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Abstract
For T cell activation, three signals have to be provided from the antigen presenting cell; Signal 1 (antigen 

recognition), signal 2 (co-stimulation) and signal 3 (cytokine priming). Blocking negative co-stimulation during 
antigen presentation to T cells is becoming a promising therapeutic strategy to enhance cancer immunotherapy. 
Here we will focus on interference with PD-1/PD-L1 negative co-stimulation during antigen presentation to T cells 
as a therapeutic approach. We will discuss the potential mechanisms and the therapeutic consequences by which 
interference/inhibition with this interaction results in anti-tumour immunity. Particularly, we will comment on whether 
blocking negative co-stimulation provides differentiation signals to T cells undergoing antigen presentation. A major 
dogma in immunology states that T cell differentiation signals are given by cytokines and chemokines (signal 3) 
rather than co-stimulation (signal 2). We will discuss whether this is the case when blocking PD-L1/PD-1 negative 
co-stimulation.
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Introduction
The objective of anti-tumour immunotherapy is to stimulate 

immune responses that can identify and eliminate tumour cells. This 
approach is powerful, at least from a theoretical point of view [1-
3]. Some classic anti-neoplastic treatments such as chemotherapy 
lack specificity and significantly affect the functions of normal, non-
cancerous tissues and organs. Other approaches such as radiotherapy 
and surgical removal target tumour cells locally, by either inducing 
their direct destruction, or by removing them. However, small 
numbers of cancer cells can metastasise from the primary tumour 
and colonise other places in the organism. Immunotherapy, on the 
other hand, depends on the specific recognition of tumour-associated 
antigens (TAA), and the expansion of TAA-specific cytotoxic cells. 
These cells would potentially attack primary tumour cells as well as 
metastases. However, cancer immunotherapy has to overcome major 
obstacles. TAAs are frequently overexpressed auto-antigens, or poorly 
immunogenic mutated autoantigens (quasi-antigens) [3-7]. In either 
case, the immune system has in place strong tolerogenic mechanisms 
that prevent cytotoxic cells from attacking TAA-expressing cells. These 
mechanisms are essential to keep systemic tolerance and prevent 
the development of autoimmune diseases. Nevertheless, there is a 
significant amount of experimental evidence that suggests that tumours 
are in fact actively attacked by the immune system. As a consequence, 
cancer cells are constantly subjected to a strong selective pressure from 
the immune system [8]. To counteract the immune attack, cancer cells 
actively inhibit and escape from the immune system. They achieve 
this by a variety of mechanisms, including low expression of major 
histocompatibility molecules (MHC molecules associate to antigen 
peptides for antigen presentation to T cells), secretion of potent 
immunosuppressive cytokines, and expression of T cell inhibitory 
molecules such as some members of the B7 family of molecules (PD-
L1, PD-L2, B7-H3, VISTA) [9-13].

Thus, current immunotherapy approaches are aimed at stimulating 
the expansion of effective TAA-cytotoxic T cells, and counteracting 

the strong immunosuppressive mechanisms exerted by cancer cells. 
Recently, the use of biological agents based on blocking/neutralising 
antibodies has “revolutionised” biomedicine [14]. These agents have 
been successfully applied for the treatment of autoimmune disease and 
cancer. Some examples for clinical use are Rituximab (B cell-depleting 
antibody used for leukaemia, rheumatoid arthritis, lupus), Infliximab 
(TNF-alpha-neutralising antibody used in rheumatic diseases) or 
Ipilimumab (blocking/depleting anti-CTLA4 antibody, used in cancer) 
[15-19]. In the case of cancer immunotherapy, these antibodies usually 
interfere with T cell inhibitory interactions, such as CTLA4 on the 
surface of T cells with CD80/CD86 on the surface of professional 
antigen presenting cells (APCs), or in an analogous way, PD-1 with 
PD-L1/PD-L2 [9]. 

