to gastrointestinal health. For example, Escherichia-Shigella[32] and Prevotella[33] promote inflammatory cytokine expression. In addition, Fusobacterium, which was more abundant in the feces of pancolitis patients, was enriched in patients with gut inflammation and was proportionally associated with colorectal cancer[34]. However, it is difficult to determine whether the change in microbiota is a cause or a consequence of UC since the bacteria depleted in patients were sometimes strictly anaerobic and failed to survive in the broken intestinal environment[30].
This study also detected fecal fungi and the intermicrobiota correlations. The diversity of fecal fungi was similar among groups, and the fungal composition only showed subtle differences at the genus level, which was in accordance with a previous study[17] but contrary to another[5]. The number of intermicrobiota correlations increased for UC in remission and decreased in active UC, with the most obvious change in the bacteria-fungi correlation, and the distribution of the correlations became uneven in patients with UC. The meaning of these results is still unclear, and more studies are needed to explore the complex changes in the intestinal fungi of IBD patients.
There were some limitations in this study. First, the sample size was insufficient, especially for the mucosa samples. Second, non-IBD controls were asymptomatic patients with colonic polyps rather than healthy people owing to ethical issues. Since the patients with colonic polyps generally had a higher onset age than patients with UC, the average ages of the controls and patients with UC were unmatched. It has been reported that age influences gut microbiota in adults, which is mainly manifested as decreases in the families of Firmicutes and Bifidobacteria, as well as an increase in Proteobacteria members, indicating a more proinflammatory gut microbiota phenotype in elderly people[35]. Therefore, the difference between non-IBD controls and patients with UC may be more obvious than that presented in this study. Third, many studies have implied that the gut fungal composition was significantly affected by lifestyle[36,37], but due to practical reasons, our study did not collect the information of the lifestyle in this population, which can be a confounding factor. Finally, the sequencing method in our study can only reach the genus level, and further research using the metagenomic sequencing is required to acquire more details at the species level. 

CONCLUSION
Patients with active UC have a significantly different intestinal microbiota than non-IBD controls, while the difference between patients with UC in remission and non-IBD control is smaller. Disease degree of patients with active UC significantly affects the gut microbiota, and some bacteria show consistently changing patterns when the disease worsens. Some “beneficial” bacteria decrease while some “detrimental” bacteria increase in patients with active UC, especially in patients with moderate-severe inflammation. A difference was also observed in the intestinal bacteria flora collected from paired stool and mucosa samples of patients with UC. The fecal fungal microbiota does not show evident changes compared with the controls. However, significantly different intermicrobial correlations and an unevenly distributed bacteria-fungi interaction were observed. 

ARTICLE HIGHLIGHTS
Research background
The etiology of ulcerative colitis (UC) is still unclear, and dysbacteriosis may be a crucial environmental factor. Numerous studies have focused on the variations in intestinal microbiota diversity and composition of patients with UC. 

Research motivation
Existing studies concerning UC and intestinal microbiota have arrived at various conclusions. A further understanding of the constitution and changes of the intestinal microbiota in patients with UC is necessary to elucidate the possible pathogenesis and investigate potential treatments.

Research objectives
To analyze the relationship between different clinical features and the intestinal microbiota, including bacteria and fungi, in Chinese patients with UC. 

Research methods
Gene amplicon sequencing of 16S rRNA gene and fungal internal transcribed spacer gene was used to detect the intestinal microbiota composition. Alpha diversity, principal component analysis, similarities analysis, and Metastats analysis were employed to evaluate differences among groups. 

Research results
A total of 89 patients with UC and 33 controls were enrolled. A significant difference existed between the fecal and mucosal bacteria, and the α-diversity of intestinal bacteria and the relative abundance of some families decreased with the increasing severity of bowel inflammation. More intermicrobial correlations in UC in remission than in active patients were observed, and the bacteria-fungi correlations became single and uneven in patients with UC.

Research conclusions
Patients with active UC have a significantly different intestinal microbiota in terms of various sample types and disease activities. Significantly different intermicrobial correlations and an unevenly distributed bacteria-fungi interaction were observed. 

