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ABSTRACT

Signaling Lymphocytic Activation Molecules (SLAM) family receptors are initially
described in immune cells. These receptors recruit both activating and inhibitory
SH2 domain containing proteins through their Immunoreceptor Tyrosine based
Switch Motifs (ITSMs). Accumulating evidence suggest that the members of this
family are intimately involved in different physiological and pathophysiological events
such as regulation of immune responses and entry pathways of certain viruses.
Recently, other functions of SLAM, principally in the pathophysiology of neoplastic
transformations have also been deciphered. These new findings may prompt SLAM
to be considered as new tumor markers, diagnostic tools or potential therapeutic
targets for controlling the tumor progression. In this review, we summarize the major
observations describing the implications and features of SLAM in oncology and discuss
the therapeutic potential attributed to these molecules.

INTRODUCTION

Molecular characteristics of SLAM family
receptors

SLAM family receptors belong to the
Immunoglobulin (Ig) superfamily. The SLAM family
contains nine members that possess an extracellular
segment comprising two or four Ig-like domains (V-like
variable and C2-like constant), a transmembrane
segment and a cytoplasmic tail. All members of type-
1 transmembrane glycoproteins with the exception of
SLAMF2, link to the cell membrane through glycosyl-
phosphatidylinositol (GPI) anchor [1, 2]. The cytoplasmic
portion is characterized by the presence of several tyrosine

motifs TxXYxxI/V (ITSM), (T is threonine, I is isoleucine,
V is valine and X is any amino acid) [3-5]. However,
SLAMF2 lacks ITSM domains due to the absence
of C-terminal domain [6]. Meanwhile, even though
SLAMF8 and SLAMF9 have a short cytoplasmic tail
(~30 amino acid residues), they also lack tyrosine motifs
[7, 8]. SLAMF?3 exhibits splitting of its two extracellular
domains [9, 10]. SLAM members are activated mostly by
homophilic interactions via their V-like N-terminal domains
except SLAMF2 and SLAMF4, which are activated by
heterophilic interactions [11]. The functional importance of
SLAM-related receptors in immune response is highlighted
by the identification of molecular defect responsible for
X-linked lymphoproliferative (XLP) syndrome [12].
Indeed, the gene mutated in XLP is found to code for a
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small adapter-like protein named SLAM-associated
protein (SAP) or SH2D1A (hereafter termed SAP). SAP is
composed of almost entire Src homology 2 (SH2) domain,
and binds with high specificity and affinity to tyrosines in
the intracellular domain of SLAM-related receptors [12].
In human, upon activation, SLAMF receptors interact with
SLAMF associated protein (SAP) and Ewing’s sarcoma’s-
Activated Transcript 2 (EAT-2) to form a receptor complex.
The SAP family also includes EAT-2 related transducer
(ERT, also known as SH2D1W) [13].

The newly formed complex  undergoes
phosphorylation at tyrosine residues by Fyn tyrosine kinase
leading to recruitment of additional effector molecules [14].
Several lines of evidence support the idea that SLAM family
members can provide a second signal for the stimulation
of immune cells. SLAM/SAP-dependent functions in
immune regulation include natural killer (NK) and T-cell
development, B-cell regulation and antibody production/
isotype switching and NK-cell cytotoxicity [14]. EAT-2, a
SLAM-associated adaptor is expressed in innate immune
cells such as dendritic cells (DCs), macrophages and NK
cells and it facilitates SLAM-dependent expression of
pro-inflammatory cytokines in these cells [6]. Like other
members of SLAM family, SLAMEF3 recruits SAP and EAT-
2 via its SH2 domain [15] with the exception that SLAMF3
is the only member, which is able to interact with p2 sub-unit
of AP-2 complex through its Y*" motif [16]. The SLAMF3-
AP-2 interaction is essential for endocytosis of this complex
in immune cells. Upon endocytosis, in T cells, 70 to 80%
of SLAMF3 receptors are degraded in the lysosomal
compartment, while others are recycled to the surface.
In contrast, majority of the receptors are degraded upon
internalization in B cells [16]. The internalization of receptor
is also regulated by TCR- and BCR-mediated signaling,
which, enhance the rate of endocytosis. Thus, endocytosis
of the receptor represents an essential mechanism of
modulation of surface expression of SLAMEF3.

SLAMEF3 is the only member of SLAM family, which
has ability to bind directly to Grb2. This adaptor protein is
known to activate Ras-MAPK signaling pathway through
the recruitment of Son of Sevenless molecule (SOS)
[17]. In T cells, Grb2-SH2 domain binds to SLAMF3
phosphorylated at Y% residue. SLAMF3 phosphorylation
is performed by Fyn or Lck [18]. Moreover, Grb2-binding
site is required for the receptor internalization in T cells
following commitment of SLAME3 or TCR. The co-ligation
of SLAMF?3 and TCR inhibits ERK phosphorylation as well
as cytokine production as opposed to co-ligation of TCR
with other members of the SLAM family. It is worth to
mention that Grb2-binding site (Y%) is different from those
of SAP (Y and Y*2¢) and AP-2 (Y*°) [18-20] (Figure 1).

SLAM members in hematopathologies

Members of SLAM family are known to be
implicated in the pathophysiology of hematologic

complications. For this reason, some of them are targets
for the monoclonal antibody therapies that are being tested
in different clinical trials. In this section, we summarize
the implication of SLAM receptors in hematopathologies
with an emphasis on their utility in diagnosis and as
therapeutic targets (Table 1).

