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Abstract The activation of T cell responses is reliant upon several steps: the uptake and 
processing/transforming of antigens into small peptides within specialist antigen presenting cells (APC); the 
binding of peptides to a class of major histocompatibility molecules (MHCs); the presentation of this complex 
on the surface of the APC; and the interaction of the T cell with the MHC-peptide complex. The melanoma-
associated antigen (NY-ESO-1) is one of cancer testis antigens (CTAs). Because of the restricted expression of 
CTAs to germ cells, it has been suggested that the antigens belongs to this family could be a promising target 
for cancer vaccines and/or cancer immunotherapy. Therefore, their presentation to the T cells need to be 
elucidated for design a successful cancer vaccines. This study aims to highlight the processing of NY-ESO-1 
antigen inside APC and the enzymes that are engaged in this process. The mechanisms of antigen processing 

of the immunogenic epitope from NY-ESO-1 antigen were studied using antigen presentation assays followed 
by ELISA and ELISpot, The results demonstrated that the treatment of the Dendritic cells (DCs) with the 
protease inhibitors affected the processing of the NY-ESO-1 protein. This indicates that the NY-ESO-1 
protein requires proteolysis using proteases which are involved in the major processing (i.e., cysteine and 
aspartic proteases) for effective presentation to CD4 T cells. It also requires a low pH environment. In 
conclusion, the findings of the present study may provide further indications that, potentially, a NY-ESO1 
antigen could be used in a cancer vaccine. This kind of study is at high importance for tumour immunity in 
terms of design tumour vaccines and modulation of tumour cells to function as antigen presenting cells and 
present their own antigens to the T cells.
Keywords: NY-ES0-1, Cancer testis antigen, MHC molecules, Proteases, Antigen processing.

8 

1822

8

2

jam.alhoderi@sebhau.edu.ly

8

 

8

  

http://www.suj.sebhau.edu.ly/
mailto:jam.alhoderi@sebhau.edu.ly
mailto:jam.alhoderi@sebhau.edu.ly


The Role of Proteases in Processing of Tumour Associated Antigen (NY-ES0-1)                                Alhoderi  et al.  

JOPAS Vol17 No.2 2018                                                                                                                     231 

Introduction 
The activation of T cell responses is reliant upon 
several steps: the uptake and processing of 
antigens into small peptides within specialist 
antigen presenting cells (APC); the binding of 
peptides to a class of major histocompatibility 
molecules (MHCs); the presentation of this 
complex on the surface of the APC; and the 
interaction of the T cell with the MHC-peptide 
complex via a T cell antigen receptor (TCR). Upon 
activation, T cells recognise small regions 
(epitopes) of the antigenic peptides bound to MHC 
proteins; these, as has been said, are present on 
the surface of other cells known as antigen-

presenting cells (APCs). The epitopes are 
generated by the modification of the native 
protein, usually following their (the protein’s) 
enzymatic degradation inside the APCs – referred 
to as ‘antigen processing’. The resulting peptides 

bind to the MHC molecules which are then 
transported to the APCs surface for presentation 
to T cells, a process termed ‘antigen presentation’ 
[1]. On the surface of the APC, interactions 
between T cells and the MHC-peptide complex 
occur via TCRs specific to the antigenic epitope.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
Tumour antigens are proteins which degrade into 
peptides that, in the context of MHC molecules, 
can be presented in order to induce T lymphocyte-
mediated immune responses [2]. Tumour epitopes 
are normally presented by MHC class I molecules, 
but can also be loaded into MHC class II grooves 
after escaping from the vascular network into the 
cytoplasm. Tumours have several mechanisms for 
escaping detection by the immune system. A 
previous study discussed the process whereby 
tumour cells escape surveillance by shedding 
certain membrane antigens [3]. A recent study 
found that tumour antigens shedding into the 
circulation may suppress antitumor CD8+ T-cell 
function [4].  

   Most tumour antigens have been identified as 

being recognized by CD8+ T lymphocytes; cytotoxic 
T lymphocytes (CTLs) in the context of MHC class 
I molecules [5-6]. An example is the melanoma-
associated antigen (MAGE) – the first human 
leukocyte antigen (HLA) class I-restricted tumour 
antigen described [7]. However, some tumour 
antigens have been shown to be recognized by 
CD4+ T helper lymphocytes. One such antigen is 
tyrosinase; this expresses in melanoma cells. It is 
HLA-DR4 restricted as it binds to this allele with 
high affinity and so induces a T cell response [6]. 

Tyrosinase was the first tumour antigen identified 
as being recognized by CD4+ T cells [8].   
 
Due to the restricted expression of cancer testis 
antigens (CTAs) in cancer cells, these antigens 
have been targeted by researchers for potential 
use in tumour vaccines. Several studies have 
focussed on the identification of T cell epitopes of 
CTAs ; this is for the purpose of creating potent 
cellular tumour immunity. The emergence of 
successful immune responses to tumours 
demands the recognition of epitopes in tumour 
cells; this is in order to create effective T-cell 
responses targeted at the tumour-associated 
antigens (TAAs). Previous studies have revealed 

that potent immune responses against TAAs such 
as HER2, CEA, MUC1 and p53 may be limited due 
to immune tolerance resulting from the fact that 
these TAAs are self-antigens. However, CTAs can 
be considered to be non-self-antigens because of 
their germ-restricted expression and their 
immunogenicity, which may induce strong anti-
cancer immunity [9]. As a result, their potential 
role in tumour immunology has been highlighted 
in recent studies. The potential for an immune 
tolerance against CTAs has not yet been reported, 
and several studies have shown that some of 
these antigens are immunogenic. Among the 
CTAs, NY-ESO-1 or New York esophageal 

squamous cell carcinoma 1, is the main focus, 
here, as it is considered the most immunogenic 
CTAs known to date.  Therefore, more attention 
has been paid to NY-ESO-1 – due to its cellular 
and humoral immunogenicity. The fact that it is 

widespread in many tumours also argues for its 
use as a potential candidate for a cancer vaccine 
[10]. A recent review has focused on NY-ESO-1 
and discussed the past and current NY-ESO-1 
targeted immunotherapeutic strategies [11]. It 
highlighted that several CTAs have been found to 
induce a spontaneous immune response, NY-
ESO-1 being the most immunogenic among the 
family members. Currently, there are 12 clinical 
trials registered using a NY-ESO-1 cancer vaccine, 
23 using modified T cells, and 13 using 
combinatorial immunotherapy. Exploring such 
new strategies have resulted in several novel 
treatments that are currently in clinical trial 
[11].Therefore, a deeper understanding of the 
mechanisms whereby NY-ESO-1 is processed is 
essential in order to develop a successful cancer 
vaccine of this type. The aim of this study is to 
reveal the role of the proteases in the processing 
of NY-ESO-1 antigen. 
 