Research perspectives
There is still a need to collect subjects to expand the sample size and further include data from other parts of China. And metagenomic sequencing method may be needed for more details at the species level in future research.
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Figure Legends
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Figure 1Statistical analysis of the sequencing results of the bacteria microbiota in stool and mucosa samples from patients with ulcerative colitis. A: The α-diversity of microbiota evaluated by Shannon index. The ordinate shows the Shannon index, and the abscissa shows the sample types. Compared with mucosa samples (Shannon index, 5.04 ± 1.14), the α-diversity of microbiota in fecal samples (Shannon index, 4.08 ± 0.89) was significantly lower (P = 0.001); B: Principal component analysis. The flora structure of mucosa samples and that of stool samples showed an obvious difference (with a PC1 of 18.92% and a PC2 of 11.18%, as showed in the abscissa and ordinate axis separately); C: The analysis of similarities. The intergroup difference (marked as Between) was greater than within group differences (marked as Feces and Mucosa for the two groups) and the result was significant (P = 0.001); D: The relative abundance of the bacteria at the phylum (the left bar graph) and genus (the right bar graph) levels. The ordinate shows the relative abundance (%), and the abscissa axis shows the sample types where the microbiota was sequenced from. At the phylum level, the relative abundance of mucosal Proteobacteria and the unidentified phyla was higher than fecal ones, while the relative abundance of Bacteroidetes and Firmicutes was lower in the mucosa samples. At the genus level, 16 kinds of bacteria genera differed significantly between mucosa and stool samples. 
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Figure 2 Statistical analysis of the sequencing results of the bacteria microbiota in stool samples from patients with ulcerative colitis and non-inflammatory bowel disease controls. A: The α-diversity of microbiota evaluated by Shannon index. The ordinate shows the Shannon index, and the abscissa shows the groups. Compared with non-inflammatory bowel disease (IBD) controls (Shannon index, 4.71 ± 0.64), the α-diversity of intestinal microbiota evaluated by Shannon index significantly decreased in the ulcerative colitis (UC) in remission (Shannon index, 4.11 ± 0.74; P = 0.013), as well as in the active patients with UC (Shannon index, 3.20 ± 1.04; P = 0.000). The α-diversity of active UC was also significantly lower than that of UC in remission (P = 0.002); B: Principal component analysis. The flora structure of non-IBD controls and UC in remission group showed an obvious difference (with a PC1 of 13.8% and a PC2 of 7.34%, as showed in the abscissa and ordinate axis separately); C: The analysis of similarities. The intergroup difference between non-IBD controls and UC in remission group was greater than within group differences, and the result was significant (P = 0.004); D: The relative abundance of the bacteria at the phylum (the left bar graph) and genus (the right bar graph) levels. The ordinate shows the relative abundance (%), and the abscissa axis shows the sample types where the microbiota was sequenced from. At the phylum level, the abundance of Proteobacteria significantly increased in active UC but decreased in UC in remission, while that of Firmicutes showed the opposite pattern. The abundance of Bacteroidetes significantly decreased in both active UC and UC in remission groups. At the genus level, compared with non-IBD controls, the relative abundance of Alistipes, Bacteroides, Dialister, and Escherichia-Shigella in UC in remission significantly decreased, while that of Lachnospira increased. The relative abundance of Escherichia-Shigella, Enterococcus, and Peptoclostridium was significantly higher in active UC group than in the non-IBD group, while that of Alistipes, Subdoligranulum, Roseburia, Ruminococcus 2, and Ruminococcus torques group was significantly lower in active patients with UC. When comparing active UC and UC in remission, the relative abundance of Escherichia-Shigella, Enterococcus, Haemophilus, and Klebsiella was higher in the former, while that of Lachnospira, Faecalibacterium, Roseburia, and Blautia was higher in the latter. IBD: Inflammatory bowel disease; UC: Ulcerative colitis.
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Figure 3 Statistical analysis of the sequencing results of the bacteria microbiota in stool samples from mild, moderate, and severe active ulcerative colitis groups. A: The α-diversity of microbiota evaluated by Shannon index. The ordinate shows the Shannon index, and the abscissa shows the groups. The α-diversity of the intestinal microbiota gradually decreased along with increasing inflammation degree (the Shannon index of mild, moderate, and severe active ulcerative colitis (UC) was 3.74 ± 0.84, 3.08 ± 0.95, and 2.66 ± 1.14, respectively), and the difference between the mild and moderate groups (P = 0.025), and between the mild and severe groups (P = 0.003) was significant, although that between it was not significantly between the moderate and severe groups (P = 0.235); B: Principal component analysis. The flora structure of mild, moderate, and severe active UC groups showed an obvious difference (with a PC1 of 14.63% and a PC2 of 9.09%, as showed in the abscissa and ordinate axis separately); C: The analysis of similarities. The intergroup differences between any two of these groups were significant (P = 0.016 between the mild and the moderate stage group, P = 0.015 between the moderate and the severe stage group, and P = 0.001 between the mild and the severe stage group); D: The relative abundance of the bacteria at the phylum (the left bar graph) and genus (the right bar graph) levels. The ordinate shows the relative abundance (%), and the abscissa axis shows the sample types where the microbiota was sequenced from. At the phylum level, the abundance of Proteobacteria showed a significant trend of increase with a deteriorating disease condition, and that of Bacteroidetes gradually decreased, though only the difference between mild and severe subgroups was obvious. At the genus level, some bacteria genera that differed significantly between non-inflammatory bowel disease (IBD) controls and active patients with UC displayed a consistent changing pattern when the disease condition was getting worse, including a further increase of Escherichia-Shigella in moderate-severe active UC and an obvious reduction of Faecalibacterium, Roseburia, and Bacteroides in severe active UC. The relative abundance of Eubacterium rectale group gradually decreased when the inflammation worsened though this genus did not differ significantly between non-IBD controls and patients with UC. Decreased Blautia in moderate active UC and reduced Parasutterella and Lachnospira in severe active UC compared with the mild group were also observed. UC: Ulcerative colitis.


