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Interleukin-34 (IL-34) is a cytokine that is involved in the regulation of immune cells, including macrophages, in the tumor microenvironment (TME). Macrophages are a type of immune cell that can be found in large numbers within the TME and have been shown to have a role in the suppression of immune responses in cancer. This mmune suppression can contribute to cancer development and tumors’ ability to evade the immune system. Immune checkpoint inhibitors (ICIs) are a type of cancer treatment that target proteins on immune cells that act as “checkpoints,” regulating the activity of the immune system. Examples of these proteins include programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4). ICIs work by blocking the activity of these proteins, allowing the immune system to mount a stronger response against cancer cells. The combination of IL-34 inhibition with ICIs has been proposed as a potential treatment option for cancer due to the role of IL-34 in the TME and its potential involvement in resistance to ICIs. Inhibiting the activity of IL-34 or targeting its signaling pathways may help to overcome resistance to ICIs and improve the effectiveness of these therapies. This review summarizes the current state of knowledge concerning the involvement of IL-34-mediated regulation of TME and the promotion of ICI resistance. Besides, this work may shed light on whether targeting IL-34 might be exploited as a potential treatment option for cancer patients in the future. However, further research is needed to fully understand the mechanisms underlying the role of IL-34 in TME and to determine the safety and efficacy of this approach in cancer patients.
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   1 Introduction

 IL-34 is a human protein that was discovered in 2008 by Lin and his colleagues (1). It is a hypothetical protein that may be accessed in a public database (C16orf77) and was reported as a selective protein that binds CD14+ monocytes and enhances their survival (1–3). Several reports have shown that incubating IL-34 with the extracellular domain protein of the macrophage colony-stimulating factor 1 receptor (MCSF-1R) inhibited the interaction between pure IL-34 and the monocyte in vitro. Additionally, the increase in monocyte vitality brought by IL-34 does not rely on colony-stimulating factor 1 (CSF-1), a second ligand of the CSF-1R (1, 2, 4). Although IL-34 and MCSF-1 exhibit comparable biological activity, myeloid cells respond differently to stimulation by IL-34 or MCSF-1, as evidenced by proinflammatory chemokines production and cytokines (5, 6). The interaction of MCSF-1R with IL-34 has been hypothesized to trigger the activation of autophagy and caspase signaling pathways in monocytes. This activation results in macrophage differentiation and polarization driven by IL-34 rather than CSF-1 (5). Differences in the signaling of CSF-1 and IL-34 have been attributed to differences in the affinity of MCSF-1R binding, hydrophobic/hydrophilic binding character, and differences in the binding pockets (5, 7). However, the molecular processes underlying these disparities must be investigated further in future research.

 In 2010, Baudhuin et al. and colleagues published the first research on IL-34’s pathogenic role in malignant giant cell tumors (GCT) (8). GCT is a benign (noncancerous) bone tumor that is rich in osteoclasts, a cell type with a macrophage origin. Previous research suggested that CSF-1 stimulation via CSF-1R was necessary for osteoclast formation. Afterward, IL-34 was found to be abundantly expressed inside GCT and can promote mouse and human osteoclastogenesis via activating CSF-1R independently of CSF-1 (8, 9). Analysis of tumor-infiltrating immune cells also found a relation between IL-34 expression and type-2 immunosuppressive macrophages in different cancer types (4, 10–12). In patients with large B-cell lymphoma, IL-34 recruits monocytes, resulting in an increased macrophage ratio in the tissues and a poor prognosis (13) In the context of treatment failure, evidence that the TME plays a critical role in progression, metastasis, and therapeutic resistance via its interactions with cancer cells is increasing (11, 14). The tumor location of cancer cells that are resistant to treatment has a considerable number of immunosuppressive M2, which inhibits the immunological response against cancer cells (9, 15).

 Blockade of immune checkpoints is an intriguing strategy that might potentially stimulate therapeutic anticancer activity. However, malignancies often develop immunological resistance to tumor antigen-specific T cells; hence, treatment outcomes in the clinic are frequently limited. Substantial evidence has shown that IL-34, a cytokine first discovered to control the function and survival of monocytes/macrophages (1, 4), is overexpressed in a wide variety of cancers, where it controls various tumor cell functions (16–18). Recent findings about understanding the activities against ICIs have shown that IL-34 helps malignancies evade the immune system, boosts immunosuppression, and reduces the efficacy of ICIs. In this review, we provide an overview of the current knowledge of the function and role of IL-34 in mediating tumor immunological resistance to ICIs in cancer.

