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CD58 is a glycoprotein receptor widely distributed on histiocytes that binds to CD2, that takes part in constituting the Immunological Synapses (IS) and activating T/NK cells. Aberrant expression of CD58 has been demonstrated to exert a significant impact on the prognosis of hematological tumors, including leukemia and lymphoma. Furthermore, this aberrant expression has been associated with drug resistance and immune rejection in CAR cell therapy. In this article, we will explore the future of CD58 in hematological oncology by describing its function in immune cells, its impact on hematological oncology and immunotherapies such as CAR cell therapy.




Keywords: biomarker, CD58 antigens, CD2 antigens, immunological synapses, hematologic neoplasms




1 Introduction

CD58 antigen is a glycoprotein receptor that is widely expressed on dendritic cells, T cells, NK cells, and other types of tissue cells. It has a molecular weight of 40–70 kDa and a high level of glycosylation (1). It plays a pivotal role in the immune response by binding to CD2 molecules on the surface of immune cells, participating in the constitution of Immunological Synapses (IS), and activating T cells and NK cells (2).CD58 antigen not only participates in the interaction and signaling between immune cells, but it is also closely related to the development of immune-related diseases, such as tumors, which ultimately affect the prognosis of the disease.

Previous studies have demonstrated that CD58 exhibits a dual role in either promoting or inhibiting tumor growth, depending on the specific tumor type. For instance, elevated CD58 expression in gliomas has been proposed as a potential immunosuppressive factor, contributing to a worse prognosis (3–5). Conversely, high expression of CD58 in hepatocellular carcinoma and colorectal carcinoma has been linked to tumor development through the upregulation of the Wnt pathway (6, 7). However, in melanoma and ductal A/B breast cancer, CD58 functions as an anti-tumor effector. High expression of CD58 has been shown to predict a more favorable prognosis in melanoma and ductal A/B breast cancer (8–10). In hematologic tumors, CD58 is frequently present as an antitumor effector, and CD58 deficiency is associated with a poor prognosis in leukemia and lymphoma (11).

Furthermore, the absence of CD58 expression has been linked to resistance against CAR cell therapy (12). Hammer et al. demonstrated that knocking down adhesion molecules, specifically CD58, on T/NK cells can effectively eliminate host NK cell-mediated rejection. This finding presents a new strategy for solving the challenge of immune rejection from CAR products, particularly CAR-NK cells (13).

All of these suggest that the CD58 antigen has excellent potential to help treat hematologic cancers. In this paper, we will deeply describe the function of CD58 in immune cells, its impact on hematological tumors, and its role in CAR cell therapy and other immunotherapies.




2 Structure and isoforms of CD58

The surface glycoprotein CD58, often called lymphocyte functional antigen 3 (LFA-3), is highly glycosylated (40–70 kDa) and abundantly expressed on different histiocytes such as dendritic cells (DC), and it functions by binding to CD2 on the outer layer of T/NK cells (11). Its two isoforms are glycosylphosphatidylinositol (GPI)-anchored form and type-I transmembrane form (Figure 1A), the GPI-anchored isoform is found in lipid rafts. It is crucial for promoting cell adhesion and creating stable IS. In contrast, the transmembrane form is found in structural domains outside lipid rafts and activates signaling pathways like AKT, ERK, Wnt/β-catenin, and GSK3β (6, 14). The extracellular region of the GPI-anchored isoform comprises two immunoglobulin-like structural domains. The membrane distal structural domain connects to T11.1 and T11.2 of CD2, and the membrane-proximal structural domain helps CD58 stick to the cell. The transmembrane type possesses a singular extracellular structural domain (15). It has also been found that there is a soluble form of CD58 that is thought to come from the splitting of GPI-anchored forms. This soluble form might compete with CD58 for binding, which could mess up antigen-presenting systems and be linked to tumor immune evasion and resistance to immunotherapy (16, 17).




Figure 1 | (A) Structural diagram of the isoforms of CD58; (B) Structural diagram of the interface of the IS; (C) Composition of the IS structure.).






