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ABSTRACT 

The immunotherapy of cancer aims to activate both the humoral and cellular arms 

of the immune system to generate a specific and effective anti-tumor response. Tumor 

cells express self-antigens which masks these cells from recognition by the immune 

system. Tumor cells display antigen in the context of Human Leukocyte Antigen (HLA) 

molecules presented on the cell surface. Cytotoxic T lymphocyte (CTL) recognition of 

antigenic peptide/HLA complexes results in destruction of the target cell. CTL are 

educated to discriminate between foreign and self-antigens, however tumor cells 

frequently express self-antigens, rendering tumors poorly immunogenic. Several tumor-

derived peptides have a weak affinity for HLA molecules and are therefore inefficiently 

presented to T cells. Peptides bind to HLA molecules through anchor residues on both the 

carboxy and amino termini. Modification of peptides at critical HLA-binding residues 

can (i) increase the afHnity of a peptide for HLA molecules, therefore increasing the 

opportunity for peptide presentation to tumor-specific T cells and (ii) result in the 

generation of 'altered self (altered peptide ligands) with the potential to activate CTL. 

It was hypothesized that the substitution of preferred HLA-A*0201-binding 

amino acids into tumor-derived peptides would increase the binding affinity of the 

peptides for HLA-A2 molecules (compared to wild type tumor peptide), resulting in 

activation of CTL specific for wild type tumor peptide. Altered peptide ligands (APL) 

were rationally designed for two tumor antigens, gplOO and Her-2/neu. Amino acid 

modiHcations were introduced into immunodominant, HLA-A*0201-binding nonamer 

peptides, gplOO (ITDQVPFSV, residues 209-217) and E75 (KIFGSLAFL, residues 369-
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377). Tumor APL were evaluated for HLA-A*0201 binding affinity and the ability to 

activate CTL specific for wild type tumor peptide. 

The work presented here demonstrates that APL with increased afHnities for HLA 

molecules compared to wild type peptide stimulate CTL specific for wild type peptide 

from both cancer patients and normal HLA-A*0201 donors. These fmdings contribute to 

the development of peptide vaccines for inmiunotherapeutic treatment modalities. 
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CHAPTER I 

INTRODUCTION 

1.1 Preamble 

A major obstacle in generating an effective immune response against tumor cells 

is the poor ability of the cellular arm of the inunune system to detect these cells. Tumor 

cells were once normal, healthy cells that were altered or mutated beyond repair, 

resulting in transformation of healthy cells into tumor cells. The adaptive cellular 

immune response is educated to discriminated 'self from 'non-self (i.e. virally infected 

cells). Since tumors are derived from self, the immune system has difficulty recognizing 

cancer cells and targeting them for destruction. 

Current treatment modalities for cancer such as surgery, radiation and/or 

chemotherapy are often toxic and very debilitating for patients (I, 2). Aggressive 

chemotherapeutic treatments and radiation therapy can be devastating to one's health. 

Often, chemotherapy can be as destructive as the disease itself, whereas immunotherapy 

minimizes damage to the rest of the body as it uses the immune system to mount a 

response against the tumor. Side effects associated with immunotherapy tend to be mild 

and brief and are usually observed upon administration of treatment. The induction of a 

specific immune response while maintaining the health of the patient makes 

immunotherapy an attractive approach for the treatment of cancer. 

One such immunotherapeutic approach attempts to redirect T cells towards the 

production of a potent anti-tumor response through the use of tumor-derived peptides that 

have been altered at residues that play a critical role in binding to HLA molecules. The 
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substitution of non-optimal amino acids with optimal primary and auxiliary HLA anchor 

residues into tumor peptides can result in the generation of peptides with increased 

affinity for HLA molecules as well as increased immunogenicity compared to wild type 

tumor peptides. Due to the similarity between these peptides, altered peptide ligands may 

potentially activate T cells that can recognize wild type peptide expressed on tumor cells 

or activate tumor-specific T cells that cross-react with the modified tumor peptides. 

1.2 Literature Review 

Immunotherapy of cancer 

Limited clinical responses coupled with severe side effects such as alopecia, 

nausea and fatigue, associated with several cancer treatments (1,2) have sparked interest 

in immunotherapeutic treatment modalities aimed to enhance effective anti-tumor 

immune responses. Research in the field of cancer immunotherapy focuses primarily on 

ways to either increase the immunogenicity of tumor cells or augment pre-existing anti

tumor immunity. The use of peptides is very appealing as an immunotherapeutic strategy 

in the treatment of cancer, because peptides are chemically stable molecules, inexpensive 

to synthesize, devoid of contaminating substances, have no oncogenic potential and are 

well tolerated when administered to patients. Peptide immunotherapy aims to enhance the 

natural ability of effector T cells to recognize and become activated against target 

antigens. 
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Activation of T cells 

Differentiation of T cells into functional effector lymphocytes requires at least 

two signals (3). The first signal is provided when the T cell receptor (TCR) recognizes 

inmiunogenic peptide presented in the context of Human Leukocyte Antigen (HLA) 

molecules by professional antigen presenting cells (APC), such as dendritic cells (4, 5). 

Secondary co-stimulation signals between T cells and APC involve the interaction of 

several co-stimulatory and adhesion molecules, including CD40L - CD40 engagement 

and CD28 engagement by CD80 or CD86 (6, 7). Once T lymphocytes have differentiated 

into effector cells, professional antigen presentation and co-stimulatory signals are no 

longer needed for recognition of targets. In particular, differentiation of CD8* T cells into 

effector cytotoxic T lymphocytes (CTL) allows these lymphocytes to re-circulate in the 

periphery and kill cells expressing the HLA class I antigen/peptide complex for which the 

CTL is specific. Clearly, engagement of the TCR with the HLA-peptide complex is a key 

component in the induction and maintenance of immunity. Therefore, elucidating the 

biology of the interaction between HLA molecules, tumor peptides and the TCR will 

yield useful information for the inununotherapy of cancer. 

HLA class I molecules 

CTL recognize HLA class I-peptide complexes on the surface of virally infected 

cells and tumor cells. HLA class I molecules are composed of an alpha chain and beta-2 

microglobulin (^2™). The peptide binding cleft responsible for peptide presentation to 

CTL is composed of the a 1 and ot2 domains of the alpha chain (8, 9). This cleft contains 
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polymorphic specificity pockets that bind to side chains of peptide residues. The a3 

domain is non-covalently associated with Pjni- This interaction allows for peptide binding 

as well as stabilization of class I-peptide complexes on the cell surface. 

The HLA class I family embodies three a chain alleles. A, B and C. Within these 

gene families there is a high degree of polymorphism. Over three hundred alleles have 

been identified (10). Early studies estimated that nearly fifty percent of people of 

Caucasian descent are HLA-A2 positive (11). Of this fifty percent, ninety-five percent are 

likely to express the HLA-A*0201 allele (12, 13). Studies investigating the binding of 

peptides across allele subtypes (cross-binding) were performed using an HLA-A*0201-

binding Hepatitis B virus core peptide, FLPSDYFPSV„g.27) (14, 15). Cross-binding was 

observed for HLA-A*0202,0203, 0205 and 0206 (14, 15) and was also demonstrated for 

B7 and A3 alleles (16, 17), indicating the existence of HLA supertypes. The term 'HLA 

supertype' is defined as "allelic variants sharing largely overlapping peptide binding 

specificities and repertoires" (18). Recent studies determined that each supertype is 

present in 35-55% of the population regardless of ethnicity, with HLA-A2 being the most 

prevalent (18). The A2 supertype is present in all major ethnic groups (39-46%) (19). 

These studies suggest that peptide-based therapies utilizing the HLA-A2 class I molecule 

have the potential to become a widely applicable treatment modality to a broad 

population of cancer patients. 

For peptide-based therapies to be effective, the HLA-peptide complex must be 

immunogenic. Several studies have shown that two components are important in 

determining the immunogenicity of HLA-peptide complexes; the affinity of a peptide for 
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class I molecules and the stability of the complex itself (20-23). A direct correlation 

exists between immunogenicity of peptides and class I binding afHnity (20). Compared to 

peptides with weak afHnity to HLA class I molecules, peptides with high affmity for 

class I are presented on the surface of cells longer (24). Therefore, peptides with 

increased affinity for class I molecules have an increased potential to induce T cell-

mediated inunune responses. 

HLA-A*0201-binding peptides 

HLA-A'*'0201 class I molecules present peptides that are approximately eight to 

ten amino acids in length and are non-covalently bound to the HLA cleft via anchor 

residues (25). Crystal structures of MHC class I-peptide complexes revealed that class I-

binding peptides are anchored into the binding cleft on both the amino (NHj) and carboxy 

(COOH) termini of the peptides (26, 27). The TCR interacts with the center of the 

peptide that bulges out of the groove to allow for T cell binding (27, 28). 

Preferential primary HLA-A*020i anchor positions and corresponding amino 

acid residues were initially identiHed by the immunoprecipitation of HLA-A*0201 

molecules from both a human B lymphoblastoid cell line and human JY cell line 

followed by acid elution of peptides bound to surface HLA-A*0201 (29, 30). These 

studies demonstrated that HLA-A2-binding peptides are frequently nonamers, and 

positions two and nine of a nonamer peptide are the primary anchor residues. These HLA 

anchor residues are essential but alone are inadequate to generate peptides that bind to 

class I alleles, indicating that other peptide residues are important for binding. 
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Secondary, or auxiliary, anchor residues are considered critical for forming stable 

peptide-HLA class I complexes (31-34). 

Using a novel synthetic peptide bead library screening technique, HLA-A*0201 

secondary anchor residues were elucidated (35, 36). This assay allowed for the testing of 

a larger array of peptides for the identification of important class I-binding residues. The 

screening technique was performed by incubating recombinant human HLA-A*0201 

molecules in the presence of Pjm and random nonamer peptide beads. HLA-A*0201/P2ni 

molecules that formed stable complexes with peptide beads were detected using a 

conformation-specific monoclonal antibody (W6/32) that recognizes HLA-peptide 

complexes. Peptide beads were micro-sequenced to analyze peptide motifs important in 

HLA-A*0201 molecule binding (Table I). Using this approach, HLA-A*0201 secondary 

anchor residues were elucidated (35, 36); aromatic amino acids, especially phenylalanine 

(F), were most frequently present at the first and third positions and preferences for 

leucine (L) and valine (V) were observed at positions two and nine, respectively, 

agreeing with previous Hndings (29, 30). Furthermore, it was observed that a charged 

amino acid, glutamic acid (E), was frequently present at position four in peptides that 

bound HLA-A*0201 molecules. 
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Table I. 

Peptide motif obtained from peptide library screening with recombinant HLA-A*0201 

I 2 3 

Position 

4 5 6 7 8 9 

Amino Acid* FA' L F E X X X X V 

Function" 2° 1° 2° 2° TCR TCR TCR TCR 1° 

Preferred amino acid residues for HLA-A*0201-binding nonamer peptides. 
'Single letter abbreviations represent amino acid residues. The letter X represents any 
amino acid. 
''Role of amino acid residue; 1° denotes primary HLA anchor residue, 2° denotes 
secondary HLA anchor residue; TCR-residue interacts with T cell receptor. 

Tumor antigens 

Peptide immunotherapy of cancer is based on the identification of tumor 

associated antigens (TAA). Tumor cells present tumor-derived peptides in context of 

HLA class I molecules to CTL. These TAA have been shown to induce CTL in cancer 

patients (37-44). Melanoma has been the most extensively studied cancer model for the 

identification of tumor-derived antigens and peptides. Melanoma-specific CTL have been 

isolated and expanded in vitro from peripheral blood mononuclear cells (PBMC), 

melanoma lesions or lymph nodes from patients with melanoma (37-39, 41). These CTL 

have been used to identify several melanoma TAA. TAA can be classified into six 

categories based on biological characteristics, a sununary of which is provided in Table 
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II. (i) Tissue-specific differentiation antigens are expressed by normal melanocytes as 

well as melanoma cells, (ii) Cancer-testis antigens, or tumor-specific antigens (TS A), are 

normally expressed on embryonal tissues and are silent in normal tissue except male 

germline cells and can be aberrantly expressed in melanoma cells, (iii) Oncofetal 

antigens, normally expressed during embryonic development, are TAA that are 

overexpressed by some cancer cells, (iv) Mutations in oncogenes give rise to TAA that 

are not expressed in normal cells, (v) Chromosomal rearrangements result in the 

transcription of fusion proteins that are associated with some cancers, (iv) Viral 

transforming gene products have been determined to be TAA. 
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Table H. 

Examples of HLA class I-binding tumor-derived peptides 

Classification Gene Sequence Allele Tumor type Ref 

Tissue specific 
differentiation 
antigens 

gpl00,jo^},7, 

MART-1,27.35, 

tyrosinase,206.2M) 

ITDQVPFSV 

AAGIGILTV 

AFLPWHRLF 

A2 

A2 

A24 

Melanoma 

Melanoma 

Melanoma 

(45) 

(41) 

(46) 

Cancer-testis 
antigens 

MAGE-1,14,.,49) EADPTGHSY A1 Melanoma, breast, 

colon 

(37) 

NY-ESO-I,„.42, ASGFGGGAPR A31 Melanoma, lung 

prostate, breast 

(47) 

Oncofetal antigens CEA,4|.7O) HLFGYSWYK A3 Colon, pancreas, breast (48) 

Mutated 
oncogenes 

P53(2M.27J) 

Her-2/neu,34,.3m 

LLGRNSFEV 

KIFGSLAFL 

A2 

A2 

Breast, ovarian 

Breast, ovarian, 

pancreas, lung, prostate 

(49) 

(44) 

Fusion proteins bcr/abl(924.,,34, SSKALQRPV A2 Chronic myeloid 

leukemia 

(50) 

Viral gene 
products 

HPV-16 E7,„.,o, LLMGTLGIV A2 Cervical carcinoma (22) 

gplOO 

gplOO is a melanocyte lineage-restricted intracellular glycoprotein that is 

expressed by most melanoma cells (S1-S3) and normal melanocytes. gplOO can be 

detected in the filamentous matrix of melanosomes and may be involved in the late stages 

of melanin synthesis (S4). gplOO expression can be detected in approximately 75% of 

melanoma metastases (55). Early studies demonstrated that tumor infiltrating 
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lymphocytes (TIL) obtained from HLA-A*0201 patients with melanoma recognized 

gplOO in vitro (S6). Re-infusion of these autologous TIL into patients in conjunction with 

IL-2 therapy, resulted in objective partial responses in all patients, confirming a role for 

gplOO in anti-tumor immunity (56). To further investigate the inununogenicity of gplOO, 

these gplOO-speciHc TIL were used to identify gplOO epitopes (56). One hundred and 

sixty-nine peptides that contained HLA-A*0201 binding motifs were synthesized and 

screened for recognition by gplOO-specific TIL. Five immunogenic epitopes derived 

from gplOO were identified (56). 

One inmiunodominant gplOO peptide, residues 209-217 (ITDQVPFSV), is an 

HLA-A*0201 epitope that is recognized by TIL isolated from melanoma lesions (56, 57). 

These studies demonstrate that CTL responses could be induced against a self-derived 

peptide. A Phase I clinical trial involved inmiunizing patients with metastatic melanoma 

with three gplOO-derived epitopes, g209-217, gl54-162 and g280-288. PBMC were 

harvested from patients after immunization. CTL responses against the gplOO g209-217 

and g280-288 epitopes were detected only after multiple in vitro stimulations (58, 59). 

A clinical study involving immunization of HLA-A2* patients with metastatic 

melanoma with gp 100,209.217) was performed by Rosenberg et al. (60). PBMC isolated 

from two of eight patients demonstrated reactivity towards gplOO(209.2i7) when challenged 

with peptide-pulsed target cells, as measured by IFN-y production. Objective clinical 

regression was observed in only one patient. 



Her-2/neu 

The Her-2/neu (ErbB-2) receptor is a member of epidermal growth factor receptor 

(EGFR) family. Her-2/neu is a proto-oncogene that encodes a 185 kDa transmembrane 

receptor that has an extracellular domain responsible for ligand binding and an 

intracellular tyrosine kinase domain involved in downstream signaling of molecules that 

are involved in cell cycle, differentiation and survival (61). In adults, Her-2/neu 

expression can be detected at low levels in epithelial cells of normal tissue. 