It is widely accepted that T cell responses are essential for 
effective anti-tumour immunotherapy. However, T cell activities are 
controlled at multiple levels. These regulatory controls are necessary 
to prevent T cells from becoming hyperactivated, causing significant 
collateral damage to non-target tissue. One of these key regulatory T 
cell inhibitory interactions takes place between PD-L1 on APCs, and 
PD-1 on T cells. In fact, the use of therapeutic blocking antibodies in 
several recent clinical trials has highlighted the anti-tumour efficacy of 
blocking PD-L1/PD-1. It has to be noted that this interaction takes place 
at two different time points in the T cell life cycle; first, during antigen 
presentation to naïve T cells for their activation and differentiation, 
and second, during antigen recognition on the target cancer cell. This 
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interaction is regarded as a major “T cell brake”, which inhibits T cell 
activities particularly during their cytotoxic attack in the tumour itself. 
This interaction plays a different role during naïve T cell activation, 
where it might also influence the differentiation pathway of activated 
T cells, leading to either cytotoxic, antibody or regulatory responses. 
As PD-L1/PD-1 blocking antibodies are systemically administered, it 
is highly likely that this interaction is inhibited both during naïve T 
cell activation and during the engagement of cytotoxic T cells to their 
targets.

Most of the published work does not differentiate between these 
two scenarios, but the specific inhibition of this interaction during 
naïve T cell activation or in already committed cytotoxic/effector T 
cells may lead to different outcomes. We propose in this commentary 
that future work should be targeted in assessing the consequences of 
blocking this interaction locally rather than systemically, which could 
result in better treatments with lower toxicity.

Antigen Presentation to T cells and T cell Differentiation
T cell responses are critical for the induction of long-lasting 

immunity, particularly against infectious diseases. However, if 
activated T cells get out of control, or they become hyperactivated, they 
will cause significant collateral damage to non-infected tissue. This type 
of responses will enhance inflammation, and release of autoantigens 
from necrotic tissue, increasing the chances for the induction of 
Autoimmune Diseases. To prevent this situation, T cell activation is 
controlled at several levels. One of such is antigen presentation, the 
process by which T cells recognise their cognate antigens presented 
to them by APCs, such as dendritic cells (DCs) [3]. T cells recognise 
antigens by binding of their T cell receptor (TCR) with complexes 
between the antigenic peptides and MHC molecules (p-MCH), present 
on the surface of APCs [9]. However, for the T cell to be effectively 
activated, at least two different types of interactions have to occur in 
the immunological synapse [20,21]. The first one (signal 1) is antigen 
recognition, mediated by binding of p-MCH complexes by specific 
TCRs. For effective TCR-dependent signal transduction in the T cell, 
another interaction (signal 2) has to occur. This interaction is termed 
co-stimulation, and the main example of activatory (or “positive”) co-
stimulation is that mediated by CD80 binding to CD28 between the 
APC and the T cell [22]. The combination of TCR engagement and 
CD28 binding strongly activates Zap-70, lck and PI3K, which will lead 
to T cell activation, expansion and acquisition of effector activities 
[21,22]. However, in reality, a variety of ligand-receptor interactions 
take place in the immunological synapse (Figure 1). Many of these 
interactions are also inhibitory. The final integration between activatory 
and inhibitory interactions will determine the type and strength of the 
co-stimulatory signal given to the T cells [23,24]. This will determine 
the “degree” of T cell activation. 

Pathogens exhibit a wide variety of life cycles and pathogenic 
pathways that require very different immune responses to eliminate 
them. A different strategy has to be employed to fight a viral infection 
than bacterial or parasitic infections. Depending on the particular 
pathogen encountered by DCs and other APCs, these APCs will 
secrete different cytokines while undertaking antigen presentation 
to T cells. The particular cytokine combinations (signal 3) will drive 
the differentiation profile of T cells while signals 1 and 2 are being 
delivered [9,25-27] (Figure 1). T cells then differentiate to specific types 

of effector cells such as cytotoxic CD8 and CD4 T cells, and CD4 T 
helper (Th) cells. These Th cells will preferentially produce particular 
cytokine profiles that control T and B cell responses in different ways. 
Th cells can be classified into Th1, Th2, Th17 and regulatory T cells 
(Tregs), producing mainly IFN-γ, IL4/IL10, IL17 and TGF-β/IL10, 
respectively. Th1 and Th17 will induce and regulate inflammatory 
responses, effective for anti-viral, anti-bacterial immunity and cancer 
[28,29]. Th2 will stimulate antibody responses, relevant for anti-viral 
and anti-parasitic responses [30], while Tregs will suppress immune 
responses and keep systemic tolerance [31].

