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PREFACE

Conventional vaccine strategies proved highly efficacious for decades in
reducing mortality and morbidity due to infectious diseases. The major
drawbacks of conventional vaccines, such as those including whole organ-
1sms or large proteins, seem to be the inclusion of unwanted antigens that not
only contributes little to the protective immune response but also are likely
to promote allergenic and/or reactogenic responses. Thus, peptide vaccines
are an attractive alternative strategy based on the engineering of short peptide
fragments that induce highly targeted immune responses, allowing the
avoidance of allergenic and/or reactogenic reactions. A successful vaccine
candidate should meet several criteria: immunogenicity, specificity, protec-
tive activity, and durability. First, it should be immunogenic, 1.e., it should
be able to elicit an immune response, both humoral and cell-mediated, that
leads to the blocking and eradication of the disease-causing agent and clear-
ance of the affected cells. Second, this immune response must specifically
target (bind with a certain affinity) the region on the pathogen that has been
mimicked by the immunogen used as a vaccine, that being a peptide, a
protein, or a whole organism, and it must avqid cross-reaction with other
self-antigens to prevent autoimmunity. Third, the elicited immune response
should be able to prevent the establishment of a disease if the aim is to pursue
a prophylactic vaccine, which is usually the case in pathogen-mediated infec-
tions, including prions. Finally, the vaccine must be able to induce the pro-
duction of B and T memory cells, both required to ensure re-elicitation of
the protective immune response should the organism encounter the patho-
genic agent even years after immunization (Apellaniz & Nieva, 2015).

A peptide vaccine usually consists of one or more peptide sequences of
more than 15 amino acids long that induce B and T cell simulation when
presented by itself or bound to carrier proteins, scaffolds, or supramolecular
complexes (e.g., liposomes). Moreover, peptides from one or several strains
of the same pathogen might be included to ensure proper coverage of path-
ogen variability. Some peptide-based formulations devised following these
strategies have rendered vaccines effective in preventing viral infection in
animals (Bittle et al., 1982; Langeveld et al., 1994).

First chapter in this volume discusses new promising strategies of peptide
vaccine development recently progressed in preclinical and/or clinical stage
with main focus on the roles of peptides in the vaccine formulation from

Xi



xii Preface

epitope to adjuvant. Second article in this thematic volume gives an over-
view of applications of lipid vesicles (liposomes) to the development of
membrane-proximal external region-targeting vaccines, both as type
B adjuvants and epitope structure-shaping devices. This chapter introduces
a new paradigm in peptide vaccine development: the structural stabilization
of peptide epitopes through contacts with the membrane surface. The third
chapter in this volume discusses strategies for developing successful prophy-
lactic and therapeutic vaccines using lipoprotein-based immunogens that are
safe, cost-eftective, and suitable for human use. Authors support their point
of view with a number of examples that demonstrate the merit of lipopro-
teins with intrinsic adjuvant properties for novel vaccine development. In
the fourth chapter, authors review a strategy for improving the efficacy of
peptide vaccines. They discuss recent studies providing a potent method
of epitope screening and antibody production without conventional carriers.
Instead, they adopted Lipoplex(O), comprising a natural phosphodiester
bond CpG-DNA and a specific liposome complex, as an adjuvant.
Lipoplex(O) induces potent stimulatory activity in humans and mice, and
immunization of mice with several peptides co-encapsulated with
Lipoplex(O) without carriers significantly induces each peptide-specific
Ig(G2a production. This strategy can be applied in development of therapeu-
tic antibodies or in defensé against pandemic infectious diseases through
rapid screening of potent B cell epitopes. In the fifth article of the thematic
volume, authors discuss several different chemistries that have been pursued
to obtain novel platforms onto which antigenic epitopes can be tethered,
with the aim to achieve a higher antibody response. In this regard, they
review the chemical strategies developed for the presentation of peptide
epitopes. The final sixth chapter in this volume focuses on the role of muta-
tions in viral proteins for the design strategy of vaccines against the viruses,
which has been exemplified in hepatitis B virus.