Overexpression of Her-2/neu is a result of gene amplification, which ultimately leads to 

oncogenic transformation of cells by over-stimulating signaling pathways involved in 

conu-ol of the cell cycle. Twenty to forty percent of several adenocarcinomas, including 

breast, ovary, pancreas, colon and lung, overexpress the Her-2/neu protein (62-65). Her-

2/neu overexpression is stable and is evident in both primary tumors as well as metastatic 

sites (66). Overexpression is often associated with a poor prognosis, a metastatic 

phenotype and resistance to chemotherapy (64, 67,68). 

Both CTL and antibody responses could be detected against Her-2/neu in patients 

with Her-2/neu overexpressing tumors, indicating that this self-derived protein is 

immunogenic (69-71). Several HLA-class I-restricted Her-2/neu-derived peptides have 

been identiHed (42, 43, 48, 72-75). Fisk et al. (44) evaluated the Her-2/neu protein 

sequence for peptides with HLA-A2 binding motifs. Four CTL lines specific for Her-

2/neu-expressing ovarian cancer cells were used to screen potential immunogenic 

peptides. All CTL lines tested lysed target cells pulsed with the E75 peptide. E75 

(KIFGSLAFL, residues 369-377) is a Her-2/neu-derived peptide that binds to HLA-
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A*020l (44). This study suggests that E75 may be a potentially useful peptide antigen in 

therapies aimed at Her-2/neu-expressing tumors. 

Patients with advanced stage (stage in or IV) breast and ovarian cancers that 

overexpressed Her-2/neu were evaluated for pre-existing T cell or antibody immunity 

against the Her-2/neu antigen (76). Tumor specific inmiune responses against Her-2/neu 

were detected in a minority of patients, albeit an EVS-specific T cell response was not 

detected. This study raises concerns regarding tolerance to self-antigens frequently 

expressed by cancer cells. 

Brossart et al. (77) conducted a phase n/III study in which patients with advanced 

breast and ovarian cancer were vaccinated with autologous DC pulsed with Her-2/neu-

derived peptides, £75,369.377, and GP2,654.662)- E75-speciric CTL were detected in PBMC 

isolated from two of six patients after the third DC vaccination, as detected by 

intracellular IFN-y staining and lysis of tumor cells. CTL responses to E7S lasted for 

greater than 6 months, indicating that E7S is an immunodominant Her-2/neu-derived 

peptide. Peptide-pulsed DC vaccination proved to be safe and no side effects were 

observed. 

In another study, ten HLA-A2* patients (stage in or IV) with Her-2/neu-

overexpressing breast or ovarian cancers received monthly vaccinations of E7S for six 

cycles (78). E75-specific responses were measured using an IFN-gamma enzyme-linked 

immunosorbent spot assay (ELISPOT). Her-2/neu E75 peptide-specific precursors 

developed in two of four patients that were evaluated. Peptide-specific responses were 

not detectable after Hve months following the last peptide vaccination. These results 
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demonstrate that Her-2/neu-derived class I epitopes can induce peptide-specific CD8* T 

cells, despite the short-lived duration of specific responses. This study also implies that 

long-term repeated peptide vaccination may result in the generation of a long-lasting 

immune response. 

CD4* T helper cells (Th cells) augment CTL activation (79). Helper peptide 

epitopes that bind to HLA class II molecules have also been identified that are recognized 

by Th cells (reviewed in (80)). Activated T„ cells further promote APC activation for 

CTL stimulation and secrete cytokines important for T cell growth, such as interleuldn-2 

(IL-2) (81). In one clinical trial, nineteen HLA-A2* patients with HER-2/neu-

overexpressing cancers were immunized with a vaccine consisting of Her-2/neu-derived 

MHC class n "helper" peptides that contained HLA-A2-binding motifs (82). Vaccination 

resulted in an increase in peptide-specific T cell precursor frequency to HLA-A2-binding 

peptides in the majority of patients. These peptide-speciHc T cells lysed autologous 

tumor cells, further demonstrating that MHC class II epitopes, derived from Her-2/neu, 

containing MHC class I epitopes can induce Her-2/neu-specific CTL. 

T cell tolerance to self peptides 

A current issue in the development of cancer vaccines is the induction of CTL 

responses against tumor-expressed self-antigens. T cells are educated in the thymus early 

in life and thymic education plays an important role the generation of HLA-restricted T 

cells that are tolerant to self peptides (83). Thymocytes that interact with HLA-peptide 

complexes on the surface of thymic epithelial cells are positively selected for the ability 



28 

to recognize self HLA molecules. Thymocytes that bind with a strong avidity for self 

peptide-HLA complexes displayed by thymic DC or macrophages are negatively selected 

in the thymus and are forced to undergo apoptosis (84). 

Theoretically, auto-reactive T cells specific for self-peptides should be non

existent in the circulation. However, auto-reactive T cells can indeed be detected in the 

periphery and these cells may initiate an immune response despite low affmity for self 

peptide-HLA complexes (85-87). 

Tumor cells frequently overexpress normal self-antigens, however T cells with 

high affinity for 'self are deleted during thymic differentiation. Wolfel et al. (88) 

provided evidence that a cancer-specific immune response exists by demonstrating that 

CTL lines could be generated from a patient with melanoma that lysed autologous tumor 

cells. Nonetheless, it is clearly evident that T cells with a low affinity for self-peptides 

that have escaped thymic deletion are not capable of sufficiently resolving tumor burden. 

Therefore, attempts have been made to overcome tolerance to self-antigens by increasing 

the immunogenicity of self-peptides expressed by tumor cells. 

Modification of tumor-derived peptides 

The low immunogenicity of tumor-derived peptides may be attributed to weak 

HLA class I binding due to sub-optimal amino acid residues at HLA anchor positions or 

T cell tolerance to these self-antigens. Through modification of self-derived peptides 

there is a potential to activate (i) T cells tolerant to self antigens, (ii) T cells that have a 

weak affinity for self antigens or (iii) a new population of T cells specific for modified 
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peptides tliat can cross-react with native wild type peptide. Altered peptide ligands (APL) 

for TAA, such as Her-2/neu (19), MAGE-2/3 (19), gplOO (89), CEA (19), p53 (90-92), 

epithelial cell adhesion molecule (Ep-CAM) (93), MART-1 (94, 95) and NY-ESO-1 (96, 

97) have been synthesized. These APL have higher affinities for class I molecules 

compared to wild type peptide and induce CTL responses in vitro. 

Initial studies showed that the gpl00(2O9.2i7) peptide presented by HLA-A2 could 

be modified to enhance binding to the class I molecule (89). Parkhurst et al. (89) 

introduced single and double amino acid substitutions into three different gplOO epitopes. 

Modification of the gplOO peptide increased both the affinity to HLA-A*0201 and its 

immunogenicity. Several APL were identified that induced CTL responses from patients 

with melanoma more efficiently than wild type peptides in vitro. Based on these findings, 

Rosenberg et al. (60) vaccinated patients with metastatic melanoma with a modified 

gp 100(209.217) peptide, g209-2M (IMDQVPFSV), in which the amino acid threonine in 

position two of the peptide was replaced with a methionine residue. Ten of eleven 

patients immunized with g209-2M demonstrated speciHc IFN-y reactivity towards target 

cells pulsed with the native, wild type peptide. CTL derived from four of five vaccinated 

patients lysed tumors cells expressing gplOO. Lymphocyte precursor frequencies to 

native gpIOO peptide increased after peptide vaccination (1/2,800-5,900 post-g209-2M 

vaccination versus 1/30,000 pre-vaccination). In ten of eleven patients, antigen-specific 

CTL were detected. In vitro, CTL responses against wild type gplOO were observed, 

albeit no objective clinical responses were detected. However, some patients had 

shrinkage of their tumors. Peptide vaccination led to objective clinical responses in 42% 
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of patients (eight of nineteen patients) when the modified peptide was administered with 

high dose IL-2 (98). In prior clinical trials involving patients receiving only IL-2, a 

response rate of 17% was observed (99). As mentioned previously, only two of eight 

patients inmiunized with wild type gp 100,,09.217) demonstrated reactivity towards wild 

type peptide after peptide inmiunization. Of great importance was the finding that there 

was an increased ability to generate an immune response against wild type peptide 

induced by modified peptide (g209-2M) vaccination in contrast to vaccination with wild 

type peptide (100-102). 

These clinical fmdings confirmed that epitope-specific CTL could be induced in 

cancer patients as a result of vaccination and this induction correlated with partial or 

complete tumor responses. Dr. Rosenberg's studies and others demonstrate the feasibility 

of designing modified mmor-specific antigenic peptides as vaccine therapeutics. 

Amino acid modifications have also been introduced into a Her-2/neu-derived 

peptide, GP2 (HSAVVGIL, residues 654-662) (103). The primary anchor residues at 

positions two and nine of GP2 have been found in peptides with high affinity for HLA-

A2 molecules, however, GP2 binds poorly to the HLA-A2 molecule suggesting that the 

secondary anchor residues are also sub-optimal for HLA-A2 binding. Five of ten 

modified GP2 peptides, especially those containing phenylalanine (F) at position 1, 

showed a significantly improved binding affinity to the HLA-A2 molecule compared to 

wild type peptide and were recognized by CTL specific for wild type GP2. GP2-CTL 

generated using healthy donors were activated by modified GP2 peptides. In particular, a 

peptide modified at two residues, position one with a phenylalanine residue and position 
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ten with a valine (V) residue, induced the greatest CTL activity against Her-2/neu-

expressing tumor ceils. 

In summary, the seif-peptides displayed by tumor cells can be altered thereby 

creating "modified self-peptides." Modifications introduced into seif-peptides can 

increase HLA class I binding affinity as well as peptide immunogenicity. Peptide 

immunotherapy may stimulate T cells that were once tolerant to self antigens or activate a 

new population of CTL specific for "modified self that are capable of wild type peptide 

recognition. The studies described here contribute to the design of effective peptide-based 

immunotherapies that aim to specifically activate tumor-specific T cells. 
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1.3 Hypothesis and Specific Aims 

In the present study, preferred anchor and auxiliary HLA-A2-binding amino acids 

were introduced into gplOO and Her-2/neu peptide epitopes. It was hypothesized that the 

substitution of preferred HLA-A*0201-binding amino acids into tumor-derived peptides, 

gp 100(209-217) and ETSom-jt,,, would increase the binding affinity of the peptides for HLA-

A2 molecules compared to wild type peptide, resulting in activation of CTL specific for 

wild type tumor peptide. 

The specific aims of this study were: 

6. To design altered peptide ligands (APL) for immunodominant peptides derived from 

gplOO and Her-2/neu tumor antigens. 

6. To evaluate the binding affinity of tumor APL for HLA-A*0201 molecules. 

6. A. To evaluate the effectiveness of gplOO APL to stimulate CTL derived from HLA-

A*020I melanoma patients. 

B. To determine the ability of Her-2/neu APL to induce CTL responses from healthy 

HLA-A2* donors. 

6. To evaluate the ability of CTL specific for APL to cross-react with native, wild type 

tumor peptide. 

6. To determine if APL-specific CTL lyse tumor cells expressing wild type peptide. 
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CHAPTER n 

FUNCTIONAL CHARACTERIZATION OF CTL AGAINST gplOO ALTERED 
PEPTIDE LIGANDS 

2.1 Overview 

In this study, four altered peptide ligands (APL) were designed by combining 

amino acids from a tumor-associated peptide, gp 100,209.217). with preferred primary and 

auxiliary HLA-A*0201 anchor residues previously identified from combinatorial peptide 

library screening with recombinant HLA-A*0201 molecules (35). It was hypothesized 

that gplOO altered peptide ligands would have higher afHnities for the HLA-A*0201 

molecule compared to wild type gplOO and in addition, result in activation of a panel of 

CTL derived from patients with metastatic melanoma. 

To evaluate the effects of amino acid modifications introduced into the gplOO 

peptide, HLA-A*020I affinity studies and the ability to stimulate CTL responses in vitro 

were investigated. CTL lines generated from patients with metastatic melanoma who 

were immunized with a modified gplOO peptide, g209-2M(209.2i7). were used to investigate 

the biological effects of gplOO APL. 

These findings demonstrate that tumor APL can be rationally designed to have an 

increased affinity for HLA-A*020l molecules compared to wild type peptide and 

increased immunogeoicity as measured by CTL stimulation. Importantly, CTL lines 

activated by APL retained recognition of the native, wild type tumor peptide. 
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2.2 Materials and Methods 

HLA-A*0201-binding synthetic peptides 

The following HLA-A*0201-binding peptides used in this study were gplOO 

(residues 209-217, ITDQVPFSV) and its modified derivatives, g209-2M 

(IMDQVPFSV), APL 1 (FLFEVPFSV), APL 2 (FLDQVPFSV), APL 3 (FLDEVPFSV) 

and APL 4 (ILDQVPFSV). The HLA-A*0201-binding peptides GILGF^VFTL (influenza 

virus matrix peptide. Ml: 58-66), and CLGGLLTMV (Epstein Barr virus, 426-434) were 

used as negative controls. The Hepatitis B virus core antigen (residues 18-27), an HLA-

A»0201-binding peptide, (FLPSDFPSV) was synthesized with a cysteine residue 

substituted for the tyrosine residue (FLPSDCFPSV). This cysteine residue was 

conjugated to fluorescein (Fl-peptide) for use in competitive inhibition studies to measure 

the affinity of gplOO(209.2i7) altered peptide ligands for the HLA-A*0201 molecule (104). 

All peptides were synthesized by standard FMOC chemistry techniques and soluble 

peptides were puriOed to >90% by high performance liquid chromatography and tested 

for purity by mass spectroscopy. 

Cultured cell lines 

All CTL Unes (H.3-1. F1H5, F2C3, K8B7. K8E6, S2G12, FIB 12, WIC6 and 

W3BI) were derived as previously described (105, 106) and kindly provided by Dr. 

Francesco Marincola (National Cancer Institute, Bethesda, MD). The melanoma-specific 

CTL lines which recognize a gplOO-derived epitope g209-2M (IMDQVPSFV), were 

derived from Hne needle aspirates isolated from melanoma patients after immunization 
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with the g209-2M peptide (with the exception of H.3-1, which was derived from a non-

immunized melanoma patient (106)). All CTL were cultured in Iscove's Modified 

Dulbecco's Medium (IMDM; Life Technologies, Rockville. MD) with 25.0 mM HEPES, 

supplemented with 10% heat inactivated human AB serum (Gemini Bioproducts, 

Calabasas, CA), 100 U/ml penicillin-streptomycin, 2.0 mM L-glutamine and 0.5 mg/ml 

amphotericin B (ICN, Costa Mesa, CA). IL-2 (ICXX) lU/ml; Chiron, Emeryville, CA) was 

added to cells every 2-3 days. T2 (CRL-1992, American Type Culture Collection, 

Manassas, VA) is a T/B cell hybridoma that is HLA class II negative and expresses HLA-

A2 class I molecules (107). These cells are defective for endogenous antigen processing 

(107) and were used to test binding affinity of APL for HLA-A*0201. T2 cells were 

cultured in RPMI 1640 (Cellgro, Herdon, VA) supplemented with 10% heat inactivated 

fetal bovine serum (Omega ScientiHc, Tarzana, CA), 100 U/ml penicillin-streptomycin, 

and 2.0 mM L-glutamine. Melanoma tumor cell lines derived from fresh tumor isolates 

were established at the Arizona Cancer Center. J1 (gplOO*, HLA-A2^), 2515 (gplOO", 

HLA-A2*) and HI (gplCXT, HLA-A2 ) melanoma lines were cultured in cRPMI 1640 

(refer to APPENDIX A for composition). 

HLA-A*0201 binding affinitv of modified gplOO peptides 

In order to measure the affinity of the APL for HLA-A*0201 molecules, a 

competitive peptide inhibition assay was performed as previously described (104) with 

slight modifications. T2 cells (1x10^ total cells) were washed twice with RPMI 1640 

(Mediatech Cellgro, Park Center Road Hemdon, VA) in the absence of serum (iRPMI, 



36 

refer to APPENDIX A for composition). Recombinant PiU (2 0 ^g/ml) and reference 

peptide (Fl-peptide), (FLPSDCFPSV, fluoresceinated at the cysteine residue (Cj), l.O 

^g/ml), were added to T2 cells (2.5x10^ cells/200 |il iRPMI/tube) and incubated for 16-

18 hours with varying concentrations of modified gplOO peptides at 26°C in a 5% CO2 

incubator. T2 cells were washed with PBS prior to flow cytometric analysis (FACScan 

flow cytometer, BD Biosciences, Mountain View, CA). Mean Fluorescence Intensity 

(MFI) values were used to determine inhibition of the Fl-peptide from binding to HLA-

A*020I molecules on T cells by modified gplOO peptides. Acquisition and analysis of 

data was performed using Cell Quest software, version 4.0 (Beckton Dickinson). Percent 

inhibition was calculated as: 

[1-((MFI T2 + R-peptide + APL) - (MFI T2 + I 
((MFI T2 + Fl-peptide) - (MFI T2 + * 100-

The ICjoOf gplOO APL was determined by calculating the concentration of peptide 

required to inhibit binding of the Fl-peptide to T2 cells by 50% (IC50 in ^.g/ml). 

