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Targeted Therapy for Cancer
Han-Chung Wu1, De-Kuan Chang, and Chia-Ting Huang
Institute of Cellular and Organismic Biology, Academia Sinica, Taipei, Taiwan

Cancer is one of the most common causes of death, taking nearly 7 million lives each
year worldwide.  New cancer targeted therapies that make use therapeutic antibodies
or small molecules have made treatment more tumor specific and less toxic.  Never-
theless, there remain several challenges to the treatment of cancer, including drug
resistance, cancer stem cells, and high tumor interstitial fluid pressure.  In many solid
tumors, for example, increased interstitial fluid pressure makes the uptake of thera-
peutic agents less efficient.  One of the most promising ways of meeting such chal-
lenges is ligand-targeted therapy that may be used to make targeting more specific
and carry higher dosages of anti-cancer drug to tumor tissue.  This article reviews and
discusses recent advances in the treatment of cancer and the challenges that remain.
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Introduction

The first description of cancer is found in an Egyptian
papyrus and dates back to approximately 1600 BC.  It was
regarded as an incurable disease until the nineteenth
century, when surgical removal was made more efficient by
anaesthesia, improved techniques and histological control.
Before 1950, surgery was most preferred means of treatment.
After 1960, radiation therapy started being used to control
local disease.  However, over time it was realized that neither
surgery nor radiation or the two in combination could
adequately control the metastastic cancer and that, for
treatment to be effective, therapy needed to reach every or-
gan of the body.  Therefore, current efforts to cure cancer
have been focusing on drugs, biological molecules and im-
mune mediated therapies.  The introduction of nitrogen
mustard in the 1940s can be considered the origin of
antineoplastic chemotherapy targeting all tumor cells [1].  To
date, cancer remains one of the most life-threatening
diseases.  Efforts to fight this disease were intensified when
the US passed the National Cancer Act in 1971 and president
Nixon declared a “war on cancer” [2].  Today, more than 30
years later, although we have not improved mortality rate or
prolonged survival time for metastatic cancer as much as we
would had expected, we have identified the characteristics
and pathways of different tumor entities.  This knowledge is
now used to generate specific tumor therapies either by
directly targeting the proteins involved in the neoplastic
process or by targeting drugs to the tumor (Figure 1).

Targeted therapy encompasses a wide variety of direct
and indirect approaches (Figure 1).  Direct approaches target
tumor antigens to alter their signalling either by monoclonal
antibodies (MoAbs2) or by small molecule drugs that
interfere with these target proteins.  Indirect approaches rely
on  tumor antigens  expressed on the cell surface  that serve
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as target devices for ligands containing different kinds of
effector molecules.  In these approaches, drugs can actively
target tumors using tumor-specific MoAbs or peptide ligands
binding to receptors that are present on tumor cells.  In
addition to active targeting, tumors can also be passively
targeted by macromolecules through the “enhanced
permeability and retention effects” attributed to the
hyperpermeable angiogenic tumor vasculature and the lack
of effective tumor lymphatic drainage.  This review will focus
on the target therapy found to be significantly efficacious
and the novel approaches with clinical promise.

Antibody-targeted therapy
 

In 1975, Köhler & Milstein developed techniques for pro-
ducing MoAbs, making it possible to produce large quantiti-
es of identical antibodies directed against specific antigens
[3].  Antibodies, which initially were viewed as “targeting
missiles”, have proved much more complex in their targeting
and biologic properties than the field’s pioneers envisioned
them.  MoAbs have emerged as important therapeutic agents
for several different malignancies [4]; they have been found
to be well-tolerated and effective for the treatment of
different cancers, and were consequently approved by the
FDA of the US (Table 1).  In addition to their own role as anti-
cancer agents, their ability to target tumors also enables
them to improve the selectivity of other types of anti-cancer
agents, some of which cannot be applied effectively alone.
Murine antibody can be readily transformed into human or
humanized formats that are not readily recognized as foreign
by the human immune system.  In addition, novel antibody-
based structures with multiple antigen recognition sites,
altered size, or effector domains have been shown to
influence the targeting ability of antibodies.  Coupled with
the identification of appropriate cancer targets, antibody-
based therapeutics are finding increasing number of
applications in cancer treatment, and they can be effective
alone, in conjunction with chemotherapy or radiation therapy,
or when conjugated to toxic moieties such as toxins,
chemotherapy agents, or radionuclides.