 
  2 Immune checkpoint inhibitors

 The groundbreaking discovery of ICIs was a significant step forward in the field of immuno-oncology. Cancer cells can circumvent immunosurveillance and advance by various methods, one of which is the activation of immune checkpoint pathways, which inhibit antitumor immune responses. ICIs increase the immune-mediated clearance of tumor cells, revitalize anticancer immune responses by breaking inhibiting signaling pathways, and result in the eradication of cancer cells (19, 20).

 Immune checkpoint molecules are inhibitory pathways that the immune system adopts to prevent undesirable self-immune responses (21). T lymphocytes, the main players in cell-mediated immunity, target tumor cells that express tumor-specific antigens in the TME (22). These antigens are displayed on the cell surface by major histocompatibility complex molecules, allowing T lymphocytes to recognize them (23). On the surface of activated T cells, immune inhibitory receptors are expressed including PD-1 and CTLA-4 (21). The checkpoint molecules block T-cell activation by sending a “STOP” signal to their host T cells after binding to their specific ligands. By expressing ligands, such as PD-L1, which are identified by the PD-1 T cell receptor, numerous tumor cells can evade T cell-mediated death. Blocking antibodies that interfere with these receptor–ligand interactions between tumor cells (or antigen-presenting cells) and T cells might alleviate the patch on T cells, hence releasing T cell-mediated anticancer effects. Undoubtedly, antibodies that inhibit checkpoints have been shown to be particularly effective against a wide range of cancers. In 2011, the USFDA has approved the first ICI therapy (Ipilimumab) specifically for metastatic melanoma treatment (24), leading to potential response rate regardless of surgery or targeted therapy (25). In the past few years, various studies for immune blockage mainly in renal cell carcinoma, lung cancer, pancreatic cancer (PC) and prostate cancer have yielded promising results, indicating the considerable potential for such a therapy strategy (14, 26, 27) ( Figure 1 ). Although PD-L1 is predominantly expressed on tumor cells, it may also be expressed on antigen-presenting cells; hence, the PD-1/PD-L1 T cell inhibitory mechanism operates throughout several stages of an immune response. PD-L1 and PD-L2 are members of the B7-H1 and B7-DC subfamilies, respectively. Therefore, enhancing the anticancer efficacy of ICIs in patients with cancer and reversing the immunosuppressive phenotype are crucial.

  

 Figure 1 | A review of the mechanism of immune checkpoint inhibitors (ICIs) in tumor therapy. T cells recognize antigen-presenting cells (APC), which are primarily dendritic cells (DCs), as well as tumor cells through T cell receptors (TCR). This molecule is responsible for recognizing fragments of antigen known as peptides that are presented to the cell surface of major histocompatibility complex (MHC) molecules. MHC present particular antigens at the cell surface for T-cell receptor (TCR) to becomes active. Co-stimulatory signals are required for T cell activation through the interaction between the CD28 receptor on T cells and the B7 ligands on APC. On T cells, the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), a co-inhibitory receptor, has been expressed and translocates to the cell membrane after T cell activation, where it competes with CD28 for ligand binding. Consequently, CTLA-4 functions largely during the first phases of cancer growth. in later phase, tumor cells in the tumor microenvironments (TME) release programmed death-ligand 1 (PD-L1), which binds to programmed cell death protein 1(PD-1) receptors on T cells, resulting in a co-inhibitory signal that inhibits T cell function. 

 

 During the genesis of cancer, the TME gains immunosuppression and resistance to cancer therapy. Recently, ICIs for cancer has gained popularity as a therapy following the three primary traditional tumor therapies (surgery, radiation, and chemotherapy) to combat the TME. Blocking antibodies, particularly PD-1 and CTLA-4, have shifted the paradigm of cancer therapy; however, many patients with cancer do not respond and develop resistance to ICIs. In addition to its vital function in tumors, IL-34 has been identified as a factor that biases macrophages toward immunosuppression, leading to increased tumor evasion and progression (28). ICIs alone are not sufficient for effective treatment. However, the combination of ICIs with other newly discovered targetable biomarkers can have the potential to reverse the immunosuppressive state in the TME and may represent a promising approach for future treatment strategies.

