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Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation and joint damage. The signaling lymphocytic activation molecule (SLAMF) family of receptors are expressed on various hematopoietic and non-hematopoietic cells and can regulate both immune cell activation and cytokine production. Altered expression of certain SLAMF receptors contributes to aberrant immune responses in RA. In RA, SLAMF1 is upregulated on T cells and may promote inflammation by participating in immune cell-mediated responses. SLAMF2 and SLAMF4 are involved in regulating monocyte tumor necrosis factor production and promoting inflammation. SLAMF7 activates multiple inflammatory pathways in macrophages to drive inflammatory gene expression. SLAMF8 inhibition can reduce inflammation in RA by blocking ERK/MMPs signaling. Of note, there are differences in SLAMF receptor (SFR) expression between normal and arthritic joint tissues, suggesting a role as potential diagnostic biomarkers. This review summarizes recent advances on the roles of SLAMF receptors 1, 2, 4, 7, and 8 in RA pathogenesis. However, further research is needed to elucidate the mechanisms of SLAMF regulation of immune cells in RA. Understanding interactions between SLAMF receptors and immune cells will help identify selective strategies for targeting SLAMF signaling without compromising normal immunity. Overall, the SLAMF gene family holds promise as a target for precision medicine in RA, but additional investigation of the underlying immunological mechanisms is needed. Targeting SLAMF receptors presents opportunities for new diagnostic and therapeutic approaches to dampen damaging immune-mediated inflammation in RA.
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1 INTRODUCTION
Rheumatoid arthritis (RA), characterized by chronic synovial inflammation, usually associated with joint swelling, tenderness, and pain (Smolen et al., 2016), is a an autoimmune disease that is a major source of disability and morbidity in society (Cross et al., 2014). RA is known to have a prevalence of approximately one percent within the general population, exhibiting a greater occurrence among females compared to males (Safiri et al., 2019). Delayed diagnosis and clinical intervention can dramatically increase joint damage. Thus, early diagnosis and treatment of inflammation is crucial to reducing further damage and preventing inflammation. RA is associated with a number of pathogenetic mechanisms, involving inflammation, metabolism, microorganisms, genetic components, immunity tolerance, epigenetic modifications, etc. (Okada et al., 2014; Lenz et al., 2015; Zhao et al., 2022a; Zhao et al., 2022b; Chang et al., 2022; Zhao et al., 2022c). Additionally, RA features elevated levels of autoreactive CD4+ T cells, pathogenic B cells, macrophages, inflammatory cytokines, and chemokines at the molecular and cellular levels (Jang et al., 2022). Recently, the signaling lymphocytic activation molecule family of receptors (SFRs) has been studied in relation to RA pathogenesis by participating in immune cell mediated inflammation (Isomäki et al., 1997; González-Alvaro et al., 2006; Li et al., 2022; Liu et al., 2022; Simmons et al., 2022). In addition, the signaling lymphocytic activation molecule family (SLAMF) genes were identified as susceptibility loci for RA. Overexpression of SLAMF genes was mostly found in the spleen, epstein-barr virus-transformed B lymphocytes, whole blood, lung and terminal ileum of the small intestine (Kwon et al., 2020). These studies point towards the importance of SLAMF genes in RA pathogenesis.
SFRs is involved in the regulation of T lymphocyte development and function, including the modulation of lymphocyte lysis activity, cytokine production, and other cellular processes. Furthermore, these receptors also govern the activation and generation of memory in B cells, as well as the functions of dendritic cells, macrophages, and other immune cell types (Detre et al., 2010; Howie et al., 2002; Réthi et al., 2006; Kis-Toth and Tsokos, 2014; O'Keeffe et al., 2015). SFRs consists of SLAMF1-9. SFRs are type I glycoproteins, composed of a N-terminal Ig variable region (V-region) lacking typical disulfide bonds and a C-terminal Ig constant 2-SET region (C-region) characterized by conserved cysteine. The cytoplasmic tail of typical SFRs contains multiple immune receptor tyrosine-based switching motifs (ITSM), while SLAMF2, SLAMF8, and SLAMF9 do not contain ITSM, making them considered atypical SFRs (Calpe et al., 2008). SFRs can recruit signaling molecules containing SH2 domains, such as SLAM related proteins (SAP) (Chan et al., 2003). The activation of SLAMF molecules phosphorylates ITSMs and provides binding sites for intracellular SAP or other SH2 containing enzymes, further transmitting different intracellular signals (Cocks et al., 1995; Howie et al., 2002; Wang et al., 2004; Dupré et al., 2005; Howie et al., 2005; Nanda et al., 2005; Nichols et al., 2005). SAP deficiency is associated with hereditary X-linked lymphoproliferative syndrome (Yan et al., 2007). It has been proposed that SFRs could be therapeutic targets for diseases related to inflammation and autoimmune responses (Dragovich and Mor, 2018). However, the specific mechanism of SFRs in RA remains unknown. This review summarizes recent progress of SFRs research on RA in a comprehensive manner, in order to discuss the potential SFRs as diagnostic and therapeutic targets in precision medicine.
