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Immune checkpoints and their role in tumor escape

T cells play an essential role as drivers and effectors of the 
immune response to defend the host against attack by path-
ogens. The thin line between an effective immune response 
and a destructive one is finely balanced by a number of 
diverse strategies. First of all, central tolerance is gener-
ated by thymic selection, a process in which self-reactive 
T cells are eliminated. Peripheral tolerance intercedes 
to control the small fraction of these T cells that are not 
killed in the first step. The mechanisms of peripheral tol-
erance involve a plethora of co-stimulatory and inhibitory 
receptors that determine the quality and amplitude of the 
immune response, against both self and foreign antigens. 
These receptors are known as immune checkpoints.

Studies aimed at elucidating the different steps required 
for T cell activation described an innovative paradigm 
termed the two-signal model. Engagement of the T cell 
receptor (TCR) is necessary, but independently insufficient. 
A second co-stimulatory signal, provided by CD28 binding 
to its ligands (CD80 and CD86), is necessary for achiev-
ing a productive activation of T cells, including clonal 
expansion and acquisition of effector functions [1, 2]. 
CTLA-4 was subsequently identified as a gene expressed 
by activated CTLs [3] that shared ligands with CD28 
[4]. However, instead of playing a role in activation of T 
cells, it plays the crucial role of inhibiting T cell activation 
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[reviewed in 5]. The importance of CTLA-4 as a modulator 
of the T cell response was further confirmed when the phe-
notype of mice deficient in CTLA-4 was described. These 
mice succumbed to a lymphoproliferative disease and sur-
vived only 3–4 weeks [6, 7].

Cytotoxic T-lymphocyte-associated antigen-4 is a mem-
ber of the immunoglobulin superfamily and is a type 1 
transmembrane glycoprotein. It is mainly expressed on 
T cells, although recently CTLA-4 expression has been 
described at considerably lower levels on activated B cells 
[8], monocytes [9], dendritic cells, [10] and activated gran-
ulocytes [11]. On resting T cells, CTLA-4 presents a mini-
mal surface expression pattern and the majority of CTLA-4 
in these cells is located in intracellular vesicles [12]. Upon 
T cell activation, the vesicles are relocalized and CTLA-4 
is then expressed on the surface of the activated T cell, 
where it can exert its modulatory functions [13].

The mechanisms by which engagement of CTLA-4 
modulates T cell activation are still under debate, but they 
can be divided into two principal arms: cell-intrinsic (in 
cis) or cell-extrinsic (in trans) [reviewed in 14]. The cell-
intrinsic mechanisms include three non-excluding alter-
natives: (1) Downstream signals induced after binding of 
CTLA-4 to its ligands deliver a negative signal, (2) Com-
petition for CD28 ligands due to CTLA-4’s higher affinity 
for CD80 and CD86 and (3) CTLA-4 signaling may affect 
the adhesion and motility of T cells to antigen present-
ing cells (APC), inhibiting the TCR-mediated stop signal 
that is required for APC-T cell stability. The proposed in 
cis mechanisms fail to explain the function of CTLA-4 
in Tregs, in which CTLA-4 is constitutively expressed in 
high levels [15] and CTLA-4 ligation results in activa-
tion. This event initiates a straightforward mechanism of 
in trans suppression by CTLA-4, in which Tregs produce 
TGF-β upon CTLA-4 engagement, thereby enhancing 
their suppressive capabilities. Other cell-extrinsic mecha-
nisms include the induction of indoleamine 2,3-dioxyge-
nase (IDO) production in APCs by CTLA-4 expressing 
T cells, restriction of ligand availability by production of 
soluble CTLA-4, and CTLA-4 ligand shedding by trans-
endocytosis of CD80 and CD86 from APCs into CTLA-4+ 
T cells [16].

Another well-known immune checkpoint molecule is 
PD-1. In contrast to CTLA-4, PD-1 has been described 
as responsible for controlling the activation of T cells in 
the periphery [17]. Suppression mediated by this recep-
tor involves intracellular signaling that directly blocks 
TCR/CD28-mediated activation. Like CTLA-4, PD-1 
is an Ig superfamily transmembrane protein that is mar-
ginally expressed in non-activated immune cells of both 
lymphoid and myeloid lineages. Activation increases its 
expression levels in T cells after TCR engagement. PD-1 
is upregulated on Tregs as well as exhausted T cells present 

in chronic inflammation sites. As opposed to CTLA-4, PD-
1-deficient mice survive well past the first month, showing 
signs of lupus-like autoimmune disease at 6 months of age 
[18, 19]. PD-1 has two ligands, PD-L1 and PD-L2. PD-L1 
is expressed on various cells of hematopoietic, endothelial 
and epithelial lineage and can be upregulated via inflam-
matory signals such as TNF-α and interferons (type I and 
II) [20]. PD-L2, the second ligand, is restricted to mac-
rophages, dendritic cells and mast cells. Its expression can 
also be controlled by inflammatory signals, mainly IL-4 
and IFN-γ [21].

