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Abstract

:

Simple Summary


Ovarian cancer (OC) is the most lethal gynecological malignancy with a five-year survival rate of 47%, followed by cervical cancer (66%), and uterine cancer (81%). Despite the success of immunotherapies based on the programmed cell death pathway (PD-1/PD-L1) in other solid cancers, the response of OC patients is low. The promising approach in OC treatment seems to be a combined therapy, including other immune checkpoints such as the TIGIT/CD155/DNAM-1 axis. The approach may trigger the synergistic effect, break the immunosuppression in the ovarian cancer tumor microenvironment, and enhance the expression of tumor antigens. The dual blockade stimulates the effector activity of T cells and NK cells, and redirects the immune system activity against tumor cells. The current understanding of the activity of both pathways, TIGIT/CD155/DNAM-1 and PD-1/PD-L1, as well as their synergistic action in OC, remains unclear.




Abstract


The prognosis for ovarian cancer (OC) patients is poor and the five-year survival rate is only 47%. Immune checkpoints (ICPs) appear to be the potential targets in up-and-coming OC treatment. However, the response of OC patients to immunotherapy based on programmed cell death pathway (PD-1/PD-L1) inhibitors totals only 6–15%. The promising approach is a combined therapy, including other ICPs such as the T-cell immunoglobulin and ITIM domain/CD155/DNAX accessory molecule-1 (TIGIT/CD155/DNAM-1) axis. Preclinical studies in a murine model of colorectal cancer showed that the dual blockade of PD-1/PD-L1 and TIGIT led to remission in the whole studied group vs. the regression of the tumors with the blockade of a single pathway. The approach stimulates the effector activity of T cells and NK cells, and redirects the immune system activity against the tumor. The understanding of the synergistic action of the TIGIT and PD-1/PD-L1 blockade is, however, poor. Thus, the aim of this review is to summarize the current knowledge about the mode of action of the dual TIGIT and PD-1/PD-L1 blockade and its potential benefits for OC patients. Considering the positive impact of this combined therapy in malignancies, including lung and colorectal cancer, it appears to be a promising approach in OC treatment.
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1. Ovarian Cancer—A Global Problem


Ovarian cancer (OC) is the third most common gynecological cancer and the most lethal gynecological malignancy. According to the latest World Health Organization (WHO) data, in 2020, as many as 313,959 women were diagnosed with OC and predictions concerning the near future are worrisome. There are predictions that in 2025, the number of new OC cases will increase to 823,315. Moreover, in 2020, the number of deaths caused by OC totaled 207,252 [1]. The estimated numbers of new cases of cancer and deaths caused by cancer among women worldwide are presented in Figure 1.



Despite the advances in the field of OC treatment and implementation of standard therapy, the prognosis for OC patients is poor, and the five-year survival rate is only 47% [2]. For comparison, the five-year survival rate for cervical cancer totals 66% and for uterine cancer 81% [3]. The standard treatment for OC patients includes primary debulking surgery and platinum plus taxane chemotherapy [4,5]. Respectively, in 2014 and 2018, the FDA approved biological drugs such as Olaparib (poly ADP-ribose polymerase inhibitor; PARPi) and bevacizumab (vascular endothelial growth factor inhibitor; VEGFi). In 2020, the FDA approved their combination (olaparib + bevacizumab) in treatment of BRCA-mutated OC [6]. The neoadjuvant chemotherapy followed by interval debulking surgery and subsequent chemotherapy as an alternative step is implemented in OC patients with medical complications, poor performance status, or visibly unresectable tumors [5]. The high mortality rate of the disease is caused by a lack of screening methods and diagnostic biomarkers in clinical practice and the high heterogeneity of the disease. Currently, the diagnosis of OC is mostly based on diagnostic imaging, laparoscopy, and the establishment of CA-125 in serum [7,8,9,10,11,12].



At the early stages of the disease, that is stages I and II of the International Federation of Gynecology and Obstetrics (FIGO) [13], the symptoms of OC are unspecific. As a result, OC is diagnosed mostly (<70%) at advanced stages (FIGO stages III and IV) when metastases occur and the five-year survival rate drops under 30% [9,10]. Approximately 70% of advanced OC patients have a recurrence and the disease becomes resistant to platinum-based chemotherapy [9,10,14]. It should be emphasized that OC at early stages is curable and the five-year survival rate is 90% at FIGO stage I and 70% at FIGO stage II [15]. Thus, it is important not only to develop novel effective therapy for OC patients but also to search for diagnostic biomarkers.



Interactions in the tumor microenvironment (TME) appear to be the promising targets in up-and-coming OC treatment [16,17,18,19,20,21]. The immune system cells in TME are exposed to many signals that determine their immunophenotype and can manipulate their functions [22]. It is well established that cancer immunogenicity directly regulates immune evasion by various mechanisms, including immune checkpoints (ICPs), and is a critical factor in the prediction of response to ICPs inhibitors (ICIs) treatment [23,24].



Immunogenicity of OC depends on homologous recombination deficiency (HRD), including BRCA-1/2 mutations. HRD tumors have an elevated neoantigens load and are infiltrated by T cells with high PD-1/PD-L1 expression enhancing the efficiency of ICIs-based immunotherapy. High-grade serous ovarian cancer (HGSOC) with BRCA-1/2 mutations has a higher density of CD3+ and CD8+ tumor-infiltrating lymphocytes (TILs) in comparison to homologous recombination proficient OC [7,24,25]. The elevated density of TILs is also related to p53 mutations. This immunological signature is associated with prolonged overall survival (OS) compared with non-HRD OC types, which are less immunogenic and thus constitute more challenging targets for immunotherapies [7,23]. The hurdle in the establishment of OC immunogenicity is the heterogenicity of the disease at the molecular, genetic, and immunological levels [23].




2. Immune Checkpoints (ICPs) in Ovarian Cancer


In normal conditions, ICPs play an important role in maintaining homeostasis, which is a balance between immune response and tolerance of self-tissue in organisms, and a loss of their expression leads to autoimmune diseases [21,26,27,28,29]. However, the decreased effector activity of T cells and the suppressive activity of regulatory T cells (Tregs) are related to the modified expression of ICPs [26]. The predominant role in the inhibition of the effector activity of T cells in OC patients is played by the programmed cell death pathway, including programmed cell death receptor 1 (PD-1, CD279) mainly expressed on T cells, and programmed cell death ligands 1 and 2 (PD-L1/PD-L2). The PD-1 receptor belongs to the CD28 superfamily and plays an important role in both maintaining homeostasis and suppressing anticancer immune response. PD-L1 and PD-L2 are expressed on antigen-presenting cells (APCs) and various types of cancer cells, including lung cancer, kidney cancer, melanoma, and OC [21,30,31]. However, the expression of PD-L1 is wider and is also detected in T and B cells. It should be highlighted that PD-L2 has a 2–6-fold higher affinity to PD-1 [32]. In addition, it can directly bind to PD-1, while PD-L1 demands conformation changes. Nevertheless, the primary ligand for PD-1 is PD-L1 because its level is higher compared to PD-L2 [28,30,33,34,35,36]. The ligation of the PD-1 receptor and one of its ligands leads to anergy of T cells and their elimination via apoptosis [37]. The PD-1 activity does not lead to maintaining exhaustion but inhibits, at the primary step, the expansion of antigen-specific T cells [38].



Since 2011, when the Food and Drug Administration (FDA) approved monoclonal antibodies (mAbs) targeting against ICPs in melanoma therapy, ICIs have revolutionized cancer treatment. Considering the beneficial impact on the patient’s outcome, the immunotherapies based on anti-PD-1/PD-L1 mAbs were approved in other malignancies, including non-small-cell lung cancer (NSCLC), renal cancer, and hepatocellular carcinoma. However, the immunotherapy based on PD-1/PD-L1 inhibitors is not as effective as in other solid tumors and totals only 6–15% [16,17,18,19,20,21].



The immune evasion of OC cells is promoted by both PD-L1 and PD-L2. Thus, the boost of T-cells effector activity requires the complete inhibition of both ligands. The differences in the affinities of PD-L1 and PD-L2 to PD-1 suggest a competitive advantage of using anti-PD-L2 mAbs over the implementation of anti-PD-1 or anti-PD-L1 agents. Miao et al. [39] have shown that a high expression of PD-L2 is associated with poor clinical response on PD-1 and PD-L1 inhibitors [40]. A normal ovary tissue expresses an undetectable level of PD-L2, whereas OC tissue exhibits an increased level of PD-L2. Xue et al. [41] have observed the high expression of PD-L1 (43.04%) and PD-L2 (22.22%) in OC tissue. In addition, the PD-L2 expression is induced by signals provided from TME during tumor progression [39]. The PD-L1 expression on mononuclear cells from peripheral blood and peritoneal fluid of OC patients is increased in comparison to borderline and benign tumors [41]. The expression of these ligands is related to the FIGO stage and a high expression of PD-L1 or PD-L2 is associated with poor survival of OC patients. Moreover, patients with double negative tumors (PD-L1- and PD-L2-) have a beneficial OS in comparison to patients with the expression of at least one ligand [40]. However, most of the ongoing clinical trials focus on the PD-1 or PD-L1 blockade while PD-L2 still remains poorly explored. The lack of studied agents targeted against PD-L2 is mainly caused by the assumption that the PD-L2 expression on cancer tissue is low and not significant [39].



The low to intermediate response of OC patients to immunotherapies based on the programmed cell death pathway blockade suggests that plenty of mechanisms relevant to the axis remain unclear. A combined therapy, including other ICPs, is a promising approach in OC treatment. The combination therapy triggers the synergistic effect, breaks the immunosuppression in the ovarian cancer TME, and enhances tumor antigens expression, yielding a better response [16,42].




3. The Net of TIGIT/CD155/DNAM-1 Signaling


Although T-cell activity is regulated mostly by the programmed cell death axis, other co-expressed ICPs have an indirect or direct impact on T-cell activity. The PD-1 is co-expressed with other ICPs, including T-cell immunoglobulin and ITIM domain (TIGIT; also called Vstm3, WUCAM, VSIG9), lymphocyte activation gene 3 (LAG-3), DNAX accessory molecule-1 (DNAM-1; CD226) and T-cell immunoglobulin and mucin domain-containing molecule-3 (TIM-3) in human cancers [29,43,44].



TIGIT was discovered, and for the first time described, in 2009 by Yu et al. The receptor is a negative regulator of natural killer (NK) cells and T cells, and it belongs to the nectin/poliovirus (PVR) family [45,46,47,48]. Nectins are the family of immunoglobulin-like cell adhesion molecules and play a crucial role in cell–cell adhesion, regulating the polarization of cells, their movement, survival and differentiation. The abnormal nectins expression is related to metastases and cancer progression [29,49,50,51].



Numerous recent studies have highlighted that the TIGIT/CD155/DNAM-1 axis plays a crucial role in immune response in both cancer and autoimmunity. Considering the sharing of the ligands by coinhibitory receptors, such as TIGIT, CD96, and costimulatory receptor DNAM-1, the TIGIT/CD155/DNAM-1 pathway appears analogous to the CTLA-4/CD28 axis [52,53,54,55]. In physiological conditions, the TIGIT/CD155/DNAM-1 axis plays a role in the maintenance of homeostasis and the loss of their function leads to autoimmune diseases such as multiple sclerosis, rheumatoid arthritis, and type 1 diabetes. The interactions between ligands and receptors of the TIGIT superfamily modulate immune system cell activity [20,26,56].



Both PD-1 and TIGIT are considered a marker of exhaustion of CD8+ T cells [38]. The interactions between ligands and receptors in the TIGIT/CD155/DNAM-1 axis are greatly more complex than in the programmed cell death pathway. TIGIT is highly expressed on helper T cells, CD4+ Tregs, follicular CD4+ T cells, cytotoxic T cells (CD8+) and NK cells, while its expression is downregulated on naïve T cells [45]. The ligation of TIGIT and its ligand CD155 or CD112 lead to the inhibition of T-cell proliferation, production of cytokines by CD4+ T cells and suppression of NK cells cytotoxic activity [57]. TIGIT is expressed on tumor cells, including lung cancer, colorectal cancer, melanoma and OC [58,59,60,61,62,63,64]. The net of TIGIT/CD155/DNAM-1 signaling is presented in Figure 2.



The TIGIT/CD155/DNAM-1 pathway synergizes with the programmed cell death pathway [29,43,44]. The coverage of the TIGIT/CD155/DNAM-1 and PD-1/PD-L1/PD-L2 pathways was observed [38]. Banta et al. [38] have demonstrated a mechanistic account that the TIGIT/CD155/DNAM-1 axis and the PD-1/PD-L1/PD-L2 pathways share costimulatory receptor DNAM-1. In patients with NSCLC, it was observed that TIGIT and PD-1 regulated DNAM-1 activation by the synergistic mechanism both in vitro and in intact cells. PD-1 and TIGIT discretely regulate and suppress DNAM-1 activity. Thus, their dual blockade is required to completely restore DNAM-1 costimulatory signaling [38,65,66,67]. The PD-1 blockade is not sufficient to restore the activity of DNAM-1 because of the TIGIT presence. Similarly, the single TIGIT blockade is not optimal to reintroduce DNAM-1 signaling. These findings indicate why the dual blockade has more promising clinical results [38].



The suppression of immune response by TIGIT is caused by a few mechanisms. The first one is ITIM-dependent direct negative signaling. The next one is relevant to an increased production of IL-10, and a reduced production of IL-12 after the ligation of CD155 to TIGIT on dendritic cells (DCs). The immune response is also inhibited by competition between the ligands binding coinhibitory receptor TIGIT and costimulatory receptor DNAM-1, in TIGIT’s favor [68].



