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			Abstract

			Sporadic colorectal cancer (SCRC) affects regions of the large intestine (colon) and rectum that are not of family origin. The carcinogenesis process involves the interaction between environmental and genetic factors. This tumor is characterized by intestinal obstruction, bleeding (hematochezia, enterorrhagia), an altered bowel habit, and systemic conditions, such as weight loss. Some risk factors for SCRC are age over 60 years, a diet with high saturated fat, red meat, alcohol consumption, and smoking. An early diagnosis is essential for effective patient treatment and survival. Finding more effective and less invasive tumor, such as biomarkers, are important for ensuring that people participate in cancer screenings. Some studies have evaluated molecular biomarkers, such as micro ribonucleic acids (microRNAs, or miRNAs) and genes, in relation to the pathways leading to SCRC carcinogenesis, and it has been found that many of these biomarkers are highly expressed in this type of tumor. This review shows data from the literature search in PubMed in the period from January 2017 to April 2018 focusing news biomarkers in SCRC, including microsatellite instability, genes, and micro ribonucleic acids (micro RNAs, or miRNAs), associated with diagnosis, prognosis, and treatment in blood, tissue and feces samples. Thus, this literature review shows that microsatellite instability and gene markers have been extensively studied and characterized as biomarkers in the diagnosis, prognosis, and treatment of SCRC. In addition, some miRNAs have been demonstrated as good noninvasive biomarkers in stool and plasma samples.
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			Core Tips

			Understanding the factors that lead to SCRC carcinogenesis may contribute to understanding the disease and thus lead to improved diagnostic technologies and to the treatment of SCRC. Therefore, it is fundamental to discover the biological mechanisms, such as the influence of genes and miRNAs, that can lead to the development of SCRC. This article has as relevant evidence some of the most important biomarkers described in the years of 2017 and early 2018 to elucidate the pathways involved in the diagnosis, prognosis, screening, and treatment of SCRC.
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			Introduction

			Sporadic colorectal cancer (SCRC) includes malignancies that affect the large intestine, which is subdivided into the colon and rectum [1], in individuals with no family history of cancer. An important feature of these tumors is that most of them originate 
from polyps that are elevated in the wall of the colon and/or 

rectum and grow very slowly, potentially taking many years to become malignant. This type of cancer is the third-most common (1.8 million) in all population in worldwide. Nearly 55% of the cases occur in more developed regions. Mortality is estimated at 9.2% of the total cases, with more deaths (52%) occurring in the less developed regions of the world, reflecting poorer survival chances in these regions [2].

			This type of cancer has a good prognosis when diagnosed early and treated primitively. Therefore, biomarkers that aid in screening for the early diagnosis of SCRC are important [2,3].

			The etiological factors most common for SCRC include age over 60 years [1], alcohol consumption, tobacco habits, and a diet poor in calcium and folate, as well as a diet featuring a large amount of saturated fat, red meat, bread, pasta, and refined sugar [4-7]. On the other hand, the increased intake of polyunsaturated fatty acids (chiefly derived from olive oil and seed oil), and the consumption of fruits and vegetables may provide protection against this type of cancer [6]. Other factors that may influence the development of SCRC are obesity and a sedentary lifestyle [6].

			SCRC development involves damage to the deoxyribonucleic acid (DNA) of somatic cells by environmental factors. Thus, the development of SCRC results from the interaction of environmental factors and genetic inheritance [8].

			Signs and symptoms of colorectal cancer depend on the anatomical region affected. Therefore, the understanding of physiological and clinical parameters, such as the size, extent, and dissemination of the neoplasia, is essential for appropriate treatment. This type of tumor is characterized by intestinal obstruction, bleeding (hematochezia, enterorrhagia), a change in bowel habits, and systemic settings, such as significant weight loss [1,5]. 

			The prevention of SCRC involves three main steps of action in health as follows: the primary phase’s aim is to prevent the development of the disease, such as through healthy life habits [5]; the secondary phase is prevention through an early diagnosis by a physical examination performed by a proctologist, laboratory tests, fecal occult blood test, carcinoembryonic antigen (CEA) test, and imaging screenings (colonoscopy, proctosigmoidoscopy); and the tertiary phase is the prevention of SCRC with the relief of the symptoms and the prevention of consequences [8].