3 CD58 effect on immune cells



3.1 Effects on T cell activation and apoptosis



3.1.1 CD58 plays a critical role in forming the IS

Following the recognition of T cells and antigen-presenting cells (APCs), the structure that emerges at the contact interface is characterized by cytoskeletal remodeling and dynamic rearrangement of receptor-ligand interactions, referred to as the Immunological Synapses (IS) (18). This structure is composed of supramolecular activation clusters (SMACs), which include molecules such as T Cell Receptor (TCR), MHC molecules, CD2, CD28, and CD58. The IS is divided into distinct regions: the central SMAC (cSMAC), peripheral SMAC (pSMAC), and distal SMAC (dSMAC), collectively forming a pattern resembling a bull’s eye at the cell contact interface (19, 20) (Figure 1B, C). The CD2-CD58 complex cluster is a crucial element of the IS, present in the cSMAC and forming a “corolla”-like structure that sits between the dSMAC and the pSMAC (11, 20). The corolla incorporates co-stimulatory molecules like CD28, ICOS, CD226, and SLAM-F1, augmenting phosphorylated Src family kinase (pSFK), and phospholipase C-γ (PLC-γ). The CD2-CD58 complex cluster in the corolla promotes signaling by 77% relative to the CD2-CD58 complex cluster in cSMAC (20). Furthermore, the distance after CD2-CD58 contact between T cells and APCs was around 135 μm, closer to the distance necessary for TCR binding to MHC, suggesting that the binding of CD58 to CD2 is more favorable for TCR signaling from a physical distance (21).




3.1.2 CD58 delivers co-stimulatory signals

 CD58 participates in T cell activation by providing co-stimulatory signals to T cells (11). CD28-CD8+ T cells, prevalent in prolonged chronic infections and tumor microenvironments, lack co-stimulatory signals via the CD28-B7 pathway; hence, CD2-CD58 is the primary co-stimulatory signaling route (22). In Cytomegalovirus seropositive People With HIV cells, CD2 expression on CX3CR1+CD57+CD28-CD8+ T cells was elevated, augmenting TCR-mediated activation of inflammatory CD8+ memory T cells via CD2-CD58 co-stimulation (23). CD57+CD4+ T cells, indicative of senescent T cells, exhibited high expression levels of CD2, making CD2-CD58 the most critical co-stimulatory molecule in these cells (24). Most epidermal T cells lack CD28 expression but express co-stimulatory markers, including CD2 and CD6; hence, the CD2-CD58 axis plays a significant role in the epidermal immune response (25, 26) (shown in Figure 2A). Certain tumor-infiltrating T cells exhibit elevated PD-1 expression, and the interaction between PD-1 and PD-L1 can negate CD28 co-stimulation, thereby diminishing T cell responses, however, CD2-CD58 co-stimulatory signaling demonstrates reduced sensitivity to PD-1 inhibition, establishing it as a crucial co-stimulation-adhesion axis that facilitates an anti-tumor response (27). A dual blockage technique with Siplizumab (A humanized monoclonal antibody targeting CD2)and Abatacept/Belatacept was necessary to entirely inhibit the activation of allogeneic reactive CD4+/CD8+ T cells, it also indicates the significance of the CD2-CD58 co-stimulatory axis in T cell activation (28). Moreover, the CD2-CD58 axis, while not an indispensable co-stimulatory signal for T cell activation, amplifies TCR signaling (29), and cell adhesion induced by CD2-CD58 contributes to the sensitivity of TCR recognition, particularly in memory T cells exhibiting elevated CD58 expression (30, 31). Furthermore, Li et al. discovered that T cell activation necessitates the cis contact of CD2 with CD48/CD58, a function that is particularly significant in memory cells and innate-like T cells (NK-T cells, γδ T cells) (Figure 2A) (31).




Figure 2 | (A) CD58 is involved in T cell activation process; (B) CD58 regulates intracellular Ca2+ levels; (C) CD58 inhibits T cell apoptosis; (D) CD58/CD2 plays a central functional connection in IL-12/IFN-γ positive feedback loop.).






