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The cellular immune system in myelomagenesis: NK cells
and T cells in the development of MM and their uses
in immunotherapies
T Dosani1, M Carlsten2, I Maric3 and O Landgren4

As vast strides are being made in the management and treatment of multiple myeloma (MM), recent interests are increasingly
focusing on understanding the development of the disease. The knowledge that MM develops exclusively from a protracted phase
of monoclonal gammopathy of undetermined significance provides an opportunity to study tumor evolution in this process.
Although the immune system has been implicated in the development of MM, the scientific literature on the role and status
of various immune components in this process is broad and sometimes contradictory. Accordingly, we present a review of cellular
immune subsets in myelomagenesis. We summarize the current literature on the quantitative and functional profiles of natural
killer cells and T-cells, including conventional T-cells, natural killer T-cells, γδ T-cells and regulatory T-cells, in myelomagenesis.
Our goal is to provide an overview of the status and function of these immune cells in both the peripheral blood and the bone
marrow during myelomagenesis. This provides a better understanding of the nature of the immune system in tumor evolution, the
knowledge of which is especially significant considering that immunotherapies are increasingly being explored in the treatment
of both MM and its precursor conditions.
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INTRODUCTION
Multiple myeloma (MM) is a malignant neoplasm of plasma cells
that arises consistently from asymptomatic precursor conditions,
specifically monoclonal gammopathy of undetermined signifi-
cance (MGUS) and smoldering MM.1,2 The study of myeloma-
genesis, which is the progression of these precursor conditions to
MM, has been an area of interest in the hopes of improving the
surveillance and clinical management of these conditions.3

Genetic and immune-related factors are considered to have roles
in the pathogenesis of both benign monoclonal gammopathies
and MM.4 Furthermore, two independent groups have developed
progression and risk-stratification models for both MGUS and
smoldering MM.5,6 Among the parameters used in these models
are a skewed free light chain ratio and immunoparesis, which
refers to the hypogammaglobulinemia of the uninvolved
immunoglobulin.5,6 This suggests that immune dysfunction is an
indicator of and may have a role in the progression of precursor
disease to MM. Beyond the decrease in humoral immunity, there is
also a significant literature that has characterized changes in other
components of the immune system in both precursor disease and
frank MM.7,8

Several studies have also discussed the importance of the
tumor microenvironment in the development of MM.9 Indeed,
the term microenvironment is broad and includes a range of
various cell types, including immune cells, with varying biological

functions (Figure 1). To advance our understanding on this topic,
we have conducted an extensive review of the literature on the
role of the immune system in myelomagenesis. Here we present
an overview of the current knowledge on the status and role of
natural killer cells (NK-cells) and T-cells, including conventional
T-cells, natural killer T-cells (NKT-cells), γδ-T-cells and regulatory
T-cells (Tregs), in myelomagenesis. We focus on these subsets due
to their normally cytotoxic activities against tumor cells and their
emerging potential in immunotherapies. We emphasize the
quantitative (Table 1) and functional (Table 2) profiles of these
immune cells in both the peripheral blood (PB) and the bone
marrow (BM), with the understanding that interactions between
the immune system and tumor cells are significant and distinct in
both environments.9

This review thus aims to expand our insights on the immune
system in myelomagenesis, which is of significance in the
development of both immunotherapies and immune biomarkers.
Immune biomarkers may be of special relevance in predicting the
risk of progression of precursor conditions to MM and would thus
be useful in allowing more tailored clinical monitoring and
treatment of these patients.3 Immunotherapeutic strategies for
the treatment of MM continue to show promise in early clinical
trials, although they remain to be validated in larger series.7

A better understanding of these immune subsets in myeloma-
genesis will help navigate these new territories.
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Figure 1. Schematic of functional interactions of NK-cells and T-cells with malignant plasma cells. The functional cytotoxicity of NK-cells
against malignant plasma cells is inhibited by malignant plasma cells via the activation of Tregs. MM cells evade cytotoxicity via a lack of HLA
Class I loss and the shedding of the surface antigen MICA, which leads to downregulation of the NKG2D activating receptor on NK-cells,
cytotoxic T-cells and γδ-T-cells. mAbs and IMiDs rely on NK-cell-mediated ADCC to exert some of their anti-MM effects. Promising targets for
NK-mediated immunotherapies against malignant plasma cells include the PD-1/PD-L1 axis and CS1. Circulating MICA is shed by malignant
plasma cells upon progression from MGUS to MM and downregulates NKG2D on cytotoxic T-cells, NK-cells and γδ-T-cells. NKT-cells exhibit
decreased cytotoxicity from MGUS to MM as evidenced by a loss of IFN-γ production and decreased CD1d-mediated targeting of malignant
plasma cells. However, NKT-cells may be stimulated by extrinsic α-GalCer and IMiDs. γδ-T-cells are activated by bisphosphonates and IL-2.
Th1 cells are inhibited by IL-6 produced by malignant plasma cells and Th17 cells have a role in the development of bony lytic lesions in MM.
Plus and minus signs indicate stimulation or inhibition of pathway demonstrated by arrows, respectively.

Table 1. Quantitative changes of NK- and T-cells in myelomagenesis

Peripheral blood Bone marrow

MGUS MM MGUS MM

NK-cells
Total ↔ 21,25,26 ↔ or ↑ in early disease;15,22,27

↓ in late disease25
↑33 ↑14,33

T-cells
CD4(+) ↔ 26,51 or ↓25,46 ↓46–49,51 ↑33

CD8(+) ↔ 25,46,51 or ↑26 ↑26,47,49,60

CD4(+)/CD8(+) ↔ 46,51 or ↓25,26 ↓26,47,48,50,51 ↔ 33

Th1 ↑33 ↑33

Th1/Th2 ↑51

Th17 ↑51 ↑50,51

NKT-cells ↔ 70,71 ↔ 71,72 or ↓70

γδ-T-cells ↔ 26 ↔ 26,77 ↔ 26 ↔ 26,77

CD4(+) Tregs ↑89,90 ↑65,89–92 ↔ 89,91

CD8(+) Tregs ↑91,95

DNTregs ↓90 ↓90

Treg/Th17 ↔ 98 ↑98

Abbreviations: DNTreg, double-negative regulatory T-cell; MGUS, monoclonal gammopathy of undetermined significance; MM, multiple myeloma; NK, natural
killer; Th, T helper. ↑, ↓ and ↔ indicate increase, decrease or no changes, respectively, in absolute or relative numbers of corresponding immune cell subsets in
the peripheral blood or bone marrow of MGUS or MM patients compared with normal healthy adults. Blank cells indicate unavailable or insufficient data for
the corresponding immune cell subsets upon review of the current literature.
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NATURAL KILLER CELLS
NK-cells form a distinct subset of the cellular immune system that
arises from lymphoid progenitors and is involved in the defense
against virally infected and tumor-transformed cells.10 NK-cells
were first identified owing to their ability to target tumor cells
without a need for priming, which stands in contrast to T-cells.10 In
humans, NK-cells are broadly defined as CD3(− )CD56(+) lympho-
cytes but express varying levels of other surface receptors
that dictate their cytotoxic and immunoregulatory functions.10

The common denominator for NK-cell cytotoxicity in humans is
the lack of human leukocyte antigen (HLA) expression on the
target cell.10 Interestingly, in contrast to many tumor types, MM
cells often do not show loss of HLA class I, suggesting a
mechanism by which they may evade targeting by NK-cells.11

Another important pathway that regulates NK-cell cytotoxicity is
signaling via the FcyRIIIa receptor (CD16), which mediates
antibody-dependent cellular cytotoxicity (ADCC).10 However, as
we will discuss, NK-cells from MM patients are often dysfunctional
compared with NK-cells from healthy individuals.12