PD-1/PD-L1 Negative Co-Stimulation and Its Role in T 
cell Activation and Differentiation

A variety of different ligand/receptor interactions take place in the 
immunological synapse while DCs and T cells are undergoing antigen 
presentation. Some of these interactions are clearly inducing inhibitory 
signals towards T cell activation. One of these inhibitory interactions 
is PD-L1/PD-1 binding [32]. PD-L1 is a member of the B7 family of 
co-stimulatory/inhibitory molecules that play a key part in immune 
regulation [33]. PD-L1/PD-1 binding strongly inhibits T cells and 
induces Treg differentiation. This interaction was found to be essential 
for maintaining peripheral tolerance [34-36]. In fact, the elimination in 
KO mouse models of any of these molecules demonstrates the critical 
role of PD-L1 in controlling immune responses [37] and these KO 
mice become more susceptible to the development of autoimmune 
disorders (Table 1).

PD-L1/PD-1 negative co-stimulation takes place at two different 
time points during T cell responses, with two different purposes. 
Firstly, during antigen presentation by professional APCs to naïve 
uncommitted T cells, and secondly during the cytotoxic T cell attack, 
as a way of containing collateral tissue damage. 

During antigen presentation to naïve T cells, this interaction 
acts as a brake in TCR signal transduction. PD-1 is transiently up-

Figure 1: Immunological synapse between a dendritic cell (DC) and a 
CD4 T cell. The scheme depicts the three signals between antigen presenting 
cells and T cells leading to T cell activation. Signal 1 is shown as binding 
between the peptide-MHC complex with the TCR, as shown in the center of 
the DC-T cell interaction. In the upper part, positive co-stimulatory interactions 
are shown, specifically CD80/CD28 and CD40/CD40L, while in the lower part 
of the DC-T cell interaction, negative co-stimulatory interactions are shown. In 
this case, PD-L1/PD-1 and CD90/CTLA-4. The integration within the T cell of 
these two types of interactions will determine the activation state of the T cell. 
On the upper part of the scheme, signal 3, or cytokine priming, is indicated. 
Depending on the combination of cytokines delivered by DC and T cells during 
their interaction, will result in different types of immune responses.
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regulated during antigen presentation as a consequence of T cell 
activation [32] and PD-L1/PD-1 co-stimulation results in ligand-
induced TCR down-modulation [9,38-41]. TCR down-modulation is 
a fundamental immunological process that regulates TCR signalling, 
although its precise physiological role is still under debate. There 
is evidence suggesting that TCR down-modulation is absolutely 
required for T cell activation [42,43]. However, most of the studies 
show that this process prevents T cell hyperactivation by terminating 
TCR signal transduction [44-49]. PD-1 associates to the TCR at the 
immunological synapse and controls its signal transduction as well as 
its presence on the T cell surface [39,41]. We demonstrated that TCR 
down-modulation in mouse CD8 T cells was largely reduced when PD-
L1 was silenced in antigen-presenting DCs, or when PD-L1/PD-1 was 
blocked using antibodies during antigen presentation [39]. Therefore, 
we proposed the “extrinsic signal model” for antigen-induced TCR 
down-modulation, triggered by PD-L1/PD-1 co-stimulation (Figure 
2).