CD155 (also known as PVR, Tage4, Necl-5) has the highest affinity for TIGIT and is expressed on various types of cells, such as antigen-presenting cells (APCs), epithelial cells, fibroblasts, endothelial cells (in physiological conditions and tumors), T cells, B cells, and fibroblasts, and is upregulated by DNA damage in viral infections and during cancer [20,44,69]. It is well established that CD155 is highly expressed in various types of tumors, including lung cancer, glioblastoma, melanoma, colorectal cancer, hepatocellular carcinoma, pancreatic cancer, and OC [29,44,60,70,71,72,73,74]. The data available in the literature show that TIGIT indirectly inhibits T cells-dependent immune response by inducing the expression of CD155 on DCs [57]. As a result, the maturation of DCs is inhibited, and it increases the production of immunosuppressive IL-10 [57].



The CD112 (nectin-2, PVRL2) ligand was for the first time identified in 2016, exhibiting lower affinity to TIGIT than CD155 [29,45,75]. CD112 is expressed on DCs, monocytes, T cells, B cells, and endothelial cells [20]. In addition, CD112 is also overexpressed in many tumors, including leukemia, epithelial cancers, multiple myeloma, and OC. Binding the ligand to its receptor leads to the inhibition of T-cells effector activity and inhibits the NK cells-dependent cytotoxicity [29]. However, the main receptor for CD112 is not TIGIT, but CD112R (PVRIG) [44,74]. Both CD155 and CD112 play an indirect role in cancerogenesis by modulating the immune function via interacting with receptors expressed by immune cells, including DNAM-1, CD96, and TIGIT [60].



Another ligand for TIGIT is CD113 (PVRL3, nectin-3), which plays a crucial role in the suppression of T-cells activity [29,76] The ligand is overexpressed in the nervous system components, including the cerebral cortex and hippocampus. The data available in the literature highlight its role in synaptic abnormalities induced by stress. Thus, CD113 seems to be a potential target in the treatment of cognitive disorders related to stress [51].



While the latest report suggests that TIGIT also works with nectin-4 and TIGIT is its only receptor, the data are, unfortunately, limited [77,78]. Nectin-4 is mostly expressed during fetal development and its expression decreases in healthy adults. The activity of nectin-4 is related to cell functions including invasion, migration, proliferation, and differentiation. It is noteworthy that nectin-4 expression is increased in some cancer types, such as lung, bladder, and breast cancer (BC) and its higher expression is related to a poorer prognosis for cancer patients [44,76,77,79].



TIGIT enhances the immunosuppression by competing with inhibitory receptor CD96 (TACTILE) and costimulatory receptor, DNAM-1, to bind to CD155 and CD112. The primary ligand for CD96 is CD155 and its affinity is weaker than to TIGIT but stronger than to DNAM-1. Moreover, the CD96 expression is limited to immune system cells such as NK cells, NKT cells, and T cells (αβ and γδ). Moreover, CD96 mediates in NK cells’ adhesion to targets expressing CD155 [80]. The T-cell activation leads to increased CD96 expression; however, the CD96 role in T-cell function remains unclear [29,52,80,81].



DNAM-1 is one of the crucial regulators of Tcell biology and is expressed in T cells, NK cells, and monocytes. Its expression is negatively correlated with PD-1 expression on TILs [20,22,46,61,69]. Moreover, the absence of DNAM-1 inhibits the responsiveness of cytotoxic T cells to T-cell receptor (TCR) stimulation [22].



In contrast to TIGIT, DNAM-1 stimulates the cytotoxic activity of NK cells and T cells. The binding of CD112 or CD155 to DNAM-1 enhances the lysis of cancer cells by NK cells. However, CD155 has a higher affinity to TIGIT than to DNAM-1. The study conducted on Chinese hamster ovary cells has indicated that the affinity of CD155 to TIGIT is 30–100 times higher in comparison to DNAM-1. However, another study by Okumura has shown that the affinity of soluble CD155 (sCD155) to TIGIT is similar or even three times weaker than to DNAM-1 in humans and mice [47,54,82,83]. The binding of CD155 to TIGIT expressed on NK cells declines their cytotoxic capacity and production of IFNγ [44]. The effector capacity of T cells depends on the balance between the expression of TIGIT and DNAM-1 on their surface. Moreover, TIGIT enhances immunosuppression indirectly by blocking the costimulatory signaling of DNAM-1 by inhibiting the homodimerization of DNAM-1 [44]. DNAM-1 is downregulated in healthy ageing and decreased by CD155 on cytotoxic T cells, including CD8+PD-1+ TILs in various types of tumors. The binding of CD155 to DNAM-1 leads to the internalization and degradation of DNAM-1 in a proteasomal-dependent way. The activity of DNAM-1 is also suppressed by PD-1 receptor activity, and the inhibition of PD-1 restores the costimulatory signaling of DNAM-1 [29,44].




4. The Activity of TIGIT/CD155/DNAM-1 in Malignancies


Both the TIGIT/CD155/DNAM-1 axis and the programmed cell death pathway play role in T-cell exhaustion, and TIGIT and PD-1 are co-expressed on CD8+ T cells in human cancer [43]. In addition, TIGIT is the main receptor that causes the exhaustion of NK cells. The inhibition of immune response by TIGIT is based on delivering the inhibitory signals to NK cells and T cells, enhancing the suppressive activity of Tregs and inducing tolerogenic DCs via an increased production of IL-10 and a decreased production of IL-12 as a result of binding CD155 and TIGIT on the DCs surface [26,43,68,84,85,86]. The binding of CD155 or CD112 to TIGIT inhibits the T-cells effector activity and leads to cancer immune evasion [87]. In a murine model, TIGIT activity suppresses anticancer immune response by Tregs [88,89].The dual blockade of TIGIT and PD-1 induces cytokine production, as well as the proliferation and degranulation of TILs. Thus, the dual blockade of the TIGIT and PD-1/PD-L1 pathway seems to be prominent immunotherapy, especially for patients in whom the blockade of a single pathway has proven insufficient [84].



In melanoma, CD8+ TILs with decreased DNAM-1 expression and TIGIT upregulation mostly express also PD-1. The downregulation of DNAM-1 on NK cells and cytotoxic T cells of melanoma patients suggests that TIGIT and DNAM-1 play an antagonistic role in immunosuppression during cancer [26,46]. Both PD-1 (mainly on CD8+ T cells) and TIGIT (on CD8+ T cells, Tregs and NK cells) are expressed in over 70% of melanoma TMEs [43,84]. Simon et al. have demonstrated that the frequency of the circulating population of cytotoxic T cells with the co-expression of PD-1 and TIGIT is a potential factor in the prediction of the success of anti-PD-1 immunotherapy in melanoma patients [90]. Moreover, an increased ratio of the TIGIT/DNAM-1 expression on tumor-infiltrating Tregs is related to a high percentage of Tregs in melanoma patients treated with mAbs targeted against PD-1 and/or CTLA-4. It suggests that the ratio of TIGIT/DNAM-1 is a potential stability marker of Tregs [44]. Kurtulus et al. have shown that the dysfunctional immunophenotype of effector T cells is related to an increased production of IL-10 by TIGIT+ Tregs [57].



The expression of TIGIT in BC is related to highly aggressive subtypes, including basal-like BC subtype, triple negative BC, and HER2 positive BC or higher-grade tumor [91,92]. The study by Stamm et al. has demonstrated that the blocking of TIGIT or CD155 induces the lysis of BC cells via healthy donor peripheral blood mononuclear cells (HD-PBMCs) and cytokine-induced killer cells (CIKs) derived ex vivo from HD-PBMCs [92].



Similar to other effector cells of the immune system, the activity of NK cells is regulated by activating and inhibitory receptors, including TIGIT [43,93]. The toleration or elimination of the targets by NK cells depends on a net of reaching signals. Considering their nature, NK cells can recognize and kill cancer cells without inhibitory signals and a higher expression of activating ligands induced by cellular stress [94]. The interactions of DNAM-1 with its ligands are crucial for retaining the cytotoxic capacity of NK cells and eliminating cancer cells. The expression of DNAM-1 is downregulated on NK cells in myeloid leukemia [29].



Moreover, the upregulation of CD155 expression on tumor cells enhances the growth of cancer cells and their migration [95]. The increased CD155 expression is related to poor survival of patients with NSCLC [96], BC [97], osteosarcoma [98], and pancreatic cancer [71]. Similarly, the higher expression of CD96 is related to poor prognosis in pancreatic, lung, and breast cancer [51,99]. In contrast, the loss of CD155 on cancer cells facilitates the reduction of tumor growth and was found to lead to a beneficial response to anti-PD-1 agents in a murine tumor model [100]. Furthermore, the upregulation of the CD155 expression in metastatic melanoma is related to poor response to anti-PD-1 mAbs [44,60,70,71,72,73]. The increased CD155 expression on cancer cells leads to the proteasomal degradation of costimulatory receptor DNAM-1 on cytotoxic T cells, eventually resulting in the dysfunctional activity of CD8+ T cells in both human and mouse tumors [44]. Interestingly, the concentration of sCD155 in the serum of cancer patients, including those with BC, gynecological malignancies (including OC), gastrointestinal, and lung cancer, is increased compared to healthy blood donors [82,101].




5. The Activity of TIGIT/CD155/DNAM-1 in Ovarian Cancer


Taking into account the poor efficiency of standard treatment and relapse of the disease, adjuvant immunotherapy seems to be a promising complementary approach for OC patients [94]. Ovarian cancer is considered as immunogenic cancer because of the presence of tumor-infiltrating lymphocytes. Both TILs and NK cells play a crucial role in OC immunity and elimination of OC cells. However, OC is a highly heterogonic disease and the knowledge concerning the prognosis based on TILs is challenging. High CD3+ TILs are associated with beneficial OS at early stages of clear-cell and endometrioid OC. Similarly, CD8+ TILs in endometrioid OC are related to beneficial OS [102]. However, OC is generally marked by low to moderate TILs density [17,42]. Glennon et al. demonstrated that TIGIT is a potential prognostic marker for patients with HGSOC and its expression, similarly to PD-1 and PD-L1, is related with higher TILs density and beneficial prognosis [103]. Verhaak et al. have described four different gene-expression signatures in OC based on data from the Cancer Genome Atlas (TCGA), including proliferative, mesenchymal, differentiated, and immunoreactive types. The OC patients with immunoreactive types of tumors, marked by increased TILs levels, had beneficial survival rates [21,104]. The activity of NK cells in OC is modulated by TME including immunosuppressive cells, cytokines, and soluble factors. The increased percentage of NK cells in the peritoneal fluid was related to the beneficial survival of OC patients [94,105].



Data concerning the clinical implications of the TIGIT/CD155/DNAM-1 axis blockade, especially combined with the programmed cell death pathway, in OC patients are scant. Considering the efficiency of the dual blockade in animal models of other malignancies, the mechanism of its action should be elucidated.



TIGIT regulates the anticancer immune response via CD4+ Tregs which are related to tumor burden in OC patients. The dual blockade of TIGIT and PD-1/PD-L1 factors enhances the effector function of CD8+ T cells by synergistic action [57,106,107,108].



DNAM-1 is downregulated on NK cells in OC. Moreover, DNAM-1 is a crucial activating receptor of NK cells in OC, and the decreased expression of DNAM-1 in OC patients is related to the increased expression of CD155 in OC cells [94,109]. The data available in the literature shows that OC patients with lower expression of DNAM-1 on NK cells from PF have poorer survival than patients with higher DNAM-1 expression [110]. Peritoneal fluid soluble factors and cytokines have a strong influence on both the immunophenotype and distribution of NK cells present in that microenvironment [94]. The expression of DNAM-1 ligands is often upregulated on malignant cells. In OC patients, NK cells cytotoxicity is associated with an increased expression of CD155 [29].



Maas et al. have demonstrated that the TIGIT blockade enhances the responsiveness of NK cells in OC [94]. Similar results were obtained by Xu et al. [111] and Zhang et al. [112] who showed the beneficial influence of the TIGIT blockade on the antitumor activity of NK cells in BC and colon cancer, respectively. Thus, the novel approach to ICI immunotherapy in OC focuses not only on restoring the effector T-cell activity but also on increasing the anticancer activity of NK cells.



Smazynski et al. have demonstrated that T cells from PF and HGSOC frequently co-express PD-1 and TIGIT. The TIGIT expression increases after a standard clinical protocol [60]. The authors [60] have demonstrated the presence of CD155 expression in TILs-negative HGSOC, while PD-1 expression is positively related to TILs. The soluble form of the CD155 ligand is also frequently overexpressed, which is related to higher tumor burden [60,113]. Moreover, the expression of costimulatory receptor DNAM-1 on TIGIT+ T cells was extremely reduced, which suggests that TIGIT regulates DNAM-1 expression. The increased TIGIT expression and the decreased DNAM-1 expression on TILs may explain the poor response to the PD-1/PD-L1 blockade in HGSOC patients [60].



Moreover, Xu et al. have shown that the increased level of CD113 is positively correlated with the FIGO stage and related to the poor OS of OC patients. Both invasion and migration of OC cells are stimulated by metalloproteinase 9 (MMP-9) and MMP-2, which increase the CD113 expression. Thus, CD113 is a promising diagnostic biomarker for OC patients [51].



In their study, Zong et al. [114] have demonstrated that the expression level of gene C100rf54 that encodes VISTA (a PD-1 homolog) is positively associated with genes TIM-3, TIGIT and PDCD1LG2 (encodes PD-L2). These genes encode proteins crucial for immune evasion in human cancers. VISTA is the ICP that suppress the effector activity of T cells via expression on APCs as a ligand or on T cells as a receptor. A preclinical study has demonstrated that the dual blockade of VISTA and PD-1 has a synergistic effect in a murine colon cancer model [115]. VISTA is also expressed in human cancers such as colorectal cancer, NSCLC, gastric cancer, and its expression is upregulated in endometrial and OC [114,116].