Materials and methods 

1. CD4+ T cell clone 
NY-ESO-1 (the melanoma-derived protein) was 
used as a candidate tumour antigen in this 
project. The CD4+ T cell clone specific to the NY-
ESO antigen was obtained via collaboration with 
The Fred Hutchinson Cancer Research Centre in 
the USA. The clone was provided by Prof. Cassian 
Yee at that centre. The clone was generated by 
isolating PMBC from a melanoma patient who had 
high levels of NY-ESO-1. This procedure involved 
many steps, starting with the isolation of the 

monocytes layer from PBMCs [12]. 

 
2. Expansion of CD4+ T cell clone 
T cell clones were cultured in small flasks at 5*106 

cells /ml per flask. Human Interlukin-2 (IL2) was 
used at a concentration of 50 IU/ml to propagate 
the cells. They needed 14 days to reach optimal 
growth, and then they were re-stimulated again 
with IL-2.  
 

3. HLA-DPB1-PBMC  
The commercial human PBMCs were 
cryopreserved. They were a PBMC characterised 
for the MHC class II allele, HLA-DPB1. They were 
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thawed, cultured in AIM-V medium and harvested 
by using a cold Hanks’ buffer. 
 

4. Antigens 
An immunogenic peptide, ESO157-170 

(SLLMWITQCFLPVF), was kindly provided by Dr 
Weisan Chen of the Laboratory of Viral Diseases, 
the National Institute of Allergy and Infectious 
Diseases, Australia [13].This peptide contains a 
cysteine, and its sequence is hydrophobic. 
Therefore, it had to be dissolved in 100% DMSO at 
a concentration of 3 mg/ml, and stored in small 
aliquots at 20 0C until use. Exposing the peptide 
to oxygen would result in the formation of dimers 

which would reduce its capacity. Additionally, it 
was found that the immunogenicity of the 
synthetic peptides containing cysteine was 
enhanced markedly by treatment with reducing 
agents [13]. The experimental dose of the peptide 

was optimized. Recombinant human NY-ESO-1 
protein (Cat. no. RP-39227; Thermo Scientific) 
was used for the study of the antigen processing 
of the immunogenic peptide derived from the 
whole protein. It was at 0.1 mg/ml and was then 
diluted to 84 μg/ml for all the assays. The 
experimental dose of the protein was optimized. A 
pool of lyophilized peptides extracted from the NY-
ESO-1 protein (PepTivator NY-ESO-1 human, Cat. 
no. 130-095-380, Miltenyi biotec) was used as 
another source of peptide and/or protein. This 
pool consists of 15-mer sequences with 11aa 
overlap, covering the complete sequence of the 
human NY-ESO-1 protein. The concentration of 
each peptide in that pool was 6nmol (about 84 μg) 
per peptide. The pool was reconstituted in 244 μl 
of sterile water to make a stock solution at 
34nmol (about 54 μg) of each peptide per ml. The 
doses for each experiment were diluted from the 
stock solution at the time of the experiment. The 
experimental dose of the peptide pool was 
optimized. 

 
5. Inhibitors 
Key inhibitors were used to study the mechanisms 
of antigen processing and presentation. After the 
treatment of the APC with these inhibitors, 
antigen presentation assays were applied 
straightaway. Table 1 lists the inhibitors used for 
this purpose. 
 

Table 1.  A list of the inhibitors used for the 
treatment of the DCs 
Inhibitor Solvent Dose Cat. 

no.   
Company 

NH4Cl H2O 100 mM A0171 Sigma 
Pepstatin 
A 

DMSO 8μg/ml P4265  Sigma 

 
Additionally, a protease inhibitor cocktail (Cat. no. 
11 836 170 001; Roche) in tablet form was used in 
the investigation of the patterns of antigen 
processing. This protease inhibitor cocktail was 
designed to inhibit a broad spectrum of serine, 
cysteine, and metallo proteases. Each tablet was 
dissolved in 10 ml of water or PBS (pH 7.0) in 
order to make the working solution. For treatment 
of the DCs, 844 μl/well was added.  

6. T Cell proliferation assay 
This assay aims to measure the T cell response to 
the NY-ESO-1 protein (the latter in the form of 
peptide or of whole protein). T cells were plated 
into a round-bottomed 96 well plate (5*104 cells 

/ml and 844 μl/well). The antigen was added, to 
triplicates, as follows: 3 doses of NY-ESO-1 
peptide (ESO157-170) at 24, 04 and 64 μg/ml. On 
the other hand, the NY-ESO-1 peptide pool and 
the protein were added at the doses 5, 10 and 20 
μg/ml. The cultured plate was then incubated for 
60 hrs. at 37 °C in a humidified 5 % CO2 
incubator. A triplicate treated with a mitogenic 
agent; Concanavalin A (ConA: Cat no. L7647; 

Sigma) at a concentration of 8μg/ml was used as 
a positive control. Other triplicates had the 
following: medium only; cells treated with cell 
death reagent, camptothecin (CPT), (Cat no. 
C9911 from Sigma) at a concentration of 4 

mM/ml; and cells without peptide. These were 
used as negative controls. After the set incubation 
time, the viability of the cells was confirmed by 
light microscopy. Then, 24 μl of Cell Titer 96 
AQueous One Solution (Cat no: G3582; Promega) 
was added to the wells and these were re-
incubated for a further 1-4 hours. The principle of 
the above test is explained in the datasheet of the 
reagent. Afterwards, a cell proliferation assay was 
carried out using an ELISA microplate reader 
(VersaMax) to record the absorbance at 490 nm. 
   

7. The role of proteases in antigen processing 
The cocktail of enzyme inhibitors, along with 
pepstatin A, were used to study the processing 
pattern related to the ESO157-170 - derived peptide 
from the NY-ESO-1 protein. Briefly, the protocol of 
these experiments was as follows: a treatment of 
the DCs with the appropriate inhibitor for 30 min 
took place before the addition of the antigen. The 
antigen was then added in duplicates of one dose 
(04 μg/ml) of NY-ESO-1 peptide (ESO157-170), one 

dose of NY-ESO-8 protein (84 μg/ml), and one 
dose of NY-ESO-8 peptide pool (24 μg/ml). 
Afterwards, all were washed three times with 
HANKS, and then T cell clones were added. 
Negative and positive controls were used. Cells 
without inhibitor were used as a negative control.  

 
8. The role of endosomal alkalization in 
antigen presentation 
The Role of endosomal alkalization on antigen 
presentation was examined by using three 

concentrations of ammonium chloride (25 mM, 50 
mM and 100 mM). The same protocol of treatment 
with inhibitors was applied.  
 

