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Non-classical HLA restricted T cell subsets such as γδ T and NK-T cells are showing promises for immune-based therapy of hematological malignancies. Mucosal-Associated Invariant T cells (MAIT) belong to this family of innate-like T cell subsets and are the focus of many studies on infectious diseases, owing to their unusual recognition of bacterial/fungal metabolites. Their ability to produce type 1 cytokines (IFNγ, TNFα) as well as cytotoxic effector molecules endows them with potential anti-tumor functions. However, their contribution to tumor surveillance in solid cancers is unclear, and only few studies have specifically focused on MAIT cells in blood cancers. In this review, we wish to recapitulate our current knowledge on MAIT cells biology in hematological neoplasms, at diagnosis and/or during treatment, as well as tentative approaches to target them as therapeutic tools. We also wish to take this opportunity to briefly elaborate on what we think are important question to address in this field, as well as potential limitations to overcome in order to make MAIT cells the basis of future, novel therapies for hematological cancers.
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Since the initial discovery of unconventional T cell subsets in the 1980s, there has been a large interest in the possibility of harnessing the power of γδ T cells, CD1-restricted, and more recently, MR1-restricted T cells (MR1T), to treat or prevent diverse pathologies such as autoimmune diseases, infections or cancer. Whereas a great deal of work has been conducted with the two former cell populations, leading to the development of start-up companies and several clinical trials, the field of MR1T cells and their potential as therapeutic candidates is still in its infancy.

Mucosal-Associated Invariant T cells represent the vast majority of T cells restricted to the non-classical, MHC-class Ib molecule, MHC-Related 1 (MR1). Their innate-like recognition of microbial metabolites, their potent anti-microbial functions, and their localization at mucosal surfaces, have drawn tremendous interest in the context of infections (1–3). In agreement with MAIT cells being positioned close to mucosal surfaces, several studies have logically focused first on colorectal cancer, followed by analyses of other epithelial cancers (4, 5). MAIT cells functions clearly are relevant to tumor immunotherapy, including direct production of IFNγ and cytotoxic molecules (perforin, granzymes, granulysin) (6, 7), but also the capacity to interact with dendritic cells in a way that would promote their maturation and subsequent priming of anti-tumor T cell responses (8). Surprisingly, the presence of MAIT cells in the tumors seem to be detrimental in several studies (3, 9). Whether this is the consequence of dysfunctional intra-tumoral MAIT cells (4), a functional shift to pro-tumoral functions, or any other mechanism(s) (10), remain to be explored. Nonetheless, MAIT cells hold promises for immune therapy of cancer, provided an important endeavor is carried out to deeply analyze their pro- versus anti-tumor functions in animal models and in humans.

Most studies on MAIT cells focused on solid cancers, but very little is known about MAIT cells and their role, if any, in the pathophysiology and/or treatment of hematologic malignancies. In this review, we will first describe the current knowledge about the behavior of MAIT cells in patients with hematologic malignancies. We will review published work as well as future avenues of research on therapeutic interventions, either directed at manipulating MAIT cells (e.g. CAR-MAIT), or their implication in response to other types of therapeutics (such as checkpoint blockade). Finally, we will raise issues that we think are important when considering possible interventions implicating this peculiar T cell subset.




MAIT cells in hematologic malignancies

The first study describing MAIT cells in patients with hematologic malignancies focused on multiple myeloma (MM) (11). The authors observed a reduced frequency of circulating MAIT cells in newly diagnosed patients, that paralleled the decreased levels of another major innate-like T cell subsets, CD1d-restricted NK-T cells. MAIT cells were also reduced in bone marrow (BM), arguing against a redistribution of these cells in the tumor microenvironment. MAIT cells showed an altered capacity to produce type 1 cytokines (IFNγ, TNFα) upon mitogenic stimulation. Further, in vitro activated NK-T cells (with α-galactosyl ceramide) trans-activated MAIT cells, but this capacity was reduced in MM patients. Interestingly, MAIT cells expressed higher levels of PD-1 in MM patients compared with healthy donors, and antibody-mediated blockade of PD-1 partially restored MAIT cells transactivation by NK-T cells.

