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Abstract

The family of Nectin and Nectin-like molecules (Necls) and their immunoreceptors are essential in the immune response against cancer.
While primarily involved in cell adhesion, motility, and proliferation, some Nectin members also serve as ligands for both stimulatory and
inhibitory immune receptors, influencing immune responses. The Nectin/Necls and their receptors form a complex regulatory axis crucial for
natural killer (NK) and T cell activity. The most relevant ligands in this axis are the Nectin CD112 and the Nectin-like molecule CD155. Both are
ligands for the activating receptor DNAX accessory molecule-1 (DNAM-1) and the inhibitory receptor T cell immunoreceptor with Ig and ITIM
domains (TIGIT). Additionally, CD155 is a ligand for T cell activation induced late expression (TACTILE), and CD112 for poliovirus receptor
related immunoglobulin domain containing (PVRIG), both inhibitory receptors. These ligands bind with higher affinity to their inhibitory
receptors than to the activating receptor DNAM-1. Recent advances in cancer immunotherapy have focused on identifying new targets to
overcome tumor resistance. Antibody-mediated blockade of inhibitory receptors such as TIGIT, TACTILE, and PVRIG on NK and T cells has
shown promising results in animal models and clinical trials, helping to break immune tolerance. Aging significantly increases cancer risk and
contributes to the deterioration of the immune response, impairing cancer immune surveillance. Aging is also associated with an altered
tumor microenvironment, reducing immune cell infiltration and promoting tumor progression. In elderly cancer patients, both
immunosenescence and cancer-related immunosuppression contribute to a defective immune response against tumor cells. Thus, cancer
immunotherapy strategies should be personalized to overcome the dysfunctional immune responses in elderly cancer patients.
Understanding these interactions, including ligand-receptor binding mechanisms, is vital for developing effective immunotherapies. Since
cancer predominantly affects older adults, further research is needed to explore how aging impacts Nectin-receptor interactions and to
tailor immunotherapy strategies for elderly patients.
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1. Introduction

The Nectin family of adhesion proteins and their immunoreceptors play a pivotal role in the immune response against cancer. The
molecules of the Nectin family can regulate cell adhesion, motility and proliferation, and, in addition, some members are ligands of
both costimulatory and inhibitory immune receptors and modulate immune responses!'l. The progress made in the search and
development of new immunotherapeutic strategies has focused over the last decade on the identification of novel targets as immune
checkpoints to reverse cancer resistance to immune cells. Thus, antibody-mediated blockade of inhibitory checkpoint receptors
expressed on Natural killer (NK) cells and T cells has demonstrated to break tolerance to cancer in animal models and some clinical
settings/?l. The tumor microenvironment (TME) is a complex and heterogeneous ecosystem where cancer cells interact with host cells
(e.g. fibroblasts, immune cells, endothelial cells), influencing tumor growth. Thus, a supportive TME fosters cancer, while an
immunosuppressive one allows immune escape. These facts highlight the role of the TME as a crucial target for novel cancer
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therapiesl®l. The study of the aging TME is emerging as a key focus in cancer research, and a better knowledge of how TME is
influenced by age and contributes to creating a pro-tumorigenic niche is required for the development of age-specific cancer
therapies.

Immunosenescence refers to the changes in the immune system associated with aging, leading to dysfunctional immune responses.
In the elderly, the immune response is altered, with a decreased ability to fight new infections and reduced immunosurveillance
against cancer. Age is generally considered the most significant risk factor for most cancers, with incidence rates rising steadily as
people get older because of accumulated cellular mutations, increased inflammation (inflamm-aging), and prolonged exposure to
environmental factors!*>.

In this review, we focus on the interaction of Nectin and Nectin-like molecules with their receptors on immune cells and how these
interactions contribute to immunosurveillance or immune evasion in cancer. Cancer is a disease that primarily affects older adults,
and the aging of the tumor microenvironment may influence its progression. Further studies are needed to analyze how age modifies
the interactions of Nectins with their immunoreceptors to establish appropriate immunotherapy strategies for elderly cancer
patients.

2. Nectins and Nectin-Like Molecules

Nectins and Nectin-like molecules (Necls) are part of a broad group of cell adhesion proteins along with selectins, mucins, cadherins,
integrins, and other cell adhesion molecules from the immunoglobulin superfamily. Nectins and Necls proteins mediate adhesion
between cells independently of Ca?". Nectins were originally described as molecules homologous to poliovirus receptors (PRR-1/2)
and later renamed with the Latin word “necto,” which means to connectl®8l,

Currently the family of Nectins comprises four members and up to five molecules in the Necls family (Table 1). These molecules exert
different functions, including cell adhesion, movement, proliferation, differentiation and survival. Thus, Nectins and Necls promote
adhesion between cells of the same cell type (homotypical) and between cells of different types (heterotypical). This action can be
performed independently or in cooperation with cadherins to promote changes in the cytoskeleton that reinforce cell-cell junctions,
and these mechanisms are part of adherent junctions and tight junctions between neighboring epithelial cells(®% 1L,

Table 1. Nectin and Nectin-like molecules and their cognate immunoreceptors.

