
OMICS Drug Discovery Translational Medicine Bioprocessing Biobusiness

Biotechnology from bench to business Volume 30, Number 8 April 15, 2010

Five Animal Products Have
Launched and Late -Stage
Human Trials Are Ongoing
K. John Morrow Jr., Ph.D.

T he DNA vaccines field is definitely regaining
the momentum that it had a few years ago,
according to David Weiner, Ph.D., professor

of pathology and laboratory medicine at the
University of Pennsylvania and chair of the “DNA
Vaccines” meeting held last month in New Orleans.
“There are a lot of exciting breakthroughs, and the
clinical data is much more encouraging.”

“DNA Vaccines,” sponsored by BioConferences
International, a Mary Ann Liebert company, covered a
range of noteworthy topics including: new approaches
to electroporation, vaccine formulation, vector design,
and recent clinical trials including a large-scale trial of
an HIV/AIDS vaccine in Thailand. 

In the HIV/AIDS trial described by Colonel Nelson
Michael, M.D., Ph.D., of the Walter Reed Army
Research Institute, the vaccine showed a modest
(30%) but statistically significant protective effect over

unvaccinated controls. “While a suitable HIV vaccine
is quite a few years away, we’re in positive territory,”
Dr. Weiner explained. “Getting from 30 to 60 percent
effectiveness is a lot easier than getting from 0 to 30
percent. It is a big challenge, but several efficacy trials
for HIV are quite encouraging.”

See DNA Vaccines on page 50

Healthcare Reform on the Way

DNA Vaccines Hit Their Stride
with Approvals Anticipated Phenomenex launched a

chiral screening service while
Gentronix introduced early
genotoxicity screening Blue-
Screen HC assay and an in vitro
Comet testing service... Tokyo-
based Nof Corp. completed the
expansion and began opera-
tions at new cGMP facility for
activated PEGs... Thermo

Fisher’s Clinical Services busi-
ness will take over responsibility
for Eli Lilly’s in-house clinical
trial materials manufacturing,
packaging, and labeling opera-
tions on-site at Lilly Technology
Center-North in Indianapolis...

Qiagen and University of

Science and Technology of

China created “Qiagen Initiative
Foundation Professorship,” a 10-
year sponsorship agreement
that will create a full-time life
science professor position at
USTC... WaferGen Bio-

systems signed deal to locate
company’s European headquar-
ters in Luxembourg... Sin-

ovac Biotech authorized Par-

enteral Biotech to register, 
supply, and distribute Sinovac’s
Anflu seasonal influenza vac-
cine and its Panflu.1 H1N1 vac-
cine to the government of India
and private market in India.

Sticky

Althea Technologies has developed a high cell density fermenta-
tion and purification process for plasmid DNA products that
reportedly provides plasmid yields in the range of 100–2,000
mg/L depending on plasmid size and bacterial strain. 

Approval Pathway for Biosimilars
Provision Will Likely Have Most
Profound Impact on Biotech
Gail Dutton

A detailed pathway for FDA approval of biosimilars was signed
into law on March 23 as part of H.R. 3590, The Patient
Protection and Affordable Care Act. That single provision ended

years of debate and is considered a major achievement for the industry. 
This new law also contains some tax credits for therapeutic discovery

projects and encouragements to certain types of research—both beneficial
for the industry. The negatives, however, include a new tax on medical
devices and drug sales. 

Ultimately, the success or failure of this extensive and highly detailed
law, for biotech, will rest upon unforeseen consequences. Specifically,
given the nation’s deep debt, will the funds identified for biotech pro-
grams be available? If the law results in rationed care, will payers support

See Healthcare Reform on page 10

ends

Section 7002 of H.R.
3590 contains detailed
information regarding
the approval process 
for biosimilars, as well 
as addresses patent 
disputes.
Lily/Fotolia
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Global DNA/RNA Analysis Market

> New Tools for Dealing
with Data Overload
Experts introduce the latest
solutions for managing
overwhelming amounts of
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> Progress a Must for
Protein Microarrays
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feverishly to help lagging  
field come up from behind.
p. 34

> Viral Safety Methods
for Manufacturing
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proper testing.  p. 38
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Third-Generation
Sequencing 
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Single-molecule detection 
capabilities aim to enrich 
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Strategies to 
Improve Bio-
marker Successes
For field to reach its full 
potential, the key is in
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Matjaz Peterka, Ph.D., manager at BIA
Separations (www.biaseparations.com),
discussed the challenges of purifying plas-
mids,whose large size, negative charge, and
varied levels of coiling and supercoiling
present special challenges. 

Plasmids represent less than 0.5% of the
wet biomass, and endotoxins and other
impurities must be completely removed.
Because of their size, plasmids diffuse

slowly through the solvent, and they may
not be able to easily penetrate chromato-
graphic beads if the pore size is too small.
Since most chromatographic media is opti-
mized for protein applications, viral parti-
cles and plasmids will tend to adhere to the
outside, greatly reducing the absorptive
capacity of the beads. 