2 SLAMF1- MEDIATED INFLAMMATION IN RA
A number of cells, including T cells, B cells, dendritic cells, and macrophages express SLAMF1 (Veillette, 2006). There is an association between SLAMF1 and the proliferation of B cells and the production of immunoglobulins (Punnonen et al., 1997). T cells, particularly CD4+T cells, express SLAMF1, demonstrating a low level of expression in immature cells, and a high level of expression in effector cells (Karampetsou et al., 2017). In addition to being upregulated after T and B cell activation, SLAMF1 may be a marker of several populations of white blood cells’ activation status (Punnonen et al., 1997; Castro et al., 1999).
In RA, the expression of SLAMF1 in synovial fluid and synovial tissue T cells from RA patients was significantly higher than that in peripheral blood T cells from the same patient or healthy controls (Isomäki et al., 1997). SLAMF1 expression was significantly reduced in CD4+T cells cultured with methotrexate compared to CD4+T cells cultured without methotrexate (Morita et al., 2006). SMLAF1 is a key biomarker for the development and progression of RA (12). In the collagen-induced arthritis (CIA) mouse model, immunohistochemical staining of joint tissue showed significant high expression of SLAMF1 in diseased joints. Flow cytometry analysis showed that SLAMF1 was present in cytotoxic T lymphocytes (CTLs), Th cells, natural killer cells (NKs), natural killer T cells (NKTs), dendritic cells (DCs), and M cells derived from CIA mice, with significantly increased expression (Li et al., 2022). Therefore, SLAMF1 may influence the pathogenesis of RA by participating in the inflammatory response mediated by these infiltrating immune cells. The ROC curve indicates that SLAMF1 has specific reference value in the diagnosis of RA patients (Li et al., 2022), suggesting that SLAMF1 may be an important biomarker for RA.
3 SLAMF2- AND SLAMF4- MEDIATED INFLAMMATION IN RA
Several structural features of SLAMF2 are similar to those of other members of the Ig family. In this gene, there are four exons, one Ig variable (IgV) domain and one Ig constant (Ig-C2) domain, both with cysteine residues that allow disulfide bonds (Staunton et al., 1989). As compared to other members of the SLAMF, SLAMF2 is unique in that it does not have ITSM but can be activated when interacting with SLAMF4. Most hematopoietic cells, especially those presenting antigens, express SLAMF2 as a co-stimulatory molecule. SLAMF2 is involved in various innate and adaptive immune responses, including regulating granulocyte activity and inflammatory response, T cell activation and autoimmune response, and regulating CTL or NK cell function (McArdel et al., 2016).
SLAMF4 is considered an active receptor for NK cells, mediating non-MHC restricted killing effects (Assarsson et al., 2004). SLAMF4 can express on NK cells, most CD8+T cells, and monocytes. Human and mouse Ig-V and Ig-C2 domains have 40% sequence homology, with 8 potential N-terminal glycosylation sites (Kumaresan and Mathew, 2000). T cells and NK cells can be activated or inhibited by SLAMF4. When sufficient amounts of SAP are present on target cells, SLAMF4-SLAMF2 interactions promote NK or T cell activation. However, in the absence of SAP on the target cells, SLAMF4 produces an inhibitory signal (Farhangnia et al., 2023).
