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Abstract: Myeloma tumor cells are particularly dependent on their microenvironment and sensitive
to cellular antitumor immune response, including natural killer (NK) cells. These later are essential
innate lymphocytes implicated in the control of viral infections and cancers. Their cytotoxic activity
is regulated by a balance between activating and inhibitory signals resulting from the complex
interaction of surface receptors and their respective ligands. Myeloma disease evolution is associated
with a progressive alteration of NK cell number, phenotype and cytotoxic functions. We review
here the different therapeutic approaches that could restore or enhance NK cell functions in mul-
tiple myeloma. First, conventional treatments (immunomodulatory drugs-IMids and proteasome
inhibitors) can enhance NK killing of tumor cells by modulating the expression of NK receptors
and their corresponding ligands on NK and myeloma cells, respectively. Because of their ability
to kill by antibody-dependent cell cytotoxicity, NK cells are important effectors involved in the
efficacy of anti-myeloma monoclonal antibodies targeting the tumor antigens CD38, CS1 or BCMA.
These complementary mechanisms support the more recent therapeutic combination of IMids or
proteasome inhibitors to monoclonal antibodies. We finally discuss the ongoing development of
new NK cell-based immunotherapies, such as ex vivo expanded killer cell immunoglobulin-like
receptors (KIR)-mismatched NK cells, chimeric antigen receptors (CAR)-NK cells, check point and
KIR inhibitors.
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1. Introduction

Multiple myeloma (MM) is a mature B-cell hematologic neoplasia characterized by the
clonal proliferation of plasma cells in the bone marrow [1]. It evolves in a multistep way
from the pre-malignant monoclonal gammopathy of undetermined significance (MGUS)
through a phase of asymptomatic smoldering myeloma until the symptomatic phase of
MM, often presenting with bone lesions, hypercalcemia, renal failure and anemia [2].
Cytogenetic and epigenetic events both contribute to the progression towards a more
active disease and the failure of immune surveillance with a progressive impairment of
both innate and adaptive antitumor immune responses [3]. Natural killer (NK) cells are
innate lymphoid cells that have been shown to play a major role in the anti-myeloma
immune response [4]. Despite the development of multiple treatment strategies, including
chemotherapy, proteasome inhibitors, immunomodulatory drugs, monoclonal antibodies
and hematopoietic stem cell transplantation, MM remains incurable. Many patients evolve
to a relapse and refractory (R/R) MM. One goal of the new treatment strategies in MM
is to restore an effective immune response against myeloma cells. This review provides
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an overview of NK cells’ role in the development and treatment of MM and discusses
potentially new NK-based immunotherapies that may improve clinical outcomes.

2. Biology of NK Cells

NK cells are innate lymphoid cells representing the first effectors against malignant or
virus-infected cells. By contrast with T cells, NK cells can kill without prior sensitization or
recognition of presented antigens [5]. Human NK cells are defined as CD3neg CD56+ and
represent 5 to 15% of peripheral blood lymphocytes among which, two subtypes have been
phenotypically and functionally described: the CD56dim and CD56bright cells. CD56dim cells
are characterized by cytotoxic activities, while CD56bright cells mainly produce cytokines,
such as IFN-γ and TNF-α and are implicated in immune regulation [6]. They also can
express CD16 (FCγRIIIa), which binds human IgG through their Fc fragment, allowing
antibody-dependent cellular cytotoxicity (ADCC) to occur [5]. While the majority of
circulating NK cells in the peripheral blood are CD16bright/CD56dim with high cytotoxic
capacities and low proliferative response to IL-2, NK cells localized in secondary lymphoid
tissues or inflammation sites is CD16dim/neg/CD56bright, highly express IL2-Rα and have
high proliferative capacities, but lower cytotoxicity [5]. NK cell kills their target cells by
releasing the content of their lytic granules (perforin, granzyme), by expressing death
molecules (Fas-L, TRAIL) at their surface and by secreting INF-γ and TNF-α; all of them
induce apoptosis through caspase-dependent and independent pathways [7].

