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Several cellular elements of the bone marrow (BM) microenvironment in multiple myeloma (MM) patients contribute to the

immune evasion, proliferation, and drug resistance of MM cells, including myeloid-derived suppressor cells (MDSCs),

tumor-associated M2-like, “alternatively activated” macrophages, CD38+ regulatory B-cells (Bregs), and regulatory T-cells

(Tregs). 

Keywords: Immunosuppressive Tumor Microenvironment ; cancer ; multiple myeloma ; immunomodulation ; bispecific

antibodies ; CAR-T cells ; tyrosine kinases ; cytokines ; myeloid derived suppressor cells ; lactate shuttle

1. Introduction

The tumor microenvironment (TME) is one of the main contributors of a marked immunobiological and clinical

heterogeneity as well as clonal evolution in multiple myeloma (MM) . Several cellular elements of the bone marrow

(BM) microenvironment in MM patients contribute to the immune evasion, proliferation, and drug resistance of MM cells 

, including myeloid-derived suppressor cells (MDSCs), tumor-associated M2-like, “alternatively activated”,

macrophages, CD38  regulatory B-cells (Bregs), and regulatory T-cells (Tregs)  (Figure 1A). These

immunosuppressive elements in bidirectional and multi-directional crosstalk with each other inhibit both memory and

cytotoxic effector T-cell populations as well as natural killer (NK) cells . MDSCs along with MM cell-derived

interleukin 10 (IL-10) , TGF-β, and IL-6 are also known to impair dendritic cell (DC) maturation and their antigen-

presenting function, which further accentuates the immunosuppression . In addition to their immune-suppressive activity

mediated by their secretion of IL-10 (an activator of Tregs and M2 macrophages), and TGF-β (an inhibitor of both

cytotoxic T-cells and NK cells), M2 macrophages also promote MM cell proliferation, angiogenesis, and chemotherapy

resistance  (Figure 1A). Nonclinical studies in animal models of MM have demonstrated that exosomes serve as

regulators of the signaling networks within the BM microenvironment, activate anti-apoptotic mechanisms promoted by

oncogenic proteins such as the signal transducer and activator of transcription 3 (STAT3), and cause immunosuppression

by facilitating the growth of MDSCs . Exosome-activated MDSCs have been implicated in development

of other immunosuppressive cells, such as Tregs, tumor-promoting angiogenesis, proliferation of MM cells, and increased

osteoclast activity contributing to the lytic bone lesions . Complementing the immunosuppressive TME, T-

cell exhaustion combined with high-level expression of immune-checkpoint ligands on MM cells are the main contributors

to the immune evasion of MM cells .
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Figure 1. Immunosuppressive TME in MM. (A) MM cells secrete several cytokines including IL-6, TGF-β (TGF), and IL-10

 that inhibit DCs, CTLs, but stimulate Tregs. MDSCs are stimulated by M2 macrophages via IL-6 and stimulate

M2 macrophages as well as Tregs via IL-10. MDSC inhibit CTLs and NK cells via IL-10. See text for detailed discussion.

(B) Lactate shuttle in TME. Lactate derived from MM cells stimulates Tregs and M2 macrophages, but it inhibits TILs,

CTL, NK cells, and γδT cells. See text for detailed discussion.

2. Rationale of Targeting CD38, SLAMF7, CD137, and KIR as an
Immunomodulatory Strategy against Immunosuppressive TME in MM

CD38 surface antigen is abundantly expressed on MM cells . Anti-CD38 MoAb, including daratumumab (DARA),

isatuximab (ISA), and MOR202 (Figure 2), have shown tolerability as well as meaningful clinical activity in FDA-approved

monotherapy regimens and as components of FDA-approved multi-modality combination regimens for treatment of R/R

MM patients . Recently, a new formulation of DARA containing recombinant human hyaluronidase PH20 has

become available that can be administered subcutaneously . DARA has increased the efficacy of the standard VLD

regimen in ASCT-eligible patients and contributed to deep CRs with MRD negativity in the randomized GRIFFIN trial .

Figure 2. Monoclonal antibodies, BiTEs, BsAbs, CAR-T cells, and CAR-NK cells targeting MM cells. Abbreviations: MoAb:

monoclonal antibody; BiTE: bispecific T-cell engager; bsAb: bispecific antibody; CAR-T: chimeric antigen receptor carrying

T-cell; CAR-NK: chimeric antigen receptor carrying T-cell. See text for a detailed discussion of the rationale of targeting

the CD38, SLAMF7, and BCMA receptors.

CD38-targeting MoAb such as DARA have been shown to cause complement-dependent cytotoxicity (CDC), antibody-

dependent cellular cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), and tumor cell apoptosis .

However, CD38 is expressed on immunosuppressive cellular elements of the TME as well, including MDSCs and

regulatory B-cells (Bregs) . Krejcik et al. reported that DARA is capable of depleting CD38  immune regulatory

cells, thereby increasing the size of the immunoreactive clonal cytotoxic effector T-cell populations . Biomarker
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analyses in R/R MM patients using a next-generation mass cytometry platform suggested a novel immunomodulatory

mechanism of action associated with the activation of CD8  cytotoxic T-cells . The immunomodulatory effects of DARA

and other anti-CD38 MoAb may be useful to achieve clinical responses in IMiD-refractory MM patients using IMiD in

salvage therapy following DARA monotherapy .

The CD38 antibodies also improve host-anti-tumor immunity by elimination of regulatory T-cells, regulatory B-cells, and

MDSCs . Mechanisms of primary and/or acquired resistance include tumor-related factors. It has been shown that

increased expression levels of complement inhibitors CD55 and CD59 as well as decreased cell surface expression levels

of CD38 on MM cells may confer resistance to anti-CD38 MoAb , whereas certain KIR and HLA genotypes are

associated with higher effectiveness of treatment regimens employing anti-CD38 MoAb . Therefore, biomarker-guided

patient-tailored application of anti-CD38 MoAb may further improve their clinical impact potential in MM therapy.

SLAMF7 surface antigen is expressed on both MM cells and plays an important role in MM cell adhesion to protective BM

stroma (Figure 2). SLAMF7 has been implicated in negative regulation of NK cell function as well. The FDA-approved

anti-SLAMF7 MoAb elotuzumab impairs the viability and survival of MM cells by blocking the protective effects of stromal

cells and by potentiating NK cell activity against MM cells . A Phase 3 clinical trial in R/R MM (ELOQUENT-2,

ClinicalTrials.gov identifier, NCT01239797) demonstrated the addition of elotuzumab to lenalidomide and dexamethasone

significantly improves the survival outcomes when compared to lenalidomide plus dexamethasone combination .

Likewise, the addition of elotuzumab topomalidomide plus dexamethasone resulted in significantly better survival

outcomes in another Phase 3 study (ELOQUENT-3, ClinicalTrials.gov identifier: NCT02654132) . Unfortunately,

inclusion of this immunostimulatory antibody in combination regimens against MM resulted in a higher incidence of

infections and secondary cancers . Other immunostimulatory antibodies have been considered in combination

regimens with elotuzumab against MM, including the T-cell activating 4-1BB/CD137 agonist antibodies urelumab or

utomilumab and the NK cell activating anti-KIR antibody lirilumab (NCT02252263) . Due to potentially life-

threatening hepatotoxicity of urelumab, some of these combination regimens will require specifically designed risk

mitigation strategies.
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