			The miRNAs are small, non-coding RNAs with approximately 22 nucleotides capable of regulating gene expression through the degradation or repression of translation of target mRNA molecules. They can influence some cellular functions, such as proliferation, differentiation, apoptosis, stress response, among others. There are studies relating them to tumor activity, where oncogenic miRNAs reveal increased expression in malignant neoplasms. Cancer is influenced by epigenetic factors that require the inactivation of tumor suppressor genes and activation of proto-oncogenes. This whole process occurs post-transcriptionaly because the miRNA gene is transcribed by RNA polimerase II to generate a primary microRNA (pri-miRNA). The pri-miRNA were processed in the nucleus by Drosha complex and double-stranded RNA ligation protein (pre-miR). The pre-miR is transported to cytoplasm by means of Exportin-5, and then processed by Dicer enzyme with a removed stem-loop, the RNA-duplex. This RNA-duplex is incorporated to RISC complex and the double-stranded separated. The complementar strand is degraded and the other remains with the RISC complex, forming the mature miRNA [9-11].

			This review shows data from the literature search in PubMed in the period from January 2017 to April 2018 focusing news biomarkers in SCRC, including microsatellite instability, genes, and micro ribonucleic acids (micro RNAs, or miRNAs), associated with diagnosis, prognosis, and treatment in blood, tissue and feces samples. 

			Diagnosis

			If previous exams do not lead to a diagnosis but there are still signs and symptoms or a positive result for stool occult blood, the patient should be referred for a colonoscopy. This exam investigates the entire length of the intestine, allowing for the identification of polyps or more serious lesions. A polypectomy enables the removal of polyps for performing a biopsy to confirm the diagnosis and to prevent the evolution of this problem into a serious lesion [12]. 

			SCRC staging can be performed by TNM (T = Tumor, N = Lymph Node, M = Metastasis), considered the best prognostic indicator. It is possible to identify the level of penetration of the intestinal wall, the number of committed lymph nodes, and the presence or absence of remote metastases [13,14]. 

			The SCRC is a polycystic and multifactorial disease that can arise due to epigenetic and genetic changes in the oncogenes, tumor suppressor genes, mismatch repair genes, regulatory genes in cell cycle, as well as the influences of environmental factors [15]. Currently, the most studied biomarkers in SCRC involve the instability of microsatellites, gene markers, and miRNAs. 

			Microsatellite Instability (MSI)

			One of the main molecular pathways where the genetic alterations that result in carcinogenesis occur is microsatellite instability (MSI) [15]. Microsatellites are non-coding segments of DNA that contain repetitions of 1-6 nucleotides and are prone to errors during DNA synthesis. The DNA regions microsatellites are most prone to failure due to the incompatibility mismatch repair mechanism (MMR) [16]. The main microsatellites used in the panel to investigate the colorectal cancer (CRC) are BAT25, BAT26, D2S123, D5S346, and D17S250, which are localized in the genes of c-Kit (cr.4q12), hMSH2 (cr. 2p), hMSH2 (cr. 2p), APC (cr. 5q21q22), and BRCA1 (cr.17q11.2-q12) respectively [3].

			According to the Bethesda panel, the MSI can be divided into three groups: microsatellites instability-high, (MSI-H), defined as having 30% of unstable loci using mononucleotide or dinucleotide markers [15-17]; instability-low microsatellites (MSI-L), which contain 10-30% of unstable loci; and microsatellite stable (MSS) with less than 10% of unstable loci [17].

			Some papers present the MSI as a marker of a significant prognostic factor in the early SCRC stages [3,15,18]. Zhang & collaborators [19] showed that the MS-I status was found to be significantly correlated with good or moderate histopathological differentiation associated with low carcinoembryonic antigens and CA-19-9 antigen values. They carried out the analysis using microsatellite markers, including two mononucleotides (BAT25, BAT26) and three dinucleotides (D2S123, D5S346, D17S250). In addition, the authors researched the association between MSI status and single nucleotide polymorphisms (SNP) in genes’ relationship with DNA repair as ERCC1 c.C354T and XRCC1 c. G1196A, and no significant association was found in this analysis. However, after treatment with mFOLFOX6 adjuvant chemotherapies (including the drugs of leucovorin calcium, fluorouracil, and oxaliplatin), the authors observed an association between the presence of MSI status and ERCC1 and XRCC1 SNPs. Therefore, these MSI status–associated polymorphisms may contribute to the treatment of patients with SCRC [19].

