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Introduction: Familial Adenomatous Polyposis (FAP) is a rare genetic disease caused by mutations in the APC gene (also 
mutated in sporadic colorectal cancer, CRC) characterized by the development of multiple adenomatous polyps in the 
colorectum. The probability that one or more of these polyps will evolve into carcinomas is virtually 100% therefore, preventive 
colectomy is performed to avoid the risk of cancer transformation. Although agents like non-steroidal anti-inflammatory drugs 
(NSAID) reduce the number of polyps in FAP, severe cardiovascular effects have been reported, highlighting the need to find 
effective chemopreventive treatments, which may reduce carcinogenesis without the risk of developing side effects. Estrogen 
receptor beta (ER-β) is the predominant ER isoform in the colon; its expression is progressively reduced during colorectal 
carcinogenesis concomitant with a low ER-β /ER-α ratio also reported in FAP patients. The phytoestrogen silymarin, an ER-β 
agonist, has been reported to protect against Apc-mediated intestinal neoplasia in mice (Barone et al., 2010) and to decrease 
duodenal polyps in colectomized FAP patients (Calabrese et al., 2016), but its role in colon carcinogenesis is not well known. 
Therefore, we first studied ER-β expression in the colon of  Pirc rats, mutated in Apc gene and thus spontaneously developing 
adenomas in the colon. We then determined whether treatment with Adipol® (Adi), a patented preparation of phytoestrogens 
and insoluble fibers, might reduce intestinal tumorigenesis in the Pirc rats. The basal levels of ER-β and ER-α expression in the 
normal mucosa (NM) and adenomas (ADs) of Pirc male rats and age matched wild types (wt) were also studied. 

Materials and methods: ER expression was evaluated by RT-PCR on NM and AD samples in male Pirc and wt rats aged one or 
four months (5rats/group). For the chemoprevention study, male Pirc rats, aged one month, were divided into controls (n=10), 
fed with a standard AIN-76diet or Adi (n=10), fed with the same diet but supplemented with Adipol® (Interalia Pharma, 
Torino - Italy) at 2.5%. 100 g of Adi contain 3.5g dry milk thistle (Sylibum marianum) extract titred at 70% Silymarin and 
30% Silibin. After three months, intestinal tumorigenesis was determined evaluating microscopic precancerous lesions (Mucin 
depleted foci, MDF) and macroscopic adenomas. Small samples of NM and ADs were also collected for histological and gene 
expression evaluation of proliferation and apoptosis.  

Results: ER-β expression in Pirc rat colon was significantly lower compared to age-matched wt rats (p<0.001); a concomitant 
lower ER-β/ER-α ratio was also observed. Colon tumorigenesis was significantly reduced by Adi treatment as demonstrated by 
the reduction of ADs and MDFs (p<0.05and p<0.01, respectively) compared with controls. The treatment also normalized 
colon proliferation pattern along the crypt and significantly increased apoptosis in adenomas (p<0.01). Finally, ER-β expression 
and ER-β/ER-α ratio was increased by Adi treatment, especially in adenomas (p<0.01and p< 0.05, respectively).

Discussion and conclusions: Our results show for the first time a down-regulation of ER-β in the colon of Pirc rats prone to 
carcinogenesis. We also show that Adi efficiently lowers colon carcinogenesis, acting , at least in part, with an increase in 
apoptosis, a normalization of proliferation and an up-regulation of ER-β. Given the similarities between the Pirc model and 
the FAP disease our study suggests that this preparation may be active not only in duodenal polyps but also in the colon of 
FAP. Moreover, since the molecular mechanisms underlying FAP and sporadic CRC mutated in APC are similar, these results 
also suggest that this preparation may be also beneficial for sporadic CRC patients at risk, such as those operated for CRC or 
adenomatous polyps, an hypothesis to be verified in clinical trials.


