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Abstract

:

The incidence of renal cell carcinoma (RCC) has doubled in the developed world within the last fifty years, and now it is responsible for 2–3% of diagnosed cancers. The delay in diagnosis and the not fully understood pathogenesis are the main challenges that have to be overcome. It seems that extracellular vesicles (EVs) are one of the key players in tumor development since they ensure a proper microenvironment for the tumor cells. The stimulation of angiogenesis and immunosuppression is mediated by molecules contained in EVs. It was shown that EVs derived from cancer cells can inhibit T cell proliferation, natural killer lymphocyte activation, and dendritic cell maturation by this mechanism. Moreover, EVs may be a biomarker for the response to anti-cancer treatment. In this review, we sum up the knowledge about the role of EVs in RCC pathogenesis and show their future perspectives in this field.
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1. Introduction


Renal cell carcinoma (RCC) accounts for 2–3% of global cancer diagnoses [1]. RCC is cancer that originates from the renal epithelium and is responsible for >90% of cancers located in the kidney [2]. In 2021, kidney cancer was the sixth most frequently diagnosed cancer in men and the eighth in women in the United States. Comparing the data from 2018 and 2021, we can observe a decreasing trend in mortality, with the rate declining by 21% (22.9% in 2018 vs. 18.1% in 2021) [3,4]. This decreasing trend can be connected with better diagnostics of patients with early stages of RCC. Additionally, the introduction of targeted therapy like anti-VEGF antibodies or immune check-point inhibitors contributes toward a prolonged overall survival of patients with advanced stages of RCC [5,6,7]. Despite this decreasing trend, RCC is still an enormous challenge for medical oncology.



RCC is divided into three major histological subtypes: clear cell RCC (ccRCC), papillary RCC (pRCC), and chromophobe RCC (chRCC). Clear cell RCC is the most frequent type of RCC (responsible for 75% of cases). The second most common type of RCC is p-RCC (15%), followed by ch-RCC (5%) [8]. Other types of RCC, such as collecting duct carcinoma or tubulocystic are very rare (1%). The remaining 4% of diagnosed cases belong to unclassified histopathological types of RCC [9,10]. The risk of RCC increases in the older population (especially between 60 and 70 years old) [11]. The other risk factors are smoking, hypertension, diabetes, obesity, reduction of glomerular filtration rate (GFR), and end-stage renal disease (ESRD) [12].



The most common RCC subtype is associated with a defect in the von Hippel-Lindau gene (VHL). Its product—the VHL protein, —promotes the proteolysis of the hypoxia-inducible factors 1a (HIF-1a) and 2a (HIF-2a). These proteins are the key regulators of the hypoxic response in cells. The loss of VHL function results in increased expression and stabilization of HIF, which is necessary for tumor growth in cancer cells [13]. It was shown that increased expression of HIF-1 is one of the strongest pro-angiogenic signals that promote tumor angiogenesis [14]. Additionally, this factor is responsible for the decreased expression of pro-apoptotic proteins (Bid and Bad) [15]. Furthermore, HIF-1 plays a role in the suppression of innate and adaptive immune responses against the tumor. It can induce the expression of immunosuppressive molecules such as immune check-point proteins, which are the therapeutic target in RCC [16]. Due to its functions, it seems that the inhibition of HIF may be beneficial in RCC. Indeed, FDA approved the use of belzutifan (a small molecule inhibitor of HIF-2α) in patients with RCC harboring the VHL mutation [17].



More than 50% of patients with RCC are asymptomatic. They are diagnosed incidentally during thoracoabdominal imaging ordered for other indications [18]. Due to the asymptomatic character of RCC, a lot of cases are detected too late. At the moment of diagnosis, 25% of patients have metastasis. Patients with 4th stage RCC have a 12% 5-year survival rate compared with 87% survival in patients with 1st stage RCC [19]. According to the stage of the disease, the recommended therapy should be applied. The first-line treatment in operatable RCC is surgical intervention. Partial nephrectomy is the method of choice in patients who have tumors measuring less than 7 cm. Radical nephrectomy is recommended for patients with bigger tumors. In cases of metastatic disease, due to chemoresistance, targeted molecular therapy should be administered. In clinical trials, anti-VEGF molecules (bevacizumab and sunitinib) were shown to be effective. Additionally, immune checkpoint inhibitors (e.g., pembrolizumab) were approved for patients with advanced RCC [20,21]. Because of the above-mentioned problems and poor outcomes for patients, new methods that ensure faster diagnosis or better disease control in patients with RCC are urgently needed. It seems that extracellular vesicles (EVs) can provide such an opportunity.




2. Extracellular Vesicles (EVs)


EVs are small lipid membrane vesicles, which are secreted by almost all kinds of cells into the extracellular matrix [22]. Based on their size and origin, we can distinguish between small EVs (sEVs; referred to as exosomes in the past) and large EVs (lEVs, referred to as microvesicles in the past). sEVs have an endosomal origin and a size less than 200 nm, while lEVs originate from the plasma membrane. Their size is larger than 200 nm (up to 1 µm) [23,24]. (Figure 1(1)).



EVs can be one of the most important ways of intracellular communication. They can affect cells at close or distant sites and modify the metabolism of targeted tissues [25]. Currently, we are constantly expanding our knowledge of EVs and their use in medicine, increasingly appreciating their predictive value. We observe their involvement in oncology and general medicine, e.g., cardiology and nephrology [26,27].



EVs can play a significant role in cancer development, growth, and metastasis formation [28,29]. The first information about potential chances to use EVs in new methods of oncological therapies was revealed in the 1990s. It was noted that B lymphocytes and dendritic cells secrete sEVs which are involved in immune response [30]. Exploiting electron microscopy, biochemistry, and functional assays, it was shown for the first time that antigen-presenting cells secrete sEVs that can stimulate T cell proliferation. This study using tumor-bearing mice reported that sEVs secreted by dendritic cells induced antitumoral immune responses in vivo [31]. The oncological aspect of lEVs has been less investigated than that of sEVs, but recently we can observe a growing amount of evidence that they are also involved in tumor development [32]. Moreover, cancer cells secrete more EVs than their nonmalignant counterparts [33]. Since EV release is a normal physiological process of all cells in development and homeostasis and is not oncogenic per se, the question has risen why especially cancer cells secrete such huge amounts of EVs and for what purpose. Hence, cancer researchers have joined the EV research field and contributed in a large part to its exponential growth. Thanks to their research we know today that both tumor-derived EVs as well as EVs derived from cancer-educated non-cancer cells, shape a tumor permissive environment and take part in many, if not all, steps of cancer progression. EVs induce the transformation of non-malignant cells within the tumor microenvironment (TME) and are responsible for the induction of changes in cells, which are named “hallmarks of cancer” [34,35,36]. Evidence suggests so far that the classic “hallmarks of cancer”, such as oncogenes and mutations, altered signaling, metabolic reprogramming, and microenvironmental status cause a shift towards EV release from cancer cells [37]. In this manuscript, we will focus on the role of EVs in the modulation of the immune system in patients with RCC.




3. Role of EVs in RCC Immune Escape


The role of EVs in the escape of RCC from tumor-specific immunity is under investigation. Recent studies suggest that tumor-secreted EVs can modulate the immune response by inhibition of T cells, NK response, and DC differentiation or by promoting myeloid-derived suppressor cells (MDSCs).



Yang et al. (2013) provided the first study about the potential role of RCC-derived EVs in the induction of immunosuppression. They found that EVs isolated from human kidney adenocarcinoma (ACHN) cells can inhibit T-cell proliferation by delivering Fas-ligand (FasL) on their surface (Figure 1(2)). It is a common mechanism of tumor-derived EVs in shaping anti-tumor immune competence [38]. It results in the induction of Fas receptor-mediated apoptosis which involves both extrinsic and intrinsic apoptotic pathways [39]. RCC-derived exosomes increase the expression of caspase-3, -8, and -9 and reduce the anti-apoptotic Bcl-2 in Jurkat T-cells. Moreover, they decrease the spontaneous release of cytokines by T-cells—interleukin-2 (IL-2), interferon-γ (IFN-γ), IL-6, and IL-10—which in effect can intensify the immunosuppression [40]. Next, Grange et al. (2015) demonstrated that EVs can block monocyte differentiation and maturation towards DCs in the RCC microenvironment and inhibit T-cell immune response (Figure 1(3)). These effects have been related to the expression of HLA-G on EVs released by tumor cells [41]. HLA-G is a non-classical MHC class I molecule that plays an important role in the modulation of the anticancer immune response [42]. Its expression is specifically up-regulated in primary RCC lesions obtained from patients. However, no correlation was observed between HLA-G expression and various clinicopathological parameters. [43]. HLA-G can affect the immune system in many ways and is a potential target for novel immunotherapies. Thus the role of EV-associated HLA-G may be not fully studied yet [44].



The potential effect of RCC-derived EVs on MDSCs has been demonstrated by Diao et al. (2015). In their study, exosomes isolated from Rencacell culture induced the suppressive activity of MDSCs by Hsp70-related p-Stat3 activation [45]. Stat3 is an important factor in immune escape, which signaling prevents differentiation of MDSCs into mature cell types and is involved in their suppressive activity and inhibition of the anti-tumor response (Figure 1(4)) [46]. The potential downstream mechanism of exosomal Hsp-70 immunosuppression is associated with increased expression of arginase-1 and iNOS (inducible NO synthase). The activity of these enzymes within MDSCs results in the inhibition of T-cells. Moreover, the Hsp70-induced expression of these proteins was reduced by a Stat3 inhibitor [45].



Next, it has been revealed that EVs can trigger dysfunction of NK cells in ccRCC patients. Xia et al. (2017) compared the NK cell function of ccRCC patients with benign tumor patients and healthy donors. Tumor-infiltrating NK cells of ccRCC patients presented an inhibitory phenotype and impaired function, which were associated with tumor progression. Exosomes from primary tumor cells of these patients were enriched in TGF-β1 (Transforming Growth Factor-β), which induces the TGF-β/SMAD pathway within NK cells. The SMAD (Suppressor of Mothers against Decapentaplegic) transcription factor regulates the proper activity of NK cells and its overexpression leads to their dysfunction (Figure 1(5)) [47,48]. Moreover, the authors showed that an exosome inhibitor can attenuate the inhibitory effect of ccRCC cells on NK cells, increasing their cytotoxicity.



EVs derived from RCC contain also other specific proteins, which immunosuppressive properties have been confirmed previously apart from EVs. For example, the expression of carbonic anhydrase 9 (CA9), CD70, and CD147 are upregulated during RCC development and progression. A recent study by Himbert et al. (2020) showed increased expression of CA9, CD70, and CD147 in cells and EVs compared to normal tissues and indicated these proteins as specific markers of EVs in ccRCC [49]. (Figure 1(2)).



