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Abstract

:

Current therapies for autoimmune diseases are immunosuppressant agents, which have many debilitating side effects. However, dendritic cells (DCs) can induce antigen-specific tolerance. Tolerance restoration mediated by ex vivo-generated DCs can be a therapeutic approach. Therefore, in this review, we summarize the conceptual framework for developing ex vivo-generated DC strategies for autoimmune diseases. First, we will discuss the role of DCs in developing immune tolerance as a foundation for developing dendritic cell-based immunotherapy for autoimmune diseases. Then, we also discuss relevant findings from pre-clinical and clinical studies of ex vivo-generated DCs for therapy of autoimmune diseases. Finally, we discuss problems and challenges in dendritic cell therapy in autoimmune diseases. Throughout the article, we discuss autoimmune diseases, emphasizing SLE.
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1. Introduction


Autoimmunity is a diverse group of conditions where the body’s immune system mistakenly targets and attacks its own cells, tissues, and organs. From rheumatoid arthritis to lupus, multiple sclerosis to type 1 diabetes, autoimmune diseases encompass a spectrum of disorders, each with its unique set of symptoms, triggers, and complexities. While the precise mechanisms underlying these conditions vary, they often share common features, characterized by inflammation, tissue damage, and impaired function in affected organs [1,2,3,4].



At the core of autoimmune diseases lies a delicate interplay between genetic predisposition, environmental factors, and dysregulated immune responses. Genetic susceptibility may predispose individuals to certain autoimmune conditions, while environmental triggers such as infections, stress, or dietary factors can exacerbate immune dysfunction [5]. The immune system, in its quest to protect, becomes entangled in a state of confusion, launching attacks against self-antigens—normal proteins and tissues—mistakenly identified as foreign invaders.



Management of autoimmune diseases typically involves a multifaceted approach aimed at alleviating symptoms, suppressing immune activity, and preventing further damage to affected tissues. This may entail a combination of medications to modulate immune responses, lifestyle modifications to reduce triggers and promote overall well-being, and, in some cases, therapeutic interventions such as physical therapy or surgery to address specific complications [6].



However, glucocorticoids, which are the most common drugs used to manage autoimmunity, cause many side effects on various organs. The side effects include Hirsutism, moon facies, buffalo hump, acne, striae, and weight gain. The use of glucocorticoids in large doses can also cause myopathy and hyperlipidemia. Long-term use of low doses of glucocorticoids can cause growth inhibition, HPA axis suppression, glucocorticoid-induced osteonecrosis, cataracts, acne, skin lesions, and weight gain. In addition, as a result of nonspecific immunosuppressive abilities, the use of these immunosuppressant agents increases susceptibility to infection [7]. Likewise, cyclophosphamide, which is still a first-line drug widely used to treat patients with Lupus Nephritis, has severe side effects such as myeloid suppression, infection, gonadal toxicity, bladder toxicity, and even cancer [8].



The definitive therapy for autoimmunity is the restoration of immune system tolerance. Therapeutic induction of tolerance makes it possible to ‘reset’ abnormalities in the immune system, theoretically allowing long-term, drug-free remission [9]. Over the last decade, researchers have developed approaches to ex vivo differentiation of ‘tolerogenic’ immune cells, which can then be transferred to the body as a potential route for the induction of therapeutic tolerance. One of the new immunotherapy approaches for autoimmune diseases is autologous dendritic cells (DCs) with tolerogenic function (tolerogenic DC or tolDC) [10,11]. This approach utilizes the capacity of DCs as an antigen-presenting cell to induce antigen-specific tolerance.



Autoreactive cells target specific tissue antigens in type-1 diabetes mellitus (T1DM), rheumatoid arthritis (RA), multiple sclerosis (MS). This is not the case in Systemic lupus erythematosus (SLE) [1,2,3,4]. SLE is an autoimmune disorder characterized by antinuclear antibody (ANA) production due to poor cell apoptosis [12]. ANA targets various tissues throughout the body that cause complex autoimmune diseases with various clinical manifestations affecting multiple organ systems. This has become a unique challenge in developing antigen-specific treatment of SLE. Furthermore, despite promising results in several preclinical studies, no experiments on SLE patients have been reported.



