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Abstract: The emergence of tumor immunotherapy, especially immune checkpoint inhibitors (ICIs), has brought new life to cancer treatment, and ICIs can effectively treat various tumors. Among the immune anti-cancer therapies, PD-1 is undoubtedly the hot target after CTLA-4, but due to the ineffectiveness of PD-1 in treating certain tumors, researchers have shifted their focus to other combination targets, such as LAG-3, TIM3, IDO-1, etc. One of these promising targets is LAG-3, a target with multiple clinical trials, which has increasingly shown to be an inhibitory co-receptor that plays a vital role in autoimmunity, cancer immunity, and anti-infection immunity. Immune combination therapy with LAG-3 is a hot topic, but its limitations in clinical application are also evident. This review briefly describes the molecular structure, biological functions of LAG-3 in the immune cells and cancer cells and prognosis significance, and then an overview of relevant ongoing clinical trials.
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1  Introduction

During the past several decades, the rapid development of cancer immunotherapy, especially the emergence of immune checkpoint inhibitors (ICIs), has equipped a novel and powerful “weapon” for cancer therapy [1]. ICIs therapy is one of the most extensively studied immunotherapies currently. It regulates T cell activities by co-inhibition or costimulatory signal transmission, thus inducing the anti-cancer effect of T lymphocytes [2]. Co-inhibitory receptors, such as cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), programmed cell death 1 (PD-1), and programmed cell death-ligand 1 (PD-L1), exert a key function in modulating T cell responses and have confirmed to be efficacious targets for chronic diseases. The expression of constitutive co-inhibitory receptors on T cells can suppress effector T cell responses. Unfavorably, a larger proportion of cancer patients remain no response to ICI treatment. Using new ICIs combined with current immunotherapies may ameliorate clinical consequences [3,4]. Lymphocyte-activation gene 3 (LAG-3) is an inhibitory molecule with multiple biological effects on T cell functions and is regarded as a promising immune checkpoint receptor. High expression of LAG-3 is detected in the tumor-infiltrating lymphocytes (TILs), natural killer cells, and plasmacytoid dendritic cells, and partakes in different cancers’ immune escape mechanisms [5,6]. In the activated lymphocytes, LAG-3 expression involves the negative modulation of cell activation/proliferation to assure effectively the immune response. Inhibition of LAG-3 can regain the cytotoxicity of T cells, thereby boosting the killing effect on cancer cells. Simultaneously, LAG-3 can also enhance the function of regulatory T cells (Tregs) to suppress the immune response. Therefore, LAG-3 can be regarded as a more appealing target than other immune checkpoint proteins. This review briefly describes the molecular function of LAG-3, focusing on recent advances in LAG-3-associated immunotherapy and the prognosis significance of various cancers.

2  Molecular Structure and Biological Functions of LAG-3

2.1 Molecular Structure

LAG-3, also called CD223, was first identified by Frédéric Triebel’s team in 1990 [7], a transmembrane type I protein containing 498 amino acids and belonging to the immunoglobulin superfamily. LAG-3 includes three parts: an extracellular domain, a transmembrane domain, and a cytoplasmic domain. The extracellular domain of LAG-3 has about 20% amino acid homology with CD4. LAG-3 has four Ig-like domains called domain 1 (D1) to domain 4 (D4), and CD4 also has four Ig-like domains. Furthermore, the LAG-3 gene is localized on chromosome 12 (12P13), which is similar to the CD4 molecule localized on the chromosome. Therefore, CD4 and LAG-3 are firmly linked, but their functions are contrary [8,9].

