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Property: Tumor Permeability, Controlled Subcellular Drug
Distribution, and Enhanced in Vivo Antitumor Efficacy
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A novel intracellular pH-sensitive polymeric micelle drug carrier that controls the systemic, local,
and subcellular distributions of pharmacologically active drugs has been developed in this study. The
micelles were prepared from self-assembling amphiphilic block copolymers, poly(ethylene glycol)-poly-
(aspartate hydrazone adriamycin), in which the anticancer drug, adriamycin, was conjugated to the
hydrophobic segments through acid-sensitive hydrazone linkers. By this polymer design, the micelles
can stably preserve drugs under physiological conditions (pH 7.4) and selectively release them by
sensing the intracellular pH decrease in endosomes and lysosomes (pH 5—6). In vitro and in vivo
studies show that the micelles have the characteristic properties, such as an intracellular pH-triggered
drug release capability, tumor-infiltrating permeability, and efféctive antitumor activity with extremely
low toxicity. The acquired experimental data clearly elucidate that the optimization of both the
functional and structural features of polymeric micelles provides a promising formulation not only
for the development' of intracellular environment-sensitive supramolecular devices for cancer
therapeutic applications but also for the future treatment of intractable cancers with limited

vasculature.

INTRODUCTION

The selective augmentation of drug concentrations in
avascular tumor tissues is the most challenging issue of
current cancer chemotherapy using macromolecular bio-
conjugates (I—3). Most anticancer drugs are pharmaco-
logically effective but limited in their clinical applications
due to serious toxicity and low water solubility; thereby,
the altered biodistribution of these drugs has an impor-
tant meaning not only to reduce the toxicity but also to
improve therapeutic effects (4—6). For these reasons,
interest has centered on the creation of drug carriers that
safely and precisely deliver the appropriate amounts of
active drugs to solid tumors (7—10). Indeed, several
macromolecular drug carriers are under clinical trials or

used practically, which include water-soluble polymer—

drug conjugates (11), liposomal carriers (12), and poly-
meric micelles (13). However, even though these carriers
have made significant advancements in cancer therapy,
recent studies point out their antitumor activities are
subject to change according to the cancer species with
pathological, pharmacological, and biochemical differ-
ences (14). o
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There are three major reasons why the present mac-
romolecular drug carriers have difficulties in clinical use.
First, the carriers injected into the body encounter in vivo
barriers such as nonspecific systemic accumulation and
phagocytotic clearance by the host defense system (15).
Second, even after the carriers. accumulated in solid
tumors avoiding these in vivo barriers, they still have to
overcome the heterogeneous tumor microenvironments
that are characterized by insufficient blood supply,
disordered vasculatures, and diffusion-limited intersti-
tum (16). Third, the carriers that successfully accessed
the inside of tumor tissues should release the loaded
drugs back into active forms in order to exert the
antitumor effect (17). Among these reasons, poor perme-
ability of the carriers inside the tumor tissues and low
concentrations of active drugs throughout solid tumeors

- become particularly serious problems (I8, 19). For these

reasons, understanding the correlation between the
physicochemical properties of drug carriers and their
behaviors in the body is very important, and the combi-
nation of these two features is required for thé design of
ultimate carriers (20). .

In this article, we will report that such tantalizing
problems may be overcome by a novel tumor-infiltrating
drug carrier, the pH-sensitive polymeric micelle, whose
structural and functional features were optimized for the
intracellular drug delivery (Figure 1A). The micelle is a
nanosized supramolecular assembly from the self-as-
sembling amphiphilic block copolymers, poly(ethylene
glycol)-poly(aspartate hydrazone adriamycin) [PEG-p(Asp-
Hyd-ADR)]. The anticancer drug, adriamycin (ADR), is
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