Members Other names Recognized by immunoreceptors
Nectin Nectin-1 PVRL-1; CD111 TACTILE (CD96)

Nectin-2 PVRL-2; CD112 DNAM-1; TIGIT; PVRIG (CD112R)

Nectin-3 PVRL-3; CD113 TIGIT

Nectin-4 PVRL-4; PRR4
Necl Necl-1 SynCAM-1; Cadm-3

Necl-2 SynCAM-2; Cadm-1, TSLC1 CRTAM

Necl-3 SynCAM-3; Cadm-2

Necl-4 SynCAM-4; Cadm-4

Necl-5 SynCAM-5; Cadm-5; CD155; PVR DNAM-1; TACTILE (CD96); TIGIT

PVR: poliovirus receptor; TACTIL: T cell activation increased late expression; DNAM-1: DNAX accessory molecule-1; TIGIT: T cell immunoreceptor with Ig and ITIM domains;
PVRIG: poliovirus receptor related immunoglobulin domain containing; PRR: poliovirus receptors.

2.1 Molecular structure of Nectins and Nectin-like molecules

Nectins and Necls share a similar structure, three loop-shaped immunoglobulin-type domains, followed by a transmembrane region
and a terminal cytoplasmic tail that, in the case of Nectins 1, 2 and 3, binds to the PDZ domain of afadin, a filament-binding protein
essential for cell-cell interactions, in the neighboring cell. Although Necls share a cognate structure with Nectins, they lack afadin
binding motifs and instead interact with distinct binding proteins such as membrane-associated gualinate kinase or members of the
Band 4.1 familyl’-#-!, In the extracellular domain of Nectins and Necls, two molecules can interact in the same cell to form cis-dimers,
that can be between the same (homophilic) or different (heterophilic) members of the Nectin or Necl families (Figure 1). These
interactions can promote the formation and splicing of homophilic or heterophilic trans-dimers that adhere to the opposite cell,
being the trans-heterophilic junction, the one with the highest affinity!®-!13,
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Figure 1. Nectin and Nectin-like molecules. Homophilic and heterophilic interactions are represented. Nectin molecules can also interact with other adhesion molecules such

as integrins. Created with BioRender.com.

2.2 Tissue distribution and physiological function

Nectins and Necl molecules are expressed in a wide variety of tissues and adult cells. Nectins-1-2-3 are found in epithelial cells,
fibroblasts, and neurons!!’l. Nectin-2 (hereinafter referred to as CD112) is expressed in bone marrow, lung, kidney, pancreas, and
Nectin-3 (hereinafter referred to as CD113) is expressed in lung, placenta, liver, and kidney!®!%!5l. CD112 and CD113 are strongly
expressed in the testes!'°l and are vital for spermatogenesis, forming crucial connections with Necl-2 in Sertoli and spermatid cells
that promote germ cell development and differentiation!!’-'8l. Nectin-4 is expressed abundantly in embryonic and placenta tissues and
has little expression in healthy adult tissuel'",

Several studies emphasize the physiological role of Nectin and Nectin-like molecules in the nervous system. Thus, nectin-1 and
nectin-3 play a key role in the development of neural tissues, promoting the formation of synapses in adult central and peripheral
neurons. In the hippocampus, these Nectin molecules have been implicated in synaptic plasticity and are also found in the auditory
epithelium!?*-21l, Regarding Nectin-like molecules, Necl-1-2-3-4 molecules interact in the peripheral nervous system. Heterophilic
interactions between Necl-1 expressed on axonal cells and Necl-4 on Schwann cells promote the myelination process. Necl-1 and
Necl-3 binding to Necl-4 favor neuron-glia interactions in both the central and peripheral nervous system/?2-24,

In addition, Necl-1-2-4 are widely distributed in healthy tissues of the small intestine, lung and colon!?’], and Necl-2-4-5 are expressed
in the testes[?l. Necl-5 (hereinafter referred to as CD155) has low expression in most adult organs, but is abundant in fetal liver cells
and in cancer cells and tumor cell lines, being considered as an oncofetal molecule that favors embryonic development and cancer
progressiont!3271,

