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DNA Vaccines Inch Toward Human Use

West Nile Virus Equine Product Gains
Foothold for a Burgeoning Field

Quality Maes
a Difference in
RNA Prep

New methodologies are being
counted on to bring order & re-
peatability to gene expression.

Gail Dutton

launched in December by the Fort Dodge Animal Health
division of Wyeth (www.wyeth.com). That vaccine was
reportedly the first DNA vaccine for any species to be registered with
a government regulatory body. It was also one of the many mile-
stones and advancements in DNA vaccine development and manu-
facturing methods outlined by speakers at the recent International
Society of DNA Vaccines conference in Las Vegas, organized by
BioConferences International (www.bioconferences.com).
Wryeth’s development program proved that DNA vaccines can be as
efficacious as traditional vaccines. “This was proof of concept for DNA
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the case with small molecule drugs. The lat-
ter are covered by the Hatch-Waxman Act,
since small molecules can be chemically syn-
thesized and identical versions produced.

“Historically, there was a fork in the reg-
ulatory road that occurred around 1993
between biologics and well-characterized
biotechnology products. At this time the
latter moved from CBER (Center for
Biologics Evaluation and Research) to
CDER (Center for Drug Evaluation and
Research), and in 1996 the comparability
guidance was issued,” Shankle continued.

“The basis for the differentiation was the
well-characterized designation resulting from
improved manufacturing (more consistent
and better control) and also improved ana-
lytical techniques that facilitated a detailed
description of protein structure, composition
and function,” she added.

According to Shankle, the 1996 FDA
Comparability Guidance ruling addressed
the issue, taking into account improve-
ments in technology for the characteriza-
tion of macromolecules. This allowed more
flexibility in manufacturing facilities and
processes. “The most important assessment
factor for FDA is whether manufacturing
changes translate into significant differ-
ences in safety or efficacy,” she said.

Comparability testing demands that
manufacturers should carefully assess mod-
ifications and evaluate the resulting mole-
cule for similarity to the preexisting prod-
uct through a side-by-side analysis. Shankle
advised that manufacturers should take
advantage of the benefits and flexibility
provided by current comparability regula-
tions, investing in the analytical tools nec-
essary to identify critical attributes of the
molecule early in the process, thus allowing
the monitoring of product quality through
all phases of development.

Shankle’s comments on biosimilar prod-
ucts call to mind ongoing discussions and
proposed legislation regarding biogenerics.
As the technology for characterization has
developed, and as the patents for a number
of biologic drugs are running out, the ques-
tion has become more pressing. The EU has
moved ahead of the U.S. by establishing a
new system for evaluation of biological
medicinal products that assumes that bioe-
quivalence is not sufficient for approval but
rather additional studies will be required.

In the EU legislation, substantial nonclinical
and clinical data are now mandatory.
Marketing authorization applications are sub-
mitted to The European Medicines Agency
and reviewed by the Committee for Medicinal
Products for Human Use. Canada has also
fallen into line with similar legislation.

Currently in the U.S. Congress, the
Waxman-Clinton-Schumer bill is under con-
sideration, and while stalled for some time, it
is expected to move ahead as the new admin-
istration puts forth a comprehensive health-
care overhaul. BIO has voiced concern over
the legislation, which will, no doubt, be a
contentious issue in the upcoming congres-
sional session. Nonetheless, considering the
staggering cost of biopharmaceuticals, there
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is a pressing need to develop a coherent reg-
ulatory process to allow biogenerics to
obtain approval in the U.S.

For many companies, bioprocessing of a
product may involve outsourcing one or
more steps. Paul Mehelic, Ph.D., principal
scientist and group leader at Pfizer
(www.pfizer.com), discussed solutions to
challenges that arise in the course of an
antibody-production project. These include
failure of the scale-up phase to meet expec-
tations, disagreements between client and
contract ~manufacturer  organization
(CMO), changes in personnel midway
through the project, and platform changes
or modifications during the campaign.

Adventures in Outsourcing

In the program that Dr. Mehelic
described, the pilot batch of a monoclonal
antibody produced by the contract manu-

facturing organization fell to a low purity
level, including a high amount of aggre-
gates, excessive host cell protein, and vari-
ous other unacceptable impurities. In addi-
tion, there was a crash of the cell popula-
tion at 340 hours, despite adherence to the
prescribed feeding schedule. In gel separa-
tions, atypical bands and other singularities
were observed.

