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A B S T R A C T

Multiple myeloma (MM) is a progressive monoclonal B cell malignancy, for which survival and progression
largely relies on the crosstalk of tumor cells with the bone marrow (BM) microenvironment, inducing immune
escape, angiogenesis, bone destruction and drug resistance. Despite great therapeutic advances, most of the MM
patients still relapse and remain incurable. Over the past years, immunotherapy has emerged as a new field in
cancer therapy. Here, the immune cells of the patients themselves are activated to target the tumor cells. In MM,
several effector cells of the immune system are present in the BM microenvironment; unfortunately, they are
mostly all functionally impaired. In this review, we focus on the role of innate-like T cells in MM, particularly
CD1d- and MR1- restricted T cells such as respectively invariant natural killer T (iNKT) cells and mucosal as-
sociated invariant T (MAIT) cells. These cells have the capacity upon activation to rapidly release copious
amounts of cytokines affecting a wide range of innate and adaptive immune responses, and could therefore play
a key protective role in anti-tumor immunity. We describe recent observations with regard to functional ex-
haustion of iNKT and MAIT cells in MM pathology and discuss the potential application of checkpoint inhibition
as an attractive target for prolonged activation of these immunomodulatory T cells in the treatment of MM.

1. Multiple myeloma

Multiple Myeloma (MM), also known as Kahler’s disease, is an in-
curable monoclonal B cell malignancy that develops in the bone
marrow (BM) (Caers et al., 2008). MM accounts for approximately 1%
of all cancers and is the second most prevalent hematologic malignancy
after non-Hodgkin lymphoma (Ferlay et al., 2013; Turesson et al.,
2010). This uncontrolled accumulation of terminally differentiated
plasma cells in the BM is characterized by an overproduction of
monoclonal antibodies (mAb) in the serum and/or urine, also known as
M-proteins or paraproteins. Immunoglobulins (Ig) G and Ig A are the
two most common types of paraproteins detected in MM patients.
Moreover, other major clinical manifestations such as bone lesions,
kidney failure, anemia, hypercalcemia and a high risk of infections
further typically characterize this disease (Caers et al., 2008; Raab
et al., 2009). More common in men than in women, MM is twice more
present in the African-American populations compared to Caucasians.
However, the reason of this uneven race and sex distribution is still

unknown (Landgren and Weiss, 2009). In Europe, the MM incidence is
4.5–6.0 per 100.000 each year with a mortality rate at 4.1 per 100.000.
The median age at diagnosis is situated between 60–65 years (Moreau
et al., 2013). Also obese people (BMI > 30), people with the Acquired
immune-Deficiency Syndrome (AIDS) and persons with a familial his-
tory of lympho-hematopoietic cancers appear to be more prone to de-
velop MM (Birmann et al., 2007; Pouli et al., 2001; Lynch et al., 2008).

Almost all of the MM patients evolve from an asymptomatic pre-
malignant stage called monoclonal gammopathy of undetermined sig-
nificance (MGUS), which is present in around 3% of the population
above 50. The progress to the MM stage happens at a rate of 1% per
year. MGUS is an asymptomatic condition where less than 10% clonal
plasma cells are found in the BM, where paraproteins can be detected in
the blood and/or the urine (< 3 g/dL) but in absence of any end-organ
damage and further clinical signs of MM (Landgren and Weiss, 2009).
In certain patients, a more advanced intermediate stage, named smol-
dering multiple myeloma (sMM) can be observed (Rajkumar et al.,
2015). The risk of progression from sMM to symptomatic MM is 10%
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per year and is influenced by the underlying cytogenetic type of the
disease. Patients with t(4;14) translocation, 17p deletion, and 1q am-
plification appear to have a higher risk of progression from sMM to MM
(Rajan and Rajkumar, 2015).

2. Immune therapy in multiple myeloma

Treatment of multiple myeloma changed considerably over the last
two decades with the introduction of novel therapeutic agents such as
proteasome inhibitors, autologous stem cell transplantation (ASCT) and
immunomodulatory drugs, as well as combination therapies, sig-
nificantly improving the survival outcomes for patients (Caers et al.,
2008; Ferlay et al., 2013). However few MM patients remain in long-
term remission, and the majority still relapses and eventually dies from
the disease, usually due to a resistant clone. It is well established today
that MM is associated with a progressive immune dysregulation, re-
sulting in a loss of immunosurveillance and subsequently promoting
tolerance and tumor progression (Ferlay et al., 2013). Although MM is
primarily a disease of the B cell lineage, the T cell compartment is also
strongly affected (Turesson et al., 2010). A significant loss in CD4 and
CD8 T cell subsets is reported, while on the other hand a recruitment
and a concomitant rise in suppressor cells, including Treg cells, tumor-
associated macrophages (TAMs) and myeloid-derived suppressor cells
(MDSC) is observed (Raab et al., 2009).