Another study (12) rapidly confirmed these early results, i.e. decreased numbers and functions of circulating MAIT cells in MM patients at diagnosis. Again, in vitro there was no evidence for an accumulation of MAIT cells in the bone marrow (BM), suggesting that the lower numbers were not due to redistribution, but rather to aging, and/or an increased apoptosis and/or a decreased survival. Intriguingly, the IFNγ secretion was normal in refractory or relapsed patients, as compared to untreated, newly diagnosed individuals. Finally, MM cell lines expressed MR1 and were targets for MAIT cell killing upon addition of the specific MAIT ligand 5-(2-oxopropylideneamino)-6-d-ribitylaminouracil (5-OP-RU). These two studies were important in showing for the first time alterations of MAIT cells homeostasis and functions in the context of a specific type of blood cancer, but also that they displayed significant anti-tumor capacity in this context.

In a recently published work, we prospectively monitored MAIT cells in a cohort of 216 patients with newly diagnosed acute myeloid leukemia (AML). As in MM, we observed a decline in blood MAIT cells frequency and concentration (13). The decreased MAIT cells frequency was inversely correlated to activation, as measured with HLA-DR expression. Interestingly, MAIT cells dynamics was also associated with the cytogenetic profile and the molecular subtypes of AML. Thus, blood MAIT cells were lower in patients with an adverse cytogenetic profile. Further, a reduced number of patients harbored activated MAIT cells within the favorable prognosis group, as compared with the adverse or intermediate groups. This could lead to the hypothesis that MAIT cells are activated in subsets of AML patients, and this activation would be associated with an adverse prognosis. We also analyzed MAIT cells in patients with an intermediate cytogenetic profile, in association with the presence or absence of specific gene mutations. We found, in contrast, higher blood MAIT cells frequencies in patients harboring FLT3-ITD mutations (associated with a pejorative prognosis), as well as with IDH1/2 mutations. Thus, the interplay between molecular events linked to tumor progression, and MAIT cells behavior in AML is probably more complex and dependent upon other unexplored parameters.

Interestingly, a recent article (14) described the clonal expansion of MAIT cells in the BM of patients with a specific subtype of AML (NK AML M4/M5). Intriguingly, the only patient not achieving complete remission showed a larger MAIT cell infiltration and expression of a specific gene transcription signature. This is the first and only study to date showing BM infiltration by MAIT cells. Further, this work and others suggest that activation of MAIT cells in AML could result in infiltration in the tumor microenvironment, with possible negative impact on disease course. Alternatively, MAIT cells activation could induce MAIT cells apoptosis, explaining the decreased frequency of circulating cells.

Finally, patients with chronic lymphocytic leukemia (CLL) harbored decreased numbers of circulating CD8+CD26hi T cells (15). It was already shown that MAIT cells express high levels of CD26 (13, 16), and the authors confirmed the predominance of MAIT cells within the CD8+CD26hi subset. This study therefore suggest that CLL may also impact MAIT cells physiology, although this requires further confirmation.

Altogether, MAIT cells numbers and/or functions are altered in three different, unrelated types of hematologic cancer. However, whether similar or different mechanisms account for these alterations remains to be established.




Impact of – and on – therapy of hematological neoplasms




Hematopoietic stem cell transplantation

MAIT cells were shown to be quite resistant to chemotherapy, and reconstitute rapidly after autologous HSCT following myeloablative regimen for treatment of non-hodgkin lymphoma (NHL) or MM (17). Further, pre-treatment MAIT levels was associated with better early clinical outcome, with patients displaying less post-transplant infections (as assessed by indirect markers such as CRP levels, or antibiotics uptake). However, other cell types were not analyzed in that study, precluding the assessment of causality in that correlation.

