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Emerging research demonstrates that co-inhibitory immune checkpoints (ICs) remain the most promising

immunotherapy targets in various malignancies. Nonetheless, ICIs have offered insignificant clinical benefits in the

treatment of advanced prostate cancer (PCa) especially when they are used as monotherapies. Current existing

PCa treatment initially offers an improved clinical outcome and overall survival (OS), however, after a while the

treatment becomes resistant leading to aggressive and uncontrolled disease associated with increased mortality

and morbidity. 
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1. Introduction

PCa is the second most frequently diagnosed malignancy, and the sixth leading cause of cancer-related deaths in

older men worldwide. In 2018, the incidence of PCa was approximately 1.3 million with a mortality rate of 360,000

. There appears to be a positive correlation in the incidence, prevalence and increasing age of PCa; although the

diagnosis of PCa remains undiagnosed in some men . This may be owing to the asymptomatic PCa cases,

Gleason score, screening tools, limited healthcare access and social awareness aspects in men especially in the

rural settings. Additionally, routine screening procedures for PCa include digital rectal examination (DRE) for

assessment of the prostate gland and use of serum prostate specific antigen (sPSA) . However, these techniques

are not perfect, i.e., a DRE is operator dependent and sPSA is not specific for PCa. sPSA can also be elevated in

several benign and non-benign conditions (e.g., infections such as urinary tract infections, prostatitis and benign

prostatic hypertrophy) which form part of PCa risk factors . Other factors such as black ethnicity, PCa family

history, having many children and diet have shown to have a positive correlation with increased risk of PCa

development, although more studies are needed to determine the accuracy of some of these risk factors .

PCa is a notoriously heterogeneous cancer with 60–90% of the patients having multiple distinct cancer foci within

the prostate gland at time of diagnosis . The heterogeneity of PCa is also observed through its metastatic

predominance for the skeleton with high risk of biochemical recurrence and persistence following treatment, and

this correlates with increased morbidity and mortality. This has been illustrated in Figure 1 with Gallium( Ga)-
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prostate-specific membrane antigen (PSMA)-Positron Emission Tomography (PET) images of two patients with

metastatic PCa to the skeleton, which vary in the pattern of bone involvement and histological features. This

probes for personalised and targeted therapeutic approach. Most PCa diagnoses and treatments are purely reliant

on increased levels of sPSA and androgen hormone (AH), which is highly detectable in localised PCa and certain

cancer cells. This makes advanced or aggressive PCa such as metastatic hormone-refractory PCa (mHRPC) with

suppressed levels of PSA or AH difficult to diagnose and treat . When diagnosed early especially at the local

stage with well-differentiated non-metastatic disease, the 5-year relative survival rate of PCa is >95% as observed

in more than 3000 patients with a new diagnosis recorded in the Norwegian PCa Registry in 2004–2005 . PCa is

classified into low, intermediate and high-risk groups, and this based on TNM stage that describes the amount and

spread of cancer in patient’s body, Gleason score and level of PCa marker called sPSA .

Figure 1. (A and B Maximum Projection images): Ga-PSMA PET images of two patients with

advanced/metastatic prostate cancer to the skeleton. Note the difference in pattern of bone involvement and both

are diffused skeletal demonstrating lytic and sclerotic. (A) demonstrates focal pattern but widespread lesions; (B)

demonstrates lesions that are widespread in pattern interrupted with areas in the bone of no uptake within the

affected bone.

 

2. Immune System in PCa and Advanced Stages

Chronic inflammation and immunosuppression are the hallmarks of many cancers, and are also implicated in PCa

. Recent studies demonstrate that IC suppression remains significantly relevant in PCa and may be

efficacious in PCa patients with advanced malignancy when used in combination with other treatment modalities
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. the ICs are immunoregulators that control the activities of T cell response by activating co-stimulatory and

inhibitory immune signals. The T cells, B cells, natural killer (NK) cells, dendritic cells (DCs) and macrophages are

types of immune cells, which are a network of specialised organs, tissues, cells and signalling molecules that

synergise as powerful weapons to fight pathogens and cancers . T cells form one of the major components of

adaptive immunity that elicit responses by activating and attacking damaged cells including dendritic cells, B-cells

and macrophages that have digested foreign antigens. ICs on the T cell surfaces serve as gatekeepers that control