An initial look at studies of NK-cell counts in the PB of MM
patients shows discordant findings, with some showing an
increase in NK-cells,13–18 while others reporting no changes19–23

or even a decrease24,25 compared with controls. Similarly
conflicting findings are reported in MGUS patients.15,17,19,21,25,26

A closer look at these PB NK-cell studies reveals differences in
the methodologies employed by them, which may explain the
variable findings. Most of those studies were not matched by age
or sex, both of which may confound the findings due to the
known variable NK-cell distributions between age groups and
genders.25 Moreover, some studies included patients who had
previously been treated with chemotherapeutic agents, which
may also alter immune cell composition.26 Upon filtering out
studies with these potential confounders, we found that untreated
MM patients in earlier stages of disease generally showed either
an increase or no changes in PB NK-cell numbers,14,21,26 while
untreated MM patients in more advanced stages of disease
sometimes showed a decrease in PB NK-cell numbers.25 MGUS
patients also showed no changes in NK-cell numbers, suggesting
that changes in PB NK-cell numbers are seen later in the course
of disease.21,25,26 Although these studies hint at the levels of

circulating NK-cells in myelomagenesis, future approaches would
benefit from the utilization of age- and sex-matched controls
and additional stratification of untreated MM patients based on
stage of the disease.
The immunophenotypes used in defining NK-cells also varied

between these quantitative studies. Although most employed
classical NK-cell markers such as CD56 and CD16, they differed in
their use of either a single marker or a combination of more
than one marker. It may be of value in future studies to delineate
NK-cell subsets and their associated findings, particularly because
the subsets vary considerably in their functions.27 For example,
CD56(bright) NK-cells are considered to be the major cytokine-
producing subset and are implicated in immune regulation, while
the CD56(dim)CD16(+) subsets tend to be more involved in
cytotoxic activities.27 Interestingly, studies in other cancers have
suggested that quantitative levels of certain circulating NK-cell
subsets may be useful as clinically predictive biomarkers.28

Considering that NK-cell subsets may reflect host immune status,
which has been implicated to have a role in the development of
MM, they are of interest as markers of immune function in this
context. Indeed, MM patients possess decreased levels of CD16(+)
subsets,29 which are involved in cytotoxicity. Moreover,
MM patients with lower NK-cell cytotoxicity show worse disease-
free survival than those with higher NK-cell cytotoxicity.30 These
findings of altered NK-cells and their potential prognostic
significance support the exploration of NK-cell subsets as immune
biomarkers for MM or its precursor conditions.
Functional studies suggest that, although NK-cells remain

functional in MGUS patients, they may display functional changes
in MM and lose cytotoxicity particularly in advanced MM.15,19,29,30

NK-cell function is often reflected in changes in the NK-cell
receptor repertoire, which includes the natural cytotoxicity
receptors (NCRs) and NKG2D. Although the expression of NCRs
and NKG2D was not found to be different in PB NK-cells from
MM patients compared with healthy volunteers,29 both NKG2D
and NCRs such as NKp30 have been found to be decreased
in expression on BM NK-cells.31 The co-activation receptor 2B4 has
also been found to be reduced in expression in both PB and BM
NK-cells.29,31 Other studies in PB NK-cells have suggested that NK-
cell cytotoxicity against MM cells is dependent on DNAX accessory

Table 2. Functional changes in NK- and T-cells in myelomagenesis

MGUS MM

NK-cells
↔ ↓ Decreased capacity for ADCC, especially in advanced disease15,19,29,30

Decreased expression of 2B4 and DNAM-1 in MM but without changes in NCRs29,31,32

De novo expression of PD-1 on MM NK-cells, inhibiting host immune response to tumor cells37

T-cells
CD4(+) and
CD8(+)

↓ ↓↓ Loss of tumor-specific responses of both CD4(+) and CD8(+) T-cells in the BM62

Decreased cytotoxic T-cell expansions33,61

Decreased cytotoxic T-cell-mediated cytotoxicity due to increased DC dysfunction26,65,66

Th1 ↓ Tumor secretion of IL-6 inhibits Th1 function8

Th17 ↑ Enriched in the BM; involved in the development of lytic bone lesions53–55

iNKT-cells ↓ ↓↓ Loss of IFN-γ-mediated antitumor responses of iNKT-cells71

Tumor-secreted glycolipids and decreased CD1d expression on tumor cells contributes to iNKT-cell
dysfunction70,71,73,74

γδ-T-cells ↓ Downmodulation of NKG2D by circulating MICA shed from tumor cells35,83,84

Retain potential for functional stimulation by bisphosphonates and IL-279–82

Tregs ↑ ↑ Tumor cells stimulate the production of functional CD4(+) Tregs94

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; BM, bone marrow; DNAM-1, DNAX accessory molecule 1; IFN, interferon; IL, interleukin; iNKT,
invariant natural killer T-cell; MGUS, monoclonal gammopathy of undetermined significance; MICA, major histocompatibility complex class 1-related chain A;
MM, multiple myeloma; NK, natural killer; PD-1, programmed death protein 1; Th, T helper; Treg, regulatory T-cell. ↑, ↓ and ↔ indicate increased, decreased
and no or minimal changes, respectively, in functionality of corresponding immune cell subsets in MGUS or MM compared with normal. ↓↓ indicates
decreased functionality of corresponding immune cell subsets in MM compared with both MGUS and normal. Blank cells indicate unavailable or insufficient
data for the corresponding immune cell subsets upon review of the current literature.
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molecule 1 (DNAM-1).32 However, DNAM-1 has been found to be
reduced on NK-cell subsets in MM patients, which may contribute
to the decrease in NK-cell functionality observed in MM.32 These
studies also help highlight that the functional and quantitative
status of NK-cells may be distinct between the PB and BM
microenvironments. The few published studies on BM NK-cells in
MGUS and MM suggest an increased proportion of NK-cells in the
BM of patients with these conditions compared with controls.14,33

Functionally, one study of NK-cells from the BM of MM
patients showed that they demonstrated strong activity against
myeloma cell lines but not against autologous and allogeneic
fresh myeloma cells.34 The BM microenvironment in vivo may thus
contribute to the resistance of MM cells to NK-cell-mediated
killing.
Although there is an association between advanced disease

status and a reduced capacity of NK-cells to mount a proper
immune response, it is unclear as to whether disease stage is a
consequence of dysfunctional NK-cells or vice versa. Our review of
the literature supports sequential studies of the functionality of
both NK-cells and the resistance of tumor cells from MGUS to MM
in order to better elucidate the order of events over myelomagen-
esis that leads to both findings. Indeed, MM cells in advanced
disease also develop a resistance to NK-cell killing. For example, it
has been shown that MM cells are resistant to healthy donor
NK-cell-mediated killing in advanced disease11,35 but not in early
disease.11,36 Furthermore, a number of pathways in the BM
microenvironment milieu inhibit the cytotoxicity of NK-cells, as
well as other cytotoxic immune cells (Figure 1). For example,
NK-cells from MM patients have been found to have a de novo
expression of programmed death protein 1 (PD-1), which is
involved in preventing host immune response to tumor cells via
the PD-1/PD-L1 axis37—this axis directly undermines host immune
control of MM and allows its clinical progression and has recently
also emerged as a promising immunotherapeutic target.37

