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Abstract

INTRODUCTION

Conventional chemotherapeutic drugs are distributed nonspecifically in the body where they affect both cancerous
and healthy cells, resulting in dose-related side effects and
inadequate drug concentrations reaching the tumour. Nonspecific drug delivery leads to significant complications that
represent a serious obstacle to effective anticancer therapy.
In addition, the occurrence of resistance phenomena
reduces the efficacy of cancer treatment. To overcome the
lack of specificity of conventional chemotherapeutic drugs,
several ligand-targeted therapeutic strategies, including
immunotoxins, radioimmunotherapeutics, and drug
immunoconjugates, are being developed. Although these
conjugated agents have shown promising efficacy compared
with conventional chemotherapy drugs, limitations in their
delivery efficiency still remain. Recent progress in cancer
nanotechnology raises exciting opportunities for specific drug
delivery. Currently developed delivery systems for anticancer
agents include colloidal systems polymer implants and
polymer conjugates with marketed formulation also reported.

In the search for successful cancer treatment is the
quest for the ultimate cancer therapeutic. Although
conventional treatment options such as chemotherapy
and radiation have experienced many advances over
the past decades, cancer therapy is still far from optimal.
Effectiveness of cancer therapy depends on a fine ratio
that is determined by the ability of the therapeutic to
eradicate the tumour while affecting as few healthy
cells as possible. In this case, systemically administering
bolus doses of powerful chemotherapeutics often results
in intense side effects due to the action of the drugs
on sites other than the intended target. With such
nonspecific drug action, the concentration of drug
rendered available at the tumour site itself is potentially
beneath the minimal effective concentration, entering
the patient into a vicious predicament between
choosing a near-toxic effective dose and a comfortable
ineffective dose. To alleviate this difficulty, decades of
research have focused on developing cancer-specific
drugs or delivery systems that can preferentially
localise existing agents to the tumour site.1 In 2004, the
National Cancer Institute committed $144 million in
funding for interdisciplinary research in cancer-directed
nanotechnology 2 Diagnosing, treating, and following the
progress of therapy for individual malignancies are the
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principal goals of oncologists for which nanotechnology
offers solutions. Recent progress in understanding the
molecular basis of cancer brought out new materials
such as oligonucleotides, genes, peptides and proteins
as a source of new anticancer agents. Due to their
macromolecular properties, however, new strategies
of delivery for them are required to achieve their full
therapeutic efficacy in clinical setting.

Cancer Multidrug Resistance (MDR)
The resistance of human tumour to multiple
chemotherapeutic drugs has been recognized as a
major reason for the failure of cancer therapy.3 The
phenomenon of tumour drug resistance became a
hotspot of cancer research after the emergence of a
novel type of resistance discovered, when it was shown
that a glycoprotein of 170 kD, called P-glycoprotein,
correlated with the degree of drug resistance in several
Chinese hamster ovary cell lines.4 The phenomenon
called multidrug resistance subsequently appeared
as a major impediment to the curative treatment of a
variety of malignancies. Cancer multidrug resistance is
defined as the cross résistance or insensitivity of cancer

cells to the cytotoxicity actions of various anticancer
drugs which are structurally or functionally unrelated
and have different molecular targets.5 Pharmacokinetic
studies dealing with the absorption, distribution,
metabolism and clearance of administered drug have
been useful in elucidating the levels of drugs in cancer
cells and it seems that there are two factors that are
primarily responsible for multidrug resistance. Individual
specificity with regard to variations in absorption,
metabolism and delivery of drugs to target tissues. This
factor is influenced by individual’s genetic pattern
which generates various cellular responses that obstruct
the drug from reaching to threshold levels inside the
cells required for its pharmacological action. Tumour
specificity in terms of origin, vasculature and tissue
function. Tumours located in parts of the body where
the drug is not accessible or tumours with compromised
vasculature often show resistance to chemotherapy
(Figure:1). The former specificity is linked to acquired
resistance where the altered genetics of the cancer cells
exhibit mechanisms that lead to MDR and the latter
specificity is responsible for the inherent or natural
resistance conferred to certain types of tumours which
do not respond to standard chemotherapy drugs from
the beginning.