NK cell function depends on integrating signals from the interaction between activat-
ing and inhibiting surface receptors and their respective ligands. The initial description of
the “missing-self” mechanism of cell death (i.e., lack of expression of HLA class I molecules
on target cells spotted by NK inhibitory receptors) has been since revisited. Regulation
of NK function is recognized to be more complex and dependent on the relative balance
between inhibitory and activating signals induced by the engagement of inhibitory versus
activating receptors according to the presence or absence of cognate ligands on target
cells [5].

Inhibitory receptors include killer cell immunoglobulin-like receptors (KIR) and non-
KIR inhibitory receptors. Among the inhibitory KIRs, three are critical for NK cell function:
KIR2DL1, KIR2DL2/3 and KIR3DL1, specific for HLA class I molecules (HLA-Cw antigens
belonging to the HLA C2 and HLA C1 families, and HLA-Bw4 antigens, respectively). Iden-
tified non-KIR inhibitory receptors so far are the C-type lectin-like receptors CD94/NKG2A
heterodimer (CD159a), specific for HLA-E; ILT2 (LILRB1, CD85) recognizing various class
I antigens; NKR-P1A (CD161) recognizing the lectin-like transcript 1 (LLT1); and the car-
cinoembryonic antigen-related cell adhesion molecule 1 (CEACAM-1, CD66a) specific
for CD66 ligand [8]. In addition, NK cells can express the checkpoint inhibitors, such as
programmed cell death protein-1 (PD-1), T-cell immunoglobulin and mucin containing
protein-3 (TIM-3) and T cell immunoreceptor with Ig and ITIM domains (TIGIT). They
can be inhibited by interaction with the corresponding ligands often expressed on tumor
cells: PD-L1 or PD-L2 for PD-1; HMGB1 (high mobility group B1 protein), CEACAM-1,
phosphatidylserine or Galectin-9 for TIM-3; PVR (poliovirus receptor, CD155) and nectin-2
(CD112) for TIGIT [9] (Figure 1).
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Figure 1. Natural killer (NK) cell inhibitory and activating receptors and ligands.

NK cells also express activating receptors. In addition to CD16 (FcγRIIIa), they can
express natural cytotoxicity receptors NCRs: NKP46 (NCR1, CD335); NKp44 (NCR2,
CD336) and NKp30 (NCR3, CD337), which ligands are partially characterized. The main
ligands are derived from infectious agents (mainly viral hemagglutinins), cell-membrane,
or extracellular matrix-derived proteins, such as heparan sulfate (HS) glycosaminoglycans
(GAGs) or molecules expressed on tumor cells [10]. In the context of cancers, NKp46 can
bind HS-GAGs, NKp44 can be activated by HS-proteoglycans (HSPGs), platelet-derived
growth factor-DD (PDGF-DD), nidogen-1 (NID-1), an isoform of mixed-lineage leukemia
protein-5 (21spe-MLL5) and Galectin 3 (Gla-3), while NKp30 recognizes HLA-B asso-
ciated transcript 3/Bcl-2 associated pathogens 6 (BAT3/BAG6) and B7-H6 [10]. Other
activating receptors include C-type lectin-like receptors, such as NKG2D (CD314) and the
heterodimer CD94/NKG2C (CD159c) recognizing stress-induced cell surface ligands, such
as the MHC-related ligands A and B (MICA, MICB) and the UL16-binding proteins 1–6
(ULBP1–6) for the first one and HLA-E for the later. Activating receptors include SLAM-
related 2B4 (CD244), which engages CD48 and the DNAX accessory molecule-1 (DNAM1,
CD226). recognizing PVR (polio virus receptor or CD155) and nectin-2 (CD112). Some
KIRs recognizing classical and non-classical class I HLA molecules can be activating [8]
(Figure 1).