Generation of therapeutic antibodies
Although there has been great optimism about techniques

using    MoAbs   to  engineer  a   therapeutic   “magic  bullet”,   
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Figure 1: Targeted therapy refers to a new
generation of cancer drugs designed to interfere
with a specific target protein that is believed to
have a critical role in tumor growth or progres-
sion.  This approach contrasts with the conven-
tional cytotoxic chemotherapeutics that have
been used in major cancer therapy in past
decades.  The molecular identification of cancer
antigens has opened new possibilities for the
development of effective immunotherapies,
antibodies therapy and ligand-targeted therapy
for cancer patients.  Ligand-targeted therapy is a
successful means of improving the selective
toxicity of anticancer therapeutics.  It can also
be applied to the targeted delivery of small
molecule drugs or gene medicines such as
antisense oligonucleotides.  Angiogenesis in-
hibitors are a relatively new class of cancer
drugs.  The biological and biochemical charac-
teristics of angiogenesis inhibitors, however,
differ from conventional cytotoxic chemother-
apy.  They might be added to chemotherapy or
to radiotherapy, or used in combination with
immunotherapy or vaccine therapy.

success is still many years away.  Several issues must be
considered, including choice of target antigen, immuno-
genicity of antibodies, penetration into solid tumors, half-life
of antibody, and ability of antibodies to recruit immune effec-
tor functions.  Choice of target antigen plays a key role in
determining the success of treatment.  To ensure specificity,
the antigen must be reactive with the target cell and not
cross-react significantly with healthy tissue.  The antigen
should be present on most of the malignant cells to allow
effective targeting and to prevent a subpopulation of anti-
gen-negative cells from proliferating.  Antigens that shed
from the cell surface and circulate in the peripheral blood do
not make the best targets.  The administered antibody binds
freely with circulating antigen, which prevent it from reach-
ing the cancer cells and, therefore, higher doses of antibody
are needed to clear the circulating antigen [5].

The first antibodies studied were murine, rabbit, or rat pro-
teins purified following immunization of the animal with a
target antigen.  Patients often generated antibodies to these
foreign antigens; these host antibodies are often referred to
as HAMA (human anti-mouse antibody) or HARA (human
anti-rat antibody or human anti-rabbit antibody).  The host
antibody reduces the effectiveness of therapy by prema-
turely clearing the treatment antibody and limiting the possi-
bilities for future immunotherapy.  HAMA or HARA respons-
es can be associated with immune complex-related adverse
events such as serum sickness and anaphylaxis.  The
problem of immunogenicity of murine and chimeric MoAbs
could be solved quickly with the progress in MoAb
engineering and the generation of fully human antibodies.

In solid tumors, the therapeutic agent must overcome
several obstacles, including the vascular endothelium,
stromal and epithelial barriers and high interstitial pressure

[6].  In addition, solid tumors are quite heterogeneous and it
is, therefore, difficult to target them completely.  When trying
to target them, smaller recombinant MoAb structures such
as single-chain antibodies should be able to penetrate into
the tumor with higher efficacy than the parental antibody [7].
However, this advantage is accompanied by the
disadvantage that small structures such as these are more
rapidly cleared from the plasma, and therefore they have
shorter half-lives [8].  One promising approach to solid
tumors is to target the tumor microenvironment in general
and the endothelium of tumor blood vessels in particular [9],
because several tumor endothelial markers are well
characterized [10].

