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1. Introduction 

The immune system is responsible for the defense against a wide array of pathogens but 
without responding to each individual’s (self) antigens. Autoimmune diseases are 
characterized by a loss of tolerance to self antigens that leads to the appearance of auto-
reactive lymphocytes. The main factors that contribute to the development of autoimmunity 
are genetic susceptibility and infection. Disease susceptibility is the result of the combined 
action of multiple genes. It has been shown that certain gene polymorphisms can influence 
the establishment of self-tolerance. The human immune system is a complex machinery 
involving numerous proteins. Cell-surface proteins  expressed by leukocytes are of particular 
relevance due not only to their participation in the network of interactions that regulate the 
innate and adaptive immune responses, but also to their potential as excellent targets for 
diagnostic and therapeutic inte rventions (Diaz-Ramos et al., 2011). These molecules deliver 
signals that modulate leukocyte development, activation, survival, clonal expansion, and 
important effector functions. Some of these cell-surface signaling molecules have the 
capacity to activate lymphocytes and other leukocytes, while others function as down-
modulators of immune responses, playing a key role in the establishment of tolerance to self 
antigens. Thus, it is not surprising that ma ny of the allelic variants associated with 
autoimmunity identified, to date, correspond to leukocyte cell-surface molecules (Maier & 
Hafler, 2009). In this review we will discuss recent observations that point to a key role of 
signaling lymphocyte activation molecule fam ily (SLAMF) receptors in the development of 
autoimmunity.  

2. Signaling lymphocyte activation molecu le family of cell-surface molecules 

In recent years, the SLAMF of leukocyte cell-surface molecules has been identified as a 
group of receptors that modulates the activation  and differentiation of a wide array of cell 
types involved in both innate and adaptive i mmune responses (Calpe et al., 2008; Detre et 
al., 2010; Schwartzberg et al., 2009; Vinuesa et al., 2010). The SLAMF, also known as the 
CD150 family, consists of nine structurally related leukocyte cell-surface glycoproteins that 
belong to the immunoglobulin (Ig) supe rfamily, namely: SLAMF1 (CD150 or SLAM), 
SLAMF2 (CD48), SLAMF3 (CD229 or LY9), SLAMF4 (CD244 or 2B4), SLAMF5 (CD84), 
SLAMF6 (CD352, NTB-A or Ly108), SLAMF7 (CD319 or CRACC), SLAMF8 (CD353 or 
BLAME) and SLAMF9 (CD84-H1) (Table 1).  
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Receptor Aliases Expression 

SLAMF1  CD150, SLAM B, T, DC, platelet, M�"  

SLAMF2 CD48 B, T, monocyte, NK, DC, pDC, granulocytes, HSC, MPP 

SLAMF3 CD229, LY9 B, T, pDC 

SLAMF4 CD244, 2B4 
NK, CD8 and �Ä�Å T,  monocyte, basophil, eosinophil, mast cell, 
HSC, MPP 

SLAMF5 CD84 
B, T, mast cell, platelet, monocyte, granulocytes, M�" ,  DC, pDC, 
HSC, MPP 

SLAMF6  CD352, NTB-A (Ly108 in mice) B, T, NK, neutrophil, pDC 

SLAMF7  CD319, CRACC, CS1 B, T, NK, DC, pDC 

SLAMF8  CD353, BLAME B, DC, monocyte, M�"  

SLAMF9  CD84-H1, SF2001 B, T, monocyte, DC 
 

Table 1. Members of the SLAM (CD150) family. The expression data apply largely to human 
cells. Receptor gene name is shown in bold. B=B cells, DC=dendritic cell, 
pDC=plasmacytoid DC, HSC= hematopoietic stem cells, M�" =macrophages, 
MPP=multipotent hematopoietic progenitors, NK=natural killer cells, SLAMF=SLAM 
family, T=T cells. 

