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Smart Polymeric Nanoparticles: Combining Targeted Delivery, Imaging and
Therapy into One Nanomedicine Platform

Yu Wang*
Department of Chemistry, University of Louisiana at Lafayette, LA, USA

Mini Review

Nanomedicine is the application of nanotechnology in medical care,
which refers to highly specific, molecular level medical diagnoses and/
or treatment of disease [1]. Nanomaterials are useful for biomedical
applications since the size of nanomaterials, usually 1-1000 nm, is
comparable to that of most biological microstructures. The integration
of nanomaterials with biomedicine has led to the development of drug
delivery systems, diagnostic devices, imaging and therapy applications.
Various types of nanomedicine compounds have been used in clinical
care, including lipid based nanocarriers, polymer-based nanocarriers,
inorganic nanoparticles, and viral vectors [2]. Among those, polymeric
nanoparticles are very attractive not only due to their stability, low cost,
and predictable characterisation but, more importantly, also due to
the structural versatility, and easy incorporation of multiple functions.
However, the effect of nanoparticles in human systems is still not well
known and there could be concerns about nanoparticle toxicity. Thus,
study of the safety of using polymeric nanoparticles in biomedicine is
necessary and is an active research topic recently.

Polymeric nanoparticles can incorporate with functionalities
easily via organic reactions. Not all coupling reactions can be used in
biomedical applications. Desired coupling reactions are those do not
interfere native biochemical processes and highly selective towards one
functional group in the presence of others. In addition, rapid, high-yield
chemistry with simplified purification is required in nanomedicine
design. Several types of chemical reactions including click chemistry,
thiol-ene or thiol-yne chemistry, and regioselective polyester-drug
conjugation chemistry meet all of the requirements and provide
versatile tool for polymeric nanomedicine development [3].

The ease of size and shape control is another significant advantage
of polymeric nanoparticles. Dendrimers and star polymers are spherical
structured, while polymer brushes are closer to cylindrical structures.
Those different structures can be obtained via different synthetic
methods. Another route for polymeric nanoparticle formation is
self-assemble of amphiphilic block copolymers in selected solvents.
Various architectures can be formed by adjusting the self-assemble
conditions. Size and shape of nanoparticles are critically important
for nanomedicine applications [4]. For example, cylindrically shaped
filomicelles (diameter 22-60 nm, length 8-18 mm) have shown much
longer persistent blood circulation, up to one week after intravenous
injection, than their spherical counterparts. Compared to spherical
particles, disc-shaped nanoparticles have shown higher in vivo targeting
specificity to endothelial cells expressing intercellular adhesion molecule
receptors in mice.

Polymeric nanoparticles can incorporate with stimuli sensitive
properties via introducing certain functional groups that enable
controlled release of drugs under internal or external stimuli. By
depositing the active agent only in the targeted region and with proper
dose that do not exceed the need, the overall drug consumption and
side effects could be reduced significantly. Types of stimuli include pH,

photo, thermal, magnetic field, redox potential, and concentrations
of enzyme, glucose, etc. An example of internal stimuli responsive
system is the incorporation of pH sensitive groups including cis-
aconityl amide linkages, hydrazone, oxime, acetal/ketal, trityl,
N-ethoxybenzylimidazoles and imino groups, etc. The pH in tumor
tissues and inflammatory tissues is mildly acidic which may trigger
drug release from pH sensitive delivery vehicles once they arrive at
the targeted disease sites. One example of external stimuli responsive
system is polymeric nanocapsules with magnetic nanoparticles
imbedded in. External magnetic field may guide the nanoparticles to
concentrate at certain locations. Magnetic iron oxide nanoparticles
are the only magnetic nanomaterials approved for clinical use by
the US Food and Drug Administration (FDA). Thus, the studies of
magnetic nanoparticles for clinical applications mainly focused on
those magnetic iron oxide nanoparticles. Iron oxide nanoparticles have
good chemical stability, magnetic responsiveness, and biocompatibility,
while the preparation method is relatively simple. Beyond the targeted
delivery applications, the strong magnetic property of iron oxide makes
it well suited for use as an MRI contrast agent. It was shown that even
unmodified iron oxide nanoparticles allowed for 90.5% detection of
lymph node metastasis in patients with prostate cancer compared to
35.4% detection using conventional MRI [5].

Polymeric nanoparticles incorporated with dyes or quantum dots
can be used as imaging agents. To understand the distribution and
metabolization of drugs, it is important to track their movement. While
it is difficult to track a small group of cells throughout the body, one can
dye the cells and illustrate the movement of those cells thus can evaluate
the distribution and effects of drugs. The small size of nanoparticles
endows them with the possibility to incorporate into cells and that
can be very useful in imaging. Tailoring the size and structure of the
nanoparticles could also help to improve the performance of imaging
agents. For example, bright fluorescent was achieved by accommodate
thousands of fluorescent dye molecules on a single antibody probe
while avoiding the negative effects of self-quenching [6].