In an allogenic setting, after either myelo- or non-myeloablative conditioning, MAIT cells levels rose rapidly, but failed to normalize to pre-transplant levels (18, 19). Of note, patients in this latter study, diagnosed with various malignancies (NHL, AML, ALL, MDS…) had low pre-transplant circulating MAIT cell levels, confirming that this cell subset is profoundly affected in different sorts of blood malignancies. Importantly, early increase came from graft-transferred MAIT cells, and proliferation was associated with an increased abundance of Blautia spp in the gut microbiota. This important study questioned the resistance of MAIT cells to chemotherapy, as reconstitution mostly arose from graft-derived MAIT. Further, MAIT cells displayed regulatory activity against proliferating conventional T cells, and therefore, a Graft-versus-host disease (GVHd)-protecting effect. Along the same line, another study showed a correlation between MAIT cell numbers post-HSCT and the occurrence of GVHd, where a threshold of 0.48/mm3 could be calculated as an independent risk factor for the risk of GVHd (20). These studies suggest that MAIT cells are protective against GVHd, and that including MAIT cell numbers in the selection of grafts, and/or mobilizing MAIT cells within the graft, could have a positive outcome. It must be noted, however, that not all studies found a positive effect of MAIT cells with respect to GVHd (18).

MAIT cells respond to bacterial ligands from the microbiota, and the diverse studies showed a benefit for microbial diversity within the microbiota with favorable outcome after allo-HSCT. A recent work (21) demonstrated a link between these different events, where a more diverse microbiota improved the reconstitution of MAIT and Vδ2 unconventional T cells, which in turn contributed to a decrease in acute GVHd severity and improved survival. MAIT levels were associated with an abundance of riboflavin producing bacteria, belonging to the phylum Bacteroidetes. The mechanisms underlying the beneficial effect of increased MAIT cells reconstitution are not known, but the authors described the activation status of these cells, with high cytotoxic and Th1/Tc1 functional profile. All this was also concordant with another study demonstrating an inverse correlation between the number of MAIT cells in graft and the risk of acute intestinal GVHd, and the activation of MAIT cells by riboflavin-producing bacteria post-HSCT (22). Of note, MAIT cells post-HSCT expressed CXCR4, which can induce attraction of hematopoietic cells to the BM in response to CXCL12 production by stromal cells. Again, only one study claimed an association of higher MAIT in PB grafts with higher risk of aGVHD (23).

The role of MAIT cells in GVHd was addressed in a murine model of allo-HSCT (24). MAIT cells were found in target organs of GVHd such as liver, lung and colon, and provided protection against GVHd upon adoptive transfer. Mechanistically, they inhibited allogenic CD4 T cell responses, possibly through dampening of allogenic antigens presentation by LN-DC, specifically in the colon. This effect was dependent upon IL-17 production, and associated with the shaping of the gut microbiota. Importantly, in contrast with the human data, the regulatory functions of MAIT cells in this model were confined to recipient MAIT cells, which resisted irradiation, and not transferred donor MAIT from the grafts.





Chemotherapy

Most current treatments of hematologic malignancies unfortunately do not spare lymphocytes, resulting in lymphopenia and altered leucocyte functions in a number of patients. Whether or not MAIT cells are sensitive to these treatments has been only questioned in a limited number of studies.

MAIT cells express higher levels of the multi-drug resistance protein-1 (MDR1, or P-Glycoprotein) than other CD8+ T cell subsets (25, 26) . MDR1 is a drug efflux pump, implicated in cancer resistance to multiple chemotherapies, such as anthracyclins, with consequences on treatment efficacy of acute leukemia (27–29). Indeed, in AML patients treated with the anthracyclin daunorubicin, MAIT cells resist daunorubicin-induced apoptosis in vitro and in vivo (13, 26, 30).

On the other hand, cyclophosphamide, an alkylating agent used for conditioning before HSCT, has a very strong depletion effect on MAIT cells (19). However, cyclophosphamide is also used to treat lymphoma, MM and ALL, where this MAIT-depleting effect might be deleterious. Similarly, the MM treatment lenalidomide had a profound inhibitory effect on MAIT cells (12).