CD70 is a unique ligand interacting with CD27 on the surface of T-cells, B-cells, and DCs that modulates their response. CD27 promotes T-cell activation and survival via NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells) and JNK (c-Jun N-terminal kinases) pathways. However, continuous stimulation caused by the strong expression of CD70 may disturb the proper regulation of immune response and induce an exhaustion effect of T-cells or even their apoptosis [50,51]. In normal conditions, expression of CD70 is restricted to antigen-stimulated immune cells and generally absent in non-lymphoid normal tissues [50,52]. In the case of cancer, we can observe high expression of CD70 in various malignancies, including both cc- and p-RCC, which is associated with its high abundance on both cell and tumor-derived EVs surface [49,53,54]. In ccRCC, it can be associated with dysregulation of the hypoxia-related pVHL/HIF pathway. Upregulation of the HIF level correlates with the increased expression of CD70 in these cells [51]. This effect is caused by the HIF-2α mediated inhibition of DNMT1 (DNA Methyltransferase 1), which increases the expression of CD70 [55]. Moreover, it was observed that hypoxic stress promoted EVs loading of the CD70 protein in lung cancer cells [56]. HIFs, hypoxia-inducible transcription factors, like HIF-1αand HIF-2α, are the main mediators of the tumor hypoxic response. Hypoxia is a pervasive feature of human tumors and is associated with poor prognosis and therapy resistance. It affects many aspects of tumor biology, however, in the context of this review, its key role in the generation of an immunosuppressive TME is the most interesting. Hypoxia-induced stabilization of HIF-1 has been shown to promote multiple immunosuppressive mechanisms within the TME. Examples are the promotion of Treg formation and recruitment, upregulation of PD-L1, CTLA-4, and LAG-3 to induce T-cell anergy and tolerance, recruitment of suppressive MDSCs and M2-like macrophages, the blocking of DC and NK-cell functions, suppression of T-cell activity through the accumulation of extracellular adenosine, etc., reviewed in [57].



CD70 mediates apoptosis of lymphocytes in RCC culture, which can be partially blocked with anti-CD27 and anti-CD70 antibodies [58]. Interestingly, strong CD70 expression in ccRCC and lymphocyte infiltration correlates significantly with worse patient survival compared to CD70-negative tumors without lymphocyte infiltration [51]. EVs derived from CD70-positive RCC may deliver CD70 and play an important role in the durable interaction of RCC and T-cells. (Figure 1(2)) It may be an important mechanism of RCC immune escape, increasing the malignancy of the tumor.



CA9 is an enzyme that catalyzes the hydration of carbon dioxide to carbonic acid, expelling protons to the extracellular matrix. Therefore, it is in charge of intracellular pH regulation of tumor cells (maintaining a neutral/alkaline intracellular pH) increasing at the same time extracellular acidity, which has distinct effects on the immune response and plays an important role in the suppression of anticancer immunity within the TME [59,60]. For example, the analysis of expression and clinicopathological data indicates a negative correlation of CA9 expression with CD8+ T cell infiltration and a positive correlation of these two parameters with the outcome in pancreatic cancer patients [61]. This effect may be caused by the CA9-mediated induction of the extracellular acidic microenvironment that inhibits cytolytic CD8+ T cells, as observed in vitro [61]. Increased CA-9 expression is also associated with FOXP3+ T reg abundance in the microenvironment of non-small-cell lung carcinomas and correlates with poorer survival of patients (p < 0.0001, HR 1.95, 95% CI: 1.3–2.7) [62]. Circulating lEVs carrying CA9 have been shown to be a potential factor in the diagnosis and prognosis of the ccRCC [63]. Therefore, the role of EVs-dependent delivery of CA9 in the regulation of RCC TME acidity and immune escape should be further studied (Figure 1(2)).



The metabolic interplay between tumor cells and tumor-infiltrating lymphocytes (TILs) can be also altered by CD147, which contributes to cancer immune escape by modulation of tumor glycolysis and the transport of monohydrates [64]. CD147, also known as extracellular matrix metalloproteinase inducer (EMMPRIN) or basigin (BSG), is a glycoprotein initially known as a regulator of matrix metalloproteinases. In addition to its well-described non-metabolic molecular mechanisms responsible for tumor progression, CD147 is recently recognized as a key factor in glucose metabolism reprogramming of tumors, resulting in a competition for nutrients between tumor cells and TILs in the TME [64]. CD147 expression by cancer cells causes inhibition of T-cell function also by exploiting the stimulatory ligand cyclophilin A (Figure 1(2)) [65]. In their meta-analysis, Li et al. (2017) observed a strong relationship between CD147 expression in RCC patients with higher TNM stage, histopathologic stage, lymph node metastasis, and worse 5-year survival compared with negative patients (HR = 1.61, 95%CI = 1.04–2.49) [66]. Moreover, they noticed no differences in the CD147 expression between clear cell RCC and other RCC types. Recently Chen et al. (2021) showed that CD147 expressed on TILs regulates antitumor CD8+ T-cell responses to facilitate the tumor-immune escape of mouse melanoma and lung cancer, and its deletion increases the abundance of TILs and cytotoxic function of CD8+ T cells [67]. In the same study, increased expression of CD147 in exhausted CD8+ TILs has been observed in the database of tumor biopsies [67]. Therefore, CD147+ EVs released by RCC cells into the TME may have a great impact on the activity of T-cells. Inhibition of EV-related delivery of CD147 across the TEM could therefore enhance the anti-tumor response.



Additionally, it was shown that EVs can play a role in immune escape by transferring PD-L1 (Programmed cell death protein ligand 1). It is a transmembrane protein responsible for the modulation of the immune response. By binding to its receptor PD-1 on the T-cell surface it can inhibit their cytotoxic activity and keep the immune response in check. In the case of cancer, tumoral PD-L1 expression is an important mechanism of immune escape. PD-L1-transfer via EVs derived from T-cells inhibits their function and plays a key role in evading the immune response. Poggio et al. (2019) showed that this effect is not restricted to the local tumor site but may also occur, due to EV-mediated transport, in the lymph nodes in a syngeneic mouse model of prostate cancer [68]. Wang et al. (2020) observed that an increased level of EVs with PD-L1 on their surface contributes to the suppression of T lymphocytes in patients with thyroid cancer. Moreover, patients with a higher level of PD-L1 EVs were characterized by a more advanced disease according to histologic specimens [69]. The PD-L1 level in the circulation turned out to be a marker of local and systemic immunosuppression and patient prognosis and response to treatment [38]. Immunotherapy targeting PD-1/PD-L1 has been applied in the clinic with the remaining issues of drug resistance, and EVs PD-L1 may play a role in mediating this effect. Therefore, considering immunotherapy to be a recommended treatment in RCC, the role of EVs-associated PD-L1 in immune escape and drug resistance in RCC may be crucial [70].



Besides proteins, EVs may improve the ability of tumors to avoid immunosurveillance by delivering also specific miRNA cargo. A miRNA is a short non-coding RNA of about 22 nucleotides that mediates gene silencing by guiding Argonaute proteins to target sites in the 3′untranslated region of target mRNAs [71]. RCC tissue samples show increased expression of miR-210 and 23a, which are also elevated in EVs isolated from the serum of RCC patients [72,73]. Their levels show a significant correlation with tumor staging and patients’ survival [72,73,74,75,76] Tumor-derived EVs can transfer them to neighboring cells, including immune cells [77]. Noman et al. (2012) showed that hypoxia-induced overexpression of miR-210 downregulates the expression of PTPN1, HOXA1, and TP53I11 genes, which decreased the susceptibility of non-small cell lung carcinoma cells to lysis by cytotoxic T cells in an in vitro study (Figure 1(6)) [78]. In another study in a mouse model, they observed enhanced MDSC-mediated T-cell suppression induced by miR-210 [79]. Hypoxia-induced miR-210 regulated MDSC function by selectively increasing arginase activity and NO production. Hypoxic conditions also increase the formation of tumor-derived lEVs by increasing RAB22A expression [80]. Moreover, hypoxic tumor-derived lEVs (referred to as MVs in the study) show a significantly increased expression of miR-210 and miR-23a [77]. These EVs can be taken up by NK cells, where miR-23a directly targets the expression of the CD107a—lysosomal-associated membrane protein. That results in decreasing their antitumor immune response (Figure 1(5)) [77]. MiR-23a is also a repressor of the transcription factor BLIMP-1, which promotes CD8+ T lymphocyte cytotoxicity and effector cell differentiation. Increased expression of miR-23a inside these lymphocytes alters their functions, increasing immunosuppression in the tumor environment (Figure 1(2)) [81]. Silencing of tumor-associated NK cells is also a property of miR-183, which promotes the proliferation and metastasis of renal cell carcinoma [82,83]. MiR-183 binds and represses DNAX activating protein 12 kDa (DAP12), an important signal adaptor required for proper NK cytotoxic activity (Figure 1(5)). The expression of miR-183 is increased in EVs released from human renal cancer stem cells and its level is upregulated in blood and tissue samples of RCC patients [82,84,85,86].




4. EVs as RCC Biomarker and Prognostic Factor


Late diagnosis is one of the main reasons for the high mortality rate among patients with RCC. Metastasis is often found at initial diagnosis or even after curative treatment [87]. For this reason, the need for sensitive and specific biomarkers is highlighted in most of the RCC studies. EVs may be a part of this revolution. EVs can be isolated from body fluids, so they have a significant potential to become important biomarkers and prognostic factors in medical oncology. However, the problem with proper isolation and characterization of EVs may be an obstacle in adopting this revolution to daily practice. It will need time and further intense investigations before EV-based biomarkers can be commonly used in medicine. A summary of transitional studies that investigated the content and the diagnostic/prognostic potential of EVs isolated from body fluids patients with RCC is provided in the table (Table 1).