2.1 Genomic organization of the SLAM locus 
Seven of the genes encoding SLAMF members are clustered within a 400-500 kilobase (kb) 
genomic segment on human chromosome 1q23 and on mouse chromosome 1H3 (Calpe et 
al., 2008; Engel et al., 2003). However, genes coding CD353 and SLAMF9 (CD84-H1) are 
located outside of, but in close proximity to, th e SLAM locus (Calpe et al., 2008; Veillette et 
al., 2006). This characteristic implies that those genes encoding the SLAMF members were 
created by successive gene duplications of a single ancestor gene, raising the possibility that 
numerous polymorphisms and splice variants of most of the family members have 
subsequently been formed in this way. The majority of such variations mainly affect their 
corresponding ectodomains or the length of thei r respective cytoplasmic tails (Calpe et al., 
2008; Veillette, 2010). Human EAT-2 and mouse Eat-2a and Eat-2b genes are also located 
close to the SLAM locus. Although the SLAMF genes are equally arranged in mouse and 
human genomes, they differ in its orientation; the genes that in humans are closer to the 
centromere are situated in mice closer to the telomere.  

2.2 Structural characteristics of the SLAMF glycoproteins 
2.2.1 Immunoglobulin domains and ligand interaction 
SLAMF receptors are composed of an extracellular ectodomain formed by two Ig-like 
domains; one variable (V)-like lacking disulfid e bonds followed by a truncated Ig constant 2 
(C2)-like domain with two intradomain disu lfide bonds, with the exception of CD229 
(SLAMF3), which possesses four Ig-like domains (two tandem repeats of V-Ig/C2-Ig sets). 
SLAMF molecules are type I transmembrane glycoproteins containing a cytoplasmic tail, 
with the exception of CD48, which has a glycosylphosphatidylinositol (GPI) membrane 
anchor (Figure 1) (Calpe et al., 2008; Engel et al., 2003; Ma et al., 2007).  
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Fig. 1. Structural representation of the human SLAM family members. This structurally-
related family of cell-surface receptors is composed by nine members. Their extracellular 
regions have two, or four in th e case of CD229, Ig-like domains. 

Excluding CD244, which recognizes CD48 as its ligand, SLAMF members are also 
characterized by acting as self-ligands through their N-terminal Ig domain (Table 2) (Engel 
et al., 2003). No interactions with other hematopoietic cell-surface molecules have been 
described, although CD150 (SLAM) has been reported to be one the major receptors for the 
measles virus, which accounts for its cell tropism (Tatsuo et al., 2000). Strikingly, mouse 
CD150 has recently been described as a microbial sensor that positively regulates bacterial 
killing by macrophages (Berger et al., 2010; Sintes & Engel, 2011). CD150 is able to efficiently 
recognize the porins OmpC and OmpF of E. coli’s outer membrane. Afterwards, the 
CD150/ E.coli complex becomes internalized within the macrophage phagosome to govern 
key processes of bacterial removal machinery such as phagosome maturation and free 
radical species production by the NOX2 complex (Berger et al., 2010). Moreover, CD48 is 
known to interact with the Gr am-negative lectin FimH in macrophages as well as in mast 
cells, although counter to CD150 functionality, FimH + bacteria undergo encapsulation in 
caveolae rather than becoming internalized within mast cell phagosomes (Baorto et al., 1997; 
Shin et al., 2000). Whether other SLAMF members might function as bacterial receptors 
remains to be elucidated. 
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Receptor Ligands ITSMs 
SAP/EAT-2 
recruitment 

SLAMF1 SLAMF1, measles virus, Gram-negative bacteria 2 + 

SLAMF2 SLAMF4, CD2, FimH None - 

SLAMF3 SLAMF3 
H: 2 
M: 1 

+ 

SLAMF4 SLAMF2 4 + 

SLAMF5 SLAMF5 2 + 

SLAMF6 SLAMF6 2 + 

SLAMF7 SLAMF7 
H: 1 
M: 0 

EAT-2 (H) 

SLAMF8 ND None - 

SLAMF9 ND None - 
 

Table 2. SLAM family ligands and ITSMs. H=human, ITSMs=immunoreceptor tyrosine-
based binding motifs, M=mouse, ND=not determined, SLAMF=SLAM family. 

