For reprint orders, please contact:
reprints@expert-reviews.com

Designer monoclonal antibodies as
drugs: the state of the art

Expert Rev. Clin. Immunol. 4(3), 305-307 (2008)

Shyam
Mohapatra
Author for correspondence
Department of Internal
Medicine Division of
Allergy & Immunology,
\ JMC Airway Disease &
Nanomedicine Center,
JAH VA Hospital & USF
College of Medicine,
Tampa, FL, USA
smohapat@
health.usf.edu

Homero San Juan
Department of Medicine,
Universidad del Norte,
Km 5 Via Puerto
Colombia, Barranquilla,
Colombia

EXPERT |
| REVIEWS

“...designer antibodies constitute the most rapidly advancing
drug class in the pharmaceutical industry and the second largest
drug class after vaccines.”

With more than 130 antibodies in clini-
cal development, designer antibodies
constitute the most rapidly advancing
drug class in the pharmaceutical indus-
try and the second largest drug class
after vaccines. Monoclonal antibodies
have shown the best track record (17
marketed out of the 18 approved since
1990). Currently, their use is also wide-
spread, encompassing diverse clinical
settings, including oncology and trans-
plantation. They have also found a very
rich niche in certain conditions related
to inflammatory, infectious and cardio-
vascular diseases. The success rate of
drug approval by the US FDA for chi-
meric and humanized antibodies
remains well above 20% compared with
that of small molecular drugs at 11% [1].

The technology involved in their pro-
duction has taken long strides since the
introduction of monoclonal antibody
technology by Kohler and Milstein
which

obtained from the fusion of immortal-

based on hybridomas, are

ized myeloma cells with B cells from
Although this

resulted in the development of anti-

immunized mice [2].

bodies with clinical utility, such as
OKTS3, this approach suffered from seri-
ous shortcomings, preventing compa-
nies from taking full advantage of the
therapy. Such drawbacks included immu-
nogenicity, low effector function, short
half-life (~20 h) and a need for a signifi-
cantly high dose of administration [1.2].
These drawbacks have been conquered
with the tremendous advance in combi-
natorial chemistry, recombinant DNA
technologies, DNA mutagenesis, and
the ability to fuse ‘display and selection’

systems in the same setting (3.4]. Thus,
designer monoclonal antibodies are
antibodies ultimately developed with
conformational structure-based design
of the complete molecule and the func-
tional relevancy of each one of these
fractions. In such engineering, both the
geometric conformation regarding the
binding between the antigen and the
Fab, and those of the sugar moieties that
make up the glycosylation structure are
taken into account. To reduce immuno-
genicity, the candidates are subjected to
different strategies, including chimeriza-
tion and humanization. Chimerization
consists of joining the complete mouse
(Fab), to the constant region of a
human antibody. Humanization con-
sists of placing the complementary
determining region sequences of a
mouse antibody in the context of
human framework sequences from a
variable region, enabling 95% identity
with human antibodies, as schematically
shown in FiGure 1.

“These advances ... are expected
to expand the production of
diagnostic kits for disease
biomarkers and therapeutic
compounds, including
targeted therapeutics.”

All of these elements have synergized,
enabling us to discover new candidates
that are highly specific for the intended
target(s). The present technology actually
probes the best-fit antibodies that are
recovered after several iterations from a
large and diverse library of clones (10'°)
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Figure 1. Technologies used for designer antibodies in clinical trials in 2008.

expressing several combinations of Fv-encoding genes. Several
candidates are then fine-tuned by applying random or directed
DNA mutagenesis. The physical linking of the mutated gene
with its encoded protein makes the recovery of the antibody
with the desired properties and specificities much easier [1.4,5].

These same tools permit the construction of antibodies or
antibody fragments that have multiple specificities, which
potentially favors the recognition of more than one antigen
and increases the avidity of the antibody, the crossactivation
of immune cells and the bridging of an immune cell with its
target. Such tools also permit the construction of antibodies
comprising just the portion of the antibody with the antigen-
binding property, and these single-chain (sc)Fv fragments can
be produced as is, or engineered into larger arrangements
resulting from the multimerization of these scFv fragments
(diabodies, triabodies and tetrabodies) [6]. The engineering of
these formats increases their affinity, stability and clearance
time, reduces complications associated with undesirable
immune reactions and enables the new antibody versions to
carry drugs to their intended targets [1.4].