In some cases, the authors have revealed that EVs differ between patients and healthy controls [88]. Moreover, it has been shown that the content of RCC-derived EVs may be associated with the histologic subtype and can be a useful tool in early diagnosis and in the assessment of the cancer stage. Additionally, it was shown that EVs can be used as a prognostic factor and could predict the risk of having microvascular invasion revealed by pathological examination of surgically resected specimens [89]. In the following section, we have decided to focus on studies based on patients’ material, for their higher significance for the medical practice. Additionally, we presented the potential clinical applications of these findings for RCC immunology which can be developed based on the findings of basic studies performed not only on RCC but also on other cancer cell lines. The most relevant results of basic science studies performed on RCC cell lines, which paved the way for further patient studies, have been partially discussed in the previous section about the role of EVs in RCC immunology. Some results from basic studies have already been adopted for clinical practice. For example, Zieren et al. performed a multi-omic analysis on RCC and benign kidney cell lines. They identified 34 proteins as a candidate for pRCC biomarkers in EVs, and 20 proteins and 8 mRNA for ccRCC [90]. The results of this basic research pushed them to verification of their hypothesis in a human study. They showed that four tumor-specific mRNA (ALOX5, RBL2, VEGFA, TLK2) present in EVs (defined as present in tumor-derived-, urine- and plasma-EVs, but absent in tumor-adjacent tissue EVs) may be used as RCC biomarkers in the future (Table 1). The authors enrolled in their study only 11 patients with ccRCC before radical nephrectomy, due to the low number of patients with other histological types. They analyzed EVs isolated from urine, blood samples, tumor tissue, and tumor-adjacent tissue (obtained from pathological specimens) [91]. Interestingly, none of these four mRNA molecules have shown a significant difference in levels in their basic research on kidney benign and cancer cell lines. However, the reason for this discrepancy may be the different sources (cell media in a basic study or urine in a clinical study) from which EVs were isolated. Only one mRNA (STAT1) was detected in plasma EVs, so the authors decided to exclude plasma from the analysis [91]. The potential impact of the proteins coded by these mRNAs on the immune system is provided in the table (Table 1).



As it was mentioned before, EVs can be useful not only for diagnosis but also for the staging of RCC. Horie et al. observed in cell culture experiments an increased activity of exosomal γ-glutamyl transferase (GGT) in the cell culture supernatant from neoplastic cells in comparison to the supernatant of normal ones. Additionally, they observed higher activity of the exosomal fraction of this enzyme in patients with advanced tumor stages (III and IV vs. I and II, p = 0.037). They also noted that this activity is positively correlated with microvascular invasion of RCC. Interestingly, these results were not observed in serum GGT (non-exosomal fraction) [89]. More examples of the usage of EVs as a diagnostic and prognostic factor are presented in the table (Table 1). The table also summarizes the potential impact of the given EV content on the immune system and its role in tumor RCC development (Table 1 and Figure 2).




5. Future Perspective


RCC is a chemotherapy and radiotherapy-resistant tumor. Immunotherapy and target treatment (e.g., tyrosine kinase inhibitors) are the basis of available treatment protocols. However, some patients do not respond to the applied therapy, so new therapeutic options or methods which can increase the vulnerability of the tumor to used treatments are needed. The role of EVs in oncological therapy is still not well investigated. However, recently an increasing number of researchers have been conducting studies investigating the hypothesis that EVs may be crucial in tumor homeostasis.



It was observed that sEVs can be a mediator of drug resistance in renal cell cancer. Qu et al. showed that the long non-coding RNA lnc-ARSR can compete with endogenous miR-34 and miR-449, and therefore increases the expression of their target genes (AXL and c-MET). These genes can be essential in sunitinib resistance development. Indeed, it was confirmed that an increased level of lnc-ARSR was negatively correlated with sunitinib response. Additionally, the authors have proven that the sEVs are the main way of intracellular transfer of lnc-ARSR between resistant and sensitive cells. Moreover, it was shown that the inhibition of sEVs formation or the packing of lnc-ARSR into them can be a method to restore sunitinib response [92]. Also, another research group observed that the inhibition of EVs biogenesis (by a selective inhibitor or ketoconazole) can potentiate the efficacy of sunitinib [93]. Another resistance mechanism mediated by EVs was revealed by He et al. [94]. They showed that EVs can carry miR-31-5p, which downregulates the MutL homolog 1 (MLH1) and therefore promotes sorafenib resistance. The resistant cells release EVs enriched in this miRNA [94]. The use of antagonists against lnc-ARSR or miR-31-5p may result in higher sensitiveness for these drugs used in target therapy in patients and can result in better outcomes in patients. However, this hypothesis should be further evaluated in clinical trials. Interestingly, sunitinib can modulate the anti-tumor immune response. It was shown that sunitinib therapy significantly increases T cells activity defined as enhanced proliferation after exposure to phytohemagglutinin and tetanus toxin. Additionally, a lower number of T regulatory cells was detected in patients’ blood after this therapy [95].



The EVs may be also used in anti-tumor therapy. Zhang et al. showed that EVs derived from genetically modified RCC cells may increase the activation of T cytotoxic lymphocytes and the production of IFN-gamma [96]. The modification consisted of the addition of a plasmid into the RCC cells (cell line RC-2) for the enrichment of the EV membrane in IL-12 (sEVs/IL-12). The analysis revealed that the amount of released IFN-γ was the highest (174.3 ± 14.6 pg/mL, p < 0.05) when T lymphocytes were stimulated by sEVs/IL-12 in comparison to PBS and non-modified EVs. Additionally, the usage of sEVs/IL-12 in research trials resulted in the highest killing rate and antigen-specific cytotoxic effect against cancer cells [96]. The potential of sEVs to stimulate T lymphocytes was also confirmed by Xu et al. [97], however, only in cell culture and further investigation is needed to check the safety and efficacy of this procedure in vivo.



Another research group noted that tumor-derived EVs effectively stimulate dendritic cell (DC) activation and upregulate CD11c, MHCII, and IL12 expression in DC. The use of DC loaded with tumor-derived (from RENCA cell line) EVs in a mice model of RCC significantly prolonged the survival time of the animals. Additionally, these EVs strongly promoted the recruitment of CD4+ and CD8+ T lymphocytes. The authors also conducted an experiment showing that intravenous injection of these EVs does not induce tumor immune tolerance in animals [129]. Recently, Greenberg et al. published an article that shows that tipifarnib (farnesyltransferase inhibitor) can inhibit EV biogenesis. Additionally, the authors proved in cell culture that the expression of PD-1L on the EV surface, which is responsible for the cytotoxic effect of these EVs on lymphocytes, is lower after treatment with tipifarnib and sunitinib [130]. Furthermore, the EVs can also be a part of an oncology treatment that is directly and exclusively associated with the stimulation of the immune system. In one study, authors observed in an RCC (A498) cell line that the injection of garlic (Allium sativum)-derived sEVs can inhibit tumor cell proliferation and induce their apoptosis [131]. Additionally, it was shown that circular RNA_400068 transferred by sEVs can play a role in RCC pathogenesis by decreasing the level of miR-210-5p. This miR downregulates the expression of the suppressor of cytokine signaling 1 (SocS1). Additionally, as it was mentioned above, mir-210 may regulate MDSC suppressor function by increasing arginase activity and NO production. In consequence, treatment of healthy kidney cells with exosomal circRNA_400068 increased the proliferation and decreased the apoptosis rate of these cells, representing therefore a new oncogenic factor [132]. Another research group noted that a higher level of miR-15a, which downregulates the expression of the B-cell translocation gene 2 (BTG2), promoted the proliferation, migration, and invasion of ccRCC cells. They postulated that inhibition of this miR can be used as a part of therapy in the future [133].



Furthermore, it was noted that EVs can take part in the progression of metastatic disease. It seems that they can be a target in the treatment of advanced RCC. Jin et al. observed that EVs derived from RCC cells (cell line 786-O) can promote lung metastasis formation and tumor growth. They postulate that these effects are induced by MALAT-1. Potentially, the suppression of this transcript factor can reduce cells’ malignant behavior [134]. All this evidence confirms that EVs should be considered as part of immunotherapy in patients with RCC, after confirmation of their safety and efficacy in clinical trials.




6. Conclusions


The results of both experimental and clinical studies indicate that EVs are one of the key players in the immune response against RCC. The presence and content of EVs can induce immunosuppression that can be crucial in cancer development. Additionally, the molecular cargo of EVs may have a negative impact on intercellular signaling in the surrounding tissue and may reshape the TME towards facilitating tumor growth.



Based on this information, it can be concluded that EVs are involved in resistance to treatment of RCC. They can decrease the sensitiveness for immune-check-point inhibitors in patients and block the stimulation of lymphocytes. Moreover, EVs may be a new therapeutic option in the future, due to positive results of in-vitro and in-vivo preclinical studies. Perhaps the detection of circulating EVs for the prediction and prognosis of oncological patient outcomes could have greater clinical implications in the future. However, randomized controlled trials are needed to verify these hypotheses.







Author Contributions


Conceptualization—M.K. and M.M., resources—M.K. and M.M.; writing—original draft preparation—M.K., M.M. and K.Ł.; writing—review and editing M.K., M.M. and M.C.-K.; visualization, M.K. and M.M.; supervision, M.C.-K.; funding acquisition, M.C.-K. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Polish National Agency for Academic Exchange (NAWA) under grant PPI/APM/2019/1/00051/U/00001.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Padala, S.A.; Barsouk, A.; Thandra, K.C.; Saginala, K.; Mohammed, A.; Vakiti, A.; Rawla, P.; Barsouk, A. Epidemiology of Renal Cell Carcinoma. World J. Oncol. 2020, 11, 79–87. [Google Scholar] [CrossRef] [PubMed]

	



Hsieh, J.J.; Purdue, M.P.; Signoretti, S.; Swanton, C.; Albiges, L.; Schmidinger, M.; Heng, D.Y.; Larkin, J.; Ficarra, V. Renal cell carcinoma. Nat. Rev. Dis. Primers 2017, 3, 17009. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33. [Google Scholar] [CrossRef]

	



Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 7–30. [Google Scholar] [CrossRef] [PubMed]

	



Bosetti, C.; Bertuccio, P.; Chatenoud, L.; Negri, E.; La Vecchia, C.; Levi, F. Trends in mortality from urologic cancers in Europe, 1970–2008. Eur. Urol. 2011, 60, 1–15. [Google Scholar] [CrossRef]

	



Gu, L.; Ma, X.; Li, H.; Chen, L.; Xie, Y.; Li, X.; Gao, Y.; Zhang, Y.; Zhang, X. Comparison of oncologic outcomes between partial and radical nephrectomy for localized renal cell carcinoma: A systematic review and meta-analysis. Surg. Oncol. 2016, 25, 385–393. [Google Scholar] [CrossRef]

	



Levi, F.; Ferlay, J.; Galeone, C.; Lucchini, F.; Negri, E.; Boyle, P.; La Vecchia, C. The changing pattern of kidney cancer incidence and mortality in Europe. BJU Int. 2008, 101, 949–958. [Google Scholar] [CrossRef]

	



Linehan, W.M.; Ricketts, C.J. The Cancer Genome Atlas of renal cell carcinoma: Findings and clinical implications. Nat. Rev. Urol. 2019, 16, 539–552. [Google Scholar] [CrossRef]

	



Moch, H.; Cubilla, A.L.; Humphrey, P.A.; Reuter, V.E.; Ulbright, T.M. The 2016 WHO Classification of Tumours of the Urinary System and Male Genital Organs-Part A: Renal, Penile, and Testicular Tumours. Eur. Urol. 2016, 70, 93–105. [Google Scholar] [CrossRef]