the activities of the T cell response. In normal circumstances, ICs maintain the inactive status of T cells (as naïve T

cells) to prevent them from attacking and damaging the body’s own tissues or cells until they encounter specific

foreign antigens . Classified as either self or non-self, antigens enable the immune system to distinguish

between normal interactions and antigen encounter with the foreign threat. Neoantigens are types of tumour

antigen derived from mutations and tumour cells/DNA and are recognisable as non-self by the immune system. In

both innate and adaptive immune responses, immune cells recognise and eliminate tumour cells in 3 principal

stages . The first stage is presentation, and in this stage the innate immune responses (neutrophils,

basophils, eosinophils, and macrophages) rapidly identifies and attacks tumour cells. The resulting tumour cell

death release tumour antigens, which can activate the cytotoxic T cells of the adaptive immune system. The

second stage is infiltration, and it involves recruitment of immune cells by tumour antigens and other factors to the

tumour site, where they invade and attacks the tumour cells. Elimination is the last stage, and here activated

cytotoxic T cells recognise the tumour cells as the source of antigens and target them for elimination .

The immunosuppression activity of the immune cells such as Tregs and myeloid-derived suppressor cells (MDSC)

is regulated by activating and inhibitory pathways. Activating pathways trigger an immune response. Inhibitory

pathways such as IC pathways provide a natural counterbalance to immune activation by serving as “brakes” of the

immune system that tumours usually hijack in order to shut down immune responses and protection .

This balance between inhibitory and activating pathways normally enables the immune system to attack tumour

cells while sparing healthy normal cells. However, tumour cells may modulate these pathways in order to escape

the detection and destruction by these immune effector cells . Blockage of these pathways, especially

inhibitory that tend to be implicated in various types of cancer, has shown potential therapeutic benefits by

producing antitumour effects and long-term survival benefits in a broad spectrum of cancers . This inspired

the development of ICIs or blockades that led to the revolutionary treatment of many cancer types and earned both

James P Allison and Tasuku Honjo a 2018 Nobel Prize in Physiology or Medicine. Patients with melanoma, bladder

and kidney cancers that exhibit mismatch repair deficiency (dMMR), cyclin dependent kinase 12 (CDK12) loss and

high tumour mutational burden characterised by good T cell infiltration tend to respond well to ICIs as compared to

patients with PCa . PCa is generally immunologically “cold” associated with low tumour mutational burden

around tumour microenvironment and enriched with poor T cell infiltration and myeloid cells that are

immunosuppressive . However, the use of double- instead of single-agent monotherapy of ICIs or

combination of single-agent monotherapy ICIs with other PCa treatment including the PCa vaccine sipuleucel-T

tend to give better clinical outcomes . It is, therefore, important to understand the role of inhibitory

pathways in PCa to open new avenues for the development of dual combination therapeutic approaches that will

favour all patients and offer a better clinical outcome. Here, we focus primarily on the recent progress in
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understanding inhibitory IC pathways, their inhibitors and roles in PCa treatment. These will include but is not

limited to CTLA4, PD1, VISTA, IDO1, TIM3, LAG3, TIGIT, B7-H3 and B7-H4 and these are illustrated in Figure 2.

Figure 2. Immunoregulation of checkpoints in prostate cancer. (A) Immune checkpoints are usually hijacked during

cancer and act as a “brake” upon binding to their ligands to slow down or inhibit cancer targeting T-cells and killing

of tumor cells. (B) Counteracting the interaction of the immune checkpoints by their specific inhibitors release the

“brake” and restores the T-cells functioning leading to killing of tumour cells.

3. The Immunoregulation and Inhibition of Immune
Checkpoints in PCa

3.1. Cytotoxic T-lymphocyte Antigen 4

CTLA4 CTLA4 and PD1 pathways have been heavily studied, and ICIs that are under clinical studies today target

these pathways or their ligands to restore antitumour responses. CTLA4 is constitutively expressed on regulatory T

cells (Tregs), normal and malignant non-T cells leading to an integration network complex of positive and negative
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co-stimulatory signals that are required for T cell modulation. Two positive signals are required for T cell activation,

and these include antigen presentation and CD28 to initiate the immune response . CTLA4 and CD28 are

homologous receptors both expressed by CD4+ and CD8+ T-cells which mediate opposing functions in T cell

activation. They share APC expressed CD80 (B7-1) and CD86 (B7-2) as their natural ligands. Transient expression

of CTLA4 occurs soon after T cell activation, resulting from ~20 times greater affinity interaction to CD80 and CD86

ligands than CD28. Thus CTLA4 outcompetes and scavenges CD80/86 away from CD28, thereby preventing

CD28-mediated T cell costimulation. Subsequently, CTLA4 exerts negative inhibitory signalling to T cells by

blocking CD28 co-stimulatory signal necessary for robust T cell activation and effector function. CTLA4 may also

trigger trans-endocytosis and degradation of CD80 and CD86 from the cell surfaces of APC, therefore resulting in

impaired costimulation via CD28-expressing T cells .