2.2 Ligands of LAG-3

LAG-3 is similar to the protein sequence of the CD4 receptor. One of its ligands is the major histocompatibility complex MHC (major histocompatibility complex) class II molecules with an affinity even stronger than CD4 [10,11]. LAG-3 could directly and precisely engage with intact human leukocyte antigen class II (HLA-II) heterodimers [12]. LAG-3 can downregulate the proliferation, activation, and dynamic balance of T cells by interrupting the connection of CD4 with MHC II through binding to MHC II molecules. LAG-3 also strengthens Tregs function, conserves the stability of the internal environment, and partakes in the function of immunomodulation, which intimately links to the occurrence and development of cancers [11,13]. In addition, it has been shown that the binding of LAG-3 to MHC II molecules leads to immunosuppression of CX3CR1+ tissue-resident macrophages [14]. Inhibition of LAG-3 using therapeutic antibodies relieves the suppression of T cells and enhances the body’s immune response. The soluble molecule of LAG-3 (sLAG-3) first provokes antigen-presenting cell activity via MHC II signaling and then impels an antigen-specific T-cell response [15]. However, there is controversy as to whether MHC II molecules alone regulate the roles of immune suppression of LAG-3 [16]. For example, LAG-3 can restrain CD8+ T cell proliferation without the involvement of MHC II, and thus LAG-3 exerts an immunosuppressive function that mediated by other unknown ligands [17]. LAG-3 binding to stable peptide-MHC class II (pMHCII) restrains T cell function, and then represses autoimmunity and anti-cancer immunity. Therefore, stable pMHCII-LAG-3 interaction is a promising therapeutic target in human diseases [18].

Fibrinogen-like protein 1 (FGL1) is an essential functional ligand for LAG-3 and revealed that this LAG-3-FGL1 pathway is independent of the B7-H1-PD-1 tumor immune escape pathway, and blocking this pathway can cooperate with anti-PD-1 therapy [19]. In addition, galectin-3 (GAL-3) is a galectin-binding soluble lectin widely expressed in various cell types and can regulate antigen-specific T-cell activation. LAG-3 can be extensively glycosylated and is considered a suitable target for binding to GAL-3 (Fig. 1). Moreover, LAG-3 expression closely correlates with GAL-3, and the interaction between the two further promotes the suppression of cytotoxic T lymphocytes (CTLs) in the tumor microenvironment (TME) [20,21]. Liver sinusoidal endothelial cell lectin (LSECtin) belongs to the c-type lectin receptor superfamily and strongly expresses in hepatocytes and melanoma cells. LSECtin has an anti-cancer immunosuppressive effect similar to LAG-3. LSECtin binding to LAG-3 reduces interferon (IFN)-γ production by activated T cells. LSECtin usually expresses in cancer cells, such as melanoma cells, involved in the cancer-immune escape, and boosts cancer growth [22,23].
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Figure 1: The biological functions of LAG-3 and its ligands in the tumor microenvironment

The binding of LAG-3 to MHC II molecules leads to immunosuppression of T cells. LAG-3 also strengthens the suppressive activity of Tregs. The LAG-3-FGL1 pathway is independent of the B7-H1-PD-1 pathway. LAG-3 combined with GAL-3 further promotes CTLs’ suppression in the TME. LSECtin from cancer cells binding to LAG-3 reduces IFN-γ production by activated T cells. FS118 is a surrogate murine bispecific antibody [mLAG-3/PD-L1 mAb (2)], that can simultaneously block the immune suppression mediated by LAG-3 and PD-L1, and ameliorate T-cell activity.

2.3 Biological Function of LAG-3

T cells play a key role in antiviral and antitumor immune responses. Proper activation of antigen-specific T cells causes their clonal expansion and the acquirement of effector functions. For example, CTLs enable lyse target cells specifically. In TME or chronic infectious diseases, T cells become dysfunctional: T cells lose their proliferative capacity in antigens and gradually fail to produce cytokines and lyse target cells [24]. This dysfunctional state is known as “exhaustion” (a molecular signature of exhausted T cells). During chronic viral infections or cancer, sustained activation of T cells induces co-expression of immunosuppressive molecules including LAG-3, PD-1, T cell immunoglobulin-3 and mucin structural domain 3 (TIM-3), T cell immunoreceptor with Ig and ITIM domains (TIGIT) and CD160, contributing to T cell incompetence and even apoptosis [25]. LAG-3 expression on activated T cells is increased by regulating interleukin (IL)-2, IL-7, and IL-12, but not IL-4, IL-6, IL-10, tumor necrosis factor (TNF), and IFN-γ [26]. Interestingly, multiple transcriptional regulators such as nuclear factor of activated T cells (NFAT), thymocyte selection-associated high mobility group box protein (TOX), nuclear receptor subfamily 4 group A (NR4A) interact with other inhibitory coreceptors. They augment the expression levels of LAG-3 when overexpressed in T cells [27–33].