	



Chen, Y.B.; Xu, J.; Skanderup, A.J.; Dong, Y.; Brannon, A.R.; Wang, L.; Won, H.H.; Wang, P.I.; Nanjangud, G.J.; Jungbluth, A.A.; et al. Molecular analysis of aggressive renal cell carcinoma with unclassified histology reveals distinct subsets. Nat. Commun. 2016, 7, 13131. [Google Scholar] [CrossRef]

	



Capitanio, U.; Bensalah, K.; Bex, A.; Boorjian, S.A.; Bray, F.; Coleman, J.; Gore, J.L.; Sun, M.; Wood, C.; Russo, P. Epidemiology of Renal Cell Carcinoma. Eur. Urol. 2019, 75, 74–84. [Google Scholar] [CrossRef] [PubMed]

	



Shingarev, R.; Jaimes, E.A. Renal cell carcinoma: New insights and challenges for a clinician scientist. Am. J. Physiol. Renal Physiol. 2017, 313, F145–F154. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, H.T.; McGovern, F.J. Renal-cell carcinoma. N. Engl. J. Med. 2005, 353, 2477–2490. [Google Scholar] [CrossRef] [PubMed]

	



Lv, X.; Li, J.; Zhang, C.; Hu, T.; Li, S.; He, S.; Yan, H.; Tan, Y.; Lei, M.; Wen, M.; et al. The role of hypoxia-inducible factors in tumor angiogenesis and cell metabolism. Genes Dis. 2017, 4, 19–24. [Google Scholar] [CrossRef] [PubMed]

	



Erler, J.T.; Cawthorne, C.J.; Williams, K.J.; Koritzinsky, M.; Wouters, B.G.; Wilson, C.; Miller, C.; Demonacos, C.; Stratford, I.J.; Dive, C. Hypoxia-mediated down-regulation of Bid and Bax in tumors occurs via hypoxia-inducible factor 1-dependent and -independent mechanisms and contributes to drug resistance. Mol. Cell Biol. 2004, 24, 2875–2889. [Google Scholar] [CrossRef]

	



You, L.; Wu, W.; Wang, X.; Fang, L.; Adam, V.; Nepovimova, E.; Wu, Q.; Kuca, K. The role of hypoxia-inducible factor 1 in tumor immune evasion. Med. Res. Rev. 2021, 41, 1622–1643. [Google Scholar] [CrossRef]

	



Jonasch, E.; Donskov, F.; Iliopoulos, O.; Rathmell, W.K.; Narayan, V.K.; Maughan, B.L.; Oudard, S.; Else, T.; Maranchie, J.K.; Welsh, S.J.; et al. Belzutifan for Renal Cell Carcinoma in von Hippel-Lindau Disease. N. Engl. J. Med. 2021, 385, 2036–2046. [Google Scholar] [CrossRef]

	



Gray, R.E.; Harris, G.T. Renal cell carcinoma: Diagnosis and management. Am. Fam. Physician 2019, 99, 179–184. [Google Scholar]

	



Usher-Smith, J.; Simmons, R.K.; Rossi, S.H.; Stewart, G.D. Current evidence on screening for renal cancer. Nat. Rev. Urol. 2020, 17, 637–642. [Google Scholar] [CrossRef] [PubMed]

	



Escudier, B.; Porta, C.; Schmidinger, M.; Rioux-Leclercq, N.; Bex, A.; Khoo, V.; Grunwald, V.; Gillessen, S.; Horwich, A. Renal cell carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-updagger. Ann. Oncol. 2019, 30, 706–720. [Google Scholar] [CrossRef]

	



Bedke, J.; Albiges, L.; Capitanio, U.; Giles, R.H.; Hora, M.; Lam, T.B.; Ljungberg, B.; Marconi, L.; Klatte, T.; Volpe, A.; et al. The 2021 Updated European Association of Urology Guidelines on Renal Cell Carcinoma: Immune Checkpoint Inhibitor-based Combination Therapies for Treatment-naive Metastatic Clear-cell Renal Cell Carcinoma Are Standard of Care. Eur. Urol. 2021, 80, 393–397. [Google Scholar] [CrossRef] [PubMed]

	



Urabe, F.; Kosaka, N.; Ito, K.; Kimura, T.; Egawa, S.; Ochiya, T. Extracellular vesicles as biomarkers and therapeutic targets for cancer. Am. J. Physiol. Cell Physiol. 2020, 318, C29–C39. [Google Scholar] [CrossRef] [PubMed]

	



Van Niel, G.; D’Angelo, G.; Raposo, G. Shedding light on the cell biology of extracellular vesicles. Nat. Rev. Mol. Cell Biol. 2018, 19, 213–228. [Google Scholar] [CrossRef] [PubMed]

	



Thery, C.; Witwer, K.W.; Aikawa, E.; Alcaraz, M.J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer, F.; Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): A position statement of the International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750. [Google Scholar] [CrossRef]

	



Bebelman, M.P.; Smit, M.J.; Pegtel, D.M.; Baglio, S.R. Biogenesis and function of extracellular vesicles in cancer. Pharm. Ther. 2018, 188, 1–11. [Google Scholar] [CrossRef]

	



Majka, M.; Kleibert, M.; Wojciechowska, M. Impact of the Main Cardiovascular Risk Factors on Plasma Extracellular Vesicles and Their Influence on the Heart’s Vulnerability to Ischemia-Reperfusion Injury. Cells 2021, 10, 3331. [Google Scholar] [CrossRef]

	



Zhang, W.; Zhou, X.; Zhang, H.; Yao, Q.; Liu, Y.; Dong, Z. Extracellular vesicles in diagnosis and therapy of kidney diseases. Am. J. Physiol. Renal Physiol. 2016, 311, F844–F851. [Google Scholar] [CrossRef]

	



Chang, W.H.; Cerione, R.A.; Antonyak, M.A. Extracellular Vesicles and Their Roles in Cancer Progression. Methods Mol. Biol. 2021, 2174, 143–170. [Google Scholar] [CrossRef]

	



Zhao, H.; Achreja, A.; Iessi, E.; Logozzi, M.; Mizzoni, D.; Di Raimo, R.; Nagrath, D.; Fais, S. The key role of extracellular vesicles in the metastatic process. Biochim. Biophys. Acta Rev. Cancer 2018, 1869, 64–77. [Google Scholar] [CrossRef]

	



Raposo, G.; Nijman, H.W.; Stoorvogel, W.; Liejendekker, R.; Harding, C.V.; Melief, C.J.; Geuze, H.J. B lymphocytes secrete antigen-presenting vesicles. J. Exp. Med. 1996, 183, 1161–1172. [Google Scholar] [CrossRef]

	



Zitvogel, L.; Regnault, A.; Lozier, A.; Wolfers, J.; Flament, C.; Tenza, D.; Ricciardi-Castagnoli, P.; Raposo, G.; Amigorena, S. Eradication of established murine tumors using a novel cell-free vaccine: Dendritic cell-derived exosomes. Nat. Med. 1998, 4, 594–600. [Google Scholar] [CrossRef] [PubMed]

	



Menck, K.; Sivaloganathan, S.; Bleckmann, A.; Binder, C. Microvesicles in Cancer: Small Size, Large Potential. Int. J. Mol. Sci. 2020, 21, 5373. [Google Scholar] [CrossRef] [PubMed]

	



Xu, R.; Rai, A.; Chen, M.; Suwakulsiri, W.; Greening, D.W.; Simpson, R.J. Extracellular vesicles in cancer—Implications for future improvements in cancer care. Nat. Rev. Clin. Oncol. 2018, 15, 617–638. [Google Scholar] [CrossRef]

	



Lindoso, R.S.; Collino, F.; Camussi, G. Extracellular vesicles derived from renal cancer stem cells induce a pro-tumorigenic phenotype in mesenchymal stromal cells. Oncotarget 2015, 6, 7959–7969. [Google Scholar] [CrossRef] [PubMed]

	



Gai, C.; Pomatto, M.A.C.; Grange, C.; Deregibus, M.C.; Camussi, G. Extracellular vesicles in onco-nephrology. Exp. Mol. Med. 2019, 51, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [Google Scholar] [CrossRef]

	



Bebelman, M.P.; Janssen, E.; Pegtel, D.M.; Crudden, C. The forces driving cancer extracellular vesicle secretion. Neoplasia 2021, 23, 149–157. [Google Scholar] [CrossRef]

	



Czystowska-Kuzmicz, M.; Whiteside, T.L. The potential role of tumor-derived exosomes in diagnosis, prognosis, and response to therapy in cancer. Expert Opin. Biol. 2021, 21, 241–258. [Google Scholar] [CrossRef]

	



Yamada, A.; Arakaki, R.; Saito, M.; Kudo, Y.; Ishimaru, N. Dual Role of Fas/FasL-Mediated Signal in Peripheral Immune Tolerance. Front. Immunol. 2017, 8, 403. [Google Scholar] [CrossRef]

	



Yang, L.; Wu, X.; Wang, D.; Luo, C.; Chen, L. Renal carcinoma cell-derived exosomes induce human immortalized line of Jurkat T lymphocyte apoptosis in vitro. Urol. Int. 2013, 91, 363–369. [Google Scholar] [CrossRef]

	



Grange, C.; Tapparo, M.; Tritta, S.; Deregibus, M.C.; Battaglia, A.; Gontero, P.; Frea, B.; Camussi, G. Role of HLA-G and extracellular vesicles in renal cancer stem cell-induced inhibition of dendritic cell differentiation. BMC Cancer 2015, 15, 1009. [Google Scholar] [CrossRef] [PubMed]

	



Kochan, G.; Escors, D.; Breckpot, K.; Guerrero-Setas, D. Role of non-classical MHC class I molecules in cancer immunosuppression. OncoImmunology 2013, 2, e26491. [Google Scholar] [CrossRef] [PubMed]

	



Li, B.L.; Lin, A.; Zhang, X.J.; Zhang, X.; Zhang, J.G.; Wang, Q.; Zhou, W.J.; Chen, H.X.; Wang, T.J.; Yan, W.H. Characterization of HLA-G expression in renal cell carcinoma. Tissue Antigens 2009, 74, 213–221. [Google Scholar] [CrossRef] [PubMed]

	



Morandi, F.; Airoldi, I. HLA-G and Other Immune Checkpoint Molecules as Targets for Novel Combined Immunotherapies. Int. J. Mol. Sci. 2022, 23, 2925. [Google Scholar] [CrossRef] [PubMed]

	



