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A B S T R A C T

The Signaling Lymphocyte Activation Molecule family (SLAMF) is a collection of nine surface receptors expressed mainly on hematopoietic cells, and was found to
modulate the behavior of immune cells. SLAMF receptors are expressed on B cells in health and disease. Each SLAM receptor has a unique differential expression
pattern during the development and activation of B cells. Furthermore, recent findings have revealed a principal role for this family of receptors in B cell malig-
nancies, emphasizing their importance in the control of malignant cell survival, cell to cell communication within the tumor microenvironment, retention in the
supporting niches and regulation of T cell anti-tumor response. This review summarizes the latest studies regarding SLAMF expression and behavior in B cells and in B
cell pathologies, and discusses the therapeutic potential of these receptors.

1. SLAM receptors

Adaptive and innate immune responses are orchestrated by dynamic
interactions between cell-surface molecules and their respective li-
gands, including antigen receptors, cytokine and chemokine receptors,
and co-stimulatory molecules. The Signaling Lymphocyte Activation
Molecule (SLAM) family is a collection of nine surface receptors ex-
pressed mainly on hematopoietic cells, that modulate the behavior of
immune cells. While most SLAMF receptors are homophilic, SLAMF2
and SLAMF4 serve as ligands for each other [1]. SLAMF receptors have
been shown to function as co-stimulatory molecules and to regulate the
activation and differentiation of a wide array of immune cell types in-
volved in both innate and adaptive immune responses [1–3]. Receptors
of the SLAM family share a common ectodomain organization: a
membrane-proximal immunoglobulin (Ig)-like constant domain, and a
membrane-distal Ig variable domain responsible for ligand recognition.
Six SLAMF receptors (SLAMF1, SLAMF3, SLAMF4, SLAMF5, SLAMF6,
and SLAMF7) carry one or more copies of an immunoreceptor tyrosine-
based switch motif (ITSM) in their cytoplasmic tails, while SLAMF8 and
SLAMF9 lack most of their cytosolic tail region [1]. SLAMF8 (BLAME)
and SLAMF9 (CD84H) genes are located outside of the SLAM locus and
their ligands are still unknown and contain a relatively shorter cyto-
plasmic tail and do not include the tyrosine based switch motif [4–6].

SLAMF receptors interact with intracellular SLAM-associated pro-
tein (SAP)-related molecules, a group of SH2-domain containing
adaptor proteins that link SLAM receptors to downstream intracellular
signaling pathways. In T, NK and NKT cells, SLAMF receptors interact
with SAP; in contrast, in mature B cells, SLAMF receptors induce a
downstream cascade through the SAP homologue, Ewing's sarcoma-
associated transcript-2 (EAT2) [7–9]. The rodent genome also encodes

an EAT2-related transducer (Ert) [10,11]; however, in humans, ERT has
evolved into a non-functional pseudo-gene.

Monocytes, macrophages, T cells, NK and NKT cells have been the
focus of the majority of studies on SLAMF receptors [1,12]. However, in
recent years the role of SLAMFs in regulation of B cell signaling both in
health and disease has been elucidated. In this review, we aim to
summarize the latest studies describing SLAMF expression and behavior
in B cells and in B cell pathologies.

2. The SLAM family of receptors in healthy B cells

SLAMF receptors are expressed on B cells. Each SLAM receptor has a
unique differential expression pattern during the development and ac-
tivation of B cells (Table 1), as was demonstrated in human and murine
B cells by Da Salort et al. [13]. These unique expression patterns suggest
an important role for SLAMF receptors in regulation of differentiation
and function of B cells.