In a search for the identification of new MR1 ligands, Keller et al. screened a number of compounds, including FDA-approved drugs (31). In silico modeling was followed by in vitro experiments looking for compounds that upregulated MR1 on the surface of C1R cells transfected with MR1, and/or activated Jurkat cells expressing a MAIT-derived TCR. Among the compounds able to activate MAIT cells, degradation products of methotrexate, and mercaptopurin, were found to be weak agonists of MAIT cells activation. Both drugs are chemotherapeutics agents used in various hematologic malignancies, which raises the prospect that their use may induce some kind of MAIT cells activation in vivo, and, possibly, participate in their activity.

A few studies claimed that MAIT cells may respond to immune checkpoint blockade (ICB) in vitro. As already mentioned, MAIT cells from MM patients express high PD-1 and show increased functionality upon PD-1 blocking in vitro; similar results were documented for prostate cancer patients (11, 32). Interestingly, exhausted MAIT cells with a PD-1highTim3+CD39+ phenotype accumulate in colon tumors, and their polyfunctionality may be improved by the PD-1 antagonist pembrolizumab (33). Finally, a recent report suggested that MAIT cells may respond to PD-1 blockade in vivo in a small cohort of metastatic melanoma patients (34). In ICB responders, MAIT cells showed direct evidences of activation and proliferation along the course of treatment. Further, higher baseline MAIT cells frequencies was associated with increased probability of response, suggesting their use as biomarkers of clinical response to ICB. Whether or not MAIT cells respond directly to ICB, or represent markers of immune competence in this context should be investigated in the future.

Altogether, the available data suggest that the differential usage of chemotherapeutic agents and/or immunotherapeutic modulators have an impact on MAIT cells, which could be taken into account in future therapeutic designs. However, the response of MAIT cells to a number of current therapeutics have not, and should be addressed in the future.

In sum, our current knowledge on MAIT cells in hematological malignancies is very limited, but the few reports and data available should foster an endeavor to better characterize the relationship between MAIT cells, tumor blasts and the environment. In line with this, we believe there are many questions to be addressed before any engaging into any kind of MAIT cells-based therapy of blood cancers.






Do MAIT cells display anti-tumor functions?

The anti-tumoral functions of MAIT cells were assessed in vivo in several models of transplanted tumors, where B16F10 melanoma cells were injected either in the liver, the blood, or subcutaneously. MAIT cells activated with MR1 ligands (5-OP-RU) combined with CpG, a TLR9 ligand, infiltrated the tumor site, decreased tumor growth and increased survival. This anti-tumor effect was abolished in MR1-/- mice, but it did not require MR1 expression on the tumor cells, pointing to an indirect role for MAIT cells, possibly through activation of other type(s) of effector cells (35) Indeed, another study showed in a lung tumor model a tumor-controlling function of activated MAIT cells; mechanistically, anti-tumor functions were dependent upon MR1 expression by tumor cells, and directly involved NK cells. Thus, it was suggested that MAIT cell activation induced NK cells to kill tumors. Oppositely, MAIT cells deficiency resulted in an enhanced control of tumors by NK cells. Thus, MAIT cells seemingly play a dual and opposite role on tumor control in these models, both through the regulation of NK cell functions. This could reconcile other data obtained in solid cancers, where MAIT seemed to play either anti-tumor or tumor-promoting functions (9, 36). How this double-edge sword function plays out in the context of leukemias and lymphomas is not known and should be properly addressed.





Do MAIT cells recognize hematopoietic tumor cells?

Although MAIT cells display putative anti-tumoral functions, such as cytotoxicity and IFNγ production, it is unclear whether they may specifically recognize and target tumor cells. It has been shown in several in vitro experiments that cell lines of various origins do not spontaneously activate MAIT cells, but do so in the presence of activating MR1 ligands.

As already mentioned, MM cell lines incubated with 5-OP-RU are targets for MAIT cells-mediated killing (12). However, whether primary blasts in MM and other diseases globally retain MR1 expression is not known. Further, killing required addition of MR1 ligands, arguing against spontaneous anti-tumor activity in this context. Another study showed in vitro lymphokine-activated Killer activity by MAIT cells against the leukemic K562 cell line (5), though the MR1-dependence of this phenomenon was not addressed. Intriguingly, it appears that MR1 indeed may present endogenous and tumor-associated antigens to non-MAIT MR1-restricted T cells (37, 38). In the later study, the addition of MAIT-specific MR1 ligands, derived from riboflavin metabolism, actually reduced the activation of these anti-tumoral MR1-restricted T cells, suggesting the possibility that MAIT cells activation could actually antagonize MR1-restricted anti-tumor functions.

