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RELAZIONE:  
 
Inflammatory bowel disease (IBD) is a major health problem especially in the Western countries where its 
prevalence is more than 200 per 100,000 inhabitants (1). The 2 major IBD entities, Crohn’s disease (CrD) and 
ulcerative colitis (UC), are chronic, relapsing maladies with both periods of active disease and remission. 
During disease, IBD patients show a wide spectrum of symptoms including bloody diarrhea and pain, severely 
reducing their quality of life (2). Furthermore, there is extensive evidence to suggest that both CrD and CU 
patients, in addition to gastrointestinal symptoms, present an increased risk of psychiatric pathologies (3, 4). 
There is, for example, an increased prevalence of anxiety disorders and depression, which is particularly 
evident during periods of active illness (5). This indicates that during gastrointestinal inflammation brain 
functions are altered reducing the quality of life of patients. Currently there are no effective means by which 
to interfere and dampen inflammation and re-establish immune tolerance, which is a major therapeutic goal 
for treating colitis. Existing drugs (e.g. sulfasalazine, asacol) are moderately effective, and systemic 
corticosteroids have severe side effects and are not effective in maintaining remission (6). Available biologics 
are based on broad immunosuppression and antibiotic use, providing limited clinical benefit without halting 
disease progression while increasing the risk of infections and cancer (7, 8). Thus, there is a significant unmet 
clinical need for new agents. Carbon monoxide (CO) is a signaling molecule in mammals endogenously 
produced during heme breakdown by heme oxygenases (HO) with strong cytoprotective and anti-inflammatory 
effects. Despite its notoriety as a poisonous gas at high concentrations, CO has been validated in animal and 
humans as being very safe and well tolerated at low and therapeutic concentrations, and is now in numerous 
on-going clinical trials under clear exposure standards defined by the FDA (9). Population-based studies long 
demonstrated that smoking is protective against colitis (10, 11). CO, a major component of cigarette smoke, is 
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considered the mechanistic link. Numerous researchers have defined the therapeutic potential of CO gas as a 
potent immunomodulatory agent that lessens tissue injury and promotes repair in model of colitis, sepsis, and 
ischemia / reperfusion injury (12, 13). But the mechanism of action still remains to be clarified. The overall 
aim of this research study is to explore how HO-1 derived CO contributes to the attenuation of tissue injury, 
inflammation following colitis. In particular, we are trying to identify the type of cell responsible for the HO-
1-driven effects.  

In the first months of my period abroad at the laboratory of Prof Leo Otterbein, I developed the experimental 
model of colitis induced with DSS and I evaluated the damage in different animal groups.  

 

Induction and evaluation of DSS colitis in mice 

To induce experimental colitis, mice was treated with 3% (wt/vol) DSS in drinking water ad libitum for 7 days, 
followed by normal water for 3 days (14).  

Upon addition of DSS to drinking water, mice was monitored daily for body weight and presence of blood in 
the stool.  

 

Assessment of Colitis 

1. Daily weight all mice 
2. Disease Activity Index (DAI): 

Score Weight loss 
(%) 

Stool 
consistency 

Occult/gross bleeding 

0 (-) Normal Normal (no blood) 

1 1-5 
 

Hemoccult positive 

2 5-10 Loose Hemoccult positive and 
visual pellet bleeding 

3 10-20 
  

4 > 20 Diarrhoea Gross bleeding, blood 
around anus 

 

3. Macroscopic score and colon lenght 
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CO Gas Treatment 

During DSS induction (from day 0 to day 10), the animals received the treatment with CO (250 ppm) or air 
for 1 hour as described (15). 

 

Experimental groups 

Sham (male C57BL/6J mice (6–8 weeks of age)) 

Sham + CO (male C57BL/6J mice (6–8 weeks of age)) includes mice that have not received DSS but only 
CO treatment from day 0 to day 10; 

DSS BL/6 (male C57BL/6J mice (6–8 weeks of age)) mice had free access to drinking water containing 3% 
DSS for 7 days; 

DSS Hmox-1 (male Hmox-1fl/fl mice (6–8 weeks of age)) mice had free access to drinking water containing 
3% DSS for 7 days; 

DSS Lyz-Cre (male Lyz-Cre Hmox-1fl/fl mice (6–8 weeks of age)) mice had free access to drinking water 
containing 3% DSS for 7 days; 

DSS BL/6 + CO (male C57BL/6J mice (6–8 weeks of age)) includes mice that have received DSS and CO 
treatment from day 0 to day 10; 

DSS Hmox-1 + CO (male Hmox-1fl/fl mice (6–8 weeks of age)) includes mice that have received DSS and CO 
treatment from day 0 to day 10; 

DSS Lyz-Cre + CO (male Lyz-Cre Hmox-1fl/fl mice (6–8 weeks of age)) includes mice that have received 
DSS and CO treatment from day 0 to day 10.  

 

After 10 days we sacrified the animals and we evaluated the histological damage and the effect of CO. Initial 
results showed that CO treatment was protective in Hmox-1 mice but not in Lyz-Cre mice. Therefore 
macrophages probably play an important role in the immune response and tissue damage that occurs following 
induction of colitis by DSS. A question we asked ourselves after the first results was: Does HO-1 activate? If 
yes, when? In this regard we performed a time course evaluating the HO-1 levels at 2, 4, 6, 8 and 10 days, 
always following the protocol of induction of colitis by DSS administration. The results obtained have shown 
that the HO-1 expression is greater than 8 days and that it is related to the onset of histological damage. But 
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HO-1 from which cells is it expressed? Which cells are responsible for tissue repair and inflammation 
protection? 

In this regard, we would like to proceed with cell cultures of macrophages and neutrophils in order to 
investigate some pathways that may be involved. Later we would like to proceed with co-cultures of epithelial 
cells and macrophages in order to verify the ability of these cells to restore or safeguard the intestinal barrier. 
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