Preclinical studies indicate that TIGIT plays a significant role in immunosuppression in OC. Chen et al. have shown that in the OC murine model, TIGIT expression is higher in immune system cells, including Tregs. The TIGIT signaling blockade has been found to lead to the beneficial survival of mice with OC via decreasing Tregs function. It suggests that TIGIT can enhance the activity of Tregs, especially CD4+, and create an immunosuppression signature in OC [107]. Scientific studies confirm that the increased percentage of Tregs in PF is related to poor prognosis for OC patients [107,108,117]. In the OC murine model, it has been observed that the TIGIT blockade by mAbs leads to a reduced percentage of Tregs and a decrease in their suppressive activity that is related to a reduced production of IL-10 after anti-TIGIT mAbs implementation [107]. In addition, the result of the TIGIT blockade is an activation of tumor-activated CD8+ TILs. The TIGIT ligand, CD155, is highly expressed in HGSOC in a pattern familiar to PD-L1 expression [118]. Thus, the full understanding of the biological activity of the TIGIT/CD155/DNAM-1 axis and the programmed cell death pathway in OC leads to developing a novel approach to enhance the antitumor response of NK cells and T cells.




6. TIGIT-Based Immunotherapy


Immunological agents are a crucial approach in keeping in check the progression of various malignancies, including melanoma, renal, and lung cancer. Moreover, in 2018, Prof. James Allison and Prof. Tasuku Honjo were honored with the Nobel Prize in Physiology and Medicine for the discovery of negative regulators of immune response and their application in cancer therapy via inhibition of negative regulation of the immune system, respectively, CTLA-4 and programmed cell death pathway. Their findings have brought a great contribution to the field of tumor biology and a novel approach to cancer treatment [18,119].



The breaking of immunosuppression in the ovarian cancer TME seems to be a promising approach in OC treatment [120]. However, the insufficient effectiveness of immunotherapy based on programmed cell death inhibitors has forced scientists to search for new strategies to cure OC. There are two main mechanisms that determine the efficiency of ICIs in OC patients. The first critical variable is the density of TILs (CD3+, CD8+) in the OC TME. Hot tumors such as NSCLC and melanoma with high density of TILs in TME generally have high response rates to immunotherapies based on ICPs. However, cold tumors with low TILs density, including neuroblastoma and prostate cancer, poorly respond to this kind of treatment. OC is marked by low to intermediate TILs density, so OC patients nominally respond to ICIs. The next crucial factor that determines the success of ICIs in OC patients is tumor mutational burden (TMB). OC is characterized by low to intermediate TMB [17,42].



Another parameter that influences response to ICIs is mismatch repair (MMR), the malfunction of which leads to genome microsatellite instability (MSI). Cancers with high MSI produce tumor antigens with a 10–100 times higher TMB compared to tumors with microsatellite stability. This results in elevated immunogenicity and a higher response to immunotherapy based on ICPs. The most immunogenic histological type of OC is clear-cell OC because of a high MSI level and a high density of CD8+ TILs. Thus, ICIs in clear-cell OC are five-fold more efficient compared to other OC types [42].



The results of phase two clinical trial CITYSCAPE (NCT03563716) indicated that in patients with non-small cell lung cancer with high PD-L1 expression, the combination of tirogolumab and Tecentriq (atezolizumab; mAbs anti-PD-L1) vs. atezolizumab plus placebo, clinically improved the progression-free survival and the objective response rate (ORR; respectively, PFS median 5.4 vs. 3.6 months; ORR median 37.3% vs. 20.6%). The drug combination is well tolerated by patients and the safety profile is similar to that of Tecentriq implemented as a single agent [120,121,122]. The CITYSCAPE clinical trial was the first randomized study indicating that the simultaneous TIGIT and PD-L1 blockade stimulates anticancer activity and boosts the immune response [121,122,123]. Based on the results of the study, tiragolumab was the first anti-TIGIT mAbs that was granted breakthrough therapy designation (BTD) from the FDA [121,124]. The FDA approved anti-PD-1 (nivolumab, nembrolizumab) and anti PD-L1 (atezolizumab, durvalumab) mAbs for lung cancer treatment [125]. The main goal of novel immunotherapies is a restoration of CD8+ T cells-dependent antitumor immune response to eliminate tumor cells via immediate cytotoxicity and to generate anticancer immunological memory [44]. The advancement of NK cells-based immunotherapy mainly consists in assessing the NK cells immunophenotype, lytic activity, and ICP expression [29].



Despite the development of plenty of novel drugs based on ICPs inhibition, none of them, whether as a single factor or in combination with other factors, has shown significant activity in the potential clinical application in randomized clinical trials, except for mAbs targeted against TIGIT (tiragolumab) [68].



Presently, a lot of mAbs targeted against TIGIT are tested in both preclinical and clinical trials to treat advanced and metastatic malignancies. The expression of PD-1 is limited to subsets of exhausted NK cells. In their study, Zhang et al. have shown that NK cells are crucial for obtaining a therapeutic effect of TIGIT inhibition or the dual of TIGIT and PD-1/PD-L1 pathway blockade [112]. Considering the complexity of TIGIT/CD155/DNAM-1, including sharing ligands, the prediction of the influence exerted by mAbs on the tumor blockade of TIGIT is challenging [77]. According to ClinicalTrials.gov, in 2022, 48 clinical trials have been launched, recruiting cancer patients to study the anti-TIGIT blockade in malignancies treatment. Most of them are currently at early implementation stages (phases 1–2) [126]. The main aim of early clinical trials is to establish in which group of cancer patients the implementation of single anti-TIGIT agents or in combination with anti-PD-1/PD-L1 mAbs will be beneficial [127]. There is growing evidence that the TIGIT blockade is a promising strategy that boosts the antitumor activity of NK cells even at advanced stages of the tumor [94]. Considering the role of the TIGIT/CD155/DNAM-1 pathway in malignancies progression, clinical trials are currently conducted using the mAbs targeted against these immune factors [128,129]. The results obtained in preclinical and clinical trials, including CITYSCOPE, suggest that the TIGIT blockade is the most promising ICPs inhibitor in the post-PD-1/PD-L1 era [26,68,121]. The role of the TIGIT/CD155/DNAM-1 pathway in immunotherapies and the mode of action of anti-TIGIT mAbs are presented in Figure 3.



Considering the predominant role of the TIGIT/CD155/DNAM-1 axis in the immunosuppression in tumors, including OC, the inhibition of the pathway in monotherapy or combined therapy, especially altogether with the programmed cell death pathway blockade, the ICP inhibitors are a potential target in cancer treatment, in particular in cold tumors [20]. Preclinical research has established that the TIGIT blockade works synergistically with the inhibitors of the programmed cell death pathway in combined therapy [46].



Promising results were obtained by implementing an anti-TIGIT agent combined with mAbs targeted against PD-1/PD_L1 in murine cancer models. In mouse models of colon carcinoma (CT26, MC38), BC (EMT6), and glioblastoma (GL261), the dual blockade caused fairly complete remission while the implementation of a single anti-TIGIT agent showed only limited effectiveness [26,62,85,130].



Dixon et al. [26] have demonstrated that a single TIGIT blockade in a murine model led to a modest inhibition of colon carcinoma growth, while the results of the PD-1 mAbs implementation alone were diverse, and a complete regression of the tumor was observed in only one animal out of a group of twelve mice. However, the combination of anti-TIGIT and anti-PD-1 agents resulted in a complete tumor regression in all tested mice (n = 12) [26]. The authors have also demonstrated that the double blockade of these pathways stimulates the effector activity of TILs by enhancement of TNF-α, IL-2, and IFN-γ secretion by CD8+ TILs, and increases the production of IFN-γ by CD4+ TILs [26]. Moreover, similar findings have been demonstrated by Chauvin et al. in melanoma [61], and by Ostroumov et al. in liver cancer [131].



In addition, DNAM-1 is required for the efficiency of the double blockade. Considering the role of DNAM-1 in the regulation of CD8+ mediated immune response, it plays an invaluable predictive role for estimating a success rate in ICIs treatment. In the dual TIGIT and PD-1 blockade, some differences between CD8+ T cells with high and low DNAM-1 expression were observed. The blockade by mAbs or the deficiency of DNAM-1 in tumor-bearing mice led to resistance to the double blockade. The observation indicates that DNAM-1 is indispensable for the dual blockade therapy [130].



The TIGIT blockade with mAbs leads to enhancing the antitumor response of effector T-cells regulated via NK cells. It also enhances the effectiveness of immunotherapy based on PD-1/PD-L1 inhibitors [112,132]. The double blockade is beneficial even in those cancer types that are resistant to PD-1/PD-L1 inhibitors. The dual blockade enhances the proliferation and production of cytokine, and the degranulation of CD8+ T cells [133]. Thus, the majority of clinical trials focus on combined therapy, including the inhibition of TIGIT and the programmed cell death pathway [44]. There are ongoing clinical trials that aim to establish the efficiency of the dual blockade of the TIGIT/CD155/DNAM-1 and PD-1/PD-L1 pathways in the treatment of such tumors as OC, esophageal cancer, and non-small-cell lung cancer [134]. The simultaneous implementation of anti-TIGIT and anti-PD-1 agents was beneficial in head and neck squamous cell carcinoma [135], glioblastoma [85], colorectal cancer [136], and renal cancer [137]. However, the synergetic mechanism of immunotherapy remains unclear [136].



The immunotherapy based on the TIGIT/CD155/DNAM-1 pathway is based on the competitive binding of CD155 with coinhibitory TIGIT or costimulatory DNAM-1, and it is a predominant mechanism of TIGIT-dependent immunosuppression. The blocking of TIGIT by mAbs leads to reversing the suppression [130]. However, the efficiency of the response to anti-TIGIT agents depends on the mAbs isotype (IgG1, IgG1 with lower affinity to FcγR, IgG4) and the prospect that CD155 binds to DNAM-1. The efficiency of the TIGIT blockade is lost if DNAM-1 is concurrently blocked [68]. The ongoing clinical trials using anti-TIGIT mAbs at advanced stages in cancer treatment are presented in Table 1.



In addition, immunotherapies combined with radiotherapy (RT) enhance the efficiency of treatment in many solid cancers and may constitute a new promising combination. The combination of anti-PD-L1 agents with RT stimulates the anticancer effect via CD8+ T cells-dependent mechanism that leads to the upregulation of PD-L1. Many clinical trials focus on the implementation of RT combined with ICIs in solid tumors, such as colorectal cancer, renal cancer, non-small cell lung cancer, sarcoma, and head and neck squamous cell carcinoma [126,144]. In their study, Grapin et al. have demonstrated that the combined therapy including RT and anti-PD-L1 and anti-TIGIT factors in a murine CT26 colon tumor model is beneficial in cancer treatment [144]. However, there is a necessity to conduct further studies to establish an optimal radiation pattern to successfully enhance the antitumor immune response in patients with particular types of cancer [144].



The development of bispecific antibodies (BsAbs) targeted at TIGIT and PD-L1 is another promising approach in cancer treatment. The BsAb is a combination of two tetravalent nanobodies (Nbs), i.e., anti-TIGIT Nb and anti-PD-L1 Fc-fusion Nb. The preclinical data in a murine model have demonstrated that the implementation of the BsAbs leads to increased anticancer activity in comparison to anti-PD-L1 mAbs. Its efficiency should be investigated in clinical trials [79,145].



Considering the success of ICIs, including anti-PD-1 and anti-PD-L1 agents, in the treatment of many solid cancers, including melanoma, lung, and kidney cancer, inhibitors of PD-1/PD-L1 appeared as a promising option for OC patients. However, the results obtained in clinical trials were disappointing [146,147]. Especially, monotherapies demonstrated only marginal outcomes in terms of response rate and survival improvement. Phase two clinical trials (KEYNOTE-100; NCT02674061) have indicated poor improvement in the OS (1.0625 fold) of OC patients after the implementation of pembrolizumab in monotherapy vs. chemotherapy (median OS, respectively, 18.7 vs. 17.6 months; PFS in both cohorts: 2.1 months) [148,149,150]. Considering that OC is a cold or warm tumor with a low to intermediate density of TILs, the combination of ICIs may improve the benefits of immunotherapy [17,151]. There are ongoing clinical trials that test anti-PD-1 (nivolumab, pembrolizumab) and anti-PD-L1 (avelumab, durvalumab, atezolizumab), both as single agents and in combination with PARP inhibitors (niraparib, olaparib) chemotherapy, antiangiogenic factors (bevacizumab) and other ICIs (ipilimumab, anti-TIGIT mAbs) [17]. Immunotherapies based on anti-PD-1 and anti-PD-L1 agents in OC patients were described in detail in our previous study [21].



According to ClinicalTrials.gov [126], in 2022, there are only four recruiting clinical trials applying the mAbs anti-TIGIT or anti-CD112R (COM701) in OC treatment, mainly in combination with anti-PD-1 agents (nivolumab). All of them are at the early implementation stages (phase 1 or 2) [126]. However, no results have been posted yet. It should be highlighted that OC is one of only few cancers in which ICPs inhibitors have not been accepted by FDA, either in combination or as monotherapy [17]. The ongoing clinical trials based on the TIGIT/CD155/DNAM-1 pathway in OC treatment are presented in Table 2.