In the TME, infiltrating immune cells including various lymphocytes that assault cancer cells or help them survive in the host immune system. LAG-3 as well as other inhibitory coreceptors such as PD-1 and TIM-3 are highly expressed in the immune or cancer cells of TME, inducing depletion and loss of antitumor T cells that play a vital role in cancer immune escape. Higher LAG-3 and TIM-3 levels are significantly detected, compared to PD-1 and CTLA-4 levels in the exhausted T cells of triple-negative breast cancer (TNBC) [34]. Simultaneously, genetic blockade of the above three ICIs and high expression of CD56 on chimeric antigen receptor T (CAR-T) cells suppress tumor growth [35]. Therefore, uncovering the relationship between immune checkpoints (ICs) and infiltrating immune cells is essential to prefiguring the response to ICIs [36].

Furthermore, in the different infectious diseases, autoimmune diseases, and cancers, a novel subset of natural regulatory plasma cells with LAG-3 expression can curb immunity through IL-10 production [37]. LAG-3 expression in cancer and immune cells is regulated epigenetically via DNA methylation, which is correlated with the distinct immune cell infiltrates and overall survival (OS) of clear cell renal cell carcinomas (RCCs) [38]. The above results demonstrated further detecting LAG-3 DNA methylation as a predictor for response to LAG-3 inhibitors.

In addition, sLAG-3 has different roles from LAG-3 [25]. sLAG-3 can promote dendritic cells (DCs) to mature [39] and assault cancer cells [40]. The mechanisms uncover that sLAG-3 can activate phosphatidyl inositol 3-kinase/Akt, p42/44 extracellular signal-regulated protein kinase, and p38 mitogen-activated protein kinase pathways to trigger DC functional maturation [41]. The soluble levels of five co-inhibitory immune checkpoint molecules, including CTLA-4, PD-1/PD-L1, TIM-3, and LAG-3 significantly increase in the patients with basal cell carcinoma [42] and Xeroderma Pigmentosum associated malignancies [43]. Moreover, Eftilagimod alpha (EFTI), a soluble LAG-3 protein has good tolerance in combination with pembrolizumab (PD-1 antagonist), which confirms the satisfactory antitumor activity of patients with metastatic melanoma [44]. The above results underscore the therapeutic promise of ICIs and the potential of these proteins as predictors of cancer therapy response and prognosis.

3  Progress of LAG-3 in the Cancer Immunity

LAG-3 protein and mRNA can be observed in various cancers and correlate with clinicopathological parameters and prognosis significance. Moreover, the combination of anti-LAG-3 plus anti-PD-1/PD-L1 antibodies acts upon CD8 T cells, promotes IFN-γ production, and enhances cytotoxic capacity, which has a better therapeutic response for cancer immunotherapy.

3.1 The Expression of LAG-3 and Its Clinical Significance in the Different Cancers

Except for PD-1 and CTLA4, LAG-3 is one of the next generations of co-inhibitory ICs, and has a clinical transformation possibility. LAG-3 expression is located in the cell membranes of activated CD4+ and CD8+ T cells as well as Tregs, but no expression on naive T cells in the infection and cancer [45,46]. In addition, it also expresses in natural killer (NK) cells, B cells and DCs [47]. Overexpression of LAG-3 is detected on the surface of Th1 cells, and regarded as its marker molecule. LAG-3 is closely associated to the formation of Th1 cells and can be upregulated by IL-12. The binding of LAG-3 to the corresponding ligand (sharing the same ligand with CD4) can increase the secretion of IFN-γ and overexpression of IL-2 receptor in Th1 cells, hence fostering the activation and proliferation of Th1 cells [48]. LAG-3 expression in the TME has also been correlated with increased tumor mutational burden (TMB) [49]. For example, a subset of patients with colorectal cancer with high microsatellite instability (MSIhi), exhibit higher TMB and higher levels of immunogenic neoantigen [50]. Multiple ICs including LAG-3, PD-1, PD-L1, CTLA4 and indoleamine 2,3-dioxygenase (IDO) are increasingly expressed in the TME of these MSIhi cancers, compared with in microsatellite stable cancers [49]. The above results may demonstrate why MSIhi cancers are not naturally eradicated, despite a hostile immune microenvironment [49].