Monolithic columns, on the other hand,
are better suited for plasmid separation,

according to Dr. Peterka. With large flow-
through channels (1.5 µm) and high surface
accessibility they are useful for “mega-
molecular” purification. The result is high-
er dynamic binding capacity, a flow-inde-
pendent performance with lowered shear
forces. “In our strategic planning, we
focused on selective precipitation, anion
exchange chromatography, and hydropho-
bic interaction chromatography,” he stated. 
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BIA Separations’ selective purification
component employs CaCl2, and the separa-
tion of nucleic acids is accomplished
through the use of a convection interaction
media (CIM) DEAE-tube monolithic col-
umn, a weak anion exchanger. This column
is used for extremely fast, highly efficient
separations of large molecules such as pro-
teins or DNA, as well as smaller molecules
such as peptides. 

It is followed by efficient separation of
supercoiled and open circular pDNA on the
CIM® C4 HLD-1 tube monolithic column.
Following optimization, scale up of the
process can continue using an 8,000 mL
column, which will purify up to 48 g of
plasmid DNA. 

“The CIM DNA purification process
removes over 99 percent of all major con-
taminants, and is fast and scalable,” said
Dr. Peterka. “The economics are highly
favorable, with high binding capacity and
low buffer consumption, resulting in high
productivity.” 

Contract Manufacturing

“DNA vaccines offer a host of advan-
tages over conventional vaccine technolo-
gy,” noted Henry Hebel, Ph.D., COO of
VGXI (www.vgxii.com), a CMO. “Because
they can be produced rapidly, they are ideal
for combating emerging diseases. More-
over, they are safe to produce and adminis-
ter, and do not constitute a threat to the
production team.”

But as other participants in the confer-
ence noted, plasmid manufacturing poses a
number of critical challenges. The E. coli
host is renowned for the large quantities of
endotoxins that it produces, and plasmids
are notoriously hard to work with. 

“Ease of manufacture” is a relative term,
and what may be easy on the benchtop may
be devilishly difficult when scale-up time

DNA Vaccines Continued from page 1

VGXI offers contract cGMP production for a large
number of plasmid needs, including DNA vaccines.
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arrives. The field is also subject to the “intel-
lectual property thicket syndrome,” in which
patents crowd out one another, raising
expenses and confusing legal issues. “Plan
early and build twice as much product as you
think you’ll need,” Dr. Hebel advised.

The VGXI team searches for the most
straightforward solution, weighing relative
risks and benefits, while taking into
account intellectual property. The purifica-
tion procedure that it selected consists of
anion exchange membranes, followed by
hydrophilic interaction chromatography,
which is then followed by thiophilic inter-
action chromatography for polishing.

“We consider cell lysis the critical step in
the purification process,” said Dr. Hebel,
“At this stage we avoid any procedure that
could shear the plasmids. We also look for
alternatives to traditional purification chro-
matography during the subsequent steps.”

The plasmid concentration step is another
difficult issue, as mishandling can cause
shearing and other destructive changes to the
preparation. “As we optimize our protocol,
we look to remove roadblocks,” he contin-
ued. “We need to justify the designation of
contamination levels, degree of acceptable
supercoiling, limits of cleaning, and the
amount of plasmid DNA required.” 

Accelerating Commercialization

Althea Technologies (www.altheatech.
com) offers services in plasmid design and
production, and possesses core capabilities
in biological process development, accord-
ing to Magda Marquet, Ph.D., co-founder.
This includes formulation and analytical
development, as well as all phases of
upstream and downstream processing and
the final testing and IND filing from preclin-
ical to commercial scale. 

The company’s initial goal was to imple-
ment a scalable process adapted to clinical
applications. Manufacturing of plasmid
DNA is now well defined, and scale-up is
achievable. “We have developed a high-cell
density fermentation and purification
process for plasmid-based DNA vaccines
that yields 200–500 mg/L initially, and up
to 2 grams/L following optimization,” Dr.
Marquet stated. “This process has been
used successfully on our multiple cGMP
campaigns to produce lot sizes as large as
30 grams of plasmid DNA.”

The purification process development
must take into account the problem of
endotoxin removal. In conjunction with
clients moving into Phase II trials, Althea
has reportedly advanced its handling of the
material, resulting in an additional log
reduction in both endotoxin (<0.1 EU/mg)
and RNA levels.

Transient Expression Enhancers

James Williams, Ph.D., vp for R&D at
Nature Technology (www.natx.com), dis-
cussed his company’s development of
antibiotic-free plasmids as vectors for
DNA vaccines. 

Antibiotic selection is a standard
approach to manipulating vector growth

and isolation, but it has the disadvantage
of requiring continuing exposure to the
antibiotic in order to retain the plasmid,
which may be cost prohibitive when large-
scale projects are required. 