Diao, J.; Yang, X.; Song, X.; Chen, S.; He, Y.; Wang, Q.; Chen, G.; Luo, C.; Wu, X.; Zhang, Y. Exosomal Hsp70 mediates immunosuppressive activity of the myeloid-derived suppressor cells via phosphorylation of Stat3. Med. Oncol. 2015, 32, 453. [Google Scholar] [CrossRef]

	



Rébé, C.; Végran, F.; Berger, H.; Ghiringhelli, F. STAT3 activation. JAK-STAT 2013, 2, e23010. [Google Scholar] [CrossRef]

	



Xia, Y.; Zhang, Q.; Zhen, Q.; Zhao, Y.; Liu, N.; Li, T.; Hao, Y.; Zhang, Y.; Luo, C.; Wu, X. Negative regulation of tumor-infiltrating NK cell in clear cell renal cell carcinoma patients through the exosomal pathway. Oncotarget 2017, 8, 37783–37795. [Google Scholar] [CrossRef]

	



Regis, S.; Dondero, A.; Caliendo, F.; Bottino, C.; Castriconi, R. NK Cell Function Regulation by TGF-beta-Induced Epigenetic Mechanisms. Front. Immunol. 2020, 11, 311. [Google Scholar] [CrossRef]

	



Himbert, D.; Zeuschner, P.; Ayoubian, H.; Heinzelmann, J.; Stöckle, M.; Junker, K. Characterization of CD147, CA9, and CD70 as Tumor-Specific Markers on Extracellular Vesicles in Clear Cell Renal Cell Carcinoma. Diagnostics 2020, 10, 1034. [Google Scholar] [CrossRef]

	



Nolte, M.A.; van Olffen, R.W.; van Gisbergen, K.P.; van Lier, R.A. Timing and tuning of CD27-CD70 interactions: The impact of signal strength in setting the balance between adaptive responses and immunopathology. Immunol. Rev. 2009, 229, 216–231. [Google Scholar] [CrossRef]

	



Ruf, M.; Mittmann, C.; Nowicka, A.M.; Hartmann, A.; Hermanns, T.; Poyet, C.; Van Den Broek, M.; Sulser, T.; Moch, H.; Schraml, P. pVHL/HIF-Regulated CD70 Expression Is Associated with Infiltration of CD27+ Lymphocytes and Increased Serum Levels of Soluble CD27 in Clear Cell Renal Cell Carcinoma. Clin. Cancer Res. 2015, 21, 889–898. [Google Scholar] [CrossRef] [PubMed]

	



Jacobs, J.; Deschoolmeester, V.; Zwaenepoel, K.; Rolfo, C.; Silence, K.; Rottey, S.; Lardon, F.; Smits, E.; Pauwels, P. CD70: An emerging target in cancer immunotherapy. Pharmacol. Ther. 2015, 155, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Grewal, I.S. CD70 as a therapeutic target in human malignancies. Expert Opin. Targets 2008, 12, 341–351. [Google Scholar] [CrossRef] [PubMed]

	



Adam, P.J.; Terrett, J.A.; Steers, G.; Stockwin, L.; Loader, J.A.; Fletcher, G.C.; Lu, L.-S.; Leach, B.I.; Mason, S.; Stamps, A.C.; et al. CD70 (TNFSF7) is expressed at high prevalence in renal cell carcinomas and is rapidly internalised on antibody binding. Br. J. Cancer 2006, 95, 298–306. [Google Scholar] [CrossRef] [PubMed]

	



Kitajima, S.; Lee, K.L.; Fujioka, M.; Sun, W.; You, J.; Chia, G.S.; Wanibuchi, H.; Tomita, S.; Araki, M.; Kato, H.; et al. Hypoxia-inducible factor-2 alpha up-regulates CD70 under hypoxia and enhances anchorage-independent growth and aggressiveness in cancer cells. Oncotarget 2018, 9, 19123–19135. [Google Scholar] [CrossRef]

	



Tse, S.W.; Tan, C.F.; Park, J.E.; Gnanasekaran, J.; Gupta, N.; Low, J.K.; Yeoh, K.W.; Chng, W.J.; Tay, C.Y.; Mccarthy, N.E.; et al. Microenvironmental Hypoxia Induces Dynamic Changes in Lung Cancer Synthesis and Secretion of Extracellular Vesicles. Cancers 2020, 12, 2917. [Google Scholar] [CrossRef]

	



Fu, Z.; Mowday, A.M.; Smaill, J.B.; Hermans, I.F.; Patterson, A.V. Tumour Hypoxia-Mediated Immunosuppression: Mechanisms and Therapeutic Approaches to Improve Cancer Immunotherapy. Cells 2021, 10, 1006. [Google Scholar] [CrossRef]

	



Diegmann, J.; Junker, K.; Loncarevic, I.F.; Michel, S.; Schimmel, B.; von Eggeling, F. Immune escape for renal cell carcinoma: CD70 mediates apoptosis in lymphocytes. Neoplasia 2006, 8, 933–938. [Google Scholar] [CrossRef]

	



Kuchuk, O.; Tuccitto, A.; Citterio, D.; Huber, V.; Camisaschi, C.; Milione, M.; Vergani, B.; Villa, A.; Alison, M.R.; Carradori, S.; et al. pH regulators to target the tumor immune microenvironment in human hepatocellular carcinoma. OncoImmunology 2018, 7, e1445452. [Google Scholar] [CrossRef]

	



Wang, J.X.; Choi, S.Y.C.; Niu, X.; Kang, N.; Xue, H.; Killam, J.; Wang, Y. Lactic Acid and an Acidic Tumor Microenvironment suppress Anticancer Immunity. Int. J. Mol. Sci. 2020, 21, 8363. [Google Scholar] [CrossRef]

	



Yin, L.; Lu, Y.; Cao, C.; Lu, Z.; Wei, J.; Zhu, X.; Chen, J.; Guo, F.; Tu, M.; Xi, C.; et al. CA9-Related Acidic Microenvironment Mediates CD8+ T Cell Related Immunosuppression in Pancreatic Cancer. Front. Oncol. 2021, 11, 832315. [Google Scholar] [CrossRef] [PubMed]

	



Giatromanolaki, A.; Harris, A.L.; Banham, A.H.; Contrafouris, C.A.; Koukourakis, M.I. Carbonic anhydrase 9 (CA9) expression in non-small-cell lung cancer: Correlation with regulatory FOXP3+T-cell tumour stroma infiltration. Br. J. Cancer 2020, 122, 1205–1210. [Google Scholar] [CrossRef]

	



Vergori, L.; Martinez, M.C.; Bigot, P. Circulating large extracellular vesicles carrying CA9 in the diagnosis and prognosis of clear-cell renal cell carcinoma. Clin. Transl. Med. 2021, 11, e358. [Google Scholar] [CrossRef]

	



Li, X.; Xu, W. CD147-mediated reprogrammed glycolytic metabolism potentially induces immune escape in the tumor microenvironment (Review). Oncol. Rep. 2019, 41, 2945–2956. [Google Scholar] [CrossRef]

	



Ren, Y.X.; Wang, S.J.; Fan, J.H.; Sun, S.J.; Li, X.; Padhiar, A.A.; Zhang, J.N. CD147 stimulates hepatoma cells escaping from immune surveillance of T cells by interaction with Cyclophilin A. BioMed. Pharm. 2016, 80, 289–297. [Google Scholar] [CrossRef] [PubMed]

	



Li, H.; Wu, D.; Shi, S.; Xu, Y.; Wei, L.; Liu, J.; Liu, Y. Expression and clinical significance of CD147 in renal cell carcinoma: A meta-analysis. Oncotarget 2017, 8, 51331–51344. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Y.; Xu, J.; Wu, X.; Yao, H.; Yan, Z.; Guo, T.; Wang, W.; Wang, P.; Li, Y.; Yang, X.; et al. CD147 regulates antitumor CD8(+) T-cell responses to facilitate tumor-immune escape. Cell Mol. Immunol. 2021, 18, 1995–2009. [Google Scholar] [CrossRef]

	



Poggio, M.; Hu, T.; Pai, C.-C.; Chu, B.; Belair, C.D.; Chang, A.; Montabana, E.; Lang, U.E.; Fu, Q.; Fong, L.; et al. Suppression of Exosomal PD-L1 Induces Systemic Anti-tumor Immunity and Memory. Cell 2019, 177, 414–427.e413. [Google Scholar] [CrossRef]

	



Wang, G.; He, L.; Wang, S.; Zhang, M.; Li, Y.; Liu, Q.; Sun, N.; Zhang, X.; Liu, Y.; Zhang, J.; et al. EV PD-L1 is Correlated With Clinical Features and Contributes to T Cell Suppression in Pediatric Thyroid Cancer. J. Clin. Endocrinol. Metab. 2020, 105, e2970–e2981. [Google Scholar] [CrossRef]

	



Kammerer-Jacquet, S.-F.; Deleuze, A.; Saout, J.; Mathieu, R.; Laguerre, B.; Verhoest, G.; Dugay, F.; Belaud-Rotureau, M.-A.; Bensalah, K.; Rioux-Leclercq, N. Targeting the PD-1/PD-L1 Pathway in Renal Cell Carcinoma. Int. J. Mol. Sci. 2019, 20, 1692. [Google Scholar] [CrossRef]

	



Gebert, L.F.R.; MacRae, I.J. Regulation of microRNA function in animals. Nat. Rev. Mol. Cell Biol. 2019, 20, 21–37. [Google Scholar] [CrossRef] [PubMed]

	



Quan, J.; Jin, L.; Pan, X.; He, T.; Lai, Y.; Chen, P.; Lin, C.; Yang, S.; Zeng, H.; Lai, Y. Oncogenic miR-23a-5p is associated with cellular function in RCC. Mol. Med. Rep. 2017, 16, 2309–2317. [Google Scholar] [CrossRef]

	



Quan, J.; Pan, X.; Li, Y.; Hu, Y.; Tao, L.; Li, Z.; Zhao, L.; Wang, J.; Li, H.; Lai, Y.; et al. MiR-23a-3p acts as an oncogene and potential prognostic biomarker by targeting PNRC2 in RCC. BioMed. Pharm. 2019, 110, 656–666. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, A.; Li, G.; Peoc’h, M.; Genin, C.; Gigante, M. Serum miR-210 as a novel biomarker for molecular diagnosis of clear cell renal cell carcinoma. Exp. Mol. Pathol. 2013, 94, 115–120. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Ni, M.; Su, Y.; Wang, H.; Zhu, S.; Zhao, A.; Li, G. MicroRNAs in Serum Exosomes as Potential Biomarkers in Clear-cell Renal Cell Carcinoma. Eur. Urol. Focus 2018, 4, 412–419. [Google Scholar] [CrossRef] [PubMed]

	