The co-inhibitory ICs such as CTLA4, PD-1, TIM-3 and LAG-3 are correlated with T cell exhaustion and immune escape in most tumors, with different levels of expression and different functions. Relatively high levels of LAG-3 expression are observed in bladder cancer, cervical cancer, breast cancer, brain and CNS tumors, and leukemia, compared to the PD-1, CTLA4, and TIM-3 [36]. LAG-3 protein is highly expressed on TILs, associated with higher pathological grade, larger tumor size and positive lymph node status in human head and neck squamous cell carcinoma (HNSCC) [51]. The expression of LAG-3 and TIM-3 is also examined in the TME of 57 patients with classical Hodgkin lymphoma (HL), compared with PD-L1 and PD-1. These results demonstrated that targeting LAG-3 or TIM-3 in combination with an anti-PD-1 antibody may be a choice for treating relapsed/refractory classical HL [52]. Furthermore, LAG-3 is not only expressed in the TILs of non-small cell lung cancer (NSCLC) patients, but also is ectopically expressed in cancer cells and related to the TNM stage [53]. Different expression levels of PD-L1, TIM-3, LAG-3, IL-10 and transforming growth factor-β (TGF-β) are detected in the glioma-associated microglia/macrophages (GAMs) among the patients with glioblastoma. The results also identified that GAMs are the dominant infiltrating immune cells, moreover, GAMs, exhausted T cells, Tregs, and nonfunctional NK cells all promote local immune suppressive TME [54]. CTLA-4 expression is enriched in orbitally invasive basal cell carcinoma (BCC) compared with nodular forms of BCC, whereas LAG-3 expression conforms no difference between these entities [55]. In a study of hepatocellular carcinoma (HCC), the levels of LAG-3, FGL1, PD-L1, and CD8+ T cells have been detected in the peripheral blood of 143 patients with HCC by multiplex immunofluorescence. The results showed that the expression levels of FGL1 and LAG-3 in HCC tissues are higher than those in adjacent normal liver tissues, while the expression levels of PD-L1 and CD8+ are decreased. The high level of FGL1 is closely related to the high density of LAG-3+ cells, but not to PD-L1 [56]. The above demonstrated that the FGL1-LAG-3 pathway is a prospective immunotherapeutic target and can be synergistic with PD-1/PD-L1. Another exciting result found that overexpression of LAG-3 is associated with high TMB, Epstein-Barr virus (EBV) and human papillomavirus (HPV) or endogenous retrovirus (ERV3–2) infection, in multiple cancers. Moreover, LAG-3 inhibitors may be more therapeutic effect than PD-1 pathway blockade in subsets of HPV+ HNSCC, RCC, and glioblastoma [57]. These results may provide an experimental basis for guiding the ongoing clinical trials of LAG-3 blockade.

3.2 The Prognostic Role of LAG-3 in the Different Cancers

Immune checkpoint molecules act as crucial regulators of the immune response, prompting the emergence of ICIs strategies. However, the predictive value of LAG-3 varies widely across cancers, implying significant heterogeneity among tumors even with the same immune phenotype. Furthermore, the different expression patterns of LAG-3 may closely correlate with cancer prognosis and treatment response, providing valuable directions when selecting chemotherapeutic agents (Table 1).
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In recent five years, many studies have reported that high expression of LAG-3 in TILs may be tightly related to the poor prognosis, adjuvant chemotherapy resistance and immune escape of some cancers, such as oral SCC [58], EBV-positive and MLH1-defective gastric carcinoma [59], bladder cancer [60], HCC [56], pancreatic ductal adenocarcinoma [61], salivary gland carcinoma [62], and soft tissue sarcoma [63]. Moreover, LAG-3 expressed in the tumor cells also can predict poor prognosis in clear cell RCCs [38]. Surprisingly, patients with co-expression of PD-1, TIM-3, LAG-3, and B and T lymphocyte attenuator (BTLA) mRNA can reflect poor PFS and OS in diffuse large B-cell lymphoma, not otherwise specified (DLBCL, NOS) [64]. Another study identified that both CTLA-4 and LAG-3 mRNA expression levels are independent predictors of poor prognosis in acute myeloid leukemia patients [65].

