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Abstract

Novel approaches in cancer therapy have emerged in recent years. It is well-established that tumors tend to have a different antigenicity 
than normal cells, thereby triggering an immune response against the tumor, which include the development of tumor specific lymphocytes. 
One distinct therapeutically approach involves the usage of monoclonal antibodies for immune checkpoint inhibition. CTLA-4 and PD-1/PDL-
1 have been investigated as useful targets in clinical trials.

In recent years, new immune escape mechanisms have been described. These mechanisms involve the complex intracellular machinery 
providing epitopes for CTLs. Important checkpoints of this process are the proteasomal degradation, the TAP- as well as the HLA-binding. 
It is hypothesized, proteasomal escape may play a role in developing resistance against this form of therapy. Deficient processing, either a 
defective or an extended epitope, can lead to non-recognition of those by CTLs. A weak binding of HLA: TCR would also prevent for example 
the PD-1/PDL-1 interaction. This would explain why some tumours are not susceptible to immunotherapy.

Background - Cancer Therapy in the Course of 
Time

With 14.1 million cases and 8.2 cancer related deaths 
worldwide, cancer is considered a global burden. From 2008 to 
2012 the number of incidences and deaths has steadily raised. 
While the incidence in developed countries is about twice as high 
as in developing countries, the mortality rate does not differ that 
much [1,2]. It was estimated, that the incidence of cancer will rise 
from 12.7 to 22.2 million in 2030 [3]. Since it has been considered 
a global health problem, many kinds of new therapies have been 
developed over the last decades. Primary tumors alongside 
infested lymph nodes can be handled by surgical resection [4,5]. 
Although surgical resection has fallen behind other techniques 
like radio-or chemotherapy, it can be considered as the most 
effective and only real, possibly curative way to safely remove 
parts of the tumour. However, chemotherapeutic regimes as well 
as radiotherapy are also implicated complementary to surgical 
treatment. While operative techniques as well as the combined 
therapy have been improved, only 10-15% of metastatic cases 
can be approached surgically [5,6]. 

40% of Cancers are successfully therapied with ionizing 
radiation [5,7]. It can singly be applied or in combination with 
surgery and chemotherapy. Because of its good efficiency/cost  

 
ratio, it is already applied to 45% of new emerging cancers. 
Ionizing radiation uses electronically charged particles to 
damage DNA of tumour cells. While normal cells can also be 
harmed, they might repair themselves due to DNA damage 
repair, tumour cells lack this ability and are more likely forced 
into apoptosis [7,8]. Another frequently applied therapy is 
chemotherapy. Mechanisms of different chemotherapeutic 
agents vary greatly, ranging from induction of oxidative burst 
[9], DNA-damage [10,11] or disruption of folic acid synthesis 
to inhibit cell division [4]. To improve on selectivity of radio-
and chemotherapy, the agents are conjugated with monoclonal 
antibodies [12]. 

Immune Therapy
Novel approaches in cancer therapy have emerged in recent 

years [13-15]. It is well-established that tumors tend to have 
a different antigenicity than normal cells, thereby triggering 
an immune response against the tumor, which include the 
development of tumor specific lymphocytes [13,16-18]. One 
subtype consists cytotoxic lymphocytes (CTLs). The interaction 
of these might result in the destruction of their target cells, 
ensured via release of perforin and granzymes as well as 
Fas-/FasL-mediated apoptosis [18,19]. Modern therapeutic 
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approaches encompass vaccination, adaptive T-cell therapy as 
well as immune checkpoint inhibition via antibodies [13,20,21], 
(Figure 1A).

Figure 1: Antigen recognition through CTLs, TCR signalling and 
mechanism of action of immune checkpoint inhibitors. 
A. CTLs bind the antigen-carrying MHC molecules on the 
target cells with their T-cell receptor (TCR). After recognition of 
a “foreign” antigen, the TCR get phosphorylated and the TCR 
signalling pathway gets initialized, resulting in secretion of 
perphorin and granzymes. Those lead to lysis of the target cell.
B. Via overexpression of PDL-1 by cancer cells, the 
phosphorylation of PD-1 at the CTL and thereby lead to 
dephosphorylation of the TCR and result in a downregulation of 
T-cell response. 
C. Through inhibition of PD-1/PDL-1 binding with anti-PD-1-
antibodies, TCR signalling gets restored and again leads to lysis 
of the target cell.

Immune Checkpoint Inhibition
One distinct therapeutically approach involves the usage of 

monoclonal antibodies for immune checkpoint inhibition. CTLA-
4 and PD-1/PDL-1 have been investigated in clinical trials [20,22]. 
CTLA-4 is known for counter regulation of co-stimulatory signals 

during T-cell activation [20]. αCTLA-4 antibodies are already 
applied for melanoma and mesothelioma therapy [23-25]. Two 
fully humanized monoclonal antibodies named Ipilimumab and 
Tremelimumab were developed and clinical tests started in 
2000 [20]. Usage of Ipilimumab in melanoma therapy lead to a 
survival benefit of 3,5 months [25]. As result of this, it gained 
FDA approval in 2010, unlike Tremelimumab [20]. The latter 
one was also tested for mesothelioma therapy [23,24], but with 
minimal benefit [23]. As of January 24th, 2017 a double-blind 
study with Placebo und Tremelimumab usage is still ongoing 
(NCT01843374). 