SLAMF1

SLAMF1 (CD150) is the prototype member of
SLAM family that initiates signal transduction networks
in T lymphocytes, NK and antigen-presenting cells [6,
14]. During B-T lymphocytes cooperation, SLAMF1
acts as a self-ligand to initiate a signal transduction
pathway and to increase lymphocyte activation. SLAMF1
is highly expressed by thymocytes (highest by double
positive cells), T and B lymphocytes (overexpressed upon
activation), DC, platelets, hematopoietic stem cells (HSCs)
and macrophages. Of note, overexpression of SLAMF1
has been reported in monocytes and macrophages of
patients with Crohn’s disease and in T lymphocytes from
rheumatoid arthritis patients [21, 22].

SLAMF1, in addition to CD86 and CD200, were
identified as robust markers that could be added to a
routine panel for plasma cell (PC) identification and
minimal residual disease evaluation in multiple myeloma
(MM) [23]. SLAMF1 expression is also decreased in
patients with aggressive chronic lymphocytic leukemia
(CLL) and was associated with reduced overall survival
[24] (Table 1). Therefore, the loss of SLAMF1 expression
(SLAMF1"") could indicate an aggressive form of CLL
and hence could help in improving patient management
as predictive factor of overall survival (OS). Ex vivo, the
SLAMF1 ligation with stimulating monoclonal antibody
in CLL cells, induces phosphorylation of p38, JNK1/2 and
Bcl-2, and promotes autophagy. On the contrary, cells with
silenced-SLAMF1 are resistant to induction of autophagy
[24]. Furthermore, SLAMF1 in combination with SK/
gene (v-SKI avian sarcoma viral oncogene homolog), was
also proposed as robust indicator of prognosis in untreated
CLL patients [25].

SLAMEF1 also acts as receptor for measles virus
(MV) [26]. Studies employing MV as an oncolytic
virotherapy agent have suggested that SLAMFI is a
therapeutic target in certain hematological diseases. For
instance, in mouse models, this therapeutic strategy has
been evaluated using attenuated MV to target certain
acute lymphoblastic leukemia (ALL) [27]. Attenuated
MV efficiently killed leukemia cells without affecting
normal human blood cells and progenitors. A few
intravenous injections of attenuated MV were able to
eradicate leukemic blasts [27]. Takeda et al. reported
higher susceptibility of lymphoma cells to attenuated
therapeutic MV vaccine strain (CAM-70)-induced
cytolysis due to elevated expression of SLAMF1 in these
cells. Similarly, using SLAMF1 expression in cancer cells,
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Table 1: SLAM members implicated in hematological affections and targeted by diagnosis and
therapeutic strategies

SLAM Family Cancer Expression References

MM N [23]
CLL N [24]
ALL Unmodified [27]

SLAMF1
B lymphoma / [28]
Hodgkin’s lymphoma / [30]
Non-Hodgkin’s Lymphoma Unmodified [29]
CLL Unmodified [35]
SLAMF2 B lymphoma Unmodified [36]
MM / [37]
B-CLL / [49]

SLAMF3
MM 7 [50]
SLAMF4 AML Unmodified [55]
SLAMF5 CLL / [62]
CLL / [67]

SLAMF6
Lymphoma / [67]
SLAMEF7 MM / [70]

Abbreviations: MM: Multiple Myeloma; CLL: Chronic Lymphocytic Leukemia; ALL: Acute Lymphocytic Leukemia; AML:
Acute Myeloid Leukemia.

Tand B cells, T and B cells, NK, v6 T T NKcells, CO8+ T cells,  Tand B cells, CO45+ T
CD4SRO* cells, cells, monocytes, et B V5 T cells, basophils,  cells, mast cells, DCs, Tand 8 cells,
Immature thymocytes, neutrophils, mast ocyLesAnicels) eosinophils, mast basophils, eosinophils,  thymocytes, NK, DCs,  Tand B cells, NK, DCs Macrophages, DCs Tand B cells, DCs and
R Cs, macrophages, NK 1
Platelets, HSCs, DCs, cells, eosinophils, ol [[cel Ty cells, d and few mature B cells monocytes
Macrophagesand basophils, MPPs and 7 ”M'V' z and multi and
activated NK endothelial cells progenitors platelets
SLAMF1 SLAMF2 SLAMF3 SLAMF4 SLAMFS SLAMF6 SLAMF7 SLAMFS SLAMF9
HP_0030281 NP_001242959.1 HP_0023392 ne_057466.1 HP_003865.1 P_a13163 nP_0670043 HP_064510.1 HP_2542732
SLAMF3
€0229,1y9
SLAMF1 SLAMF2 SLAMF4 SLAMFS SLAMIES SLAME? SLAMFS SLAMF9
corsn suam cous our corsa2ea coss aszima coano.cs o o Cons, sraon
v
=]
0000006 X OO 00000000 DO0C0C000I 0H0000C0S ) 00X
Anan ARAanfAAARAAARARAMA ARAAARARRAAAAAR AAAAAAARAARAAR
Yy ¢ ."."’.”."’.“.”.”.”."’.“.“ UIUIUILJ UIUI vyy H.U byy ¢ Ilz QIU.QIQ IIIIIIII UIUIU.UIQIUIU’U‘UIQ YUULYLUYYURYUYVUYYUYYYYRYIYY Y Y Y
,,,,,,,,,,,,,,,,,,,,,,,,,,,, XQPOOONOC )
281 TIvAQV i 279 Tyt P——
TLysu 316 TVYSEV 309 TIvSTI )
327 TVYASV irea Cell expression

GPI

Tyrosine ITSM
Adaptor Protein
Effectors

603 TMYAQV
626 TIVCSI

|

Fyn, PKCO, BCL10, NF-
kB, SHP-1, SHP-2,
SHIP1,SHC, Lyn, Btk,
Akt, Lck, Dok1, Dok2,
Ras-GAP and Vps34-
Vps15-Beclin complex