[image: ]
Figure 4 Statistical analysis of the sequencing results of the bacteria microbiota in mucosa samples from patients with ulcerative colitis and non-inflammatory bowel disease controls. A: The α-diversity of microbiota evaluated by Shannon index. The ordinate shows the Shannon index, and the abscissa shows the groups. The α-diversity of mucosal microbiota in non-inflammatory bowel disease (IBD) controls (Shannon index, 6.12 ± 0.70) was similar to that in ulcerative colitis (UC) in remission (Shannon index, 5.63 ± 1.53; P = 0.682) but significantly higher than that of the active UC group (4.99 ± 1.02; P = 0.001). And the α-diversity of UC in remission and active UC showed little difference (P = 0.453); B: Principal component analysis. The flora structure of non-IBD controls was different from that of either UC group (with a PC1 of 17.6% and a PC2 of 13.09%, as showed in the abscissa and ordinate axis separately); C: The analysis of similarities. The intergroup difference between controls and UC in remission was significant (P = 0.001); D: The relative abundance of the bacteria at the phylum (the left bar graph) and genus (the right bar graph) levels. The ordinate shows the relative abundance (%), and the abscissa axis shows the sample types where the microbiota was sequenced from. At the phylum level, compared with non-IBD controls, the relative abundance of Firmicutes and Proteobacteria significantly increased in active UC, and that of Actinobacteria was significantly higher in both the active UC and UC in remission groups. The relative abundance of unidentified bacterial phyla obviously decreased in UC in remission and further decreased in active UC. At the genus level, the relative abundance of Geobacillus, Lactococcus, Pseudomonas, Methylobacterium, Acinetobacter, Streptococcus, Bacillus, and Ralstonia increased in active UC compared with non-IBD controls, while that of Ruminococcus torques group and unidentified bacteria genera decreased. When comparing the non-IBD controls and UC in remission, the relative abundance of Eubacterium rectale group and unidentified genera was lower in the latter while that of Methylobacterium, Rhodococcus, Peptoclostridium, and Faecalibacterium was higher. The difference between active UC and UC in remission was also obvious and more Geobacillus, Lactococcus, Pseudomonas, Streptococcus, Bacillus, Ralstonia, and Prevotella group 9 were observed in active patients with UC. IBD: Inflammatory bowel disease; UC: Ulcerative colitis.
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Figure 5 Statistical analysis of the sequencing results of the bacteria microbiota in mucosa samples from mild, moderate, and severe active ulcerative colitis groups. A: The α-diversity of microbiota evaluated by Shannon index. The ordinate shows the Shannon index, and the abscissa shows the groups. The α-diversity of mucosal bacteria in severe active ulcerative colitis (UC) (Shannon index, 3.67 ± 1.25) was significantly lower than that of mild active UC (Shannon index, 5.40 ± 1.01; P = 0.017). Little difference was observed between the mild and moderate groups (Shannon index 4.80 ± 0.90; P = 0.100), neither between the moderate and severe ones (P = 0.251); B: Principal component analysis. The flora structure of mild and severe subgroups showed a significant difference (with a PC1 of 27.37% and a PC2 of 13.77%, as showed in the abscissa and ordinate axis separately); C: The analysis of similarities. The intergroup difference between mild and severe groups was significant (P = 0.012); D: The relative abundance of the bacteria at the phylum (the left bar graph) and genus (the right bar graph) levels. The ordinate shows the relative abundance (%), and the abscissa axis shows the sample types where the microbiota was sequenced from. At the phylum level, the relative abundance of Actinobacteria of severe active UC was significantly lower than that of mild/moderate UC, and fewer unidentified bacteria phyla were observed in severe UC than in mild UC. At the genus level, the relative abundance of Methylobacterium in mild UC was significantly higher than that in moderate/severe UC, and Blautia significantly decreased in severe UC compared with the other two groups. UC: Ulcerative colitis.
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[bookmark: _GoBack]Figure 6 The intestinal microbiota correlation network. A: The intestinal microbiota correlation network of non-inflammatory bowel disease controls; B: The intestinal microbiota correlation network of ulcerative colitis (UC) in remission; C: The intestinal microbiota correlation network of active UC. The network was constructed based on Spearman correlation coefficient analysis and the software Cytoscape v3.7.0., and only the significant correlations are shown (P < 0.05). Each node represents one microbial genus and its color represents the phylum that it belongs to. The size of the node is equal to the number of correlated pairs that it evolves. The depth of color of the line connecting two nodes reveals the strength of the association. The red color indicates positive correlations and the blue color indicates negative correlations. Compared with controls, the number of significant correlations increased in UC in remission but decreased in active UC. The most obvious change occurred in the number of bacteria-fungi correlations, while the number of fungi-fungi correlations was insignificant among the three groups. 
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