A significant correlation exists between SLAMF2 and the infiltration of five types of immune cells, namely, plasma cells, CD4+ naive T cells, CD4+ activated memory T cells, gamma delta T cells, and activated NK cells. The differences of SLAMF2 expression in these immune cells in the normal and RA samples are significant (Sun et al., 2022). The expression of SLAMF4 in RA serum significantly increases when compared to healthy controls, indicating that it may contribute to RA pathogenesis (Han et al., 2022). Matsui et al. (1990) analyzed the gene encoding SLAMF2 and discovered that SLAMF2 is a possible genetic marker for the manifestation of RA. Suzuki et al. (2008) discovered that SLAMF4 is a genetic risk factor for RA and may play a role in the common autoimmune processes of RA. Fasth et al. (2010) found that compared to healthy controls, the expression of various NK receptors, including SLAMF4, in peripheral blood CD4+CD28−T cells of RA patients enhanced the immune response. CD4+CD28− T cells can be characterized as extensively differentiated effector memory CD4+T cells. RA patients’ blood and synovial fluid contain these cells, which exacerbate inflammatory responses. SLAMF4 can lead to disease progression by enhancing the function of these cells. Apart from that, among monocytic cells, SLAMF2 and SLAMF4 play a role in regulating tumor necrosis factor (TNF) production. Blocking SLAMF2 and SLAMF4 reversed this phenotype, although the specific mechanism is still unclear (González-Alvaro et al., 2006). Based on these results, it appears SLAMF2 and SLAMF4 affect the development of RA through their pro-inflammatory effects.
4 THE ROLE OF SLAMF5 IN IMMUNE REGULATION AND RA
SLAMF5 is a single-chain glycoprotein on the cell surface, with 199 amino acids in its extracellular segment and four potential N-terminal glycosylation sites. The transmembrane region contains 25 amino acids, the intracellular region contains 83 amino acids and 4 tyrosines, with two tyrosines embedded in ITSM (Martin et al., 2001; Zaiss et al., 2003). SLAMF5 mainly expresses on B cells, T cells, platelets, monocytes, DCs, and early hematopoietic stem cells (Falco et al., 2004). SLAMF5 widely expresses in most immune cell subpopulations and is an isotropic adhesion molecule. Its signal transduction can activate or inhibit white blood cell function based on cell type. The signaling mediated by SLAMF5 regulates a variety of immune functions. This includes cytokine secretion by T cells, cytotoxicity by natural killer cells, monocyte activation, autophagy, and homologous T:B interactions within germinal centers. According to recent studies, changes in SLAMF5 are related to autoimmune diseases, such as X-linked lymphoproliferative syndrome, systemic lupus erythematosus, and RA (Cuenca et al., 2019). Researchers found that PD-1hiCXCR5CD4, a novel CD4 T peripheral helper cell population, infiltrated inflamed tissue in RA and provided B cell helper functions. A high level of SAP, SLAMF1, SLAMF5, and SLAMF6 is expressed in these cells. Plasma cell differentiation and IgG production were completely abrogated by antibody blockade of SLAMF5 (Rao et al., 2017). Furthermore, individuals of European ancestry might be able to predict etanercept treatment response based on the genotype or expression of SLAMF5. A positive relationship between SLAMF5 expression and treatment response is predicted by genetic and expression data. The higher expression is associated with improved response (Cui et al., 2013).
5 THE ROLE OF SLAMF6 IN IMMUNE REGULATION AND RA
Human SLAMF6 has two extracellular Ig domains with seven potential N-glycosylation sites. The cytoplasm tail contains 83 amino acids and 3 tyrosine residues, with 4 embedded in the ITSM domain (Cao et al., 2006). SLAMF6 mainly expresses in human and mouse lymphatic organs, with high expression in the spleen, thymus, and lymph nodes, and relatively low expression in bone marrow, lungs, and liver (Eissmann and Watzl, 2006). As a positive and negative regulator of immunity, SLAMF6 is highly expressed in activated T and B cells. SLAMF6 also expresses in NK cells (Fraser et al., 2002; Wang et al., 2015). Engagement of SLAMF6 influences TCR activation on a variety of levels, including cytokine secretion, proliferation, and cellular adhesion via Rap1 activation (Dragovich et al., 2019).