At this point, Dr. Mehelic’s team was
faced with the decision to either proceed
with evaluating the pilot batch or delay the
program until a new initial lot had been
prepared. Proceeding with the original
pilot batch could save time, but could
result in failure if it did not meet purity and
stability criteria. Because of the substantial
risk, the decision was made to delay GMP
production for six months until the prob-
lem involved in the purification process
could be resolved.

With the recommendations of the
Mehelic team, the CMO made a number of
changes in the protocol, resulting in signif-
icant process optimization. These included
earlier harvest time, changes in protein A
chromatography conditions, modifications
in diafiltration, and alterations in CEX
chromatography. With these changes in
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place, the project proceeded with produc-
tion of the GMP batch, which is now in
clinical trials.

“In the final analysis we let the data
drive the discussions and the final decision
making process,” Dr. Mehelic concluded.

Clone Selection

“Look closely at what you do early on in
process development, because you’ll have
to live with those choices at the late stage,”
say W. Blaine Stine, Ph.D., associate
research investigator at Abbott ILabora-
tades (www.abbott.com).

Frequently, teams working at the bench
seek to optimize activity and minimize toxic-
ity, while being oblivious to physicochemical
parameters such as protein solubility and sta-
bility. So, Dr. Stine laid out a case study
detailing how to manage these features at an
early stage during the process of clonal selec-

Avecia has a
slew of strate-
gies for maxi-
mizing titers of
recombinant
proteins and
reducing devel-
opment time
and costs with
the aim of build-
ing more effec-

tive manufactur-
ing processes.

tion after the introduction of back muta-
tions, so as to obtain the overall optimal out-
come. This investigation comprised nine IgG
antibody-producing clones that had been
modified by the introduction of select back
mutations into the framework regions of
both the light and heavy chains.

Dr. Stine’s tools for characterization
include capillary isoelectric focusing, capil-
lary zonal electrophoresis, size exclusion
chromatography and differential scanning
calorimetry.

The group determined that all nine
clones have similar charge isoform distri-
bution, and like-for-like amino acid substi-
tutions did not affect the isoform distribu-
tions, while neutral for-charged substitu-
tions resulted in predictable shifts in the
entire isoform population. This was appar-
ent for substitutions as small as a single
charged amino acid in a protein comprised
of over 1,400 residues.

Dr. Stine’s group performed size exclu-
sion chromatography studies to measure
the propensity of the molecules to aggre-
gate and fragment and differential scanning
calorimetry studies to measure the thermo-
dynamic stability on the nine target clones.
The rank order stability determined using

o

the two approaches was shown to be in
agreement. Correlating the stability data
from the nine clones with the correspon-
ding changes to their amino acid sequence
revealed that substitutions at three specific
positions appear to affect thermodynamic
and accelerated stability.

To better understand this relationship at
a mechanistic level, they turned their atten-
tion to molecular modeling for the theoret-
ical vindication of their experimental
results. The computer modeling results
identified three locations where substitu-
tions affected stability. Two of these loca-
tions involve a pair of amino acids with
closely interacting side chains. The methio-
nine-valine pair was more stable than the
isoleucine-alanine pair, which is consistent
with the entropic gain from the increase in
the number of rotational bonds. The third
location was shown to closely interact with
an aspartic acid residue.

Experimental data demonstrated that
threonine was more stable than valine at
that location. This difference is consistent
with a molecular model suggesting an
unfavorable polar/non-polar interaction
with valine present, whereas with threo-
nine there is the potential for the formation
of a stabilizing hydrogen bond with the
aspartic acid side chain.

These examples support Dr. Stine’s con-
tention that the modeling allows one to
develop a mechanistic understanding of
how energetically favored substitutions
relate with observed changes in physico-
chemical stability. Moreover, they have the
very practical consequence of allowing the
investigator to predict the changes that
could stabilize a clone which may have
favorable binding properties, but would
otherwise be excluded because of its molec-
ular fragility.

Improved Protein Expression

“Our Paveway technology optimizes
three elements: vectors, host strains, and
fermentation protocols,” stated Andy
Topping, director of early-phase develop-
ment at Avecia Biologics (www.avecia.
com). Topping profiled the company’s
strategies for maximizing titers of recombi-
nant proteins and reducing development
time and costs with the aim of building
more effective manufacturing processes.

In order to build more efficient vectors,
the company has examined the control ele-
ments in order to improve their perform-
ance. DNA looping is an important key to
improved production because of its ability
to foster cooperativity between binding sites
on the DNA. It is generated by proteins or
complexes of proteins binding to two differ-
ent regions. When the appropriate operator
genes are placed next to the target structur-
al genes, a hair-pin effect is produced in
which the repressor protein pulls together
the two operators, and a loop of thousands
of base pairs of DNA bulges out.