Iwamoto, H.; Kanda, Y.; Sejima, T.; Osaki, M.; Okada, F.; Takenaka, A. Serum miR-210 as a potential biomarker of early clear cell renal cell carcinoma. Int. J. Oncol. 2014, 44, 53–58. [Google Scholar] [CrossRef] [PubMed]

	



Berchem, G.; Noman, M.Z.; Bosseler, M.; Paggetti, J.; Baconnais, S.; Le Cam, E.; Nanbakhsh, A.; Moussay, E.; Mami-Chouaib, F.; Janji, B.; et al. Hypoxic tumor-derived microvesicles negatively regulate NK cell function by a mechanism involving TGF-β and miR23a transfer. OncoImmunology 2016, 5, e1062968. [Google Scholar] [CrossRef]

	



Noman, M.Z.; Buart, S.; Romero, P.; Ketari, S.; Janji, B.; Mari, B.; Mami-Chouaib, F.; Chouaib, S. Hypoxia-Inducible miR-210 Regulates the Susceptibility of Tumor Cells to Lysis by Cytotoxic T Cells. Cancer Res. 2012, 72, 4629–4641. [Google Scholar] [CrossRef]

	



Noman, M.Z.; Janji, B.; Hu, S.; Wu, J.C.; Martelli, F.; Bronte, V.; Chouaib, S. Tumor-Promoting Effects of Myeloid-Derived Suppressor Cells Are Potentiated by Hypoxia-Induced Expression of miR-210. Cancer Res. 2015, 75, 3771–3787. [Google Scholar] [CrossRef]

	



Wang, T.; Gilkes, D.M.; Takano, N.; Xiang, L.; Luo, W.; Bishop, C.J.; Chaturvedi, P.; Green, J.J.; Semenza, G.L. Hypoxia-inducible factors and RAB22A mediate formation of microvesicles that stimulate breast cancer invasion and metastasis. Proc. Natl. Acad. Sci. USA 2014, 111, E3234–E3242. [Google Scholar] [CrossRef]

	



Lin, R.; Chen, L.; Chen, G.; Hu, C.; Jiang, S.; Sevilla, J.; Wan, Y.; Sampson, J.H.; Zhu, B.; Li, Q.-J. Targeting miR-23a in CD8+ cytotoxic T lymphocytes prevents tumor-dependent immunosuppression. J. Clin. Investig. 2014, 124, 5352–5367. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, X.L.; Xu, G.; Zhou, Y.; Yan, J.J. MicroRNA-183 promotes the proliferation and metastasis of renal cell carcinoma through targeting Dickkopf-related protein 3. Oncol. Lett. 2018, 15, 6003–6008. [Google Scholar] [CrossRef] [PubMed]

	



Donatelli, S.S.; Zhou, J.-M.; Gilvary, D.L.; Eksioglu, E.A.; Chen, X.; Cress, W.D.; Haura, E.B.; Schabath, M.B.; Coppola, D.; Wei, S.; et al. TGF-β-inducible microRNA-183 silences tumor-associated natural killer cells. Proc. Natl. Acad. Sci. USA 2014, 111, 4203–4208. [Google Scholar] [CrossRef] [PubMed]

	



Grange, C.; Tapparo, M.; Collino, F.; Vitillo, L.; Damasco, C.; Deregibus, M.C.; Tetta, C.; Bussolati, B.; Camussi, G. Microvesicles Released from Human Renal Cancer Stem Cells Stimulate Angiogenesis and Formation of Lung Premetastatic Niche. Cancer Res. 2011, 71, 5346–5356. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Q.H.; Sun, H.M.; Zheng, R.Z.; Li, Y.C.; Zhang, Q.; Cheng, P.; Tang, Z.H.; Huang, F. Meta-analysis of microRNA-183 family expression in human cancer studies comparing cancer tissues with noncancerous tissues. Gene 2013, 527, 26–32. [Google Scholar] [CrossRef]

	



Qiu, M.; Liu, L.; Chen, L.; Tan, G.; Liang, Z.; Wang, K.; Liu, J.; Chen, H. microRNA-183 plays as oncogenes by increasing cell proliferation, migration and invasion via targeting protein phosphatase 2A in renal cancer cells. Biochem. Biophys. Res. Commun. 2014, 452, 163–169. [Google Scholar] [CrossRef]

	



Wei, H.; Miao, J.; Cui, J.; Zheng, W.; Chen, X.; Zhang, Q.; Liu, F.; Mao, Z.; Qiu, S.; Zhang, D. The prognosis and clinicopathological features of different distant metastases patterns in renal cell carcinoma: Analysis based on the SEER database. Sci. Rep. 2021, 11, 17822. [Google Scholar] [CrossRef]

	



Song, S.; Long, M.; Yu, G.; Cheng, Y.; Yang, Q.; Liu, J.; Wang, Y.; Sheng, J.; Wang, L.; Wang, Z.; et al. Urinary exosome miR-30c-5p as a biomarker of clear cell renal cell carcinoma that inhibits progression by targeting HSPA5. J. Cell Mol. Med. 2019, 23, 6755–6765. [Google Scholar] [CrossRef]

	



Horie, K.; Kawakami, K.; Fujita, Y.; Matsuda, Y.; Arai, T.; Suzui, N.; Miyazaki, T.; Koie, T.; Mizutani, K.; Ito, M. Serum Exosomal Gamma-Glutamyltransferase Activity Increased in Patients with Renal Cell Carcinoma with Advanced Clinicopathological Features. Oncology 2020, 98, 734–742. [Google Scholar] [CrossRef]

	



Zieren, R.C.; Dong, L.; Clark, D.J.; Kuczler, M.D.; Horie, K.; Moreno, L.F.; Lih, T.M.; Schnaubelt, M.; Vermeulen, L.; Zhang, H.; et al. Defining candidate mRNA and protein EV biomarkers to discriminate ccRCC and pRCC from non-malignant renal cells in vitro. Med. Oncol. 2021, 38, 105. [Google Scholar] [CrossRef]

	



Kuczler, M.D.; Zieren, R.C.; Dong, L.; de Reijke, T.M.; Pienta, K.J.; Amend, S.R. Advancements in the identification of EV derived mRNA biomarkers for liquid biopsy of clear cell renal cell carcinomas. Urology 2022, 160, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Qu, L.; Ding, J.; Chen, C.; Wu, Z.J.; Liu, B.; Gao, Y.; Chen, W.; Liu, F.; Sun, W.; Li, X.F.; et al. Exosome-Transmitted lncARSR Promotes Sunitinib Resistance in Renal Cancer by Acting as a Competing Endogenous RNA. Cancer Cell 2016, 29, 653–668. [Google Scholar] [CrossRef] [PubMed]

	



Greenberg, J.W.; Kim, H.; Moustafa, A.A.; Datta, A.; Barata, P.C.; Boulares, A.H.; Abdel-Mageed, A.B.; Krane, L.S. Repurposing ketoconazole as an exosome directed adjunct to sunitinib in treating renal cell carcinoma. Sci. Rep. 2021, 11, 10200. [Google Scholar] [CrossRef]

	



He, J.; He, J.; Min, L.; He, Y.; Guan, H.; Wang, J.; Peng, X. Extracellular vesicles transmitted miR-31-5p promotes sorafenib resistance by targeting MLH1 in renal cell carcinoma. Int. J. Cancer 2020, 146, 1052–1063. [Google Scholar] [CrossRef] [PubMed]

	



Lenahan, C.; Cho, D.; Bissonnette, A.; Rosenblatt, J.; Wu, Z.; Freeman, G.; Mier, J.W.; Kufe, D.; Atkins, M.B.; Avigan, D. Immunologic effects of sunitinib in renal cell carcinoma. J. Clin. Oncol. 2008, 26, 14551. [Google Scholar] [CrossRef]

	



Zhang, Y.; Luo, C.L.; He, B.C.; Zhang, J.M.; Cheng, G.; Wu, X.H. Exosomes derived from IL-12-anchored renal cancer cells increase induction of specific antitumor response in vitro: A novel vaccine for renal cell carcinoma. Int. J. Oncol. 2010, 36, 133–140. [Google Scholar]

	



Xu, H.Y.; Li, N.; Yao, N.; Xu, X.F.; Wang, H.X.; Liu, X.Y.; Zhang, Y. CD8+ T cells stimulated by exosomes derived from RenCa cells mediate specific immune responses through the FasL/Fas signaling pathway and, combined with GM-CSF and IL-12, enhance the anti-renal cortical adenocarcinoma effect. Oncol. Rep. 2019, 42, 866–879. [Google Scholar] [CrossRef]

	



Karp, D.R.; Carlisle, M.L.; Mobley, A.B.; Nichols, T.C.; Oppenheimer-Marks, N.; Brezinschek, R.I.; Holers, V.M. Gamma-glutamyl transpeptidase is up-regulated on memory T lymphocytes. Int. Immunol. 1999, 11, 1791–1800. [Google Scholar] [CrossRef]

	



Cerezo, M.; Rocchi, S. New anti-cancer molecules targeting HSPA5/BIP to induce endoplasmic reticulum stress, autophagy and apoptosis. Autophagy 2017, 13, 216–217. [Google Scholar] [CrossRef]

	



Zhu, S.; Zhang, Q.; Sun, X.; Zeh, H.J., 3rd; Lotze, M.T.; Kang, R.; Tang, D. HSPA5 Regulates Ferroptotic Cell Death in Cancer Cells. Cancer Res. 2017, 77, 2064–2077. [Google Scholar] [CrossRef]

	



Oakes, S.A. Endoplasmic reticulum proteostasis: A key checkpoint in cancer. Am. J. Physiol. Cell Physiol. 2017, 312, C93–C102. [Google Scholar] [CrossRef] [PubMed]

	



Yi, K.; Cui, X.; Liu, X.; Wang, Y.; Zhao, J.; Yang, S.; Xu, C.; Yang, E.; Xiao, M.; Hong, B.; et al. PTRF/Cavin-1 as a Novel RNA-Binding Protein Expedites the NF-kappaB/PD-L1 Axis by Stabilizing lncRNA NEAT1, Contributing to Tumorigenesis and Immune Evasion in Glioblastoma. Front. Immunol. 2021, 12, 802795. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, Y.; Wang, Y.; Zhao, E.; Tan, Y.; Geng, B.; Kang, C.; Li, X. PTRF/CAVIN1, regulated by SHC1 through the EGFR pathway, is found in urine exosomes as a potential biomarker of ccRCC. Carcinogenesis 2020, 41, 274–283. [Google Scholar] [CrossRef] [PubMed]

	



Raimondo, F.; Morosi, L.; Corbetta, S.; Chinello, C.; Brambilla, P.; Della Mina, P.; Villa, A.; Albo, G.; Battaglia, C.; Bosari, S.; et al. Differential protein profiling of renal cell carcinoma urinary exosomes. Mol. Biosyst. 2013, 9, 1220–1233. [Google Scholar] [CrossRef] [PubMed]