T cells have proven to have the potential to specifically 
eliminate tumors provided that they have been properly 
activated and are present in appropriate numbers. In fact, 
the presence of circulating tumor-specific T cells in mela-
noma patients has been extensively described [22], intra-
tumoral CTL infiltration is often associated with favorable 
clinical outcomes such as decreased disease recurrence 
and prolonged survival in diverse malignancies [23–25], 
and adoptive T cell therapy has proven to be a success-
ful approach for the treatment of several malignancies 
[26]. It is broadly accepted that T cells play a key role in 
the immune system’s potential to control and eliminate 
tumors.

Tumors generate a hostile microenvironment for 
immune cells usurping the same mechanisms that the 
immune system utilizes to avoid autoimmune responses 
and immunopathologic sequelae to infectious agents. 
Among these main mechanisms, tumors can co-opt the 
immune checkpoints, resulting in a brake being set on 
possible anti-tumoral immune responses. CTLA-4 is 
upregulated on circulating and tumor infiltrating T cells 
[27] and is constitutively expressed in Tregs [15], playing 
an essential role in their suppressive function [28, 29] that 
could further impede tumor elimination by the immune 
system. PD-1 is also upregulated on depleted TILs, 
and some tumors may also express PD-L1 as an escape 
mechanism.

In this context, immune checkpoint blockade with 
monoclonal antibodies is a new type of anticancer ther-
apy that does not target the tumor itself, but has the 
objective of releasing the brake on the immune system 
to enable tumor elimination. At the time of writing this 
review, one antibody against CTLA-4 (ipilimumab (Yer-
voy®), Bristol-Myers Squibb) was approved by the FDA 
in 2011 and the EMA in 2012 as the first treatment to 
show survival benefit in patients with metastatic mela-
noma [30]. In addition to Ipilimumab, a second CTLA-4 
blocking antibody (tremelimumab, Medimmune) is cur-
rently undergoing Phase III trials. In the case of PD-
1/PD-L1 pathway, there are several candidates that block 
either the receptor or the ligand with ongoing trials in 
Phases I-III [reviewed in 31].
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Mechanisms of action of ipilimumab: searching 
for predictive and pharmacodynamic biomarkers

Given the multiple cis and trans pathways by which 
CTLA-4 exerts its inhibitory function, it is now clear that 
blocking this receptor can activate T cells via two mecha-
nisms (Fig. 1): Blocking the inhibitory pathways per se of 

the T cell, allowing normal activation after the two activat-
ing signals (TCR/CD28) are delivered, or preventing the 
in trans inhibition pathways in order to achieve the same 
effect [32].

It would therefore be logical that the search for predictive 
biomarkers should involve analyzing the changes in phe-
notype of T cell populations in patients during ipilimumab 
treatment. A large number of studies examining changes 
in T cell frequencies and phenotype have been performed. 
None of these have been able to solidly establish any type of 
predictive biomarkers that correlate with clinical outcomes. 
These studies have shown increases in absolute lymphocyte 
counts, activated (HLA-DR+ or CD25+) CD4 and CD8 
T cells, increases in central memory (CD4 and CD8) and 
effector memory (CD8 only), increases in ICOS+ CD4+, 
early increases in Treg populations, increases in Ki67+ CD4 
and CD8 cells, decreases in the frequency of naïve T cells 
and an increase in the T cell reactivity and humoral response 
to tumor antigens [33–35]. In summary, patients undergo-
ing treatment respond with an overall activation of their 
immune system, suggesting possible pharmacodynamic bio-
markers although no valid predictive biomarkers have been 
found. One of the most solid candidates to be considered as 
a pharmacodynamic biomarker is ICOS expression in CD4 
T cells. This costimulatory molecule showed to be essen-
tial for antitumoral responses during CTLA-4 blockade in 
mice [36, 37], and its expression is increased in ipilimumab-
treated patients [38].