In the different subtypes of the same cancer, the LAG-3 has different, even paradoxical prognosis significance. For example, serum LAG-3 had a close association with prolonged survival in patients with ER-positive breast cancer [66]. High expression of LAG-3 in TILs favors the outcome of invasive breast carcinomas, notwithstanding their correlation with poor conventional pathologic parameters [67], and improves OS and recurrence-free survival (RFS) in TNBC [68]. But high expression of LAG-3 combined with PD-L1 in the post-neoadjuvant chemotherapical residual tissues predicts poor prognosis of patients with TNBC [69], and high expression of LAG-3 in TILs is an independent predictor of poor prognosis of TNBC and Her-2-enriched subtype [70,71]. The above results conveyed a complicated correlation between LAG-3 and the ER status in breast cancer.

In addition, high expression LAG-3 in TILs is associated with improved OS of esophageal adenocarcinoma [72], but predicts poor prognosis of esophageal SCC [73]. Moreover, a high LAG-3/CD8 index correlates with a worse prognosis of lung adenocarcinoma [74]. However, high LAG-3, but not high LAG-3/CD8 index, predicts improved progression-free survival (PFS) of lung squamous cell carcinomas [74] and disease-specific survival of NSCLC [75]. Furthermore, patients with NSCLC who co-express LAG-3 and PD-L1 in tumor cells display more incredibly durable clinical benefits and better long-term survival following anti-PD-1 therapy [76]. The above results suggested that the prognostic significance of high LAG-3 in TILs has a histotype-dependent in NSCLC and esophageal carcinoma. Another interesting results demonstrated that CD274, LAG3, and IDO1 expressions in TILs significantly forecast better disease-free survival (DFS), and regard as independent prognostic factors of colon cancer with MSI-high [77]. Paradoxically, high expression LAG-3 in TILs is independently associated with poor prognosis, but high expression LAG-3 in tumor cells can predict improved prognosis of colorectal cancer with stage I–III [78]. High expression LAG-3 mRNA also has the paradoxical prognosis significance of serous ovarian cancer [36,79]. Taken together, LAG-3 protein and mRNA in the immune cells and tumor cells have different predictive prognosis significance in the different cancer types, and histotype-dependent patterns. However, the contradictory results about the prognostic value of LAG-3 expression in the same cancer types need more research to confirm.

3.3 Anti-LAG-3 Antibody in the Cancer Immunotherapy

Currently, the field of oncology emphasizes the effectiveness of cancer immunotherapy. Notably, ICs including CTLA4, PD-1, LAG-3, and TIM-3 are considered vital regulators of the immune response, prompting the emergence of immune checkpoint-targeted therapy [36]. These immune checkpoint molecules can down-regulate T-cell function and amplify T-cell exhaustion. It is a promising therapeutic strategy that targets these molecules to enhance T-cell activity.

Although only a minority of patients with cancer have complete responses, the clinical benefits of immunotherapeutic approaches to cancer have been acquired. Combination immunotherapy proposes an attractive avenue for the development of more efficient cancer treatments by increasing the effectiveness and duration of tumor-specific T-cell responses [80]. Due to PD-1 and LAG-3 regulating tumor immune responses, it’s necessary to develop therapies focused on PD-1 and LAG-3 inhibition to improve immune responses in cancer patients. A study has evaluated the safety, tolerability, pharmacokinetics, and pharmacodynamics of combining soluble LAG-3 protein EFTI with PD-1 antagonist pembrolizumab. The combination of EFTI with pembrolizumab is well tolerated and has good antitumor activity [44]. The anti-PD-1/LAG-3 bispecific antibody binds to and internalizes CD4+ T cells, thereby enhancing their effector function (release of granzyme B and IFN-γ) in tumor cells and completely suppressing the tumor in a mouse model. However, treatment data are shown only for pancreatic cancer [44,81]. In the co-culture assay with autologous melanoma cell lines and expanded TILs, anti-LAG-3 combined with anti-PD-1 improves therapy effects through CD8 T cells to induce IFN-γ production and increase cytotoxic capacity [82]. Co-expressing activating (ICOS) and inhibitory (LAG-3, PD-1) molecules are regarded as TAI cell subsets. Via agonistic and antagonist antibodies to co-targeted these molecules on the TAI cells in vivo, they can enhance PD-L1 blockade therapy. Consequently, combined immunotherapy can target these TAI cells and lead to improved survival [80].