Immunotherapy based on ICIs is well tolerated by cancer patients and rarely causes adverse events (AEs) including nonspecific symptoms, such as fatigue, fever, chillness, or immune-related adverse events (irAEs) as a result of immune response against self-tissue [17,156,157]. The most frequent irAEs are related to lungs, hepatitis, guts (diarrhea, colitis), skin (xerosis cutis, rash, and pruritus), and endocrine organs (thyroiditis). Most AEs occur in the first 12 weeks after ICIs implementation [17,156,157]. However, delayed AEs occur even several weeks or months after discontinuation of immunotherapy. Depending on the involved ICIs type, the irAEs are different but most of them are easy to manage with corticosteroids combined with immunosuppressants. The lethal side effects are rare and include myocarditis or acute renal failure [17,156,157]. In general, mAbs against TIGIT are well tolerated by patients in both monotherapy and in combination with PD-1 and PD-L1 inhibitors. The most frequent AEs include fatigue, pruritus, and, sporadically, diarrhea and anemia [79]. In treatment based on anti-PD-1 mAbs, the common irAEs is pneumonitis, while in patients treated with ipilimumab the frequent side effect is colitis [17,156,157]. The European Medicines Agency (EMA), in its pooled analysis, found the lowest irAEs incidence in patients treated with nivolumab as a single agent (78%) in comparison to ipilimumab alone (86%) and to a combination of nivolumab and ipilimumab (95%) [158]. ServeirAEs were found in 54% of patients treated with nivolumab and ipilimumab and five (0.7%) fatalities related to the treatment were reported, while patients treated with nivolumab as a single agent and ipilimumab alone showed lower irAEs incidence (14% and 27%, respectively) [156,158]. Another side effect of immunotherapy based on ICIs is hyperprogressive disease (HPD), which is related to the rapid cancer progression and tumor growth, resulting in shorter OS and PFS. The HPD incidence in tumors totals 4–29% [7,159]. However, in their study, Boland et al. have demonstrated that HPD concerned 46 out of 89 OC patients (51.6%) [160]. The occurrence of HPD in cancers suggests that immunotherapies based on ICPs inhibitors are harmful for some cancer patients. However, there are no factors to predict HPD and its mechanisms remain unclear [7,159].




7. Perspectives and Future Directions


In the past decade, various combinations of anti-PD-1/PD-L1 mAbs with other biological drugs (bevacizumab, olarparib) or chemotherapy were approved by the FDA in malignancies, including melanoma, cervical cancer, uterine cancer [79,148,161]. However, none of the anti-PD-1/PD-L1 mAbs were approved in OC treatment.



The main hurdle in efficient OC immunotherapy is connected with breaking the immunosuppressive TME [6]. The success of the dual TIGIT and PD-1/PD-L1 pathway blockade primarily depends on selecting the proper group of OC patients in whom the implementation of this kind of treatment would be beneficial. Thus, there is a necessity to identify the prognostic biomarkers of response in OC patients [79]. In addition, developing biomarkers would be helpful for researchers in combining the dual TIGIT and PD-1/PD-L1 pathway blockade with other agents, and in terms of minimizing its adverse effects and toxicity [6]. The complexity of the TIGIT/CD155/DNAM-1 axis and its mechanistic convergence with the PD-1/PD-L1/PD-L2 pathway is challenging in restoring the effector activity of both T cells and NK cells [66]. Thus, there is a necessity to develop combined therapies, including ICIs with PARPi and antiangiogenic factors. These combined therapies elevate the efficiency of immunotherapy via increasing TMB and the expression of tumor antigens and PD-L1 [17]. Further preclinical and clinical studies are necessary to understand the mechanisms underlying the synergistic action of the TIGIT/CD155/DNAM-1 and PD-1/PD-L1/PD-L1 pathways and to optimize immunotherapy [38].



The most challenging aspect of projecting immunotherapy for OC patients is the heterogeneity of the disease. There are no algorithms to select the proper OC patients group, in whom the immunotherapy would be beneficial. Considering the OC heterogeneity, it is hard to establish the correlation between the ICPs expression and response to the implemented therapy [16].



The next critical appearance in OC treatment is the hyperprogressive disease as an AE of immunotherapy. Distinguishing HPD and pseudoprogression is crucial for treatment continuation and for prolonging the OS of OC patients [162,163,164,165]. The pseudoprogression is the enhancement of primary tumor size or occurrence of new malignant infiltration in first weeks after implementation of immunotherapy. However, in pseudoprogression, tumor growth is related with its infiltration by immune cells, including T and B cells [166,167]. Thus, the establishment of pseudoprogression and HPD biomarkers for OC patients is predominantly to improve their clinical outcomes.




8. Conclusions


In the past decade, immunotherapies based on ICP inhibitors, mainly anti-PD-1/PD-L1 and anti-CTLA-4 mAbs, revolutionized the treatment of malignancies. However, their efficiency in some solid tumors, such as OC, is disappointing. Considering the modest efficiency of the currently used therapies and the lack of diagnostic biomarkers for OC patients, gaining insight into cancer surveillance and designing approaches to restore the antitumor capability of immune cells are highly needed.



Considering the latest report in the field of tumor immunology, the TIGIT/CD155/DNAM-1 pathway plays the predominant role in OC progression and interactions of its components with the programmed cell death pathway create strong immunosuppression in the ovarian cancer TME. The combined therapy, including the blockade of both axes, stimulates the effector activity of T cells and NK cells, and redirects the immune system activity against tumor cells. The current understanding of the activity of both pathways, TIGIT/CD155/DNAM-1 and PD-1/PD-L1, as well as their synergistic action, remains unclear. A full understanding of the role of TIGIT in OC immunity may help to project target therapies that will be beneficial in the disease.







Author Contributions


Conceptualization, A.P. and I.W.; formal analysis, W.S. and D.S.; writing—original draft preparation, A.P. and W.K.; writing—review and editing, R.P. and J.J.-G.; visualization, A.P. and W.K.; supervision, I.W.; project administration, A.P. and I.W.; funding acquisition, A.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded in whole by National Science Centre, Poland Preludium grant number 2021/41/N/NZ6/01727. For the purpose of Open Access, the author has applied a CC-BY public copyright licence to any Author Accepted Manuscript (AAM) version arising from this submission.




Acknowledgments


Anna Pawłowska has received annual support (scholarship–START) from the Foundation for Polish Science (FNP) in 2022 for the most talented young scientists.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



The International Agency for Research on Cancer on Global Cancer Observatory. Available online: https://gco.iarc.fr/ (accessed on 12 February 2022).

	



Lin, H.; Wang, J.; Wen, X.; Wen, Q.; Huang, S.; Mai, Z.; Lu, L.; Liang, X.; Pan, H.; Li, S.; et al. A Prognosis-predictive Nomogram of Ovarian Cancer with Two Immune-related Genes: CDC20B and PNPLA5. Oncol. Lett. 2020, 20, 204. [Google Scholar] [CrossRef]

	



Comprehensive Cancer Information—NCI. Available online: https://www.cancer.gov/ (accessed on 6 November 2022).

	



Huo, X.; Zhang, X.; Li, S.; Wang, S.; Sun, H.; Yang, M. Identification of Novel Immunologic Checkpoint Gene Prognostic Markers for Ovarian Cancer. J. Oncol. 2022, 2022, 8570882. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Cui, Q.; Xu, M.; Liu, D.; Yao, S.; Chen, M. Current Advances in PD-1/PD-L1 Blockade in Recurrent Epithelial Ovarian Cancer. Front. Immunol. 2022, 13, 901772. [Google Scholar] [CrossRef] [PubMed]

	



United States Food and Drug Administration. Available online: https://www.fda.gov/home (accessed on 4 November 2022).

	



Yang, C.; Xia, B.-R.; Zhang, Z.-C.; Zhang, Y.-J.; Lou, G.; Jin, W.-L. Immunotherapy for Ovarian Cancer: Adjuvant, Combination, and Neoadjuvant. Front. Immunol. 2020, 11, 2595. [Google Scholar] [CrossRef] [PubMed]

	



Lheureux, S.; Braunstein, M.; Oza, A.M. Epithelial Ovarian Cancer: Evolution of Management in the Era of Precision Medicine. CA A Cancer J. Clin. 2019, 69, 280–304. [Google Scholar] [CrossRef]

	



Nebgen, D.R.; Lu, K.H.; Bast, R.C. Novel Approaches to Ovarian Cancer Screening. Curr. Oncol. Rep. 2019, 21, 75. [Google Scholar] [CrossRef]

	



Stewart, C.; Ralyea, C.; Lockwood, S. Ovarian Cancer: An Integrated Review. Semin. Oncol. Nurs. 2019, 35, 151–156. [Google Scholar] [CrossRef]

	



Westergaard, M.C.W.; Milne, K.; Pedersen, M.; Hasselager, T.; Olsen, L.R.; Anglesio, M.S.; Borch, T.H.; Kennedy, M.; Briggs, G.; Ledoux, S.; et al. Changes in the Tumor Immune Microenvironment during Disease Progression in Patients with Ovarian Cancer. Cancers 2020, 12, 3828. [Google Scholar] [CrossRef]

	



Rutten, M.J.; Leeflang, M.M.G.; Kenter, G.G.; Mol, B.W.J.; Buist, M. Laparoscopy for Diagnosing Resectability of Disease in Patients with Advanced Ovarian Cancer. Cochrane Database Syst Rev. 2014, 2014, CD009786. [Google Scholar] [CrossRef]

	



Berek, J.S.; Kehoe, S.T.; Kumar, L.; Friedlander, M. Cancer of the Ovary, Fallopian Tube, and Peritoneum. Int. J. Gynaecol. Obs. 2018, 143 (Suppl. 2), 59–78. [Google Scholar] [CrossRef]

	



Gupta, S.; Nag, S.; Aggarwal, S.; Rauthan, A.; Warrier, N. Maintenance Therapy for Recurrent Epithelial Ovarian Cancer: Current Therapies and Future Perspectives—A Review. J. Ovarian Res. 2019, 12, 103. [Google Scholar] [CrossRef] [PubMed]

	



Bonifácio, V.D.B. Ovarian Cancer Biomarkers: Moving Forward in Early Detection. In Tumor Microenvironment: The Main Driver of Metabolic Adaptation; Serpa, J., Ed.; Advances in Experimental Medicine and Biology; Springer International Publishing: Cham, Switzerland, 2020; pp. 355–363. ISBN 978-3-030-34025-4. [Google Scholar]

	



Świderska, J.; Kozłowski, M.; Kwiatkowski, S.; Cymbaluk-Płoska, A. Immunotherapy of Ovarian Cancer with Particular Emphasis on the PD-1/PDL-1 as Target Points. Cancers 2021, 13, 6063. [Google Scholar] [CrossRef] [PubMed]

	



Maiorano, B.A.; Maiorano, M.F.P.; Lorusso, D.; Maiello, E. Ovarian Cancer in the Era of Immune Checkpoint Inhibitors: State of the Art and Future Perspectives. Cancers 2021, 13, 4438. [Google Scholar] [CrossRef]

	



Chardin, L.; Leary, A. Immunotherapy in Ovarian Cancer: Thinking Beyond PD-1/PD-L1. Front. Oncol. 2021, 11, 795547. [Google Scholar] [CrossRef] [PubMed]

	



Doo, D.W.; Norian, L.A.; Arend, R.C. Checkpoint Inhibitors in Ovarian Cancer: A Review of Preclinical Data. Gynecol. Oncol. Rep. 2019, 29, 48–54. [Google Scholar] [CrossRef] [PubMed]

	



Liu, X.; Hou, M.; Liu, Y. TIGIT, A Novel Therapeutic Target for Tumor Immunotherapy. Immunol. Investig. 2017, 46, 172–182. [Google Scholar] [CrossRef] [PubMed]

	



Pawłowska, A.; Suszczyk, D.; Okła, K.; Barczyński, B.; Kotarski, J.; Wertel, I. Immunotherapies Based on PD-1/PD-L1 Pathway Inhibitors in Ovarian Cancer Treatment. Clin. Exp. Immunol. 2019, 195, 334–344. [Google Scholar] [CrossRef]

	



Weulersse, M.; Asrir, A.; Pichler, A.C.; Lemaitre, L.; Braun, M.; Carrié, N.; Joubert, M.-V.; Le Moine, M.; Do Souto, L.; Gaud, G.; et al. Eomes-Dependent Loss of the Co-Activating Receptor CD226 Restrains CD8+ T Cell Anti-Tumor Functions and Limits the Efficacy of Cancer Immunotherapy. Immunity 2020, 53, 824–839.e10. [Google Scholar] [CrossRef]

	



Rodriguez, G.M.; Galpin, K.J.C.; McCloskey, C.W.; Vanderhyden, B.C. The Tumor Microenvironment of Epithelial Ovarian Cancer and Its Influence on Response to Immunotherapy. Cancers 2018, 10, 242. [Google Scholar] [CrossRef]

	



Wang, S.; He, Z.; Wang, X.; Li, H.; Liu, X.-S. Antigen Presentation and Tumor Immunogenicity in Cancer Immunotherapy Response Prediction. eLife 2019, 8, e49020. [Google Scholar] [CrossRef]

	



Vázquez-García, I.; Uhlitz, F.; Ceglia, N.; Lim, J.L.P.; Wu, M.; Mohibullah, N.; Ruiz, A.E.B.; Boehm, K.M.; Bojilova, V.; Fong, C.J.; et al. Immune and Malignant Cell Phenotypes of Ovarian Cancer Are Determined by Distinct Mutational Processes. Cancer Res. 2022, 82, 2553. [Google Scholar] [CrossRef]

	



Dixon, K.O.; Schorer, M.; Nevin, J.; Etminan, Y.; Amoozgar, Z.; Kondo, T.; Kurtulus, S.; Kassam, N.; Sobel, R.A.; Fukumura, D.; et al. Functional Anti-TIGIT Antibodies Regulate Development of Autoimmunity and Antitumor Immunity. J. Immunol. 2018, 200, 3000–3007. [Google Scholar] [CrossRef] [PubMed]

	



Fife, B.T.; Bluestone, J.A. Control of Peripheral T-Cell Tolerance and Autoimmunity via the CTLA-4 and PD-1 Pathways. Immunol. Rev. 2008, 224, 166–182. [Google Scholar] [CrossRef] [PubMed]

	



Cortez, A.J.; Tudrej, P.; Kujawa, K.A.; Lisowska, K.M. Advances in Ovarian Cancer Therapy. Cancer Chemother. Pharm. 2018, 81, 17–38. [Google Scholar] [CrossRef] [PubMed]

	



Sanchez-Correa, B.; Valhondo, I.; Hassouneh, F.; Lopez-Sejas, N.; Pera, A.; Bergua, J.M.; Arcos, M.J.; Bañas, H.; Casas-Avilés, I.; Durán, E.; et al. DNAM-1 and the TIGIT/PVRIG/TACTILE Axis: Novel Immune Checkpoints for Natural Killer Cell-Based Cancer Immunotherapy. Cancers 2019, 11, 877. [Google Scholar] [CrossRef]