The monoclonal PD-1 antibody CT-011 interrupts this pathway
and thus enhances the NK-cell versus MM effect, with this effect
also being shown to be augmented by lenalidomide.37 Functional
studies of NK-cells in disease may also thus help uncover novel
immunotherapeutic targets.
Studies of NK-cell functionality in disease are also significant

considering that the novel monoclonal antibodies (mAbs) being
researched for MM therapy, such as elotuzumab, daratumumab,
XmAb5592, and anti-CD137 mAbs, rely on NK-cell-mediated
ADCC.38–42 Dexamethasone and immunomodulatory drugs (IMiDs)
such as lenalidomide and pomalidomide also exert some of their
anti-MM effects via the augmentation of NK-cell cytotoxic activity
against tumor cells.42,43 On the other hand, pure NK-cell-based
immunotherapies have not yet garnered much success in MM,42

although some studies have been promising. One study
engineered chimeric antigen receptor-expressing NK-cells and
found them to target CS1, which is highly expressed on MM cells
and also serves as the antigenic target for elotuzumab.39,44

Another study successfully expanded NK-cells from newly
diagnosed untreated MM patients ex vivo and showed that they
specifically target malignant autologous primary MM cells while
sparing their non-malignant counterparts.45 This suggests that the
functional alterations of NK-cells in MM patients with early disease
can potentially be overcome, which is significant when consider-
ing their use in immunotherapies. Moreover, immunotherapies
may be improved with a better understanding of receptor–ligand
interactions that govern NK-cell-mediated targeting of MM.

T-CELLS
T-cells have long been known to be both quantitatively and
functionally altered in MM and to consequently have a role in the
immunodeficiency associated with the disease.8 In both MM and its
precursor conditions, there is a decrease in the PB CD4(+)/CD8(+)

T-cell ratio, which is due to both the decrease in absolute and
relative numbers of CD4(+) T-cells and an increase in relative
numbers of CD8(+) T-cells.26,46–51 Moreover, the PB CD4(+)/CD8(+)
T-cell ratio has been shown to decrease upon progression of the
disease, with the decrease in CD4(+) T-cells correlating with
advanced disease, increased tumor burden and as an indepen-
dent sign of poor prognosis.48,50,52 In contrast, BM findings in
MGUS and MM patients show an increase in CD4(+) T-cells and no
significant changes in the CD4(+)/CD8(+) T-cell ratio compared
with normal.33 An increase in T helper type 1 (Th1) cells in the BM
was also noted in both MGUS and MM patients and is consistent
with findings of an increased Th1/Th2 ratio observed in the PB of
MM patients.33,51 Th17 cells, which are a pro-inflammatory subset
of T-cells, are also increased in both the PB and BM of MM
patients.53,54 Th17 cells are particularly enriched in the BM, where
they are implicated in the development of MM lytic bone lesions
via their production of interleukin (IL)-17.53–55

There has historically also been a considerable interest in T-cell
clonality, which has been suggested to have prognostic implica-
tions in MM.56–58 CD4(+) T-cells in MM patients undergo novel
oligoclonal expansions and CD8(+) T-cells, which constitute the
majority of the T-cell expansions, demonstrating an increased
frequency of expansions.49,59,60 Tumor-specific CD8(+) T-cells
demonstrate strong responses and are correlated with both
disease burden and clinical outcomes in MM patients.56,57

Interestingly, both PB and BM studies have shown that clonal
CD8(+) T-cell expansions are more frequent in precursor disease
patients compared with MM patients, suggesting that cytotoxic
T-cell dysfunction correlates with the progression of disease.33,61

These observations are corroborated by functional studies that
have shown that, while both CD4(+) and CD8(+) T-cells from the
BM of patients with MGUS can effect vigorous tumor-specific
responses, these actions are not seen with T-cells from the BM of
patients with active MM.62 A potential explanation for this
phenomenon is that an increasing tumor burden from MGUS to
MM may result in T-cell exhaustion. Previous studies have in fact
suggested that MM is associated with an increase in CD57(+)
CD28(− ) cytotoxic T-cells—these are believed to represent a
mature subset of T-cells that are generated in response to
persistent stimulation by tumor-associated antigen in the absence
of effective tumor clearance.59 Moreover, sustained co-inhibitory
signaling, such as that observed in the PD-1/PD-L1 axis, also
results in functional exhaustion of T-cells.63 However, T-cell
dysfunctionality in MM may also be due to T-cell anergy—this is
supported by findings that MM cells induce T-cell anergy by
presenting tumor-specific antigens without co-receptor
expression.64

T-cell-mediated cytotoxicity is also contingent on the function
of dendritic cells (DCs), which are the central antigen-presenting
cells of the immune system. Considering the breadth of knowl-
edge on DC dysfunction in MM and its consequences on cellular
immunity, it is important to highlight these findings. In general,
both the PB and BM environments in MM patients generally
inhibit DC maturation and function via cytokines and other
immunologically active substances.8 This leads to a decrease in DC
numbers—seen in both the myeloid and the plasmacytoid
compartments—and DC function, ultimately contributing to the
in vivo cytotoxicity of T-cells against MM.8,26 Neither the depletion
nor the dysfunction in DCs is seen in MGUS patients, which mirrors
findings of intact T-cell-mediated cytotoxicity in precursor disease
patients.26,65,66 Interestingly, T-cells from the tumor bed of MM
patients may recover their cytolytic responses against autologous
tumor cells after ex vivo stimulation with DCs, highlighting the
importance of the study of DC function in relation to T-cells in
MM.56,67

Successful immunotherapy in MM using conventional
T-cell subsets thus needs to bypass barriers of T-cell and DC
dysfunctions. However, precursor disease patients may be less
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immunosuppressed in this regard and thus more amenable to
immunotherapeutic approaches of treatment. Recent studies have
also increasingly focused their attention on other T-cell subsets,
such as NKT-cells, γδ-T-cells and Tregs. We thus specifically
address the status and role of these subsets in myelomagenesis.

Natural killer T-cells
NKT-cells are immune cells that may express both T-cell receptors
(TCRs) and NK-cell surface markers.68 They are, however, best
defined as T-cells that mostly recognize antigens in the context of
CD1d molecules, which are related to the major histocompatibility
complex family that is utilized by most other immune cells.68

Within NKT-cells, the most extensively studied subset are the
invariant NKT (iNKT) cells, which are defined by their expression
of a highly restricted TCR and their potent activation by the
α-galactosylceramide (α-GalCer) ligand.68 Despite constituting a
minute proportion of all PB T-cells, iNKT-cells have an important
role in tumor immunosurveillance and are able to induce strong
antitumor responses through the release of cytokines, such as
interferon-γ (IFN-γ).69

Considering their potent antitumor activities, several studies
have attempted to identify the role of iNKT-cells in myelomagen-
esis. Although some studies have shown a progressive decrease in
PB iNKT-cells in the evolution from MGUS to MM,70 others have
failed to do so.71,72 Comparable studies for BM iNKT cells are not
available. Regardless, a decreased functionality of both PB and BM
iNKT-cells is seen in MM patients, with the progression of the
disease correlating with a loss of IFN-γ production by iNKT-cells.71

Studies have also shown the loss of CD1d expression by MM cells
upon progression of the disease, suggesting a mechanism by
which MM cells evade targeting by iNKT-cells.70,71,73,74 Tumor cells
themselves may also both express and shed glycolipids that
contribute to NKT-cell dysfunction in MM.71

Changes in the MM immune environment may thus render
iNKT-cells less effective in being able to curb myelomagenesis.
Studies have thus attempted to exploit the potent agonist activity
of α-GalCer for iNKT-cells. An ex vivo study using iNKT-cells from
MM patients was able to demonstrate strong antitumor responses
against α-GalCer-pulsed primary MM cells.73 This was corroborated
by a clinical study in smoldering MM patients in which α-GalCer-
activated iNKT cells demonstrated a synergistic capacity to induce
tumor regression in combination with low-dose lenalidomide.75

These studies suggest a role for α-GalCer in immunotherapies
looking to rescue or potentiate the antitumor activities of
iNKT-cells.