9. A study of the kinetics of antigen 
presentation 
A determination of the kinetics of antigen 
presentation was performed by the incubation of 
the antigen with the DCs for three different 
durations (75 min, 150 min and 300 min) before 
the fixation of the DCs. Then, the same procedure 
of antigen presentation assay was carried out. 
  

10. ELISA 
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The Enzyme-Linked Immunosorbent Assay 
(ELISA) was used to measure the IL2 level 
secreted by T cells. The ELISA for human IL2 kit 
(Cat. no. 3440-1A-6; Mabteck) was used, and the 
procedure provided with the kit was applied. The 
optical density (OD) was measured at 405 nm, 
using an ELISA microplate reader (VersaMax). 
 

11. ELISpot 
The NY-ESO-1-specific CD4+ T cell response to 
NY-ESO-1-derived peptide and protein was also 
assessed via an enzyme-linked immunosorbent 
spot (ELISpot) assay specific to human IFN-γ – 
using the IFN-γ ELISpot kit (Cat. no. EL285, R & 

D Systems). The ELISpot assay specific to human 
IFN-γ was used to ascertain the effects of the 
metabolic inhibitors on the processing and 
presentation of NY-ESO-1-derived peptide. The 
procedure of this assay was applied according to 

the manufacturer’s recommendations. The spots 
of the duplicate wells of each sample were counted 
manually using a stereomicroscope (Leica Zoom 
2000), and the results were presented as a mean 
value. A response was considered positive when 
the mean of the spot count in the duplicate wells 
was significantly higher than that observed in the 
control wells. 
 

12. Statistical analysis 
Microsoft GraphPad Prism 4.0 was used for 
statistical analysis. For calculating the mean, the 
standard error of the mean (SEM) and the 
standard deviation (S.D) of the data in terms of 
duplicates and/or wells as required. The results 
represent the mean of duplicate wells ± S.D. The 
results of the ELISpot assays were expressed as a 
mean spot count. The P values were calculated, as 
required, by applying a Student’s t-test – where 
only two sets of conditions must be examined. 
Where more than two sets of data had to be 
analysed, a one-way ANOVA was used. When 

different conditions across more than two groups 
of data needed to be analysed, a two-way ANOVA 
was used. Finally, Bonferroni's Multiple 
Comparison Test was applied for multiple 
comparisons. Overall, the differences between the 
examined data sets were regarded as statistically 
significant when the P values < 0.05.  
 

Results 
 
1. Specificity of CD4+ T cell clone 
T cell responses to the immunogenic antigen were 
measured by using a cell proliferation assay. The 
results of this assay are presented in Fig.1; this 
demonstrates the immune responses of CD4+ T 
cell clones to ESO-1 antigen as sourced by peptide 
(ESO 157-170), peptide pool, and whole protein, and 
these results reflect the responses’ specificity to 
the antigen. 
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Fig.1: Specificity of CD4+ T cell clone to NY-ESO-1 
antigen. 

 
T cell responses to the immunogenic peptide of 
NY-ESO-1 (ESO157-170; SLLMWITQCFLPVF), to 
peptide pool and to whole NY-ESO-1 protein were 

tested in a dose-dependent procedure in order to 
find the optimal dose for inducing T cell 
responses. A T cell proliferation assay was applied 
after adding three doses of A: peptide (20, 40 and 
64 μg/ml), B: peptide pool (5, 84 and 24 μg/ml), 
and C: protein (5, 84 and 24 μg/ml. All the doses 
used gave rise to significant T cell responses (P < 
0.001), as compared to the controls. These results 
confirm the specificity of the CD4+ T cell clone to 
the antigen under study. Two negative controls 
were used (cells with irrelevant antigen and cells 
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with CPT), ConA was used as a positive control, 
and medium was used as a background (D).  

 
2. Effect of the protease inhibitor cocktail 
To determine whether NY-ESO-1 requires 
processing or can bind to MHC class II as a native 
protein, a protease inhibitor cocktail was used for 
the inhibition of the serine, cysteine, and metallo 
proteases. The ELISA assay was applied after that. 
The IL-2 level obtained by ELISA, as compared to 
those yielded by the experimental controls, 
demonstrated that there had been no T cell 
response to the NY-ESO-1 (in the form of peptide 
pool and protein) in the presence of the protease 

inhibitor cocktail. However, the T cell response to 
the antigen was not affected in the absence of the 
protease inhibitor cocktail. Fig.2 presents the 
results of ELISA for the IL-2 secreted by T cells 
both in the presence and in the absence of the 

protease inhibitor cocktail – as compared to the 
controls (Fig.8) 
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Fig.2: The effect of the protease inhibitor cocktail 
on the processing of ESO157-170  peptide as 
indicated by an ELIZA. 

 
DCs were treated with 844 μl/well of the working 
solution of the cocktail for 30 min. Afterwards, 
one dose (04 μg/ml) of the peptide (ESO157-170), 
one dose (84 μg/ml) of the protein (NY-ESO-1), 
and one dose of the peptide pool (24 μg/ml) were 
pulsed with the treated DCs. After the incubation 
time (5 hrs.), T cell clones were added to the wells 
and incubated for 60 hrs. The plate of the assay 
was stored at -20 oC overnight, and the 
supernatants were collected after this period of 

freezing. Afterwards, ELISA was employed to 
measure the secreted IL-2. The results represent 
the mean ± S.D. of duplicate wells. 
An ELISpot assay specific to human IFN-γ was 
employed to ascertain the effects of the metabolic 
inhibitors on the processing and presentation of 
the NY-ESO-1-derived peptide (ESO157-170). The 
effects of the inhibitors were studied by pre-
treating the DCs with the inhibitor at the 
indicated dose. The antigen was added in 
duplicates of one dose (04 μg/ml) of NY-ESO-1 
peptide (ESO157-170). The ELISpot results relating 
to the effects of the proteases inhibitor, as 
compared to the controls, demonstrated that the T 
cell response to the NY-ESO-1 peptide and protein 

was affected by the presence of the protease 
inhibitor cocktail. In contrast, there was a T cell 
response to the antigen in the absence of the 
protease inhibitor cocktail. Fig.3 shows the results 

of ELISpot for the secreted IFN- by T cells in the 

presence and absence of the protease inhibitor 
cocktail – compared to the controls (Fig.9).  
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Fig.3: The effect of the protease inhibitor cocktail 
on the processing of ESO157-170 peptide as 
indicated by an ELISpot assay. 
 