Fyn, Lck, LAT, SHP-1,
Fyn, Lck, Grb2, u2 AP- | SHP-2, SHIP1, PLCY,
Fyn, Lck and LAT 2,ERK, SHP-2,PI3K, | Grb2,Vav-1, Cbl, PI3K,
mTORand RB ERK, p38, CSK, 38P2, PI3Kand Ca®* flux
and Ca* flux

Fyn, Lek, PLCY, Vav-1,
Csk, PI3K, SHC, LAT,
SHP-1,SHP-2, Akt and
Ca* flux

Fyn, Lck, Vav-1, Cbl,

Fyn, SHP1, SHP2, SHP-1, SHP-2, PLCY,

SHIP1and Lek

Figure 1: SLAM members, cellular and molecular characteristics. HSCs: Hematopoietic Stem Cells; DCs: Dendritic Cells; NK:
Natural Killer; PKCO: Protein Kinase C ©; BCL10: B-Cell Lymphoma 10; NF-KB: Nuclear Factor-kB; SHP-1/2: SH2 domain-containing
Phosphatase 1/2; SHIP1: SH2-containing Inositol 5'-polyphosphatase 1; SHC: Src Homology 2 domain Containing; Btk: Bruton's tyrosine
kinase; Lck: Lymphocyte-specific protein tyrosine kinase; Dok1/2: Docking protein 1/2; Ras-GAP: Ras GTPase-activating proteins; LAT:
Linker for activation of T cells; Grb2: Growth factor receptor bound protein 2; AP-2: Adaptor Protein complex-2; ERK: Extracellular
signal-Regulated Kinases; PI3K: Phospholnositide 3-Kinase; mTOR: mammalian Target of Rapamycin; RB: Rétinoblastoma; PLCy:
PhosphoLipase Cy; Cbl: Casitas B-lineage Lymphoma; CSK: COOH-terminal Src kinase; 3BP2: Abl-SH3 Binding Protein 2. Localisation
of ITSM (TxYxxI/V) were determined on Ensembl. [1, 2, 11, 21, 84, 95].
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Table 2: SLAM members implicated in anti-cancer clinical trials

. Treatment
SLAM family Pathology type Treatment name Study phase References
ALL Oncolvic MV CAM-70 Preclinical [28]
ncolytic
SLAMF1 . . .
Non-Hodgkin’s vaceine strains MV'ACNIS Preclinical [29]
lymphoma
CLL WM-63 Phase 1 clinical trial [35]
SLAMF2 B lymphoma anti-SLAMF2 Ab HuLy-m3 Preclinical [36]
MM 1B4 Preclinical [37]
SLAMF4 Leukemia 2B4 chimeric 2B4-L Preclinical [57]
receptor
CLL and lymphoma 994.1 and 480.12 Preclinical [67]
SLAMF6 anti-SLAMF6 Ab
CLL aSLAMF6 and Ibrutinib Preclinical [68]
CS1-specific ..
peptide CS1,, .. Preclinical [75]
HuLuc63 Preclinical [70, 72]
Elotuzumab combined to Bortezomib Preclinical [71]
MM
. Elotuzumab combined to Bortezomib Phase 1 clinical trial [77]
anti-SLAMF7 Ab
Elotuzumab combined to Lenalidomide and Phase 1 clinical trial (79]
Dexamethasone
Elotuzumab combined to Lenalidomide and ~ Phase 3 clinical (ELOQUENT-1,
Dexamethasone trial NCT01335399)
MM with renal . 10 mg/Kg Elotuzumab, 5-25 mg Phase 1b clinical
SLAMEF7 impairment anti-SLAMF7 Ab Lenalidomide and 40 mg Dexamethasone trial (81]
Elotuzumab Phase 1 clinical trial [76]
10 or 20 mg Elotuzumab, 25 mg Phaselb-2 clinical 80]
Lenalidomide and 40 mg Dexamethasone trial
10 mg/Kg Elotuzumab, 25 m, Phase 3 clinical
Refractory or . &g > g
relapsedrli//IM anti-SLAMF7 Ab 1 enalidomide and 40 mg Dexamethasone trial [82]
10 mg/Kg Elotuzumab, 1,3 mg Bortezomib Phase 2 clinical (78]
and 20 mg Dexamethasone trial
10 mg/Kg Elotuzumab, 200 mg Phase 2 clinical 83]

Thalidomide and 40 mg Dexamethasone trial

Elotuzumab in combination with Lenalidomide and Dexamethasone obtained FDA in November 2015

Abbreviations: MM: Multiple Myeloma; CLL: Chronic Lymphocytic Leukemia; ALL: Acute Lymphocytic Leukemia.

the MV oncolytic virotherapy could serve as an alternative
therapy against Epstein-Barr Virus (EBV)-positive diffuse
large B-cell lymphoma [28]. MV OVT might also target
SLAMF1 to fight non-Hodgkin’s lymphoma (Table 3).
A vaccine containing MV has been used as an oncolytic
agent against mantle cell lymphoma, an aggressive,
difficult to cure, but radiosensitive B-cell non-Hodgkin’s
lymphoma. Using sodium-iodide symporter loaded MV, a
high concentration of iodide was achieved within infected
tumor cells. The combination of virotherapy and systemic
(30T resulted in rapid disease regression compared to
other therapy alone. The SLAMF1-dependent entry
of therapeutic MV allows efficient viral spread, tumor
regression, and prolonged survival [29] (Table 2).

One of the therapeutic strategies used to eliminate
cancer cells is induction of apoptosis and/or autophagy.