PD-1 is expressed on T-cells, while the ligand (PDL-1) is 
expressed on tumor cells. Their interaction is associated with 
downregulation of T-cell response [20], (Figure 1B). Nivolumab 
and Pembrolizumab are both monoclonal antibodies targeting 
PD-1 on CTLs (Figure 1C). Both have already been approved for 
usage in melanoma and squamous non-small cell lung carcinoma 
(NSCLC) [26]. In addition, Nivolumab was also applied in cases 
of platinum-resistant ovarian cancer and Hodgkin’s lymphoma. 
Observed effects on progression-free survival were noticeable 
[27,28]. Application in renal cell carcinoma also improved 
overall survival [29]. Pembrolizumab has also been tested in 
various PDL-1 positive tumours like small cell lung carcinoma, 
mesothelioma, gastric cancer and oesophageal cancer [30-33]. 
All tests revealed a definite tumour response in a subgroup of 
patients.

Combination therapies with Ipilimumab (αCTLA-4) and 
Nivolumab (αPD-1) have also emerged. They are applied in 
metastatic melanoma with durable anti-tumour responses 
[15,34,35]. Several trails of Nivolumab, Ipilimumab and 
Pembrolizumab in combination with chemotherapeutic agents 
or combined antibodies are currently conducted in SCLC patients 
[36].

Induction of T-cell response
The activation of tumor specific T-cells occurs via 

presentation of small peptide fragments originating from tumor 
antigens [37,38]. A complex intracellular pathway is involved 
to process these antigenic peptides (Figure 2A). It starts with 
polyubiquitination of the protein, which is then degraded by 
the proteasome. The small fragments are further trimmed to an 
optimal length of 8-11 amino acids. Translocation of those into 
the ER is performed via the TAP-transporter, an ABC transporter 
(ATP-driven) composed of TAP1 and TAP2 (heterodimer) [39]. 
In the following, the peptide fragments bind the HLA class I 
molecule and the whole complex gets transported to the cell 
surface. Only peptide fragments bound by the specific HLA 
class I molecules are recognized [37,38]. Classically, three genes 
(HLA-A, HLA-B, HLA-C) with an ample number of alleles code for 
the HLA class I molecule, but also inferior genes are known [40]. 
Consequently, those have been reported to be one of the most 
polymorphic genes [40].
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Figure 2: Overview of processing escape mechanisms.
A. A complex intracellular pathway is involved to process 
antigens, starting with polyubiquitination of the protein and 
subsequent degradation by the proteasome. Translocation 
of those fragments into the ER is performed via the TAP-
transporter. In the following, the peptide fragments bind the HLA 
class I molecule and the whole complex gets transported to the 
cell surface. Processing escape mechanisms encompass.
B.  Deficient binding to the TAP transporter, 
C.  Altered binding to MHC and subsequent transport to the cell 
surface as well as 
D.  Alternative proteasomal cleavage leading to differing peptides 
with varying lengths. 
E.  All mentioned mechanisms lead to either antigens not loaded 
to the MHC or antigens not recognized by the TCR, thereby 
leading to a resistance mechanism of a PD-1/PDL-1 blockade 
without restorage of TCR signalling pathways.

Immune Response and Escape Mechanisms
Considering darwinistic behaviour of pathogenic entities like 

viruses or tumours [41-46] it can be concluded, that the major 
part of the population has been wiped out during a selection 
event. However, some part of the population may have inherited 
favourable mutations helping to counteract selection pressure. 
Therefore, a new population is established, which might be even 
more aggressive towards the host [41-44,47]. Selection pressure 
includes antiviral agents, therapeutic agents against cancer as 
well as the immune response of the host [21,44-49].

Immune Response at a Glance
The immune response can be divided into two timely gated 

processes, the innate and the adaptive immune response. The 
innate response starts immediately after a pathogen is recognized 
as foreign [50]. During that time, pathogen fragments are loaded 
on specialized cell types called antigen presenting cells (APCs). 
These cells are the crucial link between both immune processes 
and are responsible for inducing the adaptive immune response 

[50]. The process of adaptive response starts four days to 
one week after recognition of a pathogen [51]. The most well 
characterized cell types involved are T-and B-lymphocytes. 
B-lymphocytes are well known to produces antibodies, while 
T-lymphocytes can be divided into CD8 positive (CTLs) and CD4 
positive T-lymphocytes, the latter having a supportive function 
for B-lymphocytes and CTLs (T-helper lymphocyte). 

B-lymphocytes are mostly targeting important surface 
structures of pathogens (epitopes) [50-53]. Unfortunately, 
selection pressure favours mutation in these epitopes, leading 
to a reduced recognition of the target. The same goes for epitope 
recognition by CTLs. 