Both LAG-3 and one of its ligands, GAL-3, are the targets of emerging immunotherapies. LAG-3 in TILs and GAL-3 in cancer cells are easily observed in nonmethylated mismatch repair-deficient endometrial cancers. Moreover, LAG-3+ lymphocytes have a positive correlation with GAL-3 expression [83]. Herein, immunotherapies targeting LAG-3 and GAL-3 are beneficial in a subset of endometrial cancers. Another interesting research found that FS118 is a newly bispecific, tetravalent antibody [mAb (2)] against human LAG-3 and PD-L1, which has the potential to revive exhausted immune cells and defeat resistance mechanisms of PD-L1 blockade. Further, FS118 can simultaneously bind to LAG-3 and PD-L1 with higher affinity and better activity, compared to the single parts of the mAb (2) in blocking LAG-3- and PD-L1-mediated immune suppression. It reveals an innovative advantage of the bispecific approach over a combination of mAbs and substantiates the further development of FS118 for treating cancer patients [84]. Furthermore, another study showed that the antitumor efficacy with the triple combination of TIM-3, PD-1, and LAG-3 mAbs is much better than any two antibodies. Because the triple combination can synergetically enhance the levels of granzyme B and CD8+ TILs. These data demonstrate that the upregulation of multiple co-inhibitory checkpoint molecules can synchronously restrain the function of hyperactivated T cells in the TME. Thus, it is essential for the combined blockade of PD-1, TIM-3, and LAG-3 for cancer immunotherapy [85]. Besides, therapeutic cancer vaccines can fight against cancer by strengthening the endogenous immune system of patients. For example, the dominant adjuvant effects of polyinosinic-polycytidylic acid poly (I:C) plus LAG-3-Ig (soluble recombinant protein of LAG-3 extracellular domain fused with human IgG Fc region) are associated with an enhanced TILs in the P815 mouse tumor tissues and Th1-type cytokine production of tumor-reactive T cells. Moreover, poly (I:C) plus LAG-3-Ig can downregulate the expression of PD-1, LAG-3, and TIGIT on P1A-specific T cells, which can prevent T cell exhaustion. So, poly (I:C) plus LAG-3-Ig are an innovative combination of adjuvants that can collaboratively amplify the antitumor responses of cancer vaccines by stimulating tumor-specific T-cell responses [86].

3.4 Clinical Trials Targeting LAG-3

Antitumor-related clinical trials related to LAG-3, such as soluble LAG3 Ig (IMP321), anti-LAG3 mAb (BMS986016), and LAG-525 are currently undergoing [87]. LAG-3 as a cancer immune target is also underway in Phase I clinical trials, for example, a single-center trial for hematologic malignancies (Clinical Trial No. NCT02061761). Another single-agent LAG3-specific antibody against solid tumors and a combination trial of LAG-3 blockade and PD-1 blockade (ClinicalTrials.gov, No. NCT01968109) are also underway. The action mechanism of LAG-3-specific monoclonal antibody is to enhance the activity of tumor-specific effector T cells. Although the biological function of LAG-3 is not as extensively studied as PD-1, shreds evidence that the pleiotropic effects of LAG-3 can activate other mechanisms of LAG-3 blockade [88]. Presently, immune combination therapies are now in full swing, with several clinical trials coincidentally combining LAG-3 monoclonal antibody and PD-1 monoclonal antibody, such as Phase I/II study of the LAG-3 inhibitor ieramilimab (LAG525), which is well tolerated as monotherapy and in combination with spartalizumab (anti-PD-1 antibodies). Aid the combined therapy has the modest antitumor activity of patients with advanced/metastatic solid tumors (ClinicalTrials.gov, No. NCT02460224) [89]. In another Phase II/III study, relatlimab (a LAG-3-blocking antibody) and nivolumab (a PD-1-blocking antibody) in combination confirm a greater benefit to PFS than the block of PD-1 alone in patients with previously untreated metastatic melanoma, and demonstrate no new safety signals (ClinicalTrials.gov, No. NCT03470922) [90].

However, a significant concern with dual drug combinations is drug toxicity and patient tolerance, so immune combination therapies have a long way before clinical translation.