NK cells express receptors for several cytokines (IFN-γ, IL-2, IL-15, IL-18, IL-21) in-
volved in their survival, differentiation, activation and proliferation (Figure 1). IL-2 induces
NK proliferation and increases NKG2D and NKp44 expression, while IL-15 drives NK
cell differentiation and proliferation. The combination of IL-2 and IL-15 improves NK cell
viability in vitro. IL-18 stimulates IFN-γ production and provides costimulatory activation,
while IL-21 enhances NK cells’ maturation [11]. Upon activation and Fc binding, NK cells
express CD137 (4-1BB), and anti-CD157 mAbs enhance their cytotoxic properties [12].

3. NK Cells as Immunotherapeutic Effectors: Lessons from Allogeneic HSCT

In an autologous setting and the absence of stress, NK cells fail to kill autologous
tumor cells as they are inhibited by the interaction between NK-inhibitory surface receptors
(mainly KIR and CD94/NKG2A) and self HLA-class I ligands.



Hemato 2021, 2 170

The proof of concept that NK cells may have an immunotherapeutic action against
malignant cells first came from allogeneic hematopoietic stem cell (HSC) transplantation
performed with haplo-HLA-mismatched donors (haplo-HSCT). The Perugia’s group de-
veloped a platform of haplo-HSCT combining the use of a myeloablative conditioning
regimen and the administration of a T-cell depleted megadose of CD34+ selected HSCs
allowing the engraftment of haplo-mismatched HSC with the absence of acute or chronic
graft-versus-host disease (GVHD) [13]. This ex vivo T cell-depleted haplo-HSCT platform
represented an ideal in vivo model to investigate the role of NK cells in the absence of
confounding factors, such as alloreactive T cells or immunosuppressive drugs. In such
an environment, donor KIR-mismatched NK cell clones expand after transplantation and
have the capacity to kill recipient HSC, antigen-presenting cells (APC) and leukemic cells,
thus facilitating engraftment and the graft-versus-leukemia effect without GVHD [14,15].
Other studies from the same group demonstrated that NK alloreactivity could be predicted
by the “KIR–ligand mismatch” model based on the principle that when the donor carry at
least one KIR ligand (i.e., HLA CLASS I Bw4, C1 or C2) absent in the transplant recipient,
donor NK cells, supposed to express the corresponding inhibitory KIRs, will kill recipient
cells missing the HLA Class I allele [16]. The role of alloreactive KIR-mismatched NK cells
in the anti-leukemic effect has been confirmed by other models of in vitro T-cell depleted
haplo-HSCT [17–19].

Because KIR and HLA genes are localized in distinct chromosomes (chromosome
19q13.4 and 6p21, respectively) and thus segregate independently, an HLA matched donor-
recipient pair can be KIR-mismatched. More recent studies exploring NK alloreactivity
on transplant outcomes have then been performed in T-cell repleted haploidentical, mis-
matched unrelated, cord-blood, but also in matched unrelated HSCT (MUD). In allo-HSCT
performed with MUD and mismatched MUD, the group of Kroger showed a reduction of
relapse in MM patients transplanted with a KIR–ligand-mismatched donor [20]. However,
in these settings, the role of the KIR–ligand mismatches has been a matter of debate, with
some studies showing no advantage or even a negative impact [21–25].

The development of KIR genotyping, considering both inhibitory and activating KIRs,
has provided better predictive tools. Cooley et al. demonstrated that the assigned pres-
ence of a donor KIR genotype enriched in activating KIRs (Bx haplotype) was associated
with better disease-free survival in AML transplanted with unrelated donors [26,27]. The
combination of both donor KIR genotyping and donor/recipient HLA typing seems to
represent the best approach to predict the potential impact of NK cells on post-transplant
outcomes [28]. Impaired immune NK cell reconstitution after haplo-HSCT may also con-
tribute to the contradictory clinical impact of NK cell alloreactivity reported so far [24,29].

Despite some controversial reports due to the use of distinct predictive models and to
an imperfect understanding of NK cell interactions and regulation, it is acknowledged that
NK cells play a role in the control of hematological malignancies.