Murine, rabbit, and rat antibodies are not always able to
recruit human immune effector functions, such as antibody-
dependent cell-mediated cytotoxicity (ADCC) and comple-
ment-dependent cytotoxicity (CDC), which are needed to
facilitate destruction of a malignant cell.  To overcome ob-
stacles inherent in the first-generation antibodies, DNA
technology has been used to construct hybrids composed of
human antibody regions linked with a murine or primate
backbone [11].  These are referred to as chimeric or human-
ized antibodies, depending on the exact antibody structure.
A chimeric antibody is a composite of antibodies from two
different species.  Humanized antibody is a human antibody
containing the complementarity-determining region (CDR)
from a non-human source.  These antibodies have been suc-
cessful in activating immune effector functions, thereby im-
proving response rates in clinical trials.  When these anti-
bodies bind, the complement cascade is activated, resulting
in CDC.  Lysis takes place through chemical processes but
also involves recruitment of phagocytic cells.  In ADCC, an-
tibody binds to the antigen on the surface of a target cell and
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is subsequently bound by Fc receptors on effector cells.
Monocytes, macrophages, natural killer (NK) cells, killer cells,
and granulocytes express Fc receptors and can exert cyto-
toxic effects.  ADCC results when the bound antibody binds
NK cells.  The Fab portion of the antibody attaches to the
malignant cell while the opposing Fc region binds to Fc re-
ceptors on NK cells.  The NK cells in turn release cell-lysing
molecules that destroy the target.  Genetically engineered
antibodies have also enhanced efficacies through longer
half-life.  The half-life of the chimeric anti-CD20 antibody,
rituximab, is 76 h after a single infusion and 206 h after four
infusions, compared with 28 h for the murine counterpart,
ibritumomab [12,13].

Therapeutic antibodies for cancer
The first chimeric antibodies were generated in the late

1980s [14,15], and in 1997 the first therapeutic antibody,
rituximab (Rituxan; Genentech/Biogen Idec), was approved
by the US FDA for the treatment of B-cell non-Hodgkin's
lymphoma [16].  Since then, MoAb-based therapies have
become a major strategy in medicine.  In fact, approximately
a 25~30% of all biotechnology products being developed are
MoAbs, and several have now been approved by the US FDA
for the treatment of cancer (Table1).

Trastuzumab (Herceptin; Genentech) was approved by the
US FDA for use in patients with metastatic breast cancer in
1998.  It is a genetically engineered anti-HER2 monoclonal
antibody that inhibits proliferation in vitro of tumor cells
overexpressing HER2 protein [17] and specifically targets
the HER2 oncoprotein.  The HER2 protein is produced in
excessive amounts in 25-30% of patients with breast cancer
and is associated with aggressive growth of tumor cells [18].
Trastuzumab was humanized by adding the critical mouse
recognition sequence to the framework of a human IgG1 to
maximize immune recruitment [19].  The reduction of murine
components (95% human and 5% murine) decreases the
potential for immunogenicity that is seen with murine mono-
clonal antibody therapy and increases the potential for re-
cruiting immune mechanisms.

Bevacizumab (Avastin; Genentech) was approved by US
FDA as a first-line treatment for patients with metastatic col-
orectal cancer on February 2004 (Table 1).  The median dura-
tion of survival was 20.3 months in the group given irinote-
can, fluorouracil, and leucovorin (IFL) plus Avastin, as com-
pared with 15.6 months in the group given IFL plus placebo
(increase of 4.7 months) in a phase III trial with metastatic
colorectal cancer.  In 1993, it was shown that a monoclonal
antibody that targeted VEGF resulted in a dramatic suppres-
sion of tumor growth in vivo, which led to the development
of bevacizumab, a humanized variant of anti-VEGF antibody,
as an anticancer agent.  The approval of bevacizumab by the
US FDA supports the ideas that VEGF is a key mediator of
tumor angiogenesis and that blocking angiogenesis is an
effective strategy for treating cancer in humans.  The poten-
tial clinical utility of VEGF inhibition in oncology is not limit-
ed to solid tumors.  There is growing evidence that VEGF
and VEGF receptors are expressed by a variety of leukaemi-
as and other haematological malignancies, indicating that
inhibition of VEGF or VEGFR signaling might play a role in
the treatment of such conditions [20].  However, in February
2006 the pharmaceutical manufacturer stopped recruiting
patients for testing Avastin in late stage clinical trials after
sudden deaths of four patients, especially in three younger
patients.

Targeted therapy by small molecules

The growing understanding of the molecular events un-
derlying the etiology of different cancers as well as the sig-
naling events that are critical for the continued growth and

proliferation of cancer cells has enhanced the opportunities
to develop novel agents.  This new type of chemotherapy
has been termed targeted therapy, and the goal of this mod-
ern chemotherapy is to provide molecular levels-based
agents that are more specific for cancer cells.  In most cur-
rent drug discovery programs, rational and empiric ap-
proaches are being used either in parallel or in combination
with one another.  Lead compounds are identified as inhibi-
tors for molecular targets through molecular screening [45].
Protein phosphorylation regulates most aspects of cell life,
whereas abnormal phosphorylation is a cause or conse-
quence of disease especially in cancer biology, such as ab-
normal proliferation, anti-apoptosis and angiogenesis [46-48].

