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organoids as disease modelling in inflammatory bowel disease. 
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Dear Reader, 

On February 16th-19th 2022, the 17th edition of the European Crohn’s and Colitis Organisation (ECCO) 

congress was held, like the previous one, in a virtual format, due to restrictions imposed by the 

COVID-19 pandemic. The main goal of the ECCO is to optimize the care of patients with 

inflammatory bowel disease (IBD) in all aspects, through the development of guidelines, with the 

highest possible methodological and content quality, and joint efforts to define new and better valid 

outcome parameters for IBD therapy. The main themes were the identification of biomarkers and 

pathogenic mechanisms that can be correlated with patient outcomes, and innovative diagnostic 

and therapeutic strategies. The congress was held over four days, each of which consisted of several 

sessions covering the main topics of IBD, followed by stimulating discussions and symposiums. 

Among these, only a few sessions focused on gene and cell therapies, the topics of our interest, with 

one dedicated to "Genetics and insight into new IBD targets" in which J. Van Limbergen 

(Amsterdam), focused on allogeneic stem cell transplantation and gene editing in the treatment of 

IBD, and a second noteworthy talk was by O. Zmora (Tel Aviv) who discussed stem cell therapy.  

As usual, in addition to the live sessions, the scientific program included oral and poster 

presentations, all published in the Abstract Book. A total of 845 abstracts were submitted and 

among these only a small number, 22 to be precise (less than 3%), dealt with topics of our interest, 

such as stem cells and organoids in the diagnostic-therapeutic pathway of IBD. Among these, a 

significant number of abstracts focused on mesenchymal stem/stromal cells (MSCs), derived from 

adipose tissue or bone marrow, as a treatment for perianal Crohn's disease (CD). This dismal 

condition affects about 30% of CD patients and has a negative impact on patients' quality of life 

mostly because of a high recurrence rate despite a combined medical and surgical approach. 

 

The abstract #DOP31 titled “Efficacy and safety of bone marrow-derived mesenchymal stem cells 

in refractory perianal fistulae in Crohn’s Disease: Results from a prospective monocentric study” 

(C. Reenaers Dr, et al.) describes the use of a single injection of bone marrow-derived MSCs in 16 
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patients suffering from perianal CD from an average of 8 years. Among them, 11 were on anti-tumor 

necrosis factor (TNF)- therapy. Ten (63%) and eight (50%) patients achieved closure of all the 

external opening at week 12 and 48, respectively, and five out of six patients with 2 external 

openings had at least 1 closed at week 48. In addition, an improvement of both the perianal disease 

activity index (PDAI) and quality of life were observed, although no improvement of the magnetic 

resonance score was observed. Four cases reported adverse events, such as local pain and mild 

bleeding due to the surgical procedure, that resolved quickly; one abscess was observed during the 

follow-up. This work demonstrates local injection of MSCs is safe and effective in patients with 

perianal Crohn’s disease, with about 50% of closures within one year. 

 

As expected, there are several abstracts dealing with the same topic, in particular on the use of 

Darvadstrocel, a suspension of expanded allogeneic adipose-derived MSCs, that has proven to be 

a novel strategy for patients refractory to standard treatment with anti-TNF-. Among them, in the 

abstract #P297 titled “Treatment of patients with complex perianal Crohn’s disease with 

darvadstrocel: a single-institution real life experience” (N. Borruel, et al.), twelve patients were 

included and treated with Darvadstrocel, all of whom were in clinical remission and were refractory 

to treatment with biologics such as anti-TNF or anti-interleukin(IL)-12/23 and had been previously 

treated with a mean of 5.7 perianal surgical procedures. The results were promising for both safety 

and efficacy, since six out ten patients with a follow-up of at least 6 months and two of the three 

patients with a 1-year follow-up achieved combined remission without developing adverse events. 

 

The abstract #P603 “INSPIRE: 6-month interim analysis from an observational post-marketing 

registry on the effectiveness and safety of darvadstrocel in patients with Crohn’s disease and 

complex perianal fistulas” (O. Zmora, et al.) continues the series of study focused on Darvadstrocel. 

This is the first real-world, multi-centre study reporting the efficacy and safety data of Darvadstrocel 

treatment for complex perianal fistulas. The data are consistent with those obtained in the pivotal 

ADMIRE-CD study. However, the ongoing status of the registry and the small number of evaluable 

patients do not allow to draw firm conclusion, pending future analyses in larger number of patients 

with longer follow-up. 