γδ T-cells
γδ-T-cells comprise a small subset of T-cells that are distinguished
by their γδ-TCRs and their distinct effector mechanisms, which
include both innate and adaptive features.76 γδ-T-cells generally
reside and work in tissues rather than in the PB.76 However,
no quantitative differences have been found in γδ-T-cells in either
the PB or the BM of MGUS and MM patients compared with
healthy controls.26,77 γδ-T-cells hold immunotherapeutic potential
due to their abilities to simultaneously act as antigen-presenting
cells, localize to target tissues and rapidly expand and
effect antigen-specific immune responses against target cells.76

In the context of Phase I/II clinical trials, they have shown efficacy
in various cancers, with especially strong responses against
advanced renal cell carcinoma and prostate cancer.76 These
trials either harvested and expanded γδ-T-cells ex vivo before
introducing them in subjects or activated the cells in vivo using
bisphosphonates and IL-2, both of which are known to be potent
γδ-T-cell stimulators.76

There has been an interest in translating these findings to
immunotherapies for MM, especially considering that bispho-
sphonates are already widely used in the treatment of MM.78

Pamidronate was among the first bisphosphonates to be
investigated and was shown to expand γδ-T-cell populations
ex vivo in an IL-2-dependent manner.79 The expanded γδ-T-cells
were then shown to be cytotoxic against both MM cell lines and
against plasma cells in BM cultures from MM patients.79 This
study was corroborated in vivo by a clinical trial in which the
administration of pamidronate and low-dose IL-2 generated an
objective tumor response in MM patients with progressive
disease.80 However, the tumor response was limited to patients
who already possessed expanded γδ-T-cell populations before
treatment.80 Other bisphosphonates such as zoledronic acid have
also been found to activate γδ-T-cells and to enhance their
cytotoxic activities against plasma cells derived from MM
patients.81,82 Another study utilized Phosphostim, a synthetic
γ9δ2-T-cell agonist, to expand γδ-T-cells ex vivo and showed that
the expanded cells had significant cytotoxicity against most MM
cell lines and against primary MM cells.77

The antimyeloma activities of bisphosphonate-activated
γδ-T-cells may be partially explained by their costimulation by
major histocompatibility complex class I-related chain molecule A
(MICA), which is an antigenic molecule expressed on the surface of
plasma cells from both MGUS and MM patients.83 MICA is
expressed at higher levels on plasma cells from MGUS patients
compared with MM patients, and this is believed to be due to its
increased shedding into the PB upon progression of MGUS
to MM.35,83,84 MICA serves as a ligand for the NKG2D receptor,
which is present on γδ-T-cells, NK-cells and CD8(+) T-cells, and
an increase in circulating MICA triggers the downmodulation of
NKG2D on these cells.85 The shedding of MICA from MM plasma
cells may thus be another mechanism by which they evade
immune-mediated cytotoxicity.85 Interestingly, the proteasome
inhibitor bortezomib augments MICA expression in MM cells,
which enhances their targeting by immune cells.84 MICA may thus
be a promising target in future therapies in MM.
Successful utilization of γδ-T-cells in immunotherapy may

necessitate using substances to stimulate them in situ or to
expand them ex vivo. For example, one study derived γδ-T-cells
from healthy donors, expanded them for a clone that expressed
the NCR NKp44 and showed that this clone effectively targets
primary MM cells.86 Interestingly, this suggests that the cytotoxic
mechanisms of γδ-T-cells might be related to those of NK-cells,
which provides rationale for using them synergistically in dual
immunotherapies. However, the dearth of γδ-T-cells in vivo
requires that therapies expand their numbers either in situ or
ex vivo. Other obstacles include their pro-inflammatory tendencies
and a relatively poor understanding of their immunobiology.76

Regulatory T-cells
As the major suppressors of immune responses, Tregs have
essential roles in the functional homeostasis of the immune
system. Because of their phenotypic and functional heterogeneity,
studies have often used different definitions for Tregs, which
have included positivity for CD25, CD127, FoxP3 or combinations
thereof.87 These divergent definitions have sometimes resulted
in conflicting or non-reproducible findings.87 Nonetheless,
cancer patients generally show an increased and functional pool
of PB Tregs, which suggests that Tregs may have a role in the
immunosuppressive state associated with carcinogenesis in MM.88

Several studies have shown that CD4(+) Tregs are increased and
functionally immunosuppressive in the PB of MM patients.65,89–92

Most of these studies defined them as CD4(+)CD25(+/high)
FoxP3(+) immune cells. However, studies that did not use both
the CD25 and FoxP3 markers concurrently93 or used a different
CD25(high)CD127(low) phenotype26 to define CD4(+) Tregs failed
to show an increase in Tregs in MM patients. This suggests that
the increase in Tregs in MM patients most correlates with the
FoxP3(+) phenotype. CD4(+)CD25(+)FoxP3(+) Tregs have also
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found to be increased and functional in the PB of MGUS
patients,89,90 suggesting that Treg-mediated immunosuppression
may be an early event in myelomagenesis. Studies of Tregs in the
BM are relatively few but tend to suggest no changes in the Treg
numbers in MM patients.90,92 Finally, an in vitro study showed that
both primary MM cells and MM cell lines can generate potent
CD4(+)CD25(+)FoxP3(+) Tregs from previously CD4(+)CD25(− )
FoxP3(− ) cells, suggesting an in vivo mechanism by which MM
cells may induce immunosuppression and thus evade immune
surveillance.94 In fact, some of the anti-MM effects of lenalidomide
and pomalidomide may be due to their ability to overcome this
immunosuppression in MM by their inhibition of the proliferation
and function of Tregs.43

Although the majority of Tregs are CD4(+), a subset of CD8(+)
Tregs have also been identified, although difficulties in pheno-
typically characterizing them have limited their study.95 CD8(+)
Tregs are also immunosuppressive and help cancer cells escape
immune surveillance via their suppression of effector T-cells.95

Similar to their CD4(+) counterparts, the levels of CD8(+) Tregs
are increased and functional in the PB of MM patients.92,96

Additional Treg subtypes such as CD4(− )CD8(− ) double-
negative-Tregs have also been isolated and found to be decreased
in MGUS and MM patients.90,97 However, the significance of these
novel Treg subsets in carcinogenesis remain to be established.
Tregs are often also studied in relation to the pro-inflammatory

Th17 cells, and the Treg/Th17 balance is considered to be a
marker in immunoregulatory control.43 Interestingly, MM cells
skew the Treg/Th17 balance to induce an immunosuppressive
state.98 Furthermore, the immunological profile associated with
long-term survival of MM patients includes a recovery of the
Treg/Th17 balance, leading to decreased immunosuppression.99

These studies provide additional evidence of the immunosuppres-
sion associated with the course of myelomagenesis. They also
suggest immune cell subsets that could serve as biomarkers of the
development or progression of MM.