 
  3 IL-34 and ICIs in various cancer types

 The immunotherapies that target ICI molecules, e.g., CTLA 4 (29, 30), and PD-1 (31, 32), have contributed to the achievement of persistent responses in the treatment of cancer. Nevertheless, 25% of patients with melanoma that showed objective responses to ICIs acquire resistance to the therapy and suffer from the development of their disease and death (33). Numerous studies have proposed several mechanisms for immune system resistance at the cellular and molecular levels. These mechanisms include weakened T cell infiltration and activation at the TME, epigenetic alterations in cancer cells that impair IFN‐γ signaling, and local TME immunosuppression (21, 34, 35). In this regard, important roles in acquired and innate resistance to ICIs have been attributed to the infiltration of the TME with immunosuppression cells, such as M2-biased TAMs, regulatory T cells (Tregs), and myeloid-derived suppressor cells (MDSCs), as well as numerous inflammatory and metabolic mediators such as arginase1 (ARG1), prostaglandin E2 (PGE2), and indoleamine 2,3-dioxygenase (IDO) (36–38). In many instances, the soluble molecules secreted by the tumor cells are responsible for the formation and maintenance of the immunosuppression TME (39). In light of this, focusing on these parameters would make it possible to alleviate immunosuppression and increase immunotherapeutic responses (40, 41).

 Recently, IL-34 and its receptor, CSF-1R, has drawn strong interest as crucial proteins controlling the survival, function, and proliferation of M2-biased TAMs, which are distinguished by their immunosuppressive activities (42, 43). In several cancers, notably melanoma, PC, and hepatocellular carcinoma, the CSF-1/CSF-1R axis has been associated with the emergence of resistance to PD-1/PD-L1 suppression (44–48). In addition to being activated by CSF-1, the CSF-1R receptor can also be activated differently by binding IL-34 as the second ligand (1). Although CSF-1 and IL-34 have the same receptor and have a comparable effect in vitro on myeloid cells, the two cytokines bind to distinct pockets within the extracellular immunoglobulin (Ig)-like domains of CSF-1R, resulting in various activation pathways of CSF-1R (49). An important distinction between CSF-1 and IL-34 is that IL-34 is selectively expressed in the skin and brain, whereas CSF-1 is physiologically widely dispersed throughout the body (50). Even though it is selectively expressed, IL-34 may be released by tumor cells, and it plays a crucial role in the development of tumors (1, 12, 50–54) and their resistance to chemotherapy and molecularly targeted treatment (15, 55).

 Consistent with its immunosuppressive properties, IL-34 expression in tumors is related to lower cellular frequencies (CD4+, CD8+ T cells, and M1-biased macrophage) and molecular (various chemokines and cytokines) effector frequencies in the TME (11, 56). Using a neutralizing antibody against IL-34 improved ICI’s therapeutic advantages in combinational therapy models involving a patient-derived xenograft model (57). Therefore, cancer therapy may gain a potentially game-changing new option if IL-34 inhibitors can be used to limit protumorigenic effects and ICI resistance ( Table 1  and  Figure 2 ).

  Table 1 | The effect of IL-34 on cancer-related ICIs. 

 

  

 Figure 2 | Overview of the effect of IL-34 on the efficacy of immune checkpoint inhibitors (ICIs) in the treatment of cancer. Tumor-derived IL-34 can modulate the tumor microenvironments (TME) leading to lower frequency of T cell and increases in the ratio of M2-biased macrophages to M1-biased macrophages in TME. Conjunction with an ICI to treat malignancies, a neutralizing antibody directed against IL-34 increase the therapeutic benefits of the inhibitor. 

 

