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RECOMBINANT ANTIBODIES FOR IMMUNOTHERAPY

Recombinant Antibodies for Immunotherapy provides a comprehensive

overview of the field of monoclonal antibodies (mAbs), a market that

has grown tremendously in recent years. Twenty-four chapters by

experienced and innovative authors cover the isolation of specific

human mAbs, humanization, immunogenicity, technologies for

improving efficacy, ‘‘arming’’ mAbs, novel alternative Ab constructs,

increasing half-lives, alternative concepts employing non-immuno-

globulin scaffolds, novel therapeutic approaches, a market analysis

of therapeutic mAbs, and future developments in the field.

The concepts and technologies are illustrated by examples of

recombinant antibodies being used in the clinic or in development.

This book will appeal to both newcomers and experienced scientists

in the field, biology and biotechnology students, research and develop-

ment departments in the pharmaceutical industry, medical research-

ers, clinicians, and biotechnology investors.

Melvyn Little’s research group at the German Cancer Research Center

(DKFZ) in Heidelberg was one of the first to develop methods for mak-

ing and screening antibody libraries. After co-founding Affitech (Oslo,

Norway) in 1997, he left the DKFZ in 2000 to found Affimed Therapeu-

tics, a biotechnology company in Heidelberg specializing in the isola-

tion and engineering of human antibodies to treat various diseases,

especially cancer. He has been an extracurricular professor of bio-

chemistry at the University of Heidelberg since 1986.
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Foreword

Antibodies were discovered in 1890 but remained on the periphery of the pharma-

ceutical industry for more than 100 years. Yet within the last 15 years, a succession of

antibodies has been approved for therapy by the United States Food and Drug

Administration (FDA). Unlike natural antibodies which are polyclonal and directed

against infectious disease, almost all those approved by the FDA are monoclonal

antibodies directed against human self-antigens and used for treatment of cancer

and diseases of the immune system.

Two major breakthroughs proved necessary to launch this antibody revolution.

The first breakthrough was rodent hybridoma technology in the 1970s. Antibodies

could now be made against single antigens in complex mixtures and used to identify

the molecular targets of disease. In some cases this allowed disease intervention by

blocking the antigen or by killing a class of cells (such as cancer cells) bearing the

antigen. However, hybridoma technology provided only part of the solution; the

rodent antibodies proved immunogenic and often did not trigger human effector

functions efficiently. The second breakthrough, in the 1990s, was protein engineer-

ing; its application allowed the creation of chimeric and humanized antibodies from

rodent monoclonal antibodies; not only were these less immunogenic than rodent

antibodies, but they more efficiently triggered human effector functions. These chi-

meric and humanized antibodies now account for the majority of the currently

approved therapeutic antibodies.

Nevertheless the field continued to embrace new technologies and to spawn new

approaches, most notably the development of genuine human antibodies in the

1990s. Human therapeutic antibodies were made by selection from highly diverse

antibody repertoires displayed on filamentous phage, and then from mice trans-

genic with human antibody genes. The pace of innovation continued in the new

millennium; antibodies were built from single domains, endowed with enhanced

effector functions or prolonged serum half-life, and even tailored to bind antigen via

engineered constant domains. Earlier approaches, for example those based on cyto-

toxic drugs or radio-immune conjugates, were also re-evaluated. In a field with few

clinically validated targets and a thicket of intellectual property, technological inno-

vation has offered freedom for new biotechnology companies to develop therapeu-

tics based on antibodies or antibody mimics.

Recombinant Antibodies for Immunotherapy, edited by Professor Melvyn Little,

covers both the fundamentals of the technology and the current state of its

xi
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development and concludes with a section on novel therapeutic approaches and an

overview of the market that has driven, and continues to drive, the field. The book

promises to be an essential and most convenient guide to the field.

Sir Gregory Winter FRS

Deputy Director

Laboratory of Molecular Biology and MRC Centre for Protein Engineering

Cambridge, UK

xii Foreword
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Preface

The potential of antibodies as magic bullets for curing disease has excited the imag-

ination of medical researchers ever since this phrase was first coined by Paul Ehrlich

about a century ago. Seventy-five years after the publication of Ehrlich’s side-chain

theory to explain antibody-antigen reactions in 1900, Georges Köhler and César

Milstein invented a means of cloning antibodies with defined specificity that paved

the way for major advances in cell biological and clinical research. They were awarded

the Nobel Prize in Medicine in 1984 for this ground-breaking research. In 1986, the

first monoclonal antibody, the murine mAb OKT3 for preventing transplant rejection,

was approved for clinical use, and although many other murine mAbs were subse-

quently investigated as therapeutic agents, most of them had a disappointing clinical

profile largely due to their immunogenicity. This situation improved dramatically with

the advent of techniques to humanize existing mAbs, followed by technologies that

sought to imitate the generation of specific antibodies by the immune system in vitro.