3.1.3 CD58 facilitates the generation and stability of calcium signals

The activation of T-cells depends on calcium signal strength and frequency. TCR-MHC activates PLC-γ, which breaks down phosphatidylinositol-4,5-bisphosphate (PIP2) into Inositol 1,4,5-Trisphosphate (IP3) and diacylglycerol (DAG). IP3 binds to its receptor on the endoplasmic reticulum (ER) membrane, releasing Ca2+ from the ER lumen. This initial Ca2+ release is minor and insufficient for gene activation. When ER Ca2+ levels drop, calcium release-activated channels are activated, allowing substantial Ca2+ influx from the extracellular environment. If sustained, this Ca2+ influx activates T cells. When T cells are exposed to extracellular calcium ions, the potassium channel Kv1.3, which is present in significant concentrations within human T cells, relocates from the F-actin-dense distal compartment of the synaptic interface to the IS. This movement helps maintain the negative membrane potential needed for Ca2+ entry. The CD2-CD58 corolla structure facilitates the formation of the distal loop of Kv1.3 and sustains Ca2+ signaling (19) (Figure 2B).




3.1.4 CD58 prevents T-cell apoptosis

IL-2 enhances T-cell proliferation and differentiation and facilitates survival (32), whereas the CD2-CD58 interaction stimulates IL-2 secretion via the NF-κB pathway (33). Moreover, CD58 on DC might impede the TCR activation-induced apoptotic process of T cells by obstructing CD3-mediated Fas/Fas-L overexpression (34) (Figure 2C). The stimulatory signals produced by the interaction of CD58 on active monocytes with CD2 on CD56+ T cells are crucial for the growth and differentiation of these T cells (35). Moreover, the majority of the co-stimulatory pathways that deplete T cells (like CD28-B7, CD40-CD40L, etc.) may have dropped their capacity to activate T cells effectively; however, the CD2-CD58 pathway continues to preserve its stimulatory activation function, presenting significant potential for reversing T cell unresponsiveness and mitigating T cell depletion (15).





3.2 CD58 participates in NK cell-mediated cytotoxicity

Analogous to its function on T cells, CD58 contributes to the formation of the IS (NKIS) together with CD2 on NK cells, where the CD2-CD58 complex is situated at the periphery of the NKIS and delivers a crucial secondary signal for NK cell activation (9, 36). In the CD56dim subpopulation, CD58 facilitates the localization of CD2 to the NKIS, enabling CD2 at the NKIS to recruit CD16 to the NKIS (15). This interaction benefits the binding of CD16 to the Fc regions of antibodies targeting the cells, thereby mediating cytotoxic effects, conversely, the absence of CD2-CD58 axis signaling markedly diminishes NK cell cytotoxicity without impacting Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC) effects (37). The CD56bright subset, which has strong CD2 expression, facilitates cytokine production, including IFN-γ and TNF-α, through the interaction of CD58 and CD2 (9). A genome-wide CRISPR screen identified CD58 as significantly enriched in NK cell genes, and its deletion resulted in diminished NK cell cytotoxicity (36). Further co-culture data indicated that the deletion of CD58 in melanoma cells gave resistance to cytotoxicity mediated by T cells and NK cells (8). In Nalm 6 cells, a human B-lymphoblastic leukemia cell line, the deletion of CD58 enables these cells to resist destruction by NK cells (38). Interestingly, NK cells also express CD58, Schwane et al. discovered that it is predominantly found in CD56dim subset, exhibiting significant interindividual variability in expression (39). The functional implications of CD58 in NK cells remain largely unexplored, suggesting a potentially intricate role. Moreover, in CAR cell therapy, CD58 on CAR-T/NK cells functions as an adhesion ligand, and takes part in host T/NK cell-mediated immunological rejection (13).