Many studies have also indicated that activation of protein
phosphorylation-related pathways in tumors can occur
through mutation or overexpression if compared to normal
cells [49,50].  For these reasons, the targeted therapeutics
ascribes to pharmacological agents that are as close to be
mono-specific as possible to avoid the detrimental side ef-
fects that sometimes occur with traditional therapies.  There-
fore, small molecule inhibitors of protein kinases have
emerged as indispensable for studying target therapy [51].
The protein kinases that have been targeted most intensively
for drug development are plasma membrane-associated
protein tyrosine kinases [52].  The first kinase inhibitors
were described nearly 20 years ago and developed in the
early 1980s by Hiroyoshi Hidaka.  Naphthalene sulphona-
mides had already been developed as antagonists of the
calcium-binding protein calmodulin [53,54].  There are more
than 30 such agents in clinical trials now [55] and the most
well-known small molecule inhibitors are glivec and gefitinib
(Figure 2).

Glivec (imitanib mesylate, Gleevec, STI571; Novartis) is
the first selective tyrosine kinase inhibitor to be approved for
the treatment of cancer in 2001 [56].  Glivec is a 2-
phenylaminopyrimidine which competitively inhibits ATP
binding to the Abl kinase, thereby inhibiting the constitu-
tively activated Bcr-Abl tyrosine kinase, which is a specific
genetic change encoding abnormal protein associated with
human cancer [57-59] (Figure 2A).  As the tyrosine kinase
activity of Bcr–Abl is crucial for its transforming activity, the
enzymatic activity of this deregulated gene could plausibly
be defined as an attractive drug target for addressing Bcr-
Abl-related chronic myelogenous leukaemia (CML).  In an in
vitro screen against a panel of protein kinases, Glivec was
found to inhibit the autophosphorylation of three kinases:
Bcr–Abl, c-Kit and platelet-derived growth factor (PDGF)
receptor.  More recently, activity against ARG kinase has
also been reported [56,60,61].  Glivec can be used to treat
CML, gastrointestinal stromal cell tumors (GIST) and metas-
tatic dermatofibrosarcoma protuberans, afflictions that are
associated with the expression and activity of these kinases
[62-64].  CML represents the first human cancer in which
molecularly targeted therapy was reported to lead to a
dramatic clinical response [65-68].  Glivec has also been
used in clinical trails for other types of cancers overex-
pressing related proteins, but the results did not show sig-
nificant clinical activity, further confirming the collective
evidence that prediction of efficacy of novel therapeutic
agents is based on target expression rather than on pathway
activation (for example, through activating mutations)[69-74].

Gefitinib (Iressa; AstraZeneca Pharmaceuticals), a selec-
tive oral epidermal growth factor receptor tyrosine kinase
inhibitor, has been found to disrupt EGFR kinase activity by
binding the ATP pocket within the catalytic domain
[79](Figure 2B).  Gefitinib has also been reported to prevent
EGFR phosphorylation, decrease mitogen-activated protein
kinase activity, increase apoptosis, and also increase levels
of the cyclin-dependent kinase inhibitor p27 which is be-
lieved   to  lead  to  G1  cell  cycle   arrest  [79-81].   Following
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Figure 2: Mechanisms of small molecule inhibitors for tumor treatment.  Most of the small molecule inhibitors are designed to specifically target
overexpressed or mutated signaling pathway in tumor cells rather than normal cells.  And then, the life cycle of tumor cells will be blocked and
triggered to apoptosis.  (A) Constitutively activated Bcr-Abl tyrosine kinase causes chronic myelogenous leukaemia (CML).  The activity of Bcr-Abl
is catalyzed by ATP, and the phosphorylation binding site can be inhibited by glivec.  Therefore, the tumor cells’ proliferation will be terminated and
alternatively switch to apoptosis pathway.  (B) EGFR-mediated signaling contributes to the up-regulation of many processes that are essential for
tumor growth and progression.  Gefitinib is a small molecule that inhibits ATP binding within the tyrosine kinase domain of EGFR, which inhibits
EGFR autophosphorylation and consequently blocked signal transduction from activated EGFR. The critical mechanisms of tumor growth are
inhibited as following the gefitinib treatment.