  3.1 Ovarian cancer

 Ovarian cancer is the third most frequent gynecological malignancy globally, yet it has the greatest fatality rate among these tumors. Immunotherapy response rates for patients with ovarian cancer remain to be modest, although ICI therapy is developing quickly (58, 59). In ovarian cancer, to assess the effects of IL-34 on ICI therapy, Hama et al. (60) conducted their study with the mouse ovarian tumor cell line-HM-1, which produces a considerable amount of IL-34. Only IL-34KO HM-1 tumor reacted to PD-1 blockage exhibiting reduced tumor sizes than the control IgG therapy. Furthermore, PD-1 blockade had a minor effect in a mock HM-1, suggesting that the blockade of PD-1 is most effective in ovarian cancer without IL-34 (60). Moreover, the IL-34KO HM-1 tumor exhibited a large infiltrating of CD4+ T and CD8+ cells; these data indicate the increase in T cell infiltration in the IL-34KO HM-1 tumor is not dependent on PD-1 inhibition. In addition, quantitative PCR analysis demonstrated that IL-34KO HM-1 tumors had elevated levels of IFN-γ and tumor necrosis factor-alpha (TNF-α) (60). These results suggest that IL-34 excreted by cancer cells may inhibit antitumor T cell-mediated immunity, which appears to have influenced the effectiveness of PD-1 blocking treatment.

 The production of T cell chemoattractants Cxcl11, Cxcl10, and Cxcl9 is stimulated by IFN-γ (61). Cxcl9 expression considerably increased in tumors of IL-34KO HM-1, which had been treated with an anti-PD-1 antibody (60). By interacting with its receptor Cxcr3, Cxcl9 has been demonstrated to enhance the activity of T cell killers considerably (62), which may explain why PD-1 inhibition was more effective against IL-34KO HM-1 tumors.

 To assess in vivo the therapeutic advantages of IL-34 blockage in combination with ICIs, IL-34-expressed mock HM-1 cells were implanted into B6C3F1 mice; subsequently treated with anti-PD-1, a combination of anti-PD-1 and IL-34 antibodies, or IgG as a control. Compared with the control group, PD-1 inhibition alone had a negligible effect on tumor growth 14 days after therapy. By contrast, PD-1 inhibition combined with an anti-IL-34 antibody remarkably suppressed tumor growth and weight (60). Comparing the TME cellular components in each group revealed that inhibiting IL-34 increased CD8+ T cell infiltration but had no effect on CD4+ T cells. Additionally, combined therapy demonstrated a small reduction in CD11b+F4/80+ cells (60). All these results interpret the broad therapeutic effect of IL-34 blockage inside the TME. In the same context, several recent studies have shown that the blockage of CSF-1R increases the antitumor response to anti-PD-1 therapy in a wide range of tumor types including ovarian cancer (63–66). Comparing the anticancer effectiveness of IL-34 blockage to that of CSF-1R blockage in vivo under the same conditions, reveal a similar effect when paired with anti-PD-1 therapy (48, 67–71). Overall, these findings suggest that blocking IL-34 or its receptor, CSF-1R, can potentially increase the effectiveness of anti-PD-1 treatment.

 
  3.2 Colon and breast cancer

 Colon cancer is the most common cancer worldwide and one of the top three malignancies in the USA in terms of occurrence and fatality (72). However, breast cancer remains the most common cancer-related cause of burden disease for women, affecting one out of 20 worldwide and up to one in every eight in developed countries (4, 73). Many studies have reported that IL-134 overexpression is conversely correlated with poor survival and prognosis in patients with colon and breast cancer (43). Concerning cancer immunotherapy, CT26 colon cancer cells are sensitive to ICIs, such as anti-CTLA-4 and anti-PD-1 antibodies (74, 75). However, the efficacy of ICIs in this cell line is dramatically diminished by IL-34 overexpression (60, 76, 77). To determine how tumor cell-derived IL-34 blocks the ICIs in colon and breast cancer, researchers used CRISPR-Cas9 technology to create IL-34-deficient CT26 and 4T1 cell lines, respectively. The IL-34KO CT26 cell line was induced to express IL-34 and generate an IL-34-overexpressed cell line (IL-34OE CT26). The tumor cells were subsequently transplanted into Syngenic BALB/c mice, which were then treated with either anti-PD-1 or IgG as control. The IL-34KO tumors responded better to anti-PD-1 antibody therapy, as evidenced by reduced tumor sizes in comparison to the control IgG; however the favorable effects of PD-1 blocking were canceled out by IL-34, which is produced by tumor cells (60).

