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Abstract
Exosomes are extracellular vesicles that mediate intercellular communication. They contain different molecules, such as DNA, RNA, lipid, and protein, playing essential roles in the pathogenesis of colorectal cancer (CRC). Exosomes derived from CRC are implicated in tumorigenesis, chemotherapy resistance, and metastasis. Besides, they can enhance CRC progression by increasing tumor cell proliferation, reducing apoptosis mechanistically through altering particular essential regulatory genes, or controlling several signaling pathways. Therefore, exosomes derived from CRC are essential biomarkers and can be used in the diagnosis. Indeed, it is crucial to understand the role of exosomes in CRC, which is necessary to develop diagnostic and therapeutic strategies for early detection and treatment. In the present review, we discuss the roles of exosomes in the diagnosis and treatment of CRC.
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Core Tip: Exosomes are extracellular vesicles that mediate intercellular communication. They contain molecules such as RNAs, DNA, lipids, and proteins, whose role is essential in the pathogenesis of colorectal cancer (CRC). Exosomes derived from CRC are implicated in tumorigenesis, chemotherapy resistance, and metastasis. Besides, they can enhance CRC progression by increasing tumor cell proliferation, reducing apoptosis mechanistically through upregulation or downregulation of particular essential regulatory genes, or controlling several signaling pathways. Therefore, exosomes derived from CRCs are essential biomarkers and can be used in the diagnosis.

INTRODUCTION
As a global health issue, colorectal cancer (CRC) is ranked as the 3rd most commonly diagnosed malignancy worldwide. Data indicate that CRC affects about one million people annually[1] and causes nearly 694000 related deaths in males and females with almost an equal gender distribution[2]. Lack of specific CRC symptoms imposes a challenge towards clinicians, as the symptoms may overlap with other non-cancerous diseases. Most clinicians rely on clinical evaluation, which has limited diagnostic accuracy. Conventional diagnoses using radiological imaging or histopathological analysis lack the responsiveness to detect the systematic spread of CRC at an early stage[3]. CRC markers, like carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), are commonly utilized to identify CRC. However, these markers demonstrate a less-than-desirable sensitivity and specificity[4]. In most CRC cases, surgery is the optimal treatment of choice, while most patients are diagnosed at the advanced stages[5]. Therefore, it is urgently necessary to develop new molecular markers for effective diagnosis[3]. The detection of biomarkers using patients’ peripheral blood is now considered a prospective diagnostic tool.
Liquid biopsy is a non-invasive procedure for the analysis of exosomes, circulating tumor cells, and also the circulating tumor DNA fragments in early stages by taking blood samples or other body fluids[6]. They have advantages in monitoring treatment efficacy and progression of the tumor, therapy resistance mechanisms, and tumor heterogeneity and evolution in real time[7,8]. Since many cancers are discovered at advanced stages, biomarkers are crucial for earlier detection and reduction of cancer mortality[9].
Exosomes are extracellular nano-sized vesicles that contain DNA, RNA, lipid, and protein species. Exosomes can be locally and systemically transferred while carrying their contents to the recipient cells, thus playing critical roles in intercellular communication. Exosomes originating from CRC cells are linked to tumorigenesis, tumor cell survival, chemotherapy resistance, and metastasis. In this process, proteins, RNAs, or mutant versions of proto-oncogenes are transferred to the exosomes’ target cells[10]. Some of the bioactive molecules that are released/carried by exosomes can/might be essential biomarkers for CRC. These markers have been previously mentioned as mRNA, non-coding RNA, DNA, and secretory protein. The use of exosomal markers as potential diagnostic and prognostic molecules may eventually become necessary. In the present review, we focus on the roles of exosomes in the early diagnosis and treatment of CRC.

