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B PREFACE

The genomic revolution, which involved sequencing of the human genome
and subsequent development of a number of brilliant platform technologies,
has led to the anticipation that these biomedical advances will lead to the
discovery of new medicines. However, owing to a 15-year cycle from initia-
tion of a drug discovery program to market, commercial success emanating
from the genomics revolution or from the sequencing of the human genome
has not materialized. The report from a recent conference organized by the
Association of American Medical Colleges (AAMC) and the Food and Drug
Administration (FDA) entitled “The Critical Path to Medical Products” noted
that, “[t]hose deciphering the genome had high expectations that these new
discoveries would help select better therapeutic targets. Unfortunately, the
excitement around genomics has not carried over to validation in humans.”
In fact, the number of NDAs (New Drug Applications) approved each year
by the FDA has declined from 53 in 1996 to 35 in 1999 to 17 in 2002 to 15
in 2005. It is too early to conclude that advances in the numbers and quality
of new drugs will not be forthcoming. Nevertheless, the annual decrease in
NDAs is a real concern that has prompted most companies to overhaul their
drug discovery processes, or their organizational structures, and also is related
to an increasing number of mergers and acquisitions. Drugs directed at new
targets likely to have a real impact on disease are desperately needed. In fact,
with ever-increasing competition from generics, bio-similars, and bio-follow
on drugs, the pressure on the pharmaceutical and biotechnology industries
for truly novel medicines with added value to patients and to the health care
system becomes even more essential.

How then can the pharmaceutical and biotechnology industries respond
to the dual needs of increased productivity and novelty? A likely scenario is
to take advantage of the sequencing of the human genome by creating new
paradigms for selection and validation of targets that are causal to disease.
This change of direction presents an enormous new challenge as the sequences
of all 30,000 or so human genes are known, but the linkage of gene sequence
to human disease is not. In prioritizing which genes to approach as drug targets
several issues must be addressed:

® Which genes are causal to, and not just associated with, disease? Which
genes are druggable?

® Which technologies does one need to address these issues?

* How does one proceed upon having chosen a disease gene of interest,
given that 15 or more years of investment will be required, estimated
by some to be at a cost of over $800 million for each new drug?

vii
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e How does one mitigate risk in the face of this required investment?
Failures in Phase III clinical trials owing to lack of efficacy related to
poor choice of target cannot be tolerated.

From our point of view, many of these issues distill down to successful target
validation in drug discovery and clinical development. There is no point in
providing a potential molecular solution for a drug target that does not have
an impact on disease. This book is directed primarily at the overriding issue
of target validation. We have chosen to examine the background leading to a
number of successful new biologic agents; by definition protein drugs such as
antibodies, soluble receptors, or replacement cytokines. The chapters examine
how the targets of these drugs were chosen and validated, what technologies
were used, and what biological and clinical results were obtained in support
of the hypothesis that these targets were linked to human disease.

In general, the following questions must be addressed in the validation of
a target:

o Is the target associated with disease pathology?

s the target expressed by cells linked to disease pathology?

e Is the target expressed in vivo?

* In animal models does efficacy occur at drug concentrations necessary
to interact with the target?

Similarly, there are common issues inherent to preclinical target validation
studies:

e Animal models frequently do not accurately reflect or mimic human
disease processes.

® Species specificity issues sometimes necessitate the use of surrogate
molecules to achieve preclinical proof of concept.

e There is occasional lack of clarity around direct human/animal gene
homologs.

Nonetheless, animal modeling remains a prerequisite step in target identifi-
cation and validation prior to investment in clinical development. A number
of new technologies have evolved that are deployed to address some of these
issues, some of which are described in Section I. Primary among these is the
creation of transgenic mice, in which a gene of interest is knocked out and
the subsequent mouse phenotype is studied. Chapter one describes the genetic
technologies that are deployed in these studies, in which the goal is to knock
out the 5000 genes estimated to be druggable over a 5-year period. It is antici-
pated that a number of genes will be discovered that are causally linked to
disease during the course of this program. Indeed, reference to results obtained
from the study of transgenic mice appears often in subsequent chapters in
this book—Vaddi relies on such data for the choice of CCR-2 as an anti-
inflammatory target, whereas Benson references studies on mice deficient in
IL-12 or IL-23 subunits as a basis for targeting IL-12p40 for immune-mediated
disease.

One can approach targets in the inverse manner by electing a desirable cell
phenotype to be attained by drug action, finding a molecule to effect transfor-
mation to that phenotype by high throughput screening and then discovering
the molecular target or pathway influenced by that compound. This approach
called Forward Chemogenomics is described in chapter two, and is illustrated
by the discovery of Purmorphamine as a small molecule inducer of osteogenic
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differentiation, and subsequent delineation of the hedgehog pathway as being
the pertinent pathway.

As proteinaceous drugs such as soluble receptors and antibodies do not
cross the cell membrane, they generally impact at the extracellular domain of
the pertinent receptor by antagonism, agonism, or removal of the endogenous
ligand or by increasing its concentration. Their success, however, validates
the transduction pathway initiated by agonism at the cell surface as a likely
pathway for successful intervention. Conceptually, then, one can move further
down that same pathway beyond the surface receptor to other intracellular
targets that will also be valid. To do so, the nature of the drug must change
from a protein that cannot enter cells and is not orally absorbed, to a small
molecule capable of entering cells. The physical characteristics required for cell
permeation are also consistent with, but not necessarily completely adequate
for, oral absorption. So the paradigm of moving down a validated transduc-
tion pathway is also that of transitioning from a proteinaceous drug adminis-
tered by systemic routes (intravenous, subcutaneous, intramuscular) to a small
molecule drug given by oral administration. The themes we have developed by
our choice of the chapters solicited are therefore novel technologies required
for target identification (Section I}, validation of disease-associated pathways
by systemically administered biological drugs (Section II), followed by small
molecule approaches directed at targets later in the indicated pathways to
afford orally available drugs (Section III).