			Losso et al. [3] evaluated microsatellite markers and found that 42% of patients with SCRC had MSI status, including the allelic loss of microsatellite markers as BAT25, BAT26, D2S123, D5S346, and D17S2720; the amplification of BAT26 (100%); and the reduction of D17S2720 (85.4%), confirming its use as a prognostic marker in colorectal carcinogenesis. Other studies investigating MSI status showed a high association among microsatellite loci, BAT25 and BAT26, and the more aggressive histopathological types (tubulovillous/villous adenoma) of SCRC [18]. 

			Molecular Biomarkers

			Mutations in phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) catalytic subunit of phosphatidylinositol 3-kinase (PI3K), Human Epidermal growth factor Receptor-type 2 (HER2), RAS (Rat sarcoma viral oncogene homolog family), and Serine/threonine-protein kinase B-raf (BRAF) are considered to be emerging biomarkers for SCRC. Theses markers were associated with cell growth, proliferation, and survival, including the KRAS/BRAF/MAPK and PI3K/AKT pathways. Thus, the mutations of genes that participate in these pathways are associated with a worse prognosis for SCRC, mainly leading to metastasis, tumor recurrence, and resistance to treatment involving many drugs, such as Cetuximab, an anti-EGFR (Epidermal growth factor receptor) monoclonal antibody treatment [20].

			Mutations in Kirsten rat sarcoma viral oncogene homolog (KRAS) codons 12, 13, and other codons can be a predictor of a poor prognosis and resistance to EGFR inhibition [21-24]. Mutations in BRAF (BRAFnon-V600E) may be able to contribute to a lesser benefit of anti-EGFR treatment. In addition, these mutations can be a predictor of a response to BRAFnon-V600E inhibitors, which are still under investigation as vemurafenib [20,25]. PIK3CA and HER2 mutations are also predictors of resistance to EGFR inhibitors and a response to prophylactic aspirin use and HER2 inhibitors, respectively [20]. 

			Other genes alterations less studied but very important associated with the activation in tumor development and progression of SCRC are polymorphisms of MAPK-interacting kinase 1 (MKNK1) and P53 tumor suppressor (TP53) genes [26,27]. High expression in the tyrosine-protein kinase transmembrane receptor (ROR1) gene, a member of the ROR receptor tyrosine kinase family and a transmembrane glycoprotein, which is also an important biomarker, has been associated with a longer overhaul survival [28].

			Genes related to angiogenesis, lymphatic invasion, and distance metastasis also may represent possible biomarkers for poor prognosis in SCRC. A study analyzed the participation of a lymphangiogenic gene set with a six-gene signature in the invasion potential, including two main drivers of lymphangiogenesis, vascular endothelial growth factor C (VEGFC) and neuropilin- 2 (Nrp-2), and other minor drivers, such as lymphatic vessel endothelial hyaluronan receptor 1 (LYVE-1), mannose receptor-C type 1 (MRC1), chemokine (C-C motif) ligand 21 (CCL-21), and podoplanin (PDPN). In the metastatic setting, the high expression of VEGFC and NRP-2 in primary aggressive mesenchymal colorectal tumors was evidenced, using bioinformatics analysis in primary and hepatic metastatic SCRC [29]. Table 1 & Figure 1 [30,31] showed the main gene biomarkers and pathway in SCRC. Ras proteins function as both on and off (guanosine diphosphate (GDP)/guanosine triphosphate (GTP) - binary switches), where the GDP/GTP cycle is regulated by guanine nucleotide exchange factors (RasGEFs) that promote the formation of the form that activates RAS-GTP, and GTPase activation proteins (GAPs) stimulate GTP hydrolysis and the formation of the inactive RAS-GDP form. In normal quiescent cells, it appears in the inactive RAS-GDP form until it receives extracellular stimuli that cause the transient formation of the active form when bound to RAS-GTP. Both wild-type and mutant, when activated, RAS-GTP binds to a spectrum of effector pathways to the nucleus. Ras mutant proteins do not undergo action on GAP proteins by making RAS-GTP proteins continuously active, which leads to stimulus independence and the persistent activation of nucleic effectors, including RAF → mitogen-activated protein kinase (MEK) → ERK and phosphatidylinositol 3-kinase (PI3K) → AKT → mammalian rapamycin target (mTOR), to promote cell proliferation, survival, angiogenesis, apoptosis inhibition and metastasis. Vascular endothelial growth factor (VEGF) is the major gene involved in metastasis for promoting vessel formation (Adapted from Roberts & Stinchombe [31]). The summary of the main miRNAs involved in the regulation of the genes of this pathway is represented [32].
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			Table 1: The main gene biomarkers.