In this scenario, interaction of SLAMF1 expressed on
infiltrating T cells with SLAMF1 of Hodgkin’s lymphoma
cells inhibits cell proliferation and induces apoptosis in
L1236 Hodgkin’s lymphoma cells independent of JNK
activity [30]. Because, SLAMF1 regulates phosphorylation
of MAPKs Erk1/2 and p38, it has been proposed that it
can contribute to the regulation of tumor cell maintenance
in low-rate proliferating Hodgkin’s lymphoma cells [30].
In addition to hemophilic interaction of SLAMF1,
its ligation to SAP is also suggested to play a crucial role
in the activation of Akt signaling [31]. This activation
occur in normal tonsillar B cells and Hodgkin’s lymphoma
B cells [32]. SLAMFI-mediated phosphorylation of
Akt activates the phosphorylation of its downstream
targets (GSK-3p and FoxOl) in EBV-transformed and
Hodgkin»s lymphoma cells. Thus by triggering one of
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Table 3: SLAM members implicated in solid cancers

SLAM Family Cancer Expression References
SLAMF1 CNS tumors nCD150 [85]
SLAMEF2 HCC / [87]
SLAMF3 HCC N [90]
SLAMF4 HCC / [87]

Abbreviations: HCC: HepatoCellular Carcinoma; CNS: Central Nerve System.

the mechanisms, SLAMF1 could suppress apoptosis and
hence support survival of immortalized B cells [32].

SLAMEF2

SLAMF2 (CD48, B-lymphocyte activation marker
BLAST-1) is reported to be expressed in NK, CD8, yo T
cells, basophils, eosinophils, mast cells and multipotent
progenitor [21, 33]. SLAMF2 was described as low
affinity ligand for human CD2 [34]. One of the SLAMF?2
specificities is the heterophilic interaction with its ligand
SLAMF4 [11] (Figure 1). Several studies have targeted
SLAMF2 in cancer therapies. Murine anti-SLAMF2
IgM antibody WM63 was used in a pilot CLL phase I
clinical trial and results showed a transient reduction in
the number of circulating cancer cells [35] (Table 2).
The potential application of same anti-SLAMF2 IgM
antibody was also reported in case of B lymphoma [36].
Since SLAMF?2 is highly expressed on more than 90%
MM plasma cells compared to normal lymphocytes
(Table 1), this receptor serves as target for mAb therapy
in MM [37]. Anti-SLAMF?2 antibody induces antibody-
dependent cell-mediated cytotoxicity and complement-
dependent cytotoxicity against MM cells in vitro. In
severe combined immunodeficient mice, anti-SLAMEF2
antibody inhibited tumor growth without damaging
normal CD34+ hematopoietic stem/progenitor cells
(HSC) [37] (Table 2). SLAMF2 maintains hematopoiesis
and HSC CD34+ pool by controlling IFN-y production,
which negatively affects self-renewal. Low level
expression of SLAMF2, and lack of efficient SLAMF2-
SLAMF4-induced signaling, leads to lowered levels
of IFN-y and more long-term quiescent CD34+ HSCs
in the bone marrow [38]. More importantly, during
chemotherapy cures, the microenvironment around HSC
in the absence or presence of low expression of SLAMF2
and IFN-y renders quiescent cells refractory to molecules
such as 5-FU and decreases its therapeutic efficiency
[38]. A major concern regarding the use of SLAMF2
as a therapeutic target is its broad expression in normal
lymphocytes and monocytes, which might cause severe
cytopenia and immunosuppression when anti-SLAMF2
mAb is used as a therapeutic drug. Therefore, due to
hematological toxicities, anti-SLAMF2 mAb might not
be suitable for a long-term maintenance therapy. The
potential hematological toxicity of anti-SLAMF2 mAb

should therefore, be carefully tested at the pre-clinical
stage. These data indicate that anti-SLAMF2 mAb may
well turn out to be an effective tool for the improvement
of MM patient survival [39].

SLAMF3

SLAMF3 (CD229, Ly9 in mice) was initially
described in thymocytes (highest by double negative and
single positive cells), T cells, follicular helper T, B cells
(increased expression upon activation), DCs, macrophages
and NK cells [21] but its function remains unclear. This
receptor is recruited to the contact site between T cells
and B cells during antigen presentation process and it is
involved in the formation of the immunological synapse
[40]. The triggering of SLAMF3 on human T cells
induces the rapid phosphorylation of its tyrosine residues
and decreases the activation of ERK and the production
of CD3-induced IFN-y [18]. Endocytosis of SLAMF3
blocks lymphocyte activation pathways indicating that the
expression of SLAMEF3 at the cell surface could regulate
lymphocyte functions. In mice, stimulation of SLAMF3
decreases the production of IFN-y, IL-2, IL-4, IL-6, IL-
10 and TNF-a by CD3-activated T cells [41]. However,
analysis of T cells from SLAMF3 (Ly9-/-)-deficient mice
demonstrated the role of SLAMEF?3 in T cell activation, as
well as in the production of IL-2 and Th2-type cytokines
[42]. SLAMEF3 expression has been recently shown
to correlate with the certain autoimmune disorders.
SLAMEF3 and SLAMF6 co-stimulation increases IL-17A
production by Th17 cells and the correlation between their
surface expression and disease activity in systemic lupus
erythematosus has been reported [43].