Nectins and Necl molecules participate in cell adhesion and differentiation at different locations. Thus, trans-heterophilic interactions
of either nectin-3 or -4 with nectin-1 occur in the auditory epithelium!?!l, Nectin and Necl adhesion molecules participate in the
cross-talk among integrin, cadherin and growth factor receptors contributing to the regulation of many cellular functions!’l. CD155
downregulation after contact with Nectin-3 supports its contribution to the phenomenon known as contact inhibition of cell
movement and proliferation, that occurs in healthy cells but is frequently lost in transformed cell lines!'328:2%],

2.3 Nectins and Nectin-like molecules in solid tumors and hematological malignancies

In addition to the physiological role of Nectin and Necl proteins in cell adhesion, movement, and differentiation, their expression has
also been related to cancer. The evidence shows an increase in several Nectins and Necls molecules in different types of cancer!’!1l,

CD112 is overexpressed in breast, ovary, and pancreas cancer cellsi*%3'l, Thus, the use of anti-CD112 monoclonal antibodies in vitro
against several tumor cell lines promoted antibody-dependent cell cytotoxicity (ADCC), postulating CD112 as a potential target for
antibody-mediated therapy in breast and ovarian cancers/®!l,

Nectin-4 is expressed in various types of cancer, including bladder, breast, lung, and ovarian cancer, and has been linked to a poor
prognosis!'32, Enfortumab vedotin, an antibody-drug conjugate targeting Nectin-4, has been studied in several preclinical cancer
modelst! and has been approved for its use in urothelial cancert>*31,
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As previously described, the expression of CD155 is minimal in adult tissues, but it is overexpressed in various types of cancer such as
colon, pancreas, melanoma and glioblastomal**-3°], where it can contribute to the motility and proliferation of tumor cells!*°l.

A meta-analysis to evaluate the significance of CD155 expression in cancer prognosis has been performed involving 4325 cancer
patients distributed across 26 studies. This study revealed that higher levels of CD155 are significantly associated with reduced overall
survival in patients with some types of cancer (digestive cancer, hepatobiliary pancreatic cancer, breast cancer, lung cancer, head
and neck cancer) compared with those with low CD155 expression. High expression of CD155 was correlated with advanced tumor
stage and the presence of lymph node metastasis, and distant metastasis, whereas no significant association was reported for tumor
size, TNM stage, or histological gradel*!l. In patients with cholangiocarcinoma, the expression of CD155 was related to histological
grade, lymph node metastasis, and TNM stage, and higher levels were associated with poor prognosis!*Z.

Studies of CD112 and CD155 expression on hematological malignances are more limited. In acute myeloid leukemia (AML) cells, it has
been shown that their expression is associated with poor prognosis, and their blockade augments T cell mediated lysis of AML3:44],
CD155 is highly expressed in AML (especially AML with t(15;17) and t(8;21) translocations) and in chronic lymphoid leukemial*’l. CD155
is also highly expressed in patients with multiple myeloma and is related to tumor stage and poor prognosis!‘®l. In vitro studies have
shown that FLT3 inhibitors suppress CD112 and CD155 expression on leukemic cells with FLT3 mutations and enhance NK cell
mediated cytotoxicity and ADCCI7.

In contrast, some Necls proteins have been identified as tumor suppressors!''l. Thus, Necl-1 and Necl-4 suppress tumorigenicity in
colon cancer and improves apoptosis rates of cancer cells?’l. CRTAM (Cytotoxic and Regulatory T cell-Associated Molecule), expressed
in activated NK and T cells, interacts with Necl2/TSLC1 (tumor suppressor in lung cancer-1, TSLC1) on tumor cells, and this
interaction results in NK cell cytotoxicity and interferon-y secretion by CD8" T cells!*sl.

3. Receptors for Nectin and Nectin-like Molecules

Nectin and Necls molecules are ligands for several immune receptors that exert different functions on T and NK cell activation
(Table 1). Interestingly, CD155 and CD112 are ligands for both the activating/co-stimulatory receptor DNAM-1 and the inhibitory
receptor TIGIT, establishing an axis of paired receptors that control, at least in part, the activation of NK cells and T cells (Figure 2).
CD112R (also known as poliovirus receptor related immunoglobulin domain containing (PVRIG)), a receptor for CD112, and TACTILE, a
receptor for CD155, further contribute to the complexity of this axis!*-52l,

NK cell

CD8+ T cell IFN-y ; CD4+ T cell

Dendritic cell

Figure 2. Nectin and Nectin-like molecules and their receptors. Nectin and Necl molecules, frequently overexpressed in cancer cells, interact with the activating/costimulatory
receptor DNAM-1 on NK cells and T cells and with inhibitory receptors such as TIGIT or CD112R (PVRIG). The signaling through these activating and inhibiting receptors,
together with other receptors involved in the activation of T and NK cells, will determine their degree of activation against cancer cells. In addition, the expression of Nectin
and Nectin-like molecules in dendritic cells can contribute to the activation of CD4" T cells and secretion of cytokines. Created with BioRender.com. DNAM-1: DNAX accessory

molecule-1; NK: natural killer; TIGIT: T cell immunoreceptor with Ig and ITIM domains; PVRIG: poliovirus receptor related immunoglobulin domain containing.