			
				
					
					
					
					
					
				
				
					
							
							Gene

						
							
							Biomarker Characteristics

						
							
							Pathway

						
							
							Authors

						
					

					
							
							HER2 and KRAS

						
							
							KRAS exons 2, 3 and 4;

							NRAS exons 2, 3 and 4;

							HER2 overexpression

						
							
							predictive

						
							
							EGFR signalling pathway / cell proliferation and survival

						
							
							[17]

						
					

					
							
							KRAS

						
							
							p.G12C and p.G12V mutations in codon 12

						
							
							poor prognostic and treatment

						
							
							PI3K/AKT/MTOR and RAF/MEK/ERK cellular proliferation pathways

						
							
							[18]

						
					

					
							
							KRAS, NRAS, BRAF and PIK3CA

						
							
							KRAS p.G12D, p.G13D, p.G12S, p.G12V, p.D47Y, p.Q61L;

							NRAS p.G12D;

							PIK3CA p.H1047Y

							TP53 p.G244C, p.R110C, p.R248W, p.R175H, p.R282W, p.R273C, p.R306*

						
							
							poor prognostic and treatment

						
							
							RAS/BRAF/PIK3CA; cell proliferation and survival

						
							
							[19]

						
					

					
							
							KRAS, NRAS, BRAF and PIK3CA

						
							
							PIK3CA exons 9 and 20;

							BRAF V600E mutation

						
							
							predictive

						
							
							EGFR signalling and in particular the PI3K pathway / cell proliferation and survival

						
							
							[20]

						
					

					
							
							KRAS

						
							
							KRAS mutation

						
							
							poor prognostic and treatment

						
							
							MEK/ERK and/or PI3K/AKT signalling pathways

						
							
							[21]

						
					

					
							
							BRAF

						
							
							BRAF V600E mutation

						
							
							predictive

						
							
							RAS/BRAF

						
							
							[22]

						
					

					
							
							TP53

						
							
							Rare haplotype cccgaRDa in rs1614984, rs77697176, rs12947788, rs1800372, rs2909430, rs1042522, rs17878362 and rs11652704

						
							
							predictive

						
							
							Apoptosis inhibition

						
							
							[24]

						
					

					
							
							ROR1

						
							
							High gene expression

						
							
							poor prognostic

						
							
							Cell differentiation, proliferation and survival.

						
							
							[25]

						
					

					
							
							VEGFC, Nrp-2

						
							
							High gene expression

						
							
							poor prognostic and treatment

						
							
							Lymphatic invasion and angiogenesis.

						
							
							[26]

						
					

				
			

			MiRNAs

			The miRNAs have been extensively studied to aid in the early diagnosis of SCRC, mainly in stool and plasma samples. Blood and feces samples are the best types of specimens to perform the diagnosis, since they are less invasive, and patients accept this type of examination better. Therefore, studies with these types of samples are so important. Some studies observed that in feces samples, it is possible to increase the specificity and sensibility for diagnosing SCRC compared with blood tests [33,34]. 

			In a recent study, 20 miRNAs showed inhibition and 12 induction in the carcinogenesis CRC process. MiR-34a, miR-135, miR-29, miR-126, miR-320, miR-200 family, miR-9, miR-497, miR-152, miR-187, miR-519, miR-155, miR-497, miR-375, miR-140-5p, miR-144, miR-638, miR-99b-5p, miR-101, and miR-409-3p were associated with the inhibition p53 acetylation process and the WNT signaling pathway; reduction methylation; the inhibition of cell proliferation, migration, and invasion; the inhibition of tumor growth and metastasis; and the induction of sensitivity to chemotherapeutic drugs, the inactivation of the transforming growth factor beta - TGF-B pathway, and the epithelial to Mesenchymal transition [35]. However, miR-21, miR-345, miR-148b, let-7c, let-7a, miR-499-5p, miR-92, miR-503, miR-222, miR-181b, miR-1246, and miR-20a were associated with the induction of cell proliferation (DNA methyltransferase and KRAS gene), invasion and metastasis promotion (programmed cell death 4, forkhead box O4), the induction of cell proliferation and invasion (BCL-2-associated athanogene, Cholecystokinin B receptor, Serine/threonine kinase 24, Cyclin G2), and others [35].