Presently, the development of therapeutic antibodies relies, to
a great extent, on technologies already in place, such as the
transgenic mouse and phage display and, to a limited extent, on

ribosome mRNA display, yeast display and antibody ¢cDNA
cloning [1,3-5.7). Depending on the display system, robotics and
flow cytometry have facilitated the handling of many different
clones to select those expressing the Fv with promising affinity
properties. These technologies are complemented with a selec-
tion system or bead in order to immobilize or capture specific
phage. The Fv-encoding genes are then mutated using directed
mutagenesis approaches (complementarity-determining region
[CDR] walking, windows mutagenesis, site-directed muta-
genesis, hotspot CDR mutagenesis and site-saturation muta-
genesis) or random mutagenesis approaches (error-prone PCR,
EvoGene and DNA shuffling), or a combination of both. More-
over, a plethora of in vive technologies allow antibody engineer-
ing at the level of single cells, including Escherichia coli, mam-
malian cells or whole animals. Those specific clones are then
propagated and subjected to three to five more rounds of bind-
ing, elution and propagation before selecting individual candi-
dates, sequencing the specific genes and checking using ELISA
(1.31. In addition to antigen-binding specificity and affinity, tak-
ing full advantage of these candidates requires knowledge of
their potential for immunogenicity, effector functions and bio-
logical activity, pharmacokinetics, molecular architecture,
internalization after cell binding and biophysical properties.
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Designer monoclonal antibodies as drugs

The final thrust to reduce immunogenicity consists of
engineering transgenic mice to produce human antibodies, a
simple and robust methodology that involves transfer of
human Vand L minigenes to embryonic stem cells lacking
the Vand L genes and subsequent collection of human anti-
bodies from these mice following injection with the desired
antigens [8]. The approach utilizes i vivo affinity matura-
tions. Of a total of approximately 33 human monoclonal
antibodies produced, five are in Phase III trials, including
antibodies against EGF receptor (EGFR), cytotoxic T-lym-
phocyte antigen 4, receptor activator of nuclear factor-xB lig-
and, Hu-MAX-CD4 and TNE. The success of the applica-
tion of these technologies is evident from the recent approval
by the FDA of panitumumab, a fully humanized antibody
directed against the EGFR for the treatment of EGFR-
expressing metastatic colorectal cancer with disease progres-
sion, which is obtained from transgenic mice expressing
human antibody repertoires [s-10].

Despite these technological advances, there is still room to
improve. The current platforms spend so much time identi-
fying the candidates and, usually, there are few of them,
which have a low-affinity level that needs to be increased by
mutagenesis. Consequently, it is required to develop better
strategies for diversifying the antibody repertoire and, at the
same time, reduce the appearance of nondesirable variables. It
is also an ideal goal to design platforms that make affinity and
expression maturation in overall populations, rather than indi-
vidual clones, which will allow producing high-throughput
systems that could screen thousands of antibodies in parallel.

5 Siegel RW, Coleman JR, Miller KD, 38
Feldhaus M]J. High efficiency recovery and
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These improvements are expected to reduce the processing time
and the cost associated with producing new antibodies [11]. On
the other hand, it is also necessary to create delivery systems or
higher affinity antibodies to reduce the tremendous amount
required to be administered in the clinical settlings.

In summary, the designer monoclonal antibodies remain,
and will continue to be, a source of new drugs. The technol-
ogy of murine monoclonal antibody production, followed by
chimerization or humanization, will be replaced by transgeni-
cally expressed human monoclonal antibodies. Moreover,
structure-based design and display technologies will play a
dominant role in shaping the future antibodies coming to
market. These advances, combined with the FDA fast-track-
ing policy, are expected to expand the production of diagnos-
tic kits for disease biomarkers and therapeutic compounds,
including targeted therapeutics.
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