At the molecular level, the lack of PD-L1/PD-1 co-stimulation 
during physiological antigen presentation blocked Cbl-b expression 
in CD8 T cells, an E3 ubiquitin ligase of the casitas-B lymphoma 
family (Cbl) critical for TCR down-modulation and T cell activation 
[22,50,51]. Cbl E3 ubiquitin ligases are transcriptionally up-regulated 
in the presence of PD-L1/PD-1 co-stimulation, following TCR/
CD28 engagement [23]. In fact, elimination of Cbl genes in KO mice 
results in hyperactivated T cells, in which TCR down-modulation is 
severely impaired [48,50] (Table 1). These T cells exhibited persistent 
TCR signal transduction and enhanced anti-viral immunity [52], in 
agreement with our observations in CD8 T cells undergoing antigen 
presentation by PD-L1-silenced DCs [39]. CD8 T cells activated 
by DCs in the absence of PD-L1/PD-1 co-stimulation were clearly 
hyperactivated, with high TCR surface levels, and with a significant 
increase in production of pro-inflammatory cytokines IFN-γ and IL17. 
Therefore, this data would apparently suggest that PD-L1/PD-1 signal 
transduction commits CD8 T cell differentiation towards cytotoxic 
responses, by a yet undefined mechanism.

PD-L1/PD-1 interactions also occur during the T cell cytotoxic 
attack exerted towards tumour cells, possibly as a way of containing 

unwanted excessive collateral damaged to normal tissue. In this 
situation, T cells are already differentiated and committed towards 
particular effector activities. PD-L1/PD-1 interaction may not control T 
cell differentiation in this instance, but rather TCR signal transduction 
leading to their anti-tumour activities. PD-L1/PD-1 interaction 
is therefore used by several tumours to avert the cytotoxic attack of 
effector T cells [53-58]. Thus, its blockade augments anti-cancer 
immune responses and improves immunotherapy [59,60]. However, 
in many instances PD-L1/PD-1 blockade or silencing using siRNA 
results in limited therapeutic activities, unless given in combination 
with other treatments such as co-administration with anti-CTLA4 
antibodies [61,62], PD-L2-blocking antibodies [63], TLR ligands 
[62], chemotherapy [64], cytokine treatments [65] or modulators of 
intracellular signalling pathways in DCs [39]. It is yet unclear why PD-
L1/PD-1 blockade on its own does not achieve optimal therapeutic 
effects in these experimental models. 

Immunopathology Character Species

PD-1 -/- Lupus-like autoimmune disease Spontaneous Mouse [38]

Cardiomyopathy Spontaneous Mouse  [39]

Type 1 diabetes Predisposition Mouse [40]

PD-1 blockade Type I diabetes Spontaneous Mouse [40]

Graft vs host disease Worsened Mouse [41]

Experimental Autoimmune Encephalomyelitis Worsened Mouse [42]

PD-1 polymorphisms Multiple sclerosis Susceptibility Human [43]

Systemic Lupus Erythematosus Susceptibility Human [44]

Lupus Nephritis Susceptibility Human [45]

Rheumatoid Arthritis Susceptibility Human [46]

Ankylosing Spondylitis Susceptibility Human [47]

Cbl-b -/- Type I diabetes Susceptibility Rat [48]

Multisystem autoimmune disease Spontaneous Mouse [49]

Tumour rejection Spontaneous Mouse [50]

Experimental Autoimmune Encephalomyelitis Susceptibility Mouse [22]

Table 1: Interference with PD-L1/PD-1 negative co-stimulation or Cbl-b favours autoimmune disorders.

Figure 2: Extrinsic model for antigen-induced T cell receptor down-
modulation. The scheme depicts the internalisation of the TCR during antigen 
presentation after its interaction with the p-MHC complex as depicted. After 
T cell activation, PD-1 is expressed on the surface of the T cell undergoing 
antigen presentation, where it binds to PD-L1 expressed by the APC as shown 
in the figure. Engaged PD-1 recruits phosphatases (SHP) that will terminate 
TCR signal transduction. Additionally, the E3 ubiquitin Cbl-b is up-regulated 
and triggers TCR internalisation.
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Blocking PD-L1/PD-1 Negative Co-Stimulation may 
Commit T cells Towards Cytotoxic T cell Responses

According to the experimental evidence, blocking PD-L1/PD-1 
interaction potentially acts at two levels. Firstly, it prolongs TCR signal 
transduction, and thus, increases the degree of T cell activation. Second, 
it may skew T cell differentiation towards pro-inflammatory responses. 
In our opinion it is critical to clarify this issue, as an adequate T cell 
differentiation will endow T cells with their cytotoxic anti-tumour 
potential.