Following the treatment of the DCs with the 
inhibitor, they were pulsed with the antigen as 
described in the methods, and then T cell clones 
were added. The experimental plate was incubated 
for 40 hrs. at 37 0C in an incubator. Afterwards, 
an ELISpot assay was employed which involved 

counting the IFN- spots using a 

stereomicroscope. The result represents the mean 
± the S.D. of duplicate wells. 

 
3. Effect of pepstatin A 
Pepstatin A is an inhibitor of aspartic protease. 
The result of the ELISA assay showed that 
pepstatin A had a slight effect on the processing of 
the ESO157-170  epitope. Fig.4 illustrates the result 
of the ELISA assay both in the presence and in 
the absence of pepstatin A – compared to the 
controls. 
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Fig.4: The effects of pepstatin A on the processing 
of ESO157-170 peptide by ELIZA. 
 
DCs were treated with 8 μg/ml of pepstatin A for 
34 min. Afterwards; one dose (04 μg/ml) of the 
peptide (ESO157-170), one dose (84 μg/ml) of the 
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protein (NY-ESO-1), and one dose of the peptide 
pool (24 μg/ml) were pulsed with the treated DCs. 
After the incubation time (5 hrs.), T cell clones 
were added to the wells and incubated for 60 hrs. 
The plate was stored at -20 oC overnight, and the 
supernatants were collected after this period of 
freezing. Afterwards, ELISA was employed to 
measure the secreted IL-2. The results represent 
the mean ± S.D. of duplicate wells. 
The results concerning the effect of pepstatin A as 
elicited by an ELISpot assay, compared to 
controls, was not in agreement with the results 
obtained via ELISA (refer to figure 8). The EliSpot 
result demonstrated that there was not a 

significant difference between the number of spots 
which emerged in the treated (with inhibitor) and 
in the untreated wells (no inhibitor) – and in the 
control wells. Therefore, the results of the ELISpot 
assay did not give any clear evidence regarding 

the effects of pepstatin A on the processing of the 
candidate NY-ESO-1 peptide. Fig.5 illustrates the 
results of the ELISpot assay on the experimental 
samples, compared to the controls (Fig.9).  
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Fig.5: The Effects of pepstatin A on the 
presentation of ESO157-170 peptide, as elicited by 
an ELISpot assay. 
 
The procedure of this assay was applied as 
specified in the methods. The experimental plate 
was incubated for 40 hrs. at 37 0C in an 
incubator. Afterwards, an ELISpot assay was 

undertaken by counting the IFN- spots using a 

stereomicroscope. The results represent the mean 
± S.D. of duplicate wells. 

4. Effect of ammonium chloride  
The results gave a clear indication that a T cell 
epitope requires low pH (endosomal acidification) 
for optimal antigen processing in relation to the 

NY-ESO-1 protein. This was in agreement with the 
results obtained by using the above protease 
inhibitor since the candidate epitope requires 
processing at low endosomal acidification. Cells 
without NH4Cl (0 mM) were considered as a 
control for the assay. Fig.6 presents the result of 
this assay by ELISA, compared to the controls 
(Fig.8). 
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Fig.6: The effect of NH4Cl on the processing of the 
ESO157-170  peptide. DCs were treated with three 
concentrations of ammonium chloride (25 mM, 50 

mM and 100 mM) for 30 min. Afterwards, one 
dose (04 μg/ml) of the peptide (ESO157-170), one 
dose (84 μg/ml) of the protein (NY-ESO-1), and 
one dose of the peptide pool (24 μg/ml) were 
pulsed with the treated DCs. After the incubation 
time (5hrs), T cell clones were added to the wells 
and incubated for 60 hrs. The plate for the assay 
was stored at -20 oC overnight, and the 
supernatants were collected after this period of 
freezing. Afterwards, ELISA was employed to 
measure the secreted IL-2. The result represents 
the mean ± S.D. of duplicate wells. 
 

5. A Study of the kinetics of antigen 
presentation  
Fig.7 shows that the ESO-1 peptide needs a long 
time for processing and presentation as 300 min 
was the optimal time for its effective presentation 
– compared to the controls (Fig.8).  
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Fig.7: The kinetics of the presentation of the 
ESO157-170  peptide. 
 
The DCs were incubated for 75 min, 50 min and 
300 min with ESO157-170  peptide (04 μg/ml), NY-
ESO-8 protein (84 μg/ml) and peptide pool (24 
μg/ml). After these incubation periods, the DCs 
were fixed with 1% paraformaldehyde, washed to 
remove unbound antigens, and then, the T cell 
clones were added and incubated for 60 hrs. in 
the incubator. Afterwards, the experimental plate 
was frozen at -20 oC overnight. Subsequently it 
was subjected to an ELISA assay in order to 
measure the IL2 level. The result represents the 
mean ± S.D. of duplicate wells.  
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Fig.8: The results for the control samples in 
relation to the antigen processing and 
presentation assays (ELISA). 
 
Wells with just medium, no antigen and irrelevant 

antigen were used as negative controls, while 
wells with cytokine secreted cells (+Ve cells), and 
wells with IL-2 present were used as positive 
controls. 
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Fig. 9: The results from the control samples 

for the antigen processing and presentation 

assays (ELISpot). 

 
T cells alone, un-stimulated cells (no Ag), and 

cells stimulated with an irrelevant antigen 

(Irr Ag) were used as negative controls. Wells 

with cytokine secreted cells (+Ve cells) were 

used as positive controls. 
 
Discussion 
Understanding the mechanisms of antigen 
processing and presentation is of great importance 
to immunotherapy, and could lead to new 
contributions to the design of a vaccine. Few 

studies have focused on investigating the 
presentation of tumour antigens to the immune 
system. Tumour antigens are considered 
endogenous (intracellular) antigens which are 
usually presented by the MHC class I-antigen 
presentation pathway. However, targeting tumour 
antigens towards the MHC class II pathway has 
been shown to be most effective at inducing anti-
tumour T cell responses Therefore, the generation 
of CD4+ T cell clones specific to a melanoma-
associated antigen (NY-ESO-1 protein) by a 

research group in the USA, using an immunogenic 
CD4+ T cell epitope (ESO157-170 peptide), has been 
a major contribution to the study presented here 
[12]. 