Trendlines were generated to determine ICjo values for each peptide (refer to APPENDIX 

C). 

Assessment of antigen recognition by CTL 

(i) IFN-gamma releasg assay 

CTL were incubated with bead-bound peptides (4.0 pi of slurry) in cIMDM (refer to 

APPENDIX A for composition) for 18 hours at 37°C in 96-well round bottom plates. 

Supematants were harvested and the concentration of IFN-y was determined by ELISA 
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using an OptEIA human IFN-y set (Pharmingen, San Diego, CA) according to the 

manufacturer's instructions. 

rii) Measurement of CTL Ivtic activity bv "Cr release 

Chromium^' release cytotoxicity assays were performed to evaluate the ability of 

CTL to lyse the following melanoma target lines: Jl (A2*, gplOO*), 2515 (A2*, gplCXX) 

and HI (A2', gplOO*). Target cells (5x10^cells/well) were labeled with 100 ^.Ci of "Cr 

(Amersham Pharmacia Biotech Inc., Piscataway, NJ). Target cells and CTL were co-

cultured in 96-well round-bottom plates in a total of 200 ^iL of cIMDM (refer to 

APPENDIX A for composition) for 8 hours at 37°C. Fifty ^1 of supernatant was 

harvested and the release of radioactivity was measured by gamma counting (Top Count, 

Packard, Meriden, CT). Maximum release was defined by ^'Cr released from targets 

lysed with 10% Triton X-1(X). Percent specific lysis was calculated as: 

[(experimental release - spontaneous release) / 
(maximum release - spontaneous release)] x 100. 

CTL-HLA-A2/peptide tetramer binding assav 

HLA-A*0201-peptide tetramers (gplOO, g209-2M, APL 2, 3 and 4) were 

generated by the NIAID Tetramer Core Facility. H.3-1 CTL (IxlO'cells/tetramer) were 

stained with phycoerythrin (PE)-conjugated HLA-A*0201/peptide tetramers at a 1:100 

dilution in 200 p.1 of tetramer buffer (5% heat-inactivated FCS in phosphate buffered 

saline (PBS)) for one hour on ice followed by a 30 minute incubation with PerCP-
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conjugated anti-CDS monoclonal antibody (Becton Dickinson, San Jose, CA). After all 

incubations, cells were washed with PBS to remove excess tetramers and antibodies and 

cells were analyzed with a FACScan flow cytometer (BD Biosciences, Mountain View, 

CA). Acquisition and analysis of data was performed using Cell Quest software, version 

4.0 (Beckton Dickinson). 
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2.3 Results 

Rational design of gplOO(209.2i7) altered peptide Ugands 

The first objective of this study was to design altered peptide ligands (APL) for a 

melanoma-associated inununodominant peptide, gplOO(209.2i7)- four modified gplOO 

peptides were designed by combining amino acids from the gp 100 peptide with preferred 

HLA-A*0201 primary and auxiliary anchor residues (Table III) previously identified 

from screening peptide libraries and peptide elution of HLA-A*0201 molecules (29, 30, 

35, 36). gplOO APL were entered into is an HLA-binding epitope prediction algorithm, 

SYFPEITHI (108), which scores peptides based on previously published HLA-A*0201-

binding peptide motifs and preferred binding residues. Amino acids are assigned 

numerical values based upon anchor and auxiliary residues. All four peptides received 

higher HLA-A*0201-binding scores compared to the wild type gplOO peptide (Table III). 

These gplOO APL were synthesized on beads and tested for the ability to bind to the 

HLA-A*0201 molecule. In preliminary experiments, peptide beads were incubated with 

recombinant HLA-A*0201 and and allowed to assemble into a tertiary complex. 

Peptide beads with stable class I complexes were detected using a conformation 

dependent monoclonal antibody, W6/32, conjugated to alkaline phosphatase. All 

modified gplOO peptides bound to recombinant HLA-A*0201 as determined by a change 

in bead color, from colorless to turquoise (109). 
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Table DI. 

Sequences, predicted HLA-A*0201 binding affinities and IC,o values of wild type and 
modified gplOO(209.2,7) peptides 

Sequence* Epitope 
prediction" 

^^50 (iig/mi) 

gploo I T D Q V P F S V  18 23.03 

g209-2M I M D Q V P F S  V  22 6.54 

APL 1 F L F E V P F S V  26 51.16 

APL2 F L D Q V P F S V  23 3.25 

APL 3 F L D E V P F S V  25 0.52 

APL 4 I L D Q  V P F S  V  24 0.62 

'Standard single letter amino acid code is used and the residues shown in bold 
represent deviations from gp 100 (209-217). 
"Peptide binding affinity for HLA-A*0201 molecules as predicted by the 
epitope prediction algorithm, SYFPEITHI (108). 

values determined by the amount of peptide needed to inhibit an HBV 
reference peptide by 50% from binding to HLA-A*020l. 
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ModiHcation of gplOOjjog.in) results in an increased affinity for the HLA-A^OlOl 

molecule 

The next objective was to measure the affinity of the gplOO APL for HLA-

A*0201 molecules using T2 cells. gplOO APL were tested for the ability to inhibit an 

HLA-A*0201-binding reference peptide (Fl-peptide), FLPSDCFPSV (HBV core antigen 

peptide,,g.27), fluoresceinated at the cysteine residue), from binding to HLA-A*0201 

molecules. Row cytometric analysis was performed to observe the increase or decrease 

in the Mean Fluorescence Intensity (MFI) of T2 cells incubated with both the fluorescein-

conjugated reference peptide (Fl-peptide) and altered peptide ligands. When T2 cells are 

incubated without the Fl-peptide, a low MFI is expected. However, upon the addition of 

the HLA-A*0201-binding Fl-peptide, the MFI will substantially increase, indicating that 

the Fl-peptide has indeed bound to the HLA-A'*'0201 molecule. 

The histogram in Figure 2.1 illustrates inhibition of the Fl-peptide from binding to 

HLA-A*0201 by a modified gplCX) peptide, g209-2M. A substantial increase in MFI 

(346) was observed with 1.0 |ig/ml of R-peptide (red line) compared to T2 cells in the 

absence of Fl-peptide (MFI 6, black line). The addition of g209-2M (S.O ^g/ml) 

competed with the R-peptide for HLA-A*0201 binding, hence a decrease in MFI (MFI 

77, blue line) was observed. 
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Ruorescein 

Figore 2.1. ConvetUive inliiUtioii of a Ihioracdii-coî jiipitodf HLA-A*0201-
binding peptide (Fl-pcptide) by g209>2M. The Mean Fluoresence Intensity (MFI) of 
T2 cells is used to determine the binding of peptides to the HLA-A*Q201 molecules. 
T2 cells were incubated with Fl-peptide (red line), Fl-peptide and g209-2M (blue line) 
or no peptide (black line) for 16-18 hours at 28X. Row cytometric analysis was 
performed to determine MFI of T2 cells. 

Relative peptide affinity for the HLA-A*0201 molecule was determined by 

incubating varying concentrations of gplOO APL with T2 cells, recombinant human 

and Fl-peptide (1.0 |tg/ml) for 16-18 hours at 26X. Three peptides, APL 2, 3, and 4 

demonstrated higher relative binding affinities for HLA-A*0201 molecules compared to 

wild type gplOO (Figure 2.2). 
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Figure 2.2.gpl00 APL bind to tlie HLA-A*0201 molecule with increased 
afHnity compared to wild type gplOO. T2 cells were incubated with a fixed 
concenuration of the fluoresceinated HLA-A*0201-binding reference peptide and 
varying concentrations of gp 100,209.217) (•), g209-2M (•), APL I (A), APL 2 
(X), APL 3 (*), or APL 4 (•). How cytometric analysis was used to determine 
the ability of the gplOO peptides to inhibit the binding of the reference peptide to 
HLA-A»0201 molecules. Percent inhibition (Y-axis) was determined as 
described in the Materials and Methods. Trendlines were generated and using the 
equation of the lines, the ICjo values were obtained. 

The ICsoOf the modified gpIOO peptides was calculated by determining the 

amount of peptide needed to competitively inhibit the binding of the Fl-peptide to HLA-

A*0201 molecules by 50% (Table HI). The native wild type peptide gplOO(T09.2i7)» had an 

IC50 of 23.03 ^g/ml. APL 2, APL 3 and APL 4 bound with greater affinity than wild type 

gplOO and therefore, had lower ICjo values (3.25 ^.g/ml, 0.52 ^g/ml and 0.62 |ig/ml. 



44 

respectively). APL I did not bind strongly to cell surface HLA-A2 molecules, as 

demonstrated by a two-fold higher ICjo value compared to the parental gplOO peptide. 

Recognition of gplOO APL by g209-2M-specific CTL 

Increasing the affinity of peptides for HLA molecules by modifying primary and 

auxiliary anchor residues may not necessarily correlate with an increase in peptide 

immunogenicity. These studies demonstrated that three of four gplOO APL had increased 

affmities for HLA-A*0201 molecules compared to wild type gplOO peptide, however, it 

was unknown whether these peptides could activate CTL. To address this question, 

gplOO APL were evaluated for the ability to stimulate production by a CTL line, 

H.3-1. These HLA-A*020r CTL were derived from a patient with metastatic melanoma 

whose CTL are specific for the inununodominant gp 100 peptide,209.217) (ITDQVPFSV) 

and its modified derivative, g209-2M (IMDQVPFSV). 

The H,3-l CTL line was tested for the ability to be stimulated by g209-2M. T2 

cells were labeled with soluble HLA-A *0201-binding peptides, g209-2M or an EBV-

derived peptide. T2 APC pulsed with g209-2M stimulated the release of IFN-y (1750 

pg/ml) from H.3-1 CTL (Figure 2.3A). H.3-1 CTL responded only to the g209-2M 

peptide for which these ceils are specific, as presentation of an irrelevant HLA-A2-

binding peptide, EB V, did not result in IFN-y production. 

The bead-bound peptides used for the HLA-A*020I binding experiments were 

fiuther utilized to investigate the ability to stimulate H.3-1. Bead-bound g209-2M peptide 

also stimulated H.3-1 CTL as measured by IFN-y secretion (Figure 2.3 B), indicating that 
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beads do not interfere with CTL stimulation. Incubation of CTL with irrelevant bead-

bound peptides, EB V, resulted in minimal IFN-y production. 

Of interest, incubation of H.3-1 CTL with peptide alone (either soluble or bead-

bound), in the absence of antigen presentation by T2 cells, also resulted in IR^I-y release 

from CTL at levels comparable to IFN-y secretion in the presence of T2 APC (Figure 2.3 

A, B). This finding will be further discussed in Chapter III. 
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Figure 2.3. IFN-y production by H.3-1 CTL in response to g209>2M is 
independent of antigen presenting cells. A. Stimulation of CTL by soluble g209> 
2M. T2 ceils or H.3-1 CTL were pulsed with S.O ^g/ml of the indicated peptide. 
Peptide-labeled T2 cells (5x10^ cells/well) were cultured with H.3-1 CTL (darkened 
bars). Peptides were incubated with CTL in the absence of APC (hatched bars). IFN-
y production was measured by ELISA. Columns represent the mean ± SEM of 
duplicate samples (* p<0.05). Data are representative of two independent 
experiments. B. Stimulation of CTL by bead-bound g209-2M. H.3-1 CTL (5x10"* 
cells/well, white bars, or 1x10^ cells/well, gray bars) were incubated with either T2 
cells (SxlOVwell) and bead-bound peptides or bead-bound peptide in the absence of 
APC. IFN-y production was measured by ELISA. Data are representative of three 
independent experiments. 
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To investigate the ability of gplOO APL to stimulate H.3-1 CTL, cells were 

incubated with bead-bound gplOO APL for 18 hours, in the absence of T2 APC. 

Supematants were harvested and assayed for IFN-y by ELISA. H.3-1 CTL secreted IFN-y 

in response to two gplOO APL, APL 2 and APL 4, as well as g209-2M and gplOO (Figure 

2.4). 

A panel of CTL lines derived from patients with was tested for the ability to be 

stimulated by gplOO APL. Patients were vaccinated with g209-2M and these lines were 

generated in vitro with the g209-2M peptide (all CTL lines idndly provided by Dr. 

Francesco Marincola, Bethesda, MD). Three CTL lines, F1H5, F2C3 and K8B7 produced 

IFN-y in response to two modified peptides, APL 2 and APL 4 (Figure 2.4A). APL 2 

contained a phenylalanine (F) and a leucine (L) at positions 1 and 2, respectively, 

compared to isoleucine (I) and threonine (T) of the wild type. In APL 4 a leucine (L) 

residue was substituted for a threonine (T) at position 2. The wild type gplOO(209.2i7) and 

g209-2M peptides also induced IFN-y production from these CTL lines. APL 2 and APL 

4 stimulated IFN-y production that was comparable to stimulation by g209-2M. 

Incubation of CTL with an HLA-A*0201-binding influenza matrix peptide yielded no 
/ 

IFN-y production. 

Four CTL lines, K8E6, S2G12, FIB 12 and W1C6, secreted IFN-y in response to 

APL 4 (Figure 2.4B). Again, IFN-y secretion was observed when CTL lines were 

cultured with g209-2M, however, only the K8E6 CTL line was stimulated by gplOO. 

Activation of CTL lines by the influenza matrix peptide was not observed. 
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W3BI was the only CTL line that was stimulated by APL 3 (Figure 2.4C). APL 3, 

which differs from gplOO by three amino acids, has the highest affinity for the HLA-

A^OlOl molecule compared to the gplOO APL tested. Phenylalanine (F) and leucine (L) 

were substituted for isoluecine (I) and threonine (T) at positions 1 and 2, respectively. At 

position 4, a glutamine (Q) replaced a glutamic acid (E) residue. Interestingly, both 

gplOO and g209-2M did not stimulate the W3B1 CTL line. Finally, APL 1, which differs 

the most from the wild type gplOO (first four residues of the wild type peptide were 

altered) and has the lowest relative affinity of each of the four peptides, did not stimulate 

IFN-Y production by any CTL line tested. 

Cumulative results of the ability of gplOO APL to activate CTL lines are 

presented in Table IV. Of the four peptides tested, two were highly immunogenic 

compared to wild type gplOO. APL 4 stimulated eight out of nine CTL lines and APL 2 

stimulated four CTL lines. One CTL line secreted IFN-y in response to APL 3 (W3B1), 

however activation of this CTL line by the wild type peptide, gplOO, was not observed. 
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Figure 2.4. A. IFN-y prodoctioii by CTL in response to gplOO peptides 
modified at HLA-A*0201 binding residues. CTL lines were incubated with 
the indicated peptides for 18 hours. Four CTL lines were stimulated by gplOO 
APL 2 and APL 4 as measured by IFN-y ELISA. Error bars represent the 
mean + SEM of duplicate samples ('^p<0.05). Data are representative of two 
independent experiments. 
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Figure 2.4. B. IFN-y prodnction by CTL in response to gplOO 
peptides modified at 11LA-A*0201 binding residues. CTL lines were 
incubated with the indicated peptides for 18 hours. Four CTL lines were 
stimulated by gplOO APL 4 as measured by IFN-y ELISA. Error bars 
represent the mean ± SEM of duplicate samples (*p<0.05). Data are 
representative of two independent experiments. 
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Figure 2.4. C. IFN-y production by CTL in response to gplOO peptide 
modified at I1LA-A*0201 binding residues. CTL lines were incubated 
with the indicated peptides for 18 hours. One CTL line was stimulated by 
gplOO APL 3 as measured by IFN-y ELISA. Error bars represent the mean 
± SEM of duplicate samples (*p<0.05). Data are representative of two 
independent experiments. 
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Table IV. 

