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Despite the enormous progress made in recent years, CRC and metastatic CRC remain the third cause of death among human cancer, underlining once again how it is necessary to continue and expand clinical and preclinical research in this serious disease. Nowadays, many models including cell cultures and animals are available to study CRC. They can mimic humans in different aspects of the disease and are consistently used by researchers all over the world, though each of them has its advantages and limits. Cell-based models including human and murine cancer cells have been established to support the study of the disease and drug efficacy in in vitro [1].  
 Murine cell lines
In vitro murine CRC models include cancer cell lines such as CT26, an N-nitroso-N-methylurethane-(NNMU)-induced undifferentiated colon carcinoma derived from BALB/c mice and available as single-cell suspensions, CRL-2638 and CRL-2639 from the American Type Culture Collection [1,2]). As well, MC 38 (Mouse Colon 38) cell line was isolated from a grade-III adenocarcinoma that was induced in a female C57BL/6 mouse using chemical agents [1,3]. Another used in vitro murine model is the DHD/K12/PROb (PROb) which consists of a colon carcinoma cell line derived from a chemically induced colon cancer in BDIX rats [4]. These cells have the advantage of being low passages, and thus less likely to possess additional mutations. However, murine cells are not well characterized (genetically and functionally) as compared to human cells and cannot completely resemble human cancer [1]. Recently, a robust three-dimensional ‘organoid’ in vitro culture system has been established to better mimic cancer and found to be suitable for studying cancer signaling pathways or for drug target identification. Murine CRC organoids derived from murine Apc-deficient intestinal adenomas can result from 4-OH-tamoxifen, KrasG12D/shRNA knockdown or CRISPR/Cas9 editing or culture of minced neonatal intestinal tissue within a collagen Wnt or R-spondin1-free gel. Their application in drug discovery can allow comparing side-by-side organoids and wild-type CRCs. However, their usefulness is still limited given their murine origin and the development of more interesting human CRC cell lines [1]. 
 Human cell lines
In vitro CRC models include cancer cell lines from human sources and many characterized cell lines are available, virtually inexpensive for this purpose [5]. As these cells have a human origin, they can mimic or reproduce what happens in humans and many cell culture techniques enable the screening of numerous therapeutic molecules. Additionally, the use of in vitro CRC models also permits to characterize fundamental tumor processes, including cell migration and invasion, measurement of oxidative stress and cell viability, elucidation of signalling pathways, cell aggregation, cell cycle analysis and colonies formation as well as to screen for therapeutic compounds [5-7]. CRC cell line HCT-116 (S45 β-catenin mutant) and HT-29 cell line are examples of cell panels that provide an excellent in vitro model for dissecting the molecular mechanisms that control CRC biology. Both cell lines can also form spherical (3D) cultures and are used in tumor development studies in in vitro and in vivo. Certainly, they can better mimic tumor architecture and enrich cancer stem cell-like cells. However, the 2 cell lines are different in terms of morphology, phenotype, proliferative potential, distribution in the cell cycle phases and spherogenicity and the same concept applies to all CRC cells [8]. Other well-known cell lines include Caco-2, a human colon adenocarcinoma cell line derived from a tumor of the human colonic epithelium [9] and LS174T, a moderately well-differentiated primary colon adenocarcinoma that invaded the pericolonic fibro adipose tissue of a 47-year-old Caucasian woman [10]. These cells provide excellent in vitro models for studying mucin expression in CRC which helps understand the specific mechanisms responsible for mucin expression and regulation in colorectal tumorigenesis [11]. Besides, Kim et al., recently established 18 human CRC cell lines (SNU-NCC-376, SNU-NCC-61, SNU-2621B, SNU-2536C, SNU-2493, SNU-2465, SNU-2431, SNU-2423, SNU-2407, SNU-2373B, SNU-2359, SNU-2353B, SNU-2303, SNU-2297, SNU-2172, SNU-1983, SNU-1566) from 6 primary and 6 metastatic tumors tissues of Korean patients suffering from CRC [12]. The cells were studied and evaluated for their properties such as morphology, doubling time, and sensitivities to most of the anti-cancer drugs widely used for the cancer treatment; and they have widely studied the mutational profile of these strains. The authors eventually concluded that the 18 novel CRC cell cultures could be used to investigate gene alterations during CRC and thus serve as a good model for CRC drug development.
Overall, cell lines obtained from a patient affected by CRC might represent a successful tool for CRC studies. However, some negative aspects should be mentioned, such as the inability to reproduce the tridimensional interaction of the tumor cells within the peritumoral tissue (immune response, metastasis and angiogenesis), epigenetic alteration of tumor cells due to continuous maintenance in an artificial environment, the lack of intra-tumour heterogeneity and the loss of similarity with the original tumor due to multiple culture passages [5,13]. 
 CRC Animal models used for in vivo experimental studies
Different animal models have been developed for CRC. This section summarizes the available literature for this experimental tool.