The NY-ESO-1 antigen-specific CD4+ T cell clone 
was characterized before being subjected to the 
experiments. CD4 markers and TCRαβ receptors 
were detected on the cell surface of the clone, thus 
indicating that the clone had been generated 
successfully and that, hence, this clone was the 
right one for use in antigen presentation assays. 
The clone was also assessed in terms of its NY-
ESO-1 antigen specificity. A T-cell proliferation 
assay was carried out purely to measure the 
proliferation of T Cells. Which dose of the NY-
ESO-1 protein, the NY-ESO-1 peptide pool, and 
the NY-ESO-1-derived peptide would be most 
effective for the pulsing of the DCs was also 

deduced. It was shown that the best doses, for 
creating a good response to the NY-ESO-1-derived 
peptide, were 04 μg/ml for the peptide, 24 μg/ml 
for the peptide pool, and 10 μg/ml for the NY-
ESO-1 protein as these doses yielded the highest 

optical densities. These doses were used to carry 
out the antigen presentation assays.  A dose of 40 
μg/ml of the peptide was also used for pulsing the 
isolated T cells in order to generate the above 
CD4+ T cell clones [12]. The results suggest that 
04 μg/ml of the peptide or 84 μg/ml of the protein 
could be used for in vivo vaccination. 
Since a higher proliferation of cells occurred in the 
presence of the peptide rather than the protein, it 
can be inferred that the peptide antigen has a 
greater specificity for the T cell clone, resulting in 
a greater immune response. Thus, it can be 
concluded that the peptide antigen is the most 
immunogenic epitope, not the whole protein. It is 
also proposed that a dose of 64 μg/ml be used, 
although this would require toxicity testing 
beforehand. Data from the T cell proliferation 
assays could contribute to a preclinical in vitro 

proof of concept study designed to predict the best 
starting doses for a dosing schedule in a projected 
clinical trial on humans. It is important to strike a 
balance between immunological efficiency and 
concentration of antigen – striving to achieve 
maximum immunological response using the 
lowest dose possible as such is less likely to 
produce an adverse reaction within the patient. Of 
course, this is why it is of utmost importance to 
perform in vitro and in vivo scientific studies 
before proposing dosing schedules.  
Antigen processing is an essential step in 
producing T cell epitopes from intact antigens. 
Four classes of proteases are said to be involved 
in the degradation of antigens [14-15]. Therefore, 

the role of proteases in the proteolysis of the NY-
ESO-1 antigen was investigated in order to 
identify whether or not the NY-ESO-1 antigen 
requires proteolytic processing by DCs.  This 
investigation included looking at the effects of a 
protease inhibitor cocktail containing metabolic 
inhibitors for cysteine, serine, and metallo 
proteases and at the effects of pepstatin A, which 
is an inhibitor for aspartic protease. The protease 
inhibitor cocktail was shown to have a significant 

effect on the processing of the NY-ESO-1 antigen 
as it blocked the T cell responses when the DCs 
were treated with it, while pepstatin A had less 
effect on the processing of the ESO157-170  epitope. 
This suggests that the NY-ESO-1 antigen requires 
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lysosomal processing by cysteine proteases in 
order to generate the candidate T cell epitope from 
the NY-ESO-1 antigen, although it might be 
relatively independent of the processing by 
aspartic proteases. Both the ELISA and the 
ELISpot assays were in agreement in terms of the 
effectiveness of the protease inhibitor cocktail 
(compared to the assay controls). However, the 
ELISA and ELISpot assays produced slightly 
different results from each other in relation to the 
effects of pepstatin A – this could be due to 
experimental error. Additionally, the treatment of 
the DCs with three doses of ammonium chloride 
demonstrated that the NY-ESO-1 antigen requires 

low pH (endosomal alkalization) for optimal 
antigen processing. This result was in agreement 
with the results obtained by using the above 
protease inhibitors: the candidate antigen requires 
processing at low endosomal alkalization. Also it 

was confirmed that the T cell epitope (ESO157-170  

peptide) needs the protease families that are 
involved in the major processing in order to be 
elaborated from the NY-ESO-1 antigen for 
presentation to T cells. Some previous studies on 
HLA-DR-transgenic mice have used a variety of 
protease inhibitors in order to determine the 
protease families which are involved in the 
processing of some bacterial antigens [16-18]. 
Some studies have shown that the main locations 
for antigen processing in the APCs are at the late 
endosomes and lysosomes – where the formation 
of the peptide/MHC class II complexes takes place 
following the unfolding, disulfide bond reduction 
and denaturation of the antigens [19-23]. These 
studies demonstrated that lysosomal cysteine and 
aspartic are implicated in the processing of the 
antigen and the invariant chain. In the present 
study, the protease inhibitor cocktail, which 
includes cysteine, serine, and metallo inhibitors, 
significantly blocked the presentation of the 
ESO157-170 epitope, but the aspartic inhibitor 

(pepstatin A) had less effect on the presentation of 
the ESO157-170  epitope to the T cells. This 
highlights the role of the cysteine protease in the 
processing of the NY-ESO-1 antigen as the T cell 
epitope contained a disulphide bond in the 
cysteine residue. On the other hand, the aspartic 
inhibitor had no significant role on the processing 
of the candidate antigen. Serine and metallo 
proteases are found on cell surfaces and in early 
endosomes, where they act at neutral pH [24-26]. 
These latter protease families participate in minor 

proteolysis of antigens at extracellular sites or in 
early endosomes, as shown by [17, 27-30]. It has 
been suggested that the serine and metallo 
proteases are involved in the pre-processing of the 
antigens in early endosomes; this is followed by 
the actions of other protease families in late 
endosomes or lysosomes [17]. The effect of various 
inhibitors for antigen processing of another 
peptide (NY-ESO-195-106) from a melanoma cell line 
( SK-MEL-37 ) was evaluated by [31] and found 
that the pretreatment of tumour cells with 
proteasome inhibitors or protease inhibitors 
significantly impaired T-cell recognition, indicating 
that  is probably generated by the proteasome and 
loaded on MHC class II in the endosome and in a 

protease-dependent manner. In addition to 
endosomal/lysosomal proteases that are typically 
involved in MHC class II antigen presentation, 
several pathways in the MHC class I presentation 
pathways, such as the proteasomal degradation 
and transporter-associated with antigen-
processing-mediated peptide transport, were also 
involved in the presentation of intracellular NY-
ESO-1 on MHC class II. The presentation was 
inhibited significantly by primaquine, a small 
molecular that inhibits endosomal recycling, 
consistent with findings that pharmacologic 
inhibition of new protein synthesis enhances 
antigen presentation [32]. Therefore, it can be 