COMPONENTS AND BIOGENESIS OF EXOSOMES
Initially, exosomes were thought to act only as cellular waste disposal[11]. In the 1980s, exosomes have been revealed to be derived from the endosomes and are secreted by reticulocytes[12,13]. Raposo et al[14] have reported more than a decade later that exosomes isolated from Epstein-Barr virus-transformed B lymphocytes are antigen-presenting particles and may induce T cell responses. It is now believed that exosomes are a crucial part of many cellular processes[15]. Exosomes belong to a large family of membrane vesicles known as extracellular vesicles (EVs). Generally speaking, the exosome is considered to be the smallest member among the other remaining EVs (namely, apoptotic bodies and microvesicles) with a diameter of 30-100 nm in size[16]. In particular, exosomes are of significant interest to the cancer research community. The components of exosomes include proteins and RNAs, which can be horizontally transmitted between adjacent or distant cells[17].
Exosomes usually contain some cellular contents that can be used as markers for exosome recognition. In this sense, exosomes can help determine the type of cell, from which an exosome originated, as well as cell health. Markers change because of viral vs bacterial infections and vary when a cell is cancerous as well. These usual markers are mRNA, microRNA (miRNA), protein, and lipid[18]. More recently, however, much attention has been paid to the use of circulating miRNAs as diagnostic/prognostic biomarkers of infectious diseases, such as human tuberculosis (TB) caused by Mycobacterium tuberculosis infection[19]. Fu et al[20] have identified 92 differentially expressed miRNAs in serum from patients with active pulmonary TB using a human miRNA microarray platform (Exiqon miRCURY™ LNA).
Different steps are involved in exosome biogenesis[21]. Figure 1 illustrates that exosome biogenesis starts with cell membrane internalization, which contributes to the early endosomal formation[22]. Several intraluminal vesicles (ILVs) are formed by endosomal membrane inward invagination, resulting in multivesicular body (MVB) formation. During this process, cytosolic constituents, namely, nucleic acids, lipids, and proteins, can be sorted into ILVs. MVBs are known as late endosomal structures containing dozens of ILVs that are ultimately delivered to lysosomes for degradation, or fused with the plasma membrane to release exosomes[23]. In this process, the ESCRT (endosomal sorting complexes required for transport) machinery is a crucial regulator of MVB formation. It consists of four different proteins, namely, ESCRT-0, -I, -II, and -III[24]. Other vital regulators required during exosome biogenesis are sphingolipid ceramide, and Rab GTPase (guanosine triphosphate) families, such as Rab27 and Rab11[25]. The proteins within the exosomes are highly conserved across species, and some exosome-enriched proteins, such as tetraspanins (CD63 and CD81), histocompatibility complex (MHC) molecules, ESCRT-III binding protein ALG2 interacting protein X (Alix), tumor susceptibility gene 101 protein (TSG101), and heat shock protein 70 (HSP70), are commonly used as markers for exosome recognition[26,27]. By analyzing data, common exosome markers (such as CD63, CD9, ALIX, TSG101, and HSP70) are enriched in urinary exosome-like vesicles compared with urine protein microvesicles[28]. Nevertheless, more proteomic studies are highly required to verify the specificity of these protein markers.
Exosomes are believed to exist in body fluids, including blood, urine, breast milk, and semen. Because of their ability to move from one place to another, transferring some essential molecules, such as DNA, RNA, mRNA, miRNA, lipid, and protein, plays a crucial role in intercellular communication for the diagnosis and prognosis of many diseases[29].

