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New nanocarrier platforms based on natural biological building blocks offer great promises in revolutionaliz-
ing medicine. The usage of specific protein cage structures: virus-like particles (VLPs) for drug packaging and
targetted delivery is summarized here. Versatile chemical and genetic modifications on the outer surfaces
and inner cavities of VLPs facilitate the preparation of new materials that could meet the biocompatibility,
solubility and high uptake efficiency requirements for drug delivery. A full evaluation on the toxicity, bio-
distribution and immunology of these materials are envisaged to boost their application potentials.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Development of nanocarrier platforms for drug delivery and
targeting

With the recent rapid development of nanotechnology, advances
in protein engineering and materials science are offering great prom-
ises to revolutionize medicine [1]. New nanocarrier platforms exhibit-
ing great potentials in improving drug packaging, delivery, and
targeting efficiencies are currently emerging. These systems could
offer several advantages, e.g. (i) prevention of premature drug degra-
dation or interaction with its biological environment, (ii) enhance-
ment of drug adsorption to the desired tissues (e.g. tumors,) and
(iii) control over the drug tissue distribution profile [1]. Examples of
nanocarrier platforms that have been extensively studied include
dendrimers [2], liposomes [3], polymersomes [4], micelles [5], and
virus-like particles [6]. Each of these systems has its advantages and
disadvantages regarding the versatile requirements for therapeutic
applications. From a material point of view, the range of building
blocks that can be applied for various nanocarrier platforms has
been extended enormously over the past few decades. Following ex-
plorations on the design and synthesis of small compounds and poly-
mers as well as the self-assembly of these synthetic systems,
scientists are now also focusing on the direct use of natural, i.e. bio-
logical building blocks for the fabrication of nanocarriers. At the
same time the investigation of self-assembly at all length scales has
also proceeded to the stage of mimicking biological entities by study-
ing hierarchical assembly behavior. All of these new developments
are aimed at improving the performance of drug nanocarriers, in
making them more biocompatible, water-soluble, or colloidal, dis-
playing reduced toxicity and high differential uptake efficiencies [1].

1.2. Biological nanocontainers composed of protein cages

Protein cages are perfect examples of nanocarrier platforms built
from natural materials by a process of hierarchical (supramolecular)

assembly. One of the characteristic features of protein cage structures
is their size uniformity, i.e. each cage exhibits an extremely homoge-
neous size distribution. Nature has developed a variety of protein
cages with diverse sizes as nanocarriers for metal ions and minerals,
which has inspired researchers to design new systems for drug pack-
aging and delivery based on these materials. Protein cages can be
chemically or biologically engineered in many ways, making them
uniquely attractive platforms for drug delivery applications. One of
the most famous examples is the iron storage protein ferritin. Ferri-
tins are produced in almost all living organisms, including bacteria,
plants, and animals. They consist of a central core of hydrated iron
(III) oxide encapsulated within a 24-subunit protein shell. The use
of ferritin's cage structure was first explored in the area of bio-
mineralization [7]. A later approach involved the biomedical applica-
tion of ferritin as a delivery vehicle for the MRI contrast agent Gado-
linium (Gd) [8].

Another extensively studied biological cage structure is the small
heat shock protein (sHsp). sHsp originates from the speciesMethano-
coccus jannaschii and consists of 24 subunits that self-assemble into a
cage with a 12 nm outer diameter and a 6.5 nm inner diameter [9].
sHsp differs from ferritin in that it has large 3 nm pores that allow
the free exchange of substances between the interior and exterior en-
vironments [10]. sHsp has been studied for the encapsulation and re-
lease of the antitumor agent doxorubicin (Dox) [11]. Recently, the use
of sHsp as a MRI contrast agent with extremely efficient relaxivity
[12] and as a vehicle for the targeted delivery of imaging agents for
the diagnosis of atherosclerosis [13] has been reported, highlighting
their great potential in biomedical applications.

Other examples of biological cage structures include Lumazine
synthase (LS) [14], a hollow icosahedral bacterial enzyme and vaults
[15], which are self-assembled ribonucleoprotein nanocapsules
found in nearly all eukaryotic cells. However, the application poten-
tial of these compounds is yet to be evaluated.

This review will mainly focus on drug delivery applications based
on a specific and important type of protein cages, i.e. viruses. Viruses,
especially bacterial viruses or bacteriophages, are the most abundant

Fig. 1. Structures of some of the viruses discussed in this review: a) Cowpea mosaic virus (CPMV), 31 nm in diameter; b) Cowpea chlorotic mottle virus (CCMV), 28 nm in diameter;
c) bacteriophage MS2, 27 nm in diameter; d) tobacco mosaic virus (TMV), 18 nm in diameter and 300 nm in length [19]; e) bacteriophage M13, 6.5 nm in diameter and 900 nm in
length [20]. a)–c) were obtained from the RCSB protein data bank (www.pdb.org).
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