concluded that the main protease family that 
participates in the processing of the NY-ESO-1 
antigen is the cysteine protease which is 
responsible for the major proteolysis of the 
antigens, and works in low pH environments. 
The kinetics of the antigen processing and of the 
presentation of the ESO157-170 T cell epitope from 
the intact NY-ESO-1 antigen was also studied – in 
order to confirm the pathway of NY-ESO-1 
presentation. Since it is known that the recycling 
pathway is characterized by faster kinetics of 
antigen presentation, as compared to the classical 
pathway, three incubation times were used for 
incubating the DCs with the NY-ESO-1 antigen 
(75 min, 150 min and 300 min). The results 
indicated the use of the classical pathway since 
the ESO157-170 epitope took a long time (300 min) 
to be processed from the NY-ESO-1 antigen, and 
then to be presented to the T cell clone. The ELISA 
controls confirmed this finding. In summary, the 
classical MHC class II-antigen presentation 
pathway was found to be involved in the 
generation of the ESO157-170 epitope from the NY-
ESO-1 antigen. The recycling pathway, which is 
characterized by rapid kinetics (within 15 min) in 
terms of antigen presentation, as compared to the 
delayed kinetics of the classical pathway (starting 

at 90 min), has been investigated by others. These 
studies have shown the rapid kinetics of the 
following: the T cell epitope from the 
haemagglutinin antigen (HA307-318); [33], the 
RNase42-56 epitope from bovine ribonuclease [21], 
the T cell epitope from the M5 protein of 
Streptococcus pyogeni M17-31 [34-35] and two T cell 
epitopes from the protective antigen (PA) of 
Bacillus anthracis, PA547-560 and PA659-672  [17]. 
These epitopes were all loaded on mature MHC 
class molecules recycled from early endosomes to 

the plasma membrane, using the recycling 
pathway. In contrast, none of the three T cell 
epitopes studied from Yersinia pestis were 
presented by the recycling pathway [18]. 
Interestingly, a recent study [36] has discussed a 
unique interaction which takes place between the 
NY-ESO-1 protein and the innate immune system 
via toll like receptor 4 (TLR4). The NY-ESO-1 
protein demonstrated its ability to bind to 
immature DCs, monocytes and macrophages, in 

vitro. It was found that the strong immunogenicity 
of the non-mutated NY-ESO-1 protein is 
attributable to the polymeric structures which it 
forms through its disulphide bonds. The binding 
of the NY-ESO-1 protein to the immature DCs is 
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known to involve TLR4 because it was found that 
the immunogenicity of NY-ESO-1 is not induced in 
TLR4-knock-out mice. Also, its immunogenicity 
was diminished by the substitution of cysteine 
with serine [36]. This indicates the importance of 
NY-ESO-1 as a target for immunotherapy and/or 
a tumour vaccine. More recently, a study has 
demonstrated that NY-ESO-1 mediates direct 
recognition of melanoma cells by CD4+ T cells 
after intracellular antigen transfer [37]. That 
makes this antigen a promised target for cancer 
immunotherapy and vaccine. 
The key point of all the above was to find a 
promising CT antigen which could be used as a 

tumour vaccine and/or for tumour 
immunotherapy. One issue is that an efficient 
vaccine for producing an immune response 
against tumours should have a natural processing 
[38] or should be delivered into the APC for 

efficient processing, as was reviewed by [39]. The 
role of NY-ESO-1 in immunogenicity has been 
seen in the generation of T and B cell immune 
responses in some cancer patients [12,38-39,40-
51]. Therefore, particular attention has been paid 
to the NY-ESO-1 antigen as representing a 
potential immunological approach. 
Based on the results achieved by these 
approaches, vaccine trials have been conducted 
on some tumours, aimed at inducing long-term 
anti-tumour immunity. These trials have used 
different sources of the NY-ESO-1 antigen and 
different adjuvants [12,43,45-51]. The findings of 
the present study may provide further indications 
that, potentially, a NY-ESO1 antigen could be 
used in a cancer vaccine. In conclusion, the 

treatment of the DCs with the protease inhibitors 
affected the processing of the NY-ESO-1 protein 
which results in the generation of the ESO157-170 

peptide. In conclusion, this indicates that the NY-
ESO-1 protein requires proteolysis using 
proteases which are involved in the major 

processing (i.e., cysteine and aspartic proteases). 
It also requires a low pH environment.  

 
Abbreviations and Acronyms  
Antigen presenting cells : APC, CTAs : Cancer 
testis antigens, Cytotoxic T lymphocytes: CTLs, 
HLA: Human leukocyte antigens , MHC: Major 
histocompatibility , NY-ESO-1: New York 
esophageal squamous cell carcinoma 1, T cell 
receptor : TCR, Toll like receptor 4: TLR4, TAAs: 
Tumour-associated antigens. 

  

References 
[1]- Janeway  CA ., Travers  P., Walport  M  and   

Shlomchik  MJ . Immunobiology. 6th Ed. 
Garland Science Publishing. 2005. 

[2]- Kindt TJ., Goldsby RA  and Osborne BA. Kuby  
Immunilogy .6th edition. 525-545. 
W.H.Freeman and Company. USA. 2007. 

[3]- Law S.K.A.(1991). Antigen shedding and 
metastasis of tumour cells. Clin. exp. 

Immunol., 85, 1-2. 
[4]- Höchst B and  Diehl L. (2012). Antigen 

shedding into the circulation contributes to 
tumor immune escape. Oncoimmunology ,1, 
1620–1622. 

[5]- Boon T and  van der Bruggen P (1996). 
Human Tumor Antigens Recognized by T 
Lymphocytes. J. Exp. Med., 183, 725-729. 

[6]- Henderson RA and Finn OJ (1996). Human 
Tumor Antigens Are Ready to Fly. Adv. 
Immuno., 62, 217-256. 

[7]- Parmiani G., De Filippo A., Novellino l and 
Castelli C (2007). Unique human tumor 

antigens : Immunobiology and use in clinical 
trials. J. Immunol , 178, 1975-1979. 

[8]- Topalian SL., Gonzales M.., Parkhurst M., ELi 
Y., Southwood S., Sette A., Rosenberg SA and 
Robbins PE (1996). Melanoma-specific CD4 + 
T Cells Recognize Nonmutated HLA-DR-
restricted Tyrosinase Epitopes. J. Exp. Med , 
183, 1965-1971. 

[9]- Loukinov D., Ghochikyan A., Mkrtichyan M ., 
Ichim TE., Lobanenkov VV., Cribbs DH and 
Agadjanyan MG (2006). Antitumor Efficacy of 

DNA Vaccination to the Epigenetically Acting 
Tumor Promoting Transcription Factor BORIS 
and CD80 Molecular Adjuvant. Journal of 
Cellular Biochemistry , 98, 1037–1043. 

[10]- Gnjatic S., Nishikawa H., Jungbluth AA., 
Güre AO., Ritter G., Knuth A., Chen Y-T. and 
Old LI. (2006). NY-ESO-1: Review of an 
immunogenic tumor antigen. Advances in 

Cancer Research, 95, 1-30. 
[11]- Thomas R, Al-Khadairi G, Roelands J, 

Hendrickx W, Dermime S, Bedognetti D and 
Decock J (2018) NY-ESO-1 Based 
Immunotherapy of Cancer: Current 
Perspectives. Front. Immunol. 9:947. 

