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RELAZIONE 
 

BACKGROUND AND AIM:  

1. During the first three months of work at IRSD-INSERM Institute I had the possibility to focus 
specifically on the role of thrombin in the pathophysiology of bowel disorders. Proteases are essential 
to gastrointestinal physiology: indeed, a dysregulated proteolysis balance at colon mucosal surface 
might play a central role in inflammatory bowel diseases (IBD).  
IBD patients suffer mainly from intestinal lesions, but are also prone to increased thrombotic risk.  
Interestingly, recent works from my host laboratory have reported that active thrombin protease is 
naturally produced by human intestinal mucosa, both in healthy controls and IBD patients: in 
particular, thrombin activity was found to be up-regulated in the supernatant from IBD colon biopsies 
and the gene encoding for thrombin was overexpressed in the intestinal mucosa of IBD patients 
(Alexandre Dendai-Souza-2018). 
The latest results performed at the IRSD institute have described the physiological production and 
apical release of active thrombin by various human colonic epithelial cell lines, like CACO-2 cells, HT-
29 cells and SW480 cells. The results obtained suggested that endogenous low-level production of 
thrombin by the gut epithelium helps to maintain commensal microbiota biofilm at a safe distance 
from the epithelium itself, thanks to the constant proteolysis of bacteria-derived proteins (Motta JP 
et al., 2019). However, recent evidence suggests that higher than normal concentrations of thrombin 
might be detrimental through activation of several inflammatory pathways (unpublished data).  
Given that thrombin activity is upregulated in inflammatory bowel disease patients, the aim of my 
first work was to investigate the impact of thrombin activity blockade as a pharmacological approach 
to treat IBD. 
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2. An organoid is a three-dimensional construct composed of multiple cell types that originates from 
stem cells by means of self-organization and is capable of simulating the architecture and 
functionality of native organs. Recent development of a procedure to propagate three-dimensional 
(3-D) ‘‘mini-intestines’’ from isolated human adult intestinal stem cells has provided an exciting 
opportunity to advance gastrointestinal (GI) research and therapy. Organoids have advantages over 
traditional two-dimensional cultures. They can display near-physiologic cellular composition and 
behaviors. Many organoids can undergo extensive expansion in culture and maintain genome 
stability, which makes them suitable for biobanking and high-throughput screenings. Intestinal 
crypts, containing human adult stem cells, can be isolated from surgically resected tissue, embedded 
in Matrigel, and cultured as ex vivo self-perpetuating three-dimensional primary cultures in growth 
factor enriched media. Initially, these cultures produce polarized three-dimensional spheroid-like 
structures with the apical domain facing inside newly formed lumens and basolateral surfaces in 
contact with the Matrigel and external media. Then organoids develop in complex structures 
mimicking the intestinal architecture. The aim of the second part of my work was to set-up a model 
of organoid starting from murine colon in order to address afterward the role of mucosal thrombin 
on intestinal epithelium homeostasis. 

Methods: 