2.2.2 The immunoreceptor tyrosine-based switch motif and cell signaling 
Unlike other cosignaling molecules, the cytopl asmic tails of six of the SLAMF receptors 
(SLAMF1,3-7) do not contain any ITAMs or ITIMs motifs, but rather possess one or more 
copies of a unique immunoreceptor tyrosine-based switch motif (ITSM) T-I/V-Y-x-x-V/I 
(where T is threonine, I is isoleucine, V is valine, Y is tyrosine and x denotes any amino 
acid), in addition to various ty rosine Y residues (Detre et al., 2010; Engel et al., 2003) (Figure 
1 and Table 2). In the same way ITAM or ITIM becomes phosphorylated after receptor 
ligation, the homophilic engagement of SLAMF members triggers the phosphorylation of Y 
residues within the ITSM. Subsequently, ITSM serves as a docking site for intracellular 
adapter molecules and enzymes bearing SH2 domains such as SHP-2, SHP-1, Csk, and 
SHIP-1 (Mikhalap et al., 1999; Parolini et al., 2000; Tangye et al., 1999). The adapter 
molecules SLAM-associated protein (SAP), EWS/FLI activated transcript-2 (EAT-2) and 
EAT-2-related transducer (ERT), have high affinity for this unique motif (Calpe et al., 2008; 
Veillette et al., 2009). Importantly, the SAP-encoding gene (SH2D1A) is mutated in patients 
with X-linked lymphoproliferative disease.  
SH2D1A is located on the X chromosome in humans and mice (Xq25 and XA5, respectively), 
which differs from SLAMF receptors and EAT-2 (Calpe et al., 2008).  SAP is a small protein 
(15 kDa) composed of a SH2 domain followed by a 28-amino-acid tail (Figure 2). Human 
and mouse SAP molecules share 87% of their amino acid sequence, being highly similar in 
the SH2 domain. SAP is known to be expressed by NK, T cells, NKT cells, eosinophils, 
platelets and a subset of B cells (Engel et al., 2003). The SAP/SLAMF-receptor interaction 
occurs between the arginine 32 (R32), located in the SH2-domain of SAP, and the pY-
containing ITSMs of SLAMF molecules. Apart fr om engaging these pY residues, SAP is able 
to specifically bind to  the nonphosphorylated Y 281 from one of the CD150 ITSMs. The high 
avidity shown by SAP to bind to these pY residues explain its ability to block the interaction 
of other SH2-containing molecules of lesser affinity to the same motif (Finerty et al., 2002; 
Howie et al., 2002; Lewis et al., 2001; Poy et al., 1999; Sayos et al., 1998).  
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              1 

Human SAP:     MD AVAVYHGKISRETGEKLLLATGLDGSYLLRDSESVPGVYCLCVLYHGYIYTYRVSQTETGSWSAETAPGVHKRYFRKI  80 

Mouse Sap:     MD AVTVYHGKISRETGEKLLLATGLDGSYLLRDSESVPGVYCLCVLYQGYIYTYRVSQTETGSWSAETAPGVHKRFFRKV  80 

Human EAT-2:   MD -LP YYHGRLTKQDCETLLLKEGVDGNFLLRDSESIPGVLCLCVSFKNI VYTYRIFREKHGYYRIQTAEGSPKQVFPSL  79 

Mouse Eat-2a: MD-LP YYHGCLTKRECEALLLKGGVDGNFLIRDSESVPGALCLCVSFKKLVYSYRIFREKHGYYRIETDAHTPRTIF PNL  79 

Mouse Eat-2b: MD-LP YYHGCLTKRECEALLLKGGVDGNFLIRDSESVPGALCLCVSFKKLVYNYRIFREKNGYYRIETEPSTPKTIF PNL  79 

               

