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Abstract

The resurgence of immunotherapy as an effective anticancer strategy has been coupled with 

more mature understandings of the underlying immune pathways and the development of novel 

immune checkpoint targets. The clinical development of antibodies first directed against cytotoxic 

T-lymphocyte–associated antigen 4, and later against program death 1, achieved durable disease 

control in a subset of patients across a large number of tumor types. Previous work demonstrates 

that targeting the programmed death 1 pathway alone does not result in complete restoration of 

T cell function and in some cancers, targeting this axis does not restore T cell function at all, 

suggesting a need to identify other molecules and inhibitory pathways that are involved in T 

cell exhaustion. In a comprehensive immune profiling study of patients with bladder cancer, we 

demonstrate T-cell immunoglobulin domain and mucin domain-containing molecule and T cell 

immunoglobulin and immunoreceptor tyrosine-based inhibitory motif domain as possible targets 

as perhaps monotherapy or in combination with other immune checkpoint inhibitors.

1. Introduction

Blocking immune checkpoints as a potential anticancer strategy was initially proposed in 

1996 when Leach and colleagues demonstrated that antibodies to cytotoxic T-lymphocyte–

associated antigen 4 (CTLA-4) resulted in the rejection of tumors in preclinical models [1]. 

The clinical development of antibodies directed first against CTLA-4, and later against 

program death 1/programmed death ligand 1 (PD-1/PD-L1), achieved durable disease 

control in a subset of patients across a large number of different tumor types, opening 

an entirely new era in cancer immunotherapy. The introduction of these immune checkpoint 

inhibitors represented a paradigm shift in the clinical management of patients with urothelial 

carcinoma of the bladder (UCB). However, the observed successes in targeting PD-1 and 

CTLA-4 in UCB has proven beneficial in only a small subset of patients, likely due to the 
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complexity associated with the various immune inhibitory pathways, underscoring the need 

to identify resistance mechanisms and novel checkpoint targets.

1.1. TIM-3 and TIGIT: novel checkpoint targets

Recent advances have yielded a better understanding of anticancer immune pathways and 

novel immune checkpoint targets including T-cell immunoglobulin domain and mucin 

domain-containing molecule (TIM-3). Commonly targeted and newly emerging immune 

checkpoints in UCB are demonstrated in Fig. 1. The TIM protein family, composed of 

3 members in humans (hTIM1, 3, and 4), are type-1 cell surface glycoproteins involved 

in apoptosis and the regulation of innate and adaptive immune responses. Specifically, 

TIM-3, unlike the most well characterized negative regulators PD-1 and CTLA-4, has been 

postulated to have more complex regulatory functions in immune response [2,3].

TIM-3 is expressed on CD4+ and CD8+ T cells, Treg, and innate immune cells (DC, NK 

cells, and monocytes). Furthermore, it has been proposed as a regulator of the Th1 type 

immune response [4]. TIM-3 has been found to be upregulated on tumor antigen-specific 

CD8+ T cells and CD8+ tumor infiltrating lymphocytes (TILs), with increased expression 

of TIM-3 having an association with disease progression and shorter survival across a 

variety of distinct tumors including lung, gastric, cervical as well as sarcomas, and myeloid 

leukemias [5].

Preclinical models suggest the upregulation of TIM-3 on TILs and the synergistic potential 

of TIM-3 blockade in combination with other immune checkpoints. Alone, only a modest 

antitumor effect was seen across several tumor types in murine models; but a more robust, 

significant suppression of tumor growth was observed in combination with anti PD-1/PD-L1 

monoclonal antibodies [6]. In preclinical studies across a variety of mouse tumor models, 

including prostate, a slowed tumor progression with TIM-3 blockade and a greater antitumor 

effect in combination with PD-1 and CTLA-4 blockade was observed [7,8]. Targeting the 

PD-1/PD-L1 pathway alone does not result in complete restoration of T-cell function as 

suggested by Blackburn et al. [9] and in some cancers, targeting this axis does not restore 

T cell function at all [10], suggesting a need to identify other molecules and inhibitory 

pathways that are involved in T cell exhaustion. Prior work demonstrates other markers of 

T cell exhaustion that, when inhibited, did not completely restore T cell function alone but 

rather synergized with PD-1 blockade to improve T cell responses [9]. As such, it appears 

that targeting multiple pathways may be an effective strategy in reversing T cell exhaustion.

To date, 3 TIM-3 antagonistic monoclonal antibodies are in early-phase clinical 

development. The safety and efficacy of MGB453 (Novartis, Basel, Switzerland) is 

being evaluated in a Phase I-Ib/II open-label multicenter study as a single agent and in 

combination with PD-1 monoclonal antibodies in patients with advanced malignancies 

including renal cell carcinoma, among others (NCT02608268). TSR-022 (TESARO, 

Waltham, USA) is being evaluated as a single agent in a Phase I trial in patients with 

advanced solid tumors (NCT02817633), which aims to explore the safety and clinical 

activity of TSR-022 as monotherapy and in combination with an anti-PD-1 antibody in 

patients with selected tumor types. Finally, Sym023 (Symphogen A/S, Ballerup, Denmark) 
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is a Phase I trial investigating the safety, tolerability, and antineoplastic activity of this anti-

TIM 3 in patients with advanced solid tumor malignancies and lymphomas (NCT03489343).

