
ARRIVE statement 

 

1. Study design: Mice use in this work are animals with C57BL/6 background. Then, we 

generated conditional deletion of GPR120 in the gut epithelium by crossing Ffar4flox/flox 

mice (in which Exon 1 and approx. 1.5 kb of sequence upstream of exon 1 (promoter 

region) have been flanked by loxP sites) with villin-cre transgenic mice.  In the 

following steps, VillinCre-Ffar4flox/+ were crossed with VillinCre-Ffar4flox/+ to obtain 

VillinCre-Ffar4flox/flox mice (named here GPR120ΔIEC) and VillinCre-Ffar4+/+ (named 

WT) littermates, that were used for the experiments. 7 mice / group were subjected to 

AOM/DSS protocol for the induction of colitis-associated colorectal cancer. Mice 

received one single intraperitoneal injection of azoxymethane (10 mg/kg) and four cycle 

of DSS in drinking water. 4 mice/group were used for the quantification of intestinal 

permeability by Evans Blue perfusion in which mice were anesthetized with a mixture of 

ketamine and xylazine, the abdomen was opened and a 3 cm proximal portion of the 

ileum from the ileocecal junction was ligated by silk suture with care to prevent injury to 

the superior mesenteric vessels. The ileal-luminal contents were washed out gently with 

4-5 mL of PBS. The ileo-cecal end was ligated to prepare the ileal loop (3 cm), and then 

5ml/mouse at rate of 1ml/minute of Evans blue in PBS was injected into the loop. After 

60 min, mice were sacrificed by decapitation and the ileal loop was rapidly dissected 

out. 

 

2. Sample size: The sample size was decided following 3R rule (“Replacement, refinement 

and reduction”): Based on our experience, we use a minimum number of animals (5-6 

animals for each group) necessary to reach statistically significant results. 

 

3. inclusion and exclusion criteria: all animals used in the experiments were included in 

the statistical analysis. 

 

4. Randomization: to minimize potential confounders, animals subjected to the same 

treatment were co-housed. All mice were maintained in a specific pathogen free (SPF) 

facility certified by Charles River Laboratories International. Housing was temperature 

controlled, with a 12 light/12 dark hour cycle. 

 



5. Blinding: FR conducts the experiments in blinded way, not knowing what animals were 

transgenic and what WT. In fact, the genotyping and cage reallocation depending on the 

genotyping, were conducted by VG and VG.  

 

6. Outcome measures: Body weight, stool consistency and rectal bleeding were monitored 

every two days. The consistency of stool was scored as 0-normal, 1-soft formed, 2- diarrhea-

like, 3-watery, 4- not formed and with blood. Presence of blood was detected using 

Hemoccult kit and scored with increasing numbers starting from 0-no blood to 4- copious 

and eye-visible amount of blood. Colitis severity was scored using a disease activity index 

(DAI) score based on daily evaluation of body weight, diarrhea and presence of blood in 

stools. Scoring of tumor development was evaluated by a high-resolution video 

miniendoscope, on the basis of the tumor size and the number of tumors, as described 

previously (Becker, C., Fantini, M. C. & Neurath, M. F. High resolution colonoscopy in live 

mice. Nat. Protoc. 1, 2900–2904 (2007). 

 

7. Statistical method: Statistical analysis was performed by FR (researcher with 

specialization in biostatistics). Analysis were performed by using both Graph pad Prism 8 

and STATA16 software. Since for all experiments we have a small sample size, in which the 

normal distribution is difficult to assess, we perform a non-parametric test (Mann Whitney 

test). This test compares the median of your observation, for this reason all graphs are 

represented as median ±  95% CI (confidence interval). 

 

8. Experimental animals: as described in “study design” section, mice use in this work are 

animals with C57BL/6 background. Pups were tailed and toed (for identification) around 3-

weeks of age. Animals were used for the experiments at 7/8 weeks of age, independently 

from sex. 

 

9. Experimental procedure: CAC was induced by a single intraperitoneal injection of 

azoxymethane (AOM) in 7 weeks-old C57BL/6 mice and kept on regular water for 7 days. 

After 7 days, mice were subjected to four oral cycles of 2% of dextran sulfate sodium (DSS) 

(molecular mass, 40 kDa) in drinking water for one week followed by one week of normal 

drinking water. Mice were sacrificed after 57 days from the first DSS exposure by CO2, 

after endoscopy.  



Intestinal permeability was evaluated by perfusion of the mouse intestine with the azo Evans 

Blue dye, as previously described (Lange, S., Delbro, D. S. & Jennische, E. Evans blue 

permeation of intestinal mucosa in the rat. Scand. J. Gastroenterol. 29, 38–46 (1994)). 8 

weeks old mice were anesthetized with a mixture of ketamine and xylazine, the abdomen 

was opened and a 3 cm proximal portion of the ileum from the ileocecal junction was 

ligated by silk suture with care to prevent injury to the superior mesenteric vessels. The 

ileal-luminal contents were washed out gently with 4-5 mL of PBS. The ileo-cecal end was 

ligated to prepare the ileal loop (3 cm), and then 5ml/mouse at rate of 1ml/minute of Evans 

blue in PBS was injected into the loop. After 60 min, mice were sacrificed by decapitation 

and the ileal loop was rapidly dissected out. 