The aim of this volume is to promote further research and development
in the design of peptide vaccines in order to achieve highly targeted immune
responses against different pathological conditions while avoiding allergenic
and/or reactogenic reactions.

Dr. ROSSEN DONEV
Biomed Consult Ltd.



Preface xiii

REFERENCES

Apelliniz, B., & Nieva, J. L. (2015). The use of liposomes to shape epitope structure and
modulate 1mmunogenic responses of peptide vaccines against HIV. MPER. Advances
in Protein Chemistry and Structural Biology, 99, 15-54.

Bittle, J. L., Houghten, R. A., Alexander, H., Shinnick, 'T. M., Sutcliffe, ]. G., Lerner, RUA_,
et al. (1982). Protection against foot-and-mouth disease by immunization with a chem-
ically synthesized peptide predicted from the viral nucleotide sequence.  Nature,
298(5869), 30-33.

Langeveld, J. P., Casal, J. 1., Cortes, E., van de Wetering, G., Boshuizen, R. S,
Schaaper, W. M., et al. (1994). Effective induction of neutralizing antibodies with the
amino terminus of VP2 of canine parvovirus as a synthetic peptide. Vaceine, 12(15),
1473—1480.



CONTENTS

Contributors

Preface

1.

Peptide Immunotherapy in Vaccine Development:
From Epitope to Adjuvant

Hyun Yang and Dong Seok Kim

Introduction

Cancer Vaccine

Allergy Vaccine

Alzheimer's Disease Vaccine

v bW N =

Adjuvant and Delivery
6. Perspectives and Conclusions
References

The Use of Liposomes to Shape Epitope Structure
and Modulate Immunogenic Responses of Peptide
Vaccines Against HIV MPER

Beatriz Apellaniz and José L. Nieva

Introduction

MPER: A Site of Vulnerability on HIV-1 Env and a Linear Epitope
Structural Organization of MPER

Lipid Vesicles: Adjuvants and Devices to Shape MPER Structure

vk w2

Immunogenicity Studies of MPER-Derived Peptides in Liposomes
References

Recombinant Lipoproteins as Novel Vaccines with
Intrinsic Adjuvant

Pele Chong, Jui-Hsin Huang, Chih-Hsiang Leng, Shih-Jen Liu,
and Hsin-Wei Chen

Introduction

Establishment of High Expression Recombinant Lipoprotein System
The Lipid Structure of Lipoprotein

Recombinant Lipoprotein with Intrinsic Adjuvant Properties

LA i o

To Engineer Chimeric Lipoproteins with Intrinsic Adjuvant for
Novel Vaccine Development

Xi

O O & O N =

15

16
18
23
33
38
46

55

56
58
59
62

64



vi

Contents

Recombinant Chimeric Lipoproteins Can Activate BMDCs 65
7. A Robustness Up- and Downstream Processes for Lipoprotein

Production 67
8. Recombinant Lipoprotein-Based Subunit Vaccine Induces High

Titers of Neutralizing Antibody and Longer Memory Immune Responses 68

9. Recombinant Lipidated Human Papillomavirus E7 Induces Cellular
Immune Responses and Protective Immunity Against Cervical

Cancer in the TC-1 Mouse Model 70
10. Conclusion 70
Acknowledgment 71
References 72

Perspective of Peptide Vaccine Composed of Epitope Peptide,

CpG-DNA, and Liposome Complex Without Carriers 75
Younghee Lee, Young Seek Lee, Soo Young Cho, and Hyung-Joo Kwon
1. Introduction 76
2. Licensed Adjuvants 78
3. CpG-DNA: Adjuvant 79
4. Phosphodiester Bond CpG-DNA 81
5. Liposomes: Adjuvants 82
6. Adjuvants for Peptide Vaccine 83
7. Peptide Vaccine Composed of Epitope Peptide, CpG-DNA, and Liposome
Complex Without Carriers 84
8. Perspectives 89
Acknowledgments 90
References 91
Chemical Platforms for Peptide Vaccine Constructs 99