			A recent bioinformatics study involving the 368 target genes in the differential stages (late cancer-surrounding tissues, cancer-surrounding tissues, and primary cancer tissues) of SCRC showed that miRNAs can be used as tools for controlling the occurrence and development of tumor cells. When the researchers compared the primary cancer-surrounding tissues with the late cancer-surrounding tissues, no upregulation or downregulation of miRNAs was identified. However, in the analysis of cancer tissues compared with cancer-surrounding tissues, 275 upregulated and 89 downregulated miRNAs were observed. They also compared the primary cancer tissues with the late cancer tissues and detected four downregulated and no upregulated miRNAs. Amongst the upregulated miRNAs, the highest expressions were to hsa-miR-3613-3p, HBII-85-26, hsa-miR-4668-5p, hsa-miR-663b, and hsa-miR-31-5p. Meanwhile the top downregulated miRNAs were hsa-miR-378a-3p, hsa-mir-6722, and hsa-miR-342-3p. All of the miRNAs identified by the study were associated with the proteoglycan process, Want signaling pathway, choline metabolism, thyroid hormone signaling pathway, and other pathways involved in cell proliferation, metastasis, and angiogenesis [36].

			A study in vitro explored the involvement of miRNAs in SCRC; for example, the miR-15a-5p is an important miRNA involved in the pathway of cell proliferation and survival. This miRNA when upregulated alters the expression of the proto-oncogene MYB, a transcription factor that is essential for proliferation and cell survival. This study demonstrated that miR-15a-5p was associated with SCRC and low patient survival, but it was not associated with metastasis. The authors further suggested that miR-15a-5p may be considered a potential biomarker for SCRC when evaluated in a plasma sample [37].

			Some studies evaluated the expression of miR-21 in relation to genes leading to SCRC carcinogenesis found that this high expression of miRNA is strongly associated with SCRC [38-41]. A meta-analysis including 25 diagnostic studies and 32 prognostic studies of SCCR showed that miR-21 is an important diagnostic biomarker in plasma samples and is an important prognostic biomarker in tissue samples. These miRNAs were upregulated and were indicated for diagnostic use with 64% sensitivity and 85% specificity [39].

			More specifically, one study with 105 paired tumor and tumor-adjacent normal tissue specimens showed the overexpression of miR-21 with an oncogenic role by reducing the protein expression of phosphatase and tensin homolog (PTEN), subsequently elevating phosphorylated Akt (p-AKT). These proteins are responsible for inhibiting apoptosis and promoting cellular proliferation, invasion, and cell cycle progression. In this study, it was also observed that patients with an advanced tumor-node-metastasis (TNM) stage, lymph node metastasis, local invasion, and higher serum CEA levels presented the overexpression of miR-21 [40]. 

			Others studies have been performed in peripheral blood and fecal content, targeting early diagnosis and less invasive methods. For example, the study of Tsukamoto and collaborators that studied tissues and peripheral blood showed that exosomal miR-21 may be a promising noninvasive biomarker for diagnosis and a predictor of recurrence and prognosis in CRC patients [41].

			A new research study about the circulating miRNA acting as a diagnostic biomarker for early colorectal cancer was realized by a bioinformatics analysis in two databases—the Data from Gene Expression Omnibus database and The Cancer Genome Atlas—which identified miR-182 and miR-20a significantly upregulated in CRC tissues. These circulating miRNAs were used for validation as novel potential plasma diagnostic biomarkers in SCRC. In the plasma samples of 50 CRC patients, 50 adenoma patients, and 50 healthy controls were validated as potential diagnostic. The miR-182 and miR-20a showed high expression in the CRC patients in comparison with the adenoma patients and healthy controls [42]. This study suggested that the circulating miR-182 in plasma could be a potential biomarker with 91% specificity and 78% sensitivity for the early diagnosis of CRC patients. This is important because the miR-182 has been reported as a miRNA that could inhibit the epithelialto-mesenchymal transition, inhibit metastasis, and promote chemoresistance through the PI3K/AKT pathway [42].

			Nine other miRNAs that are important upon cell functions, including cell apoptosis, cell cycle, and death, that may refer to SCRC progression such as miR-92a, miR-141, miR-181a, miR-200b, miR-224, and miR-429, showed high expression, whereas the miR-125b, miR-143, and miR-145 showed down expression, and the four already-cited miRNAs in this review (miR-21, miR-106a, miR-203 were of higher expressions, and miR-126 was of a lower expression). A meta-analysis searched in literature until May 2017 that evaluated 63 relevant articles showed 13 different miRNAs in blood and tissue samples associated with SCRC progression. In the tissue samples, the miR-21, miR-181a, miR-224, and miR-126 had a significant prognostic value, whereas only miR-141 was found in sample blood [43]. 