[12]- Hunder NN ., Wallen H., Cao J., Hendricks 
DW., Reilly JZ., Rodmyre R., Jungbluth A., 
Gnjatic S., Thompson JA  and Yee C (2008). 
Treatment of metastatic with autologous CD4+ 
T cells against NY-ESO-1. NEJM, 358, 2698-
2703. 

[13]- Chen W., Yewdell JW., Levine RL and 
Bennink JR (1999). Modification of cystein 
residues in vitro and in vivo affects the 
immunogenicity and antigenicity of major 
histocompatibility complex class I-restricted 
viral determinants. The Journal of 
Experimental Medicine, 189, 1757-1764. 

[14]- Nakagawa TY and Rudensky AY (1999). The 
role of lysosomal protteinase in MHC class II-
mediated antigen processing and 
presentation. Immunol. Rev, 172, 121-129. 

[15]- Bryant PW., Lennon-Dumenil A-M., Fiebiger 
E., Lagaudriere-Gesbert C and  Ploegh H 

(2002). Proteolysis antigen presentation by 
MHC class II molecules. Advances in 
Immunology , 80, 70-114. 

[16]- Musson JA., Hayward RD., Delvig AA., 
Hernan R.,Hormaeche CE., Koronakis V. and 
Robinson JH (2002). Processing of viable 
Salmonella typhimurium for presentation of a 
CD4 T cell epitope from Salmonella invasion 
protein (SipC). Eur. J. Immunol. , 32, 2664-
2671. 

[17]- Musson  JA ., Walker N ., Flick-Smith H ., 

Williamson  D and  Robinson JH (2003). 
Differential  processing of  CD4 T- cells 
epitopes from the protective antigen of 

http://www.ncbi.nlm.nih.gov/pubmed/?term=H%26%23x000f6%3Bchst%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diehl%20L%5Bauth%5D


The Role of Proteases in Processing of Tumour Associated Antigen (NY-ES0-1)                                Alhoderi  et al.  

JOPAS Vol17 No.2 2018                                                                                                                     239 

Bacillus anthracis. J. Bio. Chem , 278, 52425-
5243. 

[18]- Shim H-K., Musson JA., Harper HM., McNeill 
HV., Walker N., Flick-Smith H., von Delwig 
AA., Williamson ED and Robinson JH (2006). 
Mechanisms of major histocompatibility 
complex class II-restricted processing and 
presentation of the V antigen of Yersinia 
pestis.  Immunology, 119, 385–392. 

[19]- Jensen PE (1993). Acidification and disulfide 

reduction can be sufficient to allow intact 
proteins to bind class II MHC. J.Immunol ,150, 
3347-3356.  

[20]- Jensen PE (1995). Antigen unfolding and 
disulfide reduction in antigen presenting cells. 
Sem.Immunol ,7, 347-353. 

[21]- Griffin JP., Chu R  and  Harding CV (1997). 
Early endosomes and a late endocytic 
compartment generate different peptide-class 

II MHC complexes via distinct processing 
mechanisms.  J. Immunol   , 158, 1523-1532. 

[22]- Lennon-Dumenil AM., Bakker AH., Wolf-
Bryant P., Ploegh HL and Lagaudriere-Gesbert 
C (2002). A closer look at proteolysis and 
MHC-class-II-restricted antigen presentation. 
Curr. Opin. Immunol , 14 , 15-21. 

[23]- Honey K and Rudensky AY (2003). 
Lysosomal cysteine proteases regulate antigen 
presentation. Nature Rev. Immunol, 3, 472-

482. 
[24]- Bond JS and Butler PE (1987). Intracellular 

proteases. Ann. Rev. Biochem , 56 , 333-364. 
[25]- Amoscato AA., Prenovitz DA and Lotze MT 

(1998). Rapid extracellular degradation of 
synthetic class I peptides by human dendritic 
cells. J. Immunol, 160, 4023-4032. 

[26]- Barretti AJ., Rawlings ND and Woessner JF. 
Handbook of proteolytic enzymes. Academic 
press, 1998. 

[27]- Accapezzato D., Nisini R., Paroli M., Bruno 
G., Bonino F., Houghton M. and Barnaba V. 
(1998). Generation of an MHC class II-
restricted T cell epitope by extracellular 
processing of hepatitis antigen. J. Immunol , 
160 , 5262-5266. 

[28]- Delvig AA  and  Robinson JH (1998a). 
Different endosomal proteolysis requirement 
for antigen processing of two T-cell epitopes of 

the M5 protein from viable Streptococcus 
pyogenes. J Biol Chem , 273, 3291-3295. 

[29]- Santambrogio L., Sato AK., Carven GJ., 
Belyanskaya SL., Strominger JL and Stern LJ 

(1999). Extracellular antigen processing and 
presentation by immature dendritic cells. 
Proc. Natl. Acad. Sci. USA, 96, 15056-15061. 

[30]- Delvig AA., Ramachandra L., Harding CV 
and  Robinson JH (2003). Localization of 
peptide/MHC class II complexes in 
macrophages following antigen processing of 
viable Streptococcus pyogenes. Eur. J. Immunol 
, 33 , 2353-2360. 

[31]- Chai J-G (2012). Mechanisms of endogenous 
MHC class II presentation by tumour cells. 
Immunotherapy 8(4): 777. 

[32]- Matsuzaki  J., Tsuji T., Luescher I  Old  LJ.,  

Shrikant P., Gnjatic S and Odunsi K (2013). 
Nonclassical antigen-processing pathways are 

required for MHC class II- restricted direct 
tumour recognition by NY-ESO-1 specific 
CD4+ T cells. Cancer Immunol Res 2 (4): 341-
50. 

[33]- Pinet V., Vergelli M ., Martin R ., Bakke O 
and Long EO (1995).  Antigen presentation 
mediated by recycling of surface HLA-DR 
molecules. Nature, 375, 603–606. 

[34]- Delvig AA  and  Robinson JH (1998b). Two T 
Cell Epitopes from the M5 protein of viable 

Streptococcus pyogenes Engage Different 
Pathways of Bacterial Antigen Processing in 
Mouse Macrophages. J Immunol, 160, 5267-
5272. 

[35]- von Delwig A., Bailey E., Gibbs DM. and 
Robinson JH. (2002). The route of bacterial 
uptake by macrophages influences the 
repertoire of epitopes presented to CD4 T 
cells. Eur. J. Immunol. , 32, 3714–3719. 

