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NANOMEDICINE

Nanocarriers shape up for long life

Keeping drug-delivery vehicles in the bloodstream for a long time is a challenge. New results
suggest that adopting the flamentous shape of viruses may lead to better nanocarriers
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rug delivery is one of the most
D promising biomedical applications

of nanotechnology, and several
nanocarrier formulations, such as
Doxil and Abraxane, have already been
approved for clinical use in cancer
chemotherapy'. A good nanocarrier is
one that circulates in the blood for long
periods of time and delivers the drugs
with minimal side effects®.

A number of popular nanocarriers
based on liposomes® and polymeric
micelles** can protect and deliver
poorly soluble drugs effectively. These
nanocarriers are typically between 100
and 200 nm in diameter, are spherical
in shape, and are modified with
poly(ethylene glycol) (PEG) to improve
circulation in the bloodstream. Although
PEG modification is an effective strategy,
it cannot prolong the circulation of
nanocarriers beyond 48 hours®*, and it
is believed that those larger than 200 nm
are cleared much faster than this.

On page 249 of this issue,

Dennis Discher and colleagues® at the
University of Pennsylvania report that
filamentous polymeric micelles known as
filomicelles (which are between

22 and 60 nm in diameter, and 2-8 um
in length) remain in the blood ten times
longer than their spherical counterparts.
By demonstrating the importance of
shape, filomicelles should lead to new
approaches for designing nanocarriers.

Block copolymers, which are
composed of two or more different
polymers, can spontaneously assemble
into spherical, cylindrical, lamellar or
vesicular shapes in selective solvents
(Fig. 1)". The chemical design of block
copolymers brings several advantages
because the size, stability, drug loading
and release efficiencies can be controlled
by simply varying the ratio of the
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Figure 1 Block copolymers bearing a hydrophilic (green) and hydrophobic (red) segment can form different shapes
and sizes a, Depending on rigidity, length and ratio of the polymer segments, these synthetic copolymers can
self-assembie Into spherical micelles, polymer vesicles (polymersomes) or cylindrical micelles (fllomicelles) Discher
ot al showed filomicelles circulate longer than their spherical counterparts. b, Length scales showing how the
varlous copolymer assemblies compare with structures in the body

polymer composition. Furthermore, it is
also possible to build in smart functions
such as tissue targetability and
stimuli-responsiveness®,

Since Kazunori Kataoka at the
University of Tokyo® and, independently,
Alexander Kabanov at University of
Nebraska® reported the use of spherical
micelles as drug vehicles in the late
1980s, block copolymer assemblies have
gained increasing popularity in the field
of drug delivery. To date, several micellar
formulations of anticancer agents are
in clinical trials**, In 2002, Discher
and co-workers pioneered a new field
of block copolymer assemblies”. They
created polymer vehicles (polymersomes)
and cylindrical micelles (filomicelles),
and suggested that they could be used
as nanocarriers and chemical reactors,
and also as models to study biological
systems’. Now they report the long
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circulating or ‘super stealth’ nature of
filomicelles for the first time.

Inspired by the shape and the way
filamentous viruses infect animals,
Discher and co-workers decided to study
how similarly shaped synthetic polymers
circulate in the blood and, in particular,
to explore how these structures fragment,
flow and interact with cells. They found
that the filomicelles persisted in the
circulation of mice for up to one week,
whereas PEG vesicles injected as controls
cleared in two days. Interestingly, longer
structures (~18 pm) were very quickly
fragmented by flow effects and the
activity of cells. This led to an optimal
length that is approximately the same as
the diameter of a biconcave red blood
cell (8 pm), which are known to circulate
for weeks. Shorter ones (~2 Lm), on the
other hand, fragmented more slowly and
were gradually cleared from the blood.
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These observations seem to indicate that
shape and size may be important for
prolonged circulation.

The soft structure of filomicelles
might also influence blood circulation
times. Rigid carbon nanotubes used
for drug delivery are cleared from
the circulation in hours®. Likewise,
Discher and co-workers found that solid
cylindrical micelles with a crosslinked
core disappear in a similarly short
amount of time.

When incubated with phagocytes —
cells in the liver and spleen that
remove foreign material — under flow
conditions, long filomicelles stretched
out along the streamlines of blood flow
and were captured by cells less than their
spherical counterparts. The shear forces
on long structures overwhelmed the
cells that are responsible for clearance,
whereas smaller particles adhered to
and were more easily taken up by the
cells. Circulation times seem set by the
ability of the structures to relax and/or
fragment owing to flow or interactions
with cells.

