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RELAZIONE:  
 

Background  
Inflammatory bowel disease (IBD) is a group of inflammatory conditions of the colon and small 
intestine. Crohn's disease (CD) and ulcerative colitis (UC) represent the principal types of IBD [1] 
characterized by the persistence of chronic inflammation. Exacerbations and clinical remission 
alternate and rarely a complete resolution occur [2]. Intestinal fibrosis is a frequent and severe 
outcome in IBD leading to intestinal obstruction. To date, no effective pharmacological treatments 
are available for intestinal fibrosis due to the limited knowledge of the mechanisms involved in its 
development and progression [3]. A prothrombotic state and hemostasis dysfunction have been 
described in experimental models and patients affected by IBD [4]. In particular, platelet 
aggregates have been highlighted in the mesentery and determine thrombotic occlusion and fibrin 
deposition [5] in the vessels. Thrombi into afferent arterioles, capillaries and efferent venules of 
inflamed bowel [6] may contribute to worsening tissue perfusion, cell necrosis and colonic 
dysfunction of patients with IBD, thus perpetuating the chronic inflammation.  
Recently, a possible role of platelets in the development of chronic intestinal inflammation and 
fibrosis has been reported (Sacco A et al., abstract code: 074_16394, 38° Congresso Nazionale 
Della Società Italiana di Farmacologia 2017). Platelets have been shown to induce a 
proinflammatory and mesenchymal/migratory phenotype of fibroblasts. In fact, in cocultures of 
platelets and intestinal myofibroblasts, I found the induction of cyclooxygenase(COX)-2, RhoA (Ras 
Homolog Family Member A, involved in cell movement) and mesenchymal markers associated 

with the reduction of -smooth muscle actin(SMA). These changes were associated with enhanced 
migratory and proliferative capacity of fibroblasts (Sacco A et al., abstract code: 074_16394, 38° 
Congresso Nazionale Della Società Italiana di Farmacologia 2017). These effects induced by 
platelets were mitigated by the incubation of myofibroblasts with platelets that were previously 
exposed to aspirin. Altogether these results suggest that platelet-derived mediators, sensitive to 
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aspirin, induce phenotypic changes in myofibroblasts which may contribute to the development of 
unresolved persistent inflammatory responses. 
The objective of this research project was to verify in vivo the role of platelet activation in the 
development of the chronic inflammatory state detected in IBD. To this aim, I used the 
experimental animal model of dextran sulfate sodium(DSS) induced colitis in wild-type(WT) mice 
and mice with a specific deletion of COX-1 in platelets/megakaryocytes. 
 