Therefore, this article aims to summarize the conceptual framework for developing DC-based strategies for autoimmune diseases, emphasizing the potential application of SLE therapy. We explain the basic science in tolerance establishment, focusing on the role of DCs and its contribution to the pathogenesis of autoimmunity. From there, we discuss the latest developments, problems, and challenges in dendritic cell therapy in autoimmune diseases, focusing on SLE.




2. The Role of Dendritic Cells in Autoimmunity


Abnormalities in immunological tolerance can cause activation of unwanted immune responses to self-antigens, causing autoimmune diseases, such as SLE, type-1 diabetes mellitus (T1DM), rheumatoid arthritis (RA), multiple sclerosis (MS), and inflammatory bowel disease (IBD). Studies in autoimmune patients show that aberrations of immune cell activation, including lymphoid and myeloid cells, cause inflammation in the target organs [13,14]. Currently, the primary treatment of autoimmune diseases is the administration of immunosuppressive agents, but the administration of these drugs often causes side effects such as infection and cancer [15,16,17]. In addition, accumulating evidence has shown that DCs have a central role in maintaining a balance of central or peripheral tolerance [18].



Inducing a primary immune response, the DC acts as a professional antigen-presenting cell that bridges innate and adaptive immunity. DCs are distributed throughout the body, including lymphoid and non-lymphoid organs. DCs can be classified into conventional DCs (cDCs) and non-conventional DCs consisting of plasmacytoid DCs (pDCs) and monocyte DCs (MoDCs) [19]. The pDC is characterized by high expression of CD123, BDCA-2 (CD303), BDCA4 (CD304) and low expression of CD11c [20]. The pDC is in charge of secreting Interferon (IFN) type I in response to viral infection and exposing antigens to CD8+ T cells. In conditions where immunosensing is excessive, IFN-mediated autoimmunity can occur [20,21]. Meanwhile, the cDC and MoDC play a role in forming central and peripheral immune tolerance [22].



The DC in an immature state, or referred to as immature DC (iDC), will continue to patrol the entire body. Most are in peripheral tissues (e.g., liver, kidney, intestines, and skin) and secondary lymphoid organs. iDCs can recognize a large number of pathogen-associated molecular patterns (PAMPs) and danger-associated molecular patterns (DAMPs) through pattern recognition receptor (PRR), Toll-like receptor (TLR), or C-type lectin receptor [23]. iDC highly expresses PRR and major histocompatibility complex class II (MHC-II), while CD80 and CD86 expressions are low. In addition, iDC has low lysosomal activity [24]. iDC processes the encountered antigens into smaller peptides to be presented on the cell surface via MHC class I/II [25]. Exposure to antigens triggers iDC maturation so that the ability to process new peptides is lost, and the ability to present antigens to T cells arises [26]. The mature DC (mDC) expresses MHC and stimulation molecules (CD40, CD80, and CD86), secretes proinflammatory cytokines (IL-1β, IL-6, IL-12), and tumor-necrosis factor α (TNF-α), increases CCR7 and CXCR4 expression, allowing these cells to migrate to lymph nodes. For T cell activation to be effective, three signals are required: (i) interaction between TCR (T Cell Receptor) and antigen/MHC complex; (ii) interaction between CD28 and co-stimulating molecules (CD80 or CD86); and (iii) cytokine and chemokine secretion [27].



In addition to inducing immune responses to pathogens and foreign antigens, the DC is an essential modulator of central and peripheral immune system tolerance [22,28]. In autoimmune diseases, there is dysregulation of the immune system where effector cells in the immunogenic arm become hyperreactive which is caused by a failure of immune system tolerance control. Tolerance is regulated at various checkpoints throughout the immune system [29]. Each checkpoint must create a balance to prevent autoimmunity but at the same time does not compromise immunity. Although the mechanism is not fully understood, autoimmunity is hypothesized to be caused by genetic susceptibility, damage to natural tolerance mechanisms, and environmental triggers such as infection [30,31].



2.1. Central Tolerance


The central tolerance mechanism is essential in forming tolerance and the first checkpoint of tolerance control by removing highly autoreactive lymphocytes. The formation of central tolerance occurs during the development of T cells in the thymus through a process of positive selection and negative selection [29]. Positive selection appears in the thymus cortex, where T-cell receptors that bind to MHCs in thymus epithelial cells can transport rapidly to the thymus medulla (Figure 1). On the other hand, the T cells in which the receptors cannot bind to the MHC do not survive.



