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Ulcerative colitis (UC) constitutes a chronic relapsing 
inflammatory disease of the colonic mucosa with increasing 
incidence in all ages that imparts significant morbidity; 
As therapeutic options remain limited, UC urges as an 
important health concern worldwide (1,2). Along with 
Crohn’s disease (CD) represent the two main types of 
inflammatory bowel disease (IBD). Besides their phenotypic 
similarities there are substantial differences between UC 
and CD. Inflammation pattern in UC is uninterrupted 
and is restricted to colonic mucosa, while in CD is patchy 
and may affect any part of the gastrointestinal tract in a 
transmural fashion often leading to fibrotic complications. 
These differences probably reflect the distinctive cellular 
mechanisms and pathways underlining their respective 
pathogenesis (3,4). 

Despite extensive investigations over the last years the 
pathogenesis of UC remains incompletely understood. 
It is suggested that complex interactions among genetic, 
immune, microbial and environmental factors disrupt the 
homeostatic mechanisms in colonic mucosa leading to 
disease development. Today, there is a pressing need for a 
better understanding of UC pathogenesis that will provide 
novel molecular mechanisms and targets permitting tailored 
therapeutic approaches to individual patients with UC 
(1,3,4). To this end, several different approaches have been 
used in order to nominate candidate molecular pathways 
in the pathogenesis of inflammation in UC and reveal 
biomarkers that can predict disease relapse or response to 

treatment.
In hypothesis-driven studies, several candidate genes, 

proteins, and/or cell populations have been analyzed at 
intestinal tissue level or in peripheral blood in an attempt 
to correlate UC clinical traits with certain molecular 
characteristics. Over the last years, these approaches have 
proposed a variety of molecular mechanisms offering 
potential models responsible for gut inflammation 
in UC (3,4); however they did not fully elucidate the 
pathophysiology of this complex disease. It seems puzzling 
over how to assess different cell populations and molecules 
that dynamically interplay in the continuously altered 
microenvironment of inflamed intestinal mucosa of UC. 

On the other hand, in the new “omics era”, high-
throughput, discovery-driven approaches such as genomics, 
transcriptomics, proteomics and metabolomics have 
emerged providing a deeper and more comprehensive 
analysis of molecular biology of UC (5-8). Numerous 
bioinformatics-based tools have been developed to explore 
and integrate the huge amount of data generated by multi-
“omics” profiling, aiming at characterizing the molecular 
“UC interactome” (Figure 1). 

Recently, Smillie et al. (9), used a novel approach by 
applying single-cell RNA sequencing (scRNA-seq) analysis 
in colonic mucosa biopsies obtained from 18 active UC 
patients and 12 healthy individuals. Using sophisticated 
bioinformatics models and appropriate validation studies 
they provided a unique atlas of colonic mucosa in UC 
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comprised of 366,650 single-cell transcriptomes that 
characterize the molecular signature of 51 different cell 
subsets. 

Single-cell suspensions from fresh colonic biopsies 
were deployed after separation of the epithelial layer 
from the underlying lamina propria. Obtained cells were 
initially partitioned into epithelial, stromal and immune 
compartments for each sample, a process followed by 
clustering into distinct subsets at multi-sample level; all 
clusters were scored for certain gene signatures of interest. 
Their results illustrated for the first time that specific cell 
types and delineated pathways are linked with UC and 
drug susceptibility to the disease. In particular, microfold-
like cells, inflammatory monocytes and fibroblasts, and 
CD8+IL-17+ T cells were found to highly expanded and 
characterized inflamed mucosa of active UC. Moreover, 
these subsets were in the center of the main cell-cell 
interaction networks, indicating that may mediate signals 
between diverse cell populations. In these networks, 
alterations in expression of genes that govern cell-cell 

interactions (i.e., receptors/counter receptors) may predict 
the dominant cellular compartments during different 
stages of intestinal inflammation. However, it has to 
be taken in consideration that neutrophil subsets were 
excluded from scRNA-seq analysis due to limitations of 
the tissue cells isolation protocol used. Several studies have 
demonstrated that neutrophils appear to play an early and 
central pathogenic role in active UC. Disease activity is 
correlated with neutrophil infiltration in inflamed mucosa 
and increased numbers of circulating neutrophils (10-12). 
Currently, growing evidence supports that neutrophils 
exhibit substantial plasticity that permits their phenotypic 
and functional adaption making them highly heterogeneous 
(13-15). Accordingly, neutrophil subsets with potentially 
important differences in function have been described and 
associated with disease phenotype in several inflammatory 
diseases including UC (16,17). 

Comparison between non-inflamed and inflamed UC 
epithelial tissue uncovered also links between metabolic and 
inflammatory pathways. Interestingly, inflamed enterocytes 

Figure 1 Hypothesis and discovery-driven are the main approaches which are applied in translational research in order to explore 
new pathogenic pathways, diagnostic and therapeutic targets. Here, ulcerative colitis is depicted as a representative disease model and 
transcriptome analysis using RNA-Seq is the—omics method for the discovery of novel candidate targets. Appropriately experimental 
validation studies will permit the selection of well-defined cohorts for the design of future research studies and clinical trials.
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were found to induce the hypoxia-inducible factor-1 (HIF-1)  
pathway, a well-known up-stream inducer of REDD1/
autophagy axis that has recently described to be involved in 
tissue inflammation in active UC (17).