3.3 Role of other immune cells

The interaction of CD58 molecules on DC with CD2 on T cells is essential for initiating adaptive immune responses (8). Exposure to parasites results in increased expression of the adhesion protein CD58 on the surface of Monocyte-Derived DC (40). Th1 cells secrete more IFN-γ when CD58 on monocytes and CD2 on T cells connect, which also starts the best possible T-cell response to IL-12 (41). Additionally, the binding of periplasmic IFN-γ to IFN-γR on monocytes stimulates monocytes product IL-12 and the expression of CD58. Monocyte-derived IL-12 subsequently induces the secretion of cytokines IL-2 and IFN-γ in Th1 cells, thus generating a positive feedback cycle between monocytes and T cells via IL-12/IFN-γ. This process is facilitated by the CD2/CD58 interaction, which influences physical proximity, promotes IFN-γ secretion, and enhances T-cell sensitivity to IL-12 (42, 43) (Figure 2D). Furthermore, Yamamoto et al. discovered that CD58 expression on monocytes may suppress the immunological function of regulatory T cells and heighten susceptibility to autoimmune thyroid disease when CD58 expression is diminished (44). The expression of CD58 on B lymphocytes fluctuates according to various physiological and pathological conditions. Initially, Bone marrow cells exhibit significant levels of CD58 expression on their surface; however, as B cells undergo differentiation, CD58 expression progressively diminishes (11). CD58 expression is usually upregulated in Acute Lymphocytic Leukemia (ALL) cells: CD58 expression is typically upregulated and markedly elevated in ALL progenitor cells compared to normal B cells (45). The subsequent table delineates the expression and role of CD58 across different cell types (Table 1)


Table 1 | Expression and function of CD58 in various cells.







4 Role of CD58 in hematologic neoplasms



4.1 Leukemia



4.1.1 B-cell precursor acute lymphoblastic leukemia (BCP-ALL)

Lymphoblastoid cells exhibit elevated CD58 expression and diminished CD81 expression relative to normal hematopoietic cells, allowing the CD81/CD58 expression ratio to serve as a diagnostic tool for distinguishing between hematopoietic and lymphoblastoid cells in BCP-ALL cases (45). Hyperdiploid BCP-ALL exhibits markedly elevated CD58 antigen expression compared to other haplotypes, potentially elucidating, albeit to a minor degree, the superior prognosis of hyperdiploid patients (51). The Minimal Residual Disease (MRD) test is the primary prognostic indicator for BCP-ALL. It has been noted that CD58 is overexpressed in over 90% of cases, thereby enhancing MRD detection alongside marker molecules such as CD19, CD22, and CD24 (52). This methodology has been implemented in the United States to identify BCP-ALL MRD (53). Nonetheless, CD58 expression in leukemia cells may be markedly down-regulated following induction chemotherapy (54), so this issue needs to be noted when employing CD58 for MRD prognostic monitoring.




4.1.2 Acute B-lymphoblastic leukemia (B-ALL)

A cohort study by Diamanti et al. indicated that CD58 was overexpressed in as many as 75% of ALL patients (55), and is associated with a poorer prognosis (56). Conversely, a cohort study involving pediatric and young adult B-ALL indicated that high expression of CD58, along with elevated levels of CD123 and CD81, correlated with extended progression-free survival, particularly noting significant overexpression of CD58 in cases with recurrent cytogenetic abnormalities and t (1:19) (45). Overall, B-ALL with KMT2A mutations is associated with a poorer prognosis, a study examining tumor cell surface antigen expression in patients with KMT2A mutations revealed that KMT2A Ar+ cells exhibited heightened expression of CD45, CD38, and CD58 (57), indicating that CD58 may serve as a significant prognostic marker for B-ALL. In relapsed/refractory B-ALL, treatment typically necessitates bispecific antibodies or CAR-T cell therapy; however, induction agents like vincristine and prednisone often down-regulate CD58 expression on tumor cells, consequently reducing the effectiveness of Blinatumomab and anti-CD19-CAR-T in B-ALL (12, 58, 59). The discovery that the CD2-CD58 axis inhibits Blinatumomab-induced T-cell activation in its absence is a primary factor contributing to Blinatumomab resistance in patients with intact CD19 expression. This insight enables personalized treatment strategies for patients exhibiting defective CD58 expression or those with PAX5 P80R, potentially guiding the decision to forgo Blinatumomab therapy (58, 60). This finding also implies considerations for the clinical management of high-risk patients with unfavorable prognoses: For clinically initially treated high-risk B-ALL patients at great risk of relapse and patients who are willing to intervene early with CAR-T cell therapy, it is important to take into account the need for later CAR-T cell therapy or Blinatumomab to minimize the use of cytotoxic drugs such as Zoerythromycin, Prednisolone, or Vincristine and to shorten the duration of bridging therapy to avoid the downregulation of CD58 in order to ensure the efficacy. Nonetheless, extensive samples are required to confirm the impact of chemotherapeutic agents on the up-or-down-regulation of CD58 and investigate the dose dependence of these effects and the minimal threshold required for their performance.