Fig.1.Schematic Presentation of the Phenomenon of MDR in Cancer Cells. P-gp actively extrudes the drug from the cell,
thereby keeping the intracellular levels below the killing threshold. Such cells have high expression of P-gp and are resistant to
chemotherapy.
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Cancer as Drug Delivery Target
Tumour blood vessels have several abnormalities
compared with physiological vessels, such as a relatively
high proportion of proliferating endothelial cells,
an increased tortuosity and an aberrant basement
membrane formation. The rapidly expanding tumour
vasculature often has a discontinuous endothelium,
with gaps between the cells that may be several
hundred nanometres large.6,7 Macromolecular transport
pathways across tumour vessels occur via open gaps
(interendothelial junctions and transendothelial
channels), vesicular vacuolar organelles and
fenestrations. However, it remains controversial which
pathways are predominantly responsible for tumour
hyper permeability and macromolecular transvascular
Transport8 Tumour interstitium is also characterized
by a high interstitial pressure, leading to an outward
convective interstitial fluid flow, as well as the absence
of an anatomically well-defined functioning lymphatic
network. Hence, the transport of an anticancer drug in
the interstitium will be governed by the physiological
and physicochemical properties of the interstitium and
by the physicochemical properties of the molecule itself.
Physiological barriers at the tumour level as well as at
the cellular level and in the body must be overcome to
deliver anticancer agents to tumour cells in vivo.

Nanoparticles for Tumour
Targeting and Delivery.
Nanoparticles can be targeted to the particulate region
of capillary endothelium, to concentrate the drug within
a particular organ and allow it to diffuse from the carrier
to the target tissue. The folate receptor is over expressed
on many tumour cells. Folinic acid has some advantages
over transferrin as a ligand for long-circulating carriers
because it is a much smaller molecule that is unlikely
to interact with opsonises and can be coupled easily to
a poly ethylene glycol chain without loss of receptorbinding activity. This targeting strategy has also been
applied to long-circulating nano particles prepared
from a cyanoacrylate-based polymer. Folate grafted to
PEG cyanoacrylate nano particles has a ten-fold higher
apparent affinity for the folate-binding protein than the
free folate. Indeed, the particles represent a multivalent
form of the ligand folic acid and folate receptors are often
disposed in clusters. Thus conjugated nanoparticles
could display a stronger interaction with the surface of
malignant cells.9 Bovine serum albumin nano particles

have been reacted with the activated folic acid to
conjugate folate via amino groups of the nanoparticle
to improve their intracellular uptake to target cells. The
nano particles were taken up to SKOV3 cells and levels
of binding and uptake were increased with the time of
incubation until 4 hours.. The levels of folate-conjugated
bovine serum albumin nano particles were higher than
those of non-conjugated nanoparticles and saturable.
Association of folate conjugated bovine serum albumin
nanoparticles to SKOV3 cells was inhibited by an
excess amount of folic acid, suggestive of binding and/or
uptake mediated by the folate receptor.10 Nanoparticles
conjugated with an antibody against a specific tumour
antigen have been developed to obtain selective drug
delivery systems for the treatment of tumours expressing
a specific tumour antigen. For instance, biodegradable
nanoparticles based on gelatin and human serum
albumin has been developed. The surface of the
nanoparticles was modified by covalent attachment of
the biotin-binding protein NeutrAvidin, enabling the
binding of biotinylated drug targeting ligands by avidin–
biotin complex formation. Using the HER2 receptor
specific antibody trastuzumab (Herceptin) conjugated
to the surface of these nanoparticles, a specific
targeting to HER2-overexpressing cells could be shown.
Confocal laser scanning microscopy demonstrated an
effective internalization of the nanoparticles by HER2overexpressing cells via receptor-mediated endocytosis.

Polymeric nanoparticles.
Generally, polymers that are used for preparation of
nanoparticles fall into two major categories: natural
polymers and synthetic polymers. A number of natural
polymers such as heparin, dextran, albumin, gelatine,
alginate, collagen, and chitosan have been intensively
investigated. Synthetic polymers including polyethylene
glycol (PEG), polyglutamic acid (PGA), polylactic
acid (PLA), polycarprolactone (PCL) and N-(2hydroxypropyl)-methacrylamide copolymer (HPMA)
have been exploited as well. General requirements for
those polymers are biocompatibility, biodegradability,
and their capacity to be functionalized.11 The formation
of polymeric nanoparticles has been summarized by
several review articles.12 In most cases, the polymeric
nanoparticle consists of two parts, a hydrophobic core
which serves as the container for anticancer agents and
a hydrophilic shell which stabilizes the nanoparticle
in aqueous environments (Figure:2). The drug can
be loaded into polymeric nanoparticles through two
methods: by physical entrapment or by chemical
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Fig.2: Polymeric nanoparticle