Results and Discussion  
During the first period of my research activity, I characterized the COX-1 conditional knockout 
mice, which are recently generated in the Laboratory directed by Prof Paola Patrignani, at “G. 
D'Annunzio” University–CeSI-MeT, Chieti, in collaboration with Prof. Ying Yu (Institute for 
Nutritional Sciences, Shanghai Institutes for Biological Sciences of University of Shanghai, China). 
The mice were generated by a conditional knockout (cKO) strategy based on the Cre-loxP system. 
This is a refined strategy for conditional gene inactivation that relies on the DNA recombinase Cre 
and its recognition of loxP sites. In particular, the insertion of two loxP sites enables to excise the 
flanked (floxed) gene segment through Cre-mediated recombination [7]. Firstly, we generated the 
floxed (flanked by loxP sites) COX-1 mouse using as genome-editing tool, the transcription 
activator-like effector nucleases (TALENs), that significantly increase the efficiency of genomic 
modification. Then, to obtain the platelet-specific COX-1 cKO mice, the floxed COX-1 mice were 
crossed with Pf4-Cre transgenic mice (purchased at Jackson Lab, Milan, Italy). These mice express 
a codon-improved Cre recombinase (iCre) under the control of the mouse Pf4 (platelet factor 4), 
or Cxcl4, promoter leading to the Cre recombinase expression in the majority of megakaryocytes.  
COX-1 cKO mice were characterized for the specific expression of COX-1 in platelets by Western 
Blot analysis [8]. Thus, the expression of COX-1 was assessed in platelets and other tissues, 
including the kidney and colon by Western blot analysis. The results showed that COX-1 was not 
expressed in platelets of COX-1 cKO mice while the protein was detected in other tissues. Then, I 
characterized COX-1 cKO mice for the generation of serum thromboxane(TX)B2 levels during whole 
blood clotting for 1 h at 37°C, which is an index of the maximal biosynthetic capacity of platelet 
COX-1 [9]. To this aim blood collections from submandibular vein were performed for COX-1 cKO 
mice and WT mice and serum TXB2 levels were assessed as previously described [10]. In COX-1 cKO 
mice, the specific deletion of COX-1 in platelets/megakaryocytes was associated with a statistically 
significant (p<0.01) reduction of serum TXB2 generation of 98%, which is similar to the extent of 
inhibition obtained by the administration of low-dose aspirin (100 mg/day) to humans [8]. To 
verify whether the specific deletion of platelet COX-1 translated into reduced platelet activation in 
vivo, I assessed the urinary levels of 2,3-dinor TXB2 (TX-M) by liquid chromatography-mass 
spectrometry (LC-MS) [11]. TX-M is an index of the systemic biosynthesis of TXA2 mainly derived 
from platelets [12]. In COX-1 cKO mice, the urinary levels of TX-M were significantly (p<0.01) 
reduced by about 75% compared to the WT littermates. Finally, to further confirm that a 
decreased platelet function occurs in COX-1 cKO mice, I performed a bleeding time test, as 
previously described [13]. Briefly, tail mice were transected 1 mm from the tip with a sterile 
scalpel blade. The remaining tail was immersed in 37°C saline, and the time, until the bleeding 
stopped for at least 1 minute, was observed and recorded. The experiment was terminated after 
20 minutes. Tail bleeding time was significantly prolonged in COX-1 cKO mice by 69%  compared to 
that in WT littermates (p<0.001). 
An experimental model of colitis was performed in WT and COX-1 cKO mice. Briefly, colitis was 
induced through the administration of DSS 2% in drinking water for 5 days (acute phase). Five-day 
exposure to 2% DSS solution was followed by administration of tap water for 16 days (days 6-21, 
chronic period) [14]. Mice were sacrificed at different time-points during and after DSS exposure 
[day 0 (baseline);  day 5 (acute phase) and day 21 (chronic phase)] to study the impact of the 
genetic deletion of platelet COX-1 on the development and progression of intestinal inflammation 
and on the recovery aspects of the disease. 
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In WT and COX-1 cKO mice, exposed to 2% DSS solution for 5 days, I characterized the clinical 
progression of intestinal inflammation from acute to chronic phase through the assessment of 
disease activity index (DAI) at different time-points during and after DSS administration. 
Accordingly, to previous reports [15; 16], DAI was calculated as the sum of separate scores 
evaluating blood in stool (EMO Score) and stool consistency (STOOL Score). In WT mice, DAI 
reached a maximal value on the last day of DSS administration (day 5) and then, from day 13, 
decreased in a time-dependent fashion. However, DAI did not return to baseline values even at 
the end of the study (day 21). These results showed the development of a chronic inflammatory 
state. Similarly to WT mice, in COX-1 cKO mice, DAI peaked on the last day of DSS administration 
(day 5, acute phase). However, in COX-1 cKO mice, a faster recovery of the disease symptoms was 
found. In fact, a progressive reduction of the DAI values was detected starting from day 8. At the 
end of the study (day 21), DAI returned almost to baseline values. They were significantly lower 
than that observed in WT mice at the same time-point (p<0.05).  
Altogether these data suggest that platelet COX-1 contributes to the clinical manifestations of 
colitis and the development and perpetuation of intestinal inflammation. Whether these results 
will be confirmed in patients with IBD, they will open the way to novel therapeutic strategies to 
promote the healing of colitis and prevent the development of intestinal fibrosis.  
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