Kwon YC et al. identified SLAMF6 as new RA-associated loci, and found that A variant of SLAMF6 (rs148363003) interacts with other SLAMF coding genes including SLAMF1, SLAMF2, SLAMF3, SLAMF5, SLAMF7 on chromosome 1. The overexpression of SLAMF6 and other interacting SLAMF genes was primarily found in spleens, EBV-transformed B lymphocytes, whole blood, lungs, and terminal ileums of the small intestine. Which underscored the importance of the immune system as well as non-immune tissues for the development of RA (Kwon et al., 2020). Xia et al. (2022) analyzed the expression of SLAMF6 gene in synovial tissue of RA patients and in the control group. The expression of SLAMF6 was significantly higher in RA patients than that in the control group. The expression of SLAMF6 in patients with genotype CC rs148363003 was significantly higher than that in patients with genotype TT. Due to the significantly higher frequency of genotype CC in patients compared to the normal control group, the variant allele C may increase the risk of RA through SLAMF6 regulation. RA patients with high activity levels expressed more SLAMF6 than RA patients with low activity levels. Additionally, serum RF was significantly correlated with SLAMF6 expression. Therefore, SLAMF6 may serve as a regulatory gene and predict the progression of RA.
6 SLAMF7 EXHIBITED THERAPEUTIC POTENTIAL FOR RA PATIENTS
SLAMF7 possesses a relative molecular weight of 66 kDa. Within its ITSMs, two conserved tyrosine residues, namely, Y281 and Y261, play pivotal roles in the activation and inhibition signaling pathways of SLAMF7(59). SLAMF7 is consistently expressed at low levels in various immune cells in the human body, including NK cells, CD4+T cells, CD8+T cells, some B cells, macrophages, and DCs (Wang et al., 2004; Lee et al., 2007; van Driel et al., 2016; Chen et al., 2017). However, the expression level of SLAMF7 in NK cells is higher than that of other immune cells, and it continues to be expressed throughout the development of NK cells, participating in regulating the lysis function of NK cells towards target cells (Chen et al., 2016). Research has found that as CD8+T cells differentiate, the expression of SLAMF7 increases, and most effector memory and terminal differentiation effector memory CD8+T cells express SLAMF7 (Bae et al., 2012).
RA patients have already shown potential therapeutic benefit from SLAMF7. Simmons et al. (2022) discovered upregulation of SLAMF7 on macrophages from inflamed synovial tissue. The SLAMF7 levels were twice as high on synovial fluid macrophages from RA patients when compared to osteoarthritis (OA) patients. Engagement of SLAMF7 with recombinant SLAMF7 protein resulted in doubling of phosphorylation of extracellular regulated protein kinases (ERK) and more than four times more phosphorylation of NF-κB P65 at the time points tested. Also, more than ten times higher phosphorylation of mitogen-activated protein kinase (MAPK) P38 and an almost three-fold increase in AKT phosphorylation was detected, suggesting SLAMF7 as a receptor that activates multiple pathways that reprogram macrophage metabolism to drive inflammatory gene expression. Secreted TNF-α levels and interleukin-6 (IL-6) levels increased after stimulation. The induction of CCL3, CXCL, and CXCL8 after SLAMF7 engagement was confirmed by real-time PCR analysis. By targeting SLAMF7 and downstream pathways, inflammation caused by macrophages may be blocked while maintaining moderate immune surveillance and homeostatic macrophage functions. Another study (Woo et al., 2013) demonstrated that in RA synovium, SLAM7 was found to be highly expressed on CD20 plasmablast and plasma cell populations, leading to investigations of its therapeutic potential. Some patients have been unable to benefit from the use of anti-CD20 monoclonal antibodies, which deplete B cells from the circulation (Edwards et al., 2004). They have persistent CD20-negative plasmablasts and plasma cells (Owczarczyk et al., 2011). SLAMF7(67) is strongly expressed in these cells (Hsi et al., 2008), so a humanized antibody called PDL241 was developed to target it. Plasmablasts and plasma cells are killed by PDL241, but B cells are not affected, inhibiting immunoglobulin production in a Fc-dependent manner (Woo et al., 2013). Additionally, rhesus monkeys treated with PDL214 had a reduction in IgG and IgM antibodies that reduced joint-related disease parameters (Woo et al., 2013).