     

Human SAP:     81  KNLI SAFQKPDQGI VI PLQYPVEKKSSARSTQG-----T TGI REDPDVCLKAP  128 

Mouse Sap:     81  KNLI SAFQKPDQGI VTPLQYPVEK- SSGRGPQA-----P TG- RRDSDI CLNAP  126 

Human EAT-2:   80  K ELIS KFEKPNQGMVVHLLKPI KRTSPSLRWRGLKLELETFVNSNSDYVDVLP  132 

Mouse Eat-2a:  80  Q ELVSKYGKPGQGLVVHLSNPI MRNNLCQRGRRMELELNVYENTDEEYVDVLP  132 

Mouse Eat-2b:  80  E ELIS KFKTPGQGMVVHLSNPI MRSGFCPGARRLNLEANVYENTDEEYVDVLP  132  
Fig. 2. Alignment of SAP and EAT-2 amino acidic sequences. The SH2 domains of SAP and 
EAT-2 are boxed. Conserved residues among both adaptors are highlighted in yellow, and 
those specifically conserved for each molecule are shown in bold. In green are the tyrosine 
residues present in the tail of EAT-2. 

One of the particular features of SAP is that its arginine 78 (R78) interacts with the aspartic 
acid residue 100 (D100) of Fyn, a Src-related protein tyrosine kinase. Such association 
sequentially mediates Fyn recruitment to the cytoplasmic tail of the CD150 receptor and, 
following tyrosine phosphorylation, leads to the recruitment of SHIP, docking protein (Dok) 
1, and Dok2 (Chan et al., 2003; Chen et al., 2006; Latour et al., 2001; Latour et al., 2003). 
Therefore, SAP has the ability to simultaneously associate with SLAMF molecules and Fyn, 
thus forming a trimolecular complex that also reportedly regulates the activation of Vav-1, 
Casitas B-lineage lymphoma (Cbl), Bcl-10, and protein kinase C-theta (PKC-�É)-mediated 
activation of NF- �ËB1 in T cells (Cannons et al., 2004; Cannons et al., 2010b; Claus et al., 2008; 
Zhong & Veillette, 2008). Furthermore, SAP can additionally engage Lck, which 
phosphorylates CD84, CD150, CD229 and CD244 (Howie et al., 2002; Martin et al., 2005; 
Nakajima et al., 2000; Tangye et al., 2003). The SAP-SH2 domain has also been described as 
interacting with the SH3 domain of PAK-interacting protein ( �Ã-PIX), a guanine nucleotide 
exchange factor (GEF) specific for Rac/Cdc42 GTPases (Gu et al., 2006). 
Both human and murine EAT-2 genes are located at chromosome 1 (1q23 in humans and 
1H3 in mice), in close proximity to SLAMF loci  (Calpe et al., 2006). In contrast to human 
EAT-2, mouse and rat EAT-2 genes are duplicated with an identical genomic organization 
and encode two similar proteins, namely EAT-2A or EAT-2 and EAT-2B or ERT (Engel et al., 
2003). The EAT-2B-encoding gene is a non-functional pseudo-gene in humans. In a manner 
similar to SAP, human and mouse EAT-2 genes encode small proteins composed of an SH2 
domain followed by a short C-terminal tail, but also containing one and two tyrosines, 
respectively (Y120 and Y127) (Figure 2) (Calpe et al., 2006; Roncagalli et al., 2005). EAT-2 is 
preferentially found not only in NK cells, but also in DC and macrophages, whereas EAT-2B 
is detected only in NK cells. Human EAT-2 is expressed by NK cells, activated CD4+ and 
CD8+ T cells, and �Ä�Å T lymphocytes (Calpe et al., 2006; Morra et al., 2001; Tassi & Colonna, 
2005). 
EAT-2 and EAT-2B can bind to the Src-like kinases Hck, Lyn, Lck, and Fgr kinases through 
their catalytic domains, although neither can di rectly bind to the SH3 domain of Fyn since 
both lack the R78 responsible for the association of SAP with Fyn (Calpe et al., 2006; Latour 
et al., 2003). Nevertheless, EAT-2 and mouse EAT-2A can couple to the SH2 domain of Fyn 
in NK cells when their C-terminal tyrosines undergo phosphorylation (Clarkson et al., 2007). 
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Another significant difference between EAT-2 an d SAP is that EAT-2-mediated function has 
not been properly characterized. It was initia lly believed that these two adapter molecules 
played opposing roles in leukocyte activation (Ma et al., 2007). Multiple and more accurate 
studies have clearly confirmed that SAP is a positive regulator of lymphocyte activation, 
although data concerning EAT-2 activity rema ins controversial (Clarkson et al., 2007; Cruz-
Munoz et al., 2009; Roncagalli et al., 2005; Tassi & Colonna, 2005; Wang et al., 2010b). 
Roncagalli et al. first described that, unlike SAP, EAT-2 and ERT were inhibitors of NK cell 
function when they became associated with CD244 (2B4) in 129Sv mice (Roncagalli et al., 
2005). On the other hand, this same group demonstrated that mouse CD319 (SLAMF7) acts 
as a positive regulator of NK cell in a EA T-2A-dependent manner (Cruz-Munoz et al., 2009). 
Interestingly, a recent paper has shed light on the role played by EAT-2 in C57BL/6 NK 
cells. Wang and colleagues have shown that both, EAT-2A and ERT positively regulate 
mouse CD244- and CD84-specific NK cell functions (Wang et al., 2010b). The authors 
attribute this disparity in mouse EAT-2 functi onality to the genetic background used to 
generate mice lacking or overexpressing EAT-2. Although there is convincing evidence, 
using mice with a pure genetic background, that  EAT-2 acts as a positive modulator of NK 
cell functions, further experiments are needed to determine the mechanisms underlying 
EAT-2 downstream signaling.  
It is important to keep in mind that SAP and EAT-2 specifically partic ipate in the recruitment 
of Src-like kinases at the right time and in a precise cell compartment. In addition, since SAP 
and EAT-2 can bind to the same ITSM, it has been suggested that both adapter molecules may 
be able to compete for the same docking site. The outcome of this competition can result in the 
differential recruitment of intracellular kinases or  phosphatases, and thus, in variations in the 
nature and intensity of activation and differentiation processes. 