4. NK Cells in MM

Several studies have pointed to the crucial role of NK cells in the control of MM.
First, human plasma cells have been shown to be sensitive to NK cell killing from healthy
donors [30]. Indeed, in MGUS and early-stage MM, plasma cells can be recognized and
killed by NK cells through their expression of ligands for NK-activating receptors, such as
the NKG2D ligands MICA and MICB, NKp30 ligand B7-H6, and DNAM-1 ligands nectin-2
and PVR, in combination with the reduced engagement of inhibitory KIR due to low HLA
class I expression on myeloma cells [31,32].

However, both quantitative and qualitative alterations of NK cells have been reported
in the progression from MGUS to MM. Compared to healthy individuals, a number of pe-
ripheral blood (PB) NK cells seem to decrease from the higher or normal value at the stage
of MGUS or early-stage untreated MM to reduced numbers in advanced-stage untreated
patients [33]. Functional studies have shown that NK remains cytotoxic in MGUS patients,
while they may lose their cytotoxic capacities in advanced MM [34,35]. Decreased cyto-
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toxicity is associated with reduced expression of activating receptors like CD16, NKG2D,
NCRs, 2B4 and DNAM-1 in PB and/or BM NK cells of MM patients [32,36,37] and increase
expression of the inhibitory receptors KIR2DL1 and PD1 [38,39]. After autologous HSCT,
a higher expression of the activating receptor KIR2DS4 and decreased expression of the
inhibitory CD94/NKG2A has been observed in patients with detectable minimal residual
disease (MRD), analyzed by flow cytometry, compared with those with negative MRD [40].

Alterations of NK cell phenotype and functions are explained by the transformation
of myeloma tumor cells and their microenvironment during disease evolution [41]. Many
cellular and soluble factors have been involved in the alteration of NK cell phenotype and
functions during the progression of the disease. Among those, TGF-β produced in MM
by plasma cells [42], regulatory T cells (Tregs) [43] or potentially by myeloid-derived sup-
pressive cells (MDSCs) [44] has been described to downregulate NK-activating receptors
and to impair NK functions [45,46]. Increased levels of IL-6 and IL-10 are also observed in
MM [47,48]. These cytokines act as growth factors for plasma cells and promote the develop-
ment of NK-resistant tumor phenotype by inhibiting NK cell activity [49,50]. Prostaglandin
E2 (PGE2), produced in cultures of BM from MM patients [51], may inhibit activating
signals transduced by NCRs, NKG2D and CD16 [52]. Indoleamine 2,3-deoxygenase (IDO)
produced by stromal dendritic cells when they interact with CD28 expressed on plasma cells
can impair NK-mediated lysis by inhibiting the expression of NKp46 and NKG2D [53,54].

In parallel, myeloma plasma cells progressively develop different strategies to es-
cape NK cell killing. High levels of expression of HLA class I and of HLA-E (ligands
for inhibitory KIRs and CD94/NKG2A, respectively) are observed in tumor cells from
advanced MM patients, which was associated with reduced degranulation of NK cells
in vitro [55]. Another way for MM to escape NK cell lysis is to cleave the surface expres-
sion of the NKG2D–ligands MICA and MICB [56]. Indeed, soluble MIC ligands induce
the internalization of NKG2D and NCRs and promote the accumulation of MDSCs and
immunosuppressive macrophages [57,58]. Plasma cells can escape immune lymphocytes
by expressing PDL-1 [38]. Finally, myeloma cells can alter the chemokine microenviron-
ment to promote the migration of NK cells (expressing CXCR3 or CXCR4) outside the BM,
consequently to the upregulation of serum levels of the CXCR3–ligand CXCL10 and the
downregulated expression of the CXCR4–ligand CXCL12 in the BM [59].