1. In vivo study: TNBS-induced colitis in rats 
Animals were randomly divided into 3 groups: CTR group, without colitis and vehicle treated (100 µl, 
0.1% DMSO intrarectally, N=6); TNBS group, with colitis and vehicle treated (N=10); DABI group, with 
colitis and dabigatran treated (100µl, 5µM dabigatran BIBR953, intrarectally, N=10). In brief, 
experimental colitis was induced by i.r. administration of 30 mg/rat of trinitrobenzenesulfonic acid 
dissolved in 250 µl of 50% ethanol. The same volume of PBS was i.r. administered to CTR group. 
Treatments started 5 h after the exposure to TNBS and were applied once a day, at the same hour 
for 4 days, using soft paediatric tube. Animals were euthanized by a lethal dose of pentobarbital and 
cervical dislocation. 
Body weight was monitored and Disease activity index (DAI) was checked daily throughout the 
experimentation based on i) fecal consistency (0 for normal feces, 1 for soft feces, 2 for diarrhea), ii) 
rectal bleeding  (Hemoccult test score 0 for negative, 1 for positive, 2 for gross bleeding), iii) prolapsus 
(0 for negative, 1 for positive, 2 for gross prolapses), and   iiii) the presence of abdominal mass (0 for 
negative, 1 for little mass, 2 for very palpable mass). 
After the euthanasia, the weight and length of the distal colon was measured to determine colon 
thickness and the intestine was longitudinally opened to evaluate MS, blindly assessed as a combined 
score based on: intraluminal hemorrhage (0, absent; 1, present; 2, present with mucus), adhesion 
areas among intra-abdominal organs (0, absent; 1, present), erythema (0, absent; 1, area < 1 cm²; 2, 
area >1 cm²), edema (0 absent, 1 present), ulcers and necrotic areas (0, absent; 1 necrotic area < 1 
cm²; 2, necrotic area > 1 cm²), presence of strictures (0, absent; 1, one stricture; 2, two strictures; 3, 
more than two strictures). 
Colonic myeloperoxidase (MPO) activity was determined by o-dianisidine assay. In brief, colons 
were homogenized in potassium phosphate buffer (50 mM pH 6.0) containing 0.5% HTAB using a 
tissue homogenizer. Samples were lysed following three cycles of freezing and thawing and 14 µl of 
supernatants reacted with 200 µl of buffer solution containing 1.67 mg/ml of o-dianisidine-HCL and 
0.0005% H2O2. Values were expressed as increments of 450nm OD measured after 5 minutes of 
reaction. Results were normalized to total protein content and expressed as OD5min/(µg/ml). 
mRNA levels of colonic thrombin, encoded by F2 gene, and TNF-α have been assessed starting from 
distal colons of CTR, TNBS and DABI treated mice. Total RNA was extracted through Direct-zol mini-
prep kit according to the manufacturer’s instructions. 3 µg mRNAs were reverse transcribed with 
Maxima First Strand cDNA kit (Thermo Fisher) and 75 ng of cDNAs were amplified on LyghtCycler 480. 
Results were normalized to glyceraldehyde 3-phospate dehydrogenase (GAPDH) as gene of 
reference. Fold-changes were obtained with the 2−ΔΔCt method. 
 

2. In vitro study: Organoid cultures  
6-10 weeks old C57BL6 mice were euthanized and the distal colon was washed in PBS, longitudinally 
opened and cut in 1 cm long parts. After 1 hour of incubation under gentle rocking in 9mM EDTA, 
3mM DTT and 10 µM Y-27632, mucosal fragments were resuspended by vigorous manual up and 
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down shaking (at least 15 repeated movements). Supernatants were recovered into a new 15 mL 
falcon tube and centrifuged for 2 min, 40× g at 4°C. Extracted crypts were washed in PBS+ and 10 µM 
Y-27632 two times. Then, crypts were counted in a 20 μL drop and the samples were centrifuged 
once again for 2 min, at 40× g at 4°C. Supernatants were removed, and cold Matrigel was added to 
the pellets. 25 µL of Matrigel containing 200 crypts were plated in each well of a pre‐warmed 48‐well 
or in 8 well labteck plates. Once the Matrigel had polymerized for 20 min, 250 μL of culture medium 
was added to each well. The culture medium was composed of 50% advanced DMEM/F12, 50% 
Wnt3a‐conditioned medium,1X Glutamax,1X HEPES, 1X B27+VitA, 1X N2, 50ng/ml mEGF, mNoggin 
10ng/ml, 1µg/ml H R-spondin , 1mM N-AcetylCysteine (NAC). The cultures were finally incubated in 
a humidified incubator at 37°C and 5% CO2. The culture medium was changed every 2 days but 
without NAC.  
Images of cultures: After 6 days of culture organoids were fixed with 2% PFA in PBS at 37°C for 20 
min, permeabilized with 0.5% triton X‐100 in PBS at RT for 40 min and observed by light microscopy. 
Actin staining was performed by adding 1:1000 Fluorescent phalloidin-conjugates and 1mg/ml DAPI 
30 min at RT before mounting with Vectashield Buffer and observed by confocal laser scanning (Zeiss 
LSM710). 