 Next-generation sequencing and gene ontology analysis determined which set of genes was responsible for the greatest antitumor effectiveness within the study group. The group that has been infected with IL-34KO CT26 and treated with anti-PD-1 exhibited a greater number of immune cell response clusters. These immune cell response clusters included the signaling pathway of T cell receptors, antigen presentation and processing, and cytokine–cytokine receptor interactions. Moreover, many genes related to an accumulation of T cells (Cd8a, Cd3e, Cd4), inflammations (Cxcl9, Tnf, Ifng), and a subset of M1-macrophage (Ciita, Nos2, Cd86) have elevated in anti-PD-1 antibody-treated IL-34KO CT26 tumor. By contrast, gene expressions of the M2-macrophage subset (Arg1, Mrc1, and Chi3l3) were lower in IL-34KO CT26 tumors treated with anti-PD-1 than in IL-34OE CT26 tumors (60). In this context, molecular evidence suggests that IL-34KO inhibits the progression of tumors by inducing an elevation in the M1 subset and a reduction in the M2 subset markers.

 In the therapeutic models’ cellular components of the TME, IL-34 was shown to alter the cellular profiles and the inflammatory state of the TME in the tumor (10, 56, 78). An IL-34KO CT26 tumor cell model was conducted to determine if tumor-derived IL-34 contributes to TME M1- and M2-predominant macrophage populations. The results showed that the number of tumor-infiltrating Nos2+ M1-biased macrophages increased whereas the number of Arg1+ M2-biased macrophages decreased (10, 51, 60). CSF-1R inhibition causes a substantial decrease in tumor-associated macrophages (79, 80). In the same context when treated with a PD-1 inhibitor, the 4T1 and CT26 tumor cell models demonstrated a considerably increased production of inflammatory and pro-inflammatory cytokines. Additionally, the number of M1-biased macrophages that infiltrated the tumor were shown to be higher in the IL-34KO 4T1 tumor (60). These results imply that IL-34 produced by tumors may inhibit the growth of M1-biased macrophages and inhibit the formation of the anti-inflammatory milieu. To understand further the correlation between IL-34 and ICIs resistance, the combination of anti-PD-1 and anti-CTLA-4 with or without anti-IL-34 antibodies was added to IL-34OE CT26 tumors. The combined therapy of CTLA-4 and anti-PD-1 without anti-IL-34 antibodies resulted in considerable suppression of tumors, whereas anti-CTLA-4 and anti-PD-1 combined with anti-IL-34 antibodies resulted in a more dramatic suppression of tumors (60). Overall, these findings suggest that IL-34 inhibits the efficiency of ICIs not only by competing with accumulations of T-cells but also by changing the inflammatory state of TME through an imbalance of polarization in the M1 and M2 macrophage populations. Additionally, inhibiting IL-34 with particular antibodies inverts ICI resistance by restoring the inflammatory circuitry inside the TME.

 
  3.3 Lung cancer

 Lung cancer is a common leading cause of death among patients with cancer worldwide. The mortality rate of lung cancer remains high despite breakthroughs in treatment during the previous decade, including targeted medications, diagnostics, staging, surgical procedures, and chemotherapy and radiation (81). The expression of IL-34 and lung cancer progression is still under debate; some previous studies have reported that IL-34 overexpression is related to the poor survival and prognosis of patients with lung cancer. By contrast, Zhendong et al. found that the loss expression of IL-34 correlated with poor prognosis of patients with lung adenocarcinoma (LUAD) (56, 82, 83). Recently, ICIs have shown promise in treating majority of lung cancer subtypes, including nonsmall cell lung cancer (adenocarcinoma, squamous cell carcinoma, and large cell carcinoma) (84, 85). LUAD is a major type of lung cancer with a five-year overall survival rate of fewer than 15% because majority of patients are detected at a late stage during their initial visit (86). In immunotherapy, IL-34 blockade has potential therapeutic effects in LUAD. In clinical settings, the patient-derived xenograft (PDX) model of human primary lung cancer tissues was injected into HuNSG mice. The humanized PDX mice model revealed that PD-L1 and IL-34 were highly expressed in LUAD, which was then treated with anti-PD-1 antibodies alone or anti-PD-1 antibodies and IL-34 antibodies in combination. Consequently, PD-1 blockage alone had an insufficient response, whereas the combination of both antibodies considerably inhibited tumor development (60). This result shows that the combined treatment was successful in releasing a powerful anticancer effect. Moreover, a substantial amount of immune cell infiltration was observed in the tumor that responded to combination treatment (60). Therefore, IL-34 contributes to the development of ICI resistance in human cancer, and inhibiting IL-34 can restore the therapeutic effect of ICIs.