3.1 DNAM-1
3.1.1 DNAM-1 identification and structure

DNAM-1 (CD226) was originally identified as TLiSA-1, a specific marker of human T lineage involved in the differentiation of cytotoxic
T lymphocytes®], and afterward described as a glycoprotein involved in platelet aggregation and in the activation of platelets and
T lymphocytes (PTA1)>Y, DNAM-1 is a ~65 kDa glycoprotein, a member of the immunoglobulin superfamily, encoded on the human
chromosome 18 (18q22.3). DNAM-1 structure has three different domains: an extracellular domain of 230 amino acids with 2 Ig-like
domains and eight potential N-linked glycosylation sites, a short transmembrane domain of 28 amino acids, and a third domain
containing four tyrosine residues and one serine residue that are phosphorylated by intracellular kinases to induce cell activation!>.
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Shibuya and colleagues showed that blocking DNAM-1 with the antibody DX11 inhibited T and NK cell-mediated lysis of tumor cell
lines, supporting its role in T and NK cell-mediated cytotoxicity. This effect was partly explained by the functional relationship of
DNAM-1 with LFA-1, an integrin essential for activation and cytotoxicity present in NK cells that favors adhesion to the target celll>*->7),
Today, it is known that DNAM-1 is an adhesion molecule and an activating co-receptor expressed by T cells and NK cells that plays a
crucial role in antitumor immunity(>%-],

3.1.2 Expression and function of DNAM-1 on NK cells and T cells

DNAM-1 is widely expressed in CD8" T cells, NK cells, monocytes, platelets, and a small subset of B cellsi*>%591, CD112 and CD155 are
DNAM-1 ligands both in human and mousel°*¢!l, As stated above, these molecules are expressed in a variety of epithelial and
endothelial tissues where they fulfill functions of adhesion, differentiation, proliferation, and movement, which are key for the
development and function of healthy cells. NK cells participate in the lysis of immature dendritic cells through recognition of CD112
and CD155 by DNAM-1, which acts in cooperation with the activating receptor NKp30 to facilitate progression to a more mature
phenotype and achieve fully functional antigen-presenting cells. The cytotoxic capacity mediated by DNAM-1 correlates with the
surface density of these two ligandsl°>%l. In solid or hematological tumors, CD112 and CD155 are overexpressed and may favor cancer
progression and are associated with poor prognosislt!!31,38.04.051,

The clinical relevance of DNAM-1 and its role in NK cell-dependent tumor immunosurveillance has been described in various types of
cancerl®’l. DNAM-1 also participates in the control of viral infections mediated by NK cells[>*:°°l. DNAM-1 contributes to cytokine
secretion and immune synapse in T and NK cellsl>®381,

The interaction of DNAM-1 expressed on NK cells with tumor cells expressing CD112 and CD155 activates cytotoxicity and cytokine
production against melanoma, neuroblastoma and hematological tumors of myeloid origin, among othersl[®®:¢1.07], It was reported that
the soluble form of CD155 (sCD155), that is overexpressed in some cancer patients, suppressed DNAM-1-mediated degranulation of NK
cells. It is speculated that sCD155 competes with membrane-expressed CD155 to bind DNAM-1, thus suppressing the antitumor
immunity of NK cellsl®®’l In T cells, in addition to acting as a costimulatory molecule, DNAM-1 activates tyrosine phosphorylation
pathways, which facilitate primary cell adhesion during cytotoxicity mediated by CD8* T cellsl>°l. A study showed that CD8" T cells
require DNAM-1 for costimulation when the antigen is presented by non-professional antigen presenting cells, but not when the
antigen is presented by dendritic cells!”’l.

3.2 TIGIT

3.2.1 TIGIT identification and structure

TIGIT (also called WUCAM, Vstm3, or VSIG) is an inhibitory receptor that shares CD112 and CD155 ligands with DNAM-1 but exerts
opposite functions>%71l. It was discovered in 2009 in a genomic search for proteins with immunoregulatory characteristics in
T cells!’?l. After binding to its ligands on target cells, TIGIT inhibits the activation of T cells and NK cells. As described previously, TIGIT
is part of a complex immune regulation axis together with the DNAM-1, TACTILE and PVRIG receptors>72,

TIGIT contains an immunoglobulin extracellular variable domain, a type I transmembrane domain, a short intracellular cytoplasmic
tail containing a tyrosine-based motif (ITIM), and an inhibitory signal-transducing Ig-tyrosine tail-like motif (ITT)>73]. Analysis of
TIGIT interaction with CD155 showed that two TIGIT/CD155 dimers can assemble to form a heterotetramer!’3l.