4  Conclusion and Future Perspective

The advent of cancer immunotherapy, especially ICIs, has revolutionized cancer therapy, and LAG-3 is anticipated to be a promising cancer therapy target. Oncology therapies associated with CTLA-4 and PD-1/PD-L1 have achieved extraordinary results. However, the clinical significance of LAG-3 remains undefined. The signaling mechanism of LAG-3 is unclear, and its ligands’ biological function is puzzling. LAG-3 plays a key role in the development and progress of cancer. Many studies have found that LAG-3 expression in TILs and TCs may be closely correlated with poor prognosis, chemotherapy resistance and immune evasion in different kinds of cancer; and its prognostic significance is a histotype-dependent pattern, but the contradictory prognostic value of LAG-3 expression in the same cancer types need more evidence to clarify. Currently, drugs targeting LAG-3 are mainly used in combination with PD-1 or alone. Still, combination immunotherapy can improve the effectiveness and duration of tumor-specific T-cell responses, clearly providing an attractive avenue for more effective cancer treatment. In vitro and in vivo mice tumor models, such as colorectal cancer, ovarian cancer, melanoma, and lymphocytic leukemia, simultaneous blockade of PD-1 or PD-L1 and LAG-3 can reverse immune suppression and enhance T-cell activity, thus having a therapeutic response for cancer immunotherapy. Antibody-mediated blockers of LAG-3 and/or combination with PD-1/PD-L1 blockade in cancer patients are currently underway. However, more detailed and comprehensive elucidation of the functional properties of LAG-3 is needed to scientifically and rationally develop LAG-3 targeting strategies to achieve better clinical results and benefit more patients.
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Table 1: The prognostic significance of LAG-3

Expression status Cancer subtypes Prognosis References
High LAG-3 in TILs Oral SCC Poor OS [58]
High LAG-3 in TILs EBV" gastric cancer Poor OS [59]
High LAG-3 in TILs Bladder cancer Poor OS [60]
High LAG-3 in TILs Hepatocellular carcinoma Poor OS [56]
High LAG-3 in TILs Pancreatic ductal adenocarcinoma Reduced DFS [61]
High LAG-3 in TILs Salivary gland carcinoma Shorten EFS [62]
High LAG-3 in TILs Soft tissue sarcoma Poor survival [63]
High LAG-3 mRNA Diffuse large B-cell lymphoma Poor PFS and OS [64]
High LAG-3 mRNA Acute myeloid leukemia Poor OS [65]
High LAG-3 in TCs Clear cell renal cell carcinoma Poor OS [38]
Serum LAG-3 ER" breast cancer Prolonged survival [66]
High LAG-3 in TILs Breast cancer Longer DFS and OS [67]
High LAG-3 in TILs TNBC Improved OS, RFS [68]
High LAG-3 in TILs TNBC after NACT Poor OS [69]
High LAG-3 in TILs TNBC and Her-2" breast cancer Poor OS [70,71]
High LAG-3 in TILs Esophageal adenocarcinoma Improved OS [72]
High LAG-3 in TILs Esophageal SCC Poor OS [73]
High LAG-3 in TILs Lung adenocarcinoma Poor OS [74]
High LAG-3 in TILs Lung SCC Good PFS [74]
High LAG-3 in TILs Non-small cell lung cancer Improved DSS [75]
High LAG-3 in TCs Non-small cell lung cancer Better OS [76]
High LAG-3 in TILs Colon cancer with MSI-high Better DFS [77]
High LAG-3 in TILs Colorectal cancer with stage I-111 Poor survival [78]
High LAG-3 in TCs Colorectal cancer with stage I-111 Improved survival [78]
High LAG-3 mRNA Serous ovarian cancer Poor PFS [36]
High LAG-3 mRNA High-grade serous ovarian cancer Improved PFS, OS [79]

Note: TILs: tumor infiltrating lymphocytes; TCs: tumor cells; SCC: squamous cell carcinoma; OS: overall survival; PFS: progression-free survival,
EFS: event-free survival; RFS: recurrence-free survival; DFS: disease-free survival, DSS: disease-specific survival; TNBC: triple-negative breast
cancer; NACT: neoadjuvant chemotherapy.
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