Summary of IFN-y production by CTL in response to gplOO altered peptide ligands 

CTL gplOO g209-2M APL 1 APL 2 APL 3 APL 4 

K8E6 607.4 ± 
2.6 

1290.7 ± 
47.1 

0 48.1 ± 
13.1 

0 1000.0 ± 
55.0 

S2G12 0 598.2 ± 
306.4 

0 0 0 1537.1 ± 
0.0 

F1B12 0 820.8 ± 
15.2 

0 0 0 213.0 ± 
9.5 

W1C6 0 367.9 ± 
88.4 

0 0 0 387.5 ± 
5.1 

H.3-1 1014.8 ± 
254.0 

1753.68 ± 
120.5 

0 2329.6 ± 
489.7 

0 1418.5 ± 
86.4 

F1H5 366.7 ± 
117.9 

1638.9 ± 
476.6 

0 1668.5 ± 
209.5 

0 1240.7 ± 
248.8 

F2C3 494.6 ± 
247.5 

1960.7 ± 
280.3 

0 1410.7 ± 
2.5 

0 955.4 ± 
262.6 

K8B7 265.5 ± 
80.1 

459.3 ± 
45.7 

0 686.0 ± 
60.1 

56.6 ± 
40.0 

512.1 ± 
93.4 

W3B1 24.1 ± 
7.9 

7.4 ± 
21.0 

0 90.7 ± 
65.5 

2555.5 ± 
256.7 

88.9 ± 
15.7 

Numbers represent IFN-y production by CTL expressed as pg/ml. Values for APL that 
stimulate CTL are shown in bold. IFN-y produced by CTL in the absence of peptide was 
used as background and subtracted from all experimental values. Negative values were 
assumed to be zero. For simplicity, only the mean production of IFN-y is listed. 



53 

H.3-1 CTL TCR demonstrate specific binding to HLA-A2/gplOO APL tetramers 

Having demonstrated that the H.3-1 CTL line was stimulated by APL 2 and APL 

4, the next objective was to investigate T cell receptor (TCR) recognition of gplOO APL 

using HLA-A*0201/peptide tetramers. TCR/MHC binding assays revealed that H.3-1 

bound strongly to all tetramers, with the exception of APL 3, for which TCR binding was 

very weak (Figure 2.5). The mean fluorescence intensities (MFI) of H.3-1-tetramer 

binding illustrate that H.3-1 TCR bound to APL 2 and APL 4 with an MFI of 357 and 

169, respectively, and demonstrated weak TCR binding to APL 3. These results correlate 

with CTL activation by gplOO APL (Table H). H.3-1 secreted IFN-y in response to g209-

2M, APL 2 and APL 4, while no IFN-y secretion was detected in response to APL 3. As 

expected, a high MFI was observed for the TCR-HLA-A*0201/g209-2M tetramer 

interaction (MR 829), since the H.3-1 CTL line was generated by several rounds of 

peptide stimulation with this modified gplOO peptide. 

gplOO has a low affinity for the HLA-A*0201 molecule. While the H.3-1 CTL 

line secreted lower levels of IFN-y when stimulated by wild type gplOO compared to 

gpl(X) APL (g209-2M, APL 2 and APL 4), tetramer analysis revealed that the H.3-1 TCR 

bound strongly to the HLA-A*020l/gpI00 tetramer (MFI 627); further indicating that 

poor HLA peptide presentation may result in poor CTL activation. HLA/peptide tetramer 

analysis also confirmed that the affinity of a peptide for the HLA molecule cannot predict 

TCR recognition or T cell activation by tumor APL. For example, TCR recognition of 

gplOO APL 3 was the weakest compared to the other altered peptide ligands, however 

APL 3 had the highest affinity for the HLA-A*0201 molecule. 
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Figure 2 .̂ Recognition of gplOO APL by HJ-l CTL. The H3-1 CTL 
line was incubated with the indicated PE-tetramer for one hour on ice, 
followed by staining with PeiCP-anti-CD8 antibody for 30 minutes. CTL 
were analyzed by flow cytometry and gated on CDS* cells prior to 
tetramer analysis. 

Lysis of tumor cells expressing HLA-A*0201 and gplOO by CTL stimulated by gplOO 

APL 

In order to determine whether CTL lines stimulated by gplOO APL could 

recognize native wild type peptide, five CTL lines (CTL lines were selected on the basis 

of availability, since CDS* T cells are difficult to maintain in culture,) were tested for the 

ability to lyse gplOO-expressing tumor cells. The H3-1, F1H5 and F2C3 CTL lines lysed 

HLA-A2*, gplOO* target ceils (Rgure 2.6), while HLA-A2-, gplOO* and HLA-A2*, 

gplOO" melanoma cells were resistant to cytotoxicity. The W3B1 and S2G12 CTL lines 

did not lyse HLA-A2*, gplOO* tumor cells. These latter CTL lines did not secrete IFN-y 
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in response to wild type gplOO, suggesting that recognition of the parental peptide was 

lost. Therefore, these CTL would not be capable of lysing tumor cells expressing the 

gplOO protein. Importantly, three CTL lines derived from patients with metastatic 

melanoma were stimulated by gplOO APL, and were able to lyse HLA-A2*, gplOO* 

tumor cells. 
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Figure 2.6. Lysis of HLA-A2% gplOO  ̂melanoma cells by CTL lines 
that are stimulated by gplOO APL. CTL (2x10^) were incubated with 
chromium^'-labeled melanoma cells (5x10^ target/well). Chromium^' 
release from target cells was measured after 8 hours. 
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2.4 Conclusions 

A correlation exists between immunogenicity of peptides and class I binding 

affinity (20). As others and we have demonstrated, gplCX) has a low binding affinity for 

HLA-A*0201. Therefore modification or optimization of HLA class I-binding residues 

within tumor-derived peptides will result in peptides with higher affinity for HLA 

molecules and may result in increased inununogenicity (as observed with APL 2 and 

APL 4). However, designing peptides with higher affmities for HLA molecules does not 

always result in increased immunogenicity, as observed with APL 3. 

Values assigned to the gplCX) APL by an epitope prediction algorithm indicated 

that all rationally designed peptides would bind more strongly to the HLA-A*0201 

molecule compared to the wild type peptide. Actual HLA-A*0201-binding studies 

revealed that three of four gplOO APL had an increased relative affmity for the HLA-

A'*'0201 molecule. Ironically, APL 1 received the highest HLA binding score but was 

found to have the lowest relative affinity for the HLA-A*0201 molecule as measured by 

T2 studies. APL 1 had four amino acid modifications inuroduced into the gplCX) peptide. 

There is a potential that these changes induced an entirely new peptide conformation in 

the HLA-A2 binding groove, affecting other amino acid residues within the peptide, 

resulting in poor HLA binding and lack of CTL stimulation. 

APL 2 (FLDQVPFSV) carries amino acid modiHcations at the primary MHC 

anchor residue at position 2 and an auxiliary MHC anchor residue at position 1. Four of 

nine CTL lines analyzed demonstrated gplOO APL 2 recognition and an increase in IFN-y 

production compared to the wild type peptide was detected. APL 4 (ILDQVPFSV), 
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altered at position 2, stimulated eight CTL lines tested and secreted higher levels of ifn-y 

in response to APL 4 compared to the wild type gplOO peptide. These Hndings are 

consistent with Parkhurst et al. (89) who reponed that APL 2 and APL 4 (denoted 1F2L 

and 2L, respectively) had increased binding afHnity for the HLA-A*0201 molecule. 

These peptides were also reported to induce IFN-y production from a TIL line specific for 

gp 100,209.217). Tumor-specific CTL were generated from four of seven patients with 

melanoma after several stimulations with g209-2M and from three patients with 1F2L 

stimulation (86). Early immunotherapy clinical studies employed the g209-2M peptide. 

However, the findings presented here suggest that multiple tumor APL may be best the 

best approach to stimulate diverse T cell populations. 

While the amino acid modifications incorporated into APL 3 (FLDEVPFSV) 

resulted in increased relative afHnity for the HLA-A*0201 molecule, the majority of anti-

gplOO CTL lines did not recognize this modified peptide. The amino acid substitutions at 

positions 1 and 2 in APL 3 were analogous to the changes made to APL 2. This suggests 

that while the introduction of a negatively charged amino acid at position 4 increases 

HLA class I affinity, conformational changes introduced into the tertiary structure of the 

MHC-peptide complex rendered it unrecognizable to anti-gplOO TCR. Therefore, CTL 

that recognize such MHC-peptide complexes would not be cross-reactive with wild type 

gplCX) peptide presented in context of HLA molecules. Additionally, the amino acid 

residue at position 4 is highly likely to affect TCR binding, as it is adjacent to residue 5, 

an important TCR recognition residue. 
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Only one CTL line (W3B1) produced IFN-y in response to APL 3. However, the 

W3BI CTL line was not activated by gplOO and did not lyse gplOO-expressing HLA-A2^ 

tumor cells. Amino acid substitutions made within the center of the peptide may alter the 

positions of all the residues within the peptide. Examination of substitutions made to a 

Her-2/neu-derived peptide demonstrated that subtle amino acid changes had significant 

effects on TCR contact residues (llO). Therefore, while the amino acid modification 

introduced at position 4 contributed to increased affinity for the HLA-A2 molecule, it did 

not confer an increased stimulatory capacity for anti-gplOO CTL. Tetramer analysis also 

confirmed that TCR recognition of APL 3 was trivial. 

APL 1 (FLFEVPFSV) carries amino acid modifications of the first four residues 

of the peptide. Similar to the modifications introduced at positions 1, 2 and 4 of APL 3, 

position 3 was also modified. APL 1 proved to have a significantly weaker relative 

affinity for HLA-A*0201 molecules than the parental gplOO peptide. Relative affinity 

studies indicate that the introduction of an aromatic residue (F) at position three yielded a 

low affinity peptide. Low affinity for MHC class I will result in poor peptide 

presentation to CTL. As expected, no CTL lines tested recognized this modified gplOO 

peptide. 

In summary, two out of four peptides designed based on both preferred HLA-

A*0201 anchor residues (position 2) and auxiliary residues (position 1), are able to 

activate CTL lines generated from patients with melanoma that retain gplOO recognition, 

as demonstrated by IFN-y production. Amino acid modifications introduced at positions 3 

and 4 of the parental peptide resulted in a loss of peptide activation by CTL, fiirther 
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indicating that these residues may play a critical role in shaping the MHC-peptide 

structure necessary for T cell recognition. 

Carbone et al. (Ill) demonstrated that when CTL lines are generated against 

peptides, only a fraction recognize endogenously presented antigen. As demonstrated, 

CTL lines raised against a synthetic peptide epitope, g209-2M, were capable of modified 

peptide recognition and stimulation, and can recognize naturally processed peptides on 

melanoma cells. Three of five CTL lines tested lysed gplOO-expressing tumor cells. Two 

CTL lines did not lyse gplOO-expressing melanoma cells, albeit the W3B1 and S2G12 

CTL lines were not activated by wild type gplOO(209.2i7) peptide. However, IFN-y 

production was detected upon stimulation with APL 3 (W3B1), and g209-2M and APL 4 

(S2G12). This suggests that in vivo, not all CTL activated by peptide inununotherapy 

would be capable of killing tumor cells. However, CTL activation by tumor APL can 

result in cytokine secretion and aid in the recruitment of other immune cells that may 

contribute to tumor destruction. 
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CHAPTER in 

ANTIGEN PRESENTATION OF A MODIFIED TUMOR-DERIVED PEPTIDE, g209-
2M, BY TUMOR INFILTRATING LYMPHOCYTES 

3.1 Overview 

Upon activation, CDS* cells differentiate into effector CTL and no longer require 

formal antigenic peptide presentation by professional APC. Subsequently, any cell 

expressing HLA class I/cognate peptide complexes can stimulate CTL. Early studies 

demonstrated that murine CTL were capable of peptide presentation in ovalbumin and 

murine cytomegalovirus systems (112, 113). As part of a larger study investigating the ability 

of CTL lines (derived from melanoma patients) to be activated by modified tumor-derived 

peptides, activation of these cells in the absence of APC was observed. In the present study, 

TIL specific for a modiHed gplOO peptide, g209-2M, were used to further investigate self-

presentation of antigenic peptide by CTL. 

These findings demonstrate that TIL are capable of self-presentation of antigenic 

peptide to neighboring TIL resulting in IFN-y secretion, proliferation and lysis of TIL labeled 

with cognate peptide, illustrating that human CTL possess both APC functions as well as 

cytotoxic effector functions. 
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3.2 Materials and Methods 

HLA-A*0201-binding synthetic peptides 

IMDQVPSFV (g209-2M) is derived from a gplOO peptide (209-217); GILGFVFTL 

is an influenza matrix peptide (Ml: 58-66); KIFGSLAFL is derived from Her2/neu (E75: 

369-377); and CLGGLLTMV is an Epstein Barr Virus LMP2-derived peptide (LMP2: 426-

434). KIFGSLAP^ and CLGGLLTMV were used as negative controls. All peptides were 

synthesized by standard FMOC chemistry techniques and purified to >90% by high 

performance liquid chromatography and tested for purity by mass spectroscopy. 

Cultured cell lines 

All CTL lines (H.3-1, K8E6, FIB 12, W2A8 and R.AI) were derived as previously 

described (105, 106) and kindly provided by Dr. Francesco Marincola (National Cancer 

Institute, Bethesda, MD). The H.3-1, K8E6, FIB 12 and W2A8 melanoma-specific CTL 

lines, which recognize a modiHed gp 100,209.217) epitope, g209-2M (IMDQVPSFV), were 

derived from melanoma patients after inmiunization with the g209-2M peptide (with the 

exception of H.3-1 (106), which was derived from a non-immunized patient with 

melanoma). R.AI CTL are specific for an influenza matrix peptide^g.^^,, GILGFVFTL. 

All CTL were cultured in Iscove's Modified Dulbecco's Medium (IMDM; Life 

Technologies, Rockville, MD) with 25 mM HEPES, supplemented with 10% heat 

inactivated Human AB serum (Gemini Bioproducts, Calabasas, CA), 100 U/ml 

penicillin-streptomycin, 2.0 mM L-glutamine and 0.5 mg/ml amphotericin B (ICN 
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Biomedicals, Costa Mesa, CA). E.-2 (Chiron, Emeryville, CA) was added to cells every 

2-3 days (1000 lU/ml). 

Antibodv staining and flow cvtometric analvsis 

The H.3-1 CTL line was stained with a mouse anti-human vps T cell receptor 

antibody (1.0 ng/ml/5.0xl0^ cells. Pierce Endogen, Rockford, IL) for 30 minutes on ice, 

followed by incubation with a fluorescein isothiocyanate (FITC)-conjugated goat anti-

mouse antibody (BD Pharmingen, San Jose, CA) for 30 minutes on ice. Prior to flow 

cytometric analysis, cells were washed three times with phosphate buffered saline (PBS) 

to remove excess antibody and resuspended in 200 M^l in PBS prior to flow cytometric 

analysis (FACScan flow cytometer, BD Biosciences, Mountain View, CA). Acquisition 

and analysis of data was performed using Cell Quest software, version 4.0 (Beckton 

Dickinson). 

Assessment of antigen recognition by CTL 

fi^ IFN-yamma release assav 

CTL (Sx 10^ cells/well) were incubated with the indicated peptide or with peptide-

loaded T2 cells for 18 hours at 37°C. T2 cells were previously incubated with lO.O ug/ml 

of peptide for 2 hours prior to CTL addition. All assays were performed in cIMDM (refer 

to APPENDIX A for composition). After 18 hours, supematants were harvested and the 

concentration of IFN-y was determined by ELISA using an OptEL\ human IFN-y set 
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(Pharmingen, San Diego, CA) according to the manufacturer's instructions. IFN-y is 

reported as picograms per milliliter secreted by 5x10^ CTL. 

(ii) CytQtQ^jgity A^say 

Chromium'' release cytotoxicity assays were performed to evaluate the ability of 

CTL (H.3-1) to lyse peptide-loaded CTL (H.3-1). Target CTL (SxlOVwell) were pre-

incubated with 10.0 ug/ml peptide for 2 hours at 37°C, washed free of excess peptide, 

followed by a one hour incubation with 100 ^Ci of ^'Cr (Amersham Pharmacia Biotech 

Inc., Piscataway, NJ). Target CTL and effector CTL were co-cultured in 96-well round-

bottom plates at the indicated effector to target ratios in 200 ^L of cIMDM (refer to 

APPENDIX A for composition) for 8 hours at 37°C. Fifty p,l of supernatant was 

harvested and the release of radioactivity was measured by gamma counting (Top Count, 

Packard, Meriden CT). Spontaneous release was determined by incubating "Cr-labeled, 

peptide-loaded CTL in media alone. Maximum release was defined by ^'Cr released from 

peptide-loaded, ''Cr-labeled CTL lysed with 10% Triton-X-100. 