MHC class I downregulation is common in cancer, including hematologic malignancies and induces escape from CD8 T cells killing (39). It is most often the consequence of β2m mutations impairing its expression. Although MR1 expression on blast cells has been seldom studies, it is predicted to be impaired in cells losing β2m expression. This may be an issue when considering any strategy that would require cognate TCR-dependent activation of MAIT cells by tumor cells.






Harnessing MAIT cells for therapy of hematologic malignancies




car-mait

CAR (Chimeric Antigen Receptors)-T cells constitute a novel and expanding approach to treat cancers. Patients’ T cells are transduced with a construct encoding a chimeric molecule made of an anti-antigen antibody-like extracellular domain fused to the transducing domain of the CD3ζ chain, and other molecules (such as CD28 or 4-1BB (40)). There, T cells are endowed with Ig- like reactivity against tumors, but retain their specific functions such as cytotoxicity and cytokine secretion. To date, regulatory agencies have approved the use of CD19-CAR-T and BCMA-CAR-T for treatment of refractory ALL and MM, respectively.

Despite showing an impressive efficacy, CAR-T cells show important limitations. First, bulk T cells are transduced, including CD4+, CD8+ T cells with undefined functions. Second, CAR-T cells are generated from autologous T cells, because the use of allogenic T cells expressing endogenous TCRs would create a risk of GVHd. Thus, the overall process is performed through a complex procedure in centralized accredited laboratories, with important delays and even failure to successfully express the desired construct in the patient’s own cells (41).

In this context, MAIT cells represent attractive candidates for “off-the-shelf” CAR-T cell therapy, since they represent a homogenous population devoid of alloreactive potential (42, 43).

Indeed, Dogan et al. (44) recently demonstrated the feasibility of engineering MAIT cells as a platform for CAR-T cell therapy. After transduction with either a CD19- or a Her2neu – CAR construct, MAIT cells were expanded in vitro and demonstrated high cytotoxicity against cell lines expressing the respective cognate antigens. Although preliminary, this is an encouraging proof-of-concept study, which will require further validation in animal models, not only to validate the efficiency of CAR-MAIT. Indeed, CAR-T cell therapy is accompanied by frequent, sometimes severe, toxic reactions, which is a significant limit to its wide usage; whether CAR-MAIT would show similar toxicity is important to assess.





Induced pluripotent stem cells

iPSC represent another novel technology that could widen the therapeutic arsenal against cancer. The ability to derive tumor-fighting lymphocytes through reprogramming can overcome various roadblocks in adoptive transfer therapy, such as immune exhaustion among others (45). Although most efforts seem to focus on iPSC-derived NK cells in the context of tumor immunology, donor-unrestricted T cells represent another attractive target. Indeed, Wakao et al. demonstrated in a series of papers the possibility of reprogramming both murine and human MAIT cells through iPSC technology (46, 47). iPSC-derived murine MAIT cells showed potent anti-tumoral functions upon adoptive transfer in a lung metastasis model, in part through an enhancement of NK cells-mediated cytolysis. CAR-MAIT could also be generated from iPSC-derived MAIT cells. Thus, this technology represent another way MAIT cells could be manipulated in an off-the-shelf product amenable to the clinics.





MAIT-BiTEs

BiTEs (Bi-specific T cell engagers) are engineered monoclonal antibodies where each arm of the antibody binds to a specific surface molecule, bringing together a target (tumor) cell with a T cell cytolytic effector, and activating the latter. For instance, Blinatumomab is a CD3/CD19 BiTE approved for treatment of B-ALL. A growing number of BiTEs are currently in development and in clinical trials, such as CD123/CD3 or CD33/CD3 BiTEs for AML, among others (48). Given the aforementioned features of MAIT cells, directly targeting this subset could represent an alternative to non-specific T cell engagement. Indeed, a recent report described the production of a BiTE engaging the TCR chain TRAV1-2 (expressed by the vast majority of MAIT cells) and a Tumor-Associated Antigen, PD-L1 (49). The authors showed effective targeting of various cancer cell lines expressing PD-L1 and MAIT cells activation. This activation was poly-functional and induced the lysis of cell lines. This work represent the first proof-of-concept that specifically engaging MAIT cells may represent an option to treat malignancies, and should prompt further investigations in in vivo models.