3.2.2 Expression and function of TIGIT on NK cells and T cells

TIGIT is expressed on immune cells including CD8* and CD4" T cells, regulatory T cells, follicular T helper cells and NK cells['>7*7°L, Tts
expression is low in naive cells and is upregulated after activation in both T cells and NK cells!”"7?l. TIGIT is co-expressed together
with PD-1 in tumor infiltrating CD8" lymphocytes in melanomal’!l. In hematological tumors, an upregulation has been described in
chronic lymphocytic leukemia, acute myeloid leukemia, and Sézary syndromel”7-7%1,

TIGIT shares the ligands CD112 and CD155 with DNAM-1. TIGIT has a higher affinity for CD155 than DNAM-1 and therefore plays a

pivotal role in suppressing T and NK cell activation. Binding of TIGIT to CD155 suppresses IFN-y production and cytotoxicity of NK
cells in vitrol'>728081, TIGIT also interacts with the nectins CD112 and CD113, which have a lower affinity compared to CD155.

High expression of TIGIT in NK cells has been reported to protect liver regeneration by promoting NK cell tolerance, inhibiting their
activation, and decreasing IFN-y production after coupling to its ligand on the hepatocytel®?l. However, this regulatory effect in most
cases promotes the progression of neoplastic diseases!®*>*!l. The double intracellular domain of ITIM and ITT in the cytoplasmic tail of
TIGIT exerts a powerful inhibitory effect on both innate and adaptive immunity, compromising cytotoxicity and cytokines
production!'>7581851 TIGIT can exert its inhibitory effect on effector T cells and NK cells by several mechanisms. In an extrinsic way,
TIGIT interaction with CD155 on dendritic cells activates signaling cascades that induce the secretion of IL-10 and a decrease in [L-12
production, promoting the formation of tolerogenic dendritic cells that control T cell activation!’?l. TIGIT can also act in an intrinsic
way by inhibiting T cell proliferation and function’>°l In addition, the higher affinity of TIGIT for binding to CD155 than DNAM-1
hinders the activation of DNAM-1 by interrupting its homodimerization and also by interfering with DNAM-1 binding to CD155[727],
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Aging has been associated with changes in immune cells limiting immune response and cancer immunosurveillance, consequently
favoring cancer progression!’-*l. Increased expression of TIGIT on T and NK cells has been shown to be associated with a state of cell
exhaustion together with other inhibitory receptors, including PD-1®8l. This co-expression is a common feature of T cell exhaustion,
where these cells lose their ability to effectively fight against pathogens or tumors.

In triple-negative breast cancer, TIGIT expression correlates with histologic grade and agel®°.. TIGIT expression on T cells is
frequently associated with other inhibitory receptors such as PD-1, hindering the immune response. In addition, downregulation of
DNAM-1 is also observed associated with aging further contributing to the dysfunction of the immune system observed in the
elderly!>0:88901,

3.3 TACTILE (CD96)
3.3.1 TACTILE identification and structure

TACTILE (T cell-activated increased late expression) is another member that is part of the immunological checkpoints that interacts
with Nectins and Necls”'l. It was first identified in 1992 as a molecule expressed in T cells and involved in adhesion to target cells,
activation, and cytotoxicity!®>?3. However, years later, Mark Smyth’s group discovered its inhibitory properties after observing that
TACTILE (CD96) gene knockout mice were resistant to the induction of lung cancer and metastasis**.

TACTILE belongs to the immunoglobulin superfamily and has three extracellular Ig-like domains and a cytoplasmic domain
containing a short ITIM-like motif involved in its inhibitory function!®>l. The structure of TACTILE is more complex than those of
DNAM-1 and TIGIT, it presents two splice variants that differ in the extracellular domain due to the presence or absence of exon 4 in
the mature mRNA°L In addition, close to the membrane there is a stem rich in proline, serine and threonine, common to other
receptors such as CD44 or CD8Q/3, although the short cytoplasmic motif is rich in proline with a single ITIM domain in both mouse
and human. In contrast, only human TACTILE includes, at the end of this domain, a YXXM motif similar to those of the activation
receptors CD28 and ICOS-1 that can be responsible for conferring the activating capacity also described for TACTILE"-%81,