CONCLUSIONS AND FUTURE DIRECTIONS
NK-cells show quantitative and functional changes in myeloma-
genesis and are particularly decreased and dysfunctional in
advanced MM. It remains unclear whether the dysfunction
in NK-cells is a cause or consequence of increasing disease stage.
In order to elucidate the role of NK-cells in myelomagenesis, we
propose a sequential study of changes in NK-cell functionality
from MGUS to MM, with a particular focus on how they react with
malignant PCs in the BM and changes in the expression of surface
receptors. In particular, studies suggest that, in addition to NCRs
and NKG2D, the 2B4 and DNAM-1 receptors may have significant
roles in NK-cell interactions with tumor cells. Future NK-cell studies
may also be improved by controlling for confounding factors and
by delineating NK-cell subsets, which may have unequal roles in
antitumor activities and thus hold potential as predictive immune
biomarkers in myelomagenesis. Finally, functional studies may
also help uncover novel immunotherapeutic targets, as evidenced
by the recent promising findings of the PD-1/PD-L1 axis and CS1.
Indeed, NK-cell-mediated cytotoxicity continues to remain a
promising target for immunotherapies, and IMiDs and novel
mAbs such as elotuzumab, daratumumab and anti-CD137 mAbs
exert significant effects via enhancement of NK-cell-mediated
cytotoxicity.
T-cells are significantly altered both quantitatively and func-

tionally in myelomagenesis, and their dysfunction closely mirrors
the course of the disease. Immunotherapies using T-cells still
present many barriers, although precursor disease patients may
be more amenable to such approaches. Recent studies have
increasingly focused on NKT-cells, γδ-T-cells and Tregs. NKT-cells
and γδ-T-cells have potent agonists that can expand and stimulate
their populations. α-GalCer has a promising role in NKT-mediated

immunotherapies and should be explored for synergistic use with
IMiDs. Bisphosphonates and IL-2 can stimulate γδ-T-cells, which
may also be considered for synergistic use with NK-cells. There is
insufficient data to suggest a clinical role for T-cell subsets as
immune biomarkers in the development of MM. However,
circulating MICA and levels of Treg subsets, which reflect the
degree of host immunosuppression, may be of significance based
on cursory studies suggesting changes in their levels upon the
development of MM.
Our discussion of the profiles of both NK- and T-cell subsets in

myelomagenesis may thus be helpful in the search for immune
biomarkers in MM and its precursor conditions. It also provides
knowledge of the baseline profile and the degree of host
immunosuppression in myelomagenesis, which is essential when
developing new immunotherapeutic strategies for MM. Both
NK- and T-cell subsets are already known to have integral roles
in the mediation and mechanisms of action of currently
explored immunotherapies, particularly those of IMiDs and
mAbs—including elotuzumab, daratumumab and anti-CD137
mAbs.38–40 The argument for such immunotherapeutic
approaches has been supported by recent findings from massively
parallel sequencing of tumor samples from MM patients. These
showed that there is widespread genetic heterogeneity in MM,100

which is in contrast to the relatively limited immunophenotypic
variability in MM. In this context, immunophenotypic homogene-
ity strengthens the argument for the development of immuno-
therapies that target defined antigens on MM cells. Future studies
are necessary in order to test this hypothesis.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
This research was made possible through the National Institutes of Health (NIH)
Medical Research Scholars Program, a public–private partnership supported jointly by
the NIH and generous contributions to the Foundation for the NIH from Pfizer Inc.,
The Doris Duke Charitable Foundation, The Alexandria Real Estate Equities, Inc.
and Mr and Mrs Joel S Marcus and the Howard Hughes Medical Institute, as well as
other private donors. For a complete list, please visit the Foundation website at:
http://fnih.org/work/education-training-0/medical-research-scholars-program.

REFERENCES
1 Landgren O, Kyle RA, Pfeiffer RM, Katzmann JA, Caporaso NE, Hayes RB et al.

Monoclonal gammopathy of undetermined significance (MGUS) consistently
precedes multiple myeloma: a prospective study. Blood 2009; 113: 5412–5417.

2 Weiss BM, Abadie J, Verma P, Howard RS, Kuehl WM. A monoclonal gammopathy
precedes multiple myeloma in most patients. Blood 2009; 113: 5418–5422.

3 Korde N, Kristinsson SY, Landgren O. Monoclonal gammopathy of undetermined
significance (MGUS) and smoldering multiple myeloma (SMM): novel biological
insights and development of early treatment strategies. Blood 2011; 117:
5573–5581.

4 Kristinsson SY, Goldin LR, Bjorkholm M, Koshiol J, Turesson I, Landgren O.
Genetic and immune-related factors in the pathogenesis of lymphoproliferative
and plasma cell malignancies. Haematologica 2009; 94: 1581–1589.

5 Perez-Persona E, Vidriales MB, Mateo G, Garcia-Sanz R, Mateos MV, de Coca AG
et al. New criteria to identify risk of progression in monoclonal gammopathy
of uncertain significance and smoldering multiple myeloma based on
multiparameter flow cytometry analysis of bone marrow plasma cells. Blood
2007; 110: 2586–2592.

6 Dispenzieri A, Kyle RA, Katzmann JA, Therneau TM, Larson D, Benson J et al.
Immunoglobulin free light chain ratio is an independent risk factor for
progression of smoldering (asymptomatic) multiple myeloma. Blood 2008; 111:
785–789.

7 Feyler S, Selby PJ, Cook G. Regulating the regulators in cancer-
immunosuppression in multiple myeloma (MM). Blood Rev 2013; 27: 155–164.

8 Pratt G, Goodyear O, Moss P. Immunodeficiency and immunotherapy in multiple
myeloma. Br J Haematol 2007; 138: 563–579.

Immune system in myelomagenesis
T Dosani et al

6

Blood Cancer Journal

http://fnih.org/work/education-training-0/medical-research-scholars-program


9 Balakumaran A, Robey PG, Fedarko N, Landgren O. Bone marrow
microenvironment in myelomagenesis: its potential role in early diagnosis.
Expert Rev Mol Diagn 2010; 10: 465–480.

10 Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S. Functions of natural
killer cells. Nat Immunol 2008; 9: 503–510.

11 Frohn C, Hoppner M, Schlenke P, Kirchner H, Koritke P, Luhm J. Anti-myeloma
activity of natural killer lymphocytes. Br J Haematol 2002; 119: 660–664.

12 Godfrey J, Benson DM Jr. The role of natural killer cells in immunity against
multiple myeloma. Leuk Lymphoma 2012; 53: 1666–1676.

13 Osterborg A, Nilsson B, Bjorkholm M, Holm G, Mellstedt H. Natural killer cell
activity in monoclonal gammopathies: relation to disease activity. Eur J Haematol
1990; 45: 153–157.

14 Garcia-Sanz R, Gonzalez M, Orfao A, Moro MJ, Hernandez JM, Borrego D et al.
Analysis of natural killer-associated antigens in peripheral blood and
bone marrow of multiple myeloma patients and prognostic implications.
Br J Haematol 1996; 93: 81–88.

15 Famularo G, D'Ambrosio A, Quintieri F, Di Giovanni S, Parzanese I, Pizzuto F et al.
Natural killer cell frequency and function in patients with monoclonal
gammopathies. J Clin Lab Immunol 1992; 37: 99–109.

16 Gonzalez M, San Miguel JF, Gascon A, Moro MJ, Hernandez JM, Ortega F et al.
Increased expression of natural-killer-associated and activation antigens in
multiple myeloma. Am J Hematol 1992; 39: 84–89.

17 Van den Hove LE, Meeus P, Derom A, Demuynck H, Verhoef GE, Vandenberghe P
et al. Lymphocyte profiles in multiple myeloma and monoclonal gammopathy
of undetermined significance: flow-cytometric characterization and analysis in a
two-dimensional correlation biplot. Ann Hematol 1998; 76: 249–256.

18 Buchi G, Girotto M, Termine G, Gario S, Grosso E, Autino R et al. B and T
lymphocytic populations and subpopulations and natural killer cells (NK) in
blood of patients with myeloma and with monoclonal gammopathy of unde-
termined significance (MGUS). Pathologica 1985; 77: 385–393.