One of the conditions for an effective cancer
immunotherapy is the identification of tumor-associated
antigens (TAAs), which are increased during neoplastic
transformation. These antigens have to be processed and
presented by major histocompatibility complex molecules
allowing recognition by T cells. Studies with peptides
derived from human TAAs indicated that most tumors
expressing these antigens could be attacked by specific
cytotoxic T cells [44-46]. Some antigen presenting cells,
such as B-CLL cells, are ineffective antigen presenting
cells and poor stimulators of a primary immune response
because they are lacking in costimulatory and adhesion
molecules [47]. SLAMF3 is highly expressed in B-CLL
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cells, processed and efficiently presented as TAA [48, 49]
(Table 1). Presenting SLAMF3 allows the expansion of
autologous tumor-specific T cells and function as a unique
TAA for this malignancy [49]. Importantly, SLAMF3
may serve as marker of bone marrow from MM patients
and thus allowing identification of myeloma cells by
flow cytometry and immunohistochemistry. Silencing of
SLAMEF3 in MM cells decreased the number of viable
myeloma cells and enhanced the anti-tumor activity
of conventional chemotherapeutics. These findings
suggest that SLAMF3 can be considered as a therapeutic
target to induce complement and cell-mediated lysis
of myeloma cells [50]. These suggestions were further
reinforced by Atanackovic et al. who showed that
SLAMEF3 is the only over-expressed/phosphorylated
immunoreceptor in myeloma cell lines and primary
CD138-negative cell population, which have previously
been recognized as myeloma precursors cells [50] (Table
1). High expression of SLAMEF3 has been described in
patients with monoclonal gammopathies of uncertain
significance, smoldering myeloma, and leukemia. The
SLAMF3-targeting strategy was extended successfully
to plasma cells from patients with MGUS [51]. Above
all, the high expression of SLAMEF3 correlates well with
chemotherapy-resistant cells and myeloma-propagating
phenotype. Thus, designing monoclonal antibodies
specific to SLAMF3 could improve the treatment and help
to obtain prolonged remissions in MM patients.

SLAMF7 L
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Enhanced cytolytic function

Against Myeloma cells \

g
overexpressing SLAMF7

l Elotuzumab é&@\\ s
\Y >

SLAMF4

SLAMF4 (CD244, 2B4) expression is reported
on CD8+ T cells, yd T cells, NK cells, macrophages,
basophils, mast cells and eosinophils. Following
interaction of SLAMF4 with its natural ligand, SLAMF2,
its cytoplasmic domain binds to SAP [21] (Figure 1). This
interaction activates NK cell and induces IFN-y secretion
[52]. SLAMF4-mediated activation of NK cells involves
complex interactions involving LAT, Ras, Raf, ERK
and p38 [53]. In SLAMF4-deficient mice, NK cells are
ineffective in eliminating cancer cells because they are
inactivated. Functional impairment of NK cells in the
absence of SLAMF4/SLAMF?2 interactions is associated
with defective calcium signaling as well [54].

In acute myeloid leukemia patients, polyclonal
large granular lymphocytes (LGLs) were reported to have
anti-tumor activity. The LGLs are CD3"/CD8"/CD56",
polyclonal cells that do not express NK cell receptors for
MHC class I molecules. SLAMF4 expressed by LGLs
largely contributes to their ability to lyse leukemia cells
of patients [55]. SLAMF4 might potentiate the activator
signal through T lIymphocyte receptor (TCR) { chain.
Indeed, the chimeric SLAMF4-TCR{ receptor induces
more specific cytolysis of leukemia cells than SLAMF4
alone. This observation has also been extended to memory
T cells stimulated by the tumor antigen [56]. SLAMF4
receptor has potent stimulatory effect in NK cells when

Perforin/Granzyme

Myeloma cell

Vi
3 E{.{ Elotuzumab

Figure 2: Mechanisms of Elotuzumab against myeloma cells. SLAMF7 and CD16 on NK cells can bound to Elotuzumab.
The binding to SLAMF7 induces NK cell activation and enhances cytolysis function against myeloma cells. While the binding to CD16
receptor can induce the release of Perforin/Granzyme by NK cells and subsequently enhance ADCC against myeloma cells overexpressing
SLAMEF7. Moreover, CD16 (NK cells), Elotuzumab and SLAMF7 (Myeloma cells) can enhance NK cell cytotoxicity against myeloma
cells independent of ADCC. Furthermore, Elotuzumab-SLAMF?7 interaction can inhibit the adhesion between myeloma cells and BMSC.
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expressed alone or as an antigen-specific SLAMF4- TCR(
chimeric receptor. Thus, SLAMF4 could be considered
as powerful new tool for adoptive immunotherapy of
leukemia and other malignancies [57] (Table 2).

SLAMF5

SLAMFS5 (CD84) expression has been described in
thymocytes (highest by single positive cells), T cells, T,
cells, B cells (overexpressed with activation), macrophages,
DCs, platelets, basophils, mast cells and eosinophils.
SLAMFS is involved in T cells activation by enhancing
IFN-y secretion [58] and in the stimulation of platelets
[21, 59]. SLAMFS5 could also serve to distinguish two
splenic B cells populations: SLAMF5"* and SLAMF5"i¢h,
SLAMEF5"ieh sub-population represents a subset of memory
B cells as demonstrated by increased cell size, co-expression
of the memory B cell-specific marker CD27, somatically
mutated Ig variable region genes, and increased proliferation
compared to SLAMF5™" B cells. The ligation of SLAMF5
with a specific mAb induces rapid phosphorylation of
tyrosine residues in ITSM motif. Then, SLAMFS recruits the
cytoplasmic adaptor proteins SAP and EAT-2 [60] (Figure 1).