Percent specific lysis was calculated as: 

[(experimental release - spontaneous release) / 
(maximum release - spontaneous release)] x 100. 

HLA-A2 blocking bv an anti-HLA-A2 monoclonal antibodv 

An anti-HLA-A2, A28 monoclonal antibody, KS1 (114), was grown in murine 

ascites and kindly provided by Dr. S. Ferrone (Roswell Park Cancer Center Institute, 

Buffalo, New York). KS 1 was extensively dialyzed (M.W. cut off of 6,000-8,000) against 

8000 volumes of phosphate buffered saline (pH 7.4) overnight at 4°C to remove any 

potential ascites effect. Inhibition of IFN-y release by KSl was performed by incubating 

peptide-loaded CTL with 50.0 ^L of KSl monoclonal antibody for 45 minutes at room 
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temperature. CTL were incubated at 37°C in 200 pL of cIMDM (refer to APPENDIX A 

for composition) for 18-20 hours and supematants were harvested to assay for cytokine 

production as measured by a human IFN-y ELISA (Pharmingen). 

Proliferation of CTL in response to antigenic peptides 

CTL (Sx 10^ ceils/well) were stimulated with peptides at various concentrations in 

cIMDM (2(X) |il/weil) in 96-well flat bottom plates for 24 hours. The proliferation of 

CTL was determined by incorporation of [^H] thymidine (1.0 ^Ci/well, Dupont NEN, 

Boston, MA) added during the last 18 hours of culture at 37°C. Cells were harvested 

using a sample harvester (Packard, Meriden, CN) onto 96-well Hlter plates (Packard). 

Plates were dried prior to the addition of Microscint 0 (Packard, 25.0 ^1/well) and 

incorporated [^H] thymidine was measured in a Packard Top Count. Results are 

expressed as mean cpm for triplicate cultures. 
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3.2 Results 

IFN-y secretion by TIL in the absence of APC 

Activation of TIL in the absence of APC was observed as part of the larger study 

involving the ability of CTL lines, derived from patients with melanoma, to be stimulated 

by gplOO APL (Chapter 11). IFN-y production by H.3-1 TIL was observed in response to 

soluble or bead-bound peptides independent of T2 APC cell presentation (Figure 2.3 A, 

B). These data suggested that TIL are capable of self-presentation of antigenic peptide. 

To demonstrate that this phenomenon of CTL peptide presentation to neighboring CTL 

was not limited to H.3-1 TIL, several other CTL lines were tested (Figure 3.1). The 

K8E6, FIB 12 and W2A8 CTL lines were generated from melanoma patients who 

received g209-2M peptide inmiunotherapy and these lines were cultured in vitro with the 

g209-2M peptide (all CTL lines kindly provided by Dr. Francesco Marincola, Bethesda, 

MD). In the absence of APC presentation, all CTL lines were activated by g209-2M 

peptide and produced IFN-y, varying from 810 pg/ml to 1976 pg/ml (Figure 3.1). The 

HLA-A*0201-binding influenza matrix peptide did not elicit significant cytokine 

production from these g209-2M-specific CTL. The R.AI CTL line, specific for an 

influenza matrix peptide, was also activated in the absence of APC by flu matrix peptide 

(1686 pg/ml of IFN-y), and not by g209-2M as measured by IFN-y secretion (Figure 3.1). 
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Figure 3.1. Production of IFN-y by TIL via self-presentation of peptides. 
Four different CTL lines (SxIOVwell) specific for g209-2M (H.3-1, K8E6, 
F1B12 and W2A8) and one CTL line specific for an influenza matrix peptide 
(R.AI) were incubated with peptide for 18 hours in the absence of APC. 
g209-2M is represented by hatched bars and the influenza matrix peptide is 
denoted by solid bars. IFN-y production was measured by ELIS A. Error bars 
represent the mean ± SEM of duplicate samples (* p<0.05). Data are 
representative of two independent experiments. 
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CTL were analyzed by flow cytometry and were found to be 99.1% positive for 

TCR vp (Figure 3.2), indicating that CTL lines were not contaminated with APC. Of 

importance, CTL lines were cultured in vitro in the absence of stimulator cells for an 

extended period of time. This data confirmed that CTL can serve as antigen presenting 

cells for each other, and that this phenomenon is not limited to g209-2M-specific CTL. 
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F^nre 3.2. CTL cultures are not contamimitfd with antigen presenting 
cells. H3-1 CTL were stained with a mouse anti-human VpS TCR 
antibody and a FTTC-conjugated goat-anti mouse antibody prior to flow 
cytometric analysis (Q. a. Healthy cells were gated as indicated by RL b. 
CTL stained with GAM-FTTC. 
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Anti-HLA-A2 antibody inhibition of antigen presentation by TIL 

To demonstrate that peptide presentation occurred in a MHC class I-restricted 

manner, inhibition of CTL stimulation was tested with an anti-HLA-A2 antibody, KS I 

(114). Peptide-loaded H.3-1 TIL were incubated with the KSl antibody for 18 hours. 

Supematants collected from peptide-loaded CTL in the presence or absence of KS 1 were 

assayed by ELISA for the presence of IFN-y. MHC class I-peptide complex recognition 

by CTL was blocked using the HLA-A2 antibody (Figure 3.3). IFN-y production was 

suppressed nearly three-fold indicating inhibition of HLA/peptide-TCR interaction. 

These data indicate that TIL present peptide to each other in the context of MHC class I 

antigens, thereby eliciting IFN-y production. 

60 

None KS 1 A.b g209 2M g209 2VI KS 1 

Figure 3.3. TIL self-presentation is inhibited by an HLA-A2 
monoclonal antibody, KSl. TIL were loaded with S.O ^g/mL of peptide, 
followed by the addition of the KSl antibody used to block peptide 
presentation by HLA-A2 class I molecules. After 18 hours, supematants 
were harvested and assayed for IFN-y production by ELISA. Error bars 
represent the mean ± SEM of duplicate samples (* p<O.OS). 
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Self-presentation of antigenic peptide results in TIL proliferation 

To further investigate CTL peptide presentation, additional studies were 

performed to determine whether the absence of classical antigen presentation would also 

affect other CTL functions such as proliferation. Proliferation assays were performed 

using anti-g209-2M TIL incubated with different concentrations of either g209-2M or an 

irrelevant HLA-A*0201-binding Her2/neu-derived peptide (E75). After loading CTL 

with peptide, [^H] thymidine was added to these cultures for the duration of the 

experiment to measure proliferation. Supematants were collected to assay for IFN-y 

secretion prior to CTL harvest. Administration of the g209-2M peptide in the absence of 

APC resulted in CTL proliferation with maximal proliferation observed at peptide 

concentrations of less than 1(XX) ng/ml of g209-2M with an average of 4106 cpm (Figure 

3.4A). Proliferation was speciHc, as an HLA-A2-binding control peptide derived from a 

different tumor antigen, Her2/neu, did not induce proliferative responses at any 

concentrations tested. The observed cellular proliferation correlated with CTL IFN-y 

secretion (Figure 3.4B). Therefore, self-presentation of the g209-2M peptide by g209-

2M-speciflc TIL, resulted in both increased cellular proliferation and IFN-y secretion. 
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Figure 3.4. Correlation between TIL proliferation and IFN-y 
production. A. Peptide-induced proliferation of TIL in the absence of 
APC. CTL were loaded with varying concentrations of g209-2M (O), E75 
(•), or no peptide (A) for 2 hours, following the addition of [̂ H] 

thymidine. After 18 hours the incorporation of radioactivity was measured. 
B. IFN-y production by TIL. Supematants were harvested prior to [^H] 
thymidine analysis. IFN-y production was measured by ELISA. Error bars 
represent the mean ± SEM of triplicate samples (* pcO.OS). 
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Lysis of TIL specific for g2C)9-2M by g209-2M-loaded TIL 

Activated CTL should lyse targets expressing cognate peptide presented in the 

context of HLA class I antigens. To address the possibility that CTL self-presentation 

would result in lysis of the peptide-loaded CTL, anti-g209-2M TIL were added to 

peptide-loaded, "Cr-labeled TIL. After 8 hours, supematants were harvested and assayed 

for the release of radioactivity from target TIL. Anti-g209-2M TIL effectively lysed 

g209-2M peptide-pulsed TIL at each E:T ratio tested (Figure 3.5). TIL did not exhibit 

lysis of non-peptide pulsed targets. 

E: T ratio 

Figure 3.5. Lysis of g209-2M-loaded TIL targets by g209-2M-specific 
TIL. Targets (5x10^ H.3-1 TIL/well) were loaded with 10.0 ^g/^lL of 
g209-2M and labeled with ^'Cr (solid bars) or labeled with only "Cr 
(hatched bars). Effectors (H.3-1 TIL) were added at the given E:T ratios. 
Chromium" release from targets was measured after 8 hours. Chromium^' 
released from peptide-loaded, ''Cr-labeled targets was determined as 
background lysis and was subtracted from the total percent lysis by 
effector TIL cultured with target TIL. Spontaneous release was <8%. Error 
bars represent the mean ± SEM of triplicate samples (* pcO.OS). 
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3.4 Conclusions 

A phenomenon suggesting that CTL were presenting peptide to each other was 

observed during the studies involving human TIL speciHc for melanoma altered peptide 

ligands. Further investigation demonstrated that tumor-specific CTL pulsed with modified 

tumor peptide are capable of secreting IFN-y in the absence of classical antigen 

presentation. The levels of IFN-y produced by CTL lines, as a result of self-presentation, 

were similar to peptide presentation by T2 APC. When CTL lines were cultured with 

irrelevant peptides, no IFN-y production was observed. Although this phenomenon has 

been described in murine and infectious disease systems, this is the first report 

demonstrating that human TIL specific for a modified gplOO peptide, g209-2M, are 

capable of peptide presentation to each other, resulting in CTL effector functions. These 

fmdings impact in vitro culture of CTL and may also influence interpretations of peptide 

immunotherapy, as the g209-2M peptide is a major component in multiple clinical trials 

that involve the testing of vaccines for the treatment of metastatic melanoma (100-102, 

115). 

Tumors evade the immune system by a variety of mechanisms, which pose a 

significant problem for the immunotherapy of cancer (116-119). Among the evasion 

mechanisms is a loss of HLA class I antigen expression (120) and suppression of tumor-

specific antigens (121). Synthetic peptide vaccine development based upon the identity of 

T cell epitopes from tumor associated antigens is designed to stimulate potent T cell 

responses to specific tumor antigens. As demonstrated in this report, TIL present peptide 

to each other resulting in cellular stimulation and IFN-y secretion. IFN-y is a potent 
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cytokine that can enhance tumor cell immunogenicity by inducing MHC expression 

(122). Although TIL self-presentation of antigenic peptide was observed in this in vitro 

system, the IFN-y produced as a result of this interaction in an in vivo tumor environment 

could potentially up-regulate MHC expression on tumor cell surfaces, marking them 

targets for CTL destruction. IFN-7 also has inflanunatory properties that aid in the 

recruitment of other inunune cells to the tumor site (123). Therefore, this phenomenon 

may affect tumor cells that are class I negative. 

Proliferation of TIL was observed in response to peptide presentation and 

stimulation. Because of the low frequency of tumor-specific T cells in vivo prior to 

vaccination (124), peptide-induced proliferation of these CTL may be advantageous for 

expansion of tumor-speciHc CTL. Therefore, one of the mechanisms by which peptide 

inununotherapy may work in vivo is by allowing any cell, including CTL and tumor cells, 

to present peptide antigen to CTL. 

CTL have the ability to lyse any MHC class I antigen-expressing cell bearing 

cognate peptide, including T lymphocytes. These fmdings support this, as chromium 

release assays demonstrated that human CTL serve as both antigen presenting cells and 

targets for peptide-specific CTL. Murine studies have demonstrated the ability of CTL to 

kill other CTL expressing peptides derived from ovalbumin, influenza virus 

nucleoprotein and intermediate-early-1 (lEl) protein of cytomegalovirus (112, 124, 125). 

Studies involving human CTL have demonstrated that EBV-specific CTL expressing 

EBV peptides will be lysed by CTL specific for EBV (126). Similarly, human TIL 
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fratricide upon addition of cognate peptide to TIL cultures was observed in this g209-2M 

peptide model. 

It has been suggested that murine T cells can endocytose MHC-peptide 

complexes and re-present peptide (127). These CTL become susceptible to lysis by other 

CTL. This may serve as a mechanism for down-regulating the immune response against a 

particular antigen in an infectious disease setting. Self-presentation of peptide by CTL 

resulting in T cell death may be therapeutically useful in destroying CTL involved in 

viral or autoimmune diseases. However, CTL-CTL killing potentially eliminates tumor-

specific CTL that would otherwise be beneficial in mounting an anti-tumor response. 

Additionally, this phenomenon provides an explanation for why CTL can be difficult to 

maintain in vitro for prolonged periods of time. 

Recently, Staege et al. (126) determined that human CTL specific for cyclin-

dependent kinase 4 (cdk4) and a tyrosinase-derived epitope, are capable of self-

presentation of peptide. This study provides evidence that TIL derived from patients with 

metastatic melanoma present peptide to each other in vitro, resulting in IFN-y secretion, 

proliferation and lysis of neighboring TIL presenting cognate peptide. Immunotherapy 

aims to reactivate and expand tumor-specific CTL. Self-presentation by CTL of tumor-

derived peptides used for the treatment of melanoma is advantageous in that CTL peptide 

presentation results in activation, as measured by IFN-y secretion, as well as cellular 

proliferation. 
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CHAPTER IV 

CYTOTOXIC T LYMPHOCYTE RECOGNITION OF A HER-2/NEU-DERIVED 
PEPTIDE MODIFIED AT HLA-A*020l ANCHOR AND AUXILLVRY RESIDUES 

4.1 Overview 

Her-2/neu is a normal cellular receptor frequently overexpressed by several 

adenocarcinomas including breast, ovarian, colon and lung (62, 65, 67). In this study, two 

altered peptide ligands (APL) were designed by combining amino acids from E75(369.377), 

an immunodominant Her-2/neu-derived peptide, with preferred primary and auxiliary 

HLA-A*0201 anchor residues previously identiHed from combinatorial peptide library 

screening with recombinant HLA-A*0201 (35). It was hypothesized that Her-2/neu APL 

would have higher affmities for the HLA-A*0201 molecule compared to wild type E75 

and additionally, elicit APL-speciHc CTL responses and wild type peptide cross-

reactivity. 

Peripheral blood mononuclear cells (PBMC) derived from normal HLA-A2* 

donors underwent several rounds of peptide stimulation with either E75 or Her-2/neu 

APL. Stimulated cells were evaluated for recognition of Her-2/neu peptides by IFN-y 

ELISPOT and lysis of target cells expressing E75. This is the first report of Her-2/neu-

derived E75 APL that elicit immune responses speciHc for both APL and E75. These 

Hndings indicate that modified Her-2/neu peptides with increased afHnity for HLA 

molecules may (i) activate existing CTL specific for Her-2/neu and (ii) elicit CTL de 

novo that are activated by APL and will cross-react with wild type peptide. 
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4.2 Material and Methods 

HLA-A*Q201-binding synthetic peptides 

The following HLA-A*0201-binding peptides were used in this study: Her-2/neu 

peptides, E75 (residues 369-377, KIFGSLAFL), modified E75 peptide 2 (APL 2, 

FLFGSLAFL) and modified E75 peptide 5 (APL 5, FLFESLAFL); Hepatitis B core 

antigen (FLPSDYFPSV, residues 18-27); an influenza virus matrix peptide (Ml: 58-66, 

GILGFVFTL). The Hepatitis B virus core antigen (FLPSDFPSV) was synthesized with a 

cysteine residue substituted for the tyrosine residue (FLPSDCFPSV). This cysteine 

residue was conjugated to fluorescein (Fl-peptide) for use in competitive inhibition 

studies (104) to measure the affinity of modified Her-2/neu E75 peptides for the HLA-

A'''0201 molecule. Peptides were manufactured by PeptidoGenic Research & Co. 

(Livermore, CA) and were greater than 95% pure as assessed by HPLC and mass-

spectrometric analysis. 