4.1.3 Acute myeloid leukemia (AML)

In AML, CD58 expression is positively associated with the rates of Disease-Free Survival (DFS), Complete Response (CR), and Overall Survival (OS). Defective CD58 expression in Chronic Myeloid Leukemia (CML) progenitors impedes the normal proliferative response of T lymphocytes, resulting in abnormal adherence and clonal proliferation of CML progenitor cells, hence contributing to immune evasion (11). Chen et al. discovered that diminished CD58 expression correlates with unfavorable OS in cytogenetically normal acute myeloid leukemia (CN-AML) patients and suggested a combined WT1 and CD58 model for prognostic risk evaluation in CN-AML patients, which complements existing prognostic assessment methodologies for CN-AML (61).





4.2 Lymphoma



4.2.1 Hodgkin’s lymphoma (HL)

HL patients exhibit elevated levels of CD58, which interacts with CD2 on CD4+ T cells to create a “rosette” structure, this phenomenon is linked to the CD58-mediated swift and extensive re-localization of CD2 near the IS formation site, accompanied by significant F-actin polymerization, the reduction of CD58 expression or blockade of CD2 diminishes wreath formation and T cell activation (29, 62). Mutations of CD58 in primary Hodgkin Reed-Sternberg (HRS) cells are infrequent; however, pure or heterozygous inactivating mutations of CD58 are prevalent in HL cell lines. These mutant genes typically result in exon three deletions or other aberrant RNAs or may produce no RNAs whatsoever. Furthermore, these aberrant RNAs do not express CD58. The inactivation of CD58 is notably common in HRS cells found in pleural effusions during the advanced stages of HL (63). CD58 expression is elevated in most HRSdx cells that exhibit resistance to multiple treatments, including vincristine, gemcitabine, and bendamustine hydrochloride (64).HR cells exhibit elevated expression of CD58, and a substantial population of activated, rosette-like CD4+ T cells marks the microenvironment. Nevertheless, diverse inhibitory signaling molecules and tumor escape-related signaling molecules render T cells non-responsive; moreover, forming a rosette with CD58 establishes a physical barrier that obstructs CD8+ T cell and NK cell-mediated killing (29, 65), Thus, high expression of CD58 by HL cells is associated with the promotion of tumorigenesis and development.