Among the CLL characteristics are the accumulation
of CD5+ B lymphocytes in peripheral blood, in lymphoid
organs and in bone marrow and the accumulation of
the malignant cells due to reduced apoptosis sensitivity.
CLL may be classified based on mutational status of the
immunoglobulin variable heavy-chain gene, ZAP-70
overexpression, cytogenetic abnormalities (13q-, + 12, 11q-,
17p-) and expression of several cell surface antigens (CD38,
CD49d) that correlate with risk of disease progression
(Rai or Binet staging system) [61]. In the context of CLL,
SLAMFS expression is significantly higher during early
stages of disease and is regulated by macrophage migration
inhibitory factor and its receptor CD74 (Table 1). The
activation of SLAMFS initiates Akt signaling cascade that
increases the anti-apoptotic Bcl-2 gene expression and
consequently enhances CLL cell survival. Thus, the blockade
of the SLAMF5-dependent survival pathway in CLL cells
might represent a new therapeutic strategy [62]. Indeed, the
blockade of SLAMEFS inhibits the interaction between CLL
cells and their microenvironment inducing cell death as a
consequence [63]. Several studies have reported a panel of
clusters of differentiation (CD) antigens that are known to
correlate with the prognosis of CLL. Huang et al. identified
the profiles of surface CD antigens that distinguish clinically
stable from progressive or slow progressive CLL. In the case
of progressive CLL, 27 CD antigens including SLAMFS,
are differentially abundant (CD11a, CD11b, CD11c, CD18,
CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD38,
CDA40, CDA43, CD45, CD45RA, CD52, CD69, CD81, CD98,
CD102, CD148, CD180, CD196 and CD270). This profiling
provided the basis for a rapid test to identify patients with
CLL according to the probability of clinical progression and
the potential of earlier requirement for treatment [61].

SLAMF6

SLAMF6 (CD352, NTB-A, SF2000, Ly108 in
mice) expression is reported in thymocytes (highest by
double negative and single positive cells), T cells, B
cells (overexpressed with activation), DCs, NK cells,
neutrophils, eosinophils. It is also expressed under two
distinct isoforms (LY 108—1 and LY 108-2) in lupus-prone
mice [21]. In NK cells, SLAMF6 activation is implicated
in the cytotoxic activities and cytokine production [64].
SLAMEF6 plays a key role in T cell activation [65] and
neutrophil functions [66]. In pathological conditions,
SLAMF6 is highly expressed in CLL and B lymphocytes
of lymphoma patients (Table 1). For this reason, Korver et
al., used two mADbs (994.1 and 480.12) to target SLAMF6
in a preclinical study of CLL and lymphoma, (Table 3).
Indeed, they showed 86% decrease of tumor volume in a
xenograft nude mouse CA46 model treated with 300pug
of mAbs twice a week. Moreover, in a xenograft SCID
mouse and in systemically disseminated Raji human
lymphoma cells model, authors observed significant
increase in survival of animals injected with 100 pg
of mAbs [67]. These promising findings highlight the
importance of targeting SLAMF6 as an immunotherapy
for B-cell malignancies.

The decrease in CLL progression observed by Yigit
in xenografted SCID mice model after the administration
of anti-SLAMF6 confirmed the implication of this receptor
in CLL pathophysiology. The effect of anti-SLAMF6
is amplified when it was administered concomitantly
with Ibrutinib, a Bruton tyrosine kinase inhibitor. Anti-
SLAMF6 decreased the number of CLL cells everywhere
except in peritoneal cavity and Ibrutinib increased the
efficiency of anti-SLAMF6 by inducing the release of
CLL cells from their niche. All these data suggest that the
combination of anti-SLAMF6 and Ibrutinib might be an
efficient new treatment against CLL [68].

SLAMEF7

NK cells, T lymphocytes, activated B cells and
macrophages are the cells that majorly express SLAMF7
(CD319, CS1, CRACC) [21] (Figure 1). The cytoplasmic
domain of SLAMF7 contains two ITSM that are involved
in the interaction with SAP. The SLAMF7 homophilic
interaction regulates NK cell cytolytic activity [69].
SLAMF7 is highly expressed by more than 97% of myeloma
cells while its expression is restricted in normal cells [70,
71]. In some preclinical studies, SLAMF7 was targeted by
humanized mAb, HuLuc63 (Elotuzumab), which stained
CD138+ myeloma cells, NK cells, NK-like T cells, and
CD8&+ T cells [70] (Table 2). HuLuc63 inhibits MM cells
binding to bone marrow stromal cells and induces antibody-
dependent cellular cytotoxicity against MM cells (Figure 3).
This effect is SLAMF7-specific and dose-dependent, and
leads to tumor regression in multiple xenograft models of
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human MM [70, 72]. Moreover, Elotuzumab, promoted the
ligation between NK and myeloma cells by the intermediary
of SLAMF7 and induced NK cytotoxicity against myeloma
cells independent of ADCC [73, 74]. In addition, SLAMF7-
derived peptides showed efficacy to induce the activation
of some cytotoxic T cells clones. Later, Bae et al. suggested
SLAMF7,, ... as SLAMF7-specific HLA-A2 peptide
capable of activating cytotoxic T lymphocytes and inducing
specifically the lysis of the primary MM cells and HLA-
A2'-CS1* MM cell line [75] (Table 3).

