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1. INTRODUCTION 

Colorectal cancer (CRC) is the most common malignant disease of the gastrointestinal tract in the world [1, 

2]. CRC is developed, in the majority of cases, as a consequence of a sequential accumulation of genetic 

alterations and epigenetic modulations [3, 4]. The disease starts with the onset of pre-neoplastic lesions, 

known as aberrant crypt foci (ACF) and, through the formation of polyps with high-grade dysplasia, 

progresses to adenoma and subsequently to carcinoma [5]. It has been demonstrated that there is a strong 

association between chronic inflammation and CRC development. Indeed, patients with inflammatory bowel 

disease (IBD) are at increased risk of developing CRC [6, 7]. This type of CRC is defined as CAC (colitis-

associated colorectal cancer) [8]. 

Furthermore, in the last decade, scientific evidence has suggested a crucial role of the gut microbiota in the 

development of CRC. In particular, the interaction between the intestinal mucosa and the resident bacteria 

is essential for intestinal homeostasis, but alterations of this balance can involve the invasion of healthy 

colonic tissue by these microorganisms, causing inflammation of the mucosa and promoting the 

development of CRC [9, 10]. 

The Transient Receptor Potential (TRP) Melastatin 8 (TRPM8) is a calcium-permeable ion channel belonging 

to the TRP channel family. From the literature, it emerges that the TRPM8 channel is dysregulated in 

numerous human tumors [11-19], and its expression is considered an innovative prognostic marker in 

prostate cancer [20]. Besides, the activation or desensitization of TRPM8 reduces the proliferation of prostate 

cancer cells [21, 22]. 

However, to date, the role of the TRPM8 receptor in colon carcinogenesis has been poorly investigated. In 

the research laboratories of Prof. Izzo, it has recently been shown that the phytocannabinoid cannabigerol 

(TRPM8 agonist [23]) exerts chemo preventive effects in the mouse and reduces the proliferation in human 

CRC cell lines but not in healthy colonial epithelial cells [24]; Finally, TRPM8 has been reported to be involved 

in experimental colitis [25-27], a significant risk factor for CRC [7]. 

Given these assumptions, the aim of this project is to evaluate the role of TRPM8 channels on gut microbiome 

in a CRC model induced by azoxymethane (AOM) using TRPM8-/- mice. For this reason, analysis were carried 

out at the “Chaire d'excellence en recherche du Canada sur l'axe microbiome-endocannabinoïdome en santé 

métabolique (CERC-MEND)” sited in the “Centre de Recherche de l’Institut Universitaire de Cardiologie et de 

Pneumologie de Québec (CRIUCPQ), affiliée a l’Université Laval”, in Québec City (Québec, Canada), 

recognized as an excellence center for the analysis of intestinal microbiota that allowed me to use highly 

innovative techniques in the field of microbiome research. In particular, in order to identify the correlation 

between alterations in microbiome composition and development of experimental carcinogenesis, we 
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evaluated the composition of the gut microbiome using samples obtained from AOM treated wild type and 

TRPM8-/- mice using the 16S rRNA sequencing (Illumina MiSeq platform). 

2. MATERIAL AND METHODS 

2.1 Drugs and reagents 

Azoxymethane (AOM) for CRC induction was purchased from Sigma-Aldrich; all the reagents for DNA 

extraction and library preparation were purchased from FisherScientific, Canada and Qiagen, Hilden, 

Germany; 16S DNA sequencing reagents were purchased from Illumina, CA, USA. 

2.2 Animals 

Six weeks old male C57BL6/J mice, both wildtype and TRPM8-/- were purchased from Jackson Laboratory and 

the experimental protocol was started after an acclimation period of one week (temperature 23 ± 2°C; 

humidity 60%, free access to water and food. 

2.3 Experimental model of sporadic colorectal cancer 

Mice were randomly divided into four groups (5 animals/group): group 1 (control, wild type) and group 3 

(control, TRPM8-/-) were treated with vehicles (NaCl 0.9% solution); group 2 (AOM, wild type) and 4 (AOM, 

TRPM8-/-) were treated with azoxymethane (AOM) at the single dose of 10 mg/kg at the beginning of the 

first, second, third and fourth week (40 mg/kg in total). All animals were euthanized by asphyxiation with CO2 

three months after the first injection of AOM. Based on our laboratory experience, this time (at the used 

dose of AOM) is associated with the occurrence of a significant number of aberrant crypt foci (ACF), polyps 

and tumors. In particular, mice develop pre-neoplastic lesions (ACF) 4 weeks after the first AOM 

administration; subsequently, they develop polyps after 8 weeks and tumors after 12 weeks [24]. The total 

number of tumors was assessed on isolated colons as  follows: colons were excised from the whole 

gastrointestinal tract, washed with cold PBS, opened along the antimesenteric border and the epithelium 

was quickly observed in the whole area under a stereo microscope. 