Cytokine therapy

Cytokine-based therapy has gained new attention in the field of tumor immunology, thanks to the development of strategies to overcome limitations pertaining to pharmacodynamics and toxicities (50). Several cytokines (IL-12, IL-15, IL-18, type 1 IFN) can either directly activate MAIT cells, and/or co-stimulate them (with TCR/CD3-stimulation) to engage in specific effector programs. Further, some of them may even help reverse MAIT cells dysfunctions, as shown for IL-7 in chronic HIV infection. Thus, specifically providing these cytokines to MAIT cells could be helpful, or even necessary in the context of hematological malignancies.





MAIT cells as adjuvants for vaccine immunology

Once at the forefront of the research on immune-based therapy of cancer, therapeutic cancer vaccine studies have been shadowed by the successes of antibody- and cell-based therapies, ICB and CAR-T cells. However, these treatments do not represent a universal therapy to cancer, at least in the near future, due to important toxicities and/or lack/loss of response in many patients. This leads some experts to claim that the development of efficient cancer vaccines is still a relevant approach, at least for subsets of patients (51). In different models of infection, providing activating MAIT cells together with the administration of specific vaccines shows a significant adjuvant effect, i.e. increases vaccine immunogenicity (52–54). Cancer vaccines often lack immunogenicity and therefore could possibly benefit from this approach, as already shown for NKT cells (55–57).






Problems to overcome, questions to address




MAIT cell exhaustion

Healthy MAIT cells feature interesting and potent effector functions relevant to immune-mediated anti-cancer therapy. Unfortunately, akin to other T cell subsets, MAIT cells seem to be the subjected to various dysfunctional states, described in patients with various chronic diseases. Thus, MAIT cells can show increased expression of cell-surface co-inhibitory receptors (coIR), such as PD-1, CTLA-4, TIM-3 and/or CD39. First described in HIV infection (58) and HIV/TB coinfection (59), similar findings were found in chronic viral hepatitis (60–63), autoimmune diseases (64, 65), or solid cancers (9, 32, 33, 66). This increased level of coIR was often accompanied by stigmata of chronic activation, decreased circulating numbers, and decreased responsiveness. Further, this exhausted phenotype was persistant even after effective anti-viral therapy in HCV or HIV –treated patients (58, 67) . In vitro, repeated exposure to inflammatory cytokines induced sustained CTLA4 expression on MAIT cells, as a possible safeguard mechanism against immune pathology (68).

Thus, chronic stimulation, either through cognate interactions or inflammatory cytokines (65), seem to drive a dysfunctional state similar to exhaustion in MAIT cells, akin to conventional T cells. Further, it was shown that chronic stimulation also leads to IL13 and IL5 production alongside TNF and IFN (69). Type 2 cytokines may be detrimental for anti-tumor activity.

No study to date has studied MAIT cells exhaustion in the context of hematologic malignancies. However, as already mentioned, MAIT cells are numerically deficient in patients with MM and AML (12, 13); the reason for this is still obscure but one possibility would be that MAIT suffer from increased apoptosis (15). This would represent some kind of immune escape as well.