Several studies showed that Elotuzumab could
trigger autologous ADCC against primary MM cells
resistant to conventional or novel therapies like
Bortezomib and HSP90 inhibitors. Pretreatment with
conventional or novel anti-MM drugs enhance HuLuc63-
induced MM cell lysis [71] (Figure 2). Therefore, these
results prove that SLAMF7 play a pivotal role in the

elimination of MM and provide the preclinical rationale to
test it alone or in combination with other drugs in clinical
trials. Bortezomib is a reversible proteasome inhibitor with
significant activity in MM that could enhance Elotuzumab
activity. When tested in MM xenograft model, the
combination of Elotuzumab and Bortezomib, exhibited a
significant enhancement of in vivo antitumor activity [71].
These preclinical results encouraged phase I and I clinical
trials of Elotuzumab in patients with relapsed or refractory
MM. When tested in phase I, Elotuzumab alone failed to
reproduce the same efficiency as in animal model [76].
On the other hand, when administered to patients under
Bortezomib treatment, Elotuzumab improved the objective
response rate from 45% to 48% [77]. In a phase II trial,
the combined use of Elotuzumab with Lenalidomide and
dexamethasone in 150 patients with refractory/relapsed
MM, seems to increase the progression-free survival from
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Figure 3: SLAMF3 implication model as hepatocellular carcinoma (HCC). Left quadrant, shows the schematic representation
of the role of SLAMEF3 as negative regulator of MAPK / mTOR pathway. In HCC hepatocyte, the rate of SLAMF3 is lowered. In this cell,
the triggered signals by growth factors through their specific receptors activate signalization pathways, including the MAPK pathway,
which will be constitutively active. This pathway stimulates, among others, the expression of certain resistance transporters such as MRP-
1 that are responsible for the resistance to chemotherapies molecules. The MAPK pathway also modulates the formation of the nuclear
complex RB / E2F, whose target genes are among that regulating the cell cycle and mitosis such as Plk-1. The resultant of these pathways
activation state are enhanced cell proliferation, unblocked cell cycle and apoptosis escape leading to the progression of the tumor mass.
Right quadrant, represents the hypothetic therapeutic model of SLAMF3 in HCC. The restoration of a high expression of SLAMF3
induced a down phosphorylation of MAPK ERK and mTOR. First, the strong expression of SLAMF3 reduced phosphorylation ratio of RB
permitting its binding to the E2F factor which induces its inhibition. The decreased Plk-1 expression, one important E2F target is implicated
in the inhibition of mitosis induced by the high expression of SLAMF3. Second, the high expression of SLAMF3 inhibits expression and
function of MRP-1, that sensitize the cancer cell to drugs. Finally, the high expression of SLAMEF3 in the cancer cell controls proliferation,
blocks mitosis and sensitizes to apoptosis which controls progression of the tumor mass.
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6.9 to 9.7 months with stable ORR from 66% to 63% [78].
Importantly, a positive effect of Elotuzumab is reported to
improve the ORR to 82% when used in combination with
Lenalidomide and low-dose of dexamethasone [79].

In a phase II, randomized, multicenter, open-
label, intravenous Elotuzumab (10 or 20 mg daily) in
combination with oral Lenalidomide (25 mg daily) and
dexamethasone (40 mg daily) improves the efficacy
with an acceptable safety in patients with relapsed MM.
These results seem to be better when only Lenalidomide
and dexamethasone are used [80]. In patients with
renal impairment, (about 50% of patients with MM),
Elotuzumab might be used without dose adjustment but
Lenalidomide needed a dose adjustment [81]. All these
findings allowed the realization of a phase III testing
of Elotuzumab in combination with Lenalidomide and
dexamethasone in relapsed MM and in untreated MM
patients [82]. In patients with relapsed or refractory
MM, combination of Elotuzumab, Lenalidomide, and
dexamethasone (Elotuzumab group: 325 patients)
significantly reduced the risk of disease progression or
death by 30% compared to control (control group: 321
patients treated with Lenalidomide and Dexamethasone).
However, this study did not integrate Lenalidomide
untreated patients as control group. This lack of control
makes it difficult to conclude about the real effect of
adding Lenalidomide. It has to be noted that the adverse
events reported in 25% of the patients were principally
common hematologic toxic effects (lymphocytopenia,
anemia, thrombocytopenia and neutropenia). Serious
adverse events were reported in 65% and 57% of patients
in the Elotuzumab and the control group, respectively.
In the Elotuzumab group, 34% patients had grade 3 or 4
neutropenia, as compared with 44% in the control group.
Grade 3 or 4 lymphocytopenia was reported in 77%
patients in the Elotuzumab group and 49% in the control
group. Other reported side effects were non-hematologic
toxic effects like fatigue, diarrhea and muscle spasms
[82]. The above-mentioned findings allowed the FDA, in
November 2015, to issue the authorization of Elotuzumab
use in combination with Lenalidomide and dexamethasone
in MM.

Lately, the combination of Elotuzumab with
Thalidomide and dexamethasone was tested in a phase
II trial involving 40 patients with refractory/relapsed
MM. The results show an ORR of 38% with median
progression-free survival of 3.9 months. This combination
might constitute a potential alternative to the Elotuzumab,
Lenalidomide and dexamethasone combination [83].

SLAM in solid cancers

Other cell types outside the immune system also
express SLAM members. The reported detection of
SLAMF2 in melanoma and SLAMF3 in hepatocellular
carcinoma (HCC) assigned new roles to SLAM receptors

in physiology and pathology. These recent observations
reveal numerous potential therapeutic applications
targeting SLAM members in solid cancers (Table 3).

SLAMF1

Quite often, SLAMF1 is expressed on normal and

malignant cells of the immune system [84]. However, little
is known about its expression outside the hematopoietic
system. Although SLAMF1 is not found in different
regions of normal brain tissues, immunohistochemical
study revealed its expression in 77.6% of human central
nervous system (CNS) tumors, including glioblastoma,
anaplastic astrocytoma, diffuse astrocytoma and
ependymoma. These observations have proposed the
expression of new isoform of SLAMF1 nCD150 as new
diagnostic marker in CNS tumors [85] (Table 2).