19 De Rossi G, De Sanctis G, Bottari V, Tribalto M, Lopez M, Petrucci MT et al. Surface
markers and cytotoxic activities of lymphocytes in monoclonal gammopathy
of undetermined significance and untreated multiple myeloma. Increased
phytohemagglutinin-induced cellular cytotoxicity and inverted helper/sup-
pressor cell ratio are features common to both diseases. Cancer Immunol
Immunother 1987; 25: 133–136.

20 King MA, Radicchi-Mastroianni MA. Natural killer cells and CD56+ T cells in the
blood of multiple myeloma patients: analysis by 4-colour flow cytometry.
Cytometry 1996; 26: 121–124.

21 Omede P, Boccadoro M, Gallone G, Frieri R, Battaglio S, Redoglia V et al. Multiple
myeloma: increased circulating lymphocytes carrying plasma cell-associated
antigens as an indicator of poor survival. Blood 1990; 76: 1375–1379.

22 Nielsen H, Nielsen HJ, Tvede N, Klarlund K, Mansa B, Moesgaard F et al.
Immune dysfunction in multiple myeloma. Reduced natural killer cell
activity and increased levels of soluble interleukin-2 receptors. APMIS 1991; 99:
340–346.

23 Ogmundsdottir HM. Natural killer cell activity in patients with multiple myeloma.
Cancer Detect Prev 1988; 12: 133–143.

24 Schutt P, Brandhorst D, Stellberg W, Poser M, Ebeling P, Muller S et al. Immune
parameters in multiple myeloma patients: influence of treatment and correlation
with opportunistic infections. Leuk Lymphoma 2006; 47: 1570–1582.

25 Tienhaara A, Pelliniemi TT. Peripheral blood lymphocyte subsets in
multiple myeloma and monoclonal gammopathy of undetermined significance.
Clin Lab Haematol 1994; 16: 213–223.

26 Pessoa de Magalhaes RJ, Vidriales MB, Paiva B, Fernandez-Gimenez C,
Garcia-Sanz R, Mateos MV et al. Analysis of the immune system of multiple
myeloma patients achieving long-term disease control by multidimensional flow
cytometry. Haematologica 2013; 98: 79–86.

27 Lopez-Verges S, Milush JM, Pandey S, York VA, Arakawa-Hoyt J, Pircher H et al.
CD57 defines a functionally distinct population of mature NK cells in the human
CD56dimCD16+ NK-cell subset. Blood 2010; 116: 3865–3874.

28 Wu L, Parton A, Lu L, Adams M, Schafer P, Bartlett JB. Lenalidomide enhances
antibody-dependent cellular cytotoxicity of solid tumor cells in vitro: influence of
host immune and tumor markers. Cancer Immunol Immunother 2011, 1007 60:
61–73.

29 Fauriat C, Mallet F, Olive D, Costello RT. Impaired activating receptor expression
pattern in natural killer cells from patients with multiple myeloma. Leukemia
2006; 20: 732–733.

30 Jurisic V, Srdic T, Konjevic G, Markovic O, Colovic M. Clinical stage-depending
decrease of NK cell activity in multiple myeloma patients. Med Oncol 2007; 24:
312–317.

31 Costello RT, Boehrer A, Sanchez C, Mercier D, Baier C, Le Treut T et al. Differential
expression of natural killer cell activating receptors in blood versus bone
marrow in patients with monoclonal gammopathy. Immunology 2013; 139:
338–341.

32 El-Sherbiny YM, Meade JL, Holmes TD, McGonagle D, Mackie SL, Morgan AW
et al. The requirement for DNAM-1, NKG2D, and NKp46 in the natural killer
cell-mediated killing of myeloma cells. Cancer Res 2007; 67: 8444–8449.

33 Perez-Andres M, Almeida J, Martin-Ayuso M, Moro MJ, Martin-Nunez G,
Galende J et al. Characterization of bone marrow T cells in monoclonal
gammopathy of undetermined significance, multiple myeloma, and plasma cell
leukemia demonstrates increased infiltration by cytotoxic/Th1 T cells demon-
strating a squed TCR-Vbeta repertoire. Cancer 2006; 106: 1296–1305.

34 Scheper W, Grunder C, Straetemans T, Sebestyen Z, Kuball J. Hunting for clinical
translation with innate-like immune cells and their receptors. Leukemia 2014; 28:
1181–1190.

35 Carbone E, Neri P, Mesuraca M, Fulciniti MT, Otsuki T, Pende D et al. HLA class I,
NKG2D, and natural cytotoxicity receptors regulate multiple myeloma cell
recognition by natural killer cells. Blood 2005; 105: 251–258.

36 Swift BE, Williams BA, Kosaka Y, Wang XH, Medin JA, Viswanathan S et al. Natural
killer cell lines preferentially kill clonogenic multiple myeloma cells and decrease
myeloma engraftment in a bioluminescent xenograft mouse model. Haemato-
logica 2012; 97: 1020–1028.

37 Benson DM Jr., Bakan CE, Mishra A, Hofmeister CC, Efebera Y, Becknell B et al.
The PD-1/PD-L1 axis modulates the natural killer cell versus multiple myeloma
effect: a therapeutic target for CT-011, a novel monoclonal anti-PD-1 antibody.
Blood 2010; 116: 2286–2294.

38 Tai YT, Horton HM, Kong SY, Pong E, Chen H, Cemerski S et al. Potent in vitro and
in vivo activity of an Fc-engineered humanized anti-HM1.24 antibody against
multiple myeloma via augmented effector function. Blood 2012; 119:
2074–2082.

39 Collins SM, Bakan CE, Swartzel GD, Hofmeister CC, Efebera YA, Kwon H et al.
Elotuzumab directly enhances NK cell cytotoxicity against myeloma via CS1
ligation: evidence for augmented NK cell function complementing ADCC. Cancer
Immunol Immunother 2013; 62: 1841–1849.

40 Zonder JA, Mohrbacher AF, Singhal S, van Rhee F, Bensinger WI, Ding H et al.
A phase 1, multicenter, open-label, dose escalation study of elotuzumab in
patients with advanced multiple myeloma. Blood 2012; 120: 552–559.

41 Murillo O, Arina A, Hervas-Stubbs S, Gupta A, McCluskey B, Dubrot J et al.
Therapeutic antitumor efficacy of anti-CD137 agonistic monoclonal antibody in
mouse models of myeloma. Clin Cancer Res 2008; 14: 6895–6906.

42 Mentlik James A, Cohen AD, Campbell KS. Combination immune therapies to
enhance anti-tumor responses by NK cells. Front Immunol 2013; 4: 00481.

43 Yang J, Chu Y, Yang X, Gao D, Zhu L, Wan L et al. Th17 and natural Treg cell
population dynamics in systemic lupus erythematosus. Arthritis Rheum 2009; 60:
1472–1483.

44 Chu J, Deng Y, Benson DM, He S, Hughes T, Zhang J et al. CS1-specific chimeric
antigen receptor (CAR)-engineered natural killer cells enhance in vitro and
in vivo antitumor activity against human multiple myeloma. Leukemia 2014; 28:
917–927.

45 Alici E, Sutlu T, Bjorkstrand B, Gilljam M, Stellan B, Nahi H et al. Autologous
antitumor activity by NK cells expanded from myeloma patients using
GMP-compliant components. Blood 2008; 111: 3155–3162.

46 Mellstedt H, Holm G, Pettersson D, Bjorkholm M, Johansson B, Lindemalm C et al.
T cells in monoclonal gammopathies. Scand J Haematol 1982; 29: 57–64.