3.3.2 Expression and function of TACTILE on NK cells and T cells

TACTILE is expressed in umbilical cord and bone marrow derived hematopoietic stem cells!”.. Its expression is mostly limited to
immune cells such as T cells, both af and y§, (increasing its level after activation), NK cells, and at lower levels in activated
B cells!’>%°], TACTILE has also been described as a specific marker for leukemic stem cells in acute myeloid leukemial’®'° and is highly
expressed in T-cell acute lymphoblastic leukemia and myelodysplastic syndromes!!°%102,

The binding affinity of CD155 to TACTILE is lower than to TIGIT but higher than to DNAM-1, so it would be sufficient to cancel
DNAM-1-mediated costimulatory signalsl’2101,

In mice, CD111 (nectin-1) has been identified as a ligand for TACTILE!'®3], It has been proposed that TIGIT and TACTILE act
complementarily on NK cell effector function upon binding to their ligands!'’‘l. In co-culture with CD155'CD9* myeloid-derived
suppressor cells (MDSCs), only TIGIT blockade was able to restore human NK cell function, whereas TACTILE blockade did not!'%°l.

TACTILE was originally reported to mediate adhesion and cytotoxicity of NK cells against tumor targets(’3l. Over time, it was
discovered that CD96/" mice produced more IFN-y, and in three induced tumor models, these mice were more resistant to tumor
growth and metastasis. This effect was dependent on NK cells and DNAM-1 signaling!’*1°°l, In the same study by Chan et al.’*], TACTILE
was shown to compete with DNAM-1 for binding to CD155 and to negatively regulate IFN-y production in NK cells. A study that
compared three anti-mouse TACTILE antibodies, two that block TACTILE-CD155 interaction (3.3 and 6A6) and one that does not (8B10),
showed that although the potency of the two blocking antibodies was higher, the mice treated with the non-blocking antibody
retained the antimetastatic activity dependent on NK cells and IFN-y production, suggesting that the antitumor activity of NK cells
may be preserved despite signaling through TACTILE!'7], The analysis of TACTILE in human hepatocarcinoma showed that TACTILE*
infiltrating NK cells display signs of functional exhaustion and decreased production of IFN-y, TNF-@, IL-10 and TGF-[31, IL-15, Perforin
and Granzyme B, and low T-bet expression!!8l,

Combined blockade of TIGIT and TACTILE has been suggested to enhance the cytotoxic functions of NK cells!!?’], In NK cells, TIGIT
mainly regulates cytotoxic function and TACTILE regulates the production of IFN-y!!%4l, TACTILE is expressed on T cells in primary and
metastatic human tumors, and the blockade of TACTILE suppressed the growth of experimental tumors in mouse models!!'%!!1l, Gene
expression analysis of tumors showed that TACTILE (CD96) expression correlates with CD8" T cells and NK cell infiltration. However,
the role of TACTILE within the tumor microenvironment remains elusivel'!'l.

To elucidate its role in oncogenesis, a study in the Cancer Genome Atlas database analyzed the expression profile of the TACTILE gene
in various solid tumors. Increased expression was found in esophageal carcinoma, head and neck squamous cell carcinoma, kidney
renal carcinoma, and stomach adenocarcinoma, while decreased expression was observed in breast invasive carcinoma, colon
adenocarcinoma, lung squamous cell carcinoma, rectum adenocarcinoma, skin cutaneous melanoma, and thyroid carcinoma
compared to healthy tissues. It is of interest to note that correlation analysis yielded contradictory results. High TACTILE expression
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was associated with a worse prognosis in lower grade glioma, uveal melanoma, and glioblastoma multiforme. On the contrary, low
expression of TACTILE was associated with a protective effect in skin cutaneous melanoma, thymoma, bladder cancer, and head and
neck squamous cell carcinoma. In addition, in some types of cancer, the expression of TACTILE was positively correlated with the
presence of immune infiltrates!'!?l. These findings suggest that TACTILE may play a dual immunoregulatory role in the tumor
microenvironment and will require further analysis.

3.4 PVRIG
3.4.1 PVRIG identification and structure

PVRIG (poliovirus receptor-related immunoglobulin domain-containing protein), also known as CD112R, was identified in 2016 as an
additional member of the inhibitory receptor axis complex that competes with DNAM-1 for the same ligands!'*3l. PVRIG contains a
single IgV-like extracellular domain, a transmembrane domain, and a long intracellular domain that has two tyrosine residues, one of
which is located within an ITIM-like motif. Human and mouse PVRIG share a similarity of more than 65% in the sequence of their
extracellular IgV domain!!3l

