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RELAZIONE:  
 
 
BACKGROUND 

Colorectal cancer (CRC) is the third most common cancer in men and the second in women 

worldwide. Among the most important risk factors leading to non-sporadic CRC, inflammatory 

bowel diseases (IBD) rank as the third highest risk, behind familial adenomatous polyposis and 

hereditary nonpolyposis colorectal cancer syndrome [1]. As proof of this, an increased incidence of 

colon adenocarcinoma has been observed in patients affected by IBD, such as Chron’s disease (CD) 

and ulcerative colitis (UC), suggesting how a long-standing intestinal state of inflammation can be 

an agent of epithelial cell mutations leading to CRC [2,3]. In this context, insurge the presence of a 

new molecule palmitoylethanolamide (PEA), is an intriguing candidate in preventing chronic 

inflammation associated a CRC. PEA is an endogenous molecule of the family ALIAmide (Autacoid 

Local Inflammation Antagonism amides), acting in different pathophysiological processes such as 

pain, neurotoxicity and inflammation [4]. Thanks to the engineering techniques, we generated an 

engineered probiotic to start Lactobacillus paracasei subsp. paracasei F19 (pLP) with human 

Nacylphosphatidylethanolamine-specific phospholipase D-(NAPE-PLD) gene (pNAPE-LP). Indeed, in 
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this context, we created an in-situ drug-delivery probiotic system, able to selectively release PEA in 

the gastrointestinal (GI) tract under the boost of ultra-low doses of exogenous palmitate.  

Eight-weeks-old C57BL/6 male mice were used for the experiments. Mice were randomly divided 

into the following experimental groups: 1) vehicle group; 2) CAC group; 3) CAC group receiving daily 

gavage of pNAPE-LP + palmitate 0.0003 μg/kg; 4) CAC group receiving daily gavage of pLP and 

palmitate 0.0003 μg/kg and 5) CAC group receiving daily gavage of palmitate 0.0003 μg/kg. Colon 

cancer was induced by single intraperitoneal injection of AOM (10 mg/kg) at day 0, followed by 

three cycles of DSS 2,5% in drinking water for seven consecutive days, starting at weeks 1, 4 and 7, 

respectively. After every cycle of DSS, regular water was given for fourteen consecutive days. At 

week 10 animals were euthanized, the distal colon was isolated to perform histochemical and 

biochemical analysis and the fecal contents were collected for the taxonomic profile.  

The aim of the project are: 1) Evaluation of the effect of PEA as a prevention treatment in a murine 

model of colitis-associated colon cancer; 2) the release time-dependent production of PEA by 

pNAPE-LP with ultra-low dose of palmitate in-vitro and ex-vivo; 3) quantification of the 

inflammatory parameters and angiogenesis progression; 4) investigation the microbiote-profile. 

 

RESULTS 

-Time-dependent production of PEA by pNAPE-LP in vitro and concentration of PEA in ex-

vivo 

 

PEA is released time-dependent by engineered NAPE-LP probiotic under an ultra-low 

palmitate dose. The concentration of PEA has been measured at 1,3,6,12 h after exposure 

to exogenous palmitic acid. The peak concentration of PEA has been reached between 6 and 

12 h, with a plateau detected at 12 h. The native probiotic pLP no detectable levels of 

released PEA at the same time points. The quantification of PEA in the different GI tissue, 

revealed an increase of PEA in the duodenum, ileum and colon, as compared to the pNAPE-

LP vs pLP. Results are expressed as the mean ± SD, with p < 0.005. 

 

- Macroscopic signs  

 

When the animals were euthanized, the spleen was weighed. In CAC group, a spleen weight 

gain was observed while pNAPE-LP with palmitic acid showed weight reduction similar to 

the vehicle group.  The induction of cancer with AOM/DSS showed an increase in the number 

of nodules, but the presence of pNAPE-LP showed a reduction in tumors. In mice receiving 

pLP or palmitic acid only, after treatment to induce colitis-associated colon cancer, no 

significant improvement in colitis severity, spleen weight and nodule number was observed. 

However, in parallel, no significant results for colon length between the different test groups 

were found. The results are expressed as average SD, with p < 0.05. 

 

- Pro-inflammatory and tumor mediators’ expression 

 

The expression of pro-inflammatory signaling molecules and cytokines and their release 

were evaluated in colonic tissue homogenates and plasma samples. Our results 

demonstrated that AOM/DSS-treatment caused a marked increase of NO, IL-6, TNF-α, and 

VEGF compared to the vehicle group. Treatment with pNAPE-LP and palmitate resulted in a 
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significantly reduced expression and release of all the pro-inflammatory and tumor markers, 

at both colonic and plasmatic levels. Again, the administration of palmitate, or pLP + 

palmitate failed to significantly inhibit the expression and the release of inflammatory 

mediators. Results are expressed as the mean ± SD, with p < 0.05.  

  

- Firmicutes/Bacteroidetes (F/B) ratio  

 

In general, the most abundant phylum in GI are Firmicutes and Bacteroidetes; several studies 

have shown that the proportions of the F/B ratio in the GI is involved in various pathological 

conditions [5]. A dysregulation for the proportion of F/B with an increase in Bacteroidetes 

and a decrease in Firmicutes is common in IBD.  In this current study, the average trend on 

the different conditions showed a decrease of F/B ratio for the CAC group compared to the 

control group, more precisely a low presence of class Clostridia. The group treated with the 

pNAPE-LP engineered probiotic and palmitate to the dosage 0.0003 µg/kg, evidenced a 

restoration of the imbalance for the F/B ratio induced by a CAC. In parallel, the group with 

engineered probiotic pLP with the booster of oleate 0.0003 µg/kg, not return the intestinal 

microbiota than a CAC treatment, which tends to be close to the CAC group. Analyses are 

based on the threshold of significance set to p < 0.05. 
 

CONCLUSIONS 

In the project’s first phase, we demonstrated the feasibility of integrating a genetically modified 

probiotic into the gastrointestinal tract in a mouse model of colitis-associated colon cancer. The 

advantage of genetically modified probiotic systems is that they are able to adhere to the surface 

of the mucosa and coexist with other niches of microorganisms present in the intestine.  We 

concluded that pNAPE-LP with ultra-low palmitate supply stands as a new method to Increase the 

in situ intestinal delivery of PEA and as a new Therapeutic able for controlling chronic intestinal 

inflammation 
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conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 

l’utente, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso 

e accettato. 
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