2.4 Analysis of faecal microbiome 

For the gut microbiota analysis, taking in account the time dependent development of preneoplastic lesions, 

polyps and tumors, we collected fecal samples at the beginning of the protocol and of the fifth, ninth and 

thirteenth week; samples were collected using a clean single cage per each mouse, and then immediately 

frozen at -80 °C. DNA was extracted from faeces using the QIAmp PowerSoil PRO DNA kit (Qiagen, Hilden, 

Germany) according to the manufacturer’s instructions. The DNA concentrations of the extracts were 

measured fluorometrically with the Quant-iT PicoGreen dsDNA Kit (Thermo Fisher Scientific, MA, USA) and 

the DNAs were stored at −20°C until 16S rDNA library preparation. Briefly, 1 ng of DNA was used as template 

and the V3-V4 region of the 16S rRNA gene was amplified by polymerase chain reaction (PCR) using the 

QIAseq 16S Region Panel protocol in conjunction with the QIAseq 16S/ITS 384- Index I (Sets A, B, C, D) kit 
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(Qiagen, Hilden, Germany) [28]. The 16S metagenomic libraries were eluted in 30 μL of nuclease-free water 

and 1 μL was qualified with a Bioanalyzer DNA 1000 Chip (Agilent, CA, USA) to verify the amplicon size 

(expected size ~600 bp) and quantified with a Qubit (Thermo Fisher Scientific, MA, USA). Libraries were then 

normalized and pooled to 2 nM, denatured and diluted to a final concentration of 12 pM and supplemented 

with 5% PhiX control (Illumina, CA, USA). 

Sequencing (2 × 300 bp paired-end) was performed using the MiSeq Reagent Kit V3 (600 cycles) on an Illumina 

MiSeq System. Sequencing reads were generated in less than 65 h. Image analysis and base calling were 

carried out directly on the MiSeq. Data was processed using the DADA2 pipeline and taxonomic assignation 

with reference to the RDP database [29]. All sequences were cumulative sum scaled (CSS) [30]. 

2.5 Statistical analysis 

Statistical analysis on the Principal Coordinates Analysis (PCoA), using the Bray-Curtis dissimilarity indexes to 

estimate beta-diversity, was carried out using the PERMANOVA test. Cumulative Sum Scale (CSS) graphs were 

analysed using One- or Two-way ANOVA followed by Tukey test for multiple comparison post-hoc analysis. P 

values equal or less than 0.05 were considered statistically significant. 

3. RESULTS 

3.1 Effect of TRPM8 deletion on mice microbiota composition and on the development of AOM-

induced colorectal cancer  

The gut microbiota composition at the timepoint zero, i.e. before the AOM treatment, was significantly 

different between wild type and TRPM8-/- mice (Figure 2A). In particular, Burkholderiaceae and 

Deferribacteraceae families were under the detection level in knockout mice, while Helicobacteriaceae and 

Enterobacteriaceae were detected only in knockout mice. Moreover, abundance of Ruminococcaceae and 

Marinifilaceae families were higher in wild type mice, while Tannerellaceae and Saccharimonadaceae were 

higher in knockout mice (data not shown). AOM treatment resulted in the formation of tumours (Figure 1) in 

both wild type and TRPM8-/- mice (Figure 1). Notably, in the AOM-treated knockout group, the number of 

tumours detected was significantly lower than in AOM-treated wild type mice (Figure 1).  

3.2 Changes in the gut microbiota composition 

AOM treatment in both wild type and TRPM8-/- mice induced significant changes in the microbiome 

composition as shown by PERMANOVA analysis (p < 0.001). These changes, as shown in the PCoA analysis, 

were higher at the beginning of the fifth week and then reduced at the ninth and thirteenth week (Figure 2B 

and C). In AOM-treated wild type mice (Figure 2B) the distance between the timepoint zero and the week 5 

is more evident than in KO mice (Figure 2C).  

