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In gene therapy for treatment of
cancer, a principal aim is to intro-
duce genes that will kill cancer cells,
while preserving healthy ones. A key
component of this effort is precise
control of gene expression: that is,
expression of a gene product in the
right cells and at the right level.
Manipulations of either DNA con-
structs or delivery systems are the
general approaches used to control
transgene expression. In a recent
study published in Proceedings of the
National Academy of Sciences,1 Ander-
son et al exploited both strategies.
They identified the best polymer for
gene delivery from a library, with
which they were able to express a
suicide gene at high levels in xeno-
grafted human cancer cells, but
poorly in surrounding healthy cells.
This strategy allowed the authors to
reduce tumor growth in the animal
with minimal systemic toxicity.

The delivery of a suicide gene to
cancer cells has been a promising
approach for cancer therapy for
some time, and several suicide genes
have been explored. Diphtheria toxin
(DT) is a particularly attractive op-
tion because it works in aggressively
growing tumors as well as slowly
growing ones.2 However, one major
problem that must be addressed
when DT is used is how to avoid
deleterious effects to normal, healthy
cells. One solution is to design
plasmid constructs that more speci-
fically target the cancer cells. How-
ever, such constructs are necessarily
larger and more complex and one
viral vector cannot accommodate all
the sequences required. Thus, two or
more viral vectors have to be used,
which creates more challenges: in
particular, for their safe and easy use
in clinical practice.

An alternative approach to deli-
vering large constructs is to use
nonviral DNA delivery systems,
which can accommodate much lar-
ger DNA constructs.3 However, non-
viral delivery systems have their

own problems: they are inefficient
and lack the specificity needed for
cancer therapy. Moreover, identify-
ing a nonviral DNA delivery system
for tight control of gene expression
in targeted cells is inherently difficult
because little is known about exact
mechanisms involved in nonviral
DNA transfer. So, there are some
key questions that need to be ad-
dressed before nonviral delivery
systems can achieve their full poten-
tial for cancer gene therapy. Specifi-
cally: Can nonviral delivery systems
be designed to achieve a sufficient
level of gene expression? Can speci-
ficity to cancer cells be designed into
the material?

To address these questions, An-
derson et al used high-throughput
screening of polymer libraries to
identify the best polymer for DT
suicide gene delivery. The authors’
identification of this polymer, which
they called C32, was in itself a
notable achievement. However, per-
haps as important are the chemical
lessons that their work might teach:
For example, can we understand
why C32 was successful and why
other synthesized polyplexes were
not? What is it about the chemistry
of this particular polymer that al-
lowed the targeting, entry and in-
tracellular trafficking necessary to
transfect the tumor cells?

While targeting of polyplexes to
specific cell types has often involved
conjugation with target-specific li-
gands, the success of C32, a non-
conjugated polyplex, suggests that
there might be more fundamental
processes that govern specificity and
efficacy of nonviral gene delivery.
Two well-known properties of cancer
cells direct us to the lipid membrane
as a key barrier. First, protons are
pumped across the membranes of
cancerous cells, creating an acidified
extracellular milieu. Second, tumor
cells show marked changes in the
composition of lipids in their mem-
branes relative to noncancerous cells.

To understand and eventually ex-
ploit the effect of these two factors on
transfection requires an understand-
ing of the forces that underlie the
stability of a polymer–DNA com-
plex.4 Local environmental factors
determine the time and place at
which DNA will be released from
the complex: too soon or too late, and
the delivery will fail.

A thermodynamic description of
polymer–DNA complexes could
help us understand their biological
activity. For example, it is known
that changing the salt conditions of
the solution in which a polyplex is
formed can profoundly affect trans-
fection efficiency. Counter-ions neu-
tralize isolated polymers and DNA in
solution, so these must be stripped
before a polyplex can form. There
are thermodynamic consequences of
this process, as associated water
molecules experience a change in
their molecular freedom, or entropy.
This change in entropy depends on
the salt solution: in a solution in
which the entropy increases greatly,
complexes are likely to be highly
stable. Therefore, the electrostatic en-
vironment of the polyplex establishes
a balance of forces that collectively
determine the equilibrium between
the associated and dissociated state.
This is only one example of possible
energetic and entropic effects on
complex stability: the pH of a solution
might have the same effect, by chan-
ging protonation states on the poly-
mer. Such influences on the stability
of the polymer–DNA complex could
explain differences in transfection
activity for these complexes towards
cancer and noncancer cells.

How might the lipid composition
of the cellular membrane, as well
as intracellular compartments, affect
the efficiency of gene delivery? A
polyplex must interact favorably
with the membrane in order to
induce either endocytosis or the
large-scale structural rearrange-
ments that facilitate uptake. We
now know that biological mem-
branes are a good deal more complex
and variable than has traditionally
been represented by the fluid-mosaic
model. Membranes composed of
lipids with different chemical prop-
erties will respond differently to the
binding of a polyplex, in ways that
might alter polyplex activity. For
example, lipid head group charge
and size can affect the polyplex
association–dissociation equilibrium.
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Interestingly, both of these factors are
dramatically modified in some can-
cer cells.

As Anderson et al point out, a
large number of the successful poly-
plexes, including C32, were made
from hydrophobic acrylates, and we
can assume that this property facil-
itates critical interactions with the
membrane. The changes in tumor
cell lipid composition and environ-
mental pH might be one of nature’s
most valuable clues in how to focus
our engineered gene-therapy attack.
While the engineering of nonviral
gene delivery agents is increasingly
heroic, as this present study demon-
strates, it will not match viral evolu-
tion until we understand more about

the molecular pathway that a poly-
plex takes. With the wealth of know-
ledge regarding lipid properties
now available from the biophysical
community, and the growing arsenal
of polymer-based gene delivery
particles that studies like this afford
us, we might soon be able to ration-
ally target these particles based
upon electrostatic, thermodynamic
and structural properties of mem-
branes. ’
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