4.2.2 Diffuse large B-cell lymphoma (DLBCL)

Defective and diminished expression of the CD58 gene is significantly associated with lower response rates to R-CHOP (Chemotherapy regimens containing Rituximab, Cyclophosphamide, Doxorubicin, Vincristine, Prednisone) therapy and reduced PFS and OS (62, 66). Additionally, CD58 is among the most frequently mutated genes in relapsed or refractory DLBCL (67). Malladi et al. indicated that 20% of DLBCL cases exhibit genetic impairment of the single or double allele CD58 gene, and in cases devoid of CD58 gene defects, over half demonstrate undetectable CD58 protein expression via immunohistochemistry, resulting in diminished tumor cell recognition by Cytotoxic T Lymphocyte and NK cells (68). The epigenetic silencing of CD58 may correlate with EZH2, and applying EZH2 inhibitors promotes its demethylation and activates the transcription of the CD58 gene (69). Nevertheless, certain studies involving the Chinese population indicate that the mutation rate of CD58 is approximately 5%-10% (12), implying that the expression of CD58 may exhibit ethnic variation. Younes et al. propose that CD58 downregulation correlates with subtypes of DLBCL, indicating that the majority of newly diagnosed DLBCL CD58-positive patients do not belong to the Double-Hit/Triple-Hit subtype, while new-onset cases with a high International Prognostic Index (IPI) are inclined to have CD58 downregulation. Patients whose condition worsened following CAR-T cell therapy exhibited an increased incidence of CD58 aberrations (62). Majzner et al. reported that 24% of patients treated with Axicabtagene ciloleucel (Axi-cel) demonstrated impaired CD58 expression, correlating with a significant decrease in the durability of the Axi-cel response (70). Conversely, prior to CD19+CAR-T cell therapy, elevated CD58 expression in tumor samples was linked to improved clinical outcomes and survival rates (71). In conclusion, impairments in CD58 expression are typically linked to poorer prognosis, immune evasion, and drug resistance. Mechanistically, CD58 protein can indirectly inhibit PD-L1 expression in tumor cells through the following pathway: CD58 protein interacts with and activates Lyn kinase. Activated Lyn kinase then phosphorylates the immunoreceptor tyrosine inhibitory motif (ITIM) of CD22. The phosphorylated ITIM recruits and binds to protein tyrosine phosphatase 1 (SHP1), which contains an SH2 structural domain. This binding inhibits JAK2/STAT1 activity via the LYN/CD22/SHP1 signaling pathway, thereby suppressing the expression of PD-L1 and Indoleamine 2,3-dioxygenase (IDO) protein (72). Therefore, the loss of CD58 expression significantly increases PD-L1 and IDO protein expression. Additionally, Chemokine-like factor superfamily member 6 (CMTM6), which functions as a co-regulator of CD58 and PD-L1, directly promotes PD-L1 overexpression in the absence of CD58. Specifically, when tumor cells highly express CD58, CMTM6 binds to CD58 and promotes its stability via endosomal recycling, thereby inhibiting PD-L1 protein expression. Conversely, when CD58 is lost in tumor cells, CMTM6 switches to promoting PD-L1 expression (73–75). When PD-L1 is highly expressed, it interacts with PD-1 on T cells to block both TCR/MHC primary signaling and CD2/CD28 costimulatory signaling, thereby promoting immune evasion, and not associated with loss of MHC class I expression, IFN γ-JAK/STAT pathway (8). Second, CD58 is a critical component of the IS. When tumor cells lose CD58 expression, they become resistant to tumor-infiltrating lymphocytes (TIL), thereby further promoting immune evasion (Figure 3).




Figure 3 | Relationship between CD58 and PD-L1 (A) illustrates a case of CD58 expression, where tumor cells exhibit diminished PD-L1 expression, leading to the activation of TIL and subsequent anti-tumor effects, while the tumor cells remain susceptible to CAR-T cell therapy; (B) portrays the case of CD58 loss, characterized by a substantial up-regulation of PD-L1 expression in tumor cells, resulting in ineffective TIL activation and evasion of cytotoxicity, alongside an evident resistance of tumor cells to CAR-T cell therapy. The green markers denote two mechanisms for upregulating PD-L1 expression: JAK/STAT pathway activation, increased binding of CMTM6 regulatory protein to PD-L1.).