The possibility that additional cell populations are 
involved in the response to ipilimumab treatment is pres-
ently being explored. Firstly, several independent stud-
ies have demonstrated that CTLA-4 is not exclusively 
expressed on T cells [8–11], and therefore, it is eminently 
possible that ipilimumab may be directly targeting addi-
tional cell populations. In addition to this, an alterna-
tive mechanism of action of CTLA-4 blockade through 
selective elimination of tumor infiltrating Tregs has been 
recently described in a murine model [39]. This depletion 
was shown to be dependent on the presence of FcγRIV 
expressing macrophages, suggesting antibody-dependent 
cellular cytotoxicity (ADCC) as the responsible mecha-
nism. In humans, the equivalent of FcγRIV is FcγRIIIA, 
which is expressed on NK cells, macrophages, mono-
cytes and neutrophils, cell populations that may also yield 
potential biomarkers. Finally, CTLA-4 has recently been 
detected by immunohistochemistry in fixed tumor sam-
ples. In this report, Laurent et  al. [40] also demonstrated 
that CTLA-4 can be expressed on the surface and secreted 
by patient-derived cutaneous melanoma cell lines and that 
these CTLA-4 expressing cell lines could be targeted by 
ipilimumab-mediated ADCC. The cumulative conclusion is 
that immune monitoring of patients undergoing ipilimumab 
treatment should not be restricted only to T cells.

A

B

C

Fig. 1   Mechanisms of action of CTLA-4 blockade. a Anti-CTLA-4 
may be acting directly or in cis on effector T cells by impeding 
CTLA-4 intracellular signaling that takes place when it binds to its 
ligand. In addition to this, availability of CD80 and CD86 on the APC 
surface will be increased, allowing for direct activation after co-stim-
ulatory signals are delivered by CD28 signaling. b In trans mecha-
nisms involve the binding of the antibody to CTLA-4 on the surface 
of Tregs, decreasing production of inhibitory cytokines, and prevent-
ing transendocytosis of CD80 and CD86. c ADCC has been recently 
suggested as a possible mechanism of action for CTLA-4 blockade. 
It may involve Treg depletion or directly eliminate CTLA-4+ tumor 
cells. The possibility that MDSCs may express CTLA-4 on their sur-
face is currently under debate and may provide an additional pathway 
toward α-CTLA-4-mediated activation
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Myeloid‑derived suppressor cells

Myeloid-derived suppressor cells (MDSCs) are a largely 
heterogeneous population of cells of myeloid origin that 
have immune suppressor activity. The term myeloid-
derived suppressor cell was first coined in 2007 [41], and 
since then this cellular population has received increasing 
focus of attention as one of the main cellular populations 
responsible for the suppression of the innate and adaptive 
antitumoral immune response [reviewed in 42].

In most of the studies, MDSCs have been found to be 
positive for CD33 and CD11b, while expressing very 
low levels or no HLA-DR. Additionally, there are a wide 
number of overlapping or mutually excluding phenotypic 
descriptions. In spite of the diversity of this cellular pop-
ulation, two main subsets can be established according to 
phenotypic surface markers: Granulocytic MDSCs (GrMD-
SCs) that express CD15 and monocytic MDSCs (MoMD-
SCs) that are positive for CD14.

Besides having a distinct phenotype, MDSCs by defini-
tion also have suppressor capabilities [42]. GrMDSCs sup-
press T cells mainly via the production of reactive oxygen 
species (ROS) (which induces the loss of the TCR ζ chain) 
or arginase I, (resulting in arginine starvation in T cells). 
Monocytic MDSCs also suppress T cells via arginine star-
vation mediated by iNOS (as well as the aforementioned 
arginase production), in addition to producing suppressive 
cytokines TGF-β and IL-10. This suppressive mechanism 
is closely associated with the crosstalk that exists between 
MDSCs and Tregs: There is a correlation between the fre-
quencies of these cellular populations in patients with sev-
eral malignancies, and MDSCs have shown, in vitro, to 
induce the conversion of conventional T cells into Tregs.

The interest of our group in MDSCs started in 2010 
when we showed that CD14+/HLA-DRlo MoMDSCs were 
significantly increased in patients with advanced melanoma 
[43]. These MoMDSCs proved to be suppressive via argi-
nase I production and overexpressed CD80, CD83, and 
STAT3. We are currently investigating the mechanisms by 
which these MoMDSCs are generated in the tumor micro-
environment of melanoma and have been focusing on the 
roles of PGE-2 and COX-2 in this process [44]. In addition 
to this, a recent paper by Weide et  al. [45] has confirmed 
the importance of this population of MoMDSCs, showing 
that their frequency is inversely related to the frequency of 
antigen-specific T cells and, most importantly, with sur-
vival of melanoma patients.

The GrMDSC subset has one inherent quality that may 
be hindering its proper study, possibly leading to an under-
estimation of both the frequency and functionality of this 
cellular population: Granulocytes are very short-lived and 
highly sensitive to freezing. In spite of this inconvenience, 
many studies have described a wide variety of granulocytic 

MDSCs [42], and in the case of melanoma, possibly 
assigning them higher suppressive capabilities [46]. We are 
currently working on several immune monitoring projects 
that include the collection, processing, and analysis of fresh 
samples that will allow us to study MDSCs in advanced 
melanoma patients under treatment.