LEADING ROLES OF EXOSOMES IN CRC
[bookmark: _Hlk70413896]Involvement of exosomes in proliferation, metastasis, epithelial-to-mesenchymal transition, and angiogenesis of CRC cells
Exosomes are highly involved in cell proliferation, metastasis, epithelial-to-mesenchymal transition (EMT), and angiogenesis in CRC. It is well known that cell proliferation increases the number of cells. It is characterized by disrupting the balance between cell division and cell loss through cell death or differentiation. Cell proliferation is increased in different cancers, including CRC. For example, it has been reported that miR‑1273g‑3p promotes the proliferation, migration, and invasion of LoVo cells via CNR1. This can occur by activating the ERBB4/PIK3R3/mTOR/S6K2 signaling pathway[30].
Moreover, Ren et al[31] have reported that self-growth or proliferation through exosome secretion, especially under hypoxic conditions, by reduction of the mitosis and activation duration can be promoted by CRC cells. In a recent study, the CRC cell-derived exosomes are separated from human colon cancer cell line SW480 and HCT116. When SW480 cells are incubated with exosomes marked with PKH67 fluorescent markers, they can absorb exosomes. Moreover, CRC cells are promoted by hypoxic conditions to release more exosomes. And, these exosomes promote the proliferation of CRC cells via shortening the mitosis duration and activating STAT3 signaling[31].
Metastasis is the spread of cancer cells through the lymphatic system or the bloodstream to new body areas. Exosomes have been reported to promote metastasis in CRC. For instance, a study has shown that the expression of serum exosomal miR-106b-3p in CRC patients with metastasis is dramatically higher compared with that of non-metastatic patients. Exosomal miR-106b-3p facilitates lung metastasis of CRC cells in vivo by targeting deleted liver cancer-1 (DLC-1). In that study, the authors have examined the miRNA expression profiles of five paired serum exosomal samples from metastatic CRC (mCRC) and non-mCRC patients via RNA sequencing. After evaluating the differentially expressed miRNAs in 80 CRC patients, they have chosen miR-106b-3p as a metastasis-associated miRNA of CRC. It shows that the expression of serum exosomal miR-106b-3p is dramatically advanced in mCRC patients compared with non-mCRC patients. Besides, high expression of serum exosomal miR-106b-3p in patients is interrelated with a poor prognosis. Cell migration, invasion, and EMT are promoted by coculture of low-mCRC cells and highly metastatic colon-cancer-cell-derived exosomes (CDEs), which are caused by the transport and transduction of miR-106b-3p in vitro. Furthermore, exosomal miR-106b-3p promotes lung metastasis of CRC cells in vivo. They have also shown that miR-106b-3p-triggered metastasis is regulated by DLC-1 in the liver. There is a negative correlation between miR-106b-3p and DLC-1 expression in human CRC tissues and mouse lung metastatic lesions. Generally speaking, their study has revealed that metastasis-associated miR-106b-3p from serum exosomes would be used as a potential prognostic biomarker and therapeutic target for CRC patients[32].
Moreover, a study aiming to explore the clinical and biological significance of miR-224 expression in CRC metastasis has also noted that miR-224 promotes CRC metastasis[33].
EMT is also a momentous event in the progression of CRC. Cumulative evidence shows that exosomes play a significant role in the EMT in CRC. For example, a study has shown that exosomes delivered by carcinoma-associated fibroblasts (CAFs) promote different features, including EMT[34]. Another study has also reported that the Wnt/β-catenin pathway transactivates miRNA-150 and enhances CRC cell EMT by hindering CREB signaling[35]. The chemosensitivity of metastatic cells is dramatically reduced compared with adherent HCT-8 cells. Of note, adherent new colonies experiencing EMT are not sensitive to both strategies of chemotherapy. Electron microscopy has shown that adherently developing HCT-8 cells produce exosomes, and exosomes are also taken up by metastatic cells. EMT is remarkably inhibited when exosomes produced by adherently developing HCT-8 cells are administered to metastatic cells. Exosomal miR-210 plays an important role in EMT that preserves the local cancer-development permissive milieu and also guides metastatic cells to avail new spread sites[36].
Angiogenesis is characterized by the formation of new blood vessels. This process includes the migration, growth, and differentiation of endothelial cells lining the inner walls of blood vessels. As mentioned earlier, exosomes play an essential role in promoting angiogenesis in different types of cancer, including CRC.
Research has shown the potential influence of exosomes in cancer evolution through a worldwide benchmark transcriptomic sequence of CRC cells. At first, 11327 microvesicular mRNAs are identified, which are linked to the physiology of donor CRC cells. Among them, 241 mRNAs are found in the microvesicles released by donor CRC cells, of which 27 are cell cycle-related. And these mRNAs promote the proliferation of the endothelium, which can induce tumor progression and metastasis[37].
It has also been shown that by targeting promyelocytic leukemia mRNA in recipient endothelial cells, the miR-1246-containing exosomes from CRC cells can initiate Smad 1/5/8 signaling pathways, thus promoting angiogenic activities[38]. Based on the various studies mentioned above, it is quite clear that exosomes play an important role in different aspects of CRC, such as angiogenesis, EMT, metastasis, and cell proliferation (Figure 2)[39].

