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RELAZIONE 
 
BACKGROUND AND AIM:  

During the three months 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 
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activation of several inflammatory pathways (unpublished data).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 work 
was to investigate the impact of thrombin activity blockade as a pharmacological approach to treat IBD. 
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Methods: 

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. 
TNF-α  5’-ACTGAACTTCGGGGTGATCG-3’ 

TNF-α  5’-TCCGCTTGGTGGTTTGCTAC-3’ 

F2  5’-AGGCCTGACATCAACTCCAC-3’ 

F2  5’-TTGGAACCTCTTGAGCGAGG-3 

Results: 

Body weight and Disease activity index: 

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

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

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<0.001 DABI vs TNBS). 

 

 
 

Colon thickness, Macroscopic score and MPO activity 

 

 

Figure 2: Colon thickness, MS, MPO analysis (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: Colic TNF-α and F2 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). 
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Conclusions: 

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. 
 
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.  
 
 

Figure 4 colon section: FISH of a CTR sample (green, DAPI, host nuclei; blue, glycoproteins; red, bacteria 

marker) 

As demonstrated by the host laboratory, thrombin is constitutively released on the apical side of intestinal 
epithelial cells, and epithelial thrombin is regulated by the presence of microbiota (Motta 2019 Nat Com). 
To investigate the action of thrombin on bacterial biofilm, I will determine whether thrombin-treated 
bacteria will have modified virulence toward intestinal epithelial cells by analysing their capacity for 
adhesion and invasion compared to untreated cultures.  
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