CTLA4 mediated T cells inhibitory signalling has been an important phenomenon implicated in various types of

infections and tumours . When the CTLA4 binds to its ligands, the T cells become deactivated and fail to mount

the immune responses to infections and tumours. However, the blockade in CTLA4 via anti-CTLA4 ICIs is critical in

disrupting the proper function of Tregs. Anti-CTLA4 binds to CTLA4 with higher affinity leading to increased

accumulation, function and survival of T cells that attack tumour cells . The clinical success of anti-CTLA4 ICIs

was observed in advanced melanoma through the use of ipilimumab, a fully humanised antibody anti-CTLA4

monoclonal antibody (IgG) isolated from transgenic mice and produced from a hybridoma clone . Ipilimumab

infiltrates and represses T cell inactivation by binding to CTLA4 and preventing it from interacting with its ligands.

This enables the expansion of naturally developing melanoma-specific and cytotoxic T cells that neutralise tumour

cells and prevent the risk of cancer recurrence . Although early phase I/II clinical trials of ipilimumab in

HRPC have shown promising results with reduced cancer growth in some patients, phase III trials failed to

demonstrate OS benefit . Combination of ipilimumab with other therapies like docetaxel, radiotherapy,

ADT, PROSTVAC, GVAX, GM-CSF resulted in PSA decline of >50% in 16% to 50% of the treated cohort, also

suggesting irrelevant clinical benefit . There was also no significant change in PSA doubling time

when the tremelimumab was combined with ADT . Poor clinical benefits of these combined therapies are likely

to be attributable to the immunologically “cold” nature of tumour with relatively few tumour infiltrating T cells as

mentioned earlier. However, CheckMate Trial in combination with ipilimumab and other inhibitors like nivolumab

became a game changer by showing antitumour activities in both chemotherapeutic-naïve and chemotherapy-

experienced HRPC patients. This was even enriched in patients with higher tumour mutational burden who

benefited mostly from this treatment combination. This impressive data was compromised by observed adverse

reactions (diarrhea, hypothyroidism, fatigue, skin rash, etc.) and fatalities that intercepted the use of this approach

. More trials with modified treatment dosage and duration approaches are ongoing to minimise these adverse

reactions associated with nivolumab and ipilimumab dual-combination treatment.

3.2. Programmed Cell Death Protein 1

PD1 PD1 is an inhibitory receptor, an extended family of CTLA4/CD28 T cell regulators with two ligands including

PD-L1 and PD-L2. PD1 is constitutively expressed by regulatory T cells, B cells, natural killer cells and certain

myeloid cell populations, suggesting that its functional activities may be extended further than CTLA4. It is
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predominantly expressed by mature T cells in peripheral tissues and in the tumour microenvironment. Its pivotal

roles involve balancing protective immunity and immunopathology, homeostasis and tolerance by modulating T

cells response and possibly other immune cells through mechanisms that are still unknown . PD1 knockout

mouse exhibits significant altered immune cell development associated with autoimmune disease and congestive

heart failure .

PD1 expression can limit protective immunity in responses to chronic infections and tumours . Under normal

physiological conditions, PD1 interacts with its ligands and recruits Src homology 2 (SH2) domain containing

phosphatases 1/2 (SHP1/2) resulting in T cell immune suppression. Upon conventional T cells activation in

response to chronic infections and various types of tumours, PD1 becomes upregulated and hijacked by some

tumour cells to establish immune evasion. Immunohistochemistry studies have demonstrated that PCa cells-

expressed PD-L1 are characterised by M2 macrophages, and this negatively correlates with deep changes of

tumour inflammatory infiltrate composition including overexpression of PTX3, which appears to be an unfavourable