[36]- Liu Y., Tian X., Leitner WW., et al., (2011). 
Polymeric structure and host toll-like receptor 
4 dictate immunogenicity on NY-ESO-1 
antigen in vivo. The Journal of Biological 
Chemistry, 286, 370077-370084 

[37]- Fonteneau JF., Brilot F., Munz C., and 
Gannage M.( 2016).The Tumor Antigen NY-
ESO-1 Mediates Direct Recognition of 

Melanoma Cells by CD4+ T Cells after 
Intercellular Antigen Transfer. The Journal of 
Immunology, 196: 64–71. 

[38]- Jackson H., Dimopoulos N., Mifsud NA., et 
al., (2006). Striking immunodominance 
hierarchy of naturally occurring CD8+ and 
CD4+ T cell responses to tumor antigen NY-
ESO-1. J Immunol , 176, 5908-17. 

[39]- Batchu RB., Moreno AM., Szmania SM., 
Bennett G., Spagnoli GC., Ponnazhagan S., 
Barlogie B., Tricot G and van Rhee F (2005). 
Protein transduction of dendritic cells for NY-
ESO-1-based immunotherapy of myeloma. 
Cancer Res. , 65, 10041-9. 

[40]- Zarour HM., Maillere B., Brusic V., et al., 
(2002). NY-ESO-1 119-143 is a promiscuous 
major histocompatibility complex class II T-
helper epitope recognized by Th1- and Th2-
type tumor-reactive CD4+ T cells. Cancer Res. 
62, 213-8. 

[41]- Gnjatic S., Atanackovic D., Jäger E., et al., 

(2003). Survey of naturally occurring CD4+ T 
cell responses against NY-ESO-1 in cancer 
patients: Correlation with antibody responses. 
PNAS, 100, 8862–8867. 

[42]- Maraskovsky E., Slolander S., Drane DP., et 
al., (2004). NY-ESO-1 protein formulated in 
ISCOMATRIX adjuvant is a potent anticancer 
vacine inducing both humoral and CD8+ T-
cell-mediated immunity and protection 
against NY-ESO-1+ tumours. Clinical Cancer 
Research, 10, 2879-2890. 

[43]- Jäger E., Karbach J., Gnjatic S., et al., 
(2006). Recombinant vaccinia_fowlpox NY-
ESO-1 vaccines induce both humoral and 
cellular NY-ESO-1-specific immune responses 
in cancer patients. PNAS , 103 , 14453–
14458. 

[44]- Valmori D.,  Lévy F., Godefroy E., et al., 
(2007a). Epitope clustering in regions 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Old%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=24764581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shrikant%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24764581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gnjatic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24764581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odunsi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24764581
http://www.ncbi.nlm.nih.gov/pubmed?term=Jackson%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16670298
http://www.ncbi.nlm.nih.gov/pubmed?term=Dimopoulos%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16670298
http://www.ncbi.nlm.nih.gov/pubmed?term=Mifsud%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=16670298
http://www.ncbi.nlm.nih.gov/pubmed/16670298
http://www.ncbi.nlm.nih.gov/pubmed?term=Batchu%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Moreno%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Szmania%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Bennett%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Spagnoli%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Ponnazhagan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Barlogie%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Tricot%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Rhee%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16267030
http://www.ncbi.nlm.nih.gov/pubmed/16267030
http://www.ncbi.nlm.nih.gov/pubmed?term=Zarour%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=11782380
http://www.ncbi.nlm.nih.gov/pubmed?term=Maillere%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11782380
http://www.ncbi.nlm.nih.gov/pubmed?term=Brusic%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11782380
http://www.ncbi.nlm.nih.gov/pubmed/11782380


The Role of Proteases in Processing of Tumour Associated Antigen (NY-ES0-1)                                Alhoderi  et al.  

JOPAS Vol17 No.2 2018                                                                                                                     240 

[45]- undergoing efficient proteasomal processing 
defines immunodominant CTL regions of a 
tumor antigen. Clinical Immunology , 122, 
163-172. 

[46]- Valmori D., Souleimanian NE., Tosello V., et 
al., (2007b). Vaccination with NY-ESO-1 
protein and CpG in Montanide induces 
integrated antibody/Th1 responses and CD8 
T cells through cross-priming. PNAS, 104, 
8947–8952. 

[47]- Odunsi K., Qian F., Matsuzaki J., et al., 
(2007). Vaccination with an NY-ESO-1 peptide 
of HLA class I/II specificity induces integrated 
humoral and T cell responses in ovarian 
cancer. PNAS, 104, 12837-12842. 

[48]- Adams S., O’Neill DW., Nonaka D., et al., 
(2008). Immunization of Malignant Melanoma 
Patients with Full-Length NY-ESO-1 Protein 
Using TLR7 Agonist Imiquimod as Vaccine 

Adjuvant. The Journal of Immunology, 181, 
776–784. 

[49]- Diefenbach CSM., Gnjatic S,. Sabbatini P., et 
al., (2008). Safety and Immunogenicity Study 
of NY-ESO-1b Peptide and Montanide ISA-51 
Vaccination of Patients with Epithelial 
Ovarian Cancer in High-Risk First Remission. 
Clin Cancer Res, 14, 2740-48. 

[50]- Bioley G., Guillaume P., Luescher I., Yeh A., 
Dupont B., Bhardwaj N., Mears G., Old LJ., 
Valmori D and Ayyoub M (2009). HLA Class I- 
Associated Immunodominance Affects CTL 

Responsiveness to an ESO Recombinant 
Protein Tumour Antigen Vaccine. Clin Cancer 
Res, 15, 299-306.The Journal of Experimental 
Medicine, 189, 1757-1764. 

[51]- Gnjatic S., Altorki NK., NgTang D., Tu S-M., 
Kundra V., Ritter G., Old JI., Logothetis CJ. 
and Sharma P. (2009). NY-ESO-1 DNA 
Vaccine Induces T-Cell Responses That Are 
Suppressed by Regulatory T Cells. Cancer 
Res, 15, 2130-39. 

[52]- Ayyoub M., Pignon P., Dojcinovic D., 
Raimbaud I., Old LJ., Luescher I and Valmori 
D (2010). Assessment of Vaccine-Induced CD4 
T Cell Responses to the 119-143 
Immunodominant Region of the Tumor-
Specific Antigen NY-ESO-1 Using DRB1*0101 
Tetramers. Clin Cancer Res, 16, 4607–15.  

http://www.sciencedirect.com/science/journal/15216616
http://www.ncbi.nlm.nih.gov/pubmed?term=Guillaume%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Luescher%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Yeh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Dupont%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhardwaj%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Mears%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Old%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Valmori%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19118058
http://www.ncbi.nlm.nih.gov/pubmed?term=Ayyoub%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19118058