 

The abstract #P351, titled “Allogenic adipose-derived mesenchymal stem cells (darvadstrocel) in 

Japanese patients with complex perianal fistulas in Crohn’s disease” (K. Watanabe, et al.) 
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represents a novelty since most of the studies on Darvadstrocel have been conducted in Europe and 

it was still unclear whether the same efficacy and safety could be expected across different ethnic 

groups, particularly among Asian people where perianal disease seems more prevalent. Twenty-two 

patients with complex perianal fistulas, refractory to conventional treatments, received an 

intralesional injection of Darvadstrocel (24ml, 120milion cells). The results showed that 68% of 

patients achieved complete closure of fistulas, and 90% had a partial closure at 52 weeks, with no 

safety issues. 

Similar studies have been conducted by Czech and Basque research groups, as you can read in 

abstracts #P356 and #P390. The results obtained substantially overlapped those previously 

reported, with a success rate of more than 50%, thus confirming the initial experience in terms of 

effectiveness and safety, at least in the short term. Longer follow-up period is needed to confirm 

these promising data.  

 

In the abstract #P336 “Can Mesenchymal Stem Cell (MSC) apoptosis be used as a biomarker for 

treatment success in perianal fistulising Crohn’s Disease (pCD)? Findings from a prospective pilot 

study” (N. Iqbal, et al.) the authors aimed to determine whether MSC apoptosis induced in vitro by 

peripheral blood mononuclear cells (PBMCs) correlates with clinical ad radiological response in 

patients with perianal fistulas. Prior to treatment, patients’ PBMCs were isolated and co-cultured 

with MSCs and the proportion of apoptotic MSCs was identified using flow cytometry. Subsequently, 

ten patients underwent MSC treatment and were followed at 6-month intervals, for an average 

duration of 24 months (range 18-30), recording clinical indices including Perianal Disease Activity 

Index (PDAI) and Fistula Drainage Assessment (FDA) in addition to magnetic resonance evaluation. 

At the end of the follow-up, a significant improvement of the mean FDA value was observed, but 

not of the PDAI score. Interestingly, patients with the highest proportion of apoptotic MSCs were 

those who showed clinical response to treatment with MSCs at the final follow-up, demonstrating 

that the ability of PBMCs to induce apoptosis of MSCs correlates with clinical response. 

 

We would like to mention also the abstract #P575 “Safety and efficacy of autologous 

haematopoietic stem cell transplantation for refractory Crohn’s disease after cyclophosphamide-

free mobilisation: Preliminary Results” (A. Giordano, et al.) in which the authors investigated the 

effects of autologous hematopoietic stem cell transplantation (AHSCT) as a therapeutic option in 

patients with refractory luminal Crohn's disease, by using a cyclophosphamide-free mobilization 
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regimen followed by a standard conditioning approach. Fourteen patients were recruited, and all of 

them underwent transplantation after mobilization without developing adverse events. At 6-month 

follow-up, 70% of patients achieved clinical remission with a CDAI<150 (Clinical disease activity 

index), that felt to 43% at 1 year, and 60% at 2 years. Moreover, the median SES-CD (simple 

endoscopic score) score was 3 at 6 months and 9 at 1 year (range from 0 remission to >15 severe 

endoscopic disease) and the proportion of patients who needed to restart CD therapy for clinical 

relapse and/or endoscopic/radiological activity was 0% at 6 months, 30% at 1 year and 40% at 2 

years. Conditioning-related adverse events were primarily those related to neutropenic fever (54%). 

In conclusion, cyclophosphamide-free mobilization is feasible and safe although, since an early 

relapse was observed in a substantial portion of patients, further studies evaluating the timing of 

reintroduction of standard therapy are needed. 

 

The use of bone marrow-derived MSCs was the focus of the #P407 and #P428 abstracts, in which 

this innovative treatment has been tested for the luminal form of Crohn’s disease and for ulcerative 

colitis. The #P428, titled “A Phase IB/IIA study of remestemcel-L, an allogeneic bone marrow 

derived mesenchymal stem cell product, for the treatment of medically refractory Crohn’s colitis” 

(A. Lightner, et al.) explored the direct mucosal injections of 150 million MSCs during colonoscopy 

for refractory luminal Crohn's disease. In this study, six patients were recruited, four of whom were 

randomized to receive treatment with direct injection of MSCs at the time of colonoscopy. The 

results obtained showed an improvement in both CDAI and SES-CD and fecal calprotectin values, 

demonstrating that Remestemcel is a valid alternative for the treatment of refractory forms of 

Crohn's colitis, with improvements as early as two weeks after MSC delivery. 

In the #P407, titled “A Phase IB/IIA study of remestemcel-L, an allogeneic bone marrow derived 

mesenchymal stem cell product, for the treatment of medically refractory ulcerative colitis” (A. 