[bookmark: _Hlk70414059]Exosomes play an essential role in the CRC tumor microenvironment
The tumor microenvironment (TME) around a tumor contains adjacent blood vessels, fibroblasts, signaling molecules, immune cells, and extracellular matrix. The TME is an essential component in tumor growth or suppression. Exosomes partially form the microenvironment of multiple cancers, including CRC[40,41]. Exosomes enhance the expression of negative regulators of the immune system, including monocytes, regulatory T-cells (Tregs), and myeloid-derived suppressor cells (MDSCs), hence causing the tumor cells to escape from immune surveillance[42].
Exosomes derived from tumor cells can inhibit immune cell function. T cells do not internalize exosomes. Nonetheless, exosomes transmit signals to cell membrane receptors that modulate gene expression and human T lymphocyte functions[43]. Studies have demonstrated that EVs derived from CRC cells are enriched in transforming growth factor-beta 1 (TGF-β1) and can activate TGF-β/Smad signaling and inactivate SAPK signaling. Therefore, EVs from CRC can induce phenotypic modification of the T cells to Treg-like cells, the tumor-growth supporting cells. The CRC-EVs-induced-Treg-like cells have an unusual tumor-growth stimulating activity in vitro and in vivo[44].
CRC CDEs have significantly higher levels of miR-10b compared with healthy colorectal epithelial cells. Exosomal miR-10b substantially inhibits the expression of PIK3CA and decreases the PI3K/Akt/mTOR pathway activity. Exosomal miR-10b reduces the proliferation of fibroblasts but encourages the expression of TGF-β and SM α-actin, suggesting that exosomal miR-10b can cause fibroblasts to become CAFs. Activated fibroblasts can enhance CRC development in vitro and in vivo[45]. In most solid cancers, CAFs are the important cellular components of TME[46]. Exosomes derived from CAFs can promote neoplastic angiogenesis and tumor growth in CRC. They can also trigger cancer cell dedifferentiation via the Wnt signaling pathway, thus enhancing the chemical resistance of CRC[47,48].
There is also another study revealing that CAF exosomes can upsurge the number of cancer stem cells (CSCs) and trigger chemoresistance by activating the Wnt signaling pathway. CAFs are very well involved in tumor recurrence, and targeting them increases chemo-sensitivity. This research has examined whether fibroblasts can intensify CSCs to mediate chemoresistance. At first, CSCs are innately unaffected by chemotherapy. And, exosomes isolated from conditioned medium of fibroblasts promote the growth of CSCs under 5-Fu or oxaliplatin treatment. However, the above-mentioned effects are not observed when exosome secretion has been inhibited. In summary, their research findings recommend that blocking the secretion of CAF might be a new therapeutic strategy for advanced CRC treated with chemotherapy[49].
Tumor-associated macrophages (TAMs) play an immunosuppressive role in CRC. It has been found that miR-203 promotes the expression of M2 makers, therefore enhancing the differentiation of monocytes to TAMs[50]. M2 macrophages promote invasion and migration of CRC cells and provide significant BRG1 expression plasticity in response to TME[51]. Additionally, miR-1246 from CRC cells can reprogram macrophages to improve anti-inflammatory environment generation through up-regulating TGF-β[52]. The above facts highlight that exosomes play an essential role in the TME of CRC.