3.4.2 Expression and function of PVRIG on NK cells and T cells

PVRIG is expressed on T cells (predominantly effector and memory CD8* cells) and NKT-like cells, while its expression is almost
non-existent in naive T cells. Human monocyte-derived dendritic cells, monocytes, neutrophils, and B cells from fresh blood do not
express PVRIG. Upon activation, it is upregulated in T cells, including the CD4" helper T cells. In peripheral blood NK cells, its
expression is broad, including CD16~ and CD16* NK subpopulations!!!3114,

CD112 (PVRL2 or Nectin-2) is so far the only known PVRIG ligand!''3114, CD112 expression is increased in several types of cancer such
as breast, ovary, pancreas, endometrial, lung, kidney, breast and prostatel‘’l. PVRIG enters into competition with TIGIT and DNAM-1
for binding to CD112. PVRIG binding to CD112 is stronger than that of DNAM-1 and TIGIT, and its interaction with CD112 ensures a
preeminence of inhibitory signals over activating ones[’!l.

The study of PVRIG function on human NK cells is still incomplete. In an in vitro experiment, Xu et al.[''"l demonstrated the inhibitory
function of PVRIG using anti-PVRIG antibodies. They managed to increase the cytotoxic function of NK cells against a breast cancer
cell line both by blocking PVRIG alone and even more by blocking PVRIG and TIGIT together. In a trial with infiltrating lymphocytes
from human tumors, blocking PVRIG alone or in combination with TIGIT or PD-1 increased T-cell activation, where the inhibitory
effect of CD112 was mediated by PVRIG and not by TIGIT!*’L In addition, the blockade of PVRIG and PD-1 in T lymphocytes improved
the cytotoxic activity and the response to mouse tumor models!'l. In AML patients, a significant improvement in the activation and
degranulation of NK cells against primary blasts expressing CD112 was observed after antibody-mediated blockade of PVRIG?. This
evidence points to PVRIG as a co-inhibitory receptor that, together with TIGIT and TACTILE, competes for its ligands with the
activating receptor DNAM-1 to establish an inhibitory dominance over T and NK cell functions.

Thanks to advances in the study of the Nectin family of molecules and their immune receptors, this axis now represents a new
therapeutic target for cancer treatment. In this sense, blocking TIGIT and PVRIG, as monotherapy or in combination with other
immunotherapy strategies, will likely be a line of action against cancer in the near future. The identification of immunological
biomarkers that allow the selection of patients who may benefit from these treatments is a current line of research and is essential
for the success of these therapies.

4. Aging and Its Impact on the Expression of Nectins, Necls and Their Immune Receptors

There is little information available on how aging can directly affect the expression of Nectin and Nectin-like molecules. Most studies
analyze the expression of these molecules in age-related pathologies such as cancer, but do not describe the possible changes in
their expression associated with age.

A meta-analysis involving 4,325 cancer patients to evaluate the role of CD155 expression in different types of cancer showed that high
expression of CD155 was associated with advanced tumor stage and poor prognosis, whereas no significant association between the
expression of CD155 and patients’ age was observed!*!l. Similar results were described in another study in patients with
cholangiocarcinomal*?l, The use of mass spectrometry has allowed the identification of distinct populations of senescent cells
characterized by high levels of CD112['!°l and its contribution to age-related pathologies is discussed. In general, as far as we
currently know, the expression of these molecules in tumors is not associated with the patients’ age.

In humans, aging forces innate and adaptive immune remodeling and dysfunction, contributing to a poor response to vaccines, and
increased susceptibility to infections and cancer!!!7'19l, This event, known as “immunosenescence”, was first described by Roy
Walford in 1964'2°], Several research groups, including ours, have reported age-related changes in NK and T cell receptors!!2!-120],

Although direct studies on the effect of aging on the expression of Nectin and Nectin-like molecules and their receptors are limited, it
is worth noting that findings in conditions of immune dysregulation linked to aging, such as chronic infections and cancer, are well
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documented. In this context, our group studied DNAM-1 in NK cells and T cells, observing a decreased expression in patients newly
diagnosed with AML compared to healthy controls>-'?7l. The expression of DNAM-1 on NK cells correlated with CD112 expression on
AML blasts!*?7l. A reduced expression of DNAM-1 has been demonstrated on NK cells from elderly healthy donors compared with
young healthy individuals!'?8],