	



Pawłowska, A.; Kwiatkowska, A.; Suszczyk, D.; Chudzik, A.; Tarkowski, R.; Barczyński, B.; Kotarski, J.; Wertel, I. Clinical and Prognostic Value of Antigen-Presenting Cells with PD-L1/PD-L2 Expression in Ovarian Cancer Patients. Int. J. Mol. Sci. 2021, 22, 11563. [Google Scholar] [CrossRef]

	



Pawłowska, A.; Suszczyk, D.; Tarkowski, R.; Paduch, R.; Kotarski, J.; Wertel, I. Programmed Death-1 Receptor (PD-1) as a Potential Prognosis Biomarker for Ovarian Cancer Patients. CMAR 2020, 12, 9691–9709. [Google Scholar] [CrossRef]

	



Pascolutti, R.; Sun, X.; Kao, J.; Maute, R.; Ring, A.M.; Bowman, G.R.; Kruse, A.C. Structure and Dynamics of PD-L1 and an Ultra High-Affinity PD-1 Receptor Mutant. Structure 2016, 24, 1719–1728. [Google Scholar] [CrossRef]

	



Chatterjee, J.; Dai, W.; Aziz, N.H.A.; Teo, P.Y.; Wahba, J.; Phelps, D.L.; Maine, C.J.; Whilding, L.M.; Dina, R.; Trevisan, G.; et al. Clinical Use of Programmed Cell Death-1 and Its Ligand Expression as Discriminatory and Predictive Markers in Ovarian Cancer. Clin. Cancer Res. 2017, 23, 3453–3460. [Google Scholar] [CrossRef]

	



Zhu, X.; Lang, J. Programmed Death-1 Pathway Blockade Produces a Synergistic Antitumor Effect: Combined Application in Ovarian Cancer. J. Gynecol. Oncol. 2017, 28, e64. [Google Scholar] [CrossRef]

	



Marinelli, O.; Annibali, D.; Aguzzi, C.; Tuyaerts, S.; Amant, F.; Morelli, M.B.; Santoni, G.; Amantini, C.; Maggi, F.; Nabissi, M. The Controversial Role of PD-1 and Its Ligands in Gynecological Malignancies. Front. Oncol. 2019, 9, 1073. [Google Scholar] [CrossRef] [PubMed]

	



Festino, L.; Botti, G.; Lorigan, P.; Masucci, G.V.; Hipp, J.D.; Horak, C.E.; Melero, I.; Ascierto, P.A. Cancer Treatment with Anti-PD-1/PD-L1 Agents: Is PD-L1 Expression a Biomarker for Patient Selection? Drugs 2016, 76, 925–945. [Google Scholar] [CrossRef] [PubMed]

	



Keir, M.E.; Butte, M.J.; Freeman, G.J.; Sharpe, A.H. PD-1 and Its Ligands in Tolerance and Immunity. Annu. Rev. Immunol. 2008, 26, 677–704. [Google Scholar] [CrossRef] [PubMed]

	



Banta, K.L.; Xu, X.; Chitre, A.S.; Au-Yeung, A.; Takahashi, C.; O’Gorman, W.E.; Wu, T.D.; Mittman, S.; Cubas, R.; Comps-Agrar, L.; et al. Mechanistic Convergence of the TIGIT and PD-1 Inhibitory Pathways Necessitates Co-Blockade to Optimize Anti-Tumor CD8+ T Cell Responses. Immunity 2022, 55, 512–526.e9. [Google Scholar] [CrossRef] [PubMed]

	



Miao, Y.R.; Thakkar, K.N.; Qian, J.; Kariolis, M.S.; Huang, W.; Nandagopal, S.; Yang, T.T.C.; Diep, A.N.; Cherf, G.M.; Xu, Y.; et al. Neutralization of PD-L2 Is Essential for Overcoming Immune Checkpoint Blockade Resistance in Ovarian Cancer. Clin. Cancer Res. 2021, 27, 4435–4448. [Google Scholar] [CrossRef]

	



Philips, E.A.; Garcia-España, A.; Tocheva, A.S.; Ahearn, I.M.; Adam, K.R.; Pan, R.; Mor, A.; Kong, X.-P. The Structural Features That Distinguish PD-L2 from PD-L1 Emerged in Placental Mammals. J. Biol. Chem. 2020, 295, 4372–4380. [Google Scholar] [CrossRef]

	



Xue, C.; Zhu, D.; Chen, L.; Xu, Y.; Xu, B.; Zhang, D.; Jiang, J. Expression and Prognostic Value of PD-L1 and PD-L2 in Ovarian Cancer. Transl. Cancer Res. 2019, 8, 111–119. [Google Scholar] [CrossRef]

	



Drakes, M.L.; Czerlanis, C.M.; Stiff, P.J. Immune Checkpoint Blockade in Gynecologic Cancers: State of Affairs. Cancers 2020, 12, 3301. [Google Scholar] [CrossRef]

	



Chauvin, J.-M.; Zarour, H.M. TIGIT in Cancer Immunotherapy. J. Immunother. Cancer 2020, 8, e000957. [Google Scholar] [CrossRef]

	



Ge, Z.; Peppelenbosch, M.P.; Sprengers, D.; Kwekkeboom, J. TIGIT, the Next Step Towards Successful Combination Immune Checkpoint Therapy in Cancer. Front. Immunol. 2021, 12, 699895. [Google Scholar] [CrossRef]

	



Manieri, N.A.; Chiang, E.Y.; Grogan, J.L. TIGIT: A Key Inhibitor of the Cancer Immunity Cycle. Trends Immunol. 2017, 38, 20–28. [Google Scholar] [CrossRef] [PubMed]

	



Solomon, B.L.; Garrido-Laguna, I. TIGIT: A Novel Immunotherapy Target Moving from Bench to Bedside. Cancer Immunol. Immunother. 2018, 67, 1659–1667. [Google Scholar] [CrossRef] [PubMed]

	



Yu, X.; Harden, K.; C Gonzalez, L.; Francesco, M.; Chiang, E.; Irving, B.; Tom, I.; Ivelja, S.; Refino, C.J.; Clark, H.; et al. The Surface Protein TIGIT Suppresses T Cell Activation by Promoting the Generation of Mature Immunoregulatory Dendritic Cells. Nat. Immunol. 2009, 10, 48–57. [Google Scholar] [CrossRef] [PubMed]

	



Whelan, S.; Ophir, E.; Kotturi, M.F.; Levy, O.; Ganguly, S.; Leung, L.; Vaknin, I.; Kumar, S.; Dassa, L.; Hansen, K.; et al. PVRIG and PVRL2 Are Induced in Cancer and Inhibit CD8+ T-Cell Function. Cancer Immunol. Res. 2019, 7, 257–268. [Google Scholar] [CrossRef] [PubMed]

	



Mizutani, K.; Takai, Y. Nectin Spot: A Novel Type of Nectin-Mediated Cell Adhesion Apparatus. Biochem. J. 2016, 473, 2691–2715. [Google Scholar] [CrossRef] [PubMed]

	



Mandai, K.; Rikitake, Y.; Mori, M.; Takai, Y. Nectins and Nectin-like Molecules in Development and Disease. Curr. Top. Dev. Biol. 2015, 112, 197–231. [Google Scholar] [CrossRef]

	



Xu, F.; Si, X.; Wang, J.; Yang, A.; Qin, T.; Yang, Y. Nectin-3 Is a New Biomarker That Mediates the Upregulation of MMP2 and MMP9 in Ovarian Cancer Cells. Biomed. Pharmacother. 2019, 110, 139–144. [Google Scholar] [CrossRef]

	



Dougall, W.C.; Kurtulus, S.; Smyth, M.J.; Anderson, A.C. TIGIT and CD96: New Checkpoint Receptor Targets for Cancer Immunotherapy. Immunol. Rev. 2017, 276, 112–120. [Google Scholar] [CrossRef]

	



Yue, C.; Gao, S.; Li, S.; Xing, Z.; Qian, H.; Hu, Y.; Wang, W.; Hua, C. TIGIT as a Promising Therapeutic Target in Autoimmune Diseases. Front. Immunol. 2022, 13, 911919. [Google Scholar] [CrossRef]

	



Shibuya, A.; Shibuya, K. DNAM-1 versus TIGIT: Competitive Roles in Tumor Immunity and Inflammatory Responses. Int Immunol. 2021, 33, 687–692. [Google Scholar] [CrossRef]

	



Schnell, A.; Bod, L.; Madi, A.; Kuchroo, V.K. The Yin and Yang of Co-Inhibitory Receptors: Toward Anti-Tumor Immunity without Autoimmunity. Cell Res. 2020, 30, 285–299. [Google Scholar] [CrossRef] [PubMed]

	



Harjunpää, H.; Guillerey, C. TIGIT as an Emerging Immune Checkpoint. Clin. Exp. Immunol. 2020, 200, 108–119. [Google Scholar] [CrossRef] [PubMed]

	



Kurtulus, S.; Sakuishi, K.; Ngiow, S.-F.; Joller, N.; Tan, D.J.; Teng, M.W.L.; Smyth, M.J.; Kuchroo, V.K.; Anderson, A.C. TIGIT Predominantly Regulates the Immune Response via Regulatory T Cells. Available online: https://www.jci.org/articles/view/81187/pdf (accessed on 17 August 2022).

	



Hu, F.; Wang, W.; Fang, C.; Bai, C. TIGIT Presents Earlier Expression Dynamic than PD-1 in Activated CD8+ T Cells and Is Upregulated in Non-Small Cell Lung Cancer Patients. Exp. Cell Res. 2020, 396, 112260. [Google Scholar] [CrossRef] [PubMed]

	



Inozume, T.; Yaguchi, T.; Furuta, J.; Harada, K.; Kawakami, Y.; Shimada, S. Melanoma Cells Control Antimelanoma CTL Responses via Interaction between TIGIT and CD155 in the Effector Phase. J. Investig. Dermatol. 2016, 136, 255–263. [Google Scholar] [CrossRef]

	



Smazynski, J.; Hamilton, P.T.; Thornton, S.; Milne, K.; Wouters, M.C.A.; Webb, J.R.; Nelson, B.H. The Immune Suppressive Factors CD155 and PD-L1 Show Contrasting Expression Patterns and Immune Correlates in Ovarian and Other Cancers. Gynecol. Oncol. 2020, 158, 167–177. [Google Scholar] [CrossRef]

	



Chauvin, J.-M.; Pagliano, O.; Fourcade, J.; Sun, Z.; Wang, H.; Sander, C.; Kirkwood, J.M.; Chen, T.T.; Maurer, M.; Korman, A.J.; et al. TIGIT and PD-1 Impair Tumor Antigen–Specific CD8+ T Cells in Melanoma Patients. J. Clin. Investig. 2015, 125, 2046–2058. [Google Scholar] [CrossRef]

	



Johnston, R.J.; Comps-Agrar, L.; Hackney, J.; Yu, X.; Huseni, M.; Yang, Y.; Park, S.; Javinal, V.; Chiu, H.; Irving, B.; et al. The Immunoreceptor TIGIT Regulates Antitumor and Antiviral CD8+ T Cell Effector Function. Cancer Cell 2014, 26, 923–937. [Google Scholar] [CrossRef]

	



Liang, R.; Zhu, X.; Lan, T.; Ding, D.; Zheng, Z.; Chen, T.; Huang, Y.; Liu, J.; Yang, X.; Shao, J.; et al. TIGIT Promotes CD8+T Cells Exhaustion and Predicts Poor Prognosis of Colorectal Cancer. Cancer Immunol. Immunother. 2021, 70, 2781–2793. [Google Scholar] [CrossRef]

	



Pietra, G.; Mingari, M.C.; Moretta, L. TIGIT Blockade and IL15 in Tumor Immunotherapy: Together Is Better. Clin. Cancer Res. 2020, 26, 5274–5275. [Google Scholar] [CrossRef]

	



Hui, E.; Cheung, J.; Zhu, J.; Su, X.; Taylor, M.J.; Wallweber, H.A.; Sasmal, D.K.; Huang, J.; Kim, J.M.; Mellman, I.; et al. T Cell Costimulatory Receptor CD28 Is a Primary Target for PD-1-Mediated Inhibition. Science 2017, 355, 1428–1433. [Google Scholar] [CrossRef]

	



Chiang, E.Y.; Mellman, I. TIGIT-CD226-PVR Axis: Advancing Immune Checkpoint Blockade for Cancer Immunotherapy. J. Immunother. Cancer 2022, 10, e004711. [Google Scholar] [CrossRef] [PubMed]

	



Wang, B.; Zhang, W.; Jankovic, V.; Golubov, J.; Poon, P.; Oswald, E.M.; Gurer, C.; Wei, J.; Ramos, I.; Wu, Q.; et al. Combination Cancer Immunotherapy Targeting PD-1 and GITR Can Rescue CD8+ T Cell Dysfunction and Maintain Memory Phenotype. Sci. Immunol. 2018, 3, eaat7061. [Google Scholar] [CrossRef] [PubMed]

	



Preillon, J.; Cuende, J.; Rabolli, V.; Garnero, L.; Mercier, M.; Wald, N.; Pappalardo, A.; Denies, S.; Jamart, D.; Michaux, A.-C.; et al. Restoration of T-Cell Effector Function, Depletion of Tregs, and Direct Killing of Tumor Cells: The Multiple Mechanisms of Action of a-TIGIT Antagonist Antibodies. Mol. Cancer 2021, 20, 121–131. [Google Scholar] [CrossRef]

	



Gorvel, L.; Olive, D. Targeting the “PVR–TIGIT Axis” with Immune Checkpoint Therapies. F1000Res 2020, 9, 354. [Google Scholar] [CrossRef]

	



