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Introduction
Ulcerative Colitis (UC) is a chronic inflammatory bowel disease in which the pathogenesis 

is thought to arise from a complex interplay between environmental factors, the microbiome 
and immune dysregulation in genetically susceptible individuals [1,2]. Conventional 
treatments for UC often have limited efficacy and unwanted side effects, necessitating a 
deeper understanding of the underlying mechanisms. It is currently a challenge to non-
invasively diagnose and assess disease activity due to the lack of markers specific for UC 
[3]. As such it is highly relevant to search for more reliable biomarkers. It is known that 
environmental exposures such as diet, smoking, hygiene, antibiotics, mode of birth (vaginal 
vs. cesarean section) and breast feeding modulates the intestinal microbiome, and they are 
all considered to be risk factors for developing UC [4,5]. There seem to be consensus that 
changes in enteric microbiome is closely related to UC pathogenesis [6]. Several studies have 
documented compositional changes of the intestinal microbiota between patients with UC 
and healthy individuals, especially regarding microbial diversity and relative abundance of 
specific bacteria [7-9]. The studies have aimed to link these taxonomic differences to the 
disease but there is a lack of consensus in literature as to whether some species correlate 
positively or negatively. Most of these studies are limited by low taxonomic resolution, 
and furthermore lack correlation to function and inflammatory markers (e.g., calprotectin, 
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Abstract
Ulcerative Colitis (UC) is a chronic inflammatory bowel disease characterized by recurring inflammation 
in the colon. This study aimed to showcase the challenges related to the characterization of the enteric 
microbial community structure using 16S rRNA gene amplicon sequencing and its functional potential 
using metagenomic sequencing in five patients with UC during active disease and remission. The results 
revealed inter-individual and intra-individual differences in the microbial community composition. 
Differential abundance analysis identified specific genera associated with disease state, such as 
Faecalibacterium and Anaerostipes, which showed positive- and negative correlations, respectively. 
Prevotella was observed only during active disease. The high level of inter-individual taxonomic 
differences makes it difficult to link the changes to the disease. Functional analysis identified genes 
related to virulence and inflammatory bowel disease specifically during active disease. Although the 
approach showed great potential, it was limited by the vast amount of sequencing effort used on host 
DNA. Further research with a larger cohort and optimized DNA extraction protocols is needed in order 
validate the results and explore the functional roles of relevant epithelial-associated bacteria which is 
essential for unravelling the intricate host-microbiota interactions underlying disease pathogenesis.

Abbreviations: UC: Ulcerative Colitis; SCFA: Short-Chain Fatty Acids; IM: Inner Membrane; OM: Outer 
Membrane
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cytokines) [7-9]. Combined with the fact that inter-individual 
differences in the microbial community composition account ~50% 
of the variation [10] it is difficult to exclusively link the changed 
abundances to UC. Due to this complexity, focus has moved from 
taxonomic profiling to functional profiling [11-13]. This case study 
focuses on the characterization of the gut microbial community 
structure and function of biopsy samples in UC patients. By 
investigating differences between disease states and exploring the 
functional potential of the microbiome, we aim to shed light on 
methods suitable to investigate disease pathogenesis and find new 
potential therapeutic targets.

Methods
Ethical declaration and patient demographics

The project was approved by The North Denmark Region 
Committee on Health Research Ethics (N-20180043) and included 
five patients with Ulcerative Colitis (UC) from Aalborg University 
Hospital (Table 1). Inclusion criteria: UC diagnosis and >18 years 
of age. Exclusion criterium: former colectomy. One biopsy from the 
sigmoid colon and one biopsy from the rectum were collected both 
during active disease and during remission. Disease activity was 
confirmed and assessed with sigmoidoscopy using the MAYO and 
SCCAI score.

Table 1: Demographic and clinical characteristics. Note that the MAYO score only reflects endoscopic findings. 

1.	 5-aminosalicylic acid (5-ASA) is an anti-inflammatory drug (Garud and Peppercorn, 2009)

2.	 Immunosuppressant drug (Garud and Peppercorn, 2009)

3.	 Corticosteroids (Garud and Peppercorn, 2009)

4.	 Biological treatment consistent of monoclonal antibodies that binds the pro-inflammatory cytokine TNF-α 
(Garud and Peppercorn, 2009; Aggarwal et al. 2017)

*This sample was taken in connection with the colectomy of patient 3.