Lightner, et al.), direct mucosal injections of 150 or 300 million MSCs were used in refractory forms 

of ulcerative colitis. Six patients, with a medically refractory ulcerative colitis, defined as an 

established diagnosis for at least 6 months prior to study enrollment, and lost response to at least 

one monoclonal antibody, were included and randomly assigned to receive cellular therapy (four) 

or placebo (two). All had been on prior anti-TNF or anti integrin-therapy. A robust decline of the 

Mayo score and Mayo endoscopic severity score after 6 weeks was observed in all patients who 

received cell therapy, while no modification or worsening of the daily bowel movements was found 
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in those in the placebo arm. This study demonstrated that local MSC injections in ulcerative colitis 

are feasible and deserves further investigation. 

 

In the abstract #P049 titled “The treatment effect of tonsil-derived mesenchymal stem cells (T-

MSCs) via regulating programmed death-1/programmed death ligand-1 (PD-1/PD-L1) in ulcerative 

colitis” (EM. Song, et al.) the authors, using chronic murine colitis model induced by dextran sodium 

sulfate, first showed that the levels of PD-1/PD-L1 were altered: the level of PD-L1 was decreased, 

while that of PD1 was increased, and then they investigated whether tonsil-derived MSCs were able 

to affect this pathway. The results highlighted that upon MSC infusion, PD-L1 levels increased while 

PD-1 levels decreased compared to controls, thus restoring the physiological balance. Meanwhile, 

a significant improvement in body weight, disease activity index, and colon length were also 

observed. It was demonstrated how altered levels of PD1 and PDL1 in the mucosa could be a 

pathogenic mechanism of ulcerative colitis and how MSCs may ameliorate colitis through the PD-

1/PD-L1 pathway. Therefore, this therapeutic strategy deserves further studies in human ulcerative 

colitis. 

 

Another interesting abstract is the #P083 “An integrative analysis of DNA methylation and RNA-

Seq data in human adipose-stem cells (hASC) of Crohn’s disease patients with different clinical 

Activity” (C. Serena, et al.), in which the researchers aimed to demonstrate how stem cells isolated 

from the creeping fat (mesenteric fat attached to the inflamed segments of the intestine) of CD 

patients are dysfunctional and have pathogenic activity, as well as high inflammatory profile and 

high invasive capacities. To this aim, hASCs were isolated from fat specimens of CD patients, both 

active and inactive, and from healthy subjects, and comparative DNA methylome and transcriptomic 

analyses were performed. The results revealed an inflammatory multiomic profile of hASCs isolated 

from ill subjects and an upregulation of MAB21L2 (Mab-21 like 2), TYK2 (tyrosine kinase 2) and 

CACNA1H (calcium voltage-gated channel sub- unit alpha 1H) genes in comparison with healthy 

subjects. 

 

Another topic regards the use of organoids derived from stem cells to assess the modulatory ability 

of some agents on the cytokine profile. Organoids can indeed mimic cellular diversity and function 

of the organ of origin and might be used as a predictive tool for patients’ therapeutic response. 

However, the reductionist nature of the organoids and the lack of knowledge about the proper 
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representation of the disease features currently limit their utilization as ex vivo IBD model. In this 

regard, in the abstract #P012 “The effect of Oncostatin M on human intestinal organoids” (E. 

Filidou, et al.) the authors used human intestinal organoids (HIOs), derived from embryonic stem 

cells, to examine the effect of Oncostatin M (OSM) on fibrotic and pro-inflammatory marker 

expression, with and without the presence of IL-1  and TNF. The results indicate that Oncostatin 

M induces the expression of both fibrotic, like Fibronectin and Collagen Type I, and pro-

inflammatory factors in early passages of HIOs previously exposed to IL-1 and TNF, whereas HIOs 

that had not previously been treated with IL-1 and TNF instead showed a decrease in fibrotic 

factors, suggesting how OSM affects HIOs through cells that are mesenchymal in origin. 

 

Similarly, in the abstract #P065 titled “Determination of the cytokine pattern of human colon 

organoids derived from Inflammatory Bowel Disease patients” (T. Molnar, et al.), organoids were 

used to study the cytokine pattern of IBD. The researchers' goal was to compare the cytokine profile 

of colonic biopsies collected from patients with IBD with that of organoids generated from stem 

cells isolated from the same biopsies. The results showed that the cytokine pattern is similar 

between biopsies and organoids until the first passage, and that the main pro-inflammatory 

cytokines expressed are: IL-1, IL-6, IL-8, while from the second passage onwards, their levels 

decrease dramatically until disappearance in organoid cultures. The same trend was evident for 

TNF levels. In addition, gene expression analysis in IBD organoids showed increased levels of TNF, 

IL-1, and IL-6 as compared with healthy controls. Finally, a decrease in the expression of genes 

encoding for IL-6 was found after treatment of organoids with anti-TNF drugs. In summary, the 

use of organoids is certainly promising and should be further investigated to predict the therapeutic 

response in patients with IBD. 

