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23 The advent of nanoparticle DDSs (drug delivery systems, nano-DDSs) is opening newpathways to understanding
24 physiology and pathophysiology at the nanometer scale. A nano-DDS can be used to deliver higher local concen-
25 trations of drugs to a target region and magnify therapeutic effects. However, interstitial cells in intractable tu-
26 mors, as occurs in pancreatic or scirrhous stomach cancer, tend to impede nanoparticle delivery. Thus, it is
27 critical to optimize the type and size of nanoparticles to reach the target. High-resolution 3D imaging provides
28 a means of “seeing” the nanoparticle distribution and therapeutic effects. We introduce the concept of “nano-
29 pathophysiological imaging” as a strategy for theranostics. The strategy consists of selecting an appropriate
30 nano-DDS and rapidly evaluating drug effects in vivo to guide the next round of therapy. In this articlewe classify
31 nano-DDSs by component carrier materials and present an overview of the significance of nano-
32 pathophysiological MRI.
33 © 2014 Published by Elsevier B.V.
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86 1. Introduction

87 As noted in previous chapters, the advent of nanoparticle drug deliv-
88 ery systems (DDS) is opening new pathways to understanding physiol-
89 ogy andpathophysiology at the nanometer scale. One of these pathways
90 lies in the merger of DDS with high-resolution, 3D magnetic resonance
91 imaging (MRI). In this chapter, we review the pioneering concepts and
92 research that have been brought about by this merger, and predict the
93 changes it may bring to medicine.
94 MRI is based on the resonance between radio waves of a specific fre-
95 quency and themagneticmoments of protons inwatermolecules in liv-
96 ing tissue. This resonance is observed in the presence of a large, static
97 magnetic field. MRI is widely used in clinical diagnosis. Unlike X-ray
98 computed tomography (CT), it involves no exposure to ionizing radia-
99 tion and provides high contrast in soft tissue. Moreover, unlike nuclear
100 imagingmethods such as positron emission tomography (PET) or single
101 photon emission computed tomography (SPECT),MRI enablesmorpho-
102 logical imaging in 3D with high spatial resolution and can be used to
103 measure blood flow, water diffusion, andmany other functional param-
104 eters, co-registered with high-resolution anatomical images. In recent
105 years the development of high-sensitivity receiving coils, particularly
106 cryogenically cooled coils, and the use of higher magnetic field
107 strengths, have enabled practical micro-imaging in spatial resolutions
108 of 20–50 μm for small animals, bringing the resolution of MRI into the
109 same range as that of low-magnification light microscopy in brain [1]
110 or in tumors (Fig. 1).
111 Nanoparticle-based DDS (Nano-DDS) is defined as the delivery of
112 drugs to organs, tissues or cells using nanoparticles. However, most
113 nanoparticles accumulate in the liver following intravenous injection
114 and do not accumulate in the target tissue in sufficient concentrations

115for diagnostic or therapeutic purposes. To avoid accumulation in the
116liver and thereby prolong their residence time in circulation, nanoparti-
117cles are often covalently attached to polyethylene glycol (PEG) polymer
118chains on the surface through “PEGylation”. PEGylation increases the
119opportunity for nanoparticles to accumulate at the target. In “passive
120targeting” of tumors, for example, PEGylated nanoparticles of approxi-
121mately 30–150 nmcan accumulate in the tumor through enhanced per-
122meability and retention (EPR) due to increased tumor vasculature
123permeability, prolonging retention of the nanoparticles in the tumor
124[2]. In “active targeting”, nanoparticles with antibody, peptide, or pro-
125tein coatings can bind specifically to the surfaces of tumor cells or to
126neovascular endothelial cells, despite having a lower blood half-life.
127With targeted drugs, nano-DDS can be used to deliver higher local
128concentrations in the target region than with small-molecule drugs,
129and nano-DDS holds promise for delivery that magnifies therapeutic ef-
130fects and reduces side effects of the delivered drug. However, certain
131challenges remain, as shownby the limited performance of thefirst clin-
132ically approved PEGylated liposome (Doxil™) [3]. In immunodeficient
133animal models the liposome exhibited marked antitumor effects. How-
134ever, in clinical applications the liposomes exhibited efficacy against
135only a limited number of tumors, such as Kaposi's sarcoma. This can
136be attributed to the complexity of tumormorphology during the succes-
137sive stages of inflammation, fibrillization, hemorrhage, and repair that
138occur repeatedly in the process of tumor formation and growth in
139humans. In intractable tumors, such as those of pancreatic or scirrhous
140stomach cancer, interstitial cells tend to proliferate and impede nano-
141particle delivery. Nanoparticle delivery can be improved in these cases
142by the concurrent use of TGF-β blockers [4]. In pancreatic cancer
143models, only polymeric nano-micelles with a diameter of 30 nm, but
144not with a diameter of 100 nm, can be delivered [5]. This illustrates
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