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The basic claims of this application involve methods that use a polymer
to deliver therapeutic molecules in a targeted fashion using a polymeric
carrier, drug and a biologically degradable linker. The release of therapeutic
molecule is in response to digestive enzymes that are overexpressed in
diseased tissues in the body. Further claims, of the sixteen included, define
the digestive enzymes and drug–polymer linkages that may be used and
specify tumors as the disease of particular interest. Preclinical examples presented support the idea that this therapeutic design has merit. There does
not seem to have a single clinical candidate but future work is expected to
develop these molecules into clinical products for cancer and particularly
cancer treatment combined with radiation.
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1.

Introduction

In drug discovery and pharmacology, a drug target can be described as a “molecular
structure (chemically definable by at least a molecular mass) that will undergo a
specific interaction with chemicals that we call drugs because they are administered
to treat or diagnose a disease” [1]. From a drug design standpoint, this definition
of a drug target or molecular target has been used to identify new chemical
entities (NCEs) that directly treat the disease. Once that NCE has been verified
to be a drug candidate, the NCE is then considered an active pharmaceutical
ingredient (API) in a human formulation, which is used to deliver the drug.
However, from the drug delivery standpoint, drug targeting can be concisely
defined as any method that optimizes the therapeutic index of an API by using a
drug carrier that recognizes attributes of the target tissue.
More specifically, targeted drug delivery involves increasing the local concentration
of the API in the location of the disease although minimizing the API concentration
in locations of toxicity [2,3]. In no disease is targeted drug delivery system
development progressing at a greater rate than cancer [4] and this is the example
disease that is described in the example patent examined; however, the patent is
careful to claim no specific disease. The focus is primarily owing to the deadly
nature of cancer. But not only is the disease deadly but many of the most active
APIs for treating cancer are not easily delivered owing to chemical and physical
characteristics of the APIs and the APIs have severe systemic toxicity. The vast
majority of existing anticancer APIs act by killing cells, or causing apoptosis in
cells that are most rapidly dividing [5] and thus need strategies developed to
minimize the toxicity; that is, cancer APIs need targeted drug delivery!
By examining the biologic and physical characteristics of the tumor, Ringsdorf
most famously proposed a model for drug targeting in the mid-1970s [6] that is
still being developed (Figure 1). In this scheme, an API is bound to a polymer
10.1517/13543770802358180 © 2008 Informa UK Ltd ISSN 1354-3776
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Figure 1. Schematic representation of the Ringsdorf model
of polymer therapeutics. APIs, or drugs, and targeting moieties
are attached to a polymer backbone. A single or several APIs and
targeting moiety can be present on the polymer chain.
API: Active pharmaceutical ingredient.
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through a cell-activated bond creating a new chemical entity
that is polymeric in nature. In addition to the API being
attached to the polymer, other molecules could be included
that would allow the polymer to be selectively internalized
by a specific cell type or localized to a specific cell type. This
type of targeting in which a biochemical binding to the
diseased cells is present is referred to by most as active
targeting. Polymeric drug delivery systems that utilize the
various components of Ringsdorf model – polymer–API
linker and targeting entity – together or separately can be
classified as polymer therapeutics [7].
In addition to active targeting, polymer therapeutics
and nanometer scale particles – on the order of 200 nm –
accumulate in tumors owing to the open vascular epithelium
and reduced lymphatic drainage commonly referred to as
the enhanced permeation and retention effect [8,9] although
this effect is not uniform throughout tumor types [10]. This
physical accumulation of the targeted system in the diseased
tissue is referred to as passive targeting. Therefore, polymer
therapeutics can have up to four levels of drug targeting:
i) if a targeting moiety is conjugated to the polymer; ii) if
the linker is selective for the diseased cells; iii) if the polymer
therapeutic is appropriate for the enhanced permeation
and retention effect; and iv) if the API has an appropriate
molecular target. But these four targeting levels are not the
only advantages of polymer therapeutics; polymeric system
have extended blood retention owing to the macromolecular
nature of the system being greater than the glomerular filtration
of the kidney [11,12]. Therefore, polymeric systems are now
widely being pursued for therapeutic applications.
The patent application that forms the basis of this
evaluation is from the Massachusetts Institute of Technology
and claims any and all polymer carriers with a drug attached
through a linker that is cleaved by a digestive enzyme.
The original Ringsdorf model and most of the research
so far focused on intracellular linker cleavage and drug
activation [4,7,13] whereas this patent focuses on extracellular
degrading enzymes. The general idea that is protected is that
of the Ringsdorf model but the linker is specified as one
that is cleaved by digestive enzymes and the targeting moiety
is omitted, or more appropriately described; it is replaced
with a linker that is the targeting moiety. Therefore, there
are only three of the four levels of targeting in this system.
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p

Within this patent, the specific chemistry used was not a
claim nor are any of the chemistries novel chemistries.
Several examples are given in which chemistries are described
that are shown to be important for the activity of the
claimed conjugates. The chemistry used to modify the dextran
(1) to create carboxymethyl dextran (2), drug-conjugated
carboxymethyl dextran (3), ethanolamine-modified carboxymethyl dextran and drug-conjugated ethanolamine-modified
carboxymethyl dextran has been previously reported [14]. As
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Table 1. Chemical and enzymatic properties of
the dextran polymer, carboxymethyl dextran
conjugates, peptide substrate and peptide prodrugs.
Polymer