 

The study #P055 “Factors from human mesenteric adipose tissue control intestinal stem cell 

differentiation and proliferation in vitro” (J. Ziegler, et al.) explored the effects exerted by the so-

called creeping fat, hyperplastic mesenteric adipose tissue, wrapping around inflamed intestinal 

segments. Factors secreted by this creeping fat can influence immune cells and thus determine the 

severity of the disease. The researchers used human intestinal organoids culture and primary 

human adipose tissue explant to elucidate the role of factors produced by adipose tissue. Creeping 

fat and unaffected mesenteric adipose tissue from a CD patient were used to produce adipose 

tissue-conditioned medium (ATcM), and then this was added to the growth medium and 
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differentiation medium during primary human ileum-derived organoid culture. The results showed 

that the factors secreted by the so-called creeping fat have profound effects on intestinal stem cells, 

in terms of stimulation of proliferation and inhibition of differentiation, whereas differentiated cells 

seem to be less affected. Therefore, these factors seem to play a key role in the pathophysiology of 

CD by affecting epithelial regeneration through stem cell proliferation. 

 

In the abstract #OP32 “Pyroptosis Inhibition Prevents the Cytotoxicity Induced by IL-17 Without 

Impairing Its Beneficial Effects” (S.N. Hong, et al.), the authors focused on Th-17 cells and their 

major secreted cytokine IL-17, which are considered major pathogenic factors in IBD. However, 

blocking of IL-17 does not have therapeutic efficacy, rather it may worsen IBD. To unravel the 

underlying mechanism, the IL-17-induced epithelial response was studied by using a human small 

intestinal organoid (enteroids) model. The results showed that organoid-forming efficiency, cell 

viability, and cell proliferation were decreased by IL-17 in a dose-dependent manner. In addition, 

PIGR (polymeric immunoglobulin receptor) was significantly up-regulated with increasing IL-17 

concentration, resulting in IgA transcytosis and a protective role against pathogens, while the IL-17-

induced cytotoxicity was predominantly mediated by pyroptosis with activation of CASP1 (Caspase 

1) gene and cleavage of GSDMD (Gasdermin D) gene. Therefore, the paradoxical effect observed 

after anti-IL-17 neutralizing therapy in IBD patients seems depending on inhibition of mucin 

secretion and IgA transcytosis, leaving cytotoxicity intact as they do not affect pyroptosis. Thus, 

inhibition of pyroptosis, using CASP1 inhibitors, could prevent IL-17-induced cytotoxicity without 

compromising the beneficial effects.  

 

Organoids have also been used to study the properties of the endoplasmic reticulum and its role as 

a hallmark in IBD. In the abstract #P007 “ORMDL proteins shape homeostasis in the intestinal 

epithelium by regulating endoplasmic reticulum architecture and autophagy” (F. Tran, et al.), the 

role of ORM1-like protein 3 (ORMDL), an endoplasmic reticulum resident protein implicated in 

homeostasis and sphingolipid biosynthesis, in IBD was investigated. In fact, genome-wide 

association studies had identified IBD susceptibility loci around ORMDL3 gene. To this purpose, mice 

with constitutive and conditional knockout of Ormdl1, Ormdl2 and Ormdl3 in intestinal epithelial 

cells were generated, and then intestinal organoids were developed from these cells. The data 

suggests a critical regulatory role of the IBD risk gene ORMDL3 in the endoplasmic reticulum-
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autophagy axis in intestinal epithelial cells, shaping mucosal homeostasis at the cellular and 

microbiome levels. 

 

Further, in the abstract #DOP46 “Metabolic adaptation to ER stress licences STING signalling in 

intestinal epithelial cells” (F. Wottawa, et al.) the hypothesis that chronic endoplasmic reticulum 

stress impairs cGAS/STING (an innate immune pathway involved in the induction of type I IFN 

responses) signaling in the intestinal epithelium was tested. Uncovering a novel metabolic 

adaptation mechanism to compensate the endoplasmic reticulum-stress and to maintain intestinal 

epithelial cGAS/STING represents an interesting new field to be investigated.  