Most of the experimental data suggests that PD-L1/PD-1 blockade 
hyperactivates cytotoxic T cells. Hyperactivated T cells exhibit a 
higher proliferation rate, increased cytokine production, and possibly 
differentiation of multifunctional T cells [32,37,39,60,66]. Particularly 
the capacity of PD-L1/PD-1 blockade to stimulate polyfunctional 
T cells has important therapeutic implications [67-69]. These 
observations suggest that rather than committing T cells towards a 
pro-inflammatory differentiation pathway, PD-L1/PD-1 blockade may 
potentially enhance other types of immune responses. 

In advanced melanoma patients, systemic administration of PD-1 
blocking antibodies leads to differentiation of Th1/Th17 cells and a 
decrease in Th2 cells. However, this has been tested in the context of 
superantigen stimulation or recall responses towards tetanus toxoid 
[70]. In this way, possibly already “committed” memory T cells could 
be activated. In agreement with this study, most of the experimental 
evidence suggests that PD-L1/PD-1 blockade results in hyperactivated 
T cells, which exhibit increased proliferation and production of pro-
inflammatory cytokines, and enhanced effector T cell infiltration into 
tumours [9,32,36,38-40,63,64,71]. However, is it really true that T cells 
undergoing antigen presentation in the absence (or reduction) of PD-
L1/PD-1 co-stimulation are truly committed to Th1/Th17-polarisation? 
This is difficult to reconcile with the idea that T cell polarisation is 
driven by cytokine priming, or signal three [9].

PD-L1/PD-1 may “simply” control the timing of TCR stimulation 
by removing TCRs (or contributing to) from the T cell surface, and by 
terminating the intracellular signal transduction pathways by recruiting 
phosphatases (SHP1 and SHP2). This would not necessarily imply that 
T cells undergoing antigen presentation in the absence of PD-L1/PD-1 
co-stimulation may be committed to pro-inflammatory responses. 
This might be especially true in the tumour itself, where T cells have 
been already committed towards specific subsets, such as Tregs, Th2s 
or Th1s. In this situation, PD-L1/PD-1 acts mainly as a brake in TCR 
signal transduction. The ultimate polarisation of T cell differentiation 
may still be provided by the combination of cytokines secreted during 
antigen presentation, or by the lack of PD-L1/PD-1 during antigen 
presentation to naïve T cells. The consequences of whether it commits 
T cells to pro-inflammatory differentiation are in any case important 
for the design of therapeutic treatments.

If PD-L1/PD-1 blockade/interference provides a Th1/Th17 
differentiation signal, blocking antibodies and other interference 
systems would surely improve anti-tumour and anti-viral immune 
responses. However, if PD-L1/PD-1 signalling is just a T cell “brake”, 
blocking antibodies in immunosuppressive settings (such as advanced 
cancers, or locally in the tumour itself) may not be as effective as other 
blocking antibodies such as anti-CTLA4. Blocking this interaction 
may hyperactivate Th2 or Treg cells in the tumour microenvironment, 
rather than expanding pro-inflammatory effector T cells.

Application of PD-L1/PD-1 Blockade in Clinical Trials
Recently, the first results of successful human clinical trials have 

been published, using either systemic administration of a PD-L1 [72] or 
a PD-1 blocking antibody [73,74]. The importance of these trials is their 
application in a wide number of advanced cancers, including melanoma, 
colon, renal, pancreatic, ovarian, gastric, lung and breast cancer. In 
addition, toxicity studies were carried out, taking into consideration 
the potential high risk in the development of inflammatory disorders/
complications. The anti-PD-L1 clinical trial showed that although the 
percentage of patients exhibiting objective responses was relatively low 
(durable tumor regression 6 to 17%), the authors demonstrated that 
immunotherapy could be successfully applied even in cancers that were 
previously thought to be unresponsive to such therapies [72]. However, 
9% of the patients exhibited serious toxic effects as a direct result of 
the treatment, highlighting the importance of minimising the adverse 
effects of this potent immunotherapeutic approach [72]. 

