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TRP1 peptide requires internalization and is partially dependent on GILT for efficient MHCII presentation 
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ABSTRACT RESULTS 
Tyrosinase-related protein 1 (TRP1) is a melanosomal integral 
membrane protein and melanocyte differentiation antigen that 
contributes to the synthesis of melanin in melanocytes.  Present in both 
benign and malignant melanocytes, it has been implicated in the 
autoimmune development of vitiligo and melanoma antitumor 
immunity.  Since a naturally occurring MHC class II (MHCII)-restricted 
TRP1 epitope contains cysteine residues, we hypothesized that this 
epitope will require internalization and reduction by gamma-interferon-
inducible lysosomal thiol reductase (GILT) for presentation on class II.  
GILT is known to catalyze the reduction of protein disulfide bonds in the 
endocytic pathway and contribute to antigen processing and 
presentation of certain MHC class I and class II epitopes.  We have 
previously shown that GILT is required for efficient class II-restricted 
presentation of TRP1.  Here, we found that TRP1 peptide presentation 
is partially dependent on GILT and that TRP1 peptide requires 
internalization for efficient presentation on class II.  We also 
determined that antigen presentation increased with increasing peptide 
dose and increasing APC:T cell ratio.   Compared to other TRP1-specific 
T cells, primary TRP1-specific T cells from TRP1BwRAG-/-TRP1tg mice 
produce maximal IL-2 in response to presentation of TRP1.  These 
results further illustrate the importance of GILT in the processing and 
presentation of TRP1.  Thus, GILT may play a role in both the 
development of autoimmune vitiligo and anti-melanoma immune 
responses. 

RESULTS 

Antigen presentation increases with increasing 
peptide dose 

Figure 2. Comparison of the stimulation of I-Ab-restricted TRP1-specific 
95-10 T cell hybridoma cells in response to  a 24 hour co-culture with 
either wild-type (WT) or GILT-/- splenocytes as APCs using a dose 
titration of TRP1 peptide as antigen in order to determine a suboptimal 
peptide dose for future experiments and to identify any differences in 
presentation of TRP1 peptide in the presence or absence of GILT. The 
negative control was BSA.  ELISA was used to quantify the IL-2 
concentrations in culture supernatants to determine the extent of T cell 
stimulation.  Each condition was performed in triplicate.  Columns 
represent the mean ± SEM. Data from one experiment is presented.  
 
Increasing TRP1 peptide concentration increased IL-2 production, 
demonstrating a dose dependent response.  There was a small, but 
statistically significant, increase in IL-2 production on the average 
response across all doses of TRP1 peptide presented by WT compared 
to GILT-/- splenocytes (p < 0.05).  This suggests that GILT and TRP1 
peptide internalization is necessary for MHCII loading.  We selected 
3.33 µg/ml as a suboptimal dose to further investigate the differences 
in TRP1 peptide presentation in the presence or absence of GILT.   

Increased APC:T cell ratios result in improved 
antigen presentation 

Figure 3.  Comparison of the stimulation of I-Ab-restricted TRP1-specific 
95-10 T cell hybridoma cells in response to co-culture with either WT or  
GILT-/- splenocytes as APCs with TRP1 peptide for 24 hours.  A range of 
APC:T cell ratios were used to identify a suboptimal APC:T cell ratio that 
would allow better definition of GILT’s role in TRP1 peptide presentation. 
The negative control was BSA.  ELISA was used to determine the IL-2 
concentration in culture supernatants.  Each condition was performed in 
triplicate. Columns represent the mean ± SEM. Data from one 
experiment is presented.  
 
IL-2 production decreased as the APC:T cell ratio decreased. There was 
no statistically significant difference between the ability of the WT and 
GILT-/- APCs to present the TRP1 peptide (p < 0.07).   At the highest APC:T 
cell ratio (5:1), also used in Fig. 2, we did observe a statistically significant 
greater IL-2 production in response to WT APCs (p < 0.003), suggesting 
that internalization is necessary for efficient processing and presentation 
of TRP1 peptide. The  5:1 APC:T cell ratio showed the greatest difference 
in TRP1 presentation and was selected for subsequent experiments. 