In the thymus medulla, T cells that have undergone positive selection will undergo negative selection. T cells that have differentiated into CD4 or CD8 (single positive) rapidly move to the thymus medulla and then scan medullary antigen-presenting cells, dendritic cells (DC), and TEC (thymus epithelial cell) medullary cells (mTECs) for 4–5 days [28]. Thymocytes are removed if they have too high of an affinity for self-antigens (negative selection). Meanwhile, thymocytes with a low affinity for self-antigens will survive and exit the lymphoid circulation.



There are two possible fates of autoreactive T cells in the thymus: elimination through negative selection or differentiation into regulatory T cells [18]. The DC was shown to play a role in the differentiation of regulatory T cells in this thymus. Peripheral DCs can also migrate to the thymus, expose peripherally expressed self-antigens, and cause T cells to differentiate into regulatory T cells [32]. The DC also has surface molecules that are regulatory T-cell differentiation signals (CD70, CD80/86, ICOS-L, PD-L1, and PD-L2) [18]. Therefore, disruption of the DC results in abnormalities in central tolerance. This condition is the underlying cause of autoimmune diseases (Figure 2).



APCs in the thymus medulla (thymus medullary epithelial cells and DCs) express self-antigens specific to each organ tissue [28]. The autoimmune regulatory protein (AIRE) plays a vital role in activating this antigen expression. Losing just one AIRE-induced organ tissue-specific antigen in the thymus, can lead to autoimmunity in the target organ expressing that antigen [33]. The autosomal recessive AIRE gene mutation will cause autoimmune polyendocrine syndrome type-1 (APS-1) [33,34]. APS begins to appear in childhood and has various manifestations and can occur throughout an individual’s life with new manifestations that are difficult to predict. The most frequent manifestations are chronic mucocutaneous candidiasis, hypoparathyroidism, and primary adrenal insufficiency [35].




2.2. Peripheral Tolerance


DC also mediates the establishment of peripheral tolerances. In general, the main mechanisms of peripheral tolerance by DC are formed through the induction of clonal anergy, clonal deletion, metabolic modulation, and secretion of anti-inflammatory cytokines (Figure 3). T cells interacting strongly with tolDC can undergo anergy and lose their function. Some subsets of DC can induce anergy in T cells or the formation of regulatory T cells specific to the antigen being exposed [36]. tolDC also expresses cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) and programmed cell death-1 (PD-1) which can inhibit T cell function. Peripheral autoantigens appear persistently, which will lead to clonal deletion [37]. The tolDC undergoes metabolic modulation by increasing mitochondrial oxidative activity and glycolysis capacity, producing ROS and superoxide [38]. An imbalance between ROS production and clearance leads to autoreactive T-cell damage and death [39]. In addition, tolDC expresses anti-inflammatory cytokines such as IL-10, TGF-β, and IL-35, so when tolDC is activated, it will prevent inflammation [40].




2.3. Role of Dendritic Cells in SLE


One autoimmune disease that arises due to peripheral tolerance abnormalities is SLE. Immunopathologically, SLE occurs due to a disturbance in peripheral tolerance where there is a disturbance in the elimination of apoptotic or necrotic body cells [12]. This causes the release of self-DNA/RNA, which will stimulate plasmacytoid DC (pDC), producing interferon type I (IFN-I) [41]. This increase in IFN-I production will induce an immunogenic immune response. DC differentiation occurs, increasing proinflammatory cytokines. The DC will present a self-antigen so that autoreactive T and B lymphocytes are formed [42].



Cellular death is an essential and innate occurrence observed in both regular bodily functions and abnormal states across all biological tissues. It is pivotal in maintaining immune tolerance and regulating the appropriate immune responses to external antigens. While apoptosis stands as the primary pathway for cellular death, cells can also undergo death via necrosis and necroptosis, which is a programmed cell death mechanism not reliant on caspase activation. Rapid removal of apoptotic cells from tissues is crucial to prevent inflammation and immune reactions. Inadequate clearance of apoptotic cells and subsequent buildup of cellular debris result in the release of autoantigens thus disrupting self-tolerance mechanisms [43]. Nuclear contents exposure coupled with persistence of danger signals that result from delayed apoptotic clearance and secondary necrosis result in the breakdown of tolerance to self-antinuclear antigens. Expression of ANA is not a protective mechanism to enhance phagocytosis, but rather pathological. The expression of ANA can be categorized as pathological insofar as antibodies specific to the disease are present in patients but not in otherwise healthy individuals; as such, the production of these antibodies signifies a pathological disturbance in the mechanisms that should prevent B cell and T cell reactivity to self-antigens [44]. Restoring tolerance towards the ANA antibody should reverse the process mediated by apoptotic clearance disturbance, and eventually should result disease remission.