The same authors carried out clinical trials using systemic 
administration of a PD-1 blocking antibody, in a similar array of 
cancers [74]. In this anti-PD-1 clinical trial, objective responses were 
observed only in those tumours with PD-L1 expression, as expected. 
Interestingly, seemingly better responses than with anti-PD-L1 
blocking antibodies were observed (1/4 to 1/5 patients showed objective 
responses) and objective responses were also observed in various sites 
of metastasis. Compared to the anti-PD-L1 clinical trial the percentage 
of patients exhibiting drug-related serious adverse events was higher 
(14% of patients) and they were all related to immune aetiology and 
directly related to the treatment [74].

Overall, these clinical trials highlight the applicability and efficacy 
of interference with negative co-stimulation, in particular PD-L1/PD-1 
interaction, even if associated to serious adverse effects.

Considering the published data, it would seem that interference 
with PD-L1/PD-1 blockade stimulates anti-viral and anti-cancer 
immune responses and rescues T cells from exhaustion [71,75-79]. In 
fact, there is evidence that shows skewing towards a Th1/Th17 response 
in advanced cancer [70]. However, other reports show that the 
therapeutic improvements are modest [80] and in some cases restricted 
to antigen presentation in the context of minor histocompatibility 
complexes [63]. In most of the experimental systems and clinical 
trials, PD-L1/PD-1 blockade works best in combination with other 
immune-stimulatory approaches, or even chemotherapy [62,64,81,82]. 
Even though PD-L1/PD-1 blockade may in fact lead to inflammatory 
responses (Table 1), we propose that reinforcing T cell differentiation 
by providing strong signals three will certainly improve PD-L1/PD-1 
blocking as an effective therapeutic strategy.

Where to Block, at the Beginning or at the End?
Possibly the major problem of systemic application of PD-L1/PD-1 

blocking antibodies is the inhibition of this key regulatory interaction 
not only in the tumour environment, but also during antigen 
presentation. It has to be noted that myeloid DCs actively present auto-
antigens and innocuous xenoantigens to T cells for the induction and 
maintenance of immunological tolerance. In this context, abrogation 
of this interaction may enhance the risk of developing inflammatory 
disorders and even autoimmune disease [38]. Therefore, efforts have to 
be made to improve this promising strategy to maximise anti-tumour 
therapeutic activities while reducing toxicity. So, where would it be 
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therapeutically more relevant to inhibit PD-L1/PD-1 co-stimulation? 
During antigen presentation or in the tumour microenvironment?

So far, to our knowledge, there is not a specific published 
study addressing this question. In a recent study from our group, 
we inhibited PD-L1/PD-1 co-stimulation in APCs using RNA 
interference, and applied this strategy in a mouse model of lymphoma. 
Interestingly, although T cell responses were accelerated as a result of 
T cell hyperactivation, this strategy did not improve the anti-tumour 
effects compared to vaccination with PD-L1 non-silenced DCs [39]. To 
achieve a significant therapeutic effect PD-L1 KO had to be combined 
with constitutive activators of intracellular signalling pathways in DCs 
[2,39,83]. These results showed that inhibition of PD-L1/PD-1 co-
stimulation during antigen presentation in the absence of additional 
immunostimulatory strategies is not sufficient per se.

Consequently, it seems clear that PD-L1/PD-1 co-stimulation 
has to be targeted at the tumour microenvironment. Tumour cells 
up-regulate PD-L1 to dampen down the cytotoxic T cell attack. This 
upregulation is possibly a consequence of pro-inflammatory cytokine 
production by tumour infiltrating immune cells. IFN produced by 
inflammatory cells, for example, acts as potent PD-L1 up-regulator.

In summary, we propose that to achieve therapeutic significant 
effects of interference with PD-L1/PD-1 negative co-stimulation 
while reducing its toxicity would be to target inhibition, (1) during 
antigen presentation in combination with DC stimulators [9], or (2) 
specifically in the tumour microenvironment, avoiding the expansion 
of autoreactive T cells that may arise during antigen presentation.
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