7 SLAMF8-MEDIATED SIGNALING VIA ERK/MMPS PATHWAY ACTIVATION PROMOTES INFLAMMATION IN RA
Based on a cloned human MLR library, SLAMF8 is a type I transmembrane protein that has three potential N-glycosylation sites, including an extracellular domain of 212 amino acids, a transmembrane domain of 21 amino acids, and a short cytoplasmic tail of 31 amino acids. In the extracellular domain, there are two typical Ig-like domains, an N-terminal fold that is similar to the IgV fold without conserving disulfide bonds, and a membrane-proximal fold that is similar to the C2 fold. The mouse homologous strain exhibits 75% identity with human SLAMF8 at the amino acid level (Kingsbury et al., 2001). SLAMF8 expresses on APCs, DCs, and activated monocytes (Kingsbury et al., 2001). Through B cell receptors, it also regulates signaling (Shachar et al., 2019). Cancer cells proliferate more quickly when SLAMF8 is overexpressed in anaplastic large cell lymphoma (Sugimoto et al., 2020; Zhang et al., 2021). Glioma progression, poor prognosis, and chemotherapy resistance are also associated with SLAMF8, making it a potential therapeutic target (Zou et al., 2019). Researchers have discovered that SLAMF8 is highly expressed in gastric cancer patients’ serum. Moreover, it can be used to diagnose and prognosis cancer at an early stage (Wu et al., 2019). Additionally, SLAMF8 acts as a tyrosine kinase inhibitor and contributes to carcinogenic KIT signaling through RAS/RAF/ERK and human tumor mast cell proliferation through SHP-2 binding (Sugimoto et al., 2018). In RA, the ERK pathway can increase the expression of matrix metalloproteinase-1 (MMP-1) and matrix metalloproteinase-13 (MMP-13) (Agere et al., 2017).
The overexpression of SLAMF8 is associated with disease activity and increased inflammation in RA (Chen et al., 2022). found that the HBEGF+ macrophages especially express SLAMF8. The expression was upregulated under the RA state, whereas it was decreased after triple DMARD treatment (methotrexate, sulfasalazine, and hydroxychloroquine), suggesting that SLAMF8 is involved in the pathogenies of RA. Researchers have identified the SLAMF8 gene as a differentially expressed gene in RA samples analyzed from gene expression databases and synovial tissue samples collected from RA patients (Qin et al., 2022). In RA, SLAMF8 expression is significantly higher than in OA, and it correlates positively with disease activity and inflammation. Animal experiments found that SLAMF8 is upregulated in the RA mouse model (Qin et al., 2022). Further knockout of SLAMF8 revealed inhibition of TLR4 expression, blocking NF-κB signaling in the RA model, ultimately alleviating synovial hyperplasia and arthritis in mice (Liu et al., 2022). discovered that after TNF-α treatment, the expression of SLAMF8 mRNA and protein in MH7A and HFLS-RA cell lines increased in a time-dependent manner, while SLAMF8 knocking significantly reduced the TNF-α-induced pro-inflammatory response in MH7A and HFLS-RA cells, including proliferation, invasion and migration in the cells. At the same time, silencing SLAMF8 also significantly suppresses p-ERK, MMP-1, and MMP-13 expression.
8 THE ROLE OF SLAMF3 AND SLAMF9 IN RA REMAINS UNKNOWN
The typical members of SLAMF3 have a repeated IgV-like domain and a C2 domain, which makes four extracellular domains (Sandrin et al., 1996). SLAMF3 expresses on B and T lymphocytes (de la Fuente et al., 2001), and significantly affects the differentiation, expansion, and function of T cells (Chatterjee et al., 2012a). Induction of Th17 phenotypes and expression of IL-17A may be mediated by SLAMF3 and SLAMF6 co-stimulatory molecules (Chatterjee et al., 2012b). The gene position of SLAMF9 is close to SLAMF8, and its mature protein includes an extracellular segment composed of 289 amino acids, a transmembrane region composed of 20 amino acids, and a cytoplasmic tail end composed of only 32 amino acids. Its extracellular domain includes two potential N-glycosylation sites, with 45% and 41% homology with the amino acid sequences of SLAMF3 and SLAMF5, respectively. It is a homologous recognition receptor, as the tail end of SLAMF9 cytoplasm does not have an ITSM domain, therefore it is generally believed that it does not have the function of transmitting signals (Volkova et al., 2014). SLAMF9 mRNA has been found to be expressed in human monocytes, T, B, and DC cells (Calpe et al., 2008). At present, no research has been found on the relationship between SLAMF3, SLAMF9, and RA.