conjugation. A hydrophobic interaction between the
core of the polymeric nanoparticle and the drug molecule
allow the drug to be entrapped in the nanoparticle core.
For instance, deoxychilic acid-modified heparin can
self-assemble into 100-200 nm nanoparticles13 and its
hydrophobic core can be used to entrap 4-12% of the
total weight of doxorubicin.14 When the drug molecule
is covalently conjugated onto the polymer, the chemical
properties of the linker between the drug and polymer
are critical. If the linker is too stable, drug release may
be delayed, while if the linker is too unstable, drug
may be released before the nanoparticle reaches the
tumour. Therefore, a proper linker is very important to

the drug polymer conjugate. A variety of pH-sensitive
linkers have been developed such as hydrozone and cisaconityl.15 These chemical bonds are stable in the blood
circulation system, but quickly decompose and release
drug molecules inside the tumour where pH values
typically drop below 5.5. Disulfide bonds are also very
attractive because they can be cleaved by glutathione.
The intracellular level of glutathione is much higher
than its extracellular level, therefore, the disulfide
linker is relatively stable while in blood circulation and
becomes unstable and releases the drug molecules once
it is internalized by cells.16

Table 1. Examples of polymeric nanoparticles approved by FDA 17,18,19

Drug

Industries

Indication

L-asparaginase

Enzon Pharmaceuticals Inc

Acute lymphoblastic
Leukaemia

Abraxane(Paclitaxel-taxol)

Amer.BioScience

Mamary cancer (Metastitic)

Quantum Dots
Quantum dots (QDs) are semiconducting materials
consisting of a semiconductor core (CdSe), coated by
a shell (e.g., ZnS) to improve optical properties, and
a cap enabling improved solubility in aqueous buffers.
They are neither atomic nor bulk semiconductors.
Their properties originate from their physical size, which

ranges from 10–100 Å in radius. Due to their bright
fluorescence, narrow emission, broad UV excitation
and high photo stability QDs have been adopted for in
vitro bio imaging for real time monitoring or tracking
of intracellular process for longer time. Quantum-dots
(Figure: 3) have a large impact on some important
development in different medical areas like diagnostic
tools (magnetic resonance imaging, MRI), in vitro
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Fig. 3: Size dependent representation of a quantum dots

and in vivo detection and analysis of bio molecules,
immunoassays, DNA hybridization, development of
non-viral vectors for gene therapy, transport vehicles for
DNA, protein, drugs or cells, time graded fluorescence
imaging of tissue, labelling of cells and as therapeutic
tools for cancer treatment20

Cell-Targeted Delivery
One of the significant weaknesses of current cancer
treatments is that the anticancer agents kill normal
healthy cells as well as cancer cells. Understanding of
molecular basis of cancer identified that some plasma
membrane receptors and antigens are unique to certain
cancer cells. Cell-specific targeting, therefore, may be
achieved using DDS bearing a monoclonal antibody or
a receptor-specific ligand.21 Upon ligation to targeted
receptor, both drug carriers and the engaged receptors
are often internalized by receptor-mediated endocytosis/
phagocytosis as described in Fig no: 4. Cancer cellspecific receptors/antigens that have been applied as
targets for cancer therapy by many investigators include
tuftsin receptor on macrophage plasma membrane,
folate receptors.22 HER2/NEU receptors anti B-cell
lymphoma monoclonal antibody, LL2,.23 CD 33, CD
45, CD 20, CD 1324, somatostatin receptor25, Ligands/
antibodies for receptor antigens were conjugated to

anticancer agent itself26 attached to the surface of
carriers containing anticancer agents

Receptor mediated endocytosis mechanism
Principal modes of receptor-mediated uptake of
anticancer agents incorporated in carriers bearing
ligands. Upon binding to surface receptors, ligandsattached carriers are internalized into cells mainly by
endocytosis, resulting in the formation of endosomes
(Figure.4). Sometimes the receptors are recycled to
the cell surface. To exhibit anticancer effect in specific
intracellular organelles such as nucleus, carrierentrapped drugs be released out from endosomes prior
to the degradation of internalized materials.