2.3 SLAMF receptors are expressed on hematopoietic cel ls 
SLAMF receptors display a wide-ranging an d differential distribution pattern among 
hematopoietic cells. They can be found on many immune cell types including different 
subsets of T and B lymphocytes, NK and NKT cells, monocytes, macrophages, DCs, pDCs, 
platelets, granulocytes, and hematopoietic stem and progenitor cells (Table 1) (Calpe et al., 
2008; Engel et al., 2003; Ma et al., 2007). It should be noted that the analyses of SLAMF 
expression in mouse have thus far not been as exhaustive as in humans, and therefore some 
species-specific discrepancies may exist. As summarized in Table 1, their heterogeneous, but 
sometimes overlapping, expression patterns indicate that SLAMF members may play either 
redundant or specific functions in the regula tion of a broad range of both innate and 
adaptive immune responses. 
Kiel and colleagues first discovered that SLAMF receptors are selectively expressed among 
primitive mouse progenitors in the adult bone marrow in such a way that it is possible to 
highly purify HSCs using a simple combinatio n of monoclonal antibodies (mAbs) against 
three of these receptors (CD150, CD244, and CD48) (Kiel et al., 2005). However, the direct 
combination of mAbs against SLAMF receptors is not suitable for purification of human 
HSCs (Sintes et al., 2008). 

2.4 SLAMF receptors function as regulators of innate and adaptive immune 
responses 
These receptors have been shown to modulate lymphocyte activation processes that are key 
elements in the initiation and progression of autoimmune diseases, such as the development 
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