5. Therapeutic Modulation of NK Cells in MM

Most of the therapeutic agents used in the treatment of MM either modulate or require
NK cell functions (Figure 2).
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Figure 2. Restauration and enhancement of NK cell functions in multiple myeloma (MM). (A). Decreased inhibition of
NK cells: the inhibitory signaling can be overrided by several ways: infusion of haploidentical NK cells (haplo) with a
killer cell immunoglobulin-like receptors (KIR)–ligand mismatch, the use of anti-KIR, anti-NKG2A or anti-PD1 monoclonal
antibodies (mAbs), or by reducing tumor cell surface expression of HLA-I by proteasome inhibitors (PI) or that of PDL-1 by
immunomodulatory drugs (IMIDs) (B). Increased activation of NK cells: PIs and IMIDs can increase the tumor expression
of ligands of activating receptors (polio virus receptor-PVR, MHC-related ligands (MICA), UL16-binding protein (ULBP))
and the corresponding receptors DNAX accessory molecule (DNAM-1) and NKG2D on NK cells. IMIDs or IL-15 can
favor the activation and proliferation of NK cells (C). Targeting tumor cells via antibody-dependent cellular cytotoxicity
(ADCC). CD16 (Fc-receptor) expressed on NK cells can bind to anti-CD38 (daratumumab), anti-CS1/SLAM7 (elotuzumab)
or anti-BCMA mAbs and induce tumor killing by ADCC. (D). Targeting tumor cells via ex vivo expanded or chimeric
antigen receptors (CAR) NK cells: Ex vivo expanded and activated NK cells expressing NK-activating receptors can kill
tumor cells. CAR-NK cells can be engineered against various myeloma targets (see 2C). CD16 expressed on CAR NK cells
can also mediate a synergistic effect in combination with antigen-specific mAbs.

5.1. Modulation of NK Cells by Immunomodulatory Drugs and Monoclonal Abs

Immunomodulatory drugs thalidomide, lenalidomide and pomalidomide stimulate
the production of IL-2 and IFN-γ by T cells, which, in turn, increases the proliferation
of NK cells and their cytotoxicity against myeloma cells [60–62]. They increase the ex-
pression of NK-cell-activating ligands MICA, ULBP1 and PVR on myeloma cells and
that of NK-activating receptors (NKG2D, NKp30, NKp46) on NK cells [62,63]. In addi-
tion, lenalidomide has been shown to enhance the expression of Fas-L and TRAIL on
NK cells [61] while reducing PDL1 [38] on myeloma cells (Figure 2A,B). Importantly, the
effects of IMids on NK cells are maintained when they are combined with a low dose of
dexamethasone [64,65].

Proteasome inhibitors bortezomib and carfilzomib also enhance NK-cell-mediated
myeloma cell killing. Both downregulate the expression of HLA class I molecules on
myeloma cells [66,67], thus sensitizing them to NK cytotoxicity. In addition, bortezomib
upregulates the expression of the ligands for NKG2D (MICA/MICB) and for DNAM-1
(PVR and nectin-2) on tumor cells [68,69], and carfilzomib increases the expression of the
CD107a thus the degranulation of NK cells [67] (Figure 2A,B).
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Through their expression of CD16 (FCγRIIIa), NK cells are recruited by monoclonal
antibodies (mAbs) targeting tumor antigens and participate in tumor killing by antibody-
dependent cellular cytotoxicity (ADCC) [70] (Figure 2C). Daratumumab, a fully human
IgG1, targets CD38, a transmembrane glycoprotein highly expressed on myeloma cells,
but also on other hematopoietic cells, including NK cells [71]. Despite the associated
killing of CD38+/ bright NK cells, daratumumab mediates its anti-MM effect via ADCC
through remaining CD38neg/low NK cells, which have higher expansion and cytotoxicity
capacities [71]. Elotuzumab is a humanized IgG1 directed against CS1/SLAM-7, a trans-
membrane glycoprotein highly expressed on myeloma cells and at lower levels on NK
and CD8 T, NKT cells and activated monocytes [72]. Elotuzumab enhances NK-mediated
myeloma cell killing by ADCC, but also by direct recognition of CS1 on NK cells. This
latter induces the activation of NK cells through the signaling intermediate EAT2, which is
not expressed on myeloma cells, inducing tumor cell lysis in complement to ADCC [73].