Exosomes are involved in the treatment of CRC
Managing CRC requires good therapeutic agents that are very accurate to inhibit CRC progression and increase patients’ survival rates. One of those agents is exosomes. Exosomes play a role in different cancer treatments by acting as vehicles that can transfer drugs to the target cells due to their small size (nano-scale dimension). Indeed, exosomes can carry interfering RNA (siRNA) or active pharmaceutical substances to the target cells or sites[53,54]. For example, during the prevention of CRC cell growth, in some cases, exosomes containing doxorubicin have been used to deliver the drugs to the targeted organs[55,56]. Different studies have shown that engineering exosomes play a significant role in the treatment of CRC by significantly decreasing cancer progression. It has been found that in CRC CDEs, miR-379 down-regulates the migration of CRC cells, and the transfer of these engineered miR-379-overexpressing exosomes to recipient cells decreases their migration[57]. It has also been reported that exosomal miRNA-375 prevents the spread of tumor cells by blocking Bcl-2 in CRC, suggesting that exosomal miRNA-375 can be regarded as a possible therapeutic target[58].
Another study has reported a pilot study for ascites-derived exosomes (Aexs) in conjunction with the granulocyte-macrophage colony-stimulating factor (GM-CSF) in the immunotherapy of CRC. Aexs isolated by sucrose/D2O density gradient ultracentrifugation are 60-90-nm vesicles that contain the diverse immunomodulatory indicators of exosomes and CEA associated with the tumor. Advanced CRC is used in a study consisting of 40 patients (HLA-A0201+CEA+). Besides, those patients are arbitrarily given medication, either Aex alone or Aex plus GM-CSF. Respondents from the two groups are administered with a set of four immunizations on a subcutaneous layer at a regular interval of 1 wk. The research discovers that both treatments are harmless, and they are well tolerated. Moreover, Aex plus GM-CSF, but not Aex alone, can trigger valuable tumor-specific antitumor cytotoxic T lymphocyte response. Consequently, the research shows that the immunotherapy of CRC with Aex together with GM-CSF is practicable and not dangerous. It can, therefore, be used as a substitute option in advanced CRC immunotherapy[59].
In patients with CRC, 5-Fu is generally prescribed. However, resistance to 5-Fu is one of the critical reasons for CRC treatment failure. To extricate from this problem, exosomes containing miRNAs have recently been established to regulate signaling pathways involved in the initiation and progression. In comparison with the single treatment with either miR-21i or 5-Fu, drug resistance can effectively be reversed. The cytotoxicity in 5-Fu-resistant CRC cells is significantly enhanced by the combinational delivery of miR-21i (miR-21 inhibitor oligonucleotide) and 5-Fu engineered exosomes. It is a potential approach to deliver the small functional RNA together with an anti-cancer drug using exosomes to reverse the drug resistance in CRC, thus enhancing the efficacy of the cancer treatment[60].
Moreover, exosomes containing miRNAs can help overcome many other forms of resistance to cancer therapy. For instance, by inhibiting autophagy in CRC cells, miR-214 enhances CRC radiosensitivity[61]. The resistance of CRC cells to OXA can be circumvented by the overexpression of miR-143, which is related to oxidative stress and cell death in CRC cells[62].
MiRNAs are non-coding RNAs that control the expression of mRNAs in a target cell[63]. This property also makes them suitable for a new approach to tumor therapy. When the expression of miRNAs is abnormal, tumor progression is affected[64], and restoring the expression of these miRNAs can prevent such disease progression. The tumor growth or metastasis can be restrained by the delivery of exosomal miRNA inhibitors, which interfere with tumor-promoting miRNAs[65]. By targeting KLF2 and KLF4, exosomal miR-25-3p from CRC cells may promote CRC-induced vascular permeability and angiogenesis and accelerate CRC metastasis. The development of pre-metastatic niches and CRC metastases can be significantly inhibited by exosomes loaded with the miR-25-3p inhibitor[66]. Briefly, using exosomes is of great significance in the treatment of tumors. Both anti-tumor and tumor-promoting miRNAs affect the tumor progression and balance the expression levels of these miRNAs.
It has also been reported that miR-128 targets the SIRT1/ROS/DR5 pathway to sensitize CRC cells to TRAIL-induced apoptosis. This makes exosomes together with TRAIL be considered a novel therapeutic for CRC [67]. Another study has also revealed that miR-128-3p transmitted by exosome increases the chemosensitivity of OXA-resistant CRC, altering the expression of Bmi1 and MRP5[68]. Besides, exosome-enclosed miR-140-3p demonstrates its suppressive effects on the development and metastasis of CRC cells through hindering BCL9 and BCL2[69]. Another trial has shown that the liver metastasis (LM) of CRC both in vitro and in vivo can be remarkably reduced[70] by using miR-20a-loading nanoparticles to target liver sinusoidal endothelial cells.
Exosomes can also decrease cancer cell proliferation, which is another momentous event in CRC progression. Researchers have reported that the overexpression of miR-194 significantly inhibits cell proliferation in HTC-116 cells, making it an excellent therapeutic agent for CRC[71].
Another study has shown that the production of exosomes with antiproliferative properties can be induced by treating cells with FF/CAP18 (analog of cathelicidin LL-37), which is a peptide limiting cancer cell proliferation[72]. This result would be caused by the expression of exosomal miRNAs, miR-584-5p, -1202, and -3162-5p. Some studies have also revealed the possibility of adjusting exosomes for therapeutic purposes by transfection with tumor-suppressor miRNAs[73]. Moreover, it has been shown that exosomes can inhibit tumor growth when coated with high-density antibodies to target specific ligands in CRC by using the doxorubicin (Dox) as cargo[74].
CRC continues to be one of the leading causes of cancer-related death worldwide, primarily due to resistance to treatment[75]. Many studies have demonstrated that this problem can be overcome. For example, a study has indicated that exosomal miR-46146 acts as a critical mediator of OXA resistance by targeting PDCD10, while increased expression of PDCD10 can reverse the effect of chemoresistance induced by exo-miR-46146[76]. Another study has found six up-regulated exosomes from the culture medium of resistant cells, namely, miR-96-5p, miR-1246, miR-135b, miR-21-5p, miR-425, and miR-1229-5p, and the expression levels of these six exosomal miRNAs in serum of CRC chemoresistant patients are markedly higher compared with chemosensitive controls, which may clearly distinguish the chemotherapy-resistant group from advanced CRC patients. However, targeting these miRNAs increases OXA and 5-Fu chemosensitivity[77].
Based on the above-mentioned facts, it is evident that exosomes play an essential role in the treatment of CRC. Nevertheless, it is also evident that in-depth research is highly required to let exosomes be used more effectively as routine treatments for CRC.