Figure 3 shows the relative composition of the gut microbiota at different timepoints in AOM-treated wild 

type (Figure 3A) and knockout mice (Figure 3B). The more abundant families (>1%) in wild type and TRPM8-

/- mice were Akkermansiaceae, Bacteroidaceae, Clostridiaceae_1, Erysipelotrichaceae, Lachnospiraceae, 
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Lactobacillaceae, Muribaculaceae, Rikenellaceae, Ruminococcaceae and Tannerellaceae, that belong to the 

two most abundant phyla in the gut microbiota, Bacteroides and Firmicutes, except for Akkermansiaceae 

(Verrucomicrobia) (Figure 3). 

AOM treatment induced time- and genotype-dependent changes in gut microbiota composition; in 

particular, in wild type mice AOM treatment significantly reduced at the fifth week the relative abundance 

of Ruminococcaceae, Lachnospiraceae and Marinifilaceae families, and at the thirteenth week the 

abundance of Peptostreptococcaceae (Figure 4A); by contrast, Akkermansiaceae, Erysipelotrichaceae and 

Burkholderiaceae families were significantly increased at the fifth week, Clostridiaceae_1 at the fifth and 

ninth week and Tannerellaceae at the fifth, ninth and thirteenth week (Figure 4B). In TRPM8-knockout mice, 

AOM treatment significantly reduced the relative abundance of Rikenellaceae family at the fifth, ninth and 

thirteenth week, while increased Erysipelotrichaceae and Akkermansiaceae families at the fifth week and 

Burkholderiaceae at the thirteenth week (Figure 5). 

Comparing the two AOM-treated groups (Figure 6), there is a difference in the variation of the families 

Ruminococcaceae, Lachnospiraceae and Marinifilaceae, which were significantly decreased at the fifth week 

in wild type mice but not in TRPM8-knockout mice. Moreover, at the fifth week, the Erysipelotrichaceae 

family increase was higher in wild type mice compared to TRPM8 knockout mice. The reduction in the relative 

abundance of Rikenellaceae was higher in TRPM8-knockout mice compared to wild type mice. 

Finally, the Burkholderiaceae family, which was present in each timepoint in wild type mice, was detected in 

TRPM8-knockout mice at the thirteenth week only. 
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Figure 1. Effect of Genotype in the number of tumours developed in the AOM-induced model of colorectal cancer. AOM was 

administered once a week for four weeks at the dose of 10 mg/kg (40 mg/kg in total). Number of tumours was assessed by 

observation of the epithelium with a microscope (blind experiment). *p < 0.01, **p<0.001 and ***p < 0.0001. 

 

 

    

 

 

 

 

 

 

 

 

 

 

Figure 2. PCoA beta diversity of gut microbiome composition. AOM was administered once a week for four weeks at the dose of 10 

mg/kg (40 mg/kg in total). There is a different composition in the two genotypes at the tmepoint zero (A); a time dependent change, 

higher at the week 5, in AOM-treated group if compared to the control in wild type mice (B); the change, still present at the week 5 

is less evident in the TRPM8-/- group (C). PERMANOVA p(treatment) < 0.001 and p(time) < 0.001 in both genotypes.  
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Figure 3. Relative abundance of different families in AOM-treated mice. AOM was administered once a week for four weeks at the 

dose of 10 mg/kg (40 mg/kg in total). The more abundant families (>1%) in both wild type and TRPM8-/- mice were Akkermansiaceae, 

Bacteroidaceae, Clostridiaceae_1, Erysipelotrichaceae, Lachnospiraceae, Lactobacillaceae, Muribaculaceae, Rikenellaceae, 

Ruminococcaceae and Tannerellaceae. The higher variation in the relative composition of the gut microbiota was found a the fifth 

week in both wild type (A) and TRPM8-/- (B) mice 
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Figure 4. Relative abundance of different families in wild type mice. AOM was administered once a week for four weeks at the dose 

of 10 mg/kg (40 mg/kg in total). A, families decreased by AOM treatment; B families increased by AOM treatment * p<0.05, **p<0.01, 

***p<0.001 and ****p<0.0001 vs T0, #p<0.05, ##p<0.01, ###p<0.001 and ####p<0.0001 vs control 

 

 

 

Figure 5. Relative abundance of different families in TRPM8-/- mice. AOM was administered once a week for four weeks at the dose 

of 10 mg/kg (40 mg/kg in total). 