2.1. SLAMs in humoral and germinal center responses

Generating long-term humoral immunity is crucial for protection
against pathogens, and for successful vaccinations. The humoral re-
sponse requires interactions between T and B cells; antigen-specific T
cells interact with their cognate B cells, which help them mature into
TFH cells, a subset of CD4+ helper T cells that specialize in supporting
germinal center (GC) B cells. When follicular B cells encounter an an-
tigen, they differentiate into either extrafollicular plasmablasts or early
memory B cells, or return to the follicle and undergo rapid proliferation
to form a GC. In the GCs, TFH help B cells to initiate the humoral re-
sponse and regulate its magnitude and quality. Stable T:B interactions
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must occur for optimal B cell help [14,15].
The SAP/SLAM family of adhesion molecules was shown to be es-

sential for such lengthy interactions in the GC. TFH cells in the GC ex-
press high levels of SAP [16]. Both TFH and GC B cells express SLAMF1,
SLAMF5 and SLAMF6 [17,18]. SAP was shown to play a crucial role in
the long-term humoral response at the GC [19]. In its absence, T cells
are unable to form stable long-term conjugates with cognate B cells
[20–22]. However, although SAP transmits the SLAMF-induced cas-
cades, deletion of a single SLAMF member, SLAMF1 or SLAMF3, does
not affect GC development and anti-viral antibody production in re-
sponse to lymphocytic choriomeningitis virus [23]. SLAMF5 and
SLAMF6 were shown in vitro to mediate the adhesive interactions re-
quired for prolonged T:B contact in a SAP-dependent manner, yet, both
SLAMF5 and SLAMF6 deficient mice show a grossly normal GC for-
mation and exhibit only a slight defect in GC responses to NP-ova im-
munization [22]. These studies raised the possibility of redundancy in
this receptor family. However, in contrast to SAP deficient mice, GC
responses were almost normal in SLAMF1, SLAMF5 and SLAMF6 triple
knockout (ko) mice, with no decrease, and even a slight elevation in
antibody response [24–26]. These results contrast the suggestion that
the lack of antibody is SLAM dependent.

An additional role of SLAMFs is in the regulation of the T-in-
dependent antibody response. SLAMF2 stimulation in C57BL/6 mice
enhances the B cell IgG response to T-independent antigens [27]. An
increase in T-independent antibody production was also reported in
SLAMF3 deficient mice. These mice exhibit increased levels of marignal
zone (MZ) and B1A B cells and elevated levels of T-independent type II
Abs [28]. Furthermore, aged SLAMF3−/− mice develop systemic au-
toimmunity characterized by elevated GC, MZ T1 and plasma cell po-
pulations [29].

2.2. SLAMFs in B cell maintenance

SLAMF receptors are involved in regulation of naïve B cell survival
[30].

SLAMF2 is the receptor for SLAMF4, which modulates T cell func-
tion [31,32]. SLAMF2 is expressed on B and T cells, NK cells, DCs,
monocytes, neutrophils, mast cells and eosinophils [31]. Interaction of
soluble SLAMF2 (CD48) with CD2 on murine B cells was shown to
confer protection from cell death [33] and in human B cells, cross
linking of CD48 resulted in augmented B cells activation in the presence
of CD40-CD40 ligands interactions [34].

SLAMF8 is mainly expressed on myeloid cells such as dendritic cells
and peripheral blood mononuclear cells, and its expression in mono-
cytes was shown to increase in response to IFNγ stimulation.
Interestingly, a significant expansion of B1b cell population was de-
tected mainly in the peritoneal cavity, when bone marrow cells were
artificially transduced with retroviral SLAMF8 and transplanted into
irradiated mice [6]. The increase in B1b cells has raised speculation
regarding the role of SLAMF8 in the lineage commitment or main-
tenance of B cells.

SLAMF6 is expressed by T and B cells, NK cells, monocytes and
platelets [22,35]. This receptor has various functions such as modula-
tion of T cell function, affecting NKT cell development and regulation of
cytokine secretion by innate immune cells [22,32,36,37].

It was recently shown that interaction of B cells with T cells in a
SLAMF6 dependent manner regulates the maintenance/survival of the
mature naïve peripheral B cell population. Naïve mature B survival is
supported by naïve T cells in a non-antigen specific manner. Following
interaction between B and T cells via SLAMF6, a downstream signaling
cascade in T cells, which is mediated by the SAP adaptor, leads to the
upregulation of the cytokine, macrophage migration inhibitory factor

Table 1
Expression of SLAMF receptors on BM and splenic B cells.
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(MIF). In the B-cell partner, this interaction results in an augmented
expression of the MIF receptor, CD74, a process that is mediated by
EAT-2. Consequently, this interaction induces survival of naive B cells.
Furthermore, in X-linked lymphoproliferative syndrome.