Cultured cell lines 

T2 (CRL-1992, American Type Culture Collection, Manassas, VA) is a T/B ceil 

hybridoma that is HLA class II negative and expresses the HLA-A*0201 molecule on the 

cell surface (107). These cells are defective for endogenous antigen processing (107) and 

were used to test binding affinity of APL for HLA-A*0201 and used as antigen 

presentation cells for ELISPOT and Chromium^' release assays. T2 cells were cultured in 

cRPMI 1640 [RPMI 1640 (Cellgro, Herdon, VA) supplemented with 10% heat 

inactivated fetal bovine serum (Omega ScientiHc, Tarzana, CA), 100 U/ml penicillin-
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streptomycin, and 2.0 mM L-glutamine]. Her-2/neu-expressing tumor cell lines, MCF-7 

(HLA-A2*) and SKBR3 (HLA-A2 ) were cultured in cRPMI 1640. 

Antibody staining and How cytometric analysis 

MCF-7 and SKBR3 breast cancer cell lines (1x10® cells) were stained on ice for 

45 minutes with 1.0 ^g/ml of Fluorescein isothiocyanate (FITC)-conjugated mouse anti-

human Her-2/neu antibody (BD Pharmingen, San Jose, CA), washed three times with 

phosphate buffered saline (PBS) to remove excess antibody, and resuspended in 200p.l of 

PBS for flow cytometric analysis. A mouse anti-human HLA-A2 antibody (US 

Biologicals, Swampscott, MA) was used to serotype normal individuals (1.0 ^g/ml/lxlO® 

cells). PBMC were stained on ice for 45 minutes. The anti-HLA-A2 antibody was 

detected by staining PBMC with a FITC-conjugated goat anti-mouse antibody (l.pO 

M.g/ml, BD Pharmingen, San Jose, CA) for 30 minutes on ice, washed three times with 

PBS and resuspended in 200^1 of PBS prior to flow cytometric analysis. Acquisition and 

analysis of data was performed using Cell Quest software, version 4.0 (Beckton 

Dickinson). 

HLA-A*0201 binding affinity of modified Her2/neu E75 peptides 

In order to measure the affinity of the APL for HLA-A*0201 molecules, a 

competitive peptide inhibition assay was performed as previously described (104) with 

slight modifications. T2 cells (1x10^ total cells) were washed twice with RPMI 1640 

(Mediatech Cellgro, Park Center Road Hemdon, VA) in the absence of serum (iRPMI, 
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refer to APPENDIX A for composition). Recombinant p,™ (2-0 ^g/ml) and reference 

peptide (Fl-peptide), (FLPSDCFPSV, fluoresceinated at the cysteine residue (C5), l.O 

p,g/ml), were added to T2 cells (2.5x10' cells/tube) and incubated for 18-22 hours with 

varying concentrations of modified E75 peptides at 26°C in a 5% CO, incubator. T2 cells 

were washed with PBS prior to flow cytometric analysis (FACScan flow cytometer, BD 

Biosciences, Mountain View, CA). Mean Fluorescence Intensity (MFI) values were used 

to determine inhibition of the Fl-peptide from binding to HLA-A*020l molecules on T 

cells by modified E75 peptides. 

Percent inhibition was calculated as: 

[ l-((Mn T2 + R-peptide + APL) - (MH T2 + P^m)) / 
((MR T2 + H-peptide) - (MH T2 + p^m))] x *100. 

The ICjoOf the APL was determined by calculating the concentration of peptide required 

to inhibit binding of the Fl-peptide binding to T2 cells to 50% (IC50 in ^g/ml). Trendlines 

were generated to determine ICjo values for each peptide (refer to APPENDIX C). 

HLA-A2 serotvping of normal individuals 

PBMC were obtained from normal donors either by leukopheresis (Protocol 

#HSC-0096) or blood draws (Protocol #HSC AO 1.88). Human blood was obtained from 

normal donors according to the guidelines set forth by the Human Subjects Committee at 

the University of Arizona. PBMC were purified using standard white blood cell 

separation by density centrifiigation with Ficoll Hypaque Plus (Amersham Pharmacia 

Biotech, Inc., Piscataway, NJ). PBMC were incubated with an anti-HLA-A2 antibody 
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(US Biologicals, Swampscott, MA) in lOO^il of PBS for 45 minutes on ice (l.O |j.g/ml of 

antibody per IxlO' cells). Cells were then washed three times with PBS followed by 

incubation with 6nl of a fluorescein isothiocyanate (FITC)-conjugated goat-anti mouse 

antibody conjugated to (BD Pharmingen, San Jose, CA) in 200 ^1 of PBS on ice for 30 

minutes. Prior to flow cytometric analysis on a FACScan flow cytometer (BD 

Biosciences, Mountain View, CA), cells were washed three times with PBS and 

resuspended in 200 of paraformaldehyde buffer. T2 cells served as a positive control. 

Generation of CTL specific for Her-2/neu E75 and E75 APL 

Peptide-specific CTL were generated as follows. On day 0, HLA-A2* PBMC 

(2xl0Vml) were plated in 2.0 ml of cIMDM [Iscove's Modified Dulbecco's Medium (Life 

Technologies, Rockville, MD) with 2SmM HEPES, supplemented with 10% heat 

inactivated human AB serum (Gemini Bioproducts, Calabasas, CA), 100 U/ml penicillin-

streptomycin, 2mM L-glutamine and 0.5 mg/ml amphotericin B (ICN, Costa Mesa, CA)] 

in a 24-well plate (Coming, Coming, NY). IL-7, (R«&D Systems, Minneapolis, MN) was 

added at a concentration of lOng/mi to the cells. E75, APL 2 or APL 5 was added at 1.0 

^g/ml. On day I of PBMC culture with peptides, 300 lU/ml of IL-2 (Chiron, Emeryville, 

CA) was added and every two to three days of culture thereafter. Cells were split as 

needed and proliferative blasts were frequently dissociated. Weekly peptide stimulations 

began seven days after the first stimulation. Autologous PBMC were irradiated with 5000 

rads (refer to APPENDIX D) and pulsed with 1.0 |ig/ml peptide. Induction cultures (non

adherent lymphocytes) were transferred to wells containing peptide-pulsed irradiated 
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cells in cIMDM (10:1 ratio of effector cells to stimulator cells). IL-2 (3(X) lU/ml) was 

added to restimulated PBMC cultures and every two to three days thereafter. At the end 

of the third stimulation cells were analyzed for peptide recognition. 

Detection of IFN-y-producing cells bv ELISPQT 

Seven days after the third peptide stimulation, PBMC recognition of Her-2/neu 

peptides was measured by IFN-y ELISPOT. Mouse anti-human IFN-y monoclonal 

antibody (lO.O |ig/ml/well, Pharmingen, San Diego, CA) was diluted in PBS and used to 

coat 96-well nitrocellulose plates (Millititer, Millipore, Bedford, MA) overnight at 4''C. 

Wells were washed twice with cRPMI (refer to APPENDIX A for composition) and 

blocked with cRPMI for at least one hour at room temperature. T2 cells (2.5x10^ 

cells/well) were loaded with the indicated peptide (10.0 |Xg/ml) in X-Vivo 15 

(BioWhittaker, Walkersville, MD) prior to incubation with effector cells. Effector cells 

were plated at 5x10"* cells/well in X-Vivo 15 with peptide-pulsed T2 cells for 36 hours at 

37°C, 5% CO,. Plates were then washed PBS/0.05% Tween 20 (PBS-Tw) and incubated 

for 5 hours at room temperature with biotinylated mouse anti-human IFN-y monoclonal 

antibody (2.5 ^g/ml/well, Pharmingen, San Diego, CA) in PBS/0.05% Tween 20/0.1% 

PCS (PBS-Tw-FCS). The wells were then washed with PBS-Tw and streptavidin-HRP 

(Pharmingen, San Diego, CA) was added at a 1:1000 dilution in PBS-Tw-FCS for one 

hour at room temperature. Fresh substrate was prepared by dissolving one 3-amino-9-

ethylcarbazole tablet (20mg/ml, Sigma, St. Louis, MO) in 2.5 ml of DMF. AEC-DMF 

was added to 50mM sodium acetate buffer (47.5 ml, pH 5.0). The substrate was filtered 
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through a 0.2 (im filter and 30% HjOj (25.0 |xL) was added after washing the plates. 

lOO^L of substrate was added to each well for 15-20 minutes at room temperature. Color 

development was stopped by thoroughly washing the plates with distilled water. Once the 

plates had dried, spots were counted using a dissecting microscope. 

Cvtolvtic activity of PBMC cultured with Her-2/npu APL 

Chromium^' release cytotoxicity assays were performed to evaluate the ability of 

PBMC to lyse target cells pulsed with wild type E75 peptide. T2 cells (5x10^ cells/well) 

were labeled with 100 ^Ci of ®'Cr (Amersham Pharmacia Biotech Inc., Piscataway, NJ) 

for 45 minutes followed by incubation with 10.0 ^g/ml of E75 or HBV peptide in X-Vivo 

(BioWhittaker, Walkersville, MD) for 1 hour prior to assay. MCF-7 (HLA-A2'^, MCF-

T), SKBR-3 (HLA-A2-, Her-2/neu'^) and K562 (NK-sensitive cell line) cell lines also 

served as target cells. Target cells and CTL were co-cultured at various E:T ratios in 96-

well round-bottom plates in 200 |iL of cIMDM (refer to APPENDIX A for composition) 

for 8 hours at 37°C. Fifty ^l of supernatant was harvested and the release of radioactivity 

was measured by gamma counting (Top Count, Packard, Meriden, CT). Maximum 

release was defined by ''Cr released from targets lysed with 10% Triton X-IOO. Percent 

specific lysis was calculated as; 

[(experimental release - spontaneous release) / 
(maximum release - spontaneous release)] x 100. 
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4.3 Results 

Rational design of E7S altered peptide ligands 

The HLA-A*0201-binding Her-2/neu derived peptide, E75, does not contain 

optimal HLA-A2 binding residues and may not be presented efficiently to CTL. The Hrst 

objective of this study was to design altered peptide ligands (APL) for the E75,369.377, 

peptide. Two altered E7S peptide ligands were designed for these studies (Table V). 

Wild type E7S contains a lysine (K) and isoleucine (I) at positions one and two, 

respectively. Based upon the findings of Smith et al. (35), phenylalanine (F) is a 

preferred auxiliary residue (positions 1 and 3) and leucine (L) is a preferred anchor 

residue (position 2) for nonamer peptides that bind to the HLA-A*0201 molecule. 

Therefore, these alterations were incorporated to the wild type peptide for both Her-2/neu 

APL (designated APL 2 and APL 5). The glycine (G) residue present at position four of 

E75 was replaced with a glutamic acid (E) in APL 5, again a preferred HLA-A2-binding 

amino acid (35). 

These E75 APL sequences were ranked for HLA-A*0201 affinity by SYFPEITHI 

(108), an epitope prediction algorithm that analyzes peptides for the ability to bind to the 

HLA-A*0201 molecule, based on previously published sequences and preferred HLA-

A*0201-binding residues. As anticipated, the APL were assigned higher scores compared 

to wild type E75 (Table V). 
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Table V. 

Sequences, predicted HLA-A*020l binding affinities and ICjo values of wild type and 
modified £75,369.377, peptides 

Sequence* Epitope 
prediction'' 

^^50 ((ig/ml) 

E75 K I F G S L A F L  12 26.96 

APL 2 F L F G S L A F L  30 18.89 

APL 5 F L F E S L A F L  30 14.85 

'Standard single letter amino acid code is used and the residues shown in 
bold represent deviations from Her-2/neu E75 (269-277). 
''Peptide binding affinity for the HLA-A*0201 molecule as predicted by the 
epitope prediction algorithm, SYFPEITHI (108). 
"ICjo values determined by the amount of peptide needed to inhibit an HBV 
reference peptide by 50% from binding to HLA-A*020l. 

Modification of Her-2/neu E75 results in increased affinity for the HLA-A*0201 

molecule 

The next objective was to assess the HLA binding affinity of E75 APL. This was 

accomplished by determining the amount of wild type E75 and APL required to inhibit 

the binding of the fluoresceinated reference peptide (Fl-peptide) to the HLA-A»0201 

molecule, and calculating the concentration at which the Fl-peptide binding is inhibited 

by 50% (ICjo). Both APL 2 and APL 5 inhibited binding of the Fl-peptide to a greater 

extent than wild type E75 (Figure 4.1, Table V). APL 5 demonstrated the highest relative 

affinity for the HLA-A*020l molecule compared to APL 2 and E75. Finally, APL 2 and 
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APL 5 had lower IC50 values (18.89^g/ml and 14.85M.g/nil, respectively) than wild type 

E75 (26.96ng/ml). This study demonstrates that the substitution of preferred anchor and 

auxiliary HLA-A*0201-binding residues results in peptides with increased binding 

affinity for HLA-A2 molecules. 
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Figure 4.1. Her-2/neu E7S APL bind to the HLA-A*0201 molecule with increased 
afflnity compared to wild type E75. T2 cells were incubated with a fixed 
concentration of the fluoresceinated HLA-A*0201-binding reference peptide and 
varying concentrations of E75 (•), APL 2 (•) or APL 5 (A). Flow cytometric analysis 
was used to determine the ability of the Her-2/neu peptides to inhibit the binding of the 
reference peptide to HLA-A*020I molecules. Percent inhibition (Y-axis) was 
determined as described in the Materials and Methods. Trendlines were generated and 
using the equation of the lines, the ICjo values were obtained. 
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Identification of normal HLA-A2* donors 

Having demonstrated that E75 APL have increased affinities for the HLA-

A*0201 molecule, the next objective was to analyze the immunogenic properties of the 

rationally designed E75 APL. The ability of normal HLA-A2* donors to mount a 

response against these peptides was tested. Potential donors were serotyped using an 

HLA-A2 antibody. PBMC were stained with a mouse anti-human HLA-A2 antibody, 

followed by staining with a fluorescein isothiocyanate (FITC)-conjugated goat anti-

mouse antibody. Row cytometric analysis was performed to identify HLA-A2* donors. 

Of several HLA-A2^ donors identified, five were chosen for these studies. Expression of 

HLA-A2 by these donors is demonstrated by flow cytometric analysis (Figure 4.2). 

A. 

10' ID 
• • I  J '  
10^ 10 10' 
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Flgore 4.2. Expressioii of the HLA-A2 mofecnk by normal donors. PBMC 
stained with the isotype control antibody (solid black line) or anti-HLA-A2 
antibody (red line) were analyzed by flow cytometry. HLA-A2 surface expression 
was determined by comparing the fluorescence intensity (X-axis) of PBMC stained 
with the anti-HLA-A2 antibody to that of cells stained with the isotype control 
antibody. A. HLA-A*0201 T2 cells. B. HLA-A2" donor. C. HLA-A2* donor. 
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Optimization of PBMC stimulation protocol with influenza peptide 

To determine the optimal protocol to induce peptide-specific responses from 

normal HLA-A2* donors, an HLA-A*0201-binding influenza virus matrix protein-

derived peptide, GILGFVFTL (Ml(5g.66)) was used to stimulate PBMC cultures weekly. 

The first stimulation of bulk PBMC cultures was performed by adding 1.0 p.g/ml of 

peptide and IL-7 (10.0 ng/ml) to promote T cell growth. E--2 (300 lU/ml) was added on 

day 2 and every two to three days thereafter. For the following weekly peptide 

stimulations, autologous PBMC were irradiated and pulsed with peptide prior to the 

addition of the non-adherent lymphocytes previously cultured with peptide. IL-2 (300 

lU/ml) was added every two to three days for T cell propagation. 

Stimulated PBMC were collected and tested for the ability to produce IFN-y and 

lyse target cells in response to presentation of the influenza virus matrix peptide by T2 

cells. To accomplish this, IFN-y ELISPOT assays were performed beginning at the end of 

the third stimulation and after continuous peptide stimulations. ELISPOT assays detect 

individual cytokine-secreting cells and IFN-y ELISPOTs can be enumerated to evaluate 

the number of PBMC secreting IFN-y in response to T2 cells pulsed with peptide. PBMC 

(S.OxlO"* cells/well) were incubated with T2 cells (2.5x10* cells/well) pulsed with 10.0 

^g/ml of either the influenza peptide or a conu:ol HLA-A*0201-binding, HBV-derived 

peptide for 36 hours. 

A specific anti-influenza response was observed when bulk PBMC cultures were 

stimulated weekly with the influenza peptide as demonstrated by an IFN-y ELISPOT 

assay (Figure 4.3 A). It is apparent that the influenza-induced IFN-y ELISPOTs are larger 
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and more intense in color compared to PBMC stimulation with the HBV peptide (Figure 

4.3Bb). Phytohemaglautinin (PHA), T cell mitogen, was used a positive control for both 

experimental reliability and the ability to activate PBMC (Figure 4.3Bc). 