Mehrle et al. reported that the up-regulation or
silencing of SLAMF1 in human lymphocytes was
accompanied by increased or decreased cytotoxic activity
respectively, and suggested the implication of SLAMF1
in cytotoxicity against human colon cancer. Moreover,
increased cytotoxic activity against cancerous cells
and IFN-secretion are the result of the up-regulation of
SLAMEF1 in T cells that decrease the tumor progression
index in xenografted mice [86]. Following its activation,
SLAMEF1 co-localizes to the lipid rafts (specific membrane
compartments) in cytotoxic CD8+ T cells.

SLAMF2/SLAMF4

NK cells play a crucial role in the anti-cancer
immunity. In patients with advanced-stage HCC,
Attenuated infiltration and dysfunction of NK cells in
the intratumoral region was positively associated with
the increased level of activated monocytes/macrophages
in peritumoral stroma of HCC tissues. Accordingly,
activated monocytes isolated from HCC tissues caused
transient activation and consequently their apoptosis. This
process was mediated by cell-cell interactions by way of
SLAMF2-SLAMF4, but not NKG2D and NKp30 [87].

In Melanoma, targeting the interaction of SLAMF2-
SLAMF4 or use of anti-SLAMF4 mAb are promising
therapeutic strategies. The activation of SLAMF4 or
SLAMF2 in murine tumor model by injecting specific
antibodies resulted in a five-fold reduction of melanoma
cells metastasis. This anti-tumor effect involves cytolytic
function and IFN-y production of NK cells as expected
[88].

The implication of SLAMF2-SLAMF4 in melanoma
anti-tumor effect is subject of some controversies. For
instance, in one study involving SLAMF4 (-/-) mice, it
was difficult to confirm the role of SLAMF2-SLAMF4
interaction in anti-melanoma response. When injected with
SLAMEF2+ and SLAMF2- metastatic B16 melanoma cells,
wild-type mice poorly rejected the SLAMF2+ melanoma
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cells compared to SLAMF2- tumor cells, suggesting an
inhibitory effect of SLAMF4-SLAMF2 interaction on
melanoma cells [89].

SLAMEF3

Recently, it has been reported that SLAMF3 is
the only member of its family expressed in hepatocytes
[90] (Figure 1). Identifying SLAMF3 in non-blood tissue
such as liver tissue opened new avenues to investigate
other physiological functions of this receptor. SLAMF3
expression is high in human healthy primary hepatocytes
and is reduced in HCC cells. SLAMF3 low expression
was confirmed in several HCC cell lines suggesting its
negative regulation in cancer cells [90] (Table 3). The
restoration of SLAMF3 expression in these cells inhibited
cell proliferation, migration and enhanced apoptosis
(Figure 3). This finding suggested that SLAMF3 is
involved in the control of hepatocyte proliferation and in
carcinogenesis.

SLAMEF3 controls proliferation in part by decreasing
MAPK Erk1/2, INK and mTOR phosphorylation [90].
SLAMF3 expression in HCC retains Retinoblastoma
(RB) factor in its hypo-phosphorylated active form,
which in turn inactivates E2F transcription factor, thereby
repressing the expression and activation of Polo-like
kinase Plk-1 (Figure 3). A clear inverse correlation was
also observed between SLAMF3 and Plk-1 expression
in patients with HCC [91]. Thus, the inhibitory effect
of SLAMEF3 on cell cycle progression occurs through
Plk-1 and RB activation [91]. These findings attributed
new functions to SLAMF3 as molecular regulator of cell
proliferation, cell cycle progression and apoptosis and
qualify SLAMF3 to be considered as potential therapeutic
candidate to control tumor progression at least in the liver.

In HCC, the expression of multi-drug resistance
proteins, MRP-1, correlates with the resistance to
chemotherapy and to treatment failure. MRP-1 (ABCC1),
a member of the ABC superfamily transporters is
expressed in all organs. MRP-1 mediates active efflux of
a broad range of physiological substrates like glucuronide,
glutathione and sulfate conjugates [92]. Chemotherapy
drugs including Doxorubicin, Vincristine, Etoposide
and Methotrexate also induce these reagents [93]. In
HCC cells, induction of SLAMF3 expression decreased
the expression of MRP-1. Furthermore, restoring high
SLAMF3 expression in vitro model inhibited the efflux of
therapeutic molecules [94] (Figure 3). Elevated SLAMF3
expression might thus play a key role in eliminating cancer
cells by the chemotherapy drugs [95].

CONCLUSIONS AND PERSPECTIVES

SLAM molecules are of particular interest for
diagnosis and therapy of various cancers. Targeting these
molecules is already under clinical investigations and has

the potential to open new therapeutic options to improve
management of cancer patients (Table 2). The most
advanced therapeutic strategy is targeting of SLAMF7 (CS1)
using humanized mAb in MM management. Completion of
phase III studies and validation of therapeutic efficacy and
safety of Elotuzumab in MM requires addressing of key
issues regarding the biology of SLAMF7.

Another key finding is the SLAMF3 expression in
hepatic tissue and its role as cell proliferation regulator
and apoptosis inductor. This regulation involves several
pathways constitutively activated in HCC such as MAPK
pathways. However, comprehensive investigations are
needed to identify SLAMF3 molecular partners to clarify
the link between receptor expression and regression of
tumors in xenografts Nude mice model. The implication
of immune cells (innate and adaptive) cannot be ignored
and requires further investigation. In parallel, various
risk factors that promote transformation of cells like viral
factors, metabolic abnormalities or the intake of alcohol
could have an impact on the SLAM receptor expression
or function. Further work is needed to determine the cross
talk between these risk factors and SLAM.
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