This paradigm is illustrated by the epithelial growth factor (EGF-1)
pathway. Cetuximab is an anti-EGF-1 growth factor receptor antibody
approved for the treatment of metastatic colorectal cancer. The EGF-1 recep-
tor is a tyrosine kinase, wherein activation at the extracellular domain of the
receptor by EGF leads to tyrosine phosphorylation on the cytoplasmic domain
of the receptor with subsequent signal transduction. Erlinotib is an orally
active inhibitor of the tyrosine kinase associated with the EGF-1 receptor that
is now approved for the treatment of non-small cell lung cancer (NSCLC) and
pancreatic cancer. Chapter three in Section II describes the role of the EGFR-1
in cancer and subsequent clinical evaluation of cetuximab. In Section III, the
cetuximab story is complemented by chapter nine on the discovery and clin-
ical evaluation of erlinotib, which takes advantage of the signal transduction
pathway validated by cetuximab. Thus, a systemically administered mono-
clonal antibody, while a successful drug in its own right, has validated the
EGF pathway as a viable collection of novel drug targets, and erlinotib is an
orally active small molecule acting in the same pathway as cetuximab.

The paradigm is further enforced by the success of the anti-TNF biolog-
ics, in which biologics such as infliximab, which is a monoclonal anti-TNFa
antibody, and etanercept, a human p75 TNF receptor-IgG Fc fusion protein,
have been demonstrated clinically to have dramatic effects in the treatment of
rheumatoid arthritis and other inflammatory conditions. These biologics have
demonstrated the validity of antagonizing TNF as an anti-inflammatory target.
Many other efforts are now underway to intervene at later points in the TNF
pathway, other than the TNF receptor, in the search of small molecule, orally
available drugs that might have similar positive effects to the systemically
administered TNF biologics. Chapter five in Section II lays the groundwork
of the discovery of the anti-TNF biologics. Elliott’s emphasis is on the demon-
stration of linkage of local production of TNF in the gut wall to the etiology of
Crohn’s disease and to ulcerative colitis. Such basic studies led to a powerful
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new treatment for patients with IBD. As noted earlier, anti-TNF biologics have
also led to powerful new treatments for other inflammatory diseases such as
rheumatoid arthritis. Chapter ten in Section III describes p38 kinase as a target
that impacts on TNF signaling and production, and the chapter eleven relates
to the inhibition of IKK-2 in the NF-KB pathway initiated by TNF-a binding
to its receptor as approaches to oral agents.

We present other chapters in Section II that allow us to continue the theme
of pathway validation by a biologic agent, and follow in Section III with small
molecule approaches directed at the same pathways. In one surprising case, that
of antagonizing the integrin GplIb/lla, the protein agent abciximab proved to
be successful, whereas the follow-up small molecules failed for unanticipated
reasons. These chapters are developed by Jordan and Seiffert and Billheimer,
respectively. In comparison, the hematopoietic cytokine thrombopoietin failed
in the clinic for reasons of immunogenicity, whereas a small molecule mimetic,
eltrombopag is advancing in late phase clinical trials as described by Duffy and
Erickson-Miller. The chemokine receptor ligand CCL is described in Section
II by Das and Yan, whereas the small molecule approach to antagonism is
rationalized by Vaddi in Section III. These studies were also predicated by
the success of the anti-TNF biologics, as cytokines are released by infiltrating
inflammatory cells, the major one being the macrophage, which undergoes
trafficking via the CCR-2 receptor. In some cases only one side is presented
(chapter seven), the respective counterpart likely to be developed in the future.
Another future counterpart would be represented by the success of the anti-IgE
antibody omalizumab, being followed up with a small molecule approach.

We are passionately interested in drug discovery and development. One of
us (SD) is a cell biologist with responsibility for the discovery and preclinical
development of monoclonal antibodies as drugs, whereas the other (BM) has
a chemistry background and leads a small molecule drug discovery effort. We
believe that there is a new paradigm to be explored by linking concepts derived
from successful biologic drugs that must be administered systemically to the
discovery of orally bioavailable small molecules that act in the same signal
transduction pathway. Thus the biologic drug points the way by providing
clinical proof of concept and demonstrating market success for a later chemical
entity that acts in the now-validated pathway. In this book, we attempt to
formalize this approach through presentation of several illustrative examples.

Our intended audience includes biotechnology and pharmaceutical exec-
utives, those working the laboratories in these industries, academics involved
in the basic biology of signal transduction pathways, and students of chem-
istry and biology. The concepts developed in the chapters presented could be
generalized and extrapolated to other new drug discovery efforts. This book
should provide an ideal platform to popularize a new paradigm in drug dis-
covery efforts, and hopefully aid in the translation of current revolutionary
advancements in the biomedical sciences to new medicines.

Brian W. Metcalf
Moraga, CA

Susan Dillon
Radnor, PA
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