TRP1 peptide requires internalization for 
efficient presentation on MHCII 

Figure 4. Comparison of the stimulation of I-Ab-restricted TRP1-specific 
95-10 T cell hybridoma cells in response to 24 hour co-culture with 
either fixed or live WT splenocytes as APCs and TRP1 peptide, B16 
melanoma lysate, PDV SCC lysate, or BSA as antigen, in order to identify 
whether the TRP1 peptide requires internalization for efficient 
presentation on MHCII.  IL-2 concentration was determined using ELISA. 
Each experiment was performed in triplicate.  Columns represent the 
mean ± SEM. The data for presentation of TRP1 peptide and BSA is 
representative of three experiments; the data for presentation of tumor 
cell lysates is representative of two experiments. 
 
Compared to the live splenocytes, the fixed splenocytes resulted in a 
statistically significant decrease in IL-2 production  by the 95-10 T cell 
hybridoma cells (p < 0.0001) in response to TRP1 peptide and to TRP1 
protein derived from B16 melanoma lysate (p < 0.0064).  This 
demonstrates that internalization enhances MHCII-restricted 
presentation of TRP1 peptide and is consistent with a partial 
requirement for GILT (Fig. 2).  The live APCs co-cultured with TRP1 
peptide resulted in much higher IL-2 concentrations than those co-
cultured with TRP1 protein derived from B16 melanoma lysate, 
suggesting that the TRP1 protein was not as efficiently presented.  The 
magnitude of this difference was not seen previously, and our IL-2 
concentrations are diminished compared to a previous report (Rausch 
et al, 2010).   Experiments 5A and B investigate possible explanations. 

Primary TRP1-specific T cells produce more IL-
2 than the TRP1-specific  T cell hybridoma 

Figure 5A.  Comparison of the two B16 melanoma lysates to identify 
whether there is reduced melanocyte differentiation antigen expression 
over time.   The negative control was the PDV SCC lysate. GRP94 was 
the loading control.  Immunoblot analysis suggests decreased TRP1 
expression in the current B16 melanoma lysate (B16#1) compared to  
the previous B16 melanoma lysate (B16#2).  Since the loading control 
was not detected in B16#2, we cannot definitively state whether TRP1 
expression by the B16 cells has diminished. However, each lane 
contained equal cell equivalents, so it is likely that B16#1 contains less 
TRP1 protein than B16#2.  Decreased TRP1 protein expression in B16#1 
may contribute to decreased stimulation of TRP1-specific T cells. 
 

Figure 5C. Comparison of the activation of primary T cells from three 
TRP1-specific mouse strains (TRP1BwRAG-/-TRP1tg, TRP1tg, and GILT-/-

RAG-/-TRP1tg) in order to identify which type of primary TRP1-specific T 
cells are preferable for future experiments.  The three T cell types were 
co-cultured for 48 hours with bone marrow-derived DCs and TRP1 
peptide, B16 melanoma lysate, PDV SCC lysate, or BSA as antigen.  IL-2 
concentration was determined by ELISA.  Each condition was 
performed in triplicate.  Columns represent the mean ± SEM.  Data 
from one experiment is presented 
 
Increased IL-2 concentrations were seen following co-culture with 
primary TRP1-specific T cells from TRP1BwRAG-/-TRP1tg mice compared 
to T cells from TRP1tg and GILT-/-RAG-/-TRP1tg mice  in response to 
TRP1 peptide (p < 0.001) and B16 lysate (p < 0.001).  No difference was 
observed between IL-2 production by T cells from GILT-/-RAG-/-TRP1tg 
and TRP1tg mice (p < 0.10 ).  This suggests that primary T cells from 
TRP1BwRAG-/-TRP1tg mice respond the best to TRP1 peptide:MHCII 
stimulation and are the most logical choice for future experiments. 