MM immune dysregulation also disturbs other aspects of the im-
mune system as well, directly affecting antigen presentation and the
upregulation of inhibitory antigens (checkpoint molecules, see below)
that promote immune escape and growth advantage for malignant
clones (Rajan and Rajkumar, 2015; Shapiro-shelef and Calame, 2004).
Therefore, there is a crucial need to continue preclinical research and to
find new therapeutic strategies to target the immune system in the
treatment for MM. Currently, immunotherapy with the goal to boost the
patient’s own immune system to combat malignancy, is revolutionizing
the landscape of cancer treatment as it has the potential to improve
patient outcomes significantly. The success is based on progress in both
preclinical and clinical science, and this has led to the development of
new immunotherapeutic strategies already being approved or under
clinical evaluation. Most relevant immune-targeting strategies in MM
include Immunomodulatory drugs (IMiDs) such as thalidomide and its
less toxic analogues lenalidomide and pomalidomide (Engelhardt et al.,
2014), vaccines (peptide-based (Zhou et al., 2010), Idiotype-based
(Reihardt et al., 1999; Yi et al., 2010), DC/MM fusion vaccines
(Rosenblatt et al., 2013) and ITriMix-DC vaccines (Benteyn et al., 2012;
De Keersmaecker et al., 2014)), antibody therapies such as Anti-CS-1
(SLAMF7) antibody (elotuzumab) (Lonial et al., 2015) and Anti-CD38
antibody (Daratumumab) (Lonial et al., 2016) and Chimeric antigen
receptor (CAR) T cell based therapy (Atanackovic et al., 2016; Gay
et al., 2017).

However, one of the most encouraging approaches to activate
therapeutic anti-tumor immunity is the blockade of immune check-
points (Melero et al., 2015). Immune checkpoint proteins, such as
programmed death 1 (PD-1), and cytotoxic T lymphocyte-associated
protein 4 (CTLA-4), are inhibitory molecules that are essential for
maintaining self-tolerance and for modulating the duration and am-
plitude of physiological immune responses in peripheral tissues in order
to prevent collateral tissue damage (Farkona et al., 2016). So they
maintain immune equilibrium in health but unfortunately are also up-
regulated in the presence of malignancy, fostering a state of immune
tolerance towards tumor cells. The upregulation of these negative
costimulatory (co-inhibitory) signals induces an anergic state of T cells,
blunting T cell activation and expansion, and blocking T cell–mediated
killing of cancer cells (Hamanishi et al., 2016). PD-1 ligands, PD-L1 or
PD-L2, are frequently expressed on tumor cells and can further mini-
mize the immune response. Remarkable results with different PD-1
(nivolumab, pidilizumab and pembrolizumab) and PD-L1 (atezoli-
zumab and avelumab) inhibitors indicated promising clinical efficacy

and a well-tolerated toxicity profile in various cancer patients, in-
cluding those with melanoma, non-small cell lung cancer, head and
neck cancer or kidney cancers (Cheah et al., 2015; Topalian et al., 2015;
Patnaik et al., 2015). Also, in hematological malignancies immune
checkpoint blockade looks like a promising strategy to revert anergy of
the immune system (Armand, 2015). PD-L1 is expressed in a variety of
hematological malignancies such as leukemia and peripheral T-cell
lymphoma and has been correlated to poor prognosis (Shi et al., 2013;
Kiyasu et al., 2015; Miyoshi et al., 2016). With regard to MM, studies
have demonstrated the expression of PD-L1 (which is normally not
expressed on plasma cells) on MM cells and immune cells and expres-
sion of PD-1 on different T cell subsets and natural killer cells within the
MM microenvironment (Yousef et al., 2015; Zelle-Rieser et al., 2016;
Benson et al., 2010). Preclinical work showed anti-myeloma activity by
inhibiting PD-1/PD-L1 signaling (Hallett et al., 2011). Unfortunately,
up to this moment, results from clinical trials remain unsatisfactory
(Armand, 2015). This might indicate that monotherapy treatment with
PD-1/PD-L1 inhibitors in MM does not show the same efficacy as for
some solid tumors or Hodgkin lymphoma, suggesting that a combina-
tion approach is needed (Jelinek and Hajek, 2016). Currently, a phase II
trial is ongoing to assess efficacy of a DC/tumor vaccine in combination
with anti-PD-1 mAb CT-11 (pidilizumab) following ASCT (Karp et al.,
2015). Multiple other studies using different anti-PD-1 antibodies have
been initialized in advanced MM patients, including pembrolizumab
with pomalidomide, following lenalidomide/dexamethasone or ASCT
(for more details, see reviews (Gay et al., 2017; Bianchi et al., 2015;
Atanackovic et al., 2017) and ClinicalTrials.gov).