The combination of IMids or proteasome inhibitors to mAbs have shown synergistic
effects on NK cell activation and ADCC induction in preclinical models as well as in
clinical trials (lenalidomide or pomalidomide + elotuzumab, bortezomib or lenalidomide +
daratumumab) [74–79].

5.2. Expanded NK Cells for Cellular Immunotherapy in MM

The anti-leukemic effects of NK cells in haplo-HSCT led to the development of NK cell
therapies in several hematologic malignancies. Miller et al. reported that administration
of activated HLA-haploidentical NK cells combined with in vivo subcutaneous injections
of IL-2 after a lymphodepleting conditioning regimen (high-dose cyclophosphamide and
fludarabine) resulted in an in vivo expansion of donor NK cells and the induction of
anti-leukemic responses without GVHD in 5 out of 19 patients with poor-prognosis acute
myeloid leukemia (AML), with higher responses in case of a KIR ligand-mismatched
donor [80]. The same group demonstrated enhanced NK cell activity by concomitant
depletion of Tregs by administration of IL-2-diphtheria fusion protein (IL-2DT) [81]. The
potential curative or preventive effect of KIR ligand mismatched NK cell therapies in AML
has been since reported by others [82,83].

Because of the role of NK cells in the development of MM, the administration of
activated NK cells represents an attractive therapeutic approach in this disease. Expansion
of NK cells from PBMC of MM patients can be achieved in co-culture with feeder K562
cells transfected with CD137-L and IL-15, which activate and enhance the proliferation
of highly cytotoxic NK cells expressing NKG2D and DNAM-1 [84] (Figure 2D). Such ex
vivo expanded NK cells from myeloma patients have been infused in heavily pretreated
patients with no serious adverse events, and responses lasting at least six months were
observed in two out of seven patients [85]. In vitro expansion of PBMC-derived NK cells
can also be performed in co-culture with polyvalent immunoglobulins, platelet lysate and
lenalidomide, allowing an 80-fold expansion rated and the generation of highly cytotoxic
and polyfunctional NK cells [86].

Administration of allogeneic KIR ligand-mismatched NK cells from haploidentical
family donors was performed after conditioning regimen with melphalan and fludarabine
in patients with advanced MM followed by delayed rescue with autologous stem cells. This
approach led to short survival and in vivo expansion of donor NK cells but uncourageous
response rates with 50% of near-complete remission [87]. A phase I study evaluated the
safety and efficacy of sequential infusions of autologous ex vivo expanded NK cells in
combination with lenalidomide or bortezomib-based treatments in 5 relapsed or refractory
MM patients to 2 to 7 lines of treatment. After four cycles of treatment with 2 NK cell
infusions per cycle, four patients had stable disease, 2 showed a reduction in bone marrow
plasma cell infiltration of 50%, and one had a response lasting for more than a year [88].
Umbilical cord blood-derived NK cells have also been used in combination with autologous
HSCT in 12 heavily pretreated and high cytogenetic risk MM [89]. An in vivo expansion
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of activated NKG2D+/NKP30+ NK cells was observed in 6 patients, and most patients
achieved prolonged near CR (n = 8) or very good partial response (n = 2).

IL-15 has the advantage over IL-2 to not support the maintenance of Tregs and to
protect effector memory T cells as well. In a MM mouse model, the administration of
the IL-15 superagonist ALT-803 increased T and NK-mediated-cell lysis of myeloma cells
compared to conventional IL-15 [90,91]. In vitro-primed CD56bright NK cells by IL-15 have
become more cytotoxic against myeloma cell lines, and a phase I study of administration
of ALT-803 in MM patients showed a transient expansion of CD56bright NK cells in vivo
with cytotoxic activity against U266 myeloma cell line [92]. A phase I study combining
ALT-803 and expanded non-HLA matched allogeneic NK cells in hematologic malignancies,
including MM, is ongoing (NCT02890758).

Overall, these studies suggest the therapeutic activity of NK cells for the treatment of
MM when those are activated ex vivo and express activating KIRs or NCR to be able to
overcome the high expression of HLA class I molecules on myeloma cells.