	



Wang, J.; Liu, L. MiR-149-3p promotes the cisplatin resistance and EMT in ovarian cancer through downregulating TIMP2 and CDKN1A. J. Ovarian Res. 2021, 14, 165. [Google Scholar] [CrossRef]

	



Dastmalchi, N.; Hosseinpourfeizi, M.A.; Khojasteh, S.M.B.; Baradaran, B.; Safaralizadeh, R. Tumor suppressive activity of miR-424-5p in breast cancer cells through targeting PD-L1 and modulating PTEN/PI3K/AKT/mTOR signaling pathway. Life Sci. 2020, 259, 118239. [Google Scholar] [CrossRef]

	



Casadei, L.; Calore, F.; Creighton, C.J.; Guescini, M.; Batte, K.; Iwenofu, O.H.; Zewdu, A.; Braggio, D.A.; Bill, K.L.; Fadda, P.; et al. Exosome-Derived miR-25-3p and miR-92a-3p Stimulate Liposarcoma Progression. Cancer Res. 2017, 77, 3846–3856. [Google Scholar] [CrossRef]

	



Xiao, C.T.; Lai, W.J.; Zhu, W.A.; Wang, H. MicroRNA Derived from Circulating Exosomes as Noninvasive Biomarkers for Diagnosing Renal Cell Carcinoma. Onco Targets Ther. 2020, 13, 10765–10774. [Google Scholar] [CrossRef]

	



Qin, Z.; Hu, H.; Sun, W.; Chen, L.; Jin, S.; Xu, Q.; Liu, Y.; Yu, L.; Zeng, S. miR-224-5p Contained in Urinary Extracellular Vesicles Regulates PD-L1 Expression by Inhibiting Cyclin D1 in Renal Cell Carcinoma Cells. Cancers 2021, 13, 618. [Google Scholar] [CrossRef]

	



Klein, K.; He, K.; Younes, A.I.; Barsoumian, H.B.; Chen, D.; Ozgen, T.; Mosaffa, S.; Patel, R.R.; Gu, M.; Novaes, J.; et al. Role of Mitochondria in Cancer Immune Evasion and Potential Therapeutic Approaches. Front. Immunol. 2020, 11, 573326. [Google Scholar] [CrossRef]

	



Arance, E.; Ramírez, V.; Rubio-Roldan, A.; Ocaña-Peinado, F.M.; Romero-Cachinero, C.; Jódar-Reyes, A.B.; Vazquez-Alonso, F.; Martinez-Gonzalez, L.J.; Alvarez-Cubero, M.J. Determination of Exosome Mitochondrial DNA as a Biomarker of Renal Cancer Aggressiveness. Cancers 2021, 14, 199. [Google Scholar] [CrossRef] [PubMed]

	



Takagawa, Y.; Gen, Y.; Muramatsu, T.; Tanimoto, K.; Inoue, J.; Harada, H.; Inazawa, J. miR-1293, a Candidate for miRNA-Based Cancer Therapeutics, Simultaneously Targets BRD4 and the DNA Repair Pathway. Mol. Ther. 2020, 28, 1494–1505. [Google Scholar] [CrossRef] [PubMed]

	



Li, X.; Zhong, M.; Wang, J.; Wang, L.; Lin, Z.; Cao, Z.; Huang, Z.; Zhang, F.; Li, Y.; Liu, M.; et al. miR-301a promotes lung tumorigenesis by suppressing Runx3. Mol. Cancer 2019, 18, 99. [Google Scholar] [CrossRef] [PubMed]

	



Dias, F.; Teixeira, A.L.; Nogueira, I.; Morais, M.; Maia, J.; Bodo, C.; Ferreira, M.; Silva, A.; Vilhena, M.; Lobo, J.; et al. Extracellular Vesicles Enriched in hsa-miR-301a-3p and hsa-miR-1293 Dynamics in Clear Cell Renal Cell Carcinoma Patients: Potential Biomarkers of Metastatic Disease. Cancers 2020, 12, 1450. [Google Scholar] [CrossRef]

	



Schoeps, B.; Eckfeld, C.; Prokopchuk, O.; Bottcher, J.; Haussler, D.; Steiger, K.; Demir, I.E.; Knolle, P.; Soehnlein, O.; Jenne, D.E.; et al. TIMP1 Triggers Neutrophil Extracellular Trap Formation in Pancreatic Cancer. Cancer Res. 2021, 81, 3568–3579. [Google Scholar] [CrossRef]

	



Djafarzadeh, R.; Noessner, E.; Engelmann, H.; Schendel, D.J.; Notohamiprodjo, M.; von Luettichau, I.; Nelson, P.J. GPI-anchored TIMP-1 treatment renders renal cell carcinoma sensitive to FAS-meditated killing. Oncogene 2006, 25, 1496–1508. [Google Scholar] [CrossRef]

	



Dias, F.; Teixeira, A.L.; Nogueira, I.; Morais, M.; Maia, J.; Bodo, C.; Ferreira, M.; Vieira, I.; Silva, J.; Lobo, J.; et al. Plasma Extracellular Vesicle-Derived TIMP-1 mRNA as a Prognostic Biomarker in Clear Cell Renal Cell Carcinoma: A Pilot Study. Int. J. Mol. Sci. 2020, 21, 4624. [Google Scholar] [CrossRef]

	



Mackert, J.R.; Qu, P.; Min, Y.; Johnson, P.F.; Yang, L.; Lin, P.C. Dual negative roles of C/EBPalpha in the expansion and pro-tumor functions of MDSCs. Sci. Rep. 2017, 7, 14048. [Google Scholar] [CrossRef]

	



Sharma, R.; Ellis, B.; Sharma, A. Role of alpha class glutathione transferases (GSTs) in chemoprevention: GSTA1 and A4 overexpressing human leukemia (HL60) cells resist sulforaphane and curcumin induced toxicity. Phytother Res. 2011, 25, 563–568. [Google Scholar] [CrossRef]

	



Yarosz, E.L.; Chang, C.H. The Role of Reactive Oxygen Species in Regulating T Cell-mediated Immunity and Disease. Immune Netw. 2018, 18, e14. [Google Scholar] [CrossRef]

	



De Palma, G.; Sallustio, F.; Curci, C.; Galleggiante, V.; Rutigliano, M.; Serino, G.; Ditonno, P.; Battaglia, M.; Schena, F.P. The Three-Gene Signature in Urinary Extracellular Vesicles from Patients with Clear Cell Renal Cell Carcinoma. J. Cancer 2016, 7, 1960–1967. [Google Scholar] [CrossRef] [PubMed]

	



Dettling, S.; Stamova, S.; Warta, R.; Schnolzer, M.; Rapp, C.; Rathinasamy, A.; Reuss, D.; Pocha, K.; Roesch, S.; Jungk, C.; et al. Identification of CRKII, CFL1, CNTN1, NME2, and TKT as Novel and Frequent T-Cell Targets in Human IDH-Mutant Glioma. Clin. Cancer Res. 2018, 24, 2951–2962. [Google Scholar] [CrossRef] [PubMed]

	



Leonard, F.; Curtis, L.T.; Hamed, A.R.; Zhang, C.; Chau, E.; Sieving, D.; Godin, B.; Frieboes, H.B. Nonlinear response to cancer nanotherapy due to macrophage interactions revealed by mathematical modeling and evaluated in a murine model via CRISPR-modulated macrophage polarization. Cancer Immunol. Immunother. 2020, 69, 731–744. [Google Scholar] [CrossRef] [PubMed]

	



Kimura, M.Y.; Koyama-Nasu, R.; Yagi, R.; Nakayama, T. A new therapeutic target: The CD69-Myl9 system in immune responses. Semin. Immunopathol. 2019, 41, 349–358. [Google Scholar] [CrossRef] [PubMed]

	



Marek-Bukowiec, K.; Konieczny, A.; Ratajczyk, K.; Czapor-Irzabek, H.; Górniak, A.; Kowal, P. mRNA fingerprint of early-stage clear cell renal cell carcinoma identified in urinary exosomes by mRNA sequencing. Pol. Arch. Intern. Med. 2021, 131, 582–585. [Google Scholar] [CrossRef]

	



Muramatsu-Maekawa, Y.; Kawakami, K.; Fujita, Y.; Takai, M.; Kato, D.; Nakane, K.; Kato, T.; Tsuchiya, T.; Koie, T.; Miura, Y.; et al. Profiling of Serum Extracellular Vesicles Reveals miRNA-4525 as a Potential Biomarker for Advanced Renal Cell Carcinoma. Cancer Genom. Proteom. 2021, 18, 253–259. [Google Scholar] [CrossRef]

	



Weigert, A.; Strack, E.; Snodgrass, R.G.; Brune, B. mPGES-1 and ALOX5/-15 in tumor-associated macrophages. Cancer Metastasis Rev. 2018, 37, 317–334. [Google Scholar] [CrossRef]

	



Palazon, A.; Tyrakis, P.A.; Macias, D.; Velica, P.; Rundqvist, H.; Fitzpatrick, S.; Vojnovic, N.; Phan, A.T.; Loman, N.; Hedenfalk, I.; et al. An HIF-1alpha/VEGF-A Axis in Cytotoxic T Cells Regulates Tumor Progression. Cancer Cell 2017, 32, 669–683.e665. [Google Scholar] [CrossRef]

	



Gu, X.; Erb, U.; Büchler, M.W.; Zöller, M. Improved vaccine efficacy of tumor exosome compared to tumor lysate loaded dendritic cells in mice. Int. J. Cancer 2015, 136, E74–E84. [Google Scholar] [CrossRef]

	



Greenberg, J.W.; Kim, H.; Ahn, M.; Moustafa, A.A.; Zhou, H.; Barata, P.C.; Boulares, A.H.; Abdel-Mageed, A.B.; Krane, L.S. Combination of Tipifarnib and Sunitinib Overcomes Renal Cell Carcinoma Resistance to Tyrosine Kinase Inhibitors via Tumor-Derived Exosome and T Cell Modulation. Cancers 2022, 14, 903. [Google Scholar] [CrossRef]

	



Ozkan, I.; Kocak, P.; Yildirim, M.; Unsal, N.; Yilmaz, H.; Telci, D.; Sahin, F. Garlic (Allium sativum)-derived SEVs inhibit cancer cell proliferation and induce caspase mediated apoptosis. Sci. Rep. 2021, 11, 14773. [Google Scholar] [CrossRef] [PubMed]

	



Xiao, H.; Shi, J. Exosomal circular RNA_400068 promotes the development of renal cell carcinoma via the miR-210-5p/SOCS1 axis. Mol. Med. Rep. 2020, 22, 4810–4820. [Google Scholar] [CrossRef] [PubMed]