MDSCs and checkpoint blockade therapies

As discussed above, there is a great need for information 
regarding the possible role that non-T cell populations 
may be playing during antibody checkpoint blockade. In 
2011, we started monitoring the immune system of patients 
undergoing ipilimumab treatment. The main focus of this 
study was to look for predictive and pharmacodynamic bio-
markers that may aid in the clarification of the mechanisms 
of action of ipilimumab. We used multicolor flow cytomet-
ric analysis of fresh PBMCs purified from patients before, 
during, and after the treatment. Among the multiple param-
eters analyzed are the frequencies and some functional 
markers of two MDSC populations with granulocytic and 
monocytic phenotype (Lin− HLA-DR−/lo CD15+ CD33+ 
CD11b+ and CD3− CD19− HLA-DR−/lo CD14+, respec-
tively). We have recently shown that in these patients, the 
frequency of GrMDSCs decreases significantly 3  weeks 
after the first dose of ipilimumab is administered [47]. This 
decrease is maintained during the course of treatment and 
is accompanied by a significant decrease in the frequencies 
of ARG1-producing, CD14− myeloid cells (Fig. 2). In the 
eight patients included in the study, no trend was observed 
in the MoMDSC population. Along with the frequencies of 
MDSCs, the frequencies of Tregs and PD1+ T cells were 
also determined, showing an initial increase, followed 
by a decrease to lower than baseline levels by the end of 
ipilimumab treatment. These results provided a first look 
at responses of MDSCs to CTLA-4 blockade and suggest 
that GrMDSCs may be useful as a pharmacodynamic bio-
marker. In spite of the fact that no changes in MoMDSCs 
were observed, analysis of the PD-L1 expression levels in 
CD14+ monocytes was also carried out, revealing a pro-
file very similar to that observed in both Tregs and PD1+ 
T cells. In summary, the combined data obtained from 
these eight patients and fifteen others that were included 
in the study after publication suggest that ipilimumab has 
an effect on both the frequency and suppressive capacity of 
GrMDSC populations and supports further studies that aim 
to clarify the possible role that MDSCs are playing in this 
therapeutic setting. The nature of this effect can be direct or 
indirect, as with T cells. Given the possibility that myeloid 
populations express CTLA-4, an in cis effect could imply 
blocking the possible CTLA-4 related signaling pathways 
in the myeloid cell. Ipilimumab-mediated ADCC could 
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also be responsible for the depletion of GrMDSCs as it 
has already been shown for CTLA-4+ melanoma cell lines 
[40]. In trans effects of ipilimumab on myeloid popula-
tions could be related to the higher activation state that is 
observed for T cells, via mechanisms that have yet to be 
described.

Due to the known importance of MoMDSCs in advanced 
melanoma [43, 45, 48], the lack of changes in the frequency 
of this population following ipilimumab treatment in our 
studies was unexpected. Similar results have been observed 
in the latest study by Speiser et al. [49] in which a larger 
cohort of patients was analyzed without observing signifi-
cant changes in MoMDSC frequencies during treatment. 
The main finding in this study is that patients responding to 
ipilimumab had significantly lower frequencies of MoMD-
SCs. In contrast to these results, there is a recent report 
that has associated 10  mg/kg neoadjuvant ipilimumab 
treatment with a decrease in MoMDSCs [50]. These are, 
to our knowledge, the first reports in which MDSCs have 
been associated with the outcome of checkpoint blockade 
therapy, warranting further studies with larger patient num-
bers that could lead to the inclusion of the frequency of 
this cellular population as a predictive biomarker for treat-
ment outcome. In addition to this, they open the window 
for combination therapies that include checkpoint blockade 
and chemotherapeutic approaches that may inhibit expan-
sion or viability of MDSCs such as docetaxel, gemcitabine, 
or sunitinib [51–53]. The results observed by Meyer et al. 
[49] are in agreement with those observed by Weide et al. 
[45], where a strong inverse correlation between MoMD-
SCs and NY-ESO-1-specific T cells was observed. In this 
setting, a higher MoMDSC burden may impede maximum 
ipilimumab-induced activation and expansion of tumor-
specific T cells leading toward lower clinical response 
rates. Ipilimumab has recently been shown to enhance NY-
ESO-1-specific responses in a small number of patients 
[54], and the presence of NY-ESO-1 antibodies combined 
with CD8-T cell responses has been suggested as a pos-
sible predictive marker for ipilimumab in an earlier report 
[55]. Further studies of this triple correlation between 

MoMDSCs, tumor-specific T cells, and clinical response 
rates to ipilimumab could deliver broader insights on the 
mechanisms of action of ipilimumab and clarify the role of 
the myeloid compartment in the response to this therapy.
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