* p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001 vs T0, #p<0.05, ##p<0.01, ###p<0.001 and ####p<0.0001 vs control 
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Figure 6. Relative abundance of different families in AOM-treated wild type and TRPM8-/- mice. AOM was administered once a 

week for four weeks at the dose of 10 mg/kg (40 mg/kg in total). A, families decreased by AOM treatment; B families increased by 

AOM treatment. 

* p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001 vs T0, #p<0.05, ##p<0.01, ###p<0.001 and ####p<0.0001 vs control 
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4. DISCUSSION AND CONCLUSIONS 

Colorectal cancer (CRC) is the most common malignant disease of the gastrointestinal tract in the world [1, 

2]. It has been demonstrated that the gut microbiota plays a crucial role in the development of CRC. In 

particular, the interaction between the intestinal mucosa and the resident bacteria is essential for intestinal 

homeostasis, and alterations of this balance can cause inflammation and promote the development of CRC 

[9, 10]. 

In this project, by using an experimental model of colorectal cancer and TRPM8 knockout mice, we 

demonstrated the involvement of TRPM8 in colorectal cancer formation; in particular, TRPM8 seems to affect 

the colorectal cancer formation, at least in part, through an action on gut microbiota composition. 

The genetic deletion of TRPM8 reduced susceptibility in the development of colorectal cancer; in fact, 

knockout mice developed a lower number of tumors compared to wild type. This result is in accordance with 

our previous experiment, in which the TRPM8 antagonist cannabigerol reduced, in the same experimental 

model, the number of tumors [24]. 

We showed that the relative abundance of some families was significantly different between wild type and 

TRPM8 knockout mice; among these the Burkholderiaceae family, which has been showed to be positively 

correlated with the development of colorectal cancer [39], was under the detection level in knockout mice.  

AOM treatment induced alteration in the gut microbiota composition in both genotypes. In particular, we 

observed a reduction in wild type, but not knockout, mice of Ruminococcaceae and Lachnospiraceae families. 

The data on wild type mice is in accordance with the data reported in previous studies [31, 32]. The 

Lachnospiraceae family has been shown to be protective against CRC by producing short chain fatty acids 

(SCFAs), such as propionic acid and/or butyric acid, key metabolites regulating gut homeostasis [31, 33, 34], 

Therefore, the resistance to change of this family in knockout, but not in wild type, mice could be involved in 

the lower susceptibility of knockout mice in tumours development. 

We also observed a reduction in wild type, but not in knockout mice, of Peptostreptococcaceae (13th week) 

which has been found to be significantly lower in ulcerative colitis patients (one of the major risk factors for 

CRC development) than in healthy subjects [35]. 

Erysipelotrichaceae family was significantly increased in both wild type and knockout mice, with no 

statistically significant difference between the two genotypes. Of note, this family has been reported to be 

positively correlated with colon tumorigenesis and its presence was found to be increased in CRC patients 

[36]. 

In our study Akkermansiaceae family was increased at the fifth week in both wild type and knockout mice 

with no statistically significant difference between the two genotypes. Previous studies have shown that high 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

abundance of Akkermansia destroys the host mucins thus inducing intestinal inflammation and promoting 

colonic tumorigenesis. Additionally, a previous study also showed a significant increase in the abundance of 

Akkermansia in the stools of CRC patients [32].  

Burkholderiaceae’s level was under the detectable in knockout mice, except during the 13th week, while their 

abundance was constant in wild type; this family is reported to be associated with an increased risk of 

colorectal [37], throat [38] and bladder cancer [39]. 

Lastly, we observed a decrease in Rikenellaceae family in both genotypes, but only in knockout mice this 

decrease was significant. Interestingly, this family has been reported to be lower in AOM/DSS-treated mice 

than control mice [31, 33]. 

Considering these data, we can conclude that mice with genetic deletion of TRPM8 i) develop a lower number 

of tumors in the AOM model of colorectal cancer, ii) have a different gut microbiota composition compared 

to wild type mice and iii) show different changes in the gut microbiota composition in response to AOM 

treatment compared to wild type mice. The different bacteria community between wild type and knockout 

mice as well as the different changes in the gut microbiota composition in response to AOM treatment could 

be, at least in part, responsible for the lower susceptibility of knockout mice to develop AOM-induced 

sporadic colorectal cancer. 
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