Fig.4: Endocytosis mechanism of drugs.
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Drug-conjugated delivery
systems
Drug-polymer conjugates are potential candidates for
the preferential uptake/delivery of anticancer agents to
tumour tissues 27 through the enhanced permeability
and retention through tumour vasculature. Generally,
drugs should be liberated from polymers to exhibit their
antitumor activity, but in some cases drug conjugates
themselves are pharmacologically active, depending
on the characteristics of conjugation and polymers.
Incorporating acid-sensitive bonds between the drug
and the polymer ensures the effective release of polymer
bound drug at the tumour site. Various biodegradable
polymers have been evaluated for conjugation. They
include copolymers of polylactic and polyglycolic acids,
polylactic acid, poly (orthoesters), polyanhydrides, poly
(E-caprolactone) and polyurethanes. Hydrophilic and
biocompatible N-(2-hydoxypropyl) methacrylamide
copolymer conjugate with anticancer drugs such as
taxol, doxorubicin and camptothecin, enhanced their
therapeutic efficacy while reducing toxicity of drugs
in animal models. The higher anticancer efficacy of
HPMA copolymer conjugate with anticancer drugs
even in vitro suggests a different mechanism of action
from free drugs.28 The decrease in toxicity of conjugated
drugs may be mainly attributed to the change in body
distribution.29 Polyethylene glycol conjugation with

Liposomes in anticancer therapy
Many different liposome formulations of various
anticancer agents were shown to be less toxic than the free
drug.32 Anthracyclines are drugs which stop the growth of
dividing cells by intercalating into the DNA and therefore
kill predominantly quickly dividing cells. These cells are
in tumours, but also in gastrointestinal mucosa, hair, and
blood cells and therefore this class of drugs are very toxic.
The most used and studied is Adriamycin. In addition to
the above mentioned acute toxicities its dosage is limited by
its cumulative cardio toxicity. Many different formulations
were tried. In most cases the toxicity was reduced about
50%. This includes both, short term and chronic toxicities
because liposome encapsulation reduces the distribution of
the drug molecules towards those tissues. The efficacy was in
many cases compromised due to the reduced bioavailability
of the drug, especially if the tumour was not phagocytic, or
located in the organs of mononuclear phagocytic system.
In some cases, such as systemic lymphoma, the effect of
liposome encapsulation showed enhanced efficacy due to
the sustained release effect, longer presence of therapeutic
concentrations in the circulation33 while in several
other cases the sequestration of the drug into tissues of
mononuclear phagocytic system actually reduced its efficacy.
Applications in man showed in general reduced toxicity,
better tolerability of administration with not too encouraging
efficacy. Several different formulations are in different phases
of clinical studies and show mixed results.34

Enhanced permeability and
Retention effect (EPR)
Stealth liposomes is highly overcomes problem
associated with RES clearance of conventional
liposomes due to modification of surface properties by
PEG (Figure:6). Hence liposomes does not cleared by
Fig.5: The formation of liposomes.

anticancer proteins or small molecules also enhanced the
therapeutic value of those anticancer agents by offering
extended circulation life, lower toxicity, increased drug
stability and solubility.30 PEG attached camptothecin
(PROTHECANTM, Enzon), paclitaxel (PEG-paclitaxel,
Enzon), interferon (PEGINTRON, Enzon) and G-CSF
(Roche Holding) are examples of PEG enhanced version
undergoing clinical trials. Dextran conjugation selectively
accumulated platinum complex (II) and epidermal growth
factor 31 in the cancer tissue.

Fig.6. Stealth liposomes improve EPR effect.
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Table no.2; Example of STEALTH liposomes approved by FDA35
Drug

Industries

Indication

Doxorubicin(Caelyx)

Johnson & Johnson

Kaposi’s Sarcoma

Lipomasc

Polymase pharmaceuticals

NA

Daunorubicin

Gilead Sciences Inc

Kaposi’s Sarcoma

macrophages as well as capillary endothelium of tumour
vasculature Steric stabilization liposomes is responsible
for raising circulation life and targeting desired tumours
called Enhanced permeability & retention effect (EPR).
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