Nakai, R.; Maniwa, Y.; Tanaka, Y.; Nishio, W.; Yoshimura, M.; Okita, Y.; Ohbayashi, C.; Satoh, N.; Ogita, H.; Takai, Y.; et al. Overexpression of Necl-5 Correlates with Unfavorable Prognosis in Patients with Lung Adenocarcinoma. Cancer Sci. 2010, 101, 1326–1330. [Google Scholar] [CrossRef] [PubMed]

	



Nishiwada, S.; Sho, M.; Yasuda, S.; Shimada, K.; Yamato, I.; Akahori, T.; Kinoshita, S.; Nagai, M.; Konishi, N.; Nakajima, Y. Clinical Significance of CD155 Expression in Human Pancreatic Cancer. Anticancer Res. 2015, 35, 2287–2297. [Google Scholar]

	



Masson, D.; Jarry, A.; Baury, B.; Blanchardie, P.; Laboisse, C.; Lustenberger, P.; Denis, M.G. Overexpression of the CD155 Gene in Human Colorectal Carcinoma. Gut 2001, 49, 236–240. [Google Scholar] [CrossRef] [PubMed]

	



Bevelacqua, V.; Bevelacqua, Y.; Candido, S.; Skarmoutsou, E.; Amoroso, A.; Guarneri, C.; Strazzanti, A.; Gangemi, P.; Mazzarino, M.C.; D’Amico, F.; et al. Nectin Like-5 Overexpression Correlates with the Malignant Phenotype in Cutaneous Melanoma. Oncotarget 2012, 3, 882–892. [Google Scholar] [CrossRef]

	



Takei, J.; Asano, T.; Nanamiya, R.; Nakamura, T.; Yanaka, M.; Hosono, H.; Tanaka, T.; Sano, M.; Kaneko, M.K.; Harada, H.; et al. Development of Anti-Human T Cell Immunoreceptor with Ig and ITIM Domains (TIGIT) Monoclonal Antibodies for Flow Cytometry. Monoclon. Antibodies Immunodiagn. Immunother. 2021, 40, 71–75. [Google Scholar] [CrossRef]

	



Zhu, Y.; Paniccia, A.; Schulick, A.C.; Chen, W.; Koenig, M.R.; Byers, J.T.; Yao, S.; Bevers, S.; Edil, B.H. Identification of CD112R as a Novel Checkpoint for Human T Cells. J. Exp. Med. 2016, 213, 167–176. [Google Scholar] [CrossRef]

	



Wu, B.; Zhong, C.; Lang, Q.; Liang, Z.; Zhang, Y.; Zhao, X.; Yu, Y.; Zhang, H.; Xu, F.; Tian, Y. Poliovirus Receptor (PVR)-like Protein Cosignaling Network: New Opportunities for Cancer Immunotherapy. J. Exp. Clin. Cancer Res. 2021, 40, 267. [Google Scholar] [CrossRef] [PubMed]

	



Reches, A.; Ophir, Y.; Stein, N.; Kol, I.; Isaacson, B.; Amikam, Y.C.; Elnekave, A.; Tsukerman, P.; Brlic, P.K.; Lenac, T.; et al. Nectin4 Is a Novel TIGIT Ligand Which Combines Checkpoint Inhibition and Tumor Specificity. J. Immunother. Cancer 2020, 8, e000266. [Google Scholar] [CrossRef] [PubMed]

	



Hashimoto, H.; Tanaka, Y.; Murata, M.; Ito, T. Nectin-4: A Novel Therapeutic Target for Skin Cancers. Curr. Treat. Options Oncol. 2022, 23, 578–593. [Google Scholar] [CrossRef] [PubMed]

	



Rotte, A.; Sahasranaman, S.; Budha, N. Targeting TIGIT for Immunotherapy of Cancer: Update on Clinical Development. Biomedicines 2021, 9, 1277. [Google Scholar] [CrossRef]

	



Blake, S.J.; Dougall, W.C.; Miles, J.J.; Teng, M.W.L.; Smyth, M.J. Molecular Pathways: Targeting CD96 and TIGIT for Cancer Immunotherapy. Clin. Cancer Res. 2016, 22, 5183–5188. [Google Scholar] [CrossRef] [PubMed]

	



Fuchs, A.; Cella, M.; Giurisato, E.; Shaw, A.S.; Colonna, M. Cutting Edge: CD96 (Tactile) Promotes NK Cell-Target Cell Adhesion by Interacting with the Poliovirus Receptor (CD155). J. Immunol. 2004, 172, 3994–3998. [Google Scholar] [CrossRef]

	



Stanietsky, N.; Rovis, T.L.; Glasner, A.; Seidel, E.; Tsukerman, P.; Yamin, R.; Enk, J.; Jonjic, S.; Mandelboim, O. Mouse TIGIT Inhibits NK-Cell Cytotoxicity upon Interaction with PVR. Eur. J. Immunol. 2013, 43, 2138–2150. [Google Scholar] [CrossRef]

	



Okumura, G.; Iguchi-Manaka, A.; Murata, R.; Yamashita-Kanemaru, Y.; Shibuya, A.; Shibuya, K. Tumor-Derived Soluble CD155 Inhibits DNAM-1-Mediated Antitumor Activity of Natural Killer Cells. J. Exp. Med. 2020, 217, e20191290. [Google Scholar] [CrossRef]

	



Shaffer, T.; Natarajan, A.; Gambhir, S.S. PET Imaging of TIGIT Expression on Tumor-Infiltrating Lymphocytes. Clin. Cancer Res. 2021, 27, 1932–1940. [Google Scholar] [CrossRef]

	



Hung, A.L.; Maxwell, R.; Theodros, D.; Belcaid, Z.; Mathios, D.; Luksik, A.S.; Kim, E.; Wu, A.; Xia, Y.; Garzon-Muvdi, T.; et al. TIGIT and PD-1 Dual Checkpoint Blockade Enhances Antitumor Immunity and Survival in GBM. Oncoimmunology 2018, 7, e1466769. [Google Scholar] [CrossRef]

	



Stanietsky, N.; Simic, H.; Arapovic, J.; Toporik, A.; Levy, O.; Novik, A.; Levine, Z.; Beiman, M.; Dassa, L.; Achdout, H.; et al. The Interaction of TIGIT with PVR and PVRL2 Inhibits Human NK Cell Cytotoxicity. Proc. Natl. Acad. Sci. USA 2009, 106, 17858–17863. [Google Scholar] [CrossRef] [PubMed]

	



Ozmadenci, D.; Shankara Narayanan, J.S.; Andrew, J.; Ojalill, M.; Barrie, A.M.; Jiang, S.; Iyer, S.; Chen, X.L.; Rose, M.; Estrada, V.; et al. Tumor FAK Orchestrates Immunosuppression in Ovarian Cancer via the CD155/TIGIT Axis. Proc. Natl. Acad. Sci. USA 2022, 119, e2117065119. [Google Scholar] [CrossRef] [PubMed]

	



Cari, L.; Nocentini, G.; Migliorati, G.; Riccardi, C. Potential Effect of Tumor-Specific Treg-Targeted Antibodies in the Treatment of Human Cancers: A Bioinformatics Analysis. Oncoimmunology 2017, 7, e1387705. [Google Scholar] [CrossRef] [PubMed]

	



Fuhrman, C.A.; Yeh, W.-I.; Seay, H.R.; Saikumar Lakshmi, P.; Chopra, G.; Zhang, L.; Perry, D.J.; McClymont, S.A.; Yadav, M.; Lopez, M.-C.; et al. Divergent Phenotypes of Human Regulatory T Cells Expressing the Receptors TIGIT and CD226. J. Immunol. 2015, 195, 145–155. [Google Scholar] [CrossRef] [PubMed]

	



Simon, S.; Voillet, V.; Vignard, V.; Wu, Z.; Dabrowski, C.; Jouand, N.; Beauvais, T.; Khammari, A.; Braudeau, C.; Josien, R.; et al. PD-1 and TIGIT Coexpression Identifies a Circulating CD8 T Cell Subset Predictive of Response to Anti-PD-1 Therapy. J. Immunother. Cancer 2020, 8, e001631. [Google Scholar] [CrossRef]

	



Zhang, Q.; Gao, C.; Shao, J.; Wang, Z. TIGIT-Related Transcriptome Profile and Its Association with Tumor Immune Microenvironment in Breast Cancer. Biosci. Rep. 2021, 41, BSR20204340. [Google Scholar] [CrossRef]

	



Stamm, H.; Oliveira-Ferrer, L.; Grossjohann, E.-M.; Muschhammer, J.; Thaden, V.; Brauneck, F.; Kischel, R.; Müller, V.; Bokemeyer, C.; Fiedler, W.; et al. Targeting the TIGIT-PVR Immune Checkpoint Axis as Novel Therapeutic Option in Breast Cancer. OncoImmunology 2019, 8, e1674605. [Google Scholar] [CrossRef]

	



Deuss, F.A.; Gully, B.S.; Rossjohn, J.; Berry, R. Recognition of Nectin-2 by the Natural Killer Cell Receptor T Cell Immunoglobulin and ITIM Domain (TIGIT). J. Biol. Chem. 2017, 292, 11413–11422. [Google Scholar] [CrossRef]

	



Maas, R.J.; Hoogstad-van Evert, J.S.; Van der Meer, J.M.; Mekers, V.; Rezaeifard, S.; Korman, A.J.; de Jonge, P.K.; Cany, J.; Woestenenk, R.; Schaap, N.P.; et al. TIGIT Blockade Enhances Functionality of Peritoneal NK Cells with Altered Expression of DNAM-1/TIGIT/CD96 Checkpoint Molecules in Ovarian Cancer. OncoImmunology 2020, 9, 1843247. [Google Scholar] [CrossRef]

	



Gao, J.; Zheng, Q.; Xin, N.; Wang, W.; Zhao, C. CD155, an Onco-Immunologic Molecule in Human Tumors. Cancer Sci. 2017, 108, 1934–1938. [Google Scholar] [CrossRef]

	



Xu, Y.; Cui, G.; Jiang, Z.; Li, N.; Zhang, X. Survival Analysis with Regard to PD-L1 and CD155 Expression in Human Small Cell Lung Cancer and a Comparison with Associated Receptors. Oncol. Lett. 2019, 17, 2960–2968. [Google Scholar] [CrossRef] [PubMed]

	



Yong, H.; Cheng, R.; Li, X.; Gao, G.; Jiang, X.; Cheng, H.; Zhou, X.; Zhao, W. CD155 Expression and Its Prognostic Value in Postoperative Patients with Breast Cancer. Biomed. Pharmacother. 2019, 115, 108884. [Google Scholar] [CrossRef] [PubMed]

	



Zhuo, B.; Li, Y.; Gu, F.; Li, Z.; Sun, Q.; Shi, Y.; Shen, Y.; Zhang, F.; Wang, R.; Wang, X. Overexpression of CD155 Relates to Metastasis and Invasion in Osteosarcoma. Oncol. Lett. 2018, 15, 7312–7318. [Google Scholar] [CrossRef] [PubMed]

	



Izumi, H.; Hirabayashi, K.; Nakamura, N.; Nakagohri, T. Nectin Expression in Pancreatic Adenocarcinoma: Nectin-3 Is Associated with a Poor Prognosis. Surg Today 2015, 45, 487–494. [Google Scholar] [CrossRef]

	



Li, X.-Y.; Das, I.; Lepletier, A.; Addala, V.; Bald, T.; Stannard, K.; Barkauskas, D.; Liu, J.; Aguilera, A.R.; Takeda, K.; et al. CD155 Loss Enhances Tumor Suppression via Combined Host and Tumor-Intrinsic Mechanisms. J. Clin. Investig. 2018, 128, 2613–2625. [Google Scholar] [CrossRef]

	



Iguchi-Manaka, A.; Okumura, G.; Kojima, H.; Cho, Y.; Hirochika, R.; Bando, H.; Sato, T.; Yoshikawa, H.; Hara, H.; Shibuya, A.; et al. Increased Soluble CD155 in the Serum of Cancer Patients. PLoS ONE 2016, 11, e0152982. [Google Scholar] [CrossRef]

	



Gallego, A.; Berjon, A.; Mendiola, M.; Diez, J.; Castelo, B.; Hernandez, A.; Hardisson, D.; Feliu Batlle, J.; Garcia, M.J.; Redondo, A. Tumor Infiltrating Lymphocytes (TILs) in Endometrioid and Clear Cell Ovarian Carcinoma: Characterization, Association with Mismatch Repair System Deficiency and Endometriosis, and Prognostic Implications. JCO 2021, 39, e17549. [Google Scholar] [CrossRef]

	



Glennon, K.; Egan, D.; Moran, B.; Lynch, L.; Brennan, D. In Silico Analysis of the Immune Checkpoint TIGIT as a Novel Immunotherapy Target for High Grade Serous Ovarian Cancer. Int. J. Gynecol. Cancer 2020, 30, A57.1–A57.57. [Google Scholar] [CrossRef]

	



Verhaak, R.G.W.; Tamayo, P.; Yang, J.-Y.; Hubbard, D.; Zhang, H.; Creighton, C.J.; Fereday, S.; Lawrence, M.; Carter, S.L.; Mermel, C.H.; et al. Prognostically Relevant Gene Signatures of High-Grade Serous Ovarian Carcinoma. J. Clin. Investig. 2013, 123, 517–525. [Google Scholar] [CrossRef]

	



Hwang, W.-T.; Adams, S.F.; Tahirovic, E.; Hagemann, I.S.; Coukos, G. Prognostic Significance of Tumor-Infiltrating T Cells in Ovarian Cancer: A Meta-Analysis. Gynecol. Oncol. 2012, 124, 192–198. [Google Scholar] [CrossRef]

	



Xu, J.; Fang, Y.; Chen, K.; Li, S.; Tang, S.; Ren, Y.; Cen, Y.; Fei, W.; Zhang, B.; Shen, Y.; et al. Single-Cell RNA Sequencing Reveals the Tissue Architecture in Human High-Grade Serous Ovarian Cancer. Clin. Cancer Res. 2022, 28, 3590–3602. [Google Scholar] [CrossRef] [PubMed]

