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Traditionally, any drug intended for combating the tumor would distribute profoundly to other organs and tis-
sues as lack of targeting specificity, thus resulting in limited therapeutic effects toward the tumor but severe
drug-induced toxic side effects. To prevail over this obstacle of drug-induced systemic toxicity, a novel approach
termed “ATTEMPTS” (antibody targeted triggered electrically modified prodrug type strategy) was designed,
which directly introduces both of the targeting and prodrug features onto the protein drugs. The ATTEMPTS sys-
tem is composed of the antibody targeting component consisting of antibodies linked with heparin, and the cell
penetrating peptide (CPP) modified drug component. The two components mentioned above self-assembled
into a tight complex via the charge to charge interaction between the anionic heparin and cationic CPP. Once ac-
cumulated at the targeting site, the CPPmodified drug is released from the blockage by a second triggering agent,
while remaining inactive in the circulation during tumor targeting thus aborting its effect on normal tissues. We
utilized the heparin-induced inhibition on the cell-penetrating activity of CPP to create the prodrug feature, and
subsequently the protamine-induced reversal of heparin inhibition to resume cell transduction of the protein
drug via the CPP function. Our approach is the first known system to overcome this selectivity issue, enabling
CPP-mediated cellular drug delivery to be practically applicable clinically. In this review,we thoroughly discussed
the historical and novel progress of the “ATTEMPTS” system.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Current anti-cancer drug therapies utilizing the traditional small
molecular agents would result in negative therapeutic efficacy by
three hurdles: lack of selectivity of cancer cells over normal cells,
which would introduce the toxic side effect toward normal tissues [1,
2]; the second limitation lies in the rapid clearance of these water-
soluble small molecular agents from the bloodstream and the last but
the largest obstacle is the drug resistance commonly exhibited by
tumor cells,which leads to the reduced drug accumulation [3–6]. There-
fore, the traditional anti-cancer agents tend to localize in normal tissues
rather than in tumors, thereby rendering higher toxic effects.

Macromolecular agents, like protein, antibody, enzymes and nucleic
acid drugs, possess several attributes such as high specificity, high solu-
bility, optimum activity under physiological conditions, and a repetitive
reaction mechanism over small molecular agents [7]. However, despite
these superior efficiency, the success oncological application of these
agents is beset by several limitations, such as the proteolytic degrada-
tion property, the inability of these macromolecular agents to cross
cell membranes and immunogenicity. Thus, only few of these macro-
molecular agents have currently been approved for clinical use [1,7,8].
In the past 10–20 years, approaches have been developed to enhance
the anti-cancer efficiency with fewer side effects based on the constant
progress accomplished in modern science and nanotechnology [9–14].
Among all these approaches, themolecular target drug deliverymethod
and the prodrug strategy drewmuch attention. The target drug delivery
became prevalent, attributing to the least toxic but promising therapeu-
tic effects. This tendency, somewhat fashionable, is now rather prob-
lematic caused by the great genetic diversification during the process
of genetic alteration in human cancer [15].

Prodrug was consisted of the grafting group and the active drug,
which forms an inactive formulation. In general, a well-thought-out
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prodrug strategy could achieve tissue-specific actions and reduce the
undesired toxic effects, as the prodrug was designed according to the
difference between the target environment and the abnormal physico-
chemical properties, like pH, temperature, over-expressed enzymes, re-
ceptors, and transporters etc. Considering that the commonmechanism
of the resistance to chemotherapy is the inability of drug transport
across the cell membranes, transport moiety is especially critical in the
case of anticancer therapy for protein drug [16], and various prodrug
strategies were developed to achieve the selectivity issue [16–21].

Except for Prodrug strategy, various approaches based on carriers,
like antibodies [22], tumor homingpeptides [23–25], various nanoparti-
cles [26–31], red blood cells [31–33], or even smallmolecule ligands [34,
35] have been utilized in the purpose of directing the macromolecular
drugs only to the cancer cells [36,37]. Our strategy, therefore, combines
both of the attributes of prodrug and target drug delivery methods into
a single delivery system, expecting to deliver themacromolecular drugs
to specific tissue targets with minimal toxicity. Once accumulating at
the site of target tissue, the prodrug would be converted to its active
form at the target site, for example the tumor tissue, while keeping
inactive during targeting. One of the famous applications termed
“ADEPT” (Antibody Directed Enzyme Prodrug Therapy) based on a spe-
cific enzymatic conversion of the prodrug into active form at the target
tissuewas designed abiding by the similar principlewith us [1]. Howev-
er, the ADEPT system is designed toward small and hydrophobic drugs
(e.g. doxorubicin), which is not suitable for macromolecular agents
like protein etc. Protein drugs, for example enzymes, possess multiple
functional groups making it difficult to create a single prodrug from an
enzymewhile keeping its activity; hence, developing an effective deliv-
ery system for macromolecular agents is both an imperative and beck-
oning endeavor [7].

We developed another approach termed “ATTEMPTS”(Antibody
Targeted Triggered Electrically Modified Prodrug Type Strategy) [1,2,7,

38–40], which directly introduces the prodrug feature onto the protein
drugs, like t-PA and toxin, while after the accumulation at the targeting
site, the drug is released from the blockage by a second triggering agent
[41]. This system is based on the reversible masking/demasking be-
tween the cationic cell penetrating peptide (CPP) and the anionic hepa-
rin, where the clinically approved cationic protamine is used as the
trigger agent [42–44]. As known, CPPs tend to bind to the anionic con-
stituents of the cell surface, e.g. phospholipids and glycosaminoglycans,
mediating delivery for themacromolecular drugswithout any selection.
A simple yet effective way to control the “Trojan horse” character of the
CPPs is reversibly masking the cationic CPPs with anionic materials e.g.
heparin and hyaluronic acid [36,37,45]. In our designed ATTEMPTS sys-
tem, binding the anionic heparin to CPPwould offer critical advantages:
(1) it would inhibit the trans-membrane activity of CPP during the
targeting process, thereby prohibiting the complex from entering nor-
mal cells; (2) without positive charge the CPP modified drug can keep
away from the degradation by plasma trypsin-like proteases in circula-
tion; and (3) it would offer a better targeting function of the antibody as
the CPP is completely masked. The in vitro and in vivo feasibility of this
strategy was proved in our studies. In this article, we thoroughly sum-
marize the development of this ATTEMPTS system.

2. The design and development of the ATTEMPTS

2.1. The concept of ATTEMPTS

The CPPs modified “ATTEMPTS” system as illustrated in Fig. 1, this
system is composed of two components: (i) the anionic targeting
part: an antibody-heparin conjugate, (ii) the anionic effector compo-
nent: the CPP modified drug, and the two components formed a
plasma-stable tight complex between the targeting component and
the effecter component by a charge–charge interaction. Once the

Fig. 1. Illustration of CPP-modified ATTEMPTS system [36].
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