In addition, SLE patients have an increased number and activity of Th 17 cells accompanied by a decrease in regulatory T cells, which causes autoimmunity. Furthermore, there is Th1 cell dysfunction and Th2 cell hyperfunction, which causes activation of various types of B cells, resulting in autoantibodies [45]. The formed complex of antigens and autoantibodies will cause damage to multiple tissues. This disruption of the innate and adaptive immune system occurs continuously. This causes tolDC to be unable to compensate for inflammatory activity caused either through anergy induction, clonal removal, metabolic modulation, or secretion of anti-inflammatory cytokines. Thus, increased tolDC capacity can restore the balance of immune tolerance regulation in SLE patients.





3. Recent Developments in Ex Vivo-Generated Tolerogenic Dendritic Cell Therapy for Autoimmune Diseases


In the last decade, much research has been carried out on tolDC as a potential target for immunotherapy in autoimmune patients. Similar to other autoimmune diseases, therapy in SLE aims to restore immune tolerance to self-antigens. Current clinical treatment of SLE uses anti-inflammatory and immunosuppressive drugs, which are nonspecific and have a broad systemic effect. Several new SLE therapy approaches are being developed to improve specificity and efficacy with fewer side effects. Therefore, tolDC is becoming a promising target and therapeutic tool for its ability to modulate immune responses to specific antigens. Cellular therapy with ex vivo induction of tolDC raises some interest in being developed for autoimmune therapies, especially SLE. Therefore, some preclinical studies focusing on tolDC transfer as an autoimmune disease therapy are summarized in Table 1.



TolDC’s autologous-based therapy is currently in clinical trials for treating several autoimmune diseases, including T1DM, rheumatoid arthritis, and multiple sclerosis [54,55,56,57]. However, little information is available regarding the use of tolDC for SLE therapy. There have been no clinical trials of SLE therapy using ex vivo-induced autologous DC. Some of the studies that have been conducted have only tested its function in vitro [46,47]. MoDC from SLE patients cultured with vitamin D and dexamethasone can produce IL-10-producing tolDC that induces a strong Treg response [37]. Another study showed that MoDC from SLE patients cultured with rosiglitazone and dexamethasone was not fully mature, characterized by low production of proinflammatory cytokines, and exhibited tolerogenic phenotypes. In addition, tolDC is resistant to autologous apoptotic cell-induced maturation and can decrease CD4 T cell responses [58].



Some probiotic bacteria show beneficial effects in lowering inflammation and autoimmune diseases. For example, moDCs of SLE patients cultured with probiotics (Lactobacillus delbrueckii and Lactobacillus rhamnosus) produced tolDC with low maturation rates. Furthermore, it was discovered that the procedure significantly increased the expression of IDO and IL-10 and decreased IL-12 in DC [59]. These results prove that tolDC can be made from peripheral blood monocytes of SLE patients cultured together with probiotic bacteria. Some of the currently developed tolDC manufacturing methods are illustrated in Figure 4.



Interestingly, Nikpoor et al. found that co-culture of MoDC derived from SLE patients with natural compounds derived from medicinal plants (curcumin and berberine) induced a tolerogenic phenotype in DC. These compounds suppress the maturation signal, decrease IL-12, and increase IL-10 production. These findings open the possibility of using such compounds in the ex vivo expansion of tolDC. The use of natural compounds might reduce the cost of tolDC production, so that other natural compounds should also be studied.