47 Mills KH, Cawley JC. Abnormal monoclonal antibody-defined helper/suppressor
T-cell subpopulations in multiple myeloma: relationship to treatment and
clinical stage. Br J Haematol 1983; 53: 271–275.

48 San Miguel JF, Gonzalez M, Gascon A, Moro MJ, Hernandez JM, Ortega F et al.
Lymphoid subsets and prognostic factors in multiple myeloma. Cooperative
Group for the Study of Monoclonal Gammopathies. Br J Haematol 1992; 80:
305–309.

49 Raitakari M, Brown RD, Sze D, Yuen E, Barrow L, Nelson M et al. T-cell expansions
in patients with multiple myeloma have a phenotype of cytotoxic T cells.
Br J Haematol 2000; 110: 203–209.

50 Koike M, Sekigawa I, Okada M, Matsumoto M, Iida N, Hashimoto H et al.
Relationship between CD4(+)/CD8(+) T cell ratio and T cell activation in multiple
myeloma: reference to IL-16. Leuk Res 2002; 26: 705–711.

51 Ogawara H, Handa H, Yamazaki T, Toda T, Yoshida K, Nishimoto N et al. High
Th1/Th2 ratio in patients with multiple myeloma. Leuk Res 2005; 29: 135–140.

52 Kay NE, Leong TL, Bone N, Vesole DH, Greipp PR, Van Ness B et al. Blood levels of
immune cells predict survival in myeloma patients: results of an Eastern Coop-
erative Oncology Group phase 3 trial for newly diagnosed multiple myeloma
patients. Blood 2001; 98: 23–28.

53 Noonan K, Marchionni L, Anderson J, Pardoll D, Roodman GD, Borrello I. A novel
role of IL-17-producing lymphocytes in mediating lytic bone disease in multiple
myeloma. Blood 2010; 116: 3554–3563.

54 Prabhala RH, Pelluru D, Fulciniti M, Prabhala HK, Nanjappa P, Song W et al.
Elevated IL-17 produced by TH17 cells promotes myeloma cell growth and
inhibits immune function in multiple myeloma. Blood 2010; 115: 5385–5392.

Immune system in myelomagenesis
T Dosani et al

7

Blood Cancer Journal



55 Dhodapkar KM, Barbuto S, Matthews P, Kukreja A, Mazumder A, Vesole D et al.
Dendritic cells mediate the induction of polyfunctional human IL17-producing
cells (Th17-1 cells) enriched in the bone marrow of patients with myeloma. Blood
2008; 112: 2878–2885.

56 Michalek J, Ocadlikova D, Matejkova E, Foltankova V, Dudova S, Slaby O et al.
Individual myeloma-specific T-cell clones eliminate tumour cells and correlate
with clinical outcomes in patients with multiple myeloma. Br J Haematol 2010;
148: 859–867.

57 Goodyear O, Piper K, Khan N, Starczynski J, Mahendra P, Pratt G et al. CD8+
T cells specific for cancer germline gene antigens are found in many patients
with multiple myeloma, and their frequency correlates with disease burden.
Blood 2005; 106: 4217–4224.

58 Brown RD, Yuen E, Nelson M, Gibson J, Joshua D. The prognostic significance of T
cell receptor beta gene rearrangements and idiotype-reactive T cells in multiple
myeloma. Leukemia 1997; 11: 1312–1317.

59 Sze DM, Giesajtis G, Brown RD, Raitakari M, Gibson J, Ho J et al. Clonal cytotoxic
T cells are expanded in myeloma and reside in the CD8(+)CD57(+)CD28(-)
compartment. Blood 2001; 98: 2817–2827.

60 Moss P, Gillespie G, Frodsham P, Bell J, Reyburn H. Clonal populations of CD4+
and CD8+ T cells in patients with multiple myeloma and paraproteinemia. Blood
1996; 87: 3297–3306.

61 Halapi E, Werner A, Wahlstrom J, Osterborg A, Jeddi-Tehrani M, Yi Q et al. T cell
repertoire in patients with multiple myeloma and monoclonal gammopathy of
undetermined significance: clonal CD8+ T cell expansions are found pre-
ferentially in patients with a low tumor burden. Eur J Immunol 1997; 27:
2245–2252.

62 Dhodapkar MV, Krasovsky J, Osman K, Geller MD. Vigorous premalignancy-
specific effector T cell response in the bone marrow of patients with monoclonal
gammopathy. J Exp Med 2003; 198: 1753–1757.

63 Norde WJ, Hobo W, van der Voort R, Dolstra H. Coinhibitory molecules in
hematologic malignancies: targets for therapeutic intervention. Blood 2012; 120:
728–736.

64 Brown RD, Pope B, Yuen E, Gibson J, Joshua DE. The expression of T cell related
costimulatory molecules in multiple myeloma. Leuk Lymphoma 1998; 31:
379–384.

65 Brimnes MK, Vangsted AJ, Knudsen LM, Gimsing P, Gang AO, Johnsen HE et al.
Increased level of both CD4+FOXP3+ regulatory T cells and CD14+HLA-DR(-)/low
myeloid-derived suppressor cells and decreased level of dendritic cells in
patients with multiple myeloma. Scand J Immunol 2010; 72: 540–547.

66 Martin-Ayuso M, Almeida J, Perez-Andres M, Cuello R, Galende J, Gonzalez-Fraile
MI et al. Peripheral blood dendritic cell subsets from patients with monoclonal
gammopathies show an abnormal distribution and are functionally impaired.
Oncologist 2008; 13: 82–92.

67 Dhodapkar MV, Krasovsky J, Olson K. T cells from the tumor microenvironment
of patients with progressive myeloma can generate strong, tumor-specific
cytolytic responses to autologous, tumor-loaded dendritic cells. Proc Natl Acad
Sci USA 2002; 99: 13009–13013.

68 Brennan PJ, Brigl M, Brenner MB. Invariant natural killer T cells: an innate acti-
vation scheme linked to diverse effector functions. Nat Rev Immunol 2013; 13:
101–117.

69 Vivier E, Ugolini S, Blaise D, Chabannon C, Brossay L. Targeting natural killer cells
and natural killer T cells in cancer. Nat Rev Immunol 2012; 12: 239–252.

70 Nur H, Fostier K, Aspeslagh S, Renmans W, Bertrand E, Leleu X et al. Preclinical
evaluation of invariant natural killer T cells in the 5T33 multiple myeloma model.
PLoS One 2013; 8: e65075.

71 Dhodapkar MV, Geller MD, Chang DH, Shimizu K, Fujii S, Dhodapkar KM et al.
A reversible defect in natural killer T cell function characterizes the progression of
premalignant to malignant multiple myeloma. J Exp Med 2003; 197: 1667–1676.

72 Chan AC, Neeson P, Leeansyah E, Tainton K, Quach H, Prince HM et al. NKT cell
defects in multiple myeloma and the impact of lenalidomide therapy. Clin Exp
Immunol 2013; 175: 49–58.

73 Song W, van der Vliet HJ, Tai YT, Prabhala R, Wang R, Podar K et al. Generation of
antitumor invariant natural killer T cell lines in multiple myeloma and promotion
of their functions via lenalidomide: a strategy for immunotherapy. Clin Cancer
Res 2008; 14: 6955–6962.

74 Spanoudakis E, Hu M, Naresh K, Terpos E, Melo V, Reid A et al. Regulation of
multiple myeloma survival and progression by CD1d. Blood 2009; 113:
2498–2507.

75 Richter J, Neparidze N, Zhang L, Nair S, Monesmith T, Sundaram R et al. Clinical
regressions and broad immune activation following combination therapy tar-
geting human NKT cells in myeloma. Blood 2013; 121: 423–430.

