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RELAZIONE:  
Background 

Inflammatory bowel diseases (IBDs) are characterized by chronic inflammation of the gastrointestinal tract, 
which causes an abnormal production of growth factors, cytokines, and metabolic free radicals [1]. Diet has 
a central role in the normal gut microenvironment, impacting microbial composition, gut barrier and host 
immunity, therefore it has long been alleged its key function in intestinal inflammation [1]. The 
pharmacological treatments, mainly immunosuppressive drugs, are effective but not always beneficial, and 
a considerable risk of therapy-related complications occurs, including immunodepression and enhanced 
susceptibility to various malignancies. From this perspective, nutraceuticals play an increasingly pivotal role, 
both for prevention therapies and for curative therapies alongside with traditional drugs [2,3]. TRPM8 is a 
member within the subset of temperature-sensitive TRP channels, which recently has been reported to be 
involved in gut disorders, mostly in the innate immune responses [4-7]. Interestingly, menthol is one of most 
known natural ligands of TRPM8, and peppermint oil-based preparations are already used by patients with 
irritable bowel syndrome because of their analgesic, antispasmodic, and carminative effects [8]. Nonetheless, 
the knowledge of TRPM8 role in IBD is still greatly fragmentary, and the effect of its agonists or blockers is 
contradictory in chronic inflammation. Considering this background, in the first part of this project, 
conducted at the Department of Pharmacy of University Federico II, we aimed to identify new TRPM8 dietary 
occurring ligands, in order to test their effect in intestinal models of inflammation. Our experiments have 
identified luteolin, a flavonoid widely found in the plant kingdom, as a new selective TRPM8 antagonist 
(unpublished data). Specifically, luteolin significantly reduces inflammation in M1 pro-inflammatory wild type 
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(wt) bone marrow derived macrophages (BMDM). This outcome has not been observed in Trpm8-/- BMDM, 
demonstrating that luteolin effect on macrophages is at least partially TRPM8-mediated. Hence, during the 
first part of the PhD visiting program at the Laboratory of Mucosal Immunology (KU Leuven), we aimed to 
deepen the luteolin mechanism of action in vitro, and to confirm its anti-inflammatory effect in vivo.  
 

Experimental design 

To achieve our aims, we have performed experiments with BMDMs from IL10fl/fl wild type or IL10fl/fl LysMCre 
mice treated or not with luteolin. Moreover, we have evaluated the in vivo effect of luteolin in a DSS model 
of colitis. BMDMs were treated with luteolin (10 μM) for 1h, and then polarized to M1 pro-inflammatory 
phenotype with IFN-γ (50 ng/mL) plus LPS (20 ng/mL) for 1, 2, 3, 6 or 12h. RNA was extracted, cDNA was 
synthesized by reverse transcription and RT-PCR was performed by using gene specific primers for IL-10, IL-
6, IL-1b, TNF-a and SOCS3 detection. Colitis was induced in female C57BL/6J mice by the administration of 
2,25% DSS in drinking water for 5 days, followed by a 10-days tap water period. Luteolin (30 mg/kg in CMC 
1%) was administered by oral gavage every day, starting 7 days prior the induction of colitis and for the entire 
duration of the experiment. Mice were sacrificed 15 days after the induction of colitis. The disease activity 
index (DAI) score was assessed considering stool consistence, blood presence and mice weight. Following 
euthanasia, mice colons were embedded in paraffin for histological evaluation and scoring of microscopic 
damage (i.e., goblet cell loss, crypt density, hyperplasia, submucosal infiltrate). 
 

Results  

During this early period at the Laboratory of Mucosal Immunology, we demonstrated that the anti-
inflammatory effect of luteolin on macrophages could be downstream mediated by IL-10. Specifically, 
luteolin significantly increased IL-10 levels in wt M1 BMDMs. Therefore, we evaluated the effect of luteolin 
in BMDM collected from mice with a conditioned deletion of IL-10 in myeloid cells (IL10fl/fl LysMCre). Here 
we confirmed that luteolin reduced the levels of pro-inflammatory mediators (i.e., IL-1b, IL-6, TNF-a) in M1 
wt macrophages but, interestingly, it did not affect the levels of the same cytokines in IL10fl/fl LysMCre 
BMDMs. Additionally, luteolin-treated wt M1 BMDMs showed reduced levels of SOCS3, the key physiological 
regulator of cytokine-mediated STAT3 signalling. In macrophages, SOCS3 expression is crucial for M1 
phenotype development, and the manipulation of SOCS3 levels may reduce the presence of M1 macrophages 
in inflamed tissues.  
In vivo, luteolin oral treatment (30 mg/kg) was able to diminish the severity of the colitis induced by the 
administration of DSS in wt mice. At the end of the experiment, mice treated with luteolin, lost less weight 
compared to mice treated with vehicle alone. Luteolin also caused a significant attenuation of DAI in terms 
of reduction of diarrhoea and occult blood in stools, which are the main causes of morbidity in IBD patients. 
Histological evaluation of colon of DSS-exposed mice clearly showed an extensive damage in the vehicle-
treated group. Specifically, a massive disruption of crypts, loss of goblet cells and infiltration of 
polymorphonuclear cells were observed in colon of DSS-treated mice compared with healthy colon. Colon 
damage was significantly reduced in mice orally treated with luteolin. 
 
Next steps 

Further experiments are needed to demonstrate the link between TRPM8 and IL-10 in luteolin mechanism 
of action, and will include to:  

• analyze the expression and localization of TRPM8 in inflamed colon after luteolin treatment.  
• characterize the populations of immune cells present in the muscularis of inflamed colon by Flow 

Cytometry Analysis (FACS), in order to better correlate the anti-inflammatory effect of luteolin in 
vivo and on macrophages. 

• evaluate the activity of the key enzymes involved in the metabolic switch of macrophages after 
luteolin treatment. 
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• measure the expression of p-STAT3, as a key downstream mediator of IL-10, in luteolin-treated 
macrophages. 
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