Japanese approval in 2002, gefitinib was approved by the US
FDA in May 2003 for the treatment of advanced non-small-
cell lung cancer (NSCLC) after other treatment options had
failed [82].  Despite the almost universal presence of EGFR
expression in NSCLC tumors, therapeutic inhibition of EGFR
has resulted in significant tumor regressions in only 10-30%
of patients [83,84].  Gefitinib has induced substantial clinical
responses in about 10% of patients with chemotherapy-
refractory NSCLC [85-89].  An infrequent but serious side
effect of gefitinib is interstitial lung disease [90] and its most
often reported side effect is skin toxicy [91].  Recent clinical
reports have indicated that gefitinib offers lasting tumor
control with a disease progression-free survival interval be-
tween 9 and 25 months [92].  Elkind and the colleagues
showed that multidrug transporter ABCG2 displayed a high-
affinity interaction with several tyrosine kinase receptor in-
hibitors, including Gefitinib [93].  Variable expression and
polymorphisms of ABCG2 may significantly modify the anti-
tumor effect as well as the absorption and tissue distribution
of Gefitinib [93].

Ligand-targeted therapy

Most cancer cells share many common features with the
normal host cells from which they are derived.  Therefore,
high levels of selective toxicity cannot be achieved with anti-
cancer chemotherapeutics because of the lack of unique
molecular targets that would distinguish them from normal
cells.  This can lead to increased toxicities against normal
tissues, including bone marrow, gastrointestinal tract and
hair follicle tissues.  Furthermore, trying to avoid the side
effects that occur as a result of toxicities to normal tissues,
we often give sub-optimal doses of anticancer chemothera-
peutics, resulting in the eventual failure of therapy, which is
often accompanied by the development of drug resistance
and metastatic disease.  The selective toxicity of an anti-
cancer drug can be increased by either increasing the
amount of the drug that reaches the cancer tissue or by de-
creasing the concentration of drug that reaches at the nor-
mal tissues.  Therefore, ligand-targeted therapy makes pos-
sible tumor specificity and limited toxicity and shows

promise in the development of novel therapies for cancer.
Ligand-targeted therapy can carry higher doses of a drug to
the tumor tissue and may overcome obstacles presented by
cytotoxic chemotherapy.  There are several obstacles in
cancer therapy including drug resistance, high tumor
interstitial fluid pressure (IFP), and cancer stem cells (CSCs).

Obstacles in cancer therapy
Heterogeneous cancer cells and drug resistance: Human

tumors of any given histological type have great genetic
diversity, as revealed by gene-expression profiling, and in
most types of cancer only a subset of patients will prove
responsive to any given new agent.  Under the selective
pressure of a toxic therapy, the genetic diversity within most
human tumors leads to rapid outgrowth of drug-resistant
cells.  A vast array of resistance mechanisms, involving
mutations or amplification of the target enzyme,
overexpression of drug transporters, or mutations in cell
death pathways, can defeat single agents, no matter how
well designed and targeted − this was also observed by
Gilman and colleagues 60 years earlier.  Both targeted drugs
and conventional anti-tumor agents can be affected by a
common resistance mechanism involving drug efflux (the
MDR transporter) or mutations in cell death pathways.  The
transition from cytotoxic drugs to targeted therapies
represents an important advance, but the basic principles of
cancer treatment and drug resistance remain the same [94].
Human malignancies are a very diverse group of diseases,
even within histological classifications, and quickly display
their diversity when exposed to the various forms of
chemotherapy.  The next decade will present the challenge
of designing trials to combine targeted drugs and cytotoxic
agents in a more effective manner.  Molecular profiling and
the study of patient selection will become more important in
the development of cancer drugs [95].