76 Bonneville M, O'Brien RL, Born WK. Gammadelta T cell effector functions: a blend
of innate programming and acquired plasticity. Nat Rev Immunol 2010; 10:
467–478.

77 Burjanadze M, Condomines M, Reme T, Quittet P, Latry P, Lugagne C et al. In
vitro expansion of gamma delta T cells with anti-myeloma cell activity by
Phosphostim and IL-2 in patients with multiple myeloma. Br J Haematol 2007;
139: 206–216.

78 Gandhi AK, Kang J, Capone L, Parton A, Wu L, Zhang LH et al. Dexamethasone
synergizes with lenalidomide to inhibit multiple myeloma tumor growth, but
reduces lenalidomide-induced immunomodulation of T and NK cell function.
Curr Cancer Drug Targets 2010; 10: 155–167.

79 Kunzmann V, Bauer E, Feurle J, Weissinger F, Tony HP, Wilhelm M. Stimulation of
gammadelta T cells by aminobisphosphonates and induction of antiplasma cell
activity in multiple myeloma. Blood 2000; 96: 384–392.

80 Wilhelm M, Kunzmann V, Eckstein S, Reimer P, Weissinger F, Ruediger T et al.
Gammadelta T cells for immune therapy of patients with lymphoid malig-
nancies. Blood 2003; 102: 200–206.

81 Abe Y, Muto M, Nieda M, Nakagawa Y, Nicol A, Kaneko T et al. Clinical and
immunological evaluation of zoledronate-activated Vgamma9gammadelta
T-cell-based immunotherapy for patients with multiple myeloma. Exp Hematol
2009; 37: 956–968.

82 Mariani S, Muraro M, Pantaleoni F, Fiore F, Nuschak B, Peola S et al. Effector
gammadelta T cells and tumor cells as immune targets of zoledronic acid in
multiple myeloma. Leukemia 2005; 19: 664–670.

83 Girlanda S, Fortis C, Belloni D, Ferrero E, Ticozzi P, Sciorati C et al. MICA expressed
by multiple myeloma and monoclonal gammopathy of undetermined sig-
nificance plasma cells costimulates pamidronate-activated gammadelta lym-
phocytes. Cancer Res 2005; 65: 7502–7508.

84 Jinushi M, Vanneman M, Munshi NC, Tai YT, Prabhala RH, Ritz J et al.
MHC class I chain-related protein A antibodies and shedding are associated
with the progression of multiple myeloma. Proc Natl Acad Sci USA 2008; 105:
1285–1290.

85 Muntasell A, Magri G, Pende D, Angulo A, Lopez-Botet M. Inhibition of NKG2D
expression in NK cells by cytokines secreted in response to human cytomega-
lovirus infection. Blood 2010; 115: 5170–5179.

86 von Lilienfeld-Toal M, Nattermann J, Feldmann G, Sievers E, Frank S, Strehl J et al.
Activated gammadelta T cells express the natural cytotoxicity receptor natural
killer p 44 and show cytotoxic activity against myeloma cells. Clin Exp Immunol
2006; 144: 528–533.

87 Costantino CM, Baecher-Allan CM, Hafler DA. Human regulatory T cells and
autoimmunity. Eur J Immunol 2008; 38: 921–924.

88 Wolf AM, Wolf D, Steurer M, Gastl G, Gunsilius E, Grubeck-Loebenstein B.
Increase of regulatory T cells in the peripheral blood of cancer patients. Clin
Cancer Res 2003; 9: 606–612.

89 Beyer M, Kochanek M, Giese T, Endl E, Weihrauch MR, Knolle PA et al. In vivo
peripheral expansion of naive CD4+CD25high FoxP3+ regulatory T cells in
patients with multiple myeloma. Blood 2006; 107: 3940–3949.

90 Feyler S, von Lilienfeld-Toal M, Jarmin S, Marles L, Rawstron A, Ashcroft AJ et al.
CD4(+)CD25(+)FoxP3(+) regulatory T cells are increased whilst CD3(+)CD4(-)CD8(-)
alphabetaTCR(+) Double Negative T cells are decreased in the peripheral blood
of patients with multiple myeloma which correlates with disease burden. Br J
Haematol 2009; 144: 686–695.

91 Giannopoulos K, Kaminska W, Hus I, Dmoszynska A. The frequency of T reg-
ulatory cells modulates the survival of multiple myeloma patients: detailed
characterisation of immune status in multiple myeloma. Br J Cancer 2012; 106:
546–552.

92 Muthu Raja KR, Rihova L, Zahradova L, Klincova M, Penka M, Hajek R. Increased T
regulatory cells are associated with adverse clinical features and predict pro-
gression in multiple myeloma. PLoS One 2012; 7: e47077.

93 Prabhala RH, Neri P, Bae JE, Tassone P, Shammas MA, Allam CK et al.
Dysfunctional T regulatory cells in multiple myeloma. Blood 2006; 107:
301–304.

94 Feyler S, Scott GB, Parrish C, Jarmin S, Evans P, Short M et al. Tumour cell
generation of inducible regulatory T-cells in multiple myeloma is contact-
dependent and antigen-presenting cell-independent. PLoS One 2012; 7: e35981.

95 Wang RF. CD8+ regulatory T cells, their suppressive mechanisms, and regulation
in cancer. Hum Immunol 2008; 69: 811–814.

96 Muthu Raja KR, Plasil M, Rihova L, Pelcova J, Adam Z, Hajek R. Flow cytometry-
based enumeration and functional characterization of CD8 T regulatory cells in
patients with multiple myeloma before and after lenalidomide plus dex-
amethasone treatment. Cytometry B Clin Cytom 2013.

97 Fischer K, Voelkl S, Heymann J, Przybylski GK, Mondal K, Laumer M et al. Isolation
and characterization of human antigen-specific TCR alpha beta+ CD4(-)CD8-
double-negative regulatory T cells. Blood 2005; 105: 2828–2835.

98 Favaloro J, Brown R, Aklilu E, Yang S, Suen H, Hart D et al. Myeloma skews
regulatory T and pro-inflammatory T helper 17 cell balance in favor of a
suppressive state. Leuk Lymphoma 2013; 55: 1090–1098.

Immune system in myelomagenesis
T Dosani et al

8

Blood Cancer Journal



99 Bryant C, Suen H, Brown R, Yang S, Favaloro J, Aklilu E et al. Long-term survival in
multiple myeloma is associated with a distinct immunological profile, which
includes proliferative cytotoxic T-cell clones and a favourable Treg/Th17 balance.
Blood Cancer J 2013; 3: e148.

100 Lohr JG, Stojanov P, Carter SL, Cruz-Gordillo P, Lawrence MS, Auclair D et al.
Widespread genetic heterogeneity in multiple myeloma: implications for tar-
geted therapy. Cancer Cell 2014; 25: 91–101.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Immune system in myelomagenesis
T Dosani et al

9

Blood Cancer Journal

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The cellular immune system in myelomagenesis: NK cells and T�cells in the development of MM and their uses in immunotherapies
	Introduction
	Figure 1 Schematic of functional interactions of NK-cells and T-�cells with malignant plasma cells.
	Table 1 Quantitative changes of NK- and T-�cells in myelomagenesis
	Natural killer cells
	Table 2 Functional changes in NK- and T-�cells in myelomagenesis
	T-cells
	Natural killer T-�cells
	&#x003B3;&#x003B4; T-�cells
	Regulatory T-�cells

	Conclusions and future directions
	A5
	A6
	ACKNOWLEDGEMENTS
	REFERENCES