3.2.1 Carcinogen-induced CRC mouse models
The in vivo carcinogen CRC mouse model is the oldest one induced by the administration of specific compounds via oral gavage, intramuscular/intraperitoneal injection and/or ad libitum feeding [14]. Commonly used chemicals for induction of CRC in animals are dimethylhydrazine (DMH) and azoxymethane (AOM), which act by producing free radicals responsible for DNA oxidative damage of colon and liver cells. Other inducers responsible for colorectal tumors in mice are the N-methyl-N-nitroN-nitrosoguanidine (MNNG) and N-methyl-N-nitrosourea (MNU) which are direct alkylating agents that do not require metabolic activation [15-17]. The method is rapid and efficient, but its success depends on many factors, such as sex, age, genetic background, the immunological status of mice, their intestinal flora, and the diet. Other disadvantages of this method include its inability to produce invasive disease and metastasis, the necessity of a large number of animals to increase the incidence of tumor development, and the non-specificity of observed cancer which may not only be restricted to the colon but may be found in the whole gastrointestinal tract [18-20].
 Genetically engineered mouse model
Globally, there is a great diversity of genetically modified animal models available for studying CRC [21,22]. Such models have indubitably contributed to the understanding of molecular processes of CRC initiation and progression. The genetically engineered mouse models (GEMM) have been developed and improved with the advent of genetic engineering tools, thanks to genomic information availability and mutation techniques [5,23]. Different genetic alterations in various classes of genes have been described. The most common modified genes are the growth-inhibiting cancer-suppressor genes including the tumor suppressors APC and DCC (Deleted in Colorectal Cancer), the oncogenes KRAS, SRC and C-myc, TP53 and MCC (Mutated in Colorectal Cancer), genes that regulate apoptosis, the growth-promoting proto-oncogenes, and genes that regulate repair of damaged DNA viz. hMSH2, hMSH6, hMLH1, CD44 genes and COX-2, in addition to hPMS1 and hPMS2 genes [20]. For example, mice with APC gene deletion can develop multiple adenomas throughout the gastrointestinal tract, but no tumor development in the colon. However, the use of the multiple intestinal neoplasias (Min) mouse model significantly develops colorectal adenomas. Also, the deletion of the TP53 gene combined to a chemical agent was shown to increase the incidence rate of colon tumor development [20,24]. The GEMM also offers the possibility to study the implication of a specific gene in a particular signaling pathway and to know if a gene is involved in the pathogenesis of the disease [20]. However, the use of GEMM for preclinical studies is limited due to a lack of tumor heterogeneity since mice are inbred and therefore show insufficient genetic variability [23]. On one hand, as the tumors are developed through the modification of the same gene, the number of involved tumor pathways is limited. Furthermore, the short lifespan of the mouse does not allow sequential tumor progress up to the metastasis stage as compared to human disease [25,26]. This suggests that the GEMM model is effective to study the early stage of the disease and additional or alternative models are required for a better understanding of later stages of the disease. 
 In vivo transplant models
There are different transplant models available for CRC and this paragraph reports the techniques and models used in preclinical research.
 Cell line xenograft
Xenograft models have been used to bypass the limitations of cell culture models. This method consists to implant graft or colorectal cancer cells from either human or murine (allograph) tumors into an immunosuppressed mouse (i.e. severe combined immunodeficient mice - SCID) thereby resulting in the growth of tumor at the injection site [5]. This model is widely used by researchers to induce CRC in mice for rapid carcinogenesis studies, response to therapeutics and target validation studies, but as for other methods, significant restrictions have been reported. Indeed, the role of the immune system in tumorigenesis cannot be well studied. As well, the environmental conditions in recipient mice injected into the subcutaneous space typically differ from that of the intestine or colon where the CRC is derived. This model beers low metastatic capability which hinders the good reproducibility of the disease [1,23].
 Orthotopic model
The method is based on the direct implantation of the tumor inside the organ of interest (colon in case of CRC) in immunodeficient recipient mice. It is an alternative to subcutaneous implantation, that was developed to achieve a more reproducible liver metastasis in the late stages of CRC [5]. Though this approach results in a suit replication of the human disease with high reliability, the model requires the need of surgical skills and is subjected to some risks of incorrect parietal injection of tumor cells, low viability of tumor cells and host reaction to the cells may represent possible drawbacks [27-30].
 Patient-derived xenograft 
Patients’ derived xenografts (PDX) are another suitable approach to better simulate human tumor biology allowing for natural cancer progression. The method consists of the implantation of a patient’s tumor tissue into immunocompromised mice [1]. The PDX models allow strong preservation of the tumoral structure microscopically, genetically, functionally [13,31] and the development of personalized cancer therapy [32]. However, the model also presents some significant drawbacks, such as the huge cost of the process, the high length of screening therapies, and the replacement of the mice stroma with the human cells after three weeks and the fact that samples usually originated from highly advanced CRC patients [1,33].   
 Metastatic model 
[bookmark: _Hlk108192848]The final stage of CRC is the metastatic phase which is responsible for the majority of death, thereby requiring a suitable animal model that consistently mimics cancer dissemination as in humans [1,34]. The main target organ for CRC metastasis is the liver and the method used for the study of the disease progression of CRC is the direct inoculation of tumor cells into the liver parenchyma, also called intrahepatic tumor implantation [17,35,36]. Alternative methods for metastasis induction also include the injection of tumor cells into the portal vein through the spleen via the laparotomy process in immunodeficient mice because of reproducing the vascular spread of the disease [17] or the orthotopic transplantation approach which shows low success rate (3.3%) after a long transplantation period [37]. 
Numerous progress has been made in the improvement of models that better understand and manage the CRC disease from the early to the final phase. Certainly, each experimental technique has its advantages and limitations that should be considered whenever a particular result is wanted. In addition, it is to be kept in mind that these methods are frequently complementary and could be used together to implement specific effects or outcomes.
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