5.3. CAR-NK in MM

Genetic modifications of T cells with chimeric antigen receptors (CAR), first developed
against CD19 for the treatment of lymphoid malignancies, have been explored in MM
with different antigen targets (BCMA, CD38, CD138, SLMAF7, NKG2D, CD56) (reviewed
in [93,94]). Among those, the most advanced are CAR-T cells recently targeting BCMA
approved for the treatment of R/R MM patients [95]. With a median progression-free
survival of 9 months, results of CAR-T cells in MM could be improved.

Compared to CAR-T cells, CAR-NK cells have several potential advantages [96] (i)
they do not induce GVHD and can be safely used in an allogeneic setting, (ii) their shorter
in vivo persistence in the allogeneic context and their mixed cytokine profile (both anti-
and proinflammatory and proapoptotic) may reduce cytokine release syndrome and other
side effects, (iii) their expression of activating receptors may enhance their efficacy by
nonCAR-dependent tumor lysis and (iv) their expression of CD16 could allow a synergistic
effect in combination with monoclonal therapeutic antibodies. In addition, several sources
of CAR-NK cells can be considered: primary NK cells, NK cell lines (NK-92), umbilical
cord blood or induced pluripotent stem cells (iPSCs) [97]. CAR-NK cells are, therefore,
under investigation in several hematologic malignancies. The most impressive results have
been reported with cord blood-derived NK cells transduced with an anti-CD19 and IL-
15-containing CAR construct tested in 11 patients with refractory lymphoid malignancies
in a phase I study [98]. Despite HLA mismatches between CAR-NK cells and patients,
none of them developed CRS, neurotoxicity or GVHD. Eight patients (73%) responded
within the first month, including 7 CR (64%), and NK-CAR cells were detectable for up to
one year after administration independently of the administrated dose, possibly because
of the persistent production of IL-15 included in the CAR construct [98,99]. The clinical
efficacy of CAR-NK is difficult to assess as most patients received a consolidation therapy
(lenalidomide, allogeneic HSCT, etc.), but those preliminary results are very encouraging.

In MM, CAR-NK cells targeting CD138, BCMA, NKG2D or CS1/SLAMF7 have been
explored in preclinical studies [100–102] (Figure 2D). Jiang et al. demonstrated that NK-92
cells transduced with an anti-CD138 CAR kill myeloma cell lines and primary tumor
plasma cells in vitro and that administration of irradiated CAR-NK-92 cells has strong
antitumor activity towards CD138-positive MM cells in the xenograft NOD-SCID mouse
model [100]. Chu et al. reported similar results with NK-92 cells expressing an anti-
CS1/SLAMF7 CAR [101]. Another group observed similar efficacy between anti-NKG2D
and anti-BCMA NK cells in eradicating myeloma cells [102]. A phase I trial with anti-
BCMA CAR NK-92 cells for R/R myeloma patients is ongoing in China (NCT03940833). A
combination of anti-CD38 monoclonal antibody daratumumab and anti-CS1 CAR CD38neg

NK cells has been described to treat relapsed MM with the hypothesis of a synergistic effect
of Daratumumab and CAR-CD38neg NK cells [103] (Figure 2D).
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5.4. KIR and Check Point Inhibitors in MM

Blocking NK cell inhibitory molecules by monoclonal antibodies represents another
way to increase the efficacy of NK cells against tumor cells (Figure 2A).