MAIT cells plasticity

The first reports analyzing MAIT cells functions in vitro showed these cells to be type 1/17 cytokines producers (25), as well as cytotoxic effectors against bacterially infected cells (70). Surprisingly, although MAIT cells are mostly effector/memory cells, their effector functions seemed to be difficult to engage, requiring co-stimulation by inflammatory cytokines such as IL-12, IL-15, IL18 or type 1 IFN, including in in vivo models (71–73). As MAIT-specific ligands like 5-OP-RU can be derived from non-pathogenic microbes, such as commensals, this was interpreted as the existence of a sail-safe mechanism to limit inappropriate MAIT cells activation in the absence of danger (inflammatory) signals. In parallel, inflammatory cytokines could induce at least some effector functions in MAIT cells, in the absence of TCR triggering (74). More recently, however, several groups have highlighted the ability of MAIT cells to engage in different effector programs, according to the integration of activating stimuli (75, 76). Thus, beyond their pro-inflammatory, anti-infectious program, MAIT cells can turn into tissue-repair effectors, through the production of amphiregulin, among others mediators (77, 78).

MAIT cells engaging in this function could be ineffective or even detrimental to tumor immunity. Therefore, a perfect understanding of the factors controlling MAIT cells effector programs and their stability in vivo is required before any attempt to manipulate them in a therapeutic fashion.





Aging

The dynamics of circulating MAIT cells numbers over time have been invariably shown to exhibit an asymetric bell-shape, with an increase over the first years of life (79), reaching maximum levels between the second and fourth decades, followed by a steady decline, whereby aged people display significantly fewer circulating MAIT (80–82). Their functional status as measured by intracellular expression of cytotoxic molecules, and mitogen-induced type 1 cytokines secretion, seem unchanged (82), but IL-4 production may be increased (80) suggesting a possible functional switch. As hematologic malignancies are more frequent in aged subjects, MAIT cells in these patients may be intrinsically less potent and more difficult to harness. Whether or not the decreased age-associated MAIT cells frequency somewhat contributes to the emergence of malignancies remains to be explored.





Traffic to the tumoral microenvironment

Effector cytotoxic lymphocytes need to infiltrate tumors in order to get in close contact with, and kill, tumor cells. A number of hematologic malignancies, such as acute leukemias or multiple myeloma, originate from the bone marrow. If and how MAIT cells migrate to the BM remains underexplored. In MM or AML patients, MAIT cells were found in the BM of patients, but with no evidence of specific recruitment (12, 13) . It has been proposed that BM T cells originate from the blood and permanently recirculate through it (83), contributing to recall responses. Further, in vitro expanded BM-infiltrating lymphocytes display anti-tumoral functions after adoptive transfer in MM patients (84). Retention in the BM is dependent upon the expression of the VLA-4 integrin in murine CD8 T cells (85). MAIT cell activation through their TCR in combination with IL-18 was shown to upregulate VLA4 expression (86). Although BM CD8 T cells are mostly of the CM phenotype, whereas MAIT cells display more often an EM phenotype, this suggests the possibility that MAIT infiltrate the bone marrow in certain situations. CXCR4 is another important molecular cue in entry into the BM (87). MAIT cells also express CXCR4 (88, 89).




Immunosuppressive tumoral microenvironment

Tumor escape from the immune system frequently involves the formation of an immunosuppressive microenvironment, acting through multiple mechanisms to dampen immune effectors. This includes over-expression of immune checkpoint ligands (such as PD-L1 or Gal-9) by blasts themselves, but also the presence of various regulatory cells, such as CD4+ regulatory T cells (Tregs), Myeloid-Derived Suppressive Cells (MDSC), or tumor-associated macrophages (TAM), which inhibit the immune response through a number of mechanisms such as production of Indole-amine 2,3 dioxygenase (IDO), TGFbeta, arginase, IL-10, among many other immunosuppressive factors (90, 91). How these regulatory mechanisms affects MAIT cell functions is not known.







Concluding remarks

The specifics of MAIT cells endow them with interesting features for future therapeutic interventions in cancer. In the context of hematological clonal disorders, very little is known about the possible anti-tumor functions of MAIT cells, but their possible regulatory role protecting against GVHd is promising. We have also tried in this manuscript to pinpoint several major issues pertaining to possible therapeutic manipulation; this was in no way meant to be exhaustive, as many other parameters should be taken into account, such as the interplay between MAIT cells and the microbiota. Thus, there is a need for increasing our research efforts to deepen our understanding of MAIT cells biology and implication in these disorders, which could bring novel approaches to treatment.
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