High tumor IFP: High IFP of tumor is another barrier for
efficient drug delivery [96].  Increased IFP contributes to a
decreased transcapillary transport in tumors leads to a
decreased uptake of drugs or therapeutic antibodies.
Cancer cells are therefore exposed to a lower effective
concentration of therapeutic agent than normal cells,
lowering the therapeutic efficiency and increasing toxicity.  It
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Figure 3: Identification of targeting ligands to cancer cells by phage display.  Peptide or antibody libraries can be expressed as fusion proteins with
a coat protein (pIII) of a bacteriophage, resulting in display of fused proteins on the surface of virion.  Affinity selection (biopanning) of phage-
displayed peptide libraries represents a powerful means of identifying peptide ligands for targets of interest.  For screening of targeting ligands,
phage-displayed peptide library was pre-cleared by normal cells and affinity selection with cancer cells.  After biopanning three to five times,
targeting phage clones were selected by ELISA, flow cytometry, immunofluorescence, and in vivo homing assays.  Targeting ligands were further
identified and characterized by synthetic peptide binding and competition assay.  Targeting ligands can be used to identify cell surface markers and
develop ligand-targeted therapy.

is now well established that the IFP of most solid tumors is
increased.  This has been shown in breast carcinoma [97,98],
metastatic melanoma [99,100], head and neck carcinoma
[101], and colorectal carcinoma [97].  Values as high as 60
mm Hg have been recorded in some tumors.  The tumor IFP
is uniform throughout the centre of the tumor and drops
steeply in its periphery [102,103].  The mechanisms that
determine the increased tumor IFP are not fully understood,
but probably involve blood vessel leakiness, lymph vessel
abnormalities, interstitial fibrosis, and a contraction of the
interstitial space mediated by stromal fibroblasts.

Many studies have provided experimental support for the
concept that a reduction in IFP is associated with an
increase drug uptake and treatment efficacy [41,102-106].  In
a study of patients with melanoma or lymphoma, the patients
that responded best to chemotherapy showed a progressive
lowering of the tumor IFP [100].  Moreover, high IFP in
tumors has been correlated with a high recurrence rate and a
poor prognosis for patients with cervical cancer receiving
radiation therapy [107,108].  Ligand-targeted therapy, which
utilizes the affinity of ligand with the receptor on plasma
membrane of cancer cells to carry anti-cancer drugs to
tumor tissue, may increase the accumulation of drugs in
high IFP of the tumor and improve the therapeutic efficacy.

CSCs: The discovery of CSCs in solid tumors has
changed our view of carcinogenesis and chemotherapy.
CSCs are biologically distinct from other cancer cell types.
Natural properties of CSCs are likely to increase their resis-
tance to standard chemotherapy agents [109].  Thus, if can-

cer therapies do not effectively target the CSC population
during initial treatment, relapse may occur as a consequence
of CSC-driven tumor expansion.  Therefore, in developing
new cancer therapeutics, analyses of CSC-specific treat-
ments still need to be formally established.  Clearly CSC
biology and target therapy will be a very exciting and active
area of research in years to come.

The biology of stem cells and their intrinsic properties are
now recognized as integral to tumor pathogenesis in several
types of cancer.  This observation has broad ramifications in
the cancer research field and is likely to impact our under-
standing of the basic mechanisms of tumor formation and
the strategies we use to treat cancers.  One role for stem
cells has been demonstrated in cancers of the hematopoietic
system, breast and brain.  Going forward it is likely that stem
cells will also be implicated in other malignancies.  However,
the fact that scientists can now identify, purify and propa-
gate cancer stem cells allows the development of new
strategies for improving targeted therapies in cancer [109].
Hence, a detailed understanding of stem cells and how they
mediate tumor pathogenesis will be critical.  Furthermore,
identification of CSC markers by phage display will lead to
improved diagnostic tools to detect pre-malignant lesions
and tumors, as well as targeted therapies, such as antibodi-
es or ligand-targeted therapy, directed against tumor stem
cells.
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Search targeting ligands using phage display
Phage display, a selection technique in which a peptide or

protein is expressed as a fusion with a coat protein of bacte-
riophage, results in a display of the fusion peptide or protein
on the surface of the virion.  Phage-displayed random pep-
tide libraries provide opportunities to map B-cell epitopes
[110-114] and protein–protein contacts [115-118], select bio-
active peptides bound to receptors [119-121] or proteins
[116,122-125], search for disease-specific antigen mimics
[126-128], and determine cell- [129-131] and organ-specific
peptides [125,132-134].