Colon tissues were collected from healthy wild-type and transgenic 8 weeks old mice and 

flushed with ice-cold PBS. Tissue was cut in small pieces and washed several times by 

inverting the 15-ml conical tube. After dissociation in 0,5M EDTA for 30 minutes on an 

orbital shaker, the tube was shaken for 5 minutes by hand to dissociate epithelium from the 

basement membrane. The solution was filtered through a 100µm filter to remove the villus 

fraction. After two centrifugations of 10 minutes at 150g, 4°C, the resulting pellet 

containing epithelial cells was stored at -80°C until use. 

 

10. Results: 

The in vivo quantification of intestinal permeability was repeated twice, with 2 mice each 

time. In the graph all 4 measurements are reported.  

Mean of column A (WT) 0,5455 

Mean of column B (GPR120DIEC) 1,563 

Difference between means (B - A) ± SEM 1,018 ± 0,6440 

95% confidence interval -0,6375 to 2,673 

R squared (eta squared) 0,3332 

F, DFn, Dfd 53,95, 3, 2 

P value 0,0365 

P value summary * 

Significantly different (P < 0.05)? Yes 

The AOM/DSS protocol was repeated twice, with 3 and 4 mice each time. In the graph all 

measurements are reported. The parameters were checked every two days, for a total of 25 

tests (this is the reason why all median and CI are not reported here). 

 



Tumors: 

Mean of column A (WT) 17,29 

Mean of column B (GPR120DIEC) 29,60 

Difference between means (B - A) ± SEM 12,31 ± 3,447 

95% confidence interval 4,967 to 19,66 

R squared (eta squared) 0,4597 

Unpaired t test 
 

P value 0,0028 

P value summary ** 

 

Tumor size: 

Significant? P value 

Mean 

of WT 

Mean of 

GPR120ΔIEC Difference 

SE of 

difference t ratio df 

SIZE1 No 0,526543188714425 6,000 7,556 -1,556 2,395 0,6495 14,00 

SIZE2Yes 0,001703356186158 6,143 14,22 -8,079 2,088 3,869 14,00 

SIZE3No 0,192394720711138 3,857 5,778 -1,921 1,402 1,370 14,00 

SIZE4No 0,317695853891448 1,143 1,857 -0,7143 0,6851 1,043 12,00 

SIZE5No 
 

1,000 2,000 -1,000 0,000 
  

 

 

Procedures involving mice conformed to institutional guidelines in agreement with national 

and international law and obtained ethical approval from the Italian Ministry of Health. 

 

We declare that our experimentation using animals always apply the ethical concept of “3R” 

including the concept of replacement, reduction and refinement.  

Pleas, find the attached table below, describing our ethical considerations.  

1.Replacement   

Justify the need of use 

animals and why alternative 

methods cannot be used 

In order to demonstrate the role of the G-protein 

coupled receptors in the context of gastrointestinal 

tumors, is not possible take advantage from another 

scientifically reliable method which not implies the 

use of animal model  



 

 

GPR120 (encoded by FFAR4 gene) is a receptor for long chain fatty acids, activated by ω-3 PUFAs, 

and expressed in many cell types. Its role in the context of colorectal cancer (CRC) is still puzzling 

with many controversial evidences. Here, we explored the involvement of epithelial GPR120 in the 

CRC development. 

Both in vitro and in vivo experiments were conducted to mimic the conditional deletion of the receptor 

from gut epithelium. Intestinal permeability and integrity of mucus layer were assessed by using 

Evans blue dye and immunofluorescence for MUC-2 protein, respectively. Microbiota composition, 

presence of lipid mediators and short chain fatty acids were analyzed in the stools of conditional 

GPR120 and wild type (WT) mice. Incidence and grade of tumors were evaluated in all groups of 

mice before and after colitis-associated cancer. Finally, GPR120 expression was analyzed in 9 human 

normal tissues, 9 adenomas, and 17 primary adenocarcinomas. 

Our work for the first time highlights the role of the receptor in the progression of colorectal cancer. 

We observed that the loss of epithelial GPR120 in the gut results into increased intestinal 

permeability, microbiota translocation and dysbiosis, which turns into hyperproliferation of epithelial 

cells, likely through the activation of β -catenin signaling. Therefore, the loss of GPR120 represents 

an early event of CRC, but avoid its progression as invasive cancer.  

These results demonstrate that the epithelial GPR120 receptor is essential to maintain the mucosal 

barrier integrity and to prevent CRC developing. Therefore, our data pave the way to GPR120 as an 

useful marker for the phenotypic characterization of CRC lesions and as new potential target for CRC 

prevention.  

2.Reduction  

Justify the minimum number 

of animals that will be used 

(statistics)  

Based on our experience and the availability of human 

samples, we will use a minimum number of animals 

(5-6 animals for each group) necessary to reach 

statistically significant results.  

3. Refinement 

Justify the selection of 

animal models that will be 

used, based on pain induced 

at animals and on scientific 

aims of project. 
 

We believe that the use of murine models described 

into our study consider a low level of animal pain, 

compared to benefits that this project will offer. 

Animals were monitored daily, observing changes in 

body weight and general health. If animals lose over 

20% of body weight or should exhibit stress’ signs, the 

experiments are immediately stopped and the animals 

are suppressed mediating CO2. 