Several clinical trials of ex vivo-generated DC immunotherapy for autoimmune diseases have been conducted, summarized in Table 2. Administration of DC immunotherapy exposed intraarticularly with autologous synovial fluid in subjects with rheumatoid arthritis (RA) demonstrates good safety, tolerability, and efficacy. This is indicated by no flares and increased disease severity during the observation period [54]. Phase I clinical trials with T1DM subjects showed that DC immunotherapy was tolerable and had no serious adverse events. However, the study’s results did not show any clinical changes in the subjects treated [55]. Another study on T1DM subjects showed DC immunotherapy introduced with pancreatic islet cell antigens proved to be safe and well tolerated, induced an immune tolerance response for up to 3 years post-therapy, temporarily decreased CD4+ and CD8+ T cell responses to pancreatic islet cell autoantigens, and increased reg and memory CD4+ T cells after the first injection [57]. Phase IB clinical trials of DC immunotherapy in MS showed that patients given DC did not experience worsening during the follow-up phase. In addition, an increase in IL-10 was associated with an increase in regulator T cells [56]. Until now, there have been no clinical trial results of DC immunotherapy for SLE therapy. The results of the clinical trials mentioned above show that DC immunotherapy can be performed in autoimmune patients with reasonable safety and potential effectiveness. Therefore, DC immunotherapy should also be used for SLE therapy, but it still requires further research.




4. Therapeutic Potential, Problem, and Challenges of Dendritic Cell Immunotherapy for Autoimmune Diseases


Knowledge of immune mechanisms based on autoimmune diseases fueled the development of various approaches to induce tolDC. As a result, tolDC is expected to suppress unwanted immune responses in the long term and restore systemic immune tolerance. In addition, autologous DC transfers are proven to have high tolerability and do not cause unwanted side effects [54,55,56,57]. Thus, this method can be a long-term therapy for autoimmune diseases, including SLE.



Several methods are developed to induce the tolerogenic phenotype of DC ex vivo. TolDC can be obtained by culturing DC with an immunosuppressive agent, anti-inflammatory cytokine, or probiotic [37]. TolDC can also be obtained from genetic manipulation using viral vectors to express immunosuppressive phenotypes, such as the introduction of CTLA-4 and IDO genes [60]. Although there are various potential ways to obtain tolDC, it is necessary to compare its effectiveness in inducing a tolerance response in autoimmune diseases, especially in SLE. In SLE, chronic inflammatory conditions occur, allowing changes in the tolDC phenotype to be autoreactive after being transferred to the patient’s body. For tolDC to effectively control autoimmunity in SLE, tolDC is needed to maintain its tolerogenic phenotype under inflammatory conditions.



DC can induce specific tolerance to antigens. Thus, introducing autoantigens by tolDC is expected to improve central and peripheral tolerance. However, it is still challenging to identify the exact specific antigen for systemic tolerance induction to occur. In autoimmune diseases that attack specific organs, part of the organ can be a source of autoantigens. This has been proven in clinical trials using synovial fluid as a source of autoantigens for DC therapy in rheumatoid arthritis [54]. However, in systemic autoimmune diseases involving multiple organs, such as SLE, using parts of a particular organ as a source of antigens may not represent the autoantigens that cause SLE.



It is known that SLE occurs due to impaired elimination of cells that undergo apoptosis or necrosis where self-DNA or RNA, histone, and nucleosomes trigger autoimmune reactions [20,61]. Preclinical trials using histone protein as a therapy showed promising results in reducing clinical symptoms, although no tolerance induction through Treg formation or anergy formation was proven [62]. Therefore, the design of specific antigens to induce tolerance in SLE is a challenge to be solved.



On the other hand, there is evidence that tolDCs exposed to specific antigens (loaded tolDC) have a lower capacity to induce tolerance compared to DCs not exposed to antigens (unloaded tolDC) [63]. The use of unloaded tolDCs may be more effective in systemic autoimmune diseases such as SLE because autoantigens are continuously present systemically in the body, so there is no need to be exposed to specific antigens ex vivo. Research on mice models of T1DM has also shown that unloaded tolDCs can trigger antigen-independent reg T cell expansion [53]. However, it should be noted that unloaded tolDC has an unstable phenotype, so there is a possibility that the phenotype changes to immunogenic due to exposure to antigens in the body [24]. If this happens, it will aggravate the autoimmunity reaction. Thus, it is necessary to study the direction of change in phenotype and functionality of unloaded tolDCs after it is transferred back to the body of patients with autoimmune diseases. In addition, it is also necessary to find methods to maintain the unloaded tolerogenic properties of tolDCs.