4.2.3 Other subtypes of lymphoma

Research on systemic and cutaneous Dual Specificity Phosphatase-22 (DUSP-22) rearrangements in Anaplastic Lymphoma Kinase (ALK)-negative Anaplastic Large Cell Lymphoma (ALCL) has demonstrated positive CD58 expression, correlating with immune identification of the tumor and a favorable prognosis (76). Research by Younes et al. revealed that over 80% of ALCL cases had downregulation of CD58, with these cases also demonstrating ALK deficiency, whereas 75% of DUSP-22 positive individuals displayed positive CD58 expression (62). Teresa et al. also discovered CD58 mutations in peripheral T-cell lymphomas (77).The deletion of CD58 protein frequently occurs in adult T-cell leukemia/lymphoma (ATLL), furthermore, inactivating mutations in CD58 correlate with the aggressiveness of ATLL and the acute transformation of chronic-type ATLL (78). The expression of CD58 is markedly elevated in Burkitt’s Lymphoma (BL) compared to BCP-ALL, and it can be used to aid in the diagnosis when BL is suspected but MYC proto-oncogene (C-MYC) rearrangement is negative and the results of surface Ig assessment are controversial (79). A study involving 748 cases of various lymphoma subtypes revealed that CD58 protein expression was downregulated across all B-cell, T-cell, and NK-cell lymphomas; specifically, CD58 downregulation was observed in 14/102 (13.75%) cases of DLBCL, 40/84 (47.6%) cases of small B-cell lymphomas, and 24/29 (82.7%) cases of Follicular Lymphoma. Additionally, downregulation was noted in 53/69 (76.8%) cases of Mantle Cell Lymphoma and 39/48 (81.3%) cases of marginal zone lymphoma (62).





4.3 Multiple myeloma (MM)

One research on regulating MM antigen-specific T cell spatial architecture indicated that bone marrow-derived T cells from MM patients necessitated activation to infiltrate MM cell clusters. The extent of activation correlated with the type and intensity of the stimulus. Pretreatment of U266 MM cells with a CD 58 blocking antibody obstructed the CD2-CD58 interaction, thereby preventing activated T cells from entering the MM cluster (80). Malignant circulating plasma cells (MMCPCs) in peripheral blood (PB) serve as an independent prognostic indicator of rapid decline and markedly diminished overall survival in MM patients. It was found that the downregulation of the adhesive receptor CD58 is implicated in the mechanism by which malignant plasma cells (MMPCs) exit the bone marrow and infiltrate the PB, transforming into MMCPCs (81). These two studies suggest that CD58 is also closely related to the tumor immune response in MM.





5 Influence of CD58 on immunotherapy



5.1 Elevated CD58 expression enhances the effectiveness of CAR-T cell therapy

CAR-T cell therapy have demonstrated considerable advantages and potential applications in treating relapsed/refractory hematologic malignancies, including DLBCL and ALL (82). Research indicates that the IS established by the cooperation between CD58 of tumor cells and CD2 with CAR-T cells is essential for enhancing the cytotoxic efficacy of CAR-T cells (12, 83, 84). Additionally, the CD2-CD58 interaction is a significant adhesion axis that amplifies CAR signaling sensitivity, although the primary axis for enhancing CAR signaling is LFA-1/ICAM-1 (74). The downregulation of CD 58 in tumor cells impedes the establishment of IS with CAR-T cells (including CD19 CAR-T cells, CD20 CAR-T cells, and tandem CD19/20 CAR-T cells), leading to diminished CAR cell signaling, reduced cell growth, and impaired cytotoxicity, hence contributing to resistance against CAR-T cell therapy (12) (See Figure 3). Diverse strategies aimed at CD58 can augment sensitivity or mitigate resistance to CAR-T cell therapy. For cases structural domains alongside CAR molecules can circumvent the loss of CD58. in point, innovative CAR-T cells incorporating CD2 co-stimulatory Additionally, EZH2 inhibitors can reactivate epigenetically silenced CD58 expression, thereby enhancing clinical response. Consequently, CD58 may be a clinically predictive biomarker for evaluating responsiveness to CAR-T cell therapy.