Moreover, regulatory agencies recom-
mend elimination of antibiotic-resistance
markers in gene-based therapeutic proto-
cols. To deal with this ruling, Nature
Technology has taken advantage of the

SacB gene, which codes for the enzyme
Levansucrase. The activity of this enzyme
is lethal in the presence of sucrose for most
gram-negative bacteria. By adding sucrose
to the media and modifying the plasmid to
encode a 150 bp antisense RNA that
represses expression of a host strain chro-
mosome-encoded SacB gene, it is possible
to dampen expression of the SacB gene and
select for retention of the plasmid, thus

avoiding the use of antibiotics.
Nature Technology’s NTC8385 antibi-

otic-free gene medicine vector complies
with guidance for plasmid size and compo-
sition and it provides increased antigen
expression. The system uses a chimeric
promoter, composed of a portion of the
human T-cell lymphotropic virus type-1
and a CMV enhancer. This combination
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increases translation of transiently
expressed RNA but does not increase inte-
gration of gene expression, which could
have serious side effects for the host. 

“The NTC antibiotic-free, gene medicine
vectors increased transgene expression with
no effect on integrated gene expression,”
Dr. Williams said. “The end result of the
adoption of our technology is improved
manufacturing yields and increased expres-

sion of the gene of interest.”

Minimally Invasive Electroporation

A major impediment to successful DNA
vaccination has been the failure to achieve
sufficient uptake of the DNA by host tis-
sue. This roadblock caused the collapse of
a number of clinical trials a decade ago.
The problems have now been resolved
through improvements in transfection tech-

niques, specifically electroporation. Inovio
Biomedical (www.inovio.com) has aggres-
sively pursued development of a minimally
invasive electroporation device, according
to Kate Broderick, Ph.D., manager, R&D. 

With the Inovio platform, DNA is deliv-
ered via a standard needle and syringe,
electrodes are applied to the tissue of the
host, and short pulses of electricity are
delivered, causing channels to open briefly
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in the cell membranes, allowing entry of the
vector carrying the genes for the antigen of
choice. Whereas, earlier electroporation
studies were conducted with muscle tissue
as the target, extensive work has shown
that the skin is a more attractive alternative
tissue. Gene-expression levels, as well as
immune responses using the minimally
invasive dermal device yields potent cellular
and humoral responses, Dr. Broderick said.

She described how a DNA vaccine deliv-
ered with Inovio’s minimally invasive elec-
troporation instrument provided 100%
protection in mice against a lethal influenza
challenge. The same approach generated a
greater than 1:40 hemagglutination inhibi-
tion antibody titer response in guinea pigs
and macaques.

According to Dr. Broderick, “our results
suggest that the minimally invasive dermal
device may offer a safe and efficient method
to administer DNA vaccinations in a pro-
phylactic clinical setting.”

The Inovio electroporation technique
behaves as an adjuvant and can induce sig-
nificant immune responses, including both
antibody and T cells, she explained. The
procedure is tolerable to the patient with-
out anesthetics against the delivery mecha-
nism, so it can be employed for repeated
administration. 

In addition to electroporation, DNA vac-
cines may be delivered using a custom-built
syringe, according to Matti Sallberg, Ph.D.,
at Karolinska Institute and one of the
founders of Tripep (tripep.se). 

The Tripep device consists of three to 10
needles in close proximity. The needles are
bored with holes on the sides in such a way
that they spray inward toward one another,
thus the tissue is blasted and overloaded
with DNA from all directions. The device is
simple and improves DNA uptake in a larg-
er animal, Dr. Sallberg said. It works with
commercial syringes, is disposable, and can
be mass produced. 

Dr. Sallberg also discussed studies on a
DNA vaccine for human HCV, referred to
as ChronVac-C. Delivered by Inovio’s elec-
troporation platform, it produced a tran-
sient reduction in the viral load that lasted
for two to ten weeks. 

The concept is directed toward activation
of host T-cell response by presenting the
viral antigens in a unique manner that acti-
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vates CD4+ and CD8+ T cells. Using a
gene gun to deliver to the skin, or injection
or electroporation to the muscle cells, the
vectors move from the injection site to the
dendritic cells where they stimulate activa-
tion signals. 

So far, the procedure has been used in a
Phase I trial with encouraging results. The
study tested the safety and the HCV-specif-
ic immune response. Working under the
supposition that the T cells in chronic HCV
infection are dysfunctional, the procedure
is aimed at improving activation of T cells
by the vaccination procedure.

“We feel the current status of the work is
cautiously promising,” Dr. Sallberg stated.

“There are many HCV-based vaccine
approaches that are in the clinic, and some
may have an immediately beneficial effect
when combined with appropriate stan-
dards of care.”

DNA vaccine technology has made
impressive strides in recent years as prod-
ucts come on the market, although, so far,
only in the animal vaccine field. “There are
already five different animal vaccine prod-
ucts available. We’re there with small ani-
mal DNA vaccine technology, and with a
number of late-phase human trials in
progress, we look forward to approval of a
range of new human vaccines, including flu,
HPV, and several cancer vaccines.” 
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Scientists at the Karolinska Institute and Tripep 
are working on a therapeutic vaccine for HCV.