prognostic marker . Blockage of PD1 or PD1 ligands with pembrolizumab, nivolumab, lambrolizumab (PD1),

atezolizumab and BMS-936559 (PD-L1) has demonstrated significant clinical anticancer activity by boosting T cell

activation in multiple cancers including urothelial carcinoma. Pembrolizumab targets PD1 receptor by preventing it

from binding to its immune-suppressing ligands, PD L1 and PD L2, therefore restoring robust T cell response that

eradicate tumour cells . A subset of HRPC that demonstrates dMMR pathway deficiency, a phenotype that is

characterised by altered immune landscape, microsatellite instability, high mutation burden, an activated immune

microenvironment, and increased PD1/PD-L1 expression on tumour and immune/stromal cells may also benefit

from pembrolizumab . McNeel et al.  has explored the antitumour activities of pembrolizumab and DNA

vaccine encoding prostate acid phosphatase (PAP) when concurrently and sequentially combined in treating

HRPC. This therapy elicited interferon-gamma (IFN-γ) secreting PAP-specific Th1-biased T cell immunity and

CD8+ T cell infiltration with declined PSA only in concurrent therapy. Sadly this PSA positive response was

reversed when the pembrolizumab treatment was stopped after 3 months. This suggested that the response was

specifically related to the development of immune response from combination therapy of vaccination and

pembrolizumab that usually targets dMMR, which were not the case in analysed patients .

The loss of biallaelic CDK12 is another important phenomenon and hallmark of MMR pathway deficiency in

selected HRPC cases. This is usually characterised by increased gene fusions, which serve as neoantigens and

promote intratumoral T cell infiltration that can potentially be targeted with pembrolizumab . It is only 7% of

HRPC patients that exhibit this genomic aberration, which means a one-size-fits-all approach that is currently being

used must be reviewed and changed to specialised treatment. Developing inhibitors targeting these genomic

aberrations may allow us to emulate current lung cancer model, in which the 5% to 6% of patients with non–small

cell lung cancer who have an ALK rearrangement are treated with an ALK inhibitor . This can be combined

with checkpoint inhibitors and other approved HRPC treatments like sipuleucel-T to induce a favourable clinical

outcome. A recent study has shown that the use of bipolar AT and enzalutamide has enhanced the response of

mHRPC to anti-PD1 blockade, and this was associated with inactivation of mutations harboured by homologous

recombination DNA repair genes. This suggested the therapeutic potential of IC blockade in patients with advanced

PCa especially following immune activation . Sena et al.  recently demonstrated a high clinical response rate
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in patients with deficient MMR after treatment with anti-PD1 pembrolizumab. Pembrolizumab resulted in prolonged

progression free survival, OS and density of CD8+ tumour-infiltrating lymphocytes. These were strongly associated

with tumour frameshift mutations, suggesting a new biomarker of ICIs sensitivity . Nonetheless, the durability of

the treatment response in some patients has been reported .

Unfortunately, ICI monotherapy has shown very minimal anti-cancer activity in PCa patients due to various disease

factors including immunologically “cold” tumour microenvironment with poorly differentiated and few tumour

infiltrating T cells. Dual combination of different ICIs or combining ICI monotherapy with currently approved HRPC

hormone therapies such as enzalutamide significantly improves the efficacy of ICIs. Enzalutamide is an anti-

androgen that reduces prostate tumour growth in HRPC cases by preventing the AR signalling pathway and

transcriptional activities that feed tumour cells with testosterone . In two separate studies including the

CheckMate 650, treatment of abiraterone plus prednisone pre-treated and chemotherapy naïve HRPC patients

with dual combination of enzalutamide and pembrolizumab showed a better objective response rate (ORR) with

reduced PSA . Graff et al.  recently showed that adding pembrolizumab treatment in HRPC patients

progressing on enzalutamide alone induced a better clinical outcome with an objective radiographic response and

PSA decrease of ≥50% as compared to HRPC patients on progressing enzalutamide monotherapy. Patients whose

tumours exhibited no dMMR, CDK12 loss or PD-L1 expression also benefited from treatment in this trial .