Bulk PBMC cultures were next tested for the ability to lyse target cells pulsed 

with the influenza peptide. T2 cells were labeled with chromium^' and pulsed with either 

the influenza or HBV peptide. An NK cell-sensitive cell line, K562, was used to 

determine non-specific lysis of target cells by NK cells. Lysis of target cells pulsed with 

the influenza peptide by influenza peptide stimulated PBMC was observed at all E:T 

ratios tested (Figure 4.4). Finally, background lysis by NK cells was not detected. 

Taken together, these data demonstrate that weekly stimulation of PBMC with the 

HLA-A*0201-binding influenza peptide elicits specific responses. Furthermore, these 

results show that peptide-specific responses can be measured by both IFN-y ELISPOT 

assays and target cell lysis. 
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F r̂e 4 .̂ Inflnenza-specific responses detected in normal HLA-A2* donors. 
A. IFN-y ELISPOT assay. T2 cells were pulsed (2.5x10* cells/well) with the 
indicated peptide (10.0 ^g/mL) were used to stimulate bulk PBMC cultures 
(5.0x10* cells/well). B. Representative wells of IFN-y ELISPOT. PBMC were 
challenged with (a) Influenza peptide, (b) HBV peptide, (c) PHA, or (d) T2 cells 
not pulsed with peptide. Data are representative of 4 assays after weekly rounds of 
peptide stimulation (donor 3). 
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Figure 4.4. Lysis of target cells pulsed with influenza peptide. 
PBMC cultures that produced IFN-y upon stimulation with the 
influenza peptide, were tested for the ability to lyse K562 cells (•), or 
T2 cells (5.0x10^ cells/well) pulsed with either the influenza (•) or 
HBV (•) peptide. Data are representative from donor 3 after the 5"* 
peptide stimulation. Error bars represent the mean ± SEM of triplicate 
samples (* p<0.05). 

Determination of Her-2/neu E75 APL immunogenicity 

Having established the optimal culture conditions to generate peptide-speciHc 

responses from PBMC cultures, the next objective was to determine if the rationally 

designed Her-2/neu APL could elicit peptide-specific responses from HLA-A2* PBMC 

isolated from normal donors. PBMC were stimulated with wild type E75, APL 2 or APL 

S as described in the previous section. PBMC cultures were monitored for peptide 

specificity by IFN-y tLlSPOT assays after several rounds of peptide stimulation. PBMC 



90 

stimulated with Her-2/neu peptides (5.0x10^ cells/well) were incubated with T2 cells 

(2.5x10* cells/well) pulsed with 10.0 p.g/ml of peptide (E75, APL 2, APL 5). Unpulsed 

T2 cells or T2 cells pulsed with an inelevant HLA-A*0201-binding peptide, served as 

ELISPOT assay controls (background spots). The total number of spots obtained from 

PBMC in response to T2 cells pulsed with E75 or Her-2/neu APL was subtracted from 

the background spots in order to determine PBMC specificity. 

Wild type E75 peptide consistently elicited E75-specific responses from three of 

five donors tested (Dl, D4 and D5), and transient E75-specific activity was detected from 

donor 2 (Figure 4.5 A is representative data from a single ELISPOT assay. Results from 

D3 was not included, as no IFN-y-secreting cells were detected). Stimulation with Her-

2/neu APL 2 resulted in APL 2-specific responses from only one of five donors (D4, 

Figure 4.6 A). However, transient IFN-y production by PBMC was observed from donor 

1 when PBMC were challenged with T2 cells pulsed with APL 2 (Figure 4.6 A is 

representative data from a single ELISPOT assay. Results from D2, D3 and D5 were not 

included, as no IFN-y-secreting cells were detected). In contrast to APL 2, APL 5 

consistently elicited peptide-specific responses from all five donors (Figure 4.7 A is 

representative data from a single ELISPOT assay). These findings suggest that APL 5 is 

more immunogenic than both wild type E75 and APL 2, and can elicit IFN-y production 

by PBMC cultures from normal HLA-A2* donors. A summary of findings for the ability 

of Her-2/neu APL to generate peptide-specific responses is presented in Table VI. 
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Table VI 

Generation of PBMC-specific responses for Her-2/neu altered peptide ligands after 
several rounds of peptide stimulation* 

E75 APL2 APL5 
Donor 1" ± + 

Donor 2" +'-• - + 

Donor 3"^ - + 

Donor 4"'' + + + 

Donor 5"^ + - + 

Total 3/5 1/5 5/5 

'Peptide-specific responses as determined by IFN-y ELISPOT after several rounds of 
weekly in vitro peptide stimulation ("denotes 4 or "*3 independent ELISPOT assays). 
*"+ Peptide-speciHc responses were observed with each assay. 

Peptide-specific responses were not consistently observed. 
Peptide-specific responses were not observed. 
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Of importance, PBMC speciHc for Her-2/neu APL cross-reacted with wild type 

E75 peptide, as measured by EFN-y ELISPOT. APL 5-specific PBMC generated from all 

five donors cross-reacted with E75 (representative data are shown in Figure 4.7). APL 2-

speciHc PBMC generated from donor 4 also demonstrated cross-reactivity to wild type 

E75 (Figure 4.6). Cross-reactivity to E75 was also observed when transient APL 2-

speciHc responses were seen in PBMC cultures of donor 1 (Figure 4.6). Similarly, wild 

type E75-specific PBMC from donors 1, 4 and 5 cross-reacted with Her-2/neu APL 5 

(Figure 4.S). Again, when transient E7S-speciric responses were detected from donor 2, 

cross-reactivity towards APL S was also observed (representative data are shown in 

Figure 4.5). For the most part, IFN-y ELISPOTs were not observed when E75-speciric 

PBMC were challenged with T2 cells pulsed with APL 2. 
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Figure 4 .̂ Her-2/neo E75-specific responses detected in normal HLA-
A2^ donors. A. IFN-y ELISPOT assay. T2 cells were pulsed (2.5x10* 
cells/well) with the indicated peptide (10.0 (xg/mL) and were used to 
stimulate bulk PBMC cultures (5.0x10* cells/well). B. Representative 
wells of IFN-y ELISPOT. PBMC were challenged with (a) E75, (b) APL 
2, (c) APL 5, or (d) HBV, or (e) PHA. Data are representative of 4 assays 
after weeidy rounds of peptide stimulation (donor 
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F r̂e 4.6. Her-2/iiea APL 2-specific responses detected in normal 
HLA-A2* donors. A. IFN-y ELISPOT assay. T2 cells were pulsed (2.5x10'* 
cells/well) with the indicated peptide (10.0 (ig/mL) and were used to 
stimulate bulk PBMC cultures (5.(K10* cells/well). B. Representative wells 
of IFN-y ELISPOT. PBMC were challenged with (a) APL 2, (b) E75, (c) 
HBV, or (d) PHA. Data are representative of 3 assays after weekly rounds 
of peptide stimulation (donor 4). 
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Figure 4.7. Her-2/iiea APL 5-specific responses detected in normal 
HLA-Al** donors. A. IFN-y ELISPOT assay. T2 cells were pulsed 
(2.5x10* cells/well) with the indicated peptide (10.0 ^g/mL) and were used 
to stimulate bulk PBMC cultures (5.0xl(X* cells/well). B. Representative 
wells of IFN-y ELISPOT. PBMC were challenged with (a) APL 5, (b) E75, 
(c) HBV, or (d) PHA. Data are representative of 4 assays after weekly 
rounds of peptide stimulation (donor 1). 
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Lysis of target cells pulsed with wild type E75 by APL-specific cells 

The next objective was to determine if bulk PBMC cultures demonstrating 

peptide specificity by ELISPOT could lyse targets cells pulsed with wild type E7S. T2 

cells pulsed with wild type E75 and the MCF-7 (Her-2/neu*, HLA-A2^) breast cancer cell 

line served as target cells. K562, an NK-sensitive cell line, was used to determine non

specific lysis of target cells by NK cells. As anticipated, PBMC cultures stimulated with 

the E7S peptide lysed T2 target cells pulsed with E7S (representative data illustrated in 

Figure 4.8 A). Importantly, APL 2 and APL 5-specific cells lysed T2 cells pulsed with 

E7S (representative data illustrated in Figure 4.8 B and C, respectively). Minimal lysis 

was observed when T2 cells were pulsed with an irrelevant HLA-A2-binding peptide. 

However, lysis of MCF-7 cells was not observed with any PBMC culture tested. 

Collectively, four of five donors that demonstrated APL 5 speciHcity as measured by 

IFN-y ELISPOT, lysed T2-E7S targets. APL 2 mduced a specific response from one of 

five donors as demonstrated by both IFN-y ELISPOT and cytotoxicity assays. 

Cytotoxicity data from all donors are sununarized in Table VII. 
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Table VD. 

Lysis of target cells pulsed with E75 by APL-specific CTL* 

E75 APL2 APL5 
Donor 1 _c + 

Donor 2 - - -

Donor 3 - - + 

Donor 4 + + + 
Donor 5 + - + 

Total 3/5 1/5 4/5 

"Lysis of T2 cells pulsed with E75 by PBMC cultured for several rounds of weekly 
stimulation with the indicated peptide. 
"Lysis of T2-E75 targets observed was > 25%. Lysis of T2 pulsed with irrelevant peptide 
served as background and was subtracted from T2-E75 lysis values. 
T-ysis of T2-E75 targets was < 25%. 
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Figure 4.8. Lysis of target cells pulsed with wild tsrpe E75 peptide. (A) 
Her-2/neu E75-specific CTL, (B) APL 2-specific CTL and (C) APL 5-
specific CTL lyse T2 cells pulsed with E75 peptide (•). Lysis of the NK-
sensitive cell line, K562, (A) and lysis of T2 cells pulsed with HBV peptide 
(•) served as background controls. Lysis of the MCF-7 breast cancer cell line 
(•) was not observed. Data are representative of donor 5,4 and 1, respectively 
(after the 5*. 6' "and 8*" round of peptide stimulation, respectively). Error bars 
represent the mean ± SEM of triplicate samples (* p<0.0S). 
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'Although, recognition of wild type peptide by both APL 2 and APL 5-specific 

PBMC occurred, lysis of Her-2/neu*, HLA-A2* MCF-7 tumor cells was not observed. To 

address this fmding, Her-2/neu protein expression on MCF-7 cells was analyzed using an 

FITC-mouse anti-human Her-2/neu antibody. Two breast cancer cell lines, MCF-7 and 

SKBR3, were stained with the Her-2/neu antibody prior to flow cytometric analysis. 

MCF-7 weakly expressed Her-2/neu compared to the SKBR3 cell line (Figure 4.9). The 

latter line is HLA-A2' and therefore would not serve as a good target. These data indicate 

that the absence of MCF-7 lysis by APL-specific cells is likely due to poor Her-2/neu 

expression. 

Lysis of T2-E75 target cells was observed only by bulk PBMC cultures that 

secreted IFN-y in response to challenge with E75 or Her-2/neu APL (Table VIII). 

However, not all PBMC cultures that secreted IFN-y in response to Her-2/neu APL lysed 

T2-E75 targets. For example, donor 2 PBMC cultured with APL 5 produced IFN-y in 

response to both APL 5 and E75 however, lysis of T2-E75 target cells was not detected. 

When donor 1 PBMC were cultured with APL 2, transient APL 2-specinc responses were 

observed coupled with IFN-y production when challenged with E7S in ELISPOT assays. 

Lysis of targets pulsed with E7S by this culture was not observed, potentially due to the 

inconsistency of peptide specificity. 
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Figure A3. The MCF-7 breast cancer cell line weakly expresses Her̂  
2/nen. Cells were stained with a FTTC-conjugated mouse anti-human Her-
2/neu antibody and analyzed by flow cytometry. Her-2/neu expression was 
determined by comparing fluorescence intensity (X-axis) of the Her-2/neu 
stained cells (green line) to isotype control stained cells (black line). 
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Table Vin. 

Summary of CTL responses specific for E75 * 

D1 D2 D3 D4 D5 

"IFN-Y ELISPOT 
T2/E75 ' 

E75 
APL 2 

. APL 5 + + + + + 

1-ysisofT2/E75 ^ 
target cells 

' E75 
APL 2 

, APL 5 

+ + 

+ - + + + 

*PBMC cultured for several rounds of weekly peptide stimulation with E75, APL 2 or 
APL 5 were tested for the ability to respond to wild type E75. 
''PBMC were challenged with T2 cells pulsed with E75 in IFN-y ELISPOT assays. 
TBMC were tested for the ability to lyse T2 cells pulsed with wild type E75. 
V indicates that PBMC cultures consistently responded to E7S in ELISPOT assays. 
'± indicates that transient PBMC responses were observed in ELISPOT assays. 

indicates that no IFN-y ELISPOTs were observed. 
"Lysis of T2-E75 targets was detected. 
•"Lysis of T2-E75 targets was < 25%. 
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4.4 Conclusions 

This study characterized two HLA-A*0201-restricted Her-2/neu altered peptide 

ligands. The introduction of optimal HLA class I-binding residues into peptides derived 

from tumor associated antigens (TAA) can give rise to peptides with a higher affmity for 

HLA molecules and may result in increased immunogenicity. However, increased affinity 

for HLA molecules does not necessarily correlate with increased immunogenicity. 

Therefore, altered peptide ligands must be evaluated individually for the ability to induce 

T cell activation. 

Two amino acid modifications were introduced into APL 2 (FLFGSLAFL) at 

positions one and two. These modifications improved peptide binding to the HLA-

A»0201 molecule, however APL 2 proved to be inefficient at stimulating the majority of 

HLA-A2'^ PBMC cultures. Only one of five normal donors generated consistent IFN-y 

responses specific for APL 2. APL 2-specific PBMC from this single responsive donor 

cross-reacted with the wild type E75 peptide as determined by IFN-y production and lysis 

of target cells pulsed with wild type E7S. Since positions one and two of a nonamer 

peptide are buried in the HLA peptide binding cleft, these residues are thought to be 

solely involved in HLA contact and may not affect TCR binding. Additionally, the 

isoleucine (I)-leucine (L) substitution at position two was a subtle peptide modiHcation, 

as these amino acids are very similar in composition. Nonetheless, APL 2-specific 

responses were generated from only one of five donors. This modified peptide illustrates 

that peptides can possess increased affinity for HLA molecules compared to the wild type 
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peptide, but affinity alone is insufficient in creating a highly immunogenic peptide 

capable of T cell activation. 

Three amino acid modifications were introduced into APL 5 (FLPESLAFL). 

Again, the rational design of this altered peptide ligand resulted in an increased affmity 

for the HLA-A*020l molecule compared to wild type peptide. In contrast to APL 2, APL 

S consistently elicited peptide-specific responses from all five donors tested. Of 

importance, cross-reactivity with E75 was also observed when APL 5-specific PBMC 

were challenged with E75, as measured by ifn-y production. 

Taken together, these findings indicate that Her-2/neu APL, designed for 

increased affinity for HLA-A*0201, can elicit specific peptide responses from normal 

donors. APL S had a significantly increased capacity to induce PBMC responses 

compared to APL 2 (specific responses detected in 5/5 and 1/5 donors, respectively). 

These APL-specific cells are also stimulated by wild type peptide, as demonstrated by 

IFN-y ELISPOT assays. Most importantly, APL-specific cells lyse target cells pulsed 

with wild type E75. In a therapeutic setting, Her-2/neu APL may activate a population of 

T cells specific for APL that cross-react with wild type peptide expressed by tumor cells, 

or conversely, activate a subset of T cells that have a low afHnity for wild type peptide. 

PBMC stimulated for several rounds with wild type E75 (KIFGSLAFL) 

demonstrated E75 specificity when challenged with T2 cells pulsed with E75, as 

determined by IFN-y ELISPOT assays. These E75-specific PBMC were also activated by 

APL 5, indicating that cells that recognize wild type possess cross-reactive recognition of 

Her-2/neu APL. 
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Lysis of tumor ceils was not observed by either E75 or APL-specific cells. A 

possible explanation may be due to the weak expression of Her-2/neu by MCF-7 cells. 

Adenocarcinomas often overexpress the Her-2/neu protein, thus future studies utilizing 

tumor cell lines that overexpress Her-2/neu will better mimic actual in vivo settings. 

To date, this is the first report of modiHcations introduced into the Her-2/neu-

derived E7S peptide resulting in the activation of CTL specific for altered peptide ligands 

that cross-react with wild type peptide. Other groups have designed APL for another 

immunodominant Her-2/neu-derived peptide, GP2,654.662). which binds poorly to the HLA-

A*0201 molecule (103, 128). The findings of Tanaka et al. (103) demonstrated that CTL 

generated with multiple stimulations with a GP2 altered peptide ligand induced wild type 

GP2-specific responses from normal donors. 