Recently, we have developed phage display methods to
identify the receptors expressed specifically on cancer cells
and tumor vessels.  The strategy for identification of tumor-
targeting ligand is shown in Figure 3.  Using these technolo-
gies, we identified a 12-mer peptide (L-peptide) specifically
binding to nasopharyngeal carcinoma (NPC) cells.  The L-
phage and synthetic L-peptide bound to the tumor cell sur-
faces of most NPC cell lines and biopsy specimens [131].  In
SCID mice bearing NPC xenograft, the L-phages specifically
bound to the tumor mass.  Synthetic L-peptide has been
shown to inhibit the binding of L-phage particles to the tu-
mor mass in the competitive inhibition assay [131].  Once we
have discovered the targeting ligands to the cancer cells, we
can conjugate the targeting peptides with chemotherapeutic
drugs and develop ligand-targeted therapies to kill cancer
cells specifically.  We have chosen liposomes to conjugate
with targeting ligands because of the following advantages:
(i) prolonged blood circulation, (ii) sufficient tumor accumu-
lation, and (iii) controlled drug release and uptake by tumor
cells with a release profile matching the pharmacodynamics
of the drug.

Development of ligand-targeted therapy
Traditional chemotherapy became one of the pillars for the

treatment of cancer, though the selectivity of cytotoxic
agents largely relied on the premise that cells are rapidly
proliferating.  These drugs are prone to be systemically toxic
to normal cells because they are not tumor specific.  Selec-
tive targeting of ligand could home to tumor-associated or -
specific proteins expressed on the cancer cell surface.
When the recognized ligands are linked with cytotoxic rea-
gents, they could bring sufficient chemical drugs to tumor
mass.  In this way, tumor cells can be exposed to abundant
cytotoxic drugs and be killed.  Ligand-targeted therapy may
not only improve the therapeutic efficacy of cancer treatment,
it also allows us to avoid the problem of toxicity to normal
tissue.  Accordingly, the phenomena of incomplete tumor
response, early disease relapse, and ultimately, the devel-
opment of drug resistance stemming from suboptimal doses
will be reduced.  Furthermore, delivery of chemotherapeutic
drugs to tumor tissue by affinity of targeting ligand may
overcome an obstacle in cancer therapy caused by high
tumor IFP.  Therefore, it is expected that ligand-targeted
therapy will improve the therapeutic efficacy over conven-
tional anti-cancer drugs [131].

Many nano-particle delivery systems for anti-cancer drugs
have entered the clinic trials and have been shown to have
improved anti-cancer effects because they can improve the
pharmacokinetics and pharmacodynamics of their associat-
ed drugs [135].  Liposomes are the most advanced form of
particulate drug carriers.  The drug delivery research field
has successfully constructed long circulating liposomes that
will accumulate in the tumor tissue where the entrapped
drugs can leak out of the liposomes by “passive diffusion”.
Passive targeting can result in several-fold increases of drug
concentrations in solid tumors relative to those obtained
with free drugs [136].  It is thought that the mechanism of
action of the liposomal drugs is due to sustained release of
drugs from the liposomes and diffusion of the released

drugs throughout the tumor interstitial fluid, with subse-
quent uptake by tumor cells.  The range of diameters of
drug-containing liposomes is approximately 60-150 nm [137].
However, because tumor vessels lack tight junctions be-
tween adjacent vasculature endothelial cells, the size of the
gaps between the cells that line tumor blood vessels has
been estimated to be 100-600 nm [138,139], which is large
enough to allow the extravasation of most liposomes from
the vessel into the tumor interstitial space.