Blockade of the CTLA-4 and PD-1/PD-L1 pathways only represent
the tip of the iceberg in the realm of potential immune checkpoint
targets. Ongoing studies of the regulation of immune responses have
identified other checkpoint pathways and molecules such as lympho-
cyte activation gene 3 protein (LAG-3), T cell immunoglobulin mucin
receptor 3 (TIM-3), T-cell immunoreceptor with Ig and ITIM domains
(TIGIT) and V-domain immunoglobulin (Ig)-containing suppressor of T-
cell activation (VISTA) (Anderson et al., 2012; Wang et al., 2011). It is
possible that these molecules are co-expressed on tumor-infiltrating
lymphocytes. Therefore, combination therapy targeting different
checkpoint molecules might be a promising strategy (Jing et al., 2015).

3. NKT and MAIT cell function is exhausted in multiple myeloma

Invariant Natural Killer T cells (iNKT) and Mucosal associated in-
variant T (MAIT) cells are two important subsets of unconventional,
innate-like T cells (Salio et al., 2014). Both express a semi-invariant
TCR and show antigen restriction towards non-polymorphic MHC-like
molecules (CD1d and MR1, respectively) by which they can respond to
microbial derived products (glycolipid molecules and vitamin B2 me-
tabolites, respectively). Their specificity is mainly conserved between
species but numeric differences exist. In mice, MAIT cells are 5 to 10-
fold less abundant compared to frequencies in man and the opposite
seems true for iNKT cells (Godfrey et al., 2015). For an extended view
on their development and phenotypical/functional features we refer to
recent reviews related to this topic (Nair and Dhodapkar, 2017; Godfrey
et al., 2018; Teyton, 2017).

iNKT cells are capable of maturing DCs and activating B cells, and
thus are crucial in enhancing antigen-specific B- and T-cell responses
(McEwen-Smith et al., 2015). Their capacity to modify the immune
microenvironment influences the capability of the host to control tumor
growth, making them an interesting population to be harnessed in the
clinic for the development of anti-cancer therapeutics. Indeed, one of
the advantages of iNKT cell-targeted anti-tumor immunotherapy is that,
compared with current anti-cancer immunotherapies (that only target
one arm of the immune system), a variety of anti-tumor immune ef-
fector cells, such as NK cells, B cells, neutrophils, DCs and cytotoxic and
helper T cells, can be targeted simultaneously. In addition, other ben-
efits of iNKT cell-targeted anti-tumor immunotherapy over a more
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traditional T cell-based immunotherapy is the competency of iNKT cells
to target both MHC-negative and MHC-positive cancer cells and the
expected lack of allogeneic responses against host MHC (Fujii et al.,
2013). Remarkably, in patients showing solid malignancies or hema-
tological malignancies (including MM), reduced iNKT cell numbers in
circulation have been observed, further underscoring a role of iNKT
cells in tumor immunosurveillance (Dhodapkar et al., 2003; Crough
et al., 2004; Tahir et al., 2001). Next to iNKT cells, we discovered that
MAIT cells are numerically and functionally impaired in MM as well
(Favreau et al., 2017a), an observation recently confirmed by others
(Gherardin et al., 2018). Moreover, MAIT cells were capable of tar-
geting and killing myeloma cell lines pulsed with the MR1 restricted
ligand 5-OP-RU, highlighting the anti-tumor potential of these cells in
MM (Gherardin et al., 2018).

Several iNKT cell-directed therapeutic options have been explored
thus far in the clinic, including administration of iNKT cell-activating
ligands and administration of antigen presenting cells (APCs) pulsed
with α-GalCer or the transfer of ex vivo-expanded and/or activated
iNKT cells (McEwen-Smith et al., 2015; Favreau et al., 2016). Of note,
clinical studies described to date have used the prototypical iNKT li-
gand α-galactosylceramide (α-GalCer) for iNKT cell stimulation, mainly
because of the strong adjuvant-like activity. Synthetic α-GalCer analo-
gues inducing more skewed NKT1 (IFN-γ) responses have been tested
successfully in animal models (e.g. (Aspeslagh et al., 2011, 2013)) but
they still await clinical validation.