 
  3.4 Melanoma

 Melanoma is the most lethal type of skin cancer, and its prevalence has increased dramatically in recent decades (87, 88). Several studies have recently revealed specific biomarkers that may lead to aggressive behavior in malignant melanoma cells. Giricz, et al. found that high IL-34 expression was associated with resistance and poor prognosis in patients with malignant melanoma (55). In the treatment of melanoma, the use of ICIs that target immune checkpoint molecules has contributed to the achievement of sustained responses (89). Nevertheless, after a median follow-up of 21 months, 25% of patients with melanoma who demonstrated objective responses to PD-1 blockade acquired resistance and suffered disease progression (90). Immune resistance mechanisms in melanoma have mostly remained unexplored. Previous studies in melanoma tissues found a link between genetic changes and acquired ICI resistance (91–94) such as the lack of beta-2-microglobulin (95) or anomalies in the IFN pathways (96). Under normal conditions, IL-34 expression is restricted to the brain and the skin, where it regulates the development, biology, and function of Microglia and Langerhans cells, respectively (97, 98).

 The most recent data in a case-control study found that a patient with refractory melanoma exhibited elevated IL-34 expression (77). These findings are consistent with previous studies that reported a correlation between IL-34 expression and tumor metastasis, progression, and resistance to therapy (8, 12, 51, 99, 100). Tissue from a patient with Nivolumab-resistant metastatic melanoma showed a remarkable increase in expression of IL-34 compared with primary site melanoma tissues, and this upsurge in expression was demonstrated to be connected with greater frequencies of CD163, an M2 macrophage marker (77). This result is consistent with previous studies that provided evidence that IL-34 plays a key role in the induction of M2-polarized macrophages, which have immunosuppressive effects (101). Tumor-derived IL-34 enhances tumor-associated M2-polarized macrophages that exhibit immunosuppression and promote tumor growth (15). Compared with primary melanoma, elevated IL-34 expression is associated with increased CD163+ (an M2-polarization marker) macrophages in refractory metastatic melanoma (15). According to the Human Protein Atlas (http://www.proteinatlas.org ) (102), higher IL-34 expression is related with poor prognosis in melanoma, as shown by the Kaplan–Meier analysis of overall survival (77). As a result, many studies are now using experimental animal models to determine whether or not inhibiting IL-34 in IL-34-producing melanomas may help overcome the therapeutic resistance issues.

 
 
  4 Future perspectives

 Widespread cancer types may benefit from the immunoregulatory activities of IL-34. An increase in tumorigenesis is associated with the overexpression of IL-34, which has been demonstrated to play a role in the resistance, progression, and overall survival of patients. Despite the many advantages of ICIs, several challenges about ICI resistance have not been addressed. IL-34 may be responsible for inhibiting the therapeutic benefits of ICIs, according to new findings. To assess ICIs effectively, having a comprehensive understanding of the potential benefits and risks of IL-34 dysregulation in the TME is vital. Therefore, clinical trials based on robust preclinical evidence, as well as extensive translational research to explain the optimal dose and administration, potential side effects with safety, and the mechanisms of IL-34’s effects in combination with ICIs, are essential to further treatment approaches for various types of cancer.

 
  5 Conclusion

 Since its discovery, IL-34 has been the subject of studies regarding how it affects immune responses. Furthermore, IL-34 and its functional receptors activate intracellular pathways that are involved in the development and progression of many different types of cancer. Here, studies suggesting that IL-34 may play a role in the development of therapeutic resistance to tumor-ICI therapies were summarized. IL-34 limits the effectiveness of ICIs not only by interfering with T-cell attraction but also by altering the inflammatory situation of the TME through polarization imbalances of the M1 and M2 macrophage populations. The combination of IL-34 inhibition with ICIs has raised its profile as a potentially essential treatment option for patients with cancer in the future.
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Cancer-derived 1L-34 inhibits antitumor T cell-mediated immunity, impacting the effectiveness of PD-1 blocking treatment. (60)

IL-34KO inhibits tumor progression, increases the M1 subset while decreasing the M2 subset, and increases the production of
inflammatory and pro-inflammatory cytokines. (60)

Nivolumab-resistant metastatic melanoma showed an increase in the expression of IL-34 associated with higher M2 macrophage

8
infiltration. {78)

IL-34 blockade with anti-PD-1 antibodies considerably inhibited tumor development with significant immune cell infiltration. (60)