Another marker of T cell “exhaustion,” T cell immunoglobulin and immunoreceptor 

tyrosine-based inhibitory motif domain (TIGIT) or is expressed on both T cells and NK 

cells [11,12]. In preclinical models, blockade of TIGIT can reverse the exhaustion of 

cytotoxic T lymphocyte (CTL)-mediated antitumor immunity and inhibit tumor growth, 

and its expression is associated with tumor progression [13]. The mechanism by which 

immunotolerance is achieved with TIGIT blockade has not been completely elucidated; the 

potential of TIGIT blockade as a therapeutic target, however, appears promising. TIGIT 

expression on tumor-infiltrating NK cells has been associated with tumor progression 

and was linked to functional exhaustion of NK cells. Blockade of TIGIT reversed the 

exhaustion of antitumor NK cells in multiple tumor models, demonstrating that the NK 

cell–associated TIGIT signaling pathway has a role in tumor evasion of the immune system 

and that reversing NK cell exhaustion is critical for the therapeutic effects of antitumor 

immunotherapy [14].

1.2. Implications of TIM-3 and TIGIT expression in UCB

Given the potential single or combinational therapeutic benefits of these novel immune 

checkpoint targets we sought to better understand their role in patients with UCB. We further 

sought to perform a comprehensive immune profiling of patients with UCB. Most studies 

to date have focused on the effect of blocking signaling through TIM-3 and TIGIT in the 

context of T cell exhaustion, despite significant promiscuity in their expression between 

both T and NK cells [15–19]. To determine if expression of TIM-3 and TIGIT changes on 

NK as well as T cells, and to determine if there are differences in expression between the 

PMBC and primary tumor, we analyzed the peripheral blood mononuclear cells (PBMC) 

(non-muscle invasive (NMI), n = 29, muscle invasive (MI), n = 16, healthy-donor (HD) = 

17) and primary tumors (NMI, n = 13, MI, n = 16) of a cohort of UCB patients that included 

24 individuals from whom matched blood and tumor tissue were available. Informed consent 

was obtained from all patients prior to collection of whole blood and/or primary tumor tissue 

under an IRB-approved, genitourinary biorepository protocol at the Tisch Cancer Institute at 

the Icahn School of Medicine at Mount Sinai. Cells were stained with a 14 color FACS panel 

to identify immune subsets and exhaustion markers (PD-1, TIM-3 and TIGIT). PBMC from 

UCB patients showed significant upregulation of TIM-3 on NK cells (2.8–4.6-fold), CD4+ T 

cells (9.8–17-fold), and CD8+ T cells (10.4–36.6-fold) compared to healthy controls. TIM-3 

expression was higher on NK and T cells from the PBMC of individuals with MI compared 

to NMI disease, identifying TIM-3 expression as a barometer of primary tumor-invasiveness 

that is detectable in the peripheral blood. Importantly, the frequency of TIM-3+ peripheral 

blood NK cells was greater than that of TIM-3+ T cells, suggesting that NK cells are 

more sensitive to perturbations induced by UCB. TIGIT was also significantly increased in 

UCB patient PBMC relative to HD PBMC by NK cells (10.8–11.8-fold), CD4+ T cells (3.2–

3.3-fold), and CD8+ T cells (1.9–2.1-fold). Of note, as TIM-3 expression increased on tumor 

NK cells, we observed a similar increase by peripheral blood NK cells, suggesting that 

perturbations within tumor tissue are recapitulated, and can be monitored, in the periphery.
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These data are unpublished, thus limiting full disclosure of the results. However in sum, the 

presence of bladder cancer leads to an upregulation of the inhibitory receptors TIM-3 and 

TIGIT by NK and T cells in a tissue- and disease-stage-specific manner in both PBC and the 

TME of UCB patients. Upregulation of TIM-3 and TIGIT are correlated with the inhibition 

of NK cell effector functions. Our data shows that NK cell inhibition can be reversed with 

TIM-3 blockade in the PBMC of UCB patients causing enhanced cytokine production and 

the release of cytolytic effector molecules. NK dysfunction appears to be more prominent in 

the tumor, with no ability to reverse this function immediately ex vivo, but tumor-resident 

NK cells are not terminally dysfunctional because physical disruption of the TME and ex 

vivo culture restores competent function. TIM-3 blockade also improved IFNy production 

by T cells highlighting the potential synergy and strategies that target receptors expressed by 

multiple cell types. Our data suggest that overexpression of TIM-3 and TIGIT by peripheral 

blood NK cells of UCB patients may be useful as biomarkers to assess disease severity and 

monitor treatment as well as TIM-3 inhibition as a possible novel target in patients with 

UCB. Limitations to this work exist which parallel the limitations of using the most widely 

studied immune checkpoint target, PD-1, as a biomarker and/or therapeutic target. Clinically, 

our work requires validation through aforementioned clinical trials. As biomarkers, the 

optimal threshold for TIM-3 and TIGIT positivity is ill-defined, and the heterogeneity which 

exists between primary (including tumoral vs. tumoral and immune infiltrate expression) and 

metastatic sites lends clinical dilemma as to which sites should be sampled for TIM-3 and 

TIGIT expression. Variability in expression on the basis of specimen age, assay and vendor 

choice is likewise important considerations. As TIM-3 and TIGIT are dynamic markers, 

expression may be altered on the basis of prior therapy.

2. Conclusion

Although great strides have been made in the treatment of UCB in recent years in the form 

of immunotherapeutics, a large proportion of patients are yet to derive benefit from current 

treatment strategies, emphasizing a critical need to identify novel checkpoint molecules. 

Ongoing cycles of bench to bedside and bedside to bench research are required to further 

accelerate progress in enabling effective targeting and reliable combination strategies of 

these novel checkpoint molecules for tumor immunotherapy. Our work has identified TIM-3 

and TIGIT as possible targets, as perhaps monotherapy or in combination with other 

immune checkpoint inhibitors, in patients with UCB.
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Fig. 1. 
Commonly targeted and newly emerging immune checkpoints in bladder cancer. Note: 

CTLA-4, PD-1, TIM-3, TIGIT, and LAG-3 are inhibitory receptors.
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