	



Chen, F.; Xu, Y.; Chen, Y.; Shan, S. TIGIT Enhances CD4+ Regulatory T-Cell Response and Mediates Immune Suppression in a Murine Ovarian Cancer Model. Cancer Med. 2020, 9, 3584–3591. [Google Scholar] [CrossRef] [PubMed]

	



Wu, M.; Chen, X.; Lou, J.; Zhang, S.; Zhang, X.; Huang, L.; Sun, R.; Huang, P.; Pan, S.; Wang, F. Changes in Regulatory T Cells in Patients with Ovarian Cancer Undergoing Surgery: Preliminary Results. Int. Immunopharmacol. 2017, 47, 244–250. [Google Scholar] [CrossRef] [PubMed]

	



Carlsten, M.; Norell, H.; Bryceson, Y.T.; Poschke, I.; Schedvins, K.; Ljunggren, H.-G.; Kiessling, R.; Malmberg, K.-J. Primary Human Tumor Cells Expressing CD155 Impair Tumor Targeting by Down-Regulating DNAM-1 on NK Cells. J. Immunol. 2009, 183, 4921–4930. [Google Scholar] [CrossRef] [PubMed]

	



Hoogstad-van Evert, J.S.; Maas, R.J.; van der Meer, J.; Cany, J.; van der Steen, S.; Jansen, J.H.; Miller, J.S.; Bekkers, R.; Hobo, W.; Massuger, L.; et al. Peritoneal NK Cells Are Responsive to IL-15 and Percentages Are Correlated with Outcome in Advanced Ovarian Cancer Patients. Oncotarget 2018, 9, 34810–34820. [Google Scholar] [CrossRef]

	



Xu, F.; Sunderland, A.; Zhou, Y.; Schulick, R.D.; Edil, B.H.; Zhu, Y. Blockade of CD112R and TIGIT Signaling Sensitizes Human Natural Killer Cell Functions. Cancer Immunol. Immunother. 2017, 66, 1367–1375. [Google Scholar] [CrossRef]

	



Zhang, Q.; Bi, J.; Zheng, X.; Chen, Y.; Wang, H.; Wu, W.; Wang, Z.; Wu, Q.; Peng, H.; Wei, H.; et al. Blockade of the Checkpoint Receptor TIGIT Prevents NK Cell Exhaustion and Elicits Potent Anti-Tumor Immunity. Nat. Immunol. 2018, 19, 723–732. [Google Scholar] [CrossRef]

	



O’Donnell, J.S.; Madore, J.; Li, X.-Y.; Smyth, M.J. Tumor Intrinsic and Extrinsic Immune Functions of CD155. Semin. Cancer Biol. 2020, 65, 189–196. [Google Scholar] [CrossRef]

	



Zong, L.; Zhou, Y.; Zhang, M.; Chen, J.; Xiang, Y. VISTA Expression Is Associated with a Favorable Prognosis in Patients with High-Grade Serous Ovarian Cancer. Cancer Immunol. Immunother. 2020, 69, 33–42. [Google Scholar] [CrossRef]

	



Liu, J.; Yuan, Y.; Chen, W.; Putra, J.; Suriawinata, A.A.; Schenk, A.D.; Miller, H.E.; Guleria, I.; Barth, R.J.; Huang, Y.H.; et al. Immune-Checkpoint Proteins VISTA and PD-1 Nonredundantly Regulate Murine T-Cell Responses. Proc. Natl. Acad. Sci. USA 2015, 112, 6682–6687. [Google Scholar] [CrossRef]

	



Mulati, K.; Hamanishi, J.; Matsumura, N.; Chamoto, K.; Mise, N.; Abiko, K.; Baba, T.; Yamaguchi, K.; Horikawa, N.; Murakami, R.; et al. VISTA Expressed in Tumour Cells Regulates T Cell Function. Br. J. Cancer 2019, 120, 115–127. [Google Scholar] [CrossRef] [PubMed]

	



Cannioto, R.A.; Sucheston-Campbell, L.E.; Hampras, S.; Goode, E.L.; Knutson, K.; Ness, R.; Modugno, F.; Wallace, P.; Szender, J.B.; Mayor, P.; et al. The Association of Peripheral Blood Regulatory T-Cell Concentrations with Epithelial Ovarian Cancer: A Brief Report. Int. J. Gynecol. Cancer 2017, 27, 11–16. [Google Scholar] [CrossRef]

	



Laumont, C.M.; Wouters, M.C.A.; Smazynski, J.; Gierc, N.S.; Chavez, E.A.; Chong, L.C.; Thornton, S.; Milne, K.; Webb, J.R.; Steidl, C.; et al. Single-Cell Profiles and Prognostic Impact of Tumor-Infiltrating Lymphocytes Coexpressing CD39, CD103, and PD-1 in Ovarian Cancer. Clin. Cancer Res. 2021, 27, 4089–4100. [Google Scholar] [CrossRef] [PubMed]

	



The Nobel Prize in Physiology or Medicine 2018. Available online: https://www.nobelprize.org/prizes/medicine/2018/press-release/ (accessed on 16 August 2022).

	



Rodriguez-Abreu, D.; Johnson, M.L.; Hussein, M.A.; Cobo, M.; Patel, A.J.; Secen, N. Primary Analysis of a Randomized, Double-Blind, Phase II Study of the Anti-TIGIT Antibody Tiragolumab (Tira) plus Atezolizumab (Atezo) versus Placebo plus Atezo as First-Line (1L) Treatment in Patients with PD-L1-Selected NSCLC (CITYSCAPE). J. Clin. Oncol. 2020, 38, 9503. [Google Scholar] [CrossRef]

	



Cho, B.C.; Abreu, D.R.; Hussein, M.; Cobo, M.; Patel, A.J.; Secen, N.; Lee, K.H.; Massuti, B.; Hiret, S.; Yang, J.C.H.; et al. Tiragolumab plus Atezolizumab versus Placebo plus Atezolizumab as a First-Line Treatment for PD-L1-Selected Non-Small-Cell Lung Cancer (CITYSCAPE): Primary and Follow-up Analyses of a Randomised, Double-Blind, Phase 2 Study. Lancet Oncol. 2022, 23, 781–792. [Google Scholar] [CrossRef]

	



A Study of Tiragolumab in Combination with Atezolizumab in Chemotherapy-Naïve Patients with Locally Advanced or Metastatic Non-Small Cell Lung Cancer—Full Text View—ClinicalTrials.Gov. Available online: https://clinicaltrials.gov/ct2/show/NCT03563716 (accessed on 6 November 2022).

	



FDA Grants Tiragolumab Breakthrough Therapy Designation for PD-L1-High NSCLC. Available online: https://www.ajmc.com/view/fda-grants-tiragolumab-breakthrough-therapy-designation-for-pd-l1-high-nsclc (accessed on 6 November 2022).

	



Genentech: Press Releases|Monday, 4 January 2021. Available online: https://www.gene.com/media/press-releases/14892/2021-01-04/genentechs-novel-anti-tigit-tiragolumab- (accessed on 6 November 2022).

	



Drugs Approved for Lung Cancer—NCI. Available online: https://www.cancer.gov/about-cancer/treatment/drugs/lung (accessed on 10 November 2022).

	



Home—ClinicalTrials.Gov. Available online: https://www.clinicaltrials.gov/ct2/home (accessed on 25 February 2022).

	



Hansen, K.; Kumar, S.; Logronio, K.; Whelan, S.; Qurashi, S.; Cheng, H.-Y.; Drake, A.; Tang, M.; Wall, P.; Bernados, D.; et al. COM902, a Novel Therapeutic Antibody Targeting TIGIT Augments Anti-Tumor T Cell Function in Combination with PVRIG or PD-1 Pathway Blockade. Cancer Immunol. Immunother. 2021, 70, 3525–3540. [Google Scholar] [CrossRef]

	



Leung, E.Y.L.; Ennis, D.P.; Kennedy, P.R.; Hansell, C.; Dowson, S.; Farquharson, M.; Spiliopoulou, P.; Nautiyal, J.; McNamara, S.; Carlin, L.M.; et al. NK Cells Augment Oncolytic Adenovirus Cytotoxicity in Ovarian Cancer. Mol. Oncolytics 2020, 16, 289–301. [Google Scholar] [CrossRef]

	



Conner, M.; Hance, K.W.; Yadavilli, S.; Smothers, J.; Waight, J.D. Emergence of the CD226 Axis in Cancer Immunotherapy. Front. Immunol. 2022, 13, 1–19. [Google Scholar] [CrossRef]

	



Yeo, J.; Ko, M.; Lee, D.-H.; Park, Y.; Jin, H. TIGIT/CD226 Axis Regulates Anti-Tumor Immunity. Pharmaceuticals 2021, 14, 200. [Google Scholar] [CrossRef]

	



Ostroumov, D.; Duong, S.; Wingerath, J.; Woller, N.; Manns, M.P.; Timrott, K.; Kleine, M.; Ramackers, W.; Roessler, S.; Nahnsen, S.; et al. Transcriptome Profiling Identifies TIGIT as a Marker of T-Cell Exhaustion in Liver Cancer. Hepatology 2021, 73, 1399–1418. [Google Scholar] [CrossRef]

	



Johnson, R.L.; Laios, A.; Jackson, D.; Nugent, D.; Orsi, N.M.; Theophilou, G.; Thangavelu, A.; de Jong, D. The Uncertain Benefit of Adjuvant Chemotherapy in Advanced Low-Grade Serous Ovarian Cancer and the Pivotal Role of Surgical Cytoreduction. J. Clin. Med. 2021, 10, 5927. [Google Scholar] [CrossRef] [PubMed]

	



Weimer, P.; Wellbrock, J.; Sturmheit, T.; Oliveira-Ferrer, L.; Ding, Y.; Menzel, S.; Witt, M.; Hell, L.; Schmalfeldt, B.; Bokemeyer, C.; et al. Tissue-Specific Expression of TIGIT, PD-1, TIM-3, and CD39 by Γδ T Cells in Ovarian Cancer. Cells 2022, 11, 964. [Google Scholar] [CrossRef] [PubMed]

	



Mullard, A. Immuno-Oncology Target TIGIT Attracts a New Contender. Nat. Rev. Drug Discov. 2021, 20, 576. [Google Scholar] [CrossRef] [PubMed]

	



Wu, L.; Mao, L.; Liu, J.-F.; Chen, L.; Yu, G.-T.; Yang, L.-L.; Wu, H.; Bu, L.-L.; Kulkarni, A.B.; Zhang, W.-F.; et al. Blockade of TIGIT/CD155 Signaling Reverses T-Cell Exhaustion and Enhances Antitumor Capability in Head and Neck Squamous Cell Carcinoma. Cancer Immunol. Res. 2019, 7, 1700–1713. [Google Scholar] [CrossRef] [PubMed]

	



Shao, Q.; Wang, L.; Yuan, M.; Jin, X.; Chen, Z.; Wu, C. TIGIT Induces (CD3+) T Cell Dysfunction in Colorectal Cancer by Inhibiting Glucose Metabolism. Front. Immunol. 2021, 12, 688961. [Google Scholar] [CrossRef]

	



Hong, X.; Wang, X.; Wang, T.; Zhang, X. Correlation of T Cell Immunoglobulin and ITIM Domain (TIGIT) and Programmed Death 1 (PD-1) with Clinicopathological Characteristics of Renal Cell Carcinoma May Indicate Potential Targets for Treatment. Med. Sci. Monit. 2018, 24, 6861–6872. [Google Scholar] [CrossRef]

	



BeiGene A Phase 3, Randomized, Double-Blind Study of BGB-A1217, an Anti-TIGIT Antibody, in Combination with Tislelizumab Compared to Pembrolizumab in Patients with Previously Untreated, PD-L1-Selected, and Locally Advanced, Unresectable, or Metastatic Non-Small Cell Lung Cancer. Available online: https://clinicaltrials.gov/ct2/show/NCT04746924 (accessed on 15 August 2022).

	



Hoffmann-La Roche A Phase III, Randomized, Double-Blind, Placebo-Controlled Study of Atezolizumab Plus Carboplatin and Etoposide with or without Tiragolumab (Anti-Tigit Antibody) in Patients With Untreated Extensive-Stage Small Cell Lung Cancer. Available online: https://clinicaltrials.gov/ct2/show/NCT04256421 (accessed on 15 August 2022).

	



Hoffmann-La Roche A Phase III, Randomized, Double-Blinded, Placebo-Controlled Study of Tiragolumab, an Anti-Tigit Antibody, in Combination with Atezolizumab Compared with Placebo in Combination with Atezolizumab in Patients with Previously Untreated Locally Advanced Unresectable or Metastatic PD-L1-Selected Non-Small Cell Lung Cancer. Available online: https://clinicaltrials.gov/ct2/show/NCT04294810 (accessed on 15 August 2022).

	



Hoffmann-La Roche A Phase III, Randomized, Double-Blind, Placebo-Controlled Study of Atezolizumab with or without Tiragolumab (Anti-TIGIT Antibody) in Patients with Unresectable Esophageal Squamous Cell Carcinoma Whose Cancers Have Not Progressed Following Definitive Concurrent Chemoradiotherapy. Available online: https://clinicaltrials.gov/ct2/show/NCT04543617 (accessed on 15 August 2022).

	



Arcus Biosciences, Inc. A Phase 3 Study to Evaluate Zimberelimab (AB122) Monotherapy Compared to Standard Chemotherapy or Zimberelimab Combined with AB154 in Front-Line, PD-L1-Positive, Locally Advanced or Metastatic Non-Small Cell Lung Cancer. Available online: https://clinicaltrials.gov/ct2/show/NCT04736173 (accessed on 15 August 2022).