•   Antigen presentation increases with increasing peptide dose (Fig. 2) 
 

•   Presentation of TRP1 peptide is partially dependent on GILT (Fig. 2) 
 
•   Increased APC:T cell ratios result in improved antigen presentation      
 (Fig. 3) 
 
•   TRP1 peptide requires internalization for efficient presentation on 
 MHCII (Fig. 4) 
 
•   Primary TRP1-specific T cells produce more IL-2 than the TRP1-
 specific  T cell hybridoma   (Fig. 5) 
 
•   Primary TRP1-specific T cells from TRP1BwRAG-/-TRP1tg mice are the 
 T cell population of choice for future experiments (Fig. 5) 

The TRP1tg mouse expresses an MHCII-restricted T cell receptor (TCR) 
that recognizes the endogenous self-antigen TRP1.  To bypass tolerance, 
the TRP1Bw mice, which do not express TRP1, were used to generate a 
TRP1-specific TCR transgenic (TRP1tg) mouse strain and a TRP1-specifc 
95-10 T cell hybridoma.  T cells from TRP1tg mice can induce vitiligo. 
 
The TRP1BwRAG-/-TRP1tg  and GILT-/-RAG-/-TRP1tg mice express an 
MHCII-restricted T cell receptor (TCR) that also recognizes TRP1. The 
RAG-/-  mice do not undergo  VDJ recombination of endogenous TCRs, 
so all T cells solely express the TRP1-specific TCR transgene; whereas, 
RAG-expressing TRP1tg mice express endogenous TCRs. TRP1BwRAG-/-

TRP1tg T cells induce vitiligo, but GILT-/-RAG-/-TRP1tg T cells do not. 

MOUSE MODELS 

TRP1 
TRP1 GRP94 

Figure 5B continued.  hybridoma cells with primary TRP1-specific 
TRP1BwRAG-/-TRP1tg T cells to evaluate whether the TRP1-specific 95-10 
T cell hybridoma had lost sensitivity to detect TRP1 presentation.  IL-2 
production by these two T cell types was compared in response to co-
culture for 24 hours with WT bone marrow-derived dendritic cells (DCs) 
to provide primary T-cell stimulation (which splenocytes cannot 
provide) and TRP1 peptide, B16 melanoma lysate, PDV SCC lysate,  or 
BSA as antigen.  The extent of T cell stimulation was determined using 
ELISA to quantify IL-2 concentrations. Each condition was performed in 
triplicate.  Columns represent the mean ± SEM.  Data from one 
experiment is presented. 
 
Increased IL-2 concentrations were seen in co-cultures using primary 
TRP1-specific T cells compared to the TRP1-specific 95-10 T cell 
hybridoma  in response to TRP1 peptide (p < 0.001) and B16 melanoma 
lysate (p < 0.0001), with almost no response to B16 melanoma lysate 
seen in the 95-10 hybridoma co-culture.  This suggests that the TRP1-
specific 95-10 T cell hybridoma has lost sensitivity to stimulation by 
TRP1:MHCII, most notably in response to melanoma lysate.  
 

Unless otherwise stated, 5x105  APCs  and 1x105 T cells were used in co-
cultures and antigen concentrations were as follows:  TRP1 peptide (10 
µg/ml), B16 melanoma cell line lysate (1.25x105 cell equivalents/well), 
PDV squamous cell carcinoma cell line lysate (PDV SCC lysate) (1.25x105 
cell equivalents/well), and bovine serum albumin (BSA) (1 mg/ml).  

ROLE OF GILT 

    

Figure 5B. Comparison of the stimulation of TRP1-specific 95-10 T cell 

Figure 1: MHCII molecules 
(red and light blue) are 
synthesized in the ER, 
where they associate with 
li (dark blue) and then 
enter the endocytic 
pathway.  Here, cathepsins 
(represented by scissors) 
cleave protein antigens 
(purple) and Ii , leaving 
CLIP bound in the peptide 
binding groove.  The late 
endosomes contain 
mature GILT (yellow) , 
which catalyzes protein 
disulfide bond reduction.  
HLA-DM (green) catalyzes 
the  exchange of CLIP for 
an antigenic peptide.  
MHCII:peptide complexes 
are then directed to the 
APC surface to interact 
with CD4+ T cells. 

From Hastings KT and Cresswell P (2011)  
Antioxid Redox Signal, 15 (3): 657-68. 
 

CLIP, class II-associated invariant chain 
peptide; ER, endoplasmic reticulum; GILT, 
gamma-interferon-inducible lysosomal 
thiol reductase; Ii, invariant chain.  
 

CONCLUSIONS 
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