Results: 

1. In vivo study 

Body weight and Disease activity index:  

 

 

 
Figure 1: Body weight (A) and disease activity index (B) (Two way ANOVA followed by Bonferroni’s post-test) 

Compared to CTR group, colitic rats showed a significant reduction in body weight (***P<0.001TNBS vs 

CTR) which was not restored by the treatment. The induction of colitis was also assessed by DAI increment 

and dabigatran significantly reduced this parameter (***P<0.001TNBS vs CTR; #P<0.05, ###P<0.001 DABI vs 

TNBS). 

 
Colon thickness, Macroscopic score and MPO activity 
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Figure 2: Colon thickness (A), MS (B), MPO analysis (C) (One way ANOVA followed by Dunnet’s post-test) 

TNBS enema provoked a significant colonic thickening and increased macroscopic score, which was 

markedly reduced by dabigatran. Colonic myeloperoxidase activity, assessing colonic granulocytes 

recruitment, was higher in TNBS group compared with CTR group. The treatment was able to revert MPO 

activity to basal values, thus reducing global inflammatory and macroscopic parameters (*P<0.5, **P<0.01, 

***P<0.001). 

Colonic TNF-α and F2 gene expression 
 

 
Figure 3: RT-qPCR: Colonic TNF-α (A) and F2 (B) gene expression (Kruskall-Wallis test followed by Dunn’s post-test) 

 

Colonic TNF-α gene expression was significantly reduced in dabigatran-treated group compared with TNBS 
vehicle-treated one. Similarly, the treatment with dabigatran was able to counteract also up-regulation of 
thrombin mRNA levels induced by colitis (*P<0.05, **P<0.01). 
 

2.  Organoid model 
Microscopy 

A                                       B                                      C                                     D 

 

 

 

 

Figure 4: Representative organoids at day 6 of culture: (A)cystic, (B) columnar, (C) buddings              
-arrows indicate new forming crypts-, (D) releasing. 
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Immunofluorescence 

A                                                                  B                                                       C                                                      

 

 

 

Figure 5: Representative organoids at day 6 of culture: (A)cystic, (B) columnar, (C) buddings  
Nucleus staining (blue staining with DAPI) and β-actin staining (green phalloidin) of murine colon 

organoids 

Conclusions: 

1. Starting from the documented up-regulation of thrombin expression in IBD patients, my present 
work aims to analyse the effect of thrombin pathway blockade in a rat model of TNBS induced colitis. 
In these experimental conditions, TNBS injection produced severe inflammatory responses with 
progressive impairment of general physical parameters, colonic thickening and recruitment of 
neutrophils in the colonic tissue. Daily intracolonic administration for 4 days of dabigatran BIBR953 
lowered local inflammatory outcomes impacting on DAI, colon thickness, damage score, colonic MPO 
levels and reducing TNF-α mRNA production. As reported in human IBD samples, I confirmed an 
upregulation of both mRNA and activity of thrombin (data not shown) in this model of colitis, 
parameters which are both markedly reverted by the treatment. These data thus point to the 
potential beneficial effect of intracolonic thrombin blockade during the course of colitis. 

 
2. After 6 days of organoid cultures different structures were observed. Cysts were marked by a 

rounded shape with a thin layer of epithelial cells (fig.4A, fig.5A). Columnar structures were 
characterized by thicker epithelial cells, still monolayered, but with a columnar shape for all epithelial 
cells (fig.4B, fig.5B). Budding structures have excrescences of new crypts and exemplify fully mature 
and differentiated organoids with both proliferative and differentiation capacities. These types of 
structures are called colonoids (fig.4C, fig.5C).  

 
Perspectives:  

Motta JP and colleagues showed that thrombin can alter human gut microbiota 
biofilm structure through enzymatic processing of constituents of the biofilm 
matrix backbone (Motta JP et al.,2019). Future objective will be to examine 
whether dabigatran can help restore gut bacteria organization. Fluorescent in 
Situ Hybridization is currently performed on colons of all groups.  
Moreover the 3D-culture of organoids will be a new model to deepen both the 
epithelial role of thrombin, using Thrombin Knock out mice, and the link with 
the gut bacteria organization. 
 

Figure 6 

colon section: FISH of a CTR sample (green, DAPI, host nuclei; blue, glycoproteins; red, bacteria marker) 
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