Processing Escapes
In recent years, new immune escape mechanisms have been 

described. These mechanisms involve the complex intracellular 
machinery providing epitopes for CTLs. Important checkpoints 
of this process are the proteasomal degradation, the TAP- as well 
as the HLA-binding [21,39,48,54,55], (Figures 2B-2D). We decide 
to loosely term the escape mechanisms involved in the different 
checkpoints of epitope processing as processing escapes.

Johnsen et al. [56] observed the development of large and 
persistent tumours through TAP1-negative parental transformed 
murine fibroblast cell line. In case of tumour progression, TAP1-
negative cells have been reported to be selection-wise favoured 
over TAP1-positive cells [56]. In 1993 Restifo et al. [57] already 
suggested a possible tumour escape mechanism in relation 
to deficient antigen presentation and processing due to their 
finding of low mRNA levels for LMP-2 and LMP-7 (proteasome 
subunits) and TAP1 and TAP2 in small lung cell carcinomas 
(SCLC). In the review of Abele and Tampè (2011) [39], escape 
mechanisms involving TAP were described for both tumours 
and viruses, involving TAP-mutations and cofactors that interact 
with TAP.

Immune evasion from CTLs via deficiencies in the antigen 
presentation machinery is well described in different tumours 
[55,58,59]. These also include the deficiency of HLA/MHC class 
I molecules caused through point mutations or large deletions 
of HLA/MHC class I. Especially large deletions might result in 
loss of heterozygosity. However, subunits of HLA/MHC class 
I like Beta-2 micro globulin can also be affected by defective 
mutations [21,59]. In addition, tumours might also be capable of 
regulating HLA/MHC class I expression on an epigenetic level via 
DNA hypermethylation [60]. 

Immune escapes involving deficient proteasomal 
degradation is known in tumours [57,61], but especially in 
viruses like the hepatitis C virus [48,62-64]. In this case not the 
epitope sequence itself, but especially the flanking region of 
epitopes is associated with the escape process. In 2016 Walker 
et al. [62] discovered a processing escape associated with the 
“highly conserved HLA-B*51 restricted epitope IPFYGKAI1373-1380 
[62]. The investigated NS3-protein is multifunctional including a 
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helicase as well as a serine protease activity. Because of its key 
role in RNA replication it is an important drug target, especially 
the protease domain [65]. Sequence analysis of multiple patient 
cohorts revealed a S1368P substitution five amino acids 
upstream of the epitopes N-terminus. 

Proteasomal processing of the mutated variant do not 
result in an impaired epitope. However, it is theorized, that 
the prolin substitution prevents N-terminal trimming [66,67]. 
Therefore, peptides of optimal size for epitope presentation 
are not generated, resulting in a less effective T cell response 
[62]. Another mechanism was described by Seifert et al. [63]. 
A different NS3-epitope (HLA-A*02-restricted) harboured a 
tyrosine/phenylalanine directly downstream of the C-terminal 
epitope position. Proteasomal processing result in a C-terminal 
extended epitope, which is also less effective in triggering 
an immune response [63]. It seems that mutations  affecting 
processing at the C-terminal side more likely result in an 
impairment of antigen processing. While N-terminal elongated 
peptides might be further trimmed, the epitope defining cut 
is made at its C-terminus [38,68,69]. A somewhat similar 
mechanism was also found in HIV [64]. Three distinct mutations, 
both in the N-and C-terminal flanking region, were found in 
the HLA B*35-restricted Nef-epitope VLPRPMTY. If all three 
mutations were present it results in an alternative cleavage 
within the epitope. Thereby, a partially destroyed epitope is 
generated. While the impaired epitope was presented and 
successfully recognized, infected cells presenting it induce a 
less effect CTL response with low amounts of Interferon-gamma 
and less induced apoptosis. The same mechanism of differing 
epitope lengths may be present in neoplastic malignancies.

Resistance to Immune Checkpoint Inhibitors via 
Processing Escapes

While checkpoint inhibitors (αPD1/αPDL1/αCTLA-4) for 
immune responses have proven useful in about 15 different 
cancer types, 60% of patients are affected by inefficient response 
rates. In addition, some patients seem to develop some form 
of acquired resistance. Initial response showed some success, 
which was later undone due to acquired resistance [70].

It is hypothesized; proteasomal escape may play a role in 
developing resistance against this form of therapy. Deficient 
processing, either a defective or an extended epitope similar to 
viruses, can lead to non-recognition of those by CTLs (Figure 2E). 
A weak binding of HLA: TCR would also prevent for example the 
PD-1/PDL-1 interaction. This would explain why some tumours 
are not susceptible to immunotherapy. Even if antibodies would 
bind to their respective target it would have no effect, rendering 
the immune therapy useless. With this mechanism proposed, it 
is hoped to suggest an alternative immune escape, which might 
be worth investigating in the future. In addition, it remains to 
be investigated if processing escapes of some kind have a major 
impact on developing therapy resistance.
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