Suhas Ramesh, Prabhakar Cherkupally, Thavendran Govender,

Hendrik G. Kruger, Fernando Albericio, and Beatriz G. de la Torre

1. Introduction 100
2. Multiple Antigenic Peptide System Using a PolyLys Core: A Boon

to Synthetic Peptide Vaccines 102
3. Synthetic Antigen Carrier Bearing N-(S-acetylmercaptoacetyl)-Glutamyl

Residues 104
4, Thioester as a Replacement for Natural Peptide Bond

(Chemical Ligation): Construction of Proteins 105
5. Synthetic Peptide Dendrimer with Thiazolidinyl Pendant 107

Oxime Chemistry for Synthetic Peptide-Based Vaccines 108



Contents vii
7. Polyoxyethylene-Based Heterobifunctional Cross-Linking Reagents 109
8. Double Orthogonal Chemoselective Ligation via a Hydrazone Linkage 110
9. Multiple Antigenic Peptides with Synthetic Chimeric Epitopes 111
10. Gold Nanoparticles as Antigen Carriers 12
11. Branched Lipopeptide Candidate Vaccine 114
12.  Antigenic Mimicking with Cys-Based Cyclized Peptides 115
13. “Reverse” Thioether Ligation as an Alternative Route for MAPs
Construction 116
14. Self-Adjuvanting Polymer Peptide Conjugates as Therapeutic
Vaccine Candidates 117
15. Maleimide as a Tool to Increase Peptide Immunogenicity 119
16. Tetra-Branched Maleimido Derivatives as Platforms for Vaccine
Preparation 120
17. Bromomaleimide-Hexanoic Acid as a Linker for Multibranched
Peptides 121
18. Comparative Account of Different Presentation Systems for
HIV Peptide Immunogen 124
19. Merits and Demerits of Chemoselective and SPPS Reactions:
M2e Epitope of Influenza Virus as a Case Study 125
20. Summary and Outlook 126
Acknowledgment 127
References 127
6. Understanding Amino Acid Mutations in Hepatitis B
Virus Proteins for Rational Design of Vaccines and Drugs 131
Ke Shen, Li Shen, Jing Wang, Zhi Jiang, and Bairong Shen
1. Introduction 132
2. Mutation Data and Distribution Analysis 135
3. Bioinformatics Analysis of the Mutations 143
4. Discussion and Conclusion 150
Acknowledgments 151
References 151
Author Index 155
Subject Index 173



> > CHAPTER ONE

Peptide Immunotherapy in
Vaccine Development: From
Epitope to Adjuvant

Hyun Yang, Dong Seok Kim'

Reescarch and Development Center, Peptron, Ine., Dacjeon, South Korea
| . < .
Corresponding author: e-=mail address: dskim@peptron.co kr

Contents

Introduction

Cancer Vaccine

Allergy Vaccine

Alzheimer's Disease Vaccine
Adjuvant and Delivery
Perspectives and Conclusions
References

o s WN ~
© 0oV =

Abstract

Vaccines are designed to educate the host immune system to prevent infectious disease
orto fight against various diseases such as cancers. Peptides were first employed to pro-
vide specific immune responses while minimizing unintended allergenic or reactogenic
adverse effects. Discoveries of virus or cancer-specific antigens and the advanced knowl-
edge of immunology accelerate the peptide vaccine development. Despite the over-
whelming research pipelines, a very few of them reached to market approvals or
phase Il clinical trials, because of the lack of efficacy. Several strategies for the next gen-
eration peptide vaccines are devised to overcome the weak immunogenicity and the
poor delivery. In this review, we discuss the new promising strategies of peptide vaccine
development which are recently developed in preclinical and/or clinical stage focusing
the roles of peptides in the vaccine formulation from epitope to adjuvant. Additionally,
we discuss the future perspectives of peptide vaccine and immunotherapy.