XLP patients, SAP deficiency reduces CD74 expression on B cell
populations resulting in perturbation of the of B cell survival from the
naïve stage [9] (Fig. 1).

3. SLAMFs in B cell malignancies

Members of the SLAM family were shown to play a role in hema-
tological malignancies. Here, we focus on two B cell neoplasms, chronic
lymphocytic leukemia and multiple myeloma (Table 2).

3.1. SLAMFs in CLL

3.1.1. CLL
Chronic lymphocytic leukemia (CLL) is the most common leukemia

in the Western world. It is characterized by an ongoing accumulation of
mature CD19+CD5+ B lymphocytes in the peripheral blood, lym-
phoid organs and bone marrow (BM). This accumulation has been
predominantly attributed to decreased apoptosis; however, cell pro-
liferation and clonal evolution have also been described [38]. The
origin of the CLL cell is still unknown. While CLL cells carrying un-
mutated immunoglobulin heavy chain variable region (IGHV) genes (U-
CLL) likely derive from unmutated mature CD5+ B cells, the CLL cells
carrying mutated IGHV genes (M-CLL) are derived from a
CD5+CD27+ post-germinal center B-cell subset [39]. Currently, CLL
remains an incurable disease, and despite significant progress in the last
few years in the understanding of the biology and pathophysiology of
CLL, as well as the development of improved forms of treatment, pa-
tients require lifelong chemotherapeutic treatment with significant side
effects.

In recent studies, the contribution of signals from the tumor mi-
croenvironmental to the progression of malignancies has been re-
cognized, and heavily studied [40,41]. CLL cells are resistant to apop-
tosis in vivo and are known to overexpress anti-apoptotic proteins
including BCL2 and MCL1 [42,43]. This phenomenon is not re-
capitulated in vitro, where CLL cells undergo spontaneous apoptosis
under common conditions that normally support the culture of human
B-cell lines [44]. Therefore, it was proposed that factors necessary for
CLL survival, or resistance to apoptosis, are deficient in ex vivo cultures
and enhanced cell survival is not entirely intrinsic to the leukemic cell.
The complex cellular and molecular contexts created in the surrounding
tissues, jointly termed the CLL microenvironment, provide both signals
for the increased CLL accumulation, and promote primary drug re-
sistance [45,46]. This drug resistance, and is mostly dependent on

direct contact between the CLL and stromal cells [46,47]. Stromal cells
secrete chemokines leading to attraction and retention of CLL cells in
tissues, with corresponding chemokine receptors and adhesion mole-
cules found on the leukemic cells [48]. The CLL microenvironment
provides signals which regulate CLL survival. Further, CLL cells induce
changes in their microenvironment, both in vitro and in vivo, by indu-
cing an inflammatory cytokine milieu, an exhaustion phenotype in T
cells, and the differentiation of myeloid cells with immunosuppressive
activity [49–52]. Some of these interactions are dependent on cell-cell
contact, while others are mediated through chemokines, growth factors,
and possibly through extracellular matrix components. Several studies
demonstrated that accessory cells, such as mesenchymal marrow
stromal cells [46,53], follicular dendritic cells (FDC) [54], monocyte-
derived nurse like cells (NLC) [51] and endothelial cells [55] support
CLL cell survival and the expression of anti-apoptotic proteins. The
connection between CLL cells and their microenvironment is estab-
lished and continuously maintained by chemokines and chemokine
receptors (such as CXCL12 and CXCR4) and adhesion molecules (in-
cluding VLA-4 and the receptor VCAM-1) [48].

3.1.2. CLL and SLAMS
Several SLAM family members were shown to be expressed on CLL

cells; SLAMF1/CD150 [56]; SLAMF2/CD48 [57]; SLAMF3/LY9 [58];
SLAMF5/CD84 [59] and SLAMF7/CRACC [60]. SLAMF2, SLAMF3,
SLAMF5, and SLAMF6 are expressed at medium to high levels, while
SLAMF1 and SLAM7 are only weakly expressed. Six out of seven SLAMF
receptors analyzed showed discrepancy in the expression between
normal mature polyclonal B cells and pathological CLL B cells. SLAMF1,
SLAMF2 and SLAMF7 were found to be downregulated, while SLAMF3,

Fig. 1. Interaction of B cells with T cells in a SLAMF6 dependent manner reg-
ulates the maintenance/survival of the mature B cell population.