Peptide

z-Potential (mV)‡

kcat/Km (M-1 s-1)*

Dextran

–

-6.6

–

C1

PVGLIG-MTX

-27.8

1.09 ×

C2

PVGLIG-MTX

-12.2

1.22 × 105

–

IPVSLRSG

–

8.2 × 104

–

IPVGLIG-Dox

–

1.4 × 105

104

*Kinetic parameters for MMP-2 summarized from Tables 2 and 6 of the patent.
No cleavage kinetics can be calculated if no peptide is present.
‡ζ-Potential summarized from Tables 5 and 6 of the patent. No ζ-potential
can be calculated for the peptide or peptide–drug conjugate.
C1: Ethanolamine-modified, carboxymethyl dextran peptide–drug
conjugate with low ethanolamine substitution; C2: Ethanolamine-modified,
carboxymethyl dextran peptide–drug conjugate with higher ethanolamine
substitution; Dox: Doxorubicin; kcat: Catalytic constant; Km: Michaelis constant;
MTX: Methotrexate.
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Figure 2. Relative tumor size as determined by the ratio
of tumor size on day 18 or 19 and the initial tumor size on
day 1. The data were extracted from Figures 13 and 15 from
the patent. The number of animals was reported to be three
and no error bars were apparent. C1 and C2 correspond to
the ethanolamine-modified carboxymethyl dextran conjugates
described in Table 1.
C1: Ethanolamine-modified, carboxymethyl dextran peptide–drug conjugate
with low ethanolamine substitution; C2: Ethanolamine-modified, carboxymethyl
dextran peptide–drug conjugate with higher ethanolamine substitution;
CM-dextran: Carboxymethyl dextran; Dex-MTX: Dextran–methotrexate;
MTX: Methotrexate.

previously reported, the carboxymethylation of dextran was
∼ 50% in all reports and the ethanolamine modification
was stoichiometric. Published results for a methotrexate–
carboxymethyl dextran were summarized. A new conjugate,
doxorubicin–carboxymethyl dextran, was reported using

methods similar in design to the previously reported method
for methotrexate.
3.

Biology and action

The biologic activity of the dextran–methotrexate conjugates
have been reported previously [14-17] but will be summarized
here. Of primary importance in the examples is the fact that
charge neutralization had a significant impact on the cleavage
of the peptide-based conjugates (Table 1). The observation
was that a more neutral polymer carrier, compared with
the electronegative carboxymethyl dextran, allowed a more
specific cleavage, that is, higher kcat/Km. The patent clearly
indicates that “none of the peptide motifs of the MMP-2
recognition sequence found in the literature carry a negatively
charged amino acid” [18,19]. Several patents and published
substrates used for drug or imaging activation agree with this
observation whether they are based on the published substrates
or used phage display techniques to identify novel substrates [20-25].
This is owing to the hydrophobic pocket and recognition
sequence of MMP-2 with predominantly hydrophobic residues
in the binding pocket (Ala, Leu, Gly, Ile) and the zinc
binding domain [26].
Beyond cleavage, the peptide–doxorubicin and peptide–
methotrexate conjugates were confirmed to be active toward
an array of cell lines with similar activity as the free drug. In
addition to showing that peptidyl–drug and the dextranconjugated drug were active in culture, the conjugates were
examined in a mouse cancer model following interperitoneal
injection (Figure 2). A more detailed and thorough study was
performed with three tumor lines and reported recently [17].
The ectopic tumors grew at a much slower rate when treated
with the ethanolamine-modified, methotrexate-conjugated
dextrans than when treated with methotrexate alone. The
methotrexate–dextran conjugate – without MMP-sensitive
peptide group – had similar activity to the MMP-sensitive
conjugates but the toxicity, as observed by weight loss, was
significantly greater in the methotrexate–dextran conjugate
than the MMP-sensitive conjugates.
4.

Expert opinion

A quick search of the United States Patent and Trademark
Office [27] yields at least 245 patents invented by Professor
Langer. The current application seems to be a sole patent in
the area of polymer therapeutics with extracellular peptide
or oligosaccharide cleavage as the mechanism of activation.
The use of extracellular proteases to activate drugs from
polymer therapeutics has been rare although some early work in
polymer therapeutics focused on extracellular proteases [28].
The claims center around the Ringsdorf model as applied to
an extracellular activation, that is, digestive enzyme as
described by the patent. The final claims address secondary
treatments in which the secondary treatment is undefined
(Claim 16) and specified as radiation (Claim 17). These
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claims are not supported with evidentiary examples but
these claims indicate that future work is examining the
synergistic effects known to occur with many APIs and
radiation therapy [29-31].
Most information that is presented in the patent as
supporting examples has been published since the original
patent application [14-17]. It does not appear that this
therapeutic molecule has progressed to clinical trials although
this cannot be ruled out at this time. Several other polymer
therapeutics are at present in clinical trials [2,4] and substantiate
that the drug conjugates are a viable therapeutic approach.
Dextrans are widely examined [32] and are one of few
polymeric carriers that have advanced to clinical trials [33]
although no current product is on the market. Dextran
polymers are particularly interesting owing to the extensive
information gained from clinical administration over the
past half-a-century [34]. It should be particularly noted,
however, that although the examples cited and the chemistries
described use dextran as the carrier, the claims do not specify
the polymeric carrier. It is, therefore, the extracellular nature
of the activation that is the essence of this novel technology.
Extracellular activation of prodrugs is not a novel in itself
and the proteolytic activation used as an example, MMP-2,
is no exception to investigation for prodrugs [35]. The MMPs
are perceived as underutilized targets [36] for many diseases
but cancer in particular. Cancer has a very active proteolytic
environment that could be exploited for therapy using
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