Dual combination of nivolumab and ipilimumab has also demonstrated an ORR of 25% in chemotherapy-naïve

HRPC cohort as compared to a HRPC cohort that has undergone chemotherapy (ORR of 10%). Here, ipilimumab

turned a “cold” PCa tumour to “hot” by bringing in T cells to the tumour but simultaneously activated unneeded PD-

L1, and this was blocked with nivolumab that intercepted PD1/PD-L1interaction and therefore freed the T cells to

attack tumour cells. Although this combination provides a better clinical outcome, poor tolerability has still been

reported and warranted for further research investigation .

3.3. V-Domain Immunoglobulin Suppressor of T Cell Activation

VISTA is a well-established immune regulatory receptor that can also serve as a ligand . It is primarily and highly

expressed in tumour infiltrating lymphocytes including in microglia, leukocytes, naïve CD4+ and Foxp3+ Tregs 

. Although mechanisms underlying immunosuppressive role of VISTA are yet to be determined, VISTA has been

naturally upregulated in tumour microenvironment of various malignancies such as leukaemia and pancreatic

cancer. It has also recently been identified as an immunotherapy target of PCa owing it to its increased expression

level in response to ipilimumab . Ipilimumab-mediated expression of VISTA is directly proportional to increased

expression of immuno-suppressive PD1 and PD-L1 in PCa, suggesting a compensatory inhibitory IC pathway that

inspires novel effective combination-treatment strategies. A combination of ipilimumab and an anti-VISTA drug may

offer a better clinical outcome in PCa .

3.4. Indoleamine 2,3-Dioxygenase (IDO)

Mesenchymal stem cells (MSCs) are known to play a pivotal role in tissue regeneration, wound healing and

immune system, and have also been implicated in PCa development. MSCs have been demonstrated to promote
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transformation of androgen-dependent PCa into an androgen-independent tumour . The co-culturing model of

MSCs with tumour infiltrating lymphocytes has demonstrated that MSCs polarised to a Th1-like phenotype that was

associated with marked pro-inflammatory changes . Interferon-gamma (IFN-γ) and tumour necrosis factor-alpha

(TNF-α) are two important factors that were produced by activated T cells in MSC polarisation, and this was

associated with an upregulation IDO1 . IDO1 catalyses the first and rate-limiting step of kynurenine pathway that

converts L- tryptophan into the immunosuppressive metabolite L-kynurenine. It was also found that IDO1 is

activated in some antigen-presenting cells in various tumours by tumour, MSCs and innate immune cells. IDO1

suppresses CD8+ T effector cells and natural killer cells as well as increased activity of CD4+ Tregs and MDSC.

This influences immune tolerance to tumour antigens and evasion from immune-mediated destruction, which are

significantly associated with poor prognosis. Previously, an increased expression of IDO1 correlated with high

levels of PCa candidate biomarkers AMACR A, TNF-β1 and kynurenine in a subset of PCa patients . Patients

with advanced PCa exhibit an increased activation and expression of IDO1 after treatment with either DNA vaccine

PAP or/and anti-PD1 inhibitor pembrolizumab. There was no PSA response as confirmed by lack of PSA decline

following treatment. However, an induction of specific IFNγ-secreting T cell response was observed following in

vitro stimulation of peripheral blood cells with 1-methyltryptophan that inhibit IDO. Given this data, activation and

expression of IDO1 appears to be an underlying mechanism of immune evasion used by PCa. Counteracting IDO1

activities has resulted in the reactivation of anticancer immune responses in animal studies with tumour models ,

suggesting that blockage of IDO1 may also represent a promising therapeutic candidate for HRPC.

3.5. T cell Immunoglobulin Domain and Mucin Domain 3 (TIM-3)

TIM-3 is a member of Ig superfamily and is highly expressed on fully differentiated Th1 lymphocytes, CD11b+

macrophages, activated T and myeloid cells. TIM-3 regulates macrophage, activates and inhibits Th1 mediated

immune responses to promote immunological tolerance. Increased level of TIM-3 expression was observed on

both CD4+ and CD8+ T cells in PCa patients and this correlates with a higher Gleason score (>7) and increased

pre-operative PSA . On the contrary, reduced TIM-3 expression was associated with poor prognosis in

metastatic PCa and served as a biomarker to differentiate metastatic HRPC from mHSPC, making the prognostic

value of TIM-3 in PCa controversial .