Table 2
Expression of SLAMF receptors on CLL and MM cells, as described in [58,90].
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SLAMF5, and SLAMF6 were overexpressed in CLL B cells [61]. Different
function is attributed to each of the following SLAMF member (Fig. 2).

3.1.2.1. SLAMF1/CD150. SLAMF1 has been associated with many
functions in diverse cell types, including migration of dendritic cells
and macrophages, enhancing phagocytosis by macrophages, and Treg
and T cell functionality [26,62,63]. In human CLL, SLAMF1 was shown
to be highly expressed in mutated CLL compared to unmutated IgHV
CLL which is associated with a worse prognosis [56,64–66]. Silencing
SLAMF1 in a human CLL cell line modulates migration and autophagic
vesicle formation, making the cells resistant to specific therapies. In
patients, SLAMF1 expression is lost on a subset of aggressive CLL cells.
Low SLAMF1 expressing CLL cells are more resistant to therapies. These
studies confirm that low or loss of SLAMF1 expression underlie
unfavorable clinical outcome experienced by patients [67].

3.1.2.2. SLAMF2/CD48. SLAMF2 is highly expressed on both murine
and human CLL cells [68]. A pilot study utilizing anti-CD48 antibodies
in CLL patients demonstrated a transient reduction in lymphocyte
numbers in response to treatment [69].

3.1.2.3. SLAMF3/LY9/CD229. CD229 is also overexpressed on CLL.
CD229 is naturally processed and presented as a tumor associated
antigen in primary human CLL cells, enabling the expansion of
autologous tumor-specific T cells [58].

3.1.2.4. SLAMF4/2B4/CD244. SLAMF4 is expressed on diverse
immune cells. Unlike the other members of the family, it is not a
homophilic receptor in human, mice, or rats, but serves as a counter-
receptor for SLAMF2/CD48 [2].

SLAMF4 is most famously known as regulator of both NK and T cell
function and has been described as a dual function receptor on both
these cells. Accordingly, activation by CD48 of SLAMF4 can induce both
inhibitory and activating signals to T and NK cells [70].

T cells acquire an exhausted state in CLL. This exhausted state is
associated with increased expression of inhibitory receptors including
programmed death-1 (PD1, CD279), CD160 (BY55), and CD244
(SLAMF4) [50] on CD3+CD8+CCR7− cells [71]. Blocking PD-L1 in the
murine CLL model downregulates CD244 expression levels on T cells,
restoring T cell activity [72]. SLAMF4 is also expressed on NK cells.

Ligation of the FcγRIIIA/CD16 receptor by the anti-CD20 mAb Ritux-
imab stably impairs the spontaneous cytotoxic response attributable to
several NK-activating receptors, including SLAMF4 [73]. These studies
suggest that SLAMF4 expressed on both T and NK cells might serve as
an attractive target in CLL, activating T and NK cell anti-tumor activity.

3.1.2.5. SLAMF5/CD84. SLAMF5 is expressed on human CLL cells, and
cells in the CLL microenvironment. Activation of cell surface SLAMF5
initiates a signaling cascade that enhances CLL cell survival. Both
decreased expression of SLAMF5 and its immune-mediated blockade
induce the death of CLL cells [59]. SLAMF5 expressed on CLL cells
interact with SLAMF5 receptors on cells in their microenvironment,
inducing cell survival of both interacting partners. Blocking SLAMF5 in
vitro and in vivo disrupts the interaction of CLL cells with their
microenvironment, resulting in induced cell death [74]. This cross-
linking leads to elevated expression and secretion of CCL3 in CLL cells,
which leads to the expression of Bcl-2 in the stroma as well as stromal
secretion of cytokines including IL-6 and IL-8, thereby contributing to
CLL survival [59,75,76], in an autocrine loop [74].