Polymeric nanoparticles can be used to encapsulate not only small
molecular drugs but also genes. For normally insoluble small molecular
drugs, the polymeric carriers can protect them from degradation until
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Figure 1: lllustration of a polymeric nanomedicine platform [8]. (Copyright 2014 the American Chemical Society.)

they have reached their targetlocation. For gene delivery, specific genetic
materials are transferred to target cells. Through the administration of
defined genetic materials (i.e. DNA or siRNA), defective gene can be
replaced or regulated, thus a particular disease state could be prevented
or altered. Genetic therapy provides promising solutions for next
generation therapeutics. Polymeric nanoparticles also find applications
in novel therapy development. Recently, it was found that structurally
nanoengineered antimicrobial peptide polymers are highly effective in
combating multidrug-resistant Gram-negative bacteria [7].

Advanced nanomedicine systems require the combination of
targeted delivery,imagingandtherapeuticsinasinglenano carrier, Figure
1. Polymers are especially attractive in multifunctional nanomedicine
systems because of the ease of incorporating different functional groups
via coupling reactions [8]. Ideally, the Nano system should contain a
polymeric carrier component, a therapeutic component, and an imaging
component. Targeting ligands for specific delivery may be incorporated
in some of those systems, as well. These functional components in the
nanomedicine system can be arranged in different ways according to
the nano platform as shown in Figure 1. Some therapeutic component
may possess an inherent fluorescence, such as doxorubicin [9]. Thus
additional imaging component is not necessary. Since the treatment
and imaging agents are incorporated in the same nanoparticle, the
effect of the therapy can be monitored in real-time. The delivery could
be targeted to the capillary bed of the active sites, to the specific type of
cell or an intracellular region, or to specific organ/tissues. Mechanisms
of targeted delivery include passive targeting and active targeting.
In passive targeting, the nanoparticles are cloaked with some sort of
coating, e.g., by adding polyethylene glycol (PEG). The body’s natural
response to physicochemical characteristics of the nanomedicine leads
to prolonged circulation time. Active targeting involves several different
strategies. Stimuli response to physical or chemical environment, e.g.
magnetic field, pH, could be used for targeted delivery as discussed
earlier. In one example, a triblock polymer: poly (ethylene oxide)-
co-poly (Cys-AuNP@FA)-co-poly (3-methoxypropylacrylamide was
synthesized as the carrier. Functional components were incorporated
into this polymeric nano carrier including magnetic nanoparticles for
targeted delivery and as MRI contrast agent for stimuli-responsive T1-
imaging, anisotropic Au nanoparticle for photothermal therapy. In
this study, the authors employed Au nanoparticles with four different
shapes. The results showed nanoflower shaped Au nanoparticles is
superior to spherical ones in this specific application [10]. In another
example, CdTe quantum dots and anticancer drug temozolomide
were combined in to a pH and temperature dual-responsive nano
gel composed of hydroxypropylcellulose-poly (acrylic acid) [11].

Reference
[12][14](15]
[10](16](17]
Stimuli pH responsive” [11][18] [19][20]
“Includes pH-responsive, redox-responsive and temperature responsive.

Targeting mechanism
Targeting ligand
Magnetic field

Table 1: Examples of combined functional polymeric nanomedicine systems.

Sustained drug release at different pH was demonstrated with intense
stable photoluminescence of the quantum dots. This nanomedicine
system was found effective against B16-F10 mouse melanoma in vivo.
Another way of targeted delivery is to include targeting ligands on
the nanomedicine platform that will bind to the receptors on the cells
for which the drug will be targeted to. It was reported that polymeric
nanoaggregate functionalized with biotin for receptor-mediated drug
delivery was developed combining with Chlorambucil for therapeutic
action and pyrene for fluorescent imaging [12]. Some other recent
advancements on combined functional polymeric nanomedicine
systems were summarized in Table 1 based on different delivery
mechanisms with several examples for each type. More detailed
discussions about the targeted delivery mechanism can be found in the
recent review [12-20].

In conclusion, recent advances of polymeric materials in
nanomedicine were reviewed. The use of polymeric nanoparticles for
targeted delivery, imaging and therapy was discussed. The advantages
of using polymers in nanomedicine include biocompatibility, structural
versatility, and low cost. With the ease to provide concurrent therapy
and imaging under controlled delivery, polymeric nanoparticles have
great potentials in biomedical research and applications.
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