5.2 Silencing CD58 diminishes immune rejection of CAR products

The silencing of β-2 micro-globulin, HLA class II transactivator gene expression, and other techniques for eradicating MHC-I and MHC-II protein can circumvent host CD8+ and CD4+ T cell-mediated rejection responses; however, this also renders donor cells vulnerable to loss of self-recognition by host NK cells, instigating NK cell-mediated immune rejection responses (46, 85). Current techniques that aim at HLA-E and CD47 are limited to facilitating partial NK cell-mediated immunological rejection, necessitating the urgent development of straightforward and effective novel ways (86, 87). CD54 and CD58 knockout CAR-T cells were observed to generally suppress host NK cell activity and exhibit relative resistance to NK cell assault; furthermore, CD54-/CD58-/B2M- allogeneic CAR-T cells demonstrated improved survival compared to standard baseline CAR-T cells. Additionally, multiply edited CD54-/CD58-/iPSC- derived CAR-NK cells displayed resistance to NK cell rejection in vitro and in vivo (46). Meanwhile, we have also considered the following questions: First, does knockdown of CD58 attenuate TCR signaling in CAR-T cells? (As previously mentioned, the cis interaction between CD2 and CD58 enhances TCR signaling). Second, could novel CAR constructs that integrate CD2 costimulatory domains while knocking out CD58 and/or CD54 surface molecules perform the dual functions of evading immune rejection and killing tumor cells that lack CD58 expression? Moreover, the existing methodologies for evaluating CAR products do not often accurately forecast the effectiveness of CAR-modified immune cells in vivo. Investigations are underway regarding strategies that utilize CAR-T or CAR-NK cell IS quality to anticipate the anti-tumor activity of these modified immune cells (83). Therefore, the significance of CD58, a crucial component of the IS, warrants emphasis.




5.3 The loss of CD58 contributes to bispecific T-cell engager resistance

BiTE molecules facilitate the redirected lysis of cancer cells by T cells, representing a novel approach in the immunotherapy of hematological malignancies, such as ALL (88). The absence of CD58 BiTE or the loss of interaction between CD2 and CD58 results in diminished TCE-β-mediated cytotoxicity, T cells activation, and anti-tumor efficacy, constituting a primary mechanism of BiTE resistance. Furthermore, the enhancement of CD2-CD58 axis signaling is significantly advantageous for BiTE treatment of tumors and assists in restoring the anti-tumor immunity of T cells (89).

In summary, CD58 expression in hematological tumors is frequently related to treatment response and longer survival, while CD58 loss contributes to immune evasion, facilitates the emergence of resistance to immunotherapies like CAR-T cell therapy, and indicates a poorer prognosis. The network of mechanisms regulating CD58 expression remains to be thoroughly studied; however, it is evident that doxorubicin, vincristine, and prednisone down-regulate CD58 expression, and cytotoxic drugs such as cyclophosphamide also inhibit CD58 expression in a dose-dependent manner (60). The immunomodulatory drug lenalidomide or the epigenetic modulator EZH2 inhibitor (EPZ6438, GSK126) have been observed to restore CD58 expression in cancer cells (69, 90). Future research should prioritize the development of therapeutic strategies, such as CD2 agonists, to restore CD58 expression in hematological tumors or to circumvent the CD2-CD58 axis to target CD58- immuno-resistant cancer cells. Furthermore, the mechanism of expression regulation between CD58 and PD-L1 revealed that for CD58-PD-L1+ tumor cells, the strategy of co-targeting CD58 with PD-1/PD-L1 blockers may be more beneficial to activate T-cell killing, thus overcoming drug resistance in this tumor type. Finally, the therapeutic potential of Alefacept (a fusion protein consisting of the extracellular region of CD58 and the IgG1-Fc segment) in grafts against immune rejection has been explored (91), Studies of peptide (92, 93) and non-peptide antagonists (7) that target the extracellular structural domain of CD58 are also in progress. Therefore, CD58 antagonists maybe emerge as a potential strategy to reduce immune rejection of CAR products.





6 Conclusion

CD58 is a glycoprotein receptor that interacts with CD2 and is extensively present in immune cells and many tissue cell types. It is not only an essential molecule that forms the IS and activates T/NK cells but also plays a role in the immune response to malignancies. The absence of CD58 correlates with immune evasion and pharmacological resistance in hematological malignancies, including leukemia and lymphoma, and is a unique biomarker for forecasting clinical outcomes in the new era of immunotherapy.
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