Recently, SLAMF5 was found to regulate PD-L1 expression, on both
human and mouse CLL cells and their supportive microenvironment
and PD-1, and other known exhaustion markers, on T cells [77]. The
PD-L1-PD-1 axis is an important pathway known to play role in failed T
cell mediated anti-tumor response, by PD-L1 on tumor cells binding PD-
1 on T cells [78]. In the absence of SLAMF5, there is a reduction in PD-
L1 expression on CLL cells and PD-1 on T cells, resulting in reduced
exhaustion and induced activity of T cells [77]. These results demon-
strated a role for SLAMF5 in regulation of immune checkpoints by
leukemia cells, and suggested that SLAMF5 blockade as a therapeutic
strategy to reverse tumor-induced immune suppression [77].

Thus, the importance of SLAMF5 lies in its triple role in CLL.
SLAMF5 regulates the survival of both CLL cells [59] and of cells
comprising the microenvironment. In addition, SLAMF5 bridges be-
tween the CLL and the stroma, supporting retention of CLL cells in their
niche. Finally, SLAMF5 regulates anti-tumor T cell activity in the tumor
microenvironment. Thus, blocking SLAMF5 induces death of both CLL
and stromal cells, the release of malignant cells from their niches in the
BM to the periphery, and restores T cell anti-tumor response, suggesting
it can serve as a therapeutic target.

Fig. 2. The different functions of SLAMF receptors in CLL.
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3.1.2.6. SLAMF6/LY108/NTB-A/CD352. SLAMF6 is highly expressed
by both murine and human CLL cells [35,68]. Anti-SLAMF6 mAbs can
effectively eliminate B cells from CLL patient samples, while not
affecting the cellular composition of blood samples from healthy
patients [35]. In addition, blocking SLAMF6 in SCID mice
transplanted with mouse CLL cells (TCL-1), or RAG−/− mice
transplanted with the human MEC-1 CLL cell line, reduced tumor
burden [68]. Thus, SLAMF6 is an attractive target in CLL.

3.2. SLAMs in Multiple myeloma

3.2.1. MM
Multiple myeloma (MM) is a malignant disease created by accu-

mulation of monoclonal plasma cells in the BM [79,80]. It is the second
most common hematological cancer [81]. MM evolves from healthy
plasma cells in a multistep process, first turning into a non-malignant
benign stage called Monoclonal Gammapathy of Undetermined Sig-
nificance (MGUS) [82], which then either advances directly into MM or
continues into Smoldering Multiple Myeloma (SMM), which progresses
into Multiple Myeloma at a rate of 10% per year. In the final stage of
the disease, MM can also transform into Plasma Cell Leukemia (PCL), a
stage at which the plasma cells become independent of the bone
marrow microenvironment and are found in the circulation or manifest
as extramedullary myeloma [83]. The MM population has been re-
ported to contain different types of MM cells. The CD138low/neg po-
pulation has been described as MM stem cells, also called Pre-PC. This
population has been reported to be less sensitive to drugs, less mature
and can induce MM in xenograft-transplanted immunodeficient mice.
Patients with more than 20% of these cells have significantly reduced
overall survival, in comparison to patients with fewer such cells
[84,85].

Despite progress in the development of current therapeutics, MM is
still considered an incurable disease not only because of its intrinsic
tumor characteristics but also due to the protective microenvironment
[81]. MM cells are strongly dependent on the bone marrow micro-
environment, comprised of myeloid cells, BM stromal cells, T cells,
osteoclasts, osteoblasts and others [86–89]. These cells play important
roles in the regulation of MM cell growth, survival and drug resistance
by producing supportive growth factors (e.g., IL-6, IL-8, and VEGF) and
contacts through integrins (e.g., CD44, CD74, CD48, ICAM-1) [90–93].

3.2.2. sMM and SLAMF receptors
Several SLAMF receptors have been studied as possible targets in

MM, most notably SLAMF7. The expression of SLAMF1, SLAMF2,
SLAMF3, SLAMF6, SLAMF7 has previously been reported on primary
human MM patient cells [94,95].