The inhibitory receptor TIGIT has been analyzed as a biomarker of immunosenescence in CD8" T cells. Thus, TIGIT'CD27°CD28™ cell
subsets progressively accumulate during aging!’®'?°. Age was associated with increased TIGIT expression on CD8" T cells, that is
frequently found co-expressed with other inhibitory receptors such as PD-1, characteristic of exhausted cells!**°’l. In addition, aged
TIGIT* CD8" T cells show downregulation of DNAM-1, further contributing to a defective immune response. It has been demonstrated
in vitro that TIGIT knockdown reverts age-associated functional defects of these cells!’?l. Consistent with this, antibody blockade of
TIGIT increased the functional capacity of NK cells expressing high levels of this inhibitory receptor!'%l. Similarly, another study
observed that TIGIT blockade enhanced cytotoxicity in dysfunctional NK cells against CD155-transfected CD4* T cells in HIV-1 patients
and concluded that HIV-1 reactivation in CD4" cells increased CD155 expression!!*!l. Consequently, as described in previous sections,
in patients with solid and hematologic malignancies, high TIGIT expression in T and NK cells is associated with a poor
prognosis!'3?"134, In triple-negative breast cancer, TIGIT expression has been correlated with age and histologic gradel®°.

These findings support the role of TIGIT as a relevant immune regulator during aging and cancer. Further studies are needed to
establish TIGIT blockade protocols in elderly individuals to improve age-related immune dysfunction and optimize its efficacy in
cancer patients.

Another relevant receptor involved in this regulatory axis is PVRIG, whose expression has been reported to be increased on NK cells
and T cells in cancer!*?>2l, PVRIG expression is associated with a dysfunctional CD8* T cell phenotype coupled with an
immunosuppressive tumor microenvironment in multiple myelomal'*>l. In fact, it has been suggested that PVRIG expression in CD8*
T cells induces an exhausted and senescent phenotypel‘®-13°l. Blockade of these immunoregulatory axes is emerging as a promising
therapeutic strategy to counteract tumor progression and reverse exhaustion and senescence in NK and T cells. Combined strategic
blockade of PVRIG and PD-L1 in mouse models enhances the effector function of tumor-infiltrating lymphocytes!'37). As a result,
cytotoxicity and IFN-y production were significantly increased in subpopulations of NK and CD8" T cells, resulting in suppressed
tumor growth!' ],

The presence of an ITIM motif and a YXXM motif may confer inhibitory or activating functions to the TACTILE receptor. Thus, a role of
TACTILE as a costimulatory molecule involved in the activation and enhancement of the cytotoxic capacity of CD8" T cells has been
described”l. In HIV-infected patients, the TACTILE receptor is downregulated in subsets of CD8* T lymphocytes with a CD28~ CD57*
phenotype, which is associated with disease progression, suggesting that TACTILE downregulation could be involved in cellular
senescence in T cells!!38L

Since Nectin family members share common ligands, cross-regulation between the different CD155 (DNAM-1, TIGIT, TACTILE) and
CD112 (DNAM-1, TIGIT, PVRIG) binding receptors cannot be excluded.

5. Conclusions and Future Perspectives

Nectin and Necls, along with their associated immune receptors, form a crucial axis in the immune response. This axis includes
inhibitory and activating receptors that share the same ligands, resulting in complex regulatory interactions. In the last decade, the
role of this axis in the immune response against cancer has been highlighted. DNAM-1 and TIGIT share CD112 and CD155 as ligands,
whereas TACTILE binds to CD155 and PVRIG binds to CD112. A delicate balance of forces, through these signaling pathways,
contributes to NK cells and T cell function and tumor control. Understanding this axis, including the binding mechanisms and
specificities of these receptors, is crucial for the development of effective immunotherapies. The contradictory role of TACTILE in
different types of cancers requires further analysis. Its structure, containing a tyrosine-based inhibitory motif as well as an activation
motif, may explain the differences observed in different clinical settings.

Collectively, these findings suggest that malignant neoplasms with high expression of Nectins and Necls may induce functional
deficiency in NK cells and T cells, therefore contributing to cancer immune evasion and leading to a state of immune decline
characteristic of immunosenescence. The observed changes in the expression of Nectin family molecules and their immune receptors
in cancer patients highlight the constant antigenic pressure faced by the immune system within the tumor microenvironment, the
mechanisms underlying immune dysfunction, and the struggle for survival.

The major scientific and technological advances developed over the last decade have allowed for a better understanding of the
immune mechanisms involved in the recognition and destruction of cancer cells. Age is a risk factor for the development of many
cancers, and many challenges remain to be resolved for the adequate treatment of elderly patients. Promising directions for future
research include the use of combinatorial blockade strategies to overcome treatment resistance, the identification of biomarkers of
therapeutic success in elderly patients, and a better understanding of how the aged TME affects the response to cancer therapies.
These future advances will contribute to the development of age-specific personalized treatments for better patient outcomes. These
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novel approaches aim to move beyond single treatments, adapting therapies to individual cancer cell biology, especially considering
the unique challenges and immune landscape in older adults, and will help to develop new immunotherapy procedures to achieve
longer life expectancies and better quality of life in advanced-age cancer patients.
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