1. INTRODUCTION

Synthetic peptide vaccines are usually composed of 20-30 amino acids
containing the specific epitope of an antigen related to infectious and/or
chronic diseases including cancers. Peptide vaccines theoretically have sev-

eral advantages over other types of vaccines such as conventional vaccines

Advanees in Protetn Chemistry and Stnictural Biology, Volume 99 1 2015 Elsevier Inc. 1
ISSN 1876-1623 All rights reserved.
http://dx.doi.org/10.1016/bs.apesh.2015.03.001
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Figure 1 Current development of peptide vaccine (2015).

and newly developed DNA or cellular vaccmes (Ingolotti, Kawalekar,
Shedlock, Muthumani, & Weiner, 2010). Easy synthesis with low cost,
increased stability, and relative safety are generally demonstrated in numer-
ous preclinical and clinical studies. In addition, peptide vaccines have no
limitation in target diseases from virus infection to Alzheimer disease and
even allergy (Fig. 1A) (Larche, 2007; Mocellin, Pilati, & Nitti, 2009;
Nava-Parada, Forni, Knutson, Pease, & Celis, 2007; Park et al., 2014). Pep-
tide vaccines can be designed with selt- or nonself~antigen to properly bal-
ance the immune responses, which is not possible for conventional vaccines
(Purcell, McCluskey, & Rossjohn, 2007). However, it was recently
reported that no peptide vaccine 1s approved by FDA, although more than
500 peptides had progressed to clinical trials (L1, Joshi, Singhama, Ramsey, &
Murthy, 2014). According to Clinical Trials.gov, a public database which is a
service of the U.S. National Institute of Health, there are 73 clinical trals in
phase I, 65 clinical trials in phase 11, and 4 clinical trals in phase 111 in the
search result of peptide vaccine in March 2015 (Fig. 1B). The series of
failures in peptide vaccines in clinical trials suggest several issues critical
for the successtul development of peptide vaccines. These include (1) limi-
tation of single peptide epitopes as vaccine candidates, (2) an immune
evasion, (3) the failure to elicit the controlled and prolonged mmmune
response, (4) a lack of efficacy, and (5) the inappropriate design of clinical
trials. In this review, we discuss the roles of peptides in vaccine formulation
focusing on the innovative approach overcoming those limitations in the

recent clinical studies or the researches close to clinical development.

2. CANCER VACCINE

The rational of cancer vaccine development is that tumor cells can be

eradicated by induction of cytotoxic T lymphocyte (CTL) response against
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Figure 2 Rational design of peptide vaccines for specific diseases.

tumor-associated antigen (TAA) (Fig. 2) (Inoda et al., 2011; Melief & van
der Burg, 2008). TAAs are generally processed in antigen-presenting cells
(APCs) and presented to T cells in a human leukocyte antigen (HLA)-
restricted pathway (Hirano et al., 2006; Parmiani et al., 2002). TAA-specific
CTL can be activated and attack cancer cells recognized by TAA expression
(Parmiani et al., 2002). Many peptide cancer vaccines are designed to stim-
ulate T cells but most of them failed to show clinical benefits in clinical trials
even though some of the vaccines successfully activated APC and TAA-
spectfic T cells. The lack of vaccine efticacy was thought to result from
HLA restriction, diversity of cancer phenotype, and immune evasion
(Chentoufi et al., 2010; Khong & Restifo, 2002). To overcome these lim-
itations, multiple peptides are employed in the development of cancer vac-
cine formulation rather than a single peptide.

IMA901 (Immatics) is a peptide cancer vaccine composed of multiple
tumor-associated peptides (TUMAPs) using GM-CSF  as  adjuvant
(Walter, Weinschenk, Reinhardt, & Singh-Jasuja, 2013; Walter et al.,
2012). TUMAPs consist of 10 different peptide epitopes (Fig. 3), which
are found to be overexpressed in the majority of renal cell carcinoma
(RCC) (Bedke & Stenzl, 2013; Rausch, Kruck, Stenzl, & Bedke, 2014).