Patient 
Number Gender

Disease Activity Treatment Before Sample Collection 
During Active Disease

Treatment Before Sample Collection 
During RemissionMAYO Score SCCAI Score

1 Male I 3 5-ASA1 5-ASA

2 Male II 5 5-ASA Azathioprine2

5-ASA 

Azathioprine 

Infliximab

3 Female
III 

III*

6 

9*

5-ASA 

Prednisone3 

5-ASA* 

Infliximab4*

5-ASA 

Infliximab 

No treatment required because of 
colectomy*

4 Male III 12
5-ASA 

Infliximab
No treatment required because of 

colectomy

5 Male III 10 5-ASA
5-ASA 

Infliximab

DNA-extraction, amplicon preparation, sequencing, and 
analysis

Total genomic DNA was extracted using the DNeasy® Blood 
& Tissue kit (Qiagen) in accordance with specifications of the 
manufacturer. The V1-V3 region of the 16S rRNA gene [14] 
was amplified and sequenced on a MiSeq (Illumina, USA) using 
MiSeq reagent kit V3 (2 x 300 PE). The raw sequencing data was 
summarized into amplicon sequencing variants (ASVs) using 
AmpProc v. 5.1.0. beta 2.8 (https://github.com/eyashiro/AmpProc) 
using the USEARCH v. 11.0.667 [15] workflow in paired end mode. 
Taxonomic classification was performed in QIIME using SILVA 
release S132 as a reference database [16]. The resulting ASVs were 
analyzed in R v. 4.0.2 [17] through Rstudio v. 4.0.0.28 [18] using the 
ampvis2 v. 2.6.5 [19] and ggplot2 package [20].

Shallow metagenomic sequencing and analysis
The sigmoid colon biopsy specimens from patient 3 and the 

rectum biopsy specimen from patient 5 during both active disease 
and remission were sequenced on an Illumina MiSeq platform 
using reagent kit v3 (2x300 PE) (Illumina, USA). To separate reads 
of human and bacterial origin the trimmed reads were mapped 
against the RefSeq reference genome: Homo sapiens genome 
GRCh38 (accession number: PRJNA168 and PRJNA31257). The 
unmapped reads were assembled using default settings according 
to patient and disease state resulting in four assemblies. A Pfam 
domain search of the translated contig lists were done using the 
Pfam-A v. 33.1 database. 

https://github.com/eyashiro/AmpProc
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Data availability
Metagenomic and 16S rRNA gene amplicon data is available at 

the European Nucleotide Archive (ENA) under project accession 
number PRJEB64262 and will be made public upon publication.

Results
The alpha diversity analysis revealed no significant 

differences in richness between disease states (data not shown). 
The taxonomic composition analysis identified inter-individual 
differences, with Bacillota (49.6-92.9%), Bacteriodota (3.8-43.7 
%), Actinomycetota (0.5-3.8 %) and Pseudomonadota (0-5.8 %) 

being the predominant phyla in all samples. Intra-individual 
variations were observed between disease states, particularly in 
the abundance of Faecalibacterium which increased during active 
disease while Anaerostipes decreased (Figure 1). To determine 
whether some bacteria were differentially abundant between 
disease states, a plot comparing the mean relative abundance in 
remission to the difference in mean relative abundance between 
disease states (Active - Remission) was created. Two sequencing 
variants belonging to the genus Faecalibacterium (ASV6 (p=0.01) 
and ASV13(p=0.03) and Anaerostipes ASV4 (p=0.01) had a mean 
relative abundance difference of ≥ 1 % between disease states.

Figure 1: Differentially abundant bacteria according to disease state. The mean relative abundance difference in 
percent (Active-Remission) is plotted against the mean relative abundance in percent during remission. The x-axis 

is logarithmic. Each dot represents an ASV. Color depicts to which phylum the bacteria belonged. Size depicts 
the difference from mean relative abundance during remission in percent. Bacteria were considered differentially 

abundant between disease states if the mean relative abundance difference were ≥ 1 %. The bacteria having a mean 
relative abundance difference > 0 were more abundant during active disease and those having a mean relative 

abundance difference < 0 were more abundant during remission. Boxplot displaying the three bacteria that had 
mean relative abundance difference > 1 % and p < 0.05. P-values were calculated using the Wilcoxon rank sum 

test and indicates whether or not there were a significant difference in abundance of the bacteria between the two 
disease states. Each dot represents a sample and color depicts disease state. The y-axis is logarithmic.