Exosomes are potential biomarkers for CRC
A biomarker may be a molecule that is secreted by a tumor or a specific response of the body to the presence of cancer. Given that early diagnosis of CRC is minimal, exosomes are now considered the source of diagnostic markers in CRC due to the significant role of exosomes in tumor formation, metastasis, chemoresistance, and invasion[78]. For example, a study has reported seven miRNAs, which are strongly expressed in the serum of CRC patients compared with healthy controls, and these miRNAs are miR-1229, miR-23a, let-7a, miR-223, miR-150, miR-1246, and miR-21[79], making these exosomes as potential biomarkers for CRC. A study has identified a novel biomarker to track CRC metastasis to the liver, showing that for early diagnosis and prognosis in CRC patients with LM, serum exosomal miR-122 can be a novel potential biomarker. To assess the diagnostic potential of serum exosomal miR-1222, a total of 135 serum samples, including those from CRC patients with LM (n = 35), CRC patients without LM (n = 50), and healthy controls (n = 50), are examined, and exosomes are isolated from the culture medium or serum using the Exosome Isolation Reagent (Invitrogen)[80].
Research has shown that flowing exosomes embraces significant effects as a biomarker for identification and forecast of cancers in human. Earlier, small RNA sequencing is used in the diagnosis of irrationally expressed exosomal miRNAs as nominees for analytical indicators in CRC patients. In this validation cohort, exosomal miR-125a-3p and miR-320c were found to be increased in plasma of CRC patients. And, plasma exosomal miR-125a-3p is readily reachable as an analytical bio-indicator for the initial phase of CRC. If jointed together with standard analytical indicators, miR-125a-3p can advance the indicative power[81].
Knowing patients’ outcomes is very important in diagnosing different types of cancer, including CRC, and exosomes are excellent tools to be used to track patients’ outcomes. For example, it has been revealed that increased expression miR-429 is correlated with enhanced malignant potential and poor prognosis of CRC patients, making miR-429 a biomarker in CRC diagnosis[82]. Another study has also shown that the expression of serum exosomal miR-874 may serve as a reliable marker for CRC diagnosis and prognosis prediction. Furthermore, serum miR-193b may serve as a promising novel prognostic biomarker for CRC[83]. Moreover, another study has found that serum miR-199a is an independent prognostic marker. Reduced expression of serum miR-199a is associated with poor prognosis in CRC. It may be a useful marker for diagnosis and prognosis in CRC[84]. Min et al[85] have shown that reduced expression of exosome-derived miR-92b in plasma is a promising biomarker for early CRC detection. Another study has found that the plasma exosomal miR-27a and miR-130a panel can serve as a non-invasive biomarker for early detection and prognosis prediction of CRC.
The above-mentioned studies all conclude that exosomal miRNAs play a significant role in the diagnosis of CRC and provide evidence for the routine application of specific exosomal components in the early detection of CRC. Additional information is presented in Table 1.