In a phase II clinical trial of IMA901, a randomized trial with 68 HLA-
A*02-positive RCC patients, the group 1 patients (n=35) received IMA901
while the group 2 patients (n=33) received IMA901 with the pretreatment
of cyclophosphamide (300 mg/m, n=235) or IMA901 preceded by a single
immune modulatory dose of 1.v. cyclophosphamide (group 2 [n=233];
300 mg/mz) (Pal, Hu, & Figlin, 2013; Walter et al., 2012). The patient
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Figure 3 Tumor-associated peptides (TUMAPs) in IMA901 cancer vaccine.

groups then received up to 17 injections of IMA901 plus GM-CSF over a
period of up to 9 months (Walter et al., 2012). Among those patients that
elicited an immune response to IMA901, cyclophosphamide pretreatment
was associated with a significantly prolonged survival (Rausch et al.,
2014; Walter et al., 2012). However, cyclophosphamide pretreatment
had no impact on survival in the subset of patients who lacked an immune
response. IMA901 1s currently in a phase III chnical tnal and has been
granted orphan drug designation in the United States and Europe for the
treatment RCC in HLA-A*02-positive patients.

On the other hand, GV1001 (KAEL-GemVax) is a cancer vaccine com-
posed of a single synthetic peptide containing multiple epitopes in a
16-amino acid-long peptide. The peptide is derived from the human telo-
merase reverse transcriptase (Brunsvig et al., 2006; Park et al., 2014).
Because GV 1001 could bind to multiple HLA class I and HLA class 11 mol-
ecules (Kyte, 2009), it may therefore elicit combined CD4/CD8 T cell
response, considered important to initiate tumor eradication and also
long-term memory (Raval, Sharabi, Walker, Drake, & Sharma, 2014). In
a phase II study with advanced pancreatic cancer patients, GV1001 showed
total immune responses (63%) and a greater median survival (216 days;
146-323) in immune responders than in nonresponders (88 days; 53—190)
(Bernhardt et al., 2006; Middleton etal., 2014). However, in a three-group,
open-label, randomized phase III trial with locally advanced or metastatic
pancreatic cancer patients, GV1001 fails to improve overall survival. Inter-
estingly, cytokine analysis for the prediction of biomarker revealed that in
the subset of patients with high cotaxin (CLL11) level GV1001 improved
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the median overall survival (high eotaxin=14.8 vs. low cotaxin=7.9)
(Neoptolemos, 2014). Although the efficacy of GV1001 depending on
eotaxin levels should be examined in a large phase Il clinical trial,
GV1001 recently received new drug approval in Korea for the pancreatic
cancer patients with high level of eotaxin.

3. ALLERGY VACCINE

In normal physiological condition, body’s immune system operates in
steady-state condition to maintain immune homeostasis (Liu et al., 2007).
However, abnormal failure of this homeostasis results in immune disorders
such as autoimmune diseases and allergies (Burton & Oettgen, 2011). As we
more understand the immunopathological events in immune-related diseases
through the series of clinical studies, many innovative immunotherapies have
been designed including vaccines.

Cat-Pad (Circassia) is a cat allergy vaccine composed of seven synthetic
peptide immunogen-regulatory epitopes originated from the major cat aller-
gen Fel d 1 (Worm, Patel, & Creticos, 2013). Because native allergen or long
peptides can induce allergenic responses, Cat-Pad employed seven short
peptides (13—17 amino acids) derived from binding analysis to common
HLA-DR molecules (Table 1) which enable the peptides to bind to broad
range of HLA molecules (Worm et al., 2013). In the randomized, double-
blind, placebo-controlled study (phase 11b), the vaccine was well tolerated
and demonstrated clinical benefits in both Total Rhinoconjunctivitis

Table 1 Fel d 1 Peptide Sequences in Cat-Pad, a Cat Allergy Vaccine
Peptide Origin Length Epitope Sequence

Fel d 1 chain 1 (3-15) 13 DR3,15 CPAVKRDVDLFLT

Fel d 1 chain 1 (23-38) 16 DR1,4,11,13,15 EQVAQYKALPVVLENA
Fel d 1 chain 1 (29-45) 17 DIR1,3,4,11,13,15 KALPVVLENARILNCY

DRB4,5
Fel d 1 chain 1 (39-55) 17 DR3,4 RILKNCVDAKMTEEDKE
Fel d 1 chain 1 (54-69) 16 DR11,13,15 KENALSLLDKIYTSPL
Fel d 1 chain 2 (40-55) 16 DR15 TAMKKIQDCYVENGLI
DR B4
Fel d 1 chain 2 (56-71) 16 DIR4,11 SRVLDGLVMTTISSSK

DR B4