	



BeiGene Phase 3, Randomized, Open Label. Study to Compare Ociperlimab (BGB-A1217) Plus Tislelizumab (BGB-A317) Plus Concurrent Chemoradiotherapy (CCRT) followed by Ociperlimab Plus Tislelizumab or Tislelizumab Plus CCRT followed by Tislelizumab versus CCRT Followed by Durvalumab in Previously Untreated, Locally Advanced, Unresectable Non-Small Cell Lung Cancer. 2021. Available online: https://clinicaltrials.gov/ct2/show/NCT04866017 (accessed on 10 October 2022).

	



Grapin, M.; Richard, C.; Limagne, E.; Boidot, R.; Morgand, V.; Bertaut, A.; Derangere, V.; Laurent, P.-A.; Thibaudin, M.; Fumet, J.D.; et al. Optimized Fractionated Radiotherapy with Anti-PD-L1 and Anti-TIGIT: A Promising New Combination. J. Immunother. Cancer 2019, 7, 160. [Google Scholar] [CrossRef]

	



Ma, L.; Gai, J.; Qiao, P.; Li, Y.; Li, X.; Zhu, M.; Li, G.; Wan, Y. A Novel Bispecific Nanobody with PD-L1/TIGIT Dual Immune Checkpoint Blockade. Biochem. Biophys. Res. Commun. 2020, 531, 144–151. [Google Scholar] [CrossRef]

	



González-Cantó, E.; Marí-Alexandre, J.; Gilabert-Estellés, J. Exploring the Feasibility of Anti-PD-1/PD-L1 Immunotherapy in Endometriosis-Associated Ovarian Cancer. Fertil. Steril. 2022, 117, 169–170. [Google Scholar] [CrossRef]

	



Siminiak, N.; Czepczyński, R.; Zaborowski, M.P.; Iżycki, D. Immunotherapy in Ovarian Cancer. Arch. Immunol. Exp. (Warsz) 2022, 70, 19. [Google Scholar] [CrossRef]

	



Peng, H.; He, X.; Wang, Q. Immune Checkpoint Blockades in Gynecological Cancers: A Review of Clinical Trials. Acta Obstet. Et Gynecol. Scand. 2022, 101, 941–951. [Google Scholar] [CrossRef] [PubMed]

	



Merck Sharp & Dohme LLC A Phase II, Open-Label., Single-Arm, Multicenter Study to Evaluate Efficacy and Safety of Pembrolizumab Monotherapy in Subjects With Advanced Recurrent Ovarian Cancer (KEYNOTE-100). 2022. Available online: https://clinicaltrials.gov/ct2/show/NCT02674061 (accessed on 10 November 2022).

	



Matulonis, U.A.; Shapira, R.; Santin, A.; Lisyanskaya, A.S.; Pignata, S.; Vergote, I.; Raspagliesi, F.; Sonke, G.S.; Birrer, M.; Sehouli, J.; et al. Final Results from the KEYNOTE-100 Trial of Pembrolizumab in Patients with Advanced Recurrent Ovarian Cancer. JCO 2020, 38, 6005. [Google Scholar] [CrossRef]

	



Leary, A.; Tan, D.; Ledermann, J. Immune Checkpoint Inhibitors in Ovarian Cancer: Where Do We Stand? Adv. Med. Oncol. 2021, 13, 17588359211039900. [Google Scholar] [CrossRef] [PubMed]

	



Compugen Ltd. A Phase 1 Study of The Safety and Tolerability of COM902 in Subjects with Advanced Malignancies. Available online: https://clinicaltrials.gov/ct2/show/NCT04354246 (accessed on 15 August 2022).

	



Compugen Ltd. A Phase ½ Study Evaluating the Safety, Tolerability and Preliminary Antitumor Activity of COM701 in Combination with BMS-986207 (Anti-TIGIT Antibody) and Nivolumab in Subjects with Advanced Solid Tumors. Available online: https://clinicaltrials.gov/ct2/show/NCT04570839 (accessed on 15 August 2022).

	



M.D. Anderson Cancer Center EON: A Single-Arm Phase II Study of Etigilimab (OMP-313M32) in Combination with Checkpoint Inhibition (Nivolumab) in Patients with Platinum-Resistant, Recurrent Epithelial Ovarian Cancer. 2021. Available online: https://clinicaltrials.gov/ct2/show/NCT05026606 (accessed on 10 October 2022).

	



Compugen Ltd. A Phase 1a/1b Study of COM701 as Monotherapy and in Combination with an Anti-PD-1 Antibody in Subjects with Advanced Solid Tumors. Available online: https://clinicaltrials.gov/ct2/show/NCT03667716 (accessed on 15 August 2022).

	



Kähler, K.C.; Hassel, J.C.; Heinzerling, L.; Loquai, C.; Thoms, K.-M.; Ugurel, S.; Zimmer, L.; Gutzmer, R.; for the committee on “Cutaneous Adverse Events“ of the German Working Group for Dermatological Oncology (Arbeitsgemeinschaft Dermatologische Onkologie, A. Side Effect Management during Immune Checkpoint Blockade Using CTLA-4 and PD-1 Antibodies for Metastatic Melanoma—An Update. JDDG J. Der Dtsch. Dermatol. Ges. 2020, 18, 582–609. [Google Scholar] [CrossRef]

	



Su, C.; Wang, H.; Liu, Y.; Guo, Q.; Zhang, L.; Li, J.; Zhou, W.; Yan, Y.; Zhou, X.; Zhang, J. Adverse Effects of Anti-PD-1/PD-L1 Therapy in Non-Small Cell Lung Cancer. Front. Oncol. 2020, 10, 1821. [Google Scholar] [CrossRef]

	



Hassel, J.C.; Heinzerling, L.; Aberle, J.; Bähr, O.; Eigentler, T.K.; Grimm, M.-O.; Grünwald, V.; Leipe, J.; Reinmuth, N.; Tietze, J.K.; et al. Combined Immune Checkpoint Blockade (Anti-PD-1/Anti-CTLA-4): Evaluation and Management of Adverse Drug Reactions. Cancer Treat. Rev. 2017, 57, 36–49. [Google Scholar] [CrossRef]

	



Shen, P.; Han, L.; Ba, X.; Qin, K.; Tu, S. Hyperprogressive Disease in Cancers Treated With Immune Checkpoint Inhibitors. Front. Pharm. 2021, 12, 678409. [Google Scholar] [CrossRef]

	



Boland, J.L.; Zhou, Q.; Martin, M.; Callahan, M.K.; Konner, J.; O’Cearbhaill, R.E.; Friedman, C.F.; Tew, W.; Makker, V.; Grisham, R.N.; et al. Early Disease Progression and Treatment Discontinuation in Patients with Advanced Ovarian Cancer Receiving Immune Checkpoint Blockade. Gynecol. Oncol. 2019, 152, 251–258. [Google Scholar] [CrossRef]

	



Emerging PD-1/PD-L1 Antagonists for the Treatment of Malignant Melanoma: Expert Opinion on Emerging Drugs: Vol 26, No 2. Available online: https://www.tandfonline.com/doi/abs/10.1080/14728214.2021.1901884?journalCode=iemd20 (accessed on 9 November 2022).

	



Martin-Romano, P.; Castanon, E.; Ammari, S.; Champiat, S.; Hollebecque, A.; Postel-Vinay, S.; Baldini, C.; Varga, A.; Michot, J.M.; Vuagnat, P.; et al. Evidence of Pseudoprogression in Patients Treated with PD1/PDL1 Antibodies across Tumor Types. Cancer Med. 2020, 9, 2643–2652. [Google Scholar] [CrossRef]

	



Palaia, I.; Tomao, F.; Sassu, C.M.; Musacchio, L.; Benedetti Panici, P. Immunotherapy For Ovarian Cancer: Recent Advances And Combination Therapeutic Approaches. OTT 2020, 13, 6109–6129. [Google Scholar] [CrossRef]

	



Jia, W.; Gao, Q.; Han, A.; Zhu, H.; Yu, J. The Potential Mechanism, Recognition and Clinical Significance of Tumor Pseudoprogression after Immunotherapy. Cancer Biol. Med. 2019, 16, 655–670. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Wang, F.; Zhong, M.; Yarden, Y.; Fu, L. The Biomarkers of Hyperprogressive Disease in PD-1/PD-L1 Blockage Therapy. Mol. Cancer 2020, 19, 81. [Google Scholar] [CrossRef] [PubMed]

	



Ma, Y.; Wang, Q.; Dong, Q.; Zhan, L.; Zhang, J. How to Differentiate Pseudoprogression from True Progression in Cancer Patients Treated with Immunotherapy. Am. J. Cancer Res. 2019, 9, 1546–1553. [Google Scholar] [PubMed]

	



Passler, M.; Taube, E.T.; Sehouli, J.; Pietzner, K. Pseudo- or Real Progression? An Ovarian Cancer Patient under Nivolumab: A Case Report. World J. Clin. Oncol. 2019, 10, 247–255. [Google Scholar] [CrossRef]








[image: Cancers 14 05757 g001 550] 





Figure 1. The estimated number of new cases of cancer (A) and deaths caused by cancer (B) among women worldwide [1]. 
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Figure 2. The net of TIGIT/CD155/DNAM-1 signaling. The thickness of the arrows represent the reported affinities. 
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Figure 3. The role of TIGIT/CD155/DNAM-1 signaling in immunotherapies: (A) antitumor activity of effector immune cells; (B) immunosuppression; (C) the mode of action of anti-TIGIT mAbs. 
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Table 1. The ongoing clinical trials using anti-TIGIT mAbs at advanced stages in cancer treatment.
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	Identifier
	mABs
	Blocked Immune Checkpoint
	Additional Drugs
	Condition
	Phase
	Company





	NCT04746924 [138]
	Ociperlimab
	TIGIT
	Tislelizumab

Pembrolizumab
	NSCLC
	3
	BeiGene



	NCT04256421 [139]
	Tiragolumab
	TIGIT
	Atezolizumab

Carboplatin

Etoposide
	Small Cell Lung Cancer
	3
	Hoffmann

-La Roche



	NCT04294810 [140]
	Tiragolumab
	TIGIT
	Atezolizumab
	NSCLC
	3
	Hoffmann

-La Roche



	NCT04543617 [141]
	Tiragolumab
	TIGIT
	Atezolizumab
	Esophageal, Squamous Cell Carcinoma
	3
	Hoffmann

-La Roche



	NCT04736173 [142]
	Domvanalimab
	TIGIT
	Zimberelimab Carboplatin

Pemetrexed

Paclitaxel
	Squamous / Nonsquamous NSCLC
	3
	Arcus

Biosciences, Inc.



	NCT04866017 [143]
	Ociperlimab
	TIGIT
	Tislelizumab

Durvalumab Chemotherapy
	NSCLC
	3
	BeiGene
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Table 2. Ongoing clinical trials based on the TIGIT/CD155/DNAM-1 pathway in OC treatment.
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	Identifier
	mABs
	Blocked Immune Checkpoint
	Additional Drugs
	Phase
	Company





	NCT04354246 [152]
	COM902
	TIGIT
	Monotherapy/

COM701
	1
	Compugen Ltd.



	NCT04570839 [153]
	BMS-986207
	TIGIT
	COM701 nivolumab
	1/2
	Compugen Ltd.



	NCT05026606 [154]
	Etigilimab
	TIGIT
	nivolumab
	2
	M.D. Anderson Cancer Center



	NCT03667716 [155]
	COM701
	CD112R
	nivolumab
	1
	Compugen Ltd.
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
4\& TIGIT

P CDﬁZ N/ /






nav.xhtml


  cancers-14-05757


  
    		
      cancers-14-05757
    


  




  





media/file0.png





media/file2.png
A Estimated number of new cases in 2020, worldwide, females, all ages

ast

re
Other cancers _ 2,261419(24.5%)

2,662,101 (28.8%)

4

Non -Hodgkin's

h <
5 : om: = . Colorectum
240,201 (2.96%) 865,630 (9.4%)
Liver ' ‘
273,357 (3%) =
313959(3.4%)
Stomach 770,828 (8.4%)
369,580 (4%) Ny :
Corpus . Cervix uteri
417,367 (4. 5%) Th}’mld 604,127 (6.5%)
448915 (4.9%)
Total: 9,227,484

B Estimated number of deaths in 2020, worldwide, temales, all ages

‘Breast
Other cancers / 684996 (15.5%)
1,126,878 (25.4%) "
AN
_Lung
607,465 (13.7%)
Leukaemia — —
133,776 (3%)
Oesophagus -
169,763 (3.8%)
~ Colorectum
b 8 419,536 (9.5%)
313959 (3.4%)

Pancreas ‘ Cervix uteri
215163(49%) Liver 341,831 (7.7%)
252,658 (5.7%) Stomach

66,005 (6%)

Total: 4,429,323





media/file5.jpg
(A) Antitumor activity of effector immune cells

=3

Ter
" cors
TeellNKcen  ONAMT Tumor cell

(8) Immunosuppression

=30

TG
cots
TeellNK el ONAT Tumor cell

(€) Restoration of efector activity ofimmune cells via anti-TIGIT mAbs.
QT s

=
Tiem =
S 28

TeallNK e  ONAMT Tumor cell

cD15¢

Legend
(+) costimulatory signal
(~)coinhibitory signal
X blocked signal





media/file6.png
(A) Antitumor activity of effector immune cells

—3

TIGIT
(+)
: / CD15
T cell/ NK cell DNAM-1 Tumor cell

(B) Immunosuppression

=3 <,

TIGIT

Sl

DNAM-1

T cell/ NK cell Tumor cell

(C) Restoration of effector activity of immune cells via anti-TIGIT mAbs

N\ anti-TIGIT mAbs

4
TIGIT
CD15
8.~
Tcell NKcell  PNAM-1 Tumor cell

Legend

(+) costimulatory signal
(—)coinhibitory signal
X blocked signal





media/file3.jpg





media/file1.jpg
A Estimated rumber of e cases n 2020, worldvide, fenales ll age. B Estimate namber of deatis in 2020, workiwid, emales, ol ages.

Touk9227484

I w

Totat4429323