Functional analysis using shotgun metagenomic sequencing 
showed that more genes were identified and annotated during 
active disease compared to remission in both patients, although 

the amount of non-human reads was generally low (Table 2). 
Differences in the functional potential between disease states were 
observed. Genes related to virulence and/or UC were detected 



684

Gastro Med Res Copyright © Jeppe Lund Nielsen

GMR.000666.7(4).2023

exclusively during active disease including the plug domain of 
TonB-dependent transport system (PF07715.12) and ABC_trans 
(PF00005.28) which are both Inner Membrane (IM) associated 
transporters. Other parts of the TonB-dependent transport system 
were also present in both patients including the outer membrane 

(OM) associated transporter TonB_dep_rec (PF00593.25) in 
patient 3 and the OM-associated TonB_C (PF03544.15) in patient 
5. Increased potential for cell adhesion and antibiotic resistance-
related proteins was observed during active disease (Figure 2).

Table 2: Shotgun metagenomic sequencing data, mapping, and assembly results.

Patient Number Sample Type Disease State Human Reads (%) Non-Human 
Reads (%)

Protein Domains 
Found

Protein Domains 
Annotated

3 Sigmoid colon Active 92.99 7.01 305 119

3 Sigmoid colon Remission 92.57 7.43 57 3

5 Rectum Active 98.21 1.79 39 9

5 Rectum Remission 96.36 3.64 12 0

Figure 2: Functional categories of relevant protein domains during active disease. Pie charts were constructed for 
each patient. Colors depicts functional categories.

Discussion
Despite no significant differences in alpha diversity, variations 

in taxonomic composition were observed between disease states, 
suggesting a dynamic nature of the microbiome during active 
disease and remission. The complexity of dysbiosis in UC was 
evident in the inter-individual and intra-individual variations at the 
genus level. Faecalibacterium, known for its SCFA production [21], 
exhibited conflicting abundance changes during active disease. 
Anaerostipes, inhabiting various SCFA metabolisms [22], showed a 
consistent decrease during active disease, potentially contributing 
to reduced SCFA availability in UC patients. Furthermore, the 
presence of Prevotella [23,24], a potential pathobiont, during 
active disease raises intriguing possibilities regarding its role in 
UC pathogenesis. Although differences between disease states was 
observed in this small cohort size, it was difficult to exclusively link 
the changed abundancies to the disease.

The functional analysis uncovered genes related to virulence 
and antibiotic resistance during active disease, emphasizing the 
importance of considering not only taxonomic composition but also 
functional characteristics of the microbiome. The TonB-dependent 
transport system facilitates transport of nutrients across the OM 
in Gram-negative bacteria, but it has been shown that mutations 
in TonB in several bacterial species resulted in a loss of virulence 
in animal models [25]. This suggest that some pathobionts and 
pathogens use the ability to acquire certain substrates in initiation 
and establishment of an infection. The low number of annotated 
genes limited the analysis, and we hypothesize that this is likely 
attributed to the vast amount of sequencing effort used on host 
DNA.

This case study emphasizes the challenge of identifying reliable 
biomarkers in Ulcerative Colitis (UC) and gastrointestinal diseases. 
Understanding the significance of epithelial-associated bacteria 
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is crucial for unraveling complex host-microbiota interactions. 
Based on this study, we suggest to improve and optimize the DNA 
extraction protocol for biopsies, aiming at increasing the bacterial-
to-human DNA ratio. One potential optimization step involves the 
inclusion of host depletion, which can enhance the microbial signal 
in both 16S rRNA gene amplicon sequencing as well as metagenomic 
sequencing. An increased taxonomic resolution can be obtained by 
selecting a sequencing platform capable of long read sequencing. 
Additionally, comparing inflamed and non-inflamed tissue within 
the same patient and utilizing large cohorts considering the 
dynamic nature of the microbiome influenced by factors like diet 
is advisable. This comprehensive approach, coupled with a holistic 
omics strategy, will provide a deeper understanding of the disease 
and its associated microbial changes.
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