Another finding of interest that deserves a comment 
is the induction of a pro-inflammatory IL-17 response 
in CD8+ T cell subsets. How IL-17 is implicated in the 
inflammation of UC is not clarified yet; however clinical 
observations have indicated that anti-IL-17 treatment 
is associated with IBD exacerbation (18). Whether  
IL-17 response is protective or harmful, and whether this 
phenomenon is time-dependent across disease evolution 
remains to be explored.

Regarding resistance to anti-TNF treatment, authors 
examined the expression of oncostatin M (OSM), a target 
that had been previously linked with poor response to 
TNF inhibition (19), revealing inflammation associated 
fibroblasts (IAFs) as the most enriched OSM receptor gene 
cell subset. Given that IAFs were found to be among the 
colon tissue cells that highly expanded in patients refractory 
to anti-TNF therapies, authors suggested that IAFs may be 
implicated in drug resistance in UC by compensating TNF 
blockade. This finding provides novel research insights for 
the design of experimental studies concerning the unmet 
clinical need of refractory UC. Moreover, the authors 
proposed that many UC risk genes are cell type specific and 
co-regulated within limited gene modules, thus providing 
clear-cut suggestions for the limited sets of cell types and 
pathways that interplay in disease pathophysiology. The 
latter observations lead to nominate specific risk genes 
across previous released GWAS loci for certain functions 
and roles.

scRNA-seq represents a delicate and efficient technique 
that permits the dissection of function and structure at 
the lowest level possible concomitantly, enabling deeper 
investigation of inextricably intertwined pathological 
mechanisms. Integration and interpretation of results has 
been achieved through hierarchical clustering, an elegant 
method for analyzing gene expression data by building 
clusters of genes with similar patterns of expression. This 
process is achieved by iteratively grouping together genes 
that are highly correlated in their expression matrix. 

Intra- and inter-subject variability was efficiently 
manipulated to attenuate both type I and type II errors 
through gene grouping into bins and formation of a 
consensus list of 1,500 genes of interest after correction 
for “batch effects”, namely the cell clustering by patient or 
disease phenotype rather than by cell type or state. 

The study of Smillie et al. (9) aims to reconstitute the 
pathological milieu within which the cataract of disease 
driven inflammatory process begins and unravels. Elaborate 
and efficient techniques have permitted converge of more 
than half of candidate risk genes for UC onto a handful of 
groups (“meta-nodules” using the clustering terminology). 
These gene groups correspond to certain GWAS loci. 
However, this approach may fail to identify risk genes that: 
(I) are expressed at a lower level or at selected patients—a 
paradigm can be found at the increased frequency of MEFV 
mutations observed in UC patients, especially in those with 
episodic arthritis, thus suggesting a possible modifying 
effect of MEFV in the disease process; the difference in 
distribution of MEFV exon 2 haplotypes between UC 
patients and both FMF patients and normal individuals, 
suggests that UC patients constitute a genetically distinct 
population (20), (II) are expressed at cells or tissues that are 
not profiled, for example neutrophils, a main component 
of UC inflamed mucosa and indicator of disease severity 
(10-12), as mentioned above, and (III) are not co-expressed 
with other genes so as to be detected through clustering. 
Furthermore, the information driven represent a snapshot—
an analogue of cross-sectional study at the clinical level—as 
it totally fails to incorporate time; it is to our strong belief 
that the disease process is a dynamic phenomenon where 
input and output are both time-dependent. This is further 
supported (or could be explained) by the remitting/relapsing 
character of the disease, as well as the fact that mucosal 
inflammation, even asymptomatic, may precedes systemic 
and/or extraintestinal manifestations (1,2). Finally, since 
investigators did not study therapy-naïve patients, the effect 
of corticosteroids and other immunomodulatory drugs 
including biological agents in the reported transcriptional 
changes is unknown and cannot be ignored. To overcome 
this obstacle, Dynamic Hierarchical Clustering could be 
a future target; this approach, successfully introduced 
in developmental gene expression data by enabling the 
identification of samples or genes which are influential at 
different stages of development, surpasses the restrictive 
assumption of a fixed hierarchy and enables working with 
data generated over a period of time (21).

Smi l l ie  e t  a l .  (9 )  provide  a  unique s ingle-ce l l 
transcriptome map of the healthy and inflamed UC 
colon that is expected to constitute a road-map for future 
functional, experimental and clinical studies. Undoubtedly, 
represents an excellent paradigm of how novel, cutting-edge 
technologies can be successfully implemented in the analysis 
of complex diseases of unknown pathogenesis. Today we 
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are incessantly supported by the benefits of novel artificial 
intelligence and machine learning tools for identifying new 
knowledge while sustaining clinical research and decision 
making. Integrating “omics” in the context of system 
biology approaches will hopefully pave the way for the 
identification of novel biotargets for personalized diagnosis 
and treatment of complex, multifactorial, inflammatory 
diseases such as UC. Apparently, this will also facilitate the 
better stratification and selection of various, and many times 
overlapped, clinical phenotypes, which remain the crucial 
initial steps for translation research studies in medicine. 
However, carefully designed clinical trials are needed to 
evaluate the accumulated information (Figure 1).
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