For example, the expression of antibody fragments in E. coli using bacterial leader

sequences and the use of phage display and later ribosome display facilitated the

selection of specific human antibodies from extremely large libraries. The process

of somatic hypermutation to increase antibody affinity was mimicked by introducing

random mutations. Another major advance for obtaining human antibodies was the

creation of transgenic mice carrying a large part of the human antibody gene reper-

toire, which could be used to produce human antibodies by standard hybridoma

technology. The success of these novel technologies resulted in a first generation of

recombinant antibodies that now account for a large proportion of the market for

biopharmaceuticals, with annual growth rates of almost 40%.

Therapeutic antibodies for cancer rely to a large extent on the recruitment of other

elements in the immune system for their effect; very few of them function as magic

bullets in the sense of ‘‘target and destroy.’’ For example, although antibody binding

to a specific epitope of a cell surface receptor can directly induce strong apoptotic

signals, the effect is usually amplified by cross-linking of the antibody Fc domains

through binding to Fc receptors on immune effector cells such as macrophages and

natural killer cells. Concomitantly, the immune effector cells are activated by the

engagement of the Fc receptors, resulting in an attack on the cells to which they are

bound, a process known as antibody-dependent cell cytolysis (ADCC). The Fc

domains can also activate the complement system, causing complement-dependent

cytolysis (CDC). To what extent cell lysis is caused by direct binding and howmuch is

due to the recruitment of immune effector cells and complement is difficult to quan-

tify, especially in an in vivo system, and in many cases the mechanism of action of

xiii

www.cambridge.org/9780521887328
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-88732-8 — Recombinant Antibodies for Immunotherapy
Edited by Melvyn Little
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

antitumor antibodies remains ill defined. For the action of most cytolytic antibodies,

all three mechanisms are probably involved to a lesser or greater extent. Furthermore,

recent findings suggest that ADCC also contributes to the efficacy of those antibodies

that were previously thought to cause tumor regression solely by blocking the ligand-

binding site of growth hormone receptors.

In the second generation of therapeutic recombinant antibodies now in various

stages of development, novel techniques and creative antibody engineering have

evolved to optimize pharmokinetic and pharmodynamic properties. For example,

the affinity of antibody Fc domains for their receptors on immune effector cells or

to complement has been improved by both random and targeted mutagenesis. Cell

lines have also been generated for altering the glycosyl side chains on the Fc domains

for better Fc-receptor binding. Algorithms and in vitro techniques have been devised

for predicting immunogenicity and selecting the best variants. In addition, the cyto-

toxic potential of antibodies and antibody fragments has been increased by arming

them with toxins, radionuclides, or immune effector molecules such as cytokines. A

large number of novel antibody formats ranging from single variable domains of

approximately 13kDa to full-length antibodies with multiple variable domains of

approximately 200kDa have been constructed to enable a variety of different func-

tions. For example, bispecific antibodies for recruiting T cells to lyse tumor cells have

been engineered without constant domains, thus reducing the risk of cytokine storms

due to extensive cross-linking with Fc receptors. Finally, a variety of novel protein

scaffolds are being investigated as alternatives to immunoglobulin fragments for the

generation of libraries of highly diverse binding molecules that could result in novel

therapeutic drugs. However, as nearly all of the alternative binding molecules are the

same size as or even smaller than single immunoglobulin domain antibodies, their

serum half-lives will probably have to be significantly extended using techniques such

as pegylation or fusion to serum proteins such as albumin.

All of the recombinant antibody technologies just described are covered by the 24

articles in this book, written by recognized experts in their field, many of whom have

pioneered important new techniques. Starting with a description of the technologies

used to generate recombinant antibodies, the following chapters provide a fairly

comprehensive overview, with examples and background information, on how anti-

body efficacy is being improved by decreasing immunogenicity, increasing effector

function through increased Fc-receptor binding, conjugating with cytolytic agents,

using novel formats and scaffolds with multiple valencies and specificities, and

increasing serum half-life. Several promising therapeutic approaches have been

included, such as a novel method for selecting antibodies that specifically lyse tumor

cells, the development of a recombinant antibody prodrug, and the use of novel

recombinant antibodies that target T cells for the treatment of autoimmune disease.

Last but not least, an attempt to forecast future developments in the field of ther-

apeutic recombinant antibodies has been made on the basis of an excellent market

analysis of this rapidly growing field.

M.L.
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