The interest of targeting the PD1/PDL1 axis in MM was first described by Benson
et al., who showed that the anti-PD1 antibody CT-011 could enhance NK cell function
against primary myeloma cells expressing PDL-1, with a synergistic effect when com-
bined with lenalidomide, which reduces PDL1 expression on myeloma cells [38]. In a
preclinical model, the combination of anti-PD1 mAb and lenalidomide enhanced the effect
of DC-based immunotherapy by inhibition of suppressive cells (MDSCs, Tregs and M2
macrophages) and activation of T and NK cytotoxic effector cells [104]. In humans, inhibi-
tion of the PD1/PDL1 axis with mAbs in monotherapy failed to demonstrate efficacy [105].
In combination with IMids, despite a good safety profile and some interesting responses
observed in the first phase I-II studies evaluating the combination of pembrolizumab (anti-
PD-1) to lenalidomide or pomalidomide and dexamethasone [106–108], the unpredictable
occurrence of immune-related adverse events reported in R/R MM receiving a combination
of anti-PD1 and IMids, conducted the FDA to discontinue all the trials exploring such
combination of drugs [9]. Inhibition of the PD1/PDL1 axis is currently explored in R/R
MM patients receiving anti-BCMA CAR T cells with a CAR also expressing a PD1-Fc fusion
protein capable of inhibiting PD1/PDL1 (NCT04162119).

The KIR inhibitor mAb 1-7F9 was developed to inhibit different inhibitory KIRs
(KIR2DL-1, -2 and -3) and enhance NK antitumor effect. This anti-KIR inhibitor mAb in-
creases NK-cell-mediated killing of HLA-C expressing tumor cells in vitro and in vivo [109].
The combination of lenalidomide and IPH2101 (formerly 1-7F9) was shown to enhance NK
cell-mediated anti-myeloma responses in a preclinical model [110]. IPH2101 was, therefore,
tested in phase I and II trials in MM. The first phase I included 32 patients with R/R MM,
who received up to four cycles of 28-day intravenous administration of IPH2101 at different
doses demonstrated that the drug was well-tolerated, and the treatment was associated
with the full saturation of inhibitory KIRs and anti-myeloma cell NK-mediated killing [111].
Another phase I study explored the combination of lenalidomide and IPH2101 in 15 MM
patients and showed a response in 5 patients, but severe adverse events were observed in 5
patients [112]. However, in smoldering MM patients, IPH2101 failed to reach a 50% decline
of the M-protein [113]. Lirilumab, a recombinant version of IPH2101 that also recognizes
the activating KIRs KIR2DS1 and -2, has been tested in combination with the anti-PD1
nivolumab in a phase I study in R/R lymphoid malignancies, but no objective response
was observed in MM patients [114]. Actually, because of its inhibition of both inhibitory
and activating KIRs, the effect of lirilumab will depend on MHC class I expression and KIR
receptor repertoire. In addition, it has been reported that KIR2D molecules are removed
from NK cells by monocyte trogocytosis under the pressure of IPH2101, a phenomenon
associated with a reduction of NK cell cytotoxicity in vivo [115]. Altogether, these results
suggest using anti-inhibitory KIRs in association with other immunomodulatory drugs
rather than as a single-agent. Results of a phase analyzing the combination of elotuzumab
with lirilumab or urelumab (anti-4-1BB mAb) in MM are pending (NCT02252263).

Monalizumab, a humanized mAb, was developed to block the heterodimer CD94/
NKG2A and reverse the inhibitory signaling induced by NKG2A on NK cells and HLA-E
on tumor cells [116]. An ongoing phase I trial is investigating the safety of monalizumab in
hematologic malignancies, including MM relapsing after allo-HSTC (NCT02921685).

6. Conclusions

Multiple myeloma is a multiple-step evoluting disease. During disease evolution,
tumor cells escape to immune surveillance, particularly to NK cell control. Restoring NK
cell cytotoxicity against myeloma tumor plasma cells is a major goal of MM treatment
strategies. Conventional treatments (IMids, proteasome inhibitors and monoclonal anti-
bodies) can modulate and enhance NK cell recognition and killing of myeloma plasma
cells. NK cell-based therapies, such as expanded and activated KIR mismatched and partic-
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ularly CAR NK cells, are promising, as well as blocking NK cell inhibitory checkpoint and
receptors. The actions of all these treatment approaches are complementary and synergistic.
Future studies will help to define the best combination strategies and the respective place
of conventional versus cellular and/or inhibitor blockers in the therapeutic care of multiple
myeloma.
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