 

In the abstract #P016 “Colonoids derived from UC patients retain higher transcriptional response 

to inflammatory triggers in-vitro, even after several passages" (H. Abbas Egbariya, et al.), the 

authors investigated the key role played by the intestinal epithelium in the pathogenesis of 

ulcerative colitis, to better understand why patients suffering from this condition show a high 

degree of variability in disease phenotype and response to therapy. To this aim, colonoids generated 

from rectal biopsies of patients were used to characterize putative epithelial dysfunctions and 

response to inflammatory signals. Colonoids were allowed to differentiate for 48 hours before 

applying various inflammatory cocktails to induce inflammation. The results showed that these 

colonoids maintain some inflammatory response activity in vitro even after several passages and 

release increased levels of CXCL1 (C-X-C Motif Chemokine Ligand 1). In addition, an immune 

epithelial transcription memory was evidenced, that would give an increased transcriptional 

response to various inflammatory signals, conditioning the state of chronicity, characteristic of this 

disease. 

 

The abstract #P031 “Intestinal lymphoepithelial interactions in Crohn’s disease: modeling alphaE-

beta7 and NKG2D blockade” (N. Hammoudi, et al.) continues the series of studies using organoids 

to investigate, in this case, the interaction between resident memory T cells expressing E7 or 

NKG2D (Natural Killer Group 2D) markers and the intestinal epithelium in IBD. To this end, an 

innovative ex vivo autologous organoid-mucosal T cell coculture model was developed, and T cell 

infiltration within the organoid and epithelial cell death were assessed by confocal microscopy. The 

data obtained demonstrated the direct cytotoxic effect of mucosal T cells on the epithelium of CD 

patients, with both E7 and NKG2D markers being crucial in this process.  
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The abstract #P095 “Anti-inflammatory effect of high acetate concentration on organoid-derived 

epithelial monolayer from patients with Ulcerative Colitis” (S. Deleu, et al.), focused on the 

potential to suppress IBD inflammation by using short-chain fatty acids (SCFAs), such as acetate and 

butyrate. While butyrate would appear to have beneficial effects on microbiota composition, 

intestinal barrier function and mucosal immune system, the effects of acetate appear less clear. 

Therefore, the aim of the study was to investigate the effects of acetate on inflammatory markers 

and barrier integrity using an organoid-derived epithelial monolayer system obtained from patients 

with ulcerative colitis. After administration of high acetate concentration, transcriptomic analyses 

showed a decrease in the expression of IL-8 and TNF- genes and an increase in HIF1A (Hypoxia 

Inducible Factor 1 Subunit Alpha) and MKI-67 (Marker of Proliferation Ki-67). In addition, these 

findings were supported by an important decrease of pro-inflammatory cytokines, such as IFN-, 

TNF-, IL-6, IL-8, and IL1-, as measured apically in the monolayer. Moreover, after HA 

administration, there was a numerical, although not significant, increase in TEER values, suggesting 

a potential improvement in barrier integrity. In conclusion, high acetate administration positively 

influenced barrier integrity gene expression while reducing the expression and production of pro-

inflammatory cytokines. 

 

Finally, the aim of the abstract #P463 “Serum and mucosal Serpin E1 concentration correlates with 

endoscopic activity in inflammatory bowel disease - potential new activity marker” (B. Jojart, et 

al.) was to determine the cytokine profile of IBD patients and to identify its predictive potential in 

terms of responsiveness to current therapy. For this purpose, endoscopic biopsies were obtained 

from 79 clinically active IBD patients and 28 controls, and organoid cultures were generated from 5 

patients with active IBD and 5 controls. Cytokine array was used to analyze cytokine expression and 

pattern, while protein level was measured by ELISA and gene expression by RT-PCR. The results 

showed that pro-inflammatory cytokines were found only in biopsies of patients with active IBD, 

the same for mucosal expression of Serpin E1. Remarkably, both serum and mucosal levels of Serpin 

E1 were increased in patients with clinically and endoscopically active disease, and correlated with 

CDAI, thus displaying its potential as a biomarker of disease activity and of response to treatment. 

In parallel, no difference in the expression of TNF-, IL-1-, IL-6, and TGF- (Transforming growth 

factor beta) genes was found between responders and non-responders. It was also showed that 
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organoids mimic the expression of Serpin E1 of the original biopsies, thus suggesting that this 

experimental method can be used to study the effect of Serpin E1 inhibition. 

 

We may therefore conclude that while the use of advanced therapy medicinal products in digestive 

diseases is still limited, the application of disease models based on the use of organoids is growing, 

thus opening novel opportunities to provide a unique and valuable platform to study pathogenic 

mechanisms and to test new therapeutic strategies in the field of IBD. 

 