3.2.2.1. SLAMF1/CD150. Studies on SLAMF1 in MM are limited and
are currently not conclusive. Muccio et al. found that human MM cells
do express SLAMF1, albeit at a lower level than healthy plasma cells,
but with high expression on plasma cell leukemia cells [95]. The
expression on human derived MM cells was supported by a different
study, although this study showed a higher expression of SLAMF1 on
MM compared to healthy plasma cells [96]. A different study using the
human cell line RPMI 8226 showed no expression of SLAMF1 on MM
cells, [97]. These contradicting results do not provide conclusive
evidence to demonstrate expression of SLAMF1 on MM cells and thus
do not support its use as a therapeutic target.

3.2.2.2. SLAMF2/CD48. Studies have shown high expression of
SLAMF2 on both malignant and healthy human plasma cells [95].
Furthermore, a different study found that blocking SLAMF2 (CD48)
with anti-CD48 antibody within the microenvironment induces killing
of these cells in vitro as well as in vivo [98], suggesting SLAMF2 as an
attractive target in MM.

3.2.2.3. SLAMF3/LY9/CD229. SLAMF3 is expressed on both malignant
and healthy plasma cells. Within the malignant cells, it has been shown
to be expressed on human MGUS, SMM and MM cells, in newly
diagnosed, refractory and plasma cell leukemia patients. Expression
was also observed on human pre-PCs, however to a lower extent than
on CD138high MM cells [95,99–101]. The high cell surface expression
of SLAMF3 on MM warrants its further evaluation for treatment.

3.2.2.4. SLAMF4/2B4/CD244. Several studies have confirmed a
significant increase in SLAMF4 expression on human MM patient
derived T cells [102,103]. SLAMF4 expression on T cells was found to
be correlated with tumor burden in mice [102]. Interestingly, treating
MM mice with an anti-PD-L1 blocking antibody, an anti immunological
checkpoint PD-1 antibody, does not reduce T cell expression of SLAMF4
or any other exhaustion markers. Co-administration of anti-PD-L1 and
anti-SLAMF2 does not further enhance the survival of the mice beyond
administration of anti-PD-L1 alone [102].

SLAMF4 expression on NK cells derived from MM patients is re-
duced relative to its levels on NK cells from healthy controls [104].
Furthermore, NK cells from the bone marrow display lower expression
of SLAMF4 compared to blood. Thus, the high expression of SLAMF2 on
MM cells and changes in SLAMF4 expression on MM derived T and NK
cells makes it an attractive target for inducing anti-tumor immunity of T
and NK cells.

3.2.2.5. SLAMF6/LY108/NTB-A/CD352. Similarly to SLAMF1, studies
on SLAMF6 in MM are rather limited. Reports have shown high
expression on human healthy plasma cells as well as on MM cells,
was shown in patients with refractory disease, newly diagnosed
patients, as well as in plasma cell leukemia patients [95].

3.2.2.6. SLAMF7/CD319/CRACC/CS1. SLAMF7 is highly expressed on
human healthy and malignant plasma cells, regardless of the disease
stage, but not on healthy or primary tumor environment [95,105–107].
The anti-SLAMF7 antibody, Elutozumab, is currently used for Multiple
Myeloma treatment. Its mechanism of action is mostly attributed to
ADCC of the MM cells. The antibody coats the cells and is then
recognized by FC receptors on NK cells [94,105–107]. Moreover, it
was shown that adhesion of MM cells to their BM stroma is decreased in
the presence of the antibody [106].

A phase III trial in 646 patients showed that the addition of
Elutozumab to lenaolamide and dexamethasone increased the overall
response rate to 79%, compared to 66% in its absence. Consequently, in
2015 the FDA approved the antibody for the treatment of MM [105].

4. Concluding remarks

SLAMF members play important roles in B cell differentiation, and
function both in health and pathogenesis. Recent findings have de-
monstrated an important role for this family of receptors in B cell
malignancies, suggesting a pivotal role for these receptors in the control
of malignant cell survival, interaction with cells in their tumor micro-
environment, and retention in the supporting niches. The expression of
SLAMF receptors on cells in the microenvironment of B cell malig-
nancies can be an advantage. Their expression on normal tissues is low
and is upregulated in the tumor microenvironment. Therefore, blocking
this receptor activity can be specific mostly to the tumor cells and cells
in the tumor microenvironment, leaving healthy cells untouched.
Further studies exploring the functions of these receptors can pave the
way towards better understanding these immune cell malignancies, and
the development of new potential therapies.
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