CONCLUSION
This review shows that exosomes originating from CRC cells can be taken as a new research area for cancer diagnosis and medical treatment because these exosomes are linked to tumorigenesis, chemotherapy resistance, and tumor cell survival metastasis. Existing research has shown that the number of exosomes in the body fluid of CRC patients is exceptionally elevated compared with the healthy controls. Patients with a high number of exosomes mostly display poor prognoses. Therefore, exosomes from CRC can predict the prognosis for CRC patients.
The research on CRC exosomes has to be encouraged and continued because CRC exosomes are interesting small membrane-vesicles that can be used during cancer treatment and in many fields of our daily lives. It is also necessary to continue the research about comprehensive mechanisms for the function of exosomes in CRC to improve diagnostic accuracy and then reduce cancer mortality.
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Figure Legends
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[bookmark: _Hlk70415470]Figure 1 Exosome biogenesis. Exosome biogenesis starts with budding into early endosome and further matures into the late endosome, collectively known as multivesicular bodies. Early endosome is formed from the plasma membrane via the endocytic pathway. Multivesicular body (MVB) can be formed by the invagination of the endosomal membrane. Dependent on the function and content, MVB then can be directed to fuse with plasma membrane and release to the extracellular space as exosomes. During the biogenesis of exosomes and prior to their secretion, proteins (e.g., tetraspanin, cytosolic proteins, and receptor), nucleic acids (e.g., mRNA, miRNA, and DNA), and lipids (e.g., sphingomyelin and cholesterol) are uploaded to exosomes. MVB: Multivesicular body; TGF: Transforming growth factor.
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[bookmark: _GoBack]Figure 2 Roles of tumor cell-derived exosomes. Exosomes are involved in tumor growth, tumorigenesis, angiogenesis, tumor immune escape, drug resistance, and metastasis.

Table 1 Exosomes as prognostic and diagnostic biomarkers for colorectal cancer
	Exosomes
	Used samples
	Expression 
	Function 
	Ref.

	miR-23a, miR-301a
	Serum
	Increased
	Diagnosis and prognosis
	Karimi et al[86]

	miR-193a, let-7g
	Plasma
	Increased, decreased
	Diagnosis
	Cho et al[87]

	miR-548c-5p
	Serum
	Decreased
	Diagnosis
	Peng et al[88]

	miR-92b
	Plasma
	Decreased
	Diagnosis
	Min et al[85]

	miRNA-320d
	Serum
	Increased
	Diagnosis
	Tang et al[89]

	let-7b-3p + miR-139-3p + miR-145-3p
	Plasm
	Increased
	Diagnosis
	Min et al[90]

	miR-6803-5p
	Serum
	Increased
	Diagnosis and prognosis
	Yan et al[91]

	miR-27a and miR-130a
	Plasma
	Increased
	Diagnosis
	Liu et al[92]

	miR-122
	Serum and cultured media
	Increased
	Diagnosis
	Sun et al[80]

	miR-150-5p + CEA
	Serum
	Decreased
	Used for early diagnosis
	Peng et al[88]

	miR-99b-5p
	Serum
	Decreased
	Diagnosis
	Zhao et al[93]


CEA: Carcinoembryonic antigen.
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