9 DISCUSSION
Our review discusses the physiological function, cellular expression, and potential role of SFRs in RA (Table 1). In recent years, research has found that SFRs can promote inflammation and affect the progression of RA in different ways (Figure 1). RA is thought to be primarily caused by abnormal accumulation of fibroblast-like synoviocytes (FLSs), macrophages, and other immune cells in synovial joints (Korb-Pap et al., 2012). Upregulation of the SLAMF gene can be observed in T cells, macrophages, and fibroblasts in the synovium and peripheral blood of RA patients. The expression of SLAMF1 and SLAMF4 is increased in T cells of synovium and peripheral blood in RA patients, respectively.
TABLE 1 | The physiological function, cellular expression, and potential role of the SLAMF in RA.
[image: Table 1][image: Figure 1]FIGURE 1 | Role of SLAMF2, SLAMF4, SLAMF7, and SLAMF8 in pathology and progression of RA In RA, IL-15 enhances the expression of SLAMF2 in NK cells. SLAMF4 and SLAMF2 are involved in intercellular contact regulation of monocyte TNF production, but the specific mechanism is not yet clear. The expression of SLAMF8 is upregulated on HFLS-RA cells. SLAMF8 promotes proliferation and migration of synovioblast in RA. SLAMF8 knockdown significantly attenuates TNF-α-induced pro-inflammatory response in MH7A and HFLS-RA cells, and the expression of p-ERK, MMP-1 and MMP-13 is significantly inhibited when SLAMF8 is silenced. The expression of SLAMF7 on macrophages from inflamed synovial tissue is upregulated. Engagement of SLAMF7 with recombinant SLAMF7 protein resulted in doubling of phosphorylation of ERK and more than four times more phosphorylation of NF-κB P65 at the time points tested. Also, more than ten times higher phosphorylation of MAPK P38 and an almost three-fold increase in AKT phosphorylation was detected. Secreted TNF-α levels and IL-6 levels increased after stimulation. Real-time PCR analysis confirmed induction of CCL3, CXCL, and CXCL8 after SLAMF7 engagement (Created with BioRender.com).
RA is characterized by long-term chronic synovitis, cartilage necrosis, and eventually joint damage (Smolen et al., 2016). Treg cells affect autoimmune responses (Kamradt and Mitchison, 2001). By reducing the number or function of these cells, the immune cascade is amplified, raising the levels of various cytokines quickly, and activates macrophages in the synovium of bones and joints to produce inflammatory cytokines including IL-1, IL-6, and IL-8 (Jiang et al., 2021). Inhibiting the excessive activation of T cells is considered one of the therapeutic targets for RA. T cell activation relies on the first and second signals, with the second signal being a co stimulatory molecule on the surface of antigen presenting cells. SLAMF1 has T-cell co-stimulation function (Cocks et al., 1995). The elevation of SLAMF1 in T cells in RA patients may affect the progression of RA through the activation of T cells. Due to the non-specific and intervenable nature of the second signal, regulating the second signal to enhance or weaken T cell activity is currently an important drug development target, thus targeting SLAMF1 has the potential to treat RA.
SLAMF7 upregulates on macrophages from inflamed synovial tissue (Simmons et al., 2022). In RA synovium, activated macrophages also produce enzymes that contribute to tissue damage (Culemann et al., 2019). CCL- and CXCL-chemokines, and TNF-α, IL-6, IL-1β or IL-23 promote and sustain inflammation by recruiting polymorphonuclear cells, T cells, B cells, and monocytes (Elemam et al., 2020). Macrophages also make angiogenic factors, which contribute to the hypervascularization seen in RA (Maruotti et al., 2013). Depending on the microenvironment, macrophages can also differentiate directly into mature osteoclasts (Pereira et al., 2018). Due to their consistent production of MMPs (Huang et al., 2012), inflammatory macrophages are an important contributor to the turnover of connective tissue and erosion of articular surfaces observed in RA (Rose and Kooyman, 2016).