Zhang et al.  has recently conducted preclinical studies in mice models with PCa tumours and demonstrated

that triple therapy of streptavidin-GM-CSF surface-anchored tumour cell (anchored GM-CSF) vaccine, anti-TIM-3

and anti-PD1 antibodies in sequential pattern inhibited tumour growth and increased tumour regression rate in

more than 60% of tested mice. This was significantly a better clinical outcome compared to concurrent therapy of

anchored GM-CSF vaccine and PD1 inhibitors that, although induced robust antitumour activities, was ultimately

associated with aggressive tumour progression and minimal regression in some mice. This supports numerous

previous studies that demonstrated that TIM-3 is co-expressed on dysfunctional or exhausted T cells with PD1 as a

compensatory and synergistic partner that, when co-blocked with PD1, reverses immune resistance in preclinical

studies and restores anticancer T cell responses in patients with advanced cancer .
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Galectin-9 (GAL9) is a TIM-3 ligand that belongs to the galectin family of lectins. Interaction of TIM-3 with GAL9

induces T cell dysfunction and predicts poor prognosis in patients with other solid tumours . In PC-3 PCa cells,

GAL9 was found to induce atypical ubiquitination leading to non-apoptotic cell death . High-mobility group box 1

(HMGB1) and phosphatidylserine (PS) are two other ligands for TIM-3 with immunosuppressive roles in infections

and various malignancies . There may also be possible activation of TIM-3/GAL9 signaling pathway in PCa,

and this still warrants research investigation to determine the effect of this pathway in PCa cell transformation and

clinical outcome.

3.6. Lymphocyte-Activation Gene 3 (LAG-3)

LAG-3 is expressed on B cells, natural killer cells and plasmacytoid dendritic cells, but also constitutively and

predominantly on activated cytotoxic T cells and Tregs. LAG-3 normalises both innate and adaptive immune

responses by limiting cytokines secretion, T cell activation and proliferation leading to their exhaustion. Its main

ligands are major histocompatibility complex class II (MHC-II) molecules, which are constitutively expressed on

professional immune APCs. LAG-3 is structurally similar to CD4 receptor and both bind to antigen MHC-II as their

canonical ligand (Figure 2a). However, LAG-3 binds MHC-II with 100-fold higher affinity than CD4 and negatively

regulates proliferation, activation, and homeostasis of T cells in a similar fashion to CTLA4 and PD1 . In the

tumour microenvironment, LAG-3 becomes upregulated on Tregs, gathers around tumour sites and exerts

immunosuppressive roles that amplify dysfunctional cytotoxic T cells and induction of deficient antitumour immune

response. Enrichment of LAG-3 and CD8+ T-cells expressing tumour-infiltrating lymphocytes with better clinical

outcome was observed in estrogen receptor negative breast cancer, indicating an independent prognostic value

. Indeed like TIM-3, LAG-3 can be co-expressed with other ICIs like PD1 as observed in preclinical mouse

tumour models and cancer patients with intratumoral T-cell dysfunction that accentuates immune escape and

increased tumour growth. This led to perturbed TNF and IFN-γ inflammatory signaling pathways which were

restored with dual combination therapy counteracting both LAG-3 and PD1 activities . Dual inhibition

of LAG-3 and other ICIs synergistically increases T cell tumour anti-activities.

Upregulation of LAG-3 by tumour-specific CD4+ and CD8+ T cells in Tregs infiltrating PCa lesions has been

observed. A contrary finding of a rather low LAG-3 expression was reported in various studies , suggesting

that further research investigations are needed on this subject. LAG-3 also interacts with galectin-3 (GAL3) and

liver sinusoidal endothelial cell lectin expressed on tumour cells and tumour-associated stromal cells, respectively.

GAL3 was demonstrated to exert two opposite physiological roles based on its cellular localisation in PCa. Nuclear

GAL3 may promote antitumour activities while cytoplasmic GAL3 may enhance tumour aggressiveness , and

this may explain the contradictory level of LAG-3 expression status in the two studies. Significant reduction of

nuclear GAL3 following its promoter hypermethylation has been observed in PCa, and this correlates with disease

progression . It has also been shown that activation of GAL3 in PCa cancer cells and xenograft mouse models

with PCa causes the induction of T cell apoptosis, angiogenesis and bone metastases, which were

pharmacologically reversed with RNA interference or interventions counteracting the activities of GAL3 .

Other studies have also shown that cleavage of GAL3 by metalloproteinase 2, 9 and PSA favors tumour

progression in PCa suggesting its potential for therapeutic targeting . Moreover, GAL3 activation upregulates
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the AR and its downstream target genes, hence, its implication in the resistance to enzalutamide and bicalutamide

anti-AR drugs in xenograft mouse model .