Although generally well tolerated (with no serious side effects),
results with α-GalCer based therapies remain disappointing and far
from effective. This is understandable since iNKT cell-based im-
munotherapies are associated with some challenges (Dhodapkar and
Richter, 2011). For example, there is quite a large range of peripheral
blood circulating iNKT cell numbers between individuals (for which a
clear explanation still remains to be found) and this possibly con-
tributes to the heterogeneity in clinical responses (Bendelac et al., 2007;
Kronenberg, 2005). Although it is known that low numbers of iNKT
cells are associated with poor prognosis in autoimmune or malignant
diseases, it is unknown if high or low numbers of iNKT cells are an
important biomarker for the outcome of an iNKT cell-based therapy
(Dhodapkar and Richter, 2011; Najera Chuc et al., 2012; Molling et al.,
2007). Studies have shown that the use of α-GalCer results in iNKT cell
over-activation and an exhausted functional state (Parekh et al., 2009,
2005; Singh et al., 2014; Sullivan and Kronenberg, 2005). We found
that iNKT cells in blood as well as bone marrow samples from MM
patients (as compared to healthy subjects) show a marked increase in
PD-1 expression (Favreau et al., 2017a). Moreover, the use of an anti-
PD-1 checkpoint inhibitor in a MM animal model (5T33MM) restored
iNKT anti-tumor properties and subsequently combining PD-1 blockade
with α-GalCer stimulation led to a superior anti-MM effect. Interest-
ingly, we also found elevated PD1 levels on MAIT cells from MM pa-
tients (Favreau et al., 2017a). Blocking PD-1 together with iNKT cell
stimulation partially restored the MAIT cell functionality. The exact
nature and role of a MAIT-NKT crosstalk remain unknown and certainly
needs further investigation. Indeed, a dysregulation of MAIT cells in
cancer and especially in non-mucosa-associated cancer types is gaining
interest in the field (Ling et al., 2016; Won et al., 2016). Still, it has to
be addressed whether MAIT cells show clear (direct) anti-tumor activity
in vivo, potentially with a specific role for certain MAIT cell subsets
(Kurioka et al., 2017), or whether they mainly modulate other immune
cells to induce anti-tumor responses.

4. Leptin receptor signaling: a new check-point inhibitor to boost
iNKT cell function in MM?

The BM is the perfect microenvironment where various cross-talks
occur between MM cells and the different BM compartments. Close
interactions with the cellular components of the BM, including en-
dothelial cells, osteoblasts, osteoclasts, adipocytes and immune cells,

confer survival and growth to MM cells and induce angiogenesis, bone
destruction, drug resistance and immune escape, ultimately leading to
relapse (Lemaire et al., 2011). Remarkably, fatty deposits can occupy
up to 70% of the BM cavity with aging (Caers et al., 2007), yet sur-
prisingly little attention has been given to the role of BM adipocytes in
MM development. Clinical studies showed an association between BM
adipocytes and an increased risk of MM, but specific biological me-
chanisms still have to be elucidated (Vogl et al., 2012; Liu et al., 2015).
It has been demonstrated that adipocytes isolated from femoral BM
biopsies supported MM cell proliferation and migration. When MM cells
invade the BM (showing a diffuse growth pattern), BM adipocytes
disappear during disease development, suggesting a role of BM adipo-
cytes at the initial stage of the disease, before full remodeling of the BM
microenvironment has occurred (Caers et al., 2007). BM adipocytes
may support MM oncogenesis by stimulating migration and prolifera-
tion of malignant plasma cells through secretion of myeloma-supportive
adipokines such as leptin. Interestingly, leptin is known to play a crucial
role in energy homeostasis but it also displays immunomodulatory
properties (Matarese et al., 2018). This led us to investigate whether
there was a crosstalk between BM adipose tissue and iNKT cells medi-
ated by leptin, and its potential role in the onset of MM. Our results
showed a marked and progressive increase in leptin levels and upre-
gulated leptin receptor (LR) expression levels on iNKT cells during
multiple myeloma progression, both in human disease (as compared to
BMI and age-matched healthy donors and MGUS patients) and the 5T33
myeloma animal model (Favreau et al., 2017b). MM cells and leptin
synergistically counteracted the anti-tumor function of both murine and
human iNKT cells in vitro, and in vivo blockade of LR signalling in
combination with iNKT stimulation resulted in superior tumor protec-
tion. The effects of LR blockade on the αGalCer mediated protection in
MM development were lacking in the CD1d-/- myeloma mice, under-
scoring a major role for leptin in modulating iNKT cell dependent anti-
myeloma effects. Additionally, in the presence of leptin receptor an-
tagonism repeated α-GalCer administration in myeloma mice did not
lead to a profound iNKT cell anergy, using persistent IFNγ secretion as a
hallmark of NKT reactivity. A partial rescue of iNKT cell functionality
could also be observed in non-diseased mice. Moreover, by means of
intravital dual-photon microscopy in Cxcr6GFP/+ mice we could de-
monstrate a partial restoration of liver iNKT cell dynamics in vivo upon
leptin antagonism, in contrast to the unresponsiveness observed after
repeated α-GalCer injections