SLAMF8 is upregulated in fibroblasts of synovial tissue. The main pathological changes of RA are synovitis and joint destruction. This process is mainly mediated by RA synovial fibroblasts (FLS). RA-FLS can secrete a large amount of pro-inflammatory cytokines to exacerbate local inflammatory reactions in joints, and secrete matrix metalloproteinases and cathepsin to degrade cartilage matrix. The abnormal proliferation of RA-FLS cells not only participates in the formation of “pannus,” but also multiplies the release of inflammatory and invasive factors, ultimately accelerating the occurrence and development of joint synovitis and bone destruction (Bartok and Firestein, 2010). When SLAMF8 was knocked down, TNF-α-induced proinflammatory responses in MH7A and HFLS-RA cells were significantly reduced, and silencing SLAMF8 significantly inhibited the expression of p-ERK, MMP-1, and MMP-13 (Liu et al., 2022). Correlations of serum MMP-1 and MMP-3 levels with the degree of disease activity predict the progression of RA in terms of joint damage (Hattori et al., 2019; Tuncer et al., 2019). The activity of ERK is correlated with RA, with ERK inhibitors weakening antigen-specific T-cell activation (Ohori, 2008), which plays an important role as RA develops. Therefore, targeted inhibition of SLAMF8 can alleviate inflammation in RA by blocking the ERK/MMP signaling pathway.
In summary, this review provides current understanding of SLAMF genes’ roles in RA pathogenesis. The study of SFRs has the potential to provide important insights into the mechanisms of RA, and to identify new therapeutic targets for precision medicine. There is a need for more research into how SLAMF receptors regulate immune cell activation and function, and the interactions between immune cells in the context of RA. The study of SLAMF gene family presents a unique opportunity to improve our understanding of the pathogenesis of RA, and to develop new therapeutic strategies for the treatment.
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T cells (human) Compared to peripheral blood T cells from the same patient or healthy volunteers, SLAMF1 expression levels in
CTL, Th cells, NK cells, NKT cells synovial fluid and synovial tissue T cells of RA patients were significantly upregulated.

(mice) In the CIA mouse model, immunohistochemical staining of joint tissue showed significant high expression of SLAMF1

in diseased joints.
SLAMF1 was present in CTL, Th cells, NK cells, NKT cells, etc. derived from CIA mice. Therefore, SLAMF1 may affect
the pathogenesis of RA by participating in the inflammatory response mediated by these infiltrating immune cels.

NK cells IL-15 enhances the expression of SLAMF2 in NK cells. In RA, SLAMF4 and SLAMF?2 are involved in intercellular
Monocytes contact regulation of monocyte TNF production, but the specific mechanism is not yet clear.

NK cells In RA, SLAMF4 and SLAMF?2 are involved in intercellular contact regulation of monocyte TNF production, but the
Monocytes specific mechanism is not yet clear. Also, compared with healthy controls, the expression of SLAMF4 in peripheral
CDA#" T cells blood CD4+CD28-T cells of RA patients is upregulated.

Macrophages Engagement of SLAME? with recombinant SLAME? protein resulted in doubling of phosphorylation of ERK and more

than four times more phosphorylation of NF-xB P65 at the time points tested. Also, more than ten times higher
phosphorylation of MAPK P38 and an almast three-fold increase in AKT phosphorylation was detected. Secreted TNF-a
levels and IL-6 levels increased after stimulation. Real-time PCR analysis confirmed induction of CCL3, CXCL, and
CXCLS after SLAMF7 engagement.

HELS-RA cells After TNF-a treatment, the expression of SLAMES mRNA and protein in MH7A and HFLS-RA cell lines increased ina
time-dependent manner, while SLAMFS knocking significantly reduced the TNF-a-induced pro-inflammatory
response in MH7A and HFLS-RA cells, including proliferation, invasion and migration in the cells. At the same time,
when SLAMFS is silent, the expression of p-ERK, MMP-1 and MMP-13 is also significantly suppressed.
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