3.7. T Cell Immunoreceptor with Ig and ITIM Domains (TIGIT)

TIGIT is also TIGIT is also known as CD223, WUCAM and VSRM3. It is a T cell and NK-cell expressed immune

receptor that interacts with CD122 (Nectin-2), other nectins and CD155 (PVR) on DCs and macrophages to

convert inhibitory signals on immune system . TIGIT has a greater affinity to its ligands, enabling it to

overcome its competitor CD226 to bind CD122 and CD155. Dysregulation of TIGIT allows tumour cells to

upregulate CD122 and CD155 and avoid immune-mediated destruction. TIGIT functions like PD-L1 and, when

blocked, it enhances T cell proliferation and function . Co-inhibition of TIGIT with anti-TIGIT antibody

tiragolumab and anti-PD-L1 antibody atezolizumab restored functional tumour-specific T cells leading to greater

ORR and progression-free survival in patients with non-small lung cancer. Papanicolau-Sengos et al.  has

demonstrated over-expression of CD122, CD155 and CD276 (B7-H3) that differentiated HRPC from HSPC,

representing another potential target for aggressive PCa immunotherapy.

3.8. B7 Homolog 3 (B7-H3)

B7-H3 B7-H3 is also known as CD276, a member of the B7 family of the IgSF . It is predominantly

expressed on professional APCs including B cells, macrophages, DCs and a wide variety of tumour cells . It is

also expressed on a lower level in a broad variety of non-immune cells, suggesting additional non-immunological

functions . Both stimulatory and inhibitory properties have been identified but the ligand of B7-H3 has

yet to be identified. Like TIGIT, B7 homolog 3 (B7-H3), a member of the B7 family of the IgSF, is similar to PD-L1.

B7-H3 is upregulated in PCa where it is negatively correlated with biochemical cancer recurrence, progression and

metastasis . Several studies have revealed increased B7-H3 expression that correlates with clinicopathologic

indicators of aggressive cancer, metastasis and poor clinical outcomes in PCa patients . Moreover,

expression of B7-H3 tends to be related to androgen signalling and immune reactivation .

Enoblituzumab is a humanised Fc-optimised B7-H3–targeting antibody that induces antibody-dependent cellular

cytotoxicity (ADCC). Treatment with this monoagent conferred antitumour activities in both localised intermediate

and high-risk PCa in Phase II clinical studies . Phase I study of anti-B7-H3 bispecific antibody in PCa patients

enhanced T cells activation and proliferation as well as production of cytokines and mediators (granzyme/perforin)

that eliminates tumour cells, qualifying B7-H3 a potential target for PCa immunotherapy .

3.9. V-Set Domain-Containing T Cell Activation Inhibitor 1 (VTCN1)

VTCN1, also known as B7 Homolog 4 (B7-H4), is a glycosylated member of the B7 family that delivers

costimulatory signals . However, VTCN1 negatively regulates T cell-mediated immunity and potentiates

immune evasion, epithelial cell transformation, proliferation, cytokine production and the development of

cytotoxicity by suppressing T cell activation in the tumour microenvironment. Prostate, liver, kidney, lung, spleen,

pancreas, placenta, testis and thymus are tissues that primarily express VTCN1 . Upregulation of VTCN1 has
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been observed in various tumour tissues, and this is parallel with poor clinical and tumour aggressiveness

pathological features . In PCa, an elevated level of VTCN1 is associated with activation of genes that

establish cancer stem cells (CSC), pathological high tumour stage and poor or shorter OS rate, making it a

potential independent prognostic biomarker and therapeutic target . CSC, a hallmark of advanced PCa, are

a heterogeneous population of tumour cells with the capability for self-renewal, and are associated with increased

motility that enables tumour invasion and metastases leading to PCa therapy resistance .

VTCN1 increased expression level is associated with a higher incidence of PD-L1 co-staining. Thus, therapeutic

co-blockade of B7-H4 and PD-L1 could favourably alter the tumour microenvironment allowing for antigen-specific

clearance of tumour cells . Blockage of the interaction between VTCN1 and its receptors overcomes tumoral

immune escape and correlates with increased T cells and NK cell infiltration that suppresses PCa tumour growth

and metastasis .
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