Taken together, these findings suggest that the leptin-leptin receptor
axis acts like an immune checkpoint barrier (specifically with regard to
iNKT cell function), enhancing immune suppression and evasion in
pathologic conditions with elevated leptin/ leptin receptor levels, such
as detected in MM (Fig. 1). Of note, it is currently unknown whether
this is also true for other innate-like T cells such as MAIT cells. Leptin
could affect MM progression in two ways. On the one hand, it might
directly promote cancer cell growth, migration and invasion (Moreira
et al., 2015; Garofalo and Surmacz, 2006). Patients with weak leptin
receptor expression tend to have a longer progression-free survival
compared to patients with strong leptin expression (Alexandrakis et al.,
2004). And Yu et al. recently demonstrated that upregulated leptin
could stimulate proliferation of MM and reduce the anti-tumor effect of
chemotherapy possibly via the activation of AKT and STAT3 pathways
(Yu et al., 2016). On the other hand, leptin can counteract anti-tumor
immunity by contributing to the iNKT cell anergy, as we have shown
(Favreau et al., 2017b).

Our work unmasks a previously unknown link between leptin and
iNKT cells in the context of MM immunosuppression. It appears that the
large accumulation of adipocytes in the aging BM might play a key role
in suppressing anti-tumor immunity. These data suggest that leptin
receptor antagonism might work as a new checkpoint inhibitor, an in-
teresting strategy for iNKT based immunotherapy in MM. Moreover,
this could also be relevant in the treatment of a large variety of other
cancers such as breast, pancreas, lung, thyroid, endometrial and
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gastrointestinal cancer, where the leptin-leptin receptor axis also
clearly plays a role in pathology (Garofalo and Surmacz, 2006). Many
questions such as the specificity of the effect and its inner mechanisms
remain unanswered. Studies in leptin and leptin receptor conditional
knockouts should provide some answers on this matter.

5. Concluding remarks

Multiple myeloma is a cancer of the plasma cell where, despite the
major therapeutic advances, the majority of patients still relapses and
develops into a non-responsive disease, highlighting the unmet medical
need. New treatment options for MM patients are needed, with a special
focus on immune therapy. The scientific turning point for the emer-
gence of checkpoint inhibitors in cancer immunotherapy came with the
understanding that T cell immune responses are controlled through on
and off switches, so called 'immune checkpoints' that protect the body
from possibly damaging immune responses. Checkpoint inhibition in
cancer treatment is assumed to work primarily via CD8+T cell-and NK
cells mediated responses. However, our work shows that semi-invariant
innate-like T cells such as iNKT and MAIT cells are additional important
immunomodulatory target cells of checkpoint inhibition. Both cell
types appear to present a state of functional anergy that might be
supported by activation and signaling via checkpoint molecules such as
PD-1 and potentially also leptin. This pathway might be exploited by
cancer cells to avoid immune surveillance and could for example also
be an explanation for the lack of therapeutic success with α-GalCer
based interventions. Our work contributes to the understanding of iNKT
and MAIT cell biology in MM and has provided new insights in the
concept of anergy impeding innate-like T cell-based immunotherapy,
with a particular role for the PD-1/PDL and the leptin-leptin receptor
signaling pathways. Finally, this could not only be beneficial for the
treatment of MM patients but potentially shines a light on future
therapeutic avenues for aggressive cancers with currently limited
treatment options as well. Further work will help us validate the leptin-
leptin receptor molecules are potential useful targets of immunotherapy
in MM and other cancers.
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and the leptin induced silencing of iNKT cells, the impact
of leptin on other immune cells (e.g. MAIT) and the role of
other adipokines (light blue) (For interpretation of the
references to colour in this figure legend, the reader is
referred to the web version of this article).
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