Surprisingly, other cells, such as the
epithelial cells that line blood vessels and
small cavities, also contribute to rapid
shortening of the filomicelles. These
cells imbibe the fragments in fluid-
filled vesicles through a process known
as pinocytosis. Such cellular uptake of

material is intriguing but somewhat
complicated. Moreover, integration of
targeting ligands into filomicelles may
further complicate the way they interact
with cells both in vitro and in vivo.

Persistent circulation has many
practical applications because these
vehicles can increase exposure of
drugs to cancer cells. Discher and co-
workers loaded the filomicelles with
paclitaxel — a common hydrophobic
anticancer drug— and injected it into
mice. They found that an eightfold
increase in filament length at a given
drug dosage showed the same relative
therapeutic effect as an eightfold increase
in paclitaxel dosage. Although this is a
clear advantage, one is left to speculate
if they are better than the liposomes and
micelles that are currently used as stealth
vehicles in clinical applications.

In particular, we wonder if these
filomicelles can exit the blood vessels to
reach tumour cells. It is known that blood
vessels in tumours are characteristically
‘leaky’, in that they have pores
(10s to 100s of nanometres) that
allow nanoparticles to escape and
accumulate in solid tumours'®. The
filomicelles that can circulate longer
in the blood seem too large to pass
through these pores, which may be a
trade off to an effective accumulation
in the tumours. Nonetheless, smaller

micelles shed from the larger fragments
may possibly accumulate in solid
tumours. To answer these questions,

a careful pharmacokinetic study —

the distribution, metabolism and
elimination — that directly compares
filomicelles with other stealth vehicles
is required.

Sustained drug release during blood
circulation is beneficial from a clinical
standpoint because patients can receive
a single bolus injection instead of relying
on long-term infusion. This approach can
significantly improve the quality of life of
patients receiving cancer chemotherapy.
This work indicates that synthetic
nanodevices inspired from natural
systems can have surprisingly interesting
properties and behaviours that could be
about to change the way we design drug-
delivery vehicles.
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ORGANIC ELECTRONICS

Memoirs of a spin

Relatively little is known about how spins interact with an organic environment
Now, a study of organic nanowires shows that spin information is preserved over

exceptionally long times
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pins in solids tend to be forgetful.
Even though the spin of an electron

may be aligned along a given

direction when the electron first enters

a material, it will not take long before its
orientation is lost. This tendency of spins
to ‘forget’ their orientation varies from
material to material. For example, metals
are extremely good at washing out the
alignment of a spin’, whereas inorganic
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semiconductors are better at
maintaining it%. But what about organic
materials? On page 216 of this issue,
Supriye Bandyopadhyay and co-workers?
from the Virginia Commonwealth
University and the University of
Cincinnati in the US report that
spins in organics can remember their
direction over exceptionally long times.
The electron spin is the ultimate
information bit because its orientation
is quantized and can only point up or
down. Spin logic will require extremely
low power compared with transistors
because the energy needed to flip a spin

is orders of magnitude smaller than
that needed to drive an electric current.
Finally, magnetic materials provide

an endless source of aligned spins

and are already in use in a number of
magnetoelectronic devices. If all of
these tantalizing properties are

realized in organic materials, one could
foresee a new generation of plastic
devices based entirely on electron
spins as the active memory elements.
Moreover, from the perspective of
fundamental research, we can expect
the discovery of new phenomena solely
related to spin transport in organic media.
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ALP : alkaline phosphdiase, BAP : bone-specific alkaline phosphatase,
NTX : type I collagen cross-linked N-telopeptides, DPD : deoxypyridinoline
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Matrix Metalloproteinases and
Cartilage Matrix Degradation in Rheumatoid Arthritis.

National Defense Medical College, Department of Orthopaedic Surgery
Yasuo Yoshihara

Fujita Health University, School of Medicine, Department of Orthopaedic Surgery
Harumoto Yamada

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder characterized by the progressive de-
struction of articular cartilage. Matrix metalloproteinases (MMPs) constitute a major group among the neu-
tral proteinases that degrade the extracellular matrix of cartilage, including various types of collagen, and ag-
grecan. Various MMPs are highly produced in synovial fluid and in sera from patients with RA, and are re-
ported to play a pivotal role in cartilage matrix degradation in RA. In this review we describe the members of
the MMP family and their basic function, and discuss their role in cartilage destruction in RA.
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