Further insight into predicting peptide binding to increase both the afHnity for 

HLA molecules as well as immunogenicity will aid in the design of effective peptide 

therapeutics for the treatment of cancer. 
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CHAPTER V 

discussion 

These studies contribute to the rapidly advancing field of peptide immunotherapy. 

Based on preferred HLA-A*020l primary and auxiliary binding residues and naturally 

occurring tumor peptides, altered peptide ligands (APL) were rationally designed and 

shown to exhibit the following clinically beneHcial characteristics: (i) increased affinity 

for the HLA-A*0201 molecule compared to wild type tumor peptides and (ii) the ability 

to activate CTL that recognize and lyse target cells expressing wild type peptide. These 

findings provide useful information in the development of APL that will be presented in 

the context of HLA molecules on the cell surface for longer periods of time, thereby 

increasing the ability of the APL to activate T cells, regardless of the inherently weak 

affinity of a T cell receptor (TCR) for self-peptide presented by tumor cells. 

While it is possible to rationally design peptides to fit the aforementioned criteria, 

these results demonstrate that one cannot merely predict peptide sequences that will have 

increased affinity for HLA molecules and will result in increased immunogenicity. For 

example, gplOO APL 1, designed to increase the afHnity for HLA-A*0201, bound poorly 

to HLA molecules and as a result, was unable to activate melanoma-derived CTL lines, 

as measured by EFN-y secretion. Amino acid modifications were introduced into the first 

four HLA-binding residues of the wild type peptide, potentially resulting in 
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conformational changes within the peptide that was not ideal for HLA-A*0201 binding. 

Additionally, while gplOO APL 3 demonstrated the highest affinity for HLA-A*0201 

compared to all gplOO APL, its presentation resulted in activation (IFN-y secretion) by 

only one of nine CTL lines. Similar to APL 1, identical amino acid modifications were 

introduced into positions one, two and three, and despite increased HLA binding, the 

peptide conformation was most likely altered, rendering APL 3 unrecognizable to the 

TCR. Finally, Her-2/neu APL 2 had minimal amino acid modifications introduced into 

the peptide (positions one and two), yet only one of five normal HLA-A2* donors 

generated a specific APL 2 response. These findings stress that while knowledge of 

anchor and auxiliary residues is useful in the design of tumor APL, in vitro analysis must 

always be performed to accurately assess peptide characteristics and the ability of APL to 

engage the cellular arm of the immune system. 

Immunologic evaluation of the ability of tumor APL to activate CTL was 

measured in vitro by IFN-y production (either by ELISA or ELISPOT) and lysis of target 

cells expressing wild type peptide. In both the gplOO(209.2i7) and Her-2/neU(369.377, peptide 

models, cells specific for wild type secreted IFN-y when challenged with tumor APL. 

Cytokine production is beneficial in vivo as IFN-y (i) serves to attract multiple subsets of 

inunune cells that can aid in tumor cell destruction (123) and (ii) can induce the up-

regulation of HLA molecules expressed on tumor ceils (129, 130), increasing antigenic 

peptide display. Chromium^' release assays were performed to analyze antigen 

recognition by T cells. Melanoma cells expressing wild type gplOO were lysed by CTL 
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capable of gplOO APL recognition. Likewise, Her-2/neu APL-specific cells lysed target 

cells pulsed with wild type Her-2/neu E75 peptide. Although lysis of a breast cancer cell 

line which weakly expressed the Her-2/neu antigen was not observed by either E75 or 

APL-specific T cells, the inability of Her-2/neu-specific lymphocytes to kill these tumor 

cells can be explained by the low expression of antigen on the tumor cell surface. 

Nonetheless, CTL activated by tumor APL were capable of recognizing and killing 

targets expressing the appropriate tumor peptide. Collectively, the results of these assays 

provide direct evidence that tumor APL stimulate CTL that can mount specific responses 

against tumor-derived peptides. 

Peptide immunotherapy strives to break tolerance to self-antigens that are usually 

overexpressed by tumor cells. The goal is to 'awaken' pre-existing tumor-specific T cells 

that have low affinity for self peptide-HLA complexes and re-direct these cells towards 

an anti-tumor response. As demonstrated, gp 100 APL stimulation of CTL specific for 

wild type tumor peptide resulted in cytokine secretion and lysis of tumor cells. An 

alternative mechanism that may contribute to the success of peptide therapy involves the 

activation of CTL that are specific for tumor APL and can cross react with wild type 

peptide. Indeed, studies involving Her-2/neu APL demonstrated that PBMC cultures 

stimulated with APL also produced IFN-y in response to wild type E7S peptide and lysed 

target cells expressing E7S support this mechanism. 
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While investigating the ability of gplOO APL to stimulate nine CTL lines 

generated from patients with metastatic melanoma it became evident that different lines 

responded to different peptides. These findings suggest that the administration of several 

APL for the same epitope may be effective at stimulating a broader T cell response in 

vivo. It is impossible to predict which group of patients will respond to certain APL. A 

multi-peptide immunotherapuetic approach may be best to elicit an effective anti-tumor 

cellular immune response. In fact, in a clinical study by Banchereau et al. (100) in which 

patients with melanoma were vaccinated with autologous dendritic cells (DC) pulsed 

with multiple melanoma-derived peptides, regression of tumor metastases was observed 

in seven of ten patients who generated immunity against more than two of the 

immunizing melanoma peptides. In contrast, tumor progression was observed in two 

patients that failed to respond to less than two tumor peptides. Hence, administration of 

multiple peptides for multiple epitopes may best serve to generate a potentially broadly 

applicable vaccination strategy for cancer patients. 

It is important to be cognizant of the potential to induce autoinunune responses 

when attempting to elicit effective immune responses to self-antigens. A delicate balance 

exists between the generation of beneficial anti-tumor responses and the generation of 

harmful autoinmiune responses, as tumor associated antigens (TAA) are expressed on 

both transformed and non-transformed cells, respectively. In transgenic mouse strains 

that expressed tumor antigens on both tumor cells and on normal pancreatic cells, anti

tumor immunity coupled with the onset of fatal autoinmiunity was observed (131). 
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However, in several clinical trials involving peptide administration to patients with 

metastatic melanoma, few patients were diagnosed with vitiligo (100, 132, 133). Again, 

no signs of peptide-induced autoimmunity were observed when patients with breast, 

ovarian, lung, colon or prostate cancer were vaccinated with the Her-2/neu-derived E75 

peptide (134). Therefore, while clinicians should be mindful of a potential for the 

development of autoinmiunity, to date, peptide immunotherapy appears to be safe and 

well tolerated by the majority of cancer patients treated. 

Another strategy to improve the capacity of CTL stimulation by tumor-derived 

peptides is to alter amino acid residues predicted to contact the TCR. Modifications of 

TCR contact residues have been shown to induce a milieu of biological consequences for 

the T cell. These include TCR antagonism, anergy and differentiation. Salazar et al. (135) 

altered a peptide derived from the carcinoembryonic antigen (CEA) at a TCR contact 

residue and demonstrated an increase in cytokine release from a CTL line specific for the 

wild type peptide. This study in conjunction with the fmdings reported here suggest that 

modifying both HLA anchor and auxiliary residues is useful in designing peptides with 

increased affinity for HLA molecules that stimulate CTL specific for wild type and 

further modification of these peptides at TCR contact residues may additionally increase 

the stimulatory capacity for T cells. 

Utilizing peptides for immunotherapeutic purposes is advantageous in that they 

are devoid of oncogenic potential, easy to synthesize, well tolerated and chemically 
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stable. Despite these beneficial properties, small L-amino acid peptides can be rapidly 

degraded by peptidases and cleared from the body (136). A potential mechanism to 

improve the effectiveness of peptide immunotherapy is to increase peptide stability. D-

amino acids are also found in nature but are never incorporated into proteins (137). D-

amino acids have the potential to possess longer half-lives in vivo due to increased 

protease stability as compared to L-amino acids (138, 139). Classical examples include 

somatosin and vasopressin. These naturally occurring peptides have short half-lives in 

vivo and have been used as therapeutic reagents when modified forms, that incorporated 

D-amino acids into peptides, were synthesized to yield longer half-lives. These findings 

imply that the introduction of D-amino acids into tumor peptides may provide a means to 

increase peptide stability in vivo. 

Peptide immunotherapy will continue to gain popularity and increased success as 

ongoing studies ascertain the optimal clinical setting for peptide therapeutics. For 

instance, several DC trials are underway to determine the effective dose for DC 

vaccination, the ideal route of administration (i.e. subcutaneous, intra-tumoral) as well as 

the precise DC vaccination schedule. The accomplishment of these milestones will aid in 

the determination of the most clinically effective means of delivering peptide to activate 

anti-tumor CTL. 

In summary, we have demonstrated that altered peptide ligands derived from 

tumor antigen peptides of both melanoma and adenocarcinomas can be rationally 
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designed to increase the binding aftinity for HLA molecules (compared to wild type 

tumor peptide), and that these modiHcations result in peptides that activate CTL from 

both cancer patients and normal HLA-A2* donors. Modification of tumor peptides by the 

substitution of sub-optimal with optimal HLA anchor residues is an ideal approach to 

increase the potential antigenicity of peptides for use in cancer immunotherapy. 
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APPENDIX A 

MEDIA AND BUFFERS 

Complete Iscove's Dulbecco's Medium fclMDM^ 
500 ml IMDM (Life Technologies, Rockville, MD) 
5ml amphotericin B (ICN, Costa Mesa, CA) 
100 U/ml penicillin-streptomycin (Life Technologies, Rockville, MD) 
2mM L-glutamine (Life Technologies, Rockville, MD) 
SOml heat inactivated FBS (Gemini Bioproducts, Calabasas, CA) 
filter sterilize with 0.2^m filter 

Complete RPMI (cRPMI) 
500 ml RPMI (Life Technologies, Rockville, MD) 
5ml amphotericin B (ICN, Costa Mesa, CA) 
100 U/ml penicillin-streptomycin (Life Technologies, Rockville, MD) 
2mM L-glutamine (Life Teclmologies, Rockville, MD) 
50ml heat inactivated FBS (Gemini Bioproducts, Calabasas, CA) 

Incomplete RPMI fiRPMI) 
500 ml RPMI (Life Technologies, Rockville, MD) 
5ml amphotericin B (ICN, Costa Mesa, CA) 
100 U/ml penicillin-streptomycin (Life Technologies, Rockville, MD) 
2mM L-glutamine (Life Technologies, Rockville, MD) 

Phosphate Buffered Saline f ID 
8.0 NaCl (Fisher Scientific, Fair Lawn, NJ) 
0.2g KCl (Fisher ScientiHc, Fair Lawn, NJ) 
0.2g KH2PO4 (Fisher Scientific, Fair Lawn, NJ) 
l.l5g Na2HP04(Fisher ScientiHc, Fair Lawn, NJ) 

Tetramer Flow Buffer 
100ml PBS 
5ml heat inactivated FBS (Gemini Bioproducts, Calabasas, CA) 
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APPENDIX B 

HLA-A*0201-BINDING PEPTIDES USED 

Peptide description Residues Sequence 

Melanoma peptides: 
gplOO 
g209-2M 
gp 100 APL 1 
gplOO APL 2 
gplOO APL3 
gplOO APL 4 

209-217 ITDQVPFSV 
IMDQVPFSV 
FLFEVPFSV 
FLDQVPFSV 
FLDEVPFSV 
ILDQVPFSV 

Her-2/neu peptides: 
E75 
E75 APL 2 
E75 APL 5 

369-377 KIFGSLAFL 
FLFGSLAFL 
FLFESLAFL 

Negative control peptides: 
Influenza virus matrix 
Hepatitis B virus core 
Epstein Barr Virus LMP-2 

58-66 
18-27 
426-434 

GILGFVFTL 
FLPSDFPSV 
CLGGLLTMV 

HLA-A*0201 binding assay: 
Hepatitis B virus core 18-27 FLPSDCFPSV 

fluorescein 

Note: All peptides were solubilized in DMSO (Sigma, St. Louis, MO) and stored at -20° 
C until use. 
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APPENDIX C 

DETERMINATION OF ICjo FOR ALTERED PEPTIDE LIGANDS 

Relative peptide affinity for the HLA-A*0201 molecule was determined according to the 
following protocol: 

1. T2 cells (IxlO^ total cells) were washed twice with RPMI 1640 in the absence of 
serum. 

2. Recombinant Pzm (2.0 ^g/ml) was added to T2 cells resuspended in RPMI 1640 in 
the absence of serum (in the appropriate amount of RPMI to yield 2(X) |il/tube/pepiide 
concentration to be tested). 

3. One aliquot of 200 ^l of T2 cells/^jin was dispensed into a tube. This served as a 
background control. 

4. The reference peptide (Fl-peptide, FLPSDCFPSV, 1.0 ^.g/ml) was then added to the 
remaining T2/|32m mixture. 

5. One aliquot of 200 p.1 of T2 cells/Pzm/Fl-peptide was dispensed into a tube. This 
served as the fluorescence control. 

6. The remaining T2 cells/Pjin/Fl-peptide mixture was dispensed into tubes (200 
|il/tube). 

7. The appropriate amounts of altered peptide ligands (APL) were added to the T2 cells, 
so that a range of peptide concentrations (i.e. 0.1, 0.5, 1.0, 5.0, 10.0, 20.0 |ig/ml) was 
represented to determine the amount of peptide needed to inhibit the binding of the 
Fl-peptide by 50%. 

8. Cells were incubated for 16-18 hours at 26°C-28°C in a 5% COj incubator. 
9. Cells were then washed with PBS (4ml/tube) prior to flow cytometric analysis. 
10. Mean Fluorescence Intensity (MFI) values were used to determine inhibition of the 

R-peptide from binding to HLA-A*0201 molecules by the altered peptide ligands. 
Percent inhibition was calculated as: 

[l-((Mn T2 + n-peptide + APL) - (MFI T2 + pjm)) / 
((MH T2 + Fl-peptide) - (MH T2 + p,m))] x 100. 

11. The percent inhibition values were graphed (APL peptide concentration represented 
on the X-axis and percent inhibition represented on the Y-axis). 

12. Using the Excel graphing program (Microsoft 98), trendlines were generated for each 
APL tested. 

13. The equation derived from best-fit line was used to determine the ICjo of the peptides. 
The Y value was 50 (in order to determine the peptide concentration needed to inhibit 
50% of the Fl-peptide) and the equation was solved for X (yielding the ICjo value of 
the peptide). 
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APPENDIX D 

IRRADIATION OF PBMC FOR STIMULATION OF CTL CULTURES 

PBMC were prepared for irradiation as follows: 
1.Quickly thaw frozen cells in a 37°C water bath. 
2. Place cells in a 50 ml conical tube and wash cells with 50 ml of PBS. 
3. Centrifuge the cell suspension for 8 minutes at 1200 rpm. 
4. Remove the supernatant and resuspend cells in 0.5 ml of cIMDM. 
5. Irradiate PBMC by placing the conical tube 45 cm from the cobalt source with the jaws 

opened at 32 x 32 cm for the appropriate length of time, as determined by the 
following calculation: 

exposure time (minutes) = dose (Gv) + 0.015 
cobalt decay rate* (cGy/minute) x 3.68 

*The decay rate varies daily and its value is determined by the Arizona Cancer Center 
Irradiation Facility, Tucson, Arizona. 
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APPENDIX E 

DETERMINATION OF CELL CONCENTRATION 

Cell viability was determined by staining cells with Trypan Blue Dye (Life Technologies, 
Rockville, MD) according to the following protocol: 

1. Ten ^1 of Trypan Blue Dye was mixed with 10.0 ^1 of the cell suspension. 
2. A 10.0 ^l aliquot of the dye-cell mixture was loaded onto a hemocytometer (American 

Optical Scientific Instruments, Buffalo, New York) for counting under a microscope. 
3. Four quadrants were counted and cell concentration was determined by the following 

formula: 

cells/ml = (number of cells counted/number of quadrants counted) 
X dilution factor x 10** 
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APPENDIX F 

STATISTICAL ANALYSES 

Cytokine concentrations and lysis of target cells by CTL were compared using 
two-tailed, paired Student t-tests. Data sets are shown as average ± SEM. For all 
analyses, probability values (p) of <0.05 were considered to indicate significant 
differences between data sets. 
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