So the simultaneous binding of the two
sites drives protein production down to
zero. Addition of the appropriate inducer
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releases the repressor and allows a burst of
protein synthesis. Using this approach, pro-
tein production as high as 25% of total cell
protein was observed and moreover could
be tightly controlled with slower expres-
sion, better folding, and slow accumulation
for many hours with continued cell growth.

With respect to host strain selection,
from a panel of E. @li candidate strains,
those that displayed the best expression of
recombinant proteins and the most robust
fermentation performance at high cell den-
sities were chosen. This left the fermenta-
tion platform as the third target for opti-
mization. Avecia has made numerous
changes including the use of preestablished
cell bank protocols in which the strain his-
tory and other inputs are well known, and
a scalable feed strategy predeveloped for
high protein productive biomass levels.

With all these improvements in place,
the company was able to achieve high titers
of protein production, in some cases high-
er than 14 grams per liter. However, such
high levels of productivity require gargan-
tuan quantities of resin, as much as 400 L
for protein purification. So clearly the ben-
efits of increased productivity cannot be
realized unless the downstream bottleneck
can be removed.

To come to grips with this impasse, the
company has developed a high-yield/high-
capacity generic purification approach for
antibody purification that consists of clari-
fication of the culture supernatant, protein
A affinity columns, and final polishing
steps with AIEX resin (anion exchange
resin) combined with CHT (ceramic
hydroxyapatite).

“We then asked, is there a comparable
generic scheme for antibody fragment
purification?” Topping explained.

Since antibody fragments lack an Fc
region (the binding portion to protein A),
it was necessary to search alternative syn-
thetic affinity resins. The Avecia team car-
ried out a rapid screening program of
many different resins and identified mixed
mode cation exchange resins as being par-
ticularly promising. This proved to be
quite satisfactory, although cleaning, resin
capacity, and possible ligand leakage are
all concerns.

Topping argues that the Paveway technol-
ogy achieves tight control with effective mod-
ulation of expression for a range of recombi-
nant proteins. “We are able to progress rap-
idly from gene to high titer fermenters,” he
stated, “and we now have a proven track
record with many antibody fragments.”

Developmental Black Holes?

“Frequently, investigative drug research
projects become mired down when their
management is not properly integrated,”
stated Mark Cunningham, Ph.D., drug dis-
covery researcher at Centocor (www.cento
cor.com). The company’s decision to form
cross-functioning teams, referred to as
pharmaceutical development advisory
committees (PDAC), was based on a mon-
oclonal antibody development project that
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became bogged down when standard opti-
mization protocols failed to produced the
desired results.

Introduction of mutations into the CDR
region of the antibody, while they improved
performance, resulted in low expression
levels and precipitate formation, and after a
year the project was abandoned. So the for-
mation of a multidisciplinary team was
conceived of as a means of overcoming
roadblocks early on, and moving to a suc-
cessful conclusion.

“The primary aim of the PDAC is to act
as advisory committee, guiding the
research forward,” Dr. Cunningham ex-
plained. “This means that the discovery
teams present their findings on the bio-
physical properties of candidate molecules,
and the interaction provides guidance to
move the work forward through any issues
posed by the investigation.”

Therapeutic Antibody CMO
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As the process has been in effect since
20035, it has accumulated a considerable
track record, and at this time four mono-
clonal antibodies and two other biologics
are working their way through to the
goal at which an optimized lead com-
pound is identified.

In one case, the existence of labile
methionine residues in the CDR was iden-
tified as a source of chemical instability.
However, since replacing all the methion-
ines resulted in a loss of affinity, the team
recommended a stress analysis of the mol-
ecule to determine which replacements
would be the most satisfactory.

In another case study, a biologic dis-
played excessive cleavage and aggregation.
The recommendation was to redesign the
molecule with a glycosylation site and an
engineered peptide sequence, thereby over-
coming these issues.

Dr. Cunningham emphasized the ongo-
ing nature of the pharmaceutical design
advisory committees. “This process incor-
porates quality by design attributes, and is
constantly evolving,” he emphasized.

The vast complexity of developmental
pathways in biologic product development
calls for the management skills of
Solomon, but this in turn requires suitable
technology, otherwise the baby may be cut
in half without benefit to the advancement
of the project.

One theme that has been prominent in
this and other bioprocessing conferences
is the need to make decisions early on that
endure through upscaling and clinical tri-
als. Yet this admonition conflicts with the
need for quick and dirty in the early
stages. Even with the wisdom of Solomon,
experience, acute judgment, and luck are
critical factors. GEN
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