			A research study realized in Brazil showed a higher expression of miR-21 and miRNA-203 in tumors compared with adjacent non-tumor samples. MiRNA-203 was also associated with patients in advanced stages and patients in clinical remission of SCRC [38].

			The analysis of stools and plasma samples found that expression levels of miR-4478 and miR-1295b-3p were significantly decreased in stools samples in SCRC patients, and there was no difference in expression between miRNAs studied in the plasma samples [44]. In another study with circulating blood samples miR-139-3p and miR-622, was founded down expression and overexpression, respectively. The miRNAs miR-622 (colorectal) and miR-139 (glioma) are related to proliferation, survival, migration, and invasion, involved in RAS/PI3K/AKT pathway [45,46].

			Another study on fecal samples of patients with CRC or adenomas and healthy individuals showed higher expressions of miR-21 and miR-106a in individuals with SCRC compared with the control group. In conclusion they found that these miRNAs can be effectively potential biomarkers in a fresh stool sample as a promising and non-invasive marker diagnosis of early colorectal neoplasia [46]. The main miRNAs biomarkers are present in Table 2 & Figure 1[30,31].

			Table 2: The main miRNAs biomarkers.

			
				
					
					
					
					
					
					
				
				
					
							
							MiRNAs

						
							
							miRNAs Expression

						
							
							Biomarker Characteristics

						
							
							Pathway and/or Function

						
							
							Gene Regulation

						
							
							Authors

						
					

					
							
							368 miRNAs with differential expression

						
							
							275 up 

							93 down

						
							
							Predictive and poor prognostic

						
							
							Cell proliferation and survival

						
							
							-*

						
							
							[32]

						
					

					
							
							miR-15a-5p

						
							
							Up

						
							
							Predictive and poor prognostic

						
							
							cell proliferation and survival

						
							
							High / MYB

						
							
							[33]

						
					

					
							
							miR-21, 

							miR-203

						
							
							Up 

							Down

						
							
							Predictive and poor prognostic

						
							
							EGFR and KRAS, RAS/BRAF/PIK3CA pathway; cell proliferation and survival

						
							
							High / EGFR and KRAS

						
							
							[34]

						
					

					
							
							miR-21

						
							
							Up

						
							
							Predictive and poor prognostic

						
							
							Cell proliferation and survival

						
							
							-*

						
							
							[35][37]

						
					

					
							
							miR-21

						
							
							Up

						
							
							Predictive and poor prognostic

						
							
							PI3K/AKT pathway, cell proliferation and survival

						
							
							High / PTEN and p-AKT

						
							
							[36]

						
					

					
							
							miR-182

						
							
							Up

						
							
							Predictive and poor prognostic

						
							
							inhibit the epithelial to-mesenchymal transition (EMT), the metastasis and PI3K/AKT pathway

						
							
							-*

						
							
							[38]

						
					

					
							
							miR-21  

							miR-126 

							miR-141 

							miR-181a

							 miR-224

						
							
							Up 

							Down 

							Up 

							Up

							 Up

						
							
							Poor prognostic

						
							
							Cell apoptosis, cell cycle, cell death, cell invasion, cell migration, cell proliferation, AKT1/FOXO3 signaling, RHOA signaling.

						
							
							-*

						
							
							[39].

						
					

					
							
							miR-142-3p, miR-26a-5p, miR-4478 and miR1295-3p

						
							
							Down

						
							
							Diagnostic

						
							
							Regulator of cell growth

						
							
							-*

						
							
							[40]

						
					

					
							
							miR-139 

							miR-622

						
							
							Down

							 UP

						
							
							Diagnostic

						
							
							Cell progression, proliferation and metastasis [42]

						
							
							-*

						
							
							[41]

						
					

				
			

			* The authors did not perform the functional analysis (the influence of miRNA on the regulation of genes), however in Figure 1 is possible verify the influence of these miRNAs in the pathways.

			Conclusion

			This literature review showed some biomarkers associated with the diagnosis, prognosis, and treatment of SCRC. Microsatellite instability and genes biomarkers have been extensively studied and characterized as markers of diagnosis and poor prognosis in SCRC. We highlighted that some miRNAs are good noninvasive diagnostic markers present in stool and plasma samples. The majority of miRNAs are involved in cell proliferation, metastasis, and angiogenesis.
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Figure 1: Ras/Raf/MEK/ERK protein cascade is activated by EGFR receptor-activated autophosphorylation when coupled with EGF
(adapted from Leite et al. [30])
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