Passively targeted liposomal systems can be used to treat
cancer, but they can be improved by the higher and more
selective anti-cancer activity made possible by ligand-
targeted therapy, sometimes termed “active” targeting
[131,140,141].  The advantages of targeted liposomal anti-
cancer drugs are both the high drug-to-carrier ratio relative
to ligand-drug conjugates or free drugs and the multivalent
presentation of univalent ligands such as scFv fragments,
leading to increased binding avidity [135].  Targeting moieti-
es can include: monoclonal antibodies or antibody frag-
ments such as scFv, peptides, growth factors, carbohy-
drates, glycoproteins, or receptor ligands which overex-
pressed or selectively expressed on cancer cells [140,142-
144].  Ligand-mediated targeting of liposomal anti-cancer
drugs such as doxorubicin or vincristine has resulted in
improved survival times in a variety of disease models rela-
tive to non-targeted liposomal therapeutics or to signaling
ligands on their own [145].  Various animal models of human
disease in which targeted therapeutics have resulted in sig-
nificantly improved survival rates include: anti-CD19 or anti-
CD20-targeted liposomal doxorubicin or vincristine in the
treatment of murine models of human B lymphoma
[140,145,146]; NGR-targeted liposomal doxorubicin in the
treatment of murine models of human neuroblastoma (an
anti-angiogenic effect)[147]; anti-GD2-targeted liposomal
doxorubicin and anti-GD2-targeted liposomal anti-c-myc or
c-myb antisense oligonucleotides in the treatment of neuro-
blastoma and melanoma [148-150]; and anti-HER-2/Neu-
targeted liposomal doxorubicin in the treatment of murine
models of human metastatic breast cancer [151].

Recently, we have developed methods of identifying the
targeting ligand specifically bound to NPC cells.  In an effort
to develop ligand-targeted therapy, we used peptide-linked
liposomes that carried doxorubicin to treat SCID mice bear-
ing human cancers.  The targeting liposomes were found to
have an enhanced anti-tumor effect and to have significant
clinical potential in a targeted drug delivery system [131].
Discovery of targeting ligands to cancer cells (including
cancer stem cells) and development of ligand-targeted
therapy will help us improve the therapeutic efficacy and
reduce side effects.  Unlike other forms of therapy, it will
allow us to maintain quality of the patient’s life while
efficiently attacking the cancer.

Conclusion

Since the 1950s, significant advances have been made in
the chemotherapeutic management of cancer.  Unfortunately,
more than 50% of all cancer patients either do not respond
to initial therapy or experience relapse after an initial re-
sponse to treatment and ultimately die from progressive
metastatic disease.  Even though the pharmaceutical indus-
try has been successful in discovering many new cytotoxic
drugs that can potentially be used for the treatment of can-
cer, this life-threatening disease still causes near 7 million
deaths every year worldwide and the number is growing.
Thus, the ongoing obligation to the design and discovery of
new cancer therapy is urgent.  In general, cancer che-
motherapy is usually accompanied by severe side effects
and acquired drug resistance.  Therefore, we anxiously await
the development of target therapy that will allow greater tu-
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mor specificity and less toxicity.  Recently, some attempts
have been made for this purpose including the usage of
monoclonal antibodies [20,22,41] or small molecules [56,82]
to inhibit the tumor growth.  Despite the promising clinical
results from the agents that we have highlighted, there is
still significant limitation to the concept of “pathway-
specific” targeted therapies.  These agents are only effective
in tumor types that are dependent upon the tumor antigens
that are expressed or the pathways that are being inhibited.
It is readily apparent that most solid tumors are the result of
numerous genetic mutations, and thus inhibiting a single
cellular pathway may not result in a significant therapeutic
outcome.  Design of agents that target a number of pathways
will possibly increase the therapeutic effect, but also
increase the risk of treatment-related toxicities.

Most small molecule drugs are distributed in large
volumes when given intravenously [152].  The result of this
treatment is often a narrow therapeutic index due to a high
level of toxicity in normal tissues.  Through encapsulation of
drugs in a macromolecular carrier, such as liposomes, the
volume of distribution is significantly reduced and the con-
centration of drug in the tumor is increased [153], resulting
in a decrease in the amount and types of non-specific tox-
icities and an increase in the amount of drug that can be
effectively delivered to the tumor [154,155].  Liposomes con-
taining various lipid derivatives of polyethylene glycol (PEG)
have resulted in extension of the half life [156].  However,
they need a tumor targeting ligand to carry them to the tu-
mor site.  For solid malignancies, which comprise more than
90% of human cancers, antibodies recognizing tumor-
specific antigens have provided only some utility for drug
delivery because the immunoconjugates cannot easily pene-
trate the tumor tissue [157,158].  Therefore, identification of
peptide ligands and development of peptide-targeting
liposome is highly desirable.  Ligand-targeted therapy via
targeting liposome may be able to allow us to carry higher
dosage of drugs to the tumor tissue and help us overcome
some of the obstacles to effective cancer therapy.
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