Regarding clinical applications, using immunosuppressant agents for SLE can cause different side effects [7,8]. However, some preclinical research in the SLE model shows the potential use of DC to initiate an immune tolerance response without causing significant side effects [46,47,49,51,52,53,64]. Therefore, the use of DC therapy is superior compared to standard treatment. However, the DC administration line still needs special attention. There is evidence that intraarticular administration of tolDC in rheumatoid arthritis can reduce symptoms [54], but this procedure tends to be invasive, making it challenging to give repeated doses.



Given the nature of the relapsing course of autoimmune diseases, it is possible that tolDC therapy needs to be given at repeated doses. Therefore, the DC administration route should be easily accessible and non-invasive but allow effective migration of DC to the lymphoid organs so that systemic immune tolerance can be induced.



Although no approach has yet been found to fully restore immune tolerance, autologous DC transfer could potentially replace or decrease dependence on immunosuppressant agents in people with SLE.




5. Conclusions


In summary, DC is vital in inducing central and peripheral immune tolerance. Abnormalities in DC function can lead to autoimmune diseases, including SLE, making DC one of the potential therapeutic targets. Preclinical studies revealed that tolDC can be generated ex vivo by culturing MoDC with differentiation media in combination with tolerizing agents (with or without antigens), tolerance-inducing bacteria, and herbal-derived chemical compound. Clinical studies revealed that tolDC is safe and well tolerated; however, clinical response is varied. Furthermore, identifying specific antigens, tolDC induction methods, and administrative pathways of DC immunotherapy for autoimmune diseases still needs further research.
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Figure 1. Establishment of central tolerance in the thymus. Double negative T-cells undergo positive selection by only cells bound to MHC of thymic epithelial cells that can survive. Subsequently, T-cells undergo negative selection, releasing only those that do not bind to self-peptide into circulation. MHC: major histocompatibility complex, CD4: cluster of fifferentiation-4, CD8: cluster of fifferentiation-8, and DC: dendritic cell. 
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Figure 2. DC function abnormalities lead to failure of the formation of central tolerance in the thymus. Thymic DCs are involved in the presentation of self-peptide in T-cell development. Disturbance of self-peptide presentation allows self-reactive T-cells to be released into circulation. MHC: major histocompatibility complex, CD4: cluster of differentiation-4, CD8: cluster of differentiation-8, and DC: dendritic cells. 
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Figure 3. Establishment of peripheral tolerance by dendritic cells. TolDC can induce tolerance by direct secretion of anti-inflammatory cytokines, stimulate differentiation of Treg, induce apoptosis of self-reactive T-cells, and cause T-cell anergy. IL-10: interleukin-10, Th17:T-cell helper-17, and DC: dendritic cells. 
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Figure 4. Production of tolDC for SLE. A. Ex vivo generation of tolDC can be done through various methods: co-culture with tolerizing agents, co-culture with tolerizing agents and specific antigens, co-culture with tolerance-inducing bacteria, and co-culture with tolerance inducing herbal-derived chemical compound. 
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Table 1. Preclinical research of tolDC as an autoimmune therapy.
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	TolDC Induction Method
	Study Model
	Antigen Loading/Maturation Stimulus
	Result
	References





	Ex vivo, MoDC differentiation media in combination with 1,25 dihydroxyvitamin D3+

Dexamethazone
	In vitro model of MoDCs isolated from SLE patients
	Lipopolysaccharide
	Induces regulatory T cells and modulates cytokines
	[46]



	Ex vivo, MoDC differentiation media in combination with Rosiglitazone + Dexamethasone
	In vitro model of MoDCs isolated from SLE patients
	Lipopolysaccharide + Autologous Apoptotic Lymphocytes
	Suppresses T cell priming and modulates cytokines
	[47]



	Ex vivo, either MoDC differentiation media Only (GM-CSF+IL-4) or combination with P Selectin or PD-1 or IL-10
	In vitro model of MoDCs isolated from SLE patients
	None
	Diminished maturation signals expression, increased capability to induce Th17 cells, combination with IL-10 induces most potent regulatory T cells
	[48]



	Ex vivo, MoDC differentiation media in combination with Lactobacillus delbruekii + Lactobacillus rhamnosus
	In vitro model of MoDCs isolated from SLE patients
	None
	Suppresses maturation signal expression, increases IDO and IL-10, and decreases IL-12
	[49]



	Ex vivo, MoDC differentiation media in combination with Cu