	



Li, D.Y.; Lin, F.F.; Li, G.P.; Zeng, F.C. Exosomal microRNA-15a from ACHN cells aggravates clear cell renal cell carcinoma via the BTG2/PI3K/AKT axis. Kaohsiung J. Med. Sci. 2021, 37, 973–982. [Google Scholar] [CrossRef] [PubMed]

	



Jin, C.; Shi, L.; Li, K.; Liu, W.; Qiu, Y.; Zhao, Y.; Zhao, B.; Li, Z.; Li, Y.; Zhu, Q. Mechanism of tumor-derived extracellular vesicles in regulating renal cell carcinoma progression by the delivery of MALAT1. Oncol. Rep. 2021, 46, 187. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 12 00772 g001 550] 





Figure 1. The role of EVs in immune escape of RCC; (?)—potential immunosuppressive mechanism not confirmed in the context of RCC-derived EVs but described in other cancer types. RCC cancer cells secrete small EVs (sEV) through the endocytic pathway or large EVs (lEVs) by membrane blebbing (1.). EVs inhibit T-cell proliferation and induce apoptosis by delivering FasL, cause T-cell exhaustion and apoptosis through CD70, and inhibit T-cell function by creating an acidic microenvironment through the enzyme CA9 and through the delivery of CD147 or PD-L1. EV-associated miR-23a represses through the transcription factor BLIMP-1, CD8+ T lymphocyte cytotoxicity, and effector cell differentiation (2.). EVs block monocyte differentiation and maturation by delivery of HLA-G. (3.). EVs induce the suppressive activity of MDSCs by Hsp70-related p-Stat3 activation EV-delivered miR-210 up- regulates MDSC suppressor function by increasing arginase activity and NO production (4.). EVs cause dysfunction of NK cells by delivery of TGF-B1, which induces the TGF-β/SMAD pathway. EV-associated miR-23a suppresses NK function by blocking the expression of CD107a and EV-delivered miR-183 binds and represses DAP12, an important signal adaptor required for proper NK cytotoxic activity (5.). Hypoxia induces overexpression of miR-210 in RCC cancer cells, which downregulates PTPN1, HOXA1, and TP53I11 genes and decreases susceptibility to cytotoxic T-cell lysis (6.). Created with BioRender. Abbreviations: BLIMP-1-B lymphocyte-induced maturation protein-1; CA-9—Cancer antigen 9; Casp—caspase; CD—Cluster of differentiation; CO2—carbon dioxide; EVs—extracellular vesicles; FAS—Fas Cell Surface Death Receptor; FasL—Fas Cell Surface Death Receptor Ligand; H+—hydrogen ion; HCO3—bicarbonate anion; HLA—human leukocyte antigen; H2O—water; HSP—heat shock protein; JAK—Janus-activated kinases; lEVs—large extracellular vesicles; MDSC—Myeloid-derived suppressor cell; miR—microRNA; MVB—Multivesicular body; NK—natural killers; PD-1—Programmed cell death protein 1; PD-L1—Programmed cell death protein ligand 1; RCC—renal cell carcinoma; sEVs—small extracellular vesicles; SMAD—Suppressor of Mothers against Decapentaplegic; STAT—Signal transducers and activators of transcription; TGF-β—Transforming Growth Factor- β. 
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Figure 2. EV-associated biomarkers and prognostic factors with potential impact on the immune system of RCC patients, found in urine and blood. Created with BioRender. Abbreviations: AAMP—Angio-associated migratory cell protein; ALOX5—Arachidonate 5-lipoxygenase; CA-9—Cancer antigen 9; CAPNS1—Calpain small subunit 1; CEBPA—CCAAT/Enhancer binding protein alpha; CYB—Cytochrome B; EV—extracellular vesicle; GGT—Gamma-glutamyl transferase; GSTA1—Glutathione S-transferase A1; hsa-miR—human microRNA; HV1—Hirudin variant 1; miR—microRNA; MYL12B—Myosin light chain 12B; NME2—Nucleoside diphosphate kinase B; PCBD1—Pterin-4-alpha-carbinolamine dehydratase 1; PTRF—Polymerase and transcript release factor; RCC—renal cell carcinoma; RBL2—Retinoblastoma-like protein 2; TIMP-1—Tissue inhibitor of metalloproteinase 1; TLK2—Tousled-like kinase 2; VAMP8—Vesicle associated membrane protein 8; VEGF—Vascular endothelial growth factor-A. 
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Table 1. List of selected studies focused on EVs as biomarkers or prognostic factors with a description of their potential impact on the immune system.
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	Number of Patients
	Investigated Molecule in EVs
	Observed Correlation
	Potential Role in Cancer Immunology
	Sample
	Reference





	28 (20 with cc-RCC,

2 with p-RCC,

4 with ch-RCC, 2 with unknown type)
	GGT
	Higher level and activity

of GGT in EVs in patients with advanced disease

and microvascular invasion
	May take part in T lymphocytes activation [98]
	Serum
	Horie et al. [89]



	70 with cc-RCC
	miR-30c-5p
	Biomarker of cc-RCC (downregulated in comparison to 30 HI)—sensitivity and specificity were 68.57% and 100%, respectively
	miR-30c-5p directly inhibits HSPA5, which can be negatively associated with ferroptosis and autophagy activation [99,100]. HSPA5 is involved in UPR, which is important during tumor antigen presentation [101]
	Urine
	Song et al. [88]



	4 with cc-RCC
	PTRF
	Increased expression and

secretion of PTRF

in comparison to HI
	PTRF can be associated with higher expression of PD-L1 [102]
	Urine
	Zhao et al. [103]



	29 with cc-RCC
	Proteomic analysis
	72/333 proteins were present only in cc-RCC patients

(not in 23 HI)
	Complement components and antibodies chains present in EVs may be evidence of immune response against tumor
	Urine
	Raimondo et al. [104]



	22 (18 with cc-RCC, and 4 with p-RCC)
	mi-RNA

profile
	hsa-miR-149-3p and

hsa-miR-424-3p were upregulated; hsa-miR-92a-1-5p were down-regulated
	miR-149-3p can promote EMT [105], miR-424 can decrease PD-L1 expression [106], miR-92a may be involved in IL-6 secretion [107]
	Urine
	Xiao et al. [108]



	77 with cc-RCC
	CA-9
	Biomarker and prognostic factor of survival and recurrence
	Expression of CA-9 can be associated with higher expression of PD-L1 [62]
	Plasma
	Vergori et al. [63]



	6 with cc-RCC
	miRNA profile
	Increased level of miR-224-5p
	miR-224-5p inhibits the expression of CCND1, which increases PD-L1 protein abundance [109]
	Urine
	Qin et al. [109]



	13 (12 with cc-RCC,

1 with p-RCC)
	Mitochondrial genes HV1; CYB
	Detection of metastasis and aggressiveness
	They are a marker of increased ROS production which can modulate T lymphocytes survival [110]
	Plasma
	Arance et al. [111]



	32 with cc-RCC
	hsa-miR-301a-3p;

hsa-miR-1293
	Decrease of hsa-miR-1293 and increase of hsa-miR-301a-3p were the biomarker of metastatic disease
	miR-1293 regulates the expression of proteins involved in DNA repair processes [112], miR-301a is involved in T-lymphocytes accumulation and IFN-gamma production [113]
	Plasma
	Dias et al. [114]



	32 with localized cc-RCC and 23 with metastatic cc-RCC
	TIMP-1
	Biomarker of tumor size and presence of metastasis
	TIMP-1 can trigger NET formation [115], induces sensitivity to FAS-related apoptosis of cancer cells [116]
	Plasma
	Dias et al. [117]



	33 with cc-RCC
	mRNA
	Decreased levels of GSTA1, CEBPA, and PCBD1 mRNA
	CEBPA can be involved in tumor-induced immunosuppression (by regulating the function of MDSCs) [118], GSTA1 is involved in ROS production, which can promote tumorigenesis and regulate T lymphocytes function [119,120], PCBD1– ND
	Urine
	De Palma et al. [121]



	6 with cc-RCC
	mRNA
	Decreased levels of NME2, AAMP, CAPNS1, VAMP8, and MYL12B mRNA
	Nme2 can stimulate Tc lymphocytes [122], Aamp can polarize M population into M1 [123], Myl12b may be the ligand for CD69 (suppressor of anti-tumor immune response) [124], Vamp8, Capns1 ND
	Urine
	Marek-Bukowiec et al. [125]



	8 with cc-RCC
	miRNA
	Elevated level of miR-4525
	ND
	Serum
	Muramatsu-Maekawa et al. [126]



	9 with cc-RCC
	mRNA
	Presence of four types of mRNA (ALOX5, RBL2, VEGFA, TLK2) was specific for cc-RCC patients
	ALOX-5 expressed by macrophages can be a precursor of pro-tumorigenic metabolites [127], RBL2, TLK2 regulate the cell division process [91], VEGFA pathway can stimulate the proliferation of tumor-induced T-regulatory lymphocytes [128]
	Urine
	Kuczler et al. [91]







AAMP—Angio-associated migratory cell protein; ALOX5—Arachidonate 5-lipoxygenase; CA-9—Cancer antigen 9; CAPNS1—Calpain small subunit 1; cc-RCC—clear cell renal cell carcinoma; CCND1—Cyclin D1; CD—Cluster of differentiation; CEBPA—CCAAT/Enhancer binding protein alpha; ch-RCC—chromophobe renal cell carcinoma; CYB—Cytochrome B; DNA—Deoxyribonucleic acid; EMT—Epithelial-mesenchymal transition; EVs—Extracellular vesicles; FAS—Fas Cell Surface Death Receptor; GGT—Gamma-glutamyl transferase; GSTA1—Glutathione S-transferase A1; HI—Healthy individuals; hsa-miR—human microRNA; HSPA5—Heat shock protein A5; HV1—Hirudin variant 1; IFN—interferon; IL—interleukin; M—macrophages; M1—macrophage type 1; MDSCs—Myeloid derived suppressor cells; miR—microRNA; MYL12B—Myosin light chain 12B; NET—Neutrophil extracellular traps; NME2—Nucleoside diphosphate kinase B; p-RCC—papillary renal cell carcinoma; PCBD1—Pterin-4-alpha-carbinolamine dehydratase 1; PD-L1—Programmed death-ligand 1; PTRF—Polymerase and transcript release factor; RBL2—Retinoblastoma-like protein 2; ROS—Reactive oxygen species; TIMP-1—Tissue inhibitor of metalloproteinase 1; TLK2-Tousled-like kinase 2; UPR—Unfolded protein response; VAMP8—Vesicle associated membrane protein 8; VEGFA—Vascular Endothelial Growth Factor A.
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