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Call for New Approaches for Subcellular Delivery of Anti-cancer Drugs
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Cancer therapies depend on a precise balance. Malignant cells must
be killed while carefully managing collateral damage to normal cells.
Though grossly similar in their molecular contents, the tumor cells do
differ from their healthy counterparts [1], and anti-cancer therapies
take advantage of these differences to selectively interfere with the
growth and survival of cancer cells. As our knowledge of cancer biology
rapidly expands at the molecular level, particularly on the genetic
level, new entry points for cancer therapies emerge. The essential role
of genetics in cancer and the need for rapidly dividing cancer cells to
avoid DNA damage checkpoints make the genome, its epigenetic state,
maintenance, and replication central in cancer.

A major set of cancer therapies focuses on the sensitivity of rapidly
dividing cells to DNA damage [2]. Drugs that cause DNA damage or
interfere with DNA replication kill rapidly dividing cancer cells, while
most of the healthy cells in the body can recover from these insults.
Even so, many chemotherapies are so toxic to normal tissues that dosing
must be limited to decrease side effects. For early-stage solid tumors,
toxicity can be mitigated by traditional tissue-level drug delivery that
releases drug molecules at the tumor site [3] However, the standard of
care for many solid tumors remains to be systemic application of DNA-
damaging chemicals [4-6].

Drugs often exhibit complex effects on cells, even when designed
to bind a single target [7] and the toxicity of some cancer therapies to
normal cells is often mediated through off-target effects. For example,
cisplatin, the mainstay of chemotherapy for many cancers, is known
to exert strong effects on targets other than nuclear DNA and exhibit
nephrotoxicity, neurotoxicity, and ototoxicity, among other side effects.
One concern in retargeting chemotherapeutics to reduce harm to
normal tissue is that the efficacy against cancer cells may be reduced.
As a result, it is desirable to increase potency for the intended (tumor-
specific) target when modifying therapy to mitigate toxicity mediated by
off-target effects in normal tissues. Another example is cardio toxicity
discovered in trials with HDAC inhibitors attributed to action against
the h ERG potassium channel [8]. That toxicity is sometimes mediated
through a different mechanism in a different subcellular compartment
in healthy tissues constitutes a new opportunity for drug delivery, one
that operates at the cellular level rather than the tissue level. If we can
target anti-cancer drugs like DNA damaging agents to their targets
in the nucleus, we can maintain or enhance the therapeutic benefit
while limiting off-target effects in other compartments of normal
cells. 77% of human proteins are estimated to be localized outside the
nucleus according to the Loc DB project; eliminating these as potential
mediators of toxicity in normal tissues represents a major step forward
in cancer therapy. In addition to above off-target effects, another as
critical issue is the development of drug resistance over the course of
chemotherapies. Among several known resistance mechanisms, two
directly relate to intracellular transportation of drug molecules. One is
that the resistant cells decrease or shut down expression of receptors that
are essential for cellular uptake of some drug molecules and the other
one is that resistant cells express efflux pumps to pump out intracellular
drug molecules. Both mechanisms decrease drug concentration in the
cytosol to below the effective level.

In parallel with designing/screening new molecules for different
cellular targets, developing efficient and reliable delivery method isa very
active research area nowadays. One successful drug delivery approach
will likely apply to multiple drug molecules that exhibit similar pathways
to their targets in the body. This can significantly reduce the cost for
developing new cancer therapies. In fact, numerous novel delivery
methods by utilizing nanoparticles (made from polymers, proteins,
micelles, lipids, viruses, organometallic compounds, etc), polymeric
micelles [9], and antibody/ligand/liposomal / lipid/ cell penetration
peptide conjugatic [10,11] have been reported, and some of these have
resulted in approved therapies or potential therapies in clinical trials.
These new approaches enhance drug potency by increasing cellular
uptake, assisting drug molecules to locate their molecular targets (thus
increasing efficacy while reducing off-target effects), or increasing drug
flux into resistant cells. With a keen interest in developing novel drug.
delivery approaches, cancer therapy is entering a new paradigm.
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