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ABSTRACT 

The treatment of cancer is limited by a number of factors including the low 
therapeutic index of most chemotherapeutic agents, the emergence of drug- 
and radiation-resistant tumor cells, tumor heterogeneity and the presence of 
metastatic disease. One of the means to improve the therapeutic index of 
drugs is by selective or ‘targeted’ delivery to tumor sites. Tumor-directed 
therapy has the potential to improve efficacy, by increasing the intratumoral 
concentration of the targeted agent, and to minimize toxicity by reducing 
systemic exposure. So far some degree of site-selective delivery has been 
achieved only with “targeting homing drugs” that specifically recognize their 
pharmacological target. The specificity of delivery using nanoparticles was 
initially a coincidental property, active targeting has now become a central 
concept in cancer therapeutic research. This concept has been developed 
into practical application using a variety of tumor targeting ligands. This 
review briefly summarizes the ever increasing evidence to the use of proteins 
such as monoclonal antibodies (MAbs), bispecific antibodies (BsAbs), 
Affibody molecules, albumin, transferrin and peptides such as stable 
microbial toxins and cell penetrating peptides (CPPs) as innovative tumor 
targeting ligands in anticancer drug delivery systems. 

INTRODUCTION: Cancer is one of the most wide-
spread diseases of modern times; with an estimated 
increase in the number of patients diagnosed 
worldwide, from 11.3 million in 2007 to 15.5 million in 
2030 1.  

Despite the significant progress in the development of 
anticancer technology, there is still no common cure 
for patients with malignant diseases. In addition, the 
long-standing problem of chemotherapy is the lack of 
tumor-specific treatments. Traditional chemotherapy 
relies on the premise that rapidly proliferating cancer 
cells are more likely to be killed by a cytotoxic agent. In 
reality, however, cytotoxic agents have very little or no 
specificity, which leads to systemic toxicity, causing 
undesirable severe side effects such as hair loss, 

damages to liver, kidney, and bone marrow 2, 3. It is 
therefore of importance to develop novel technologies 
that can be used for targeted drug delivery to tumors 
and thereby improve the therapeutic index of the 
drugs by increasing therapeutic drug concentrations to 
the target tumor tissue and/or by reducing systemic 
drug distribution to minimize the  severe and harmful 
toxic effects on normal organs 4.  

In the last three decades, various drug delivery 
protocols and systems such as liposomes 4, micelles, 
dendrimers, various polymeric based systems 5, 
nanostructure 6 and nanoparticles 7, MAbs and other 
protein based carriers, peptides 8,  polyunsaturated 
fatty acids, folic acid, hyaluronic acid and oligopeptides 
2 have been explored.  
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Among these carrier systems, proteins and peptides as 
targeting carriers in anticancer drug delivery holds 
great promise because of their selective binding 
affinity, tissue penetration capacity and internalizing 
capacity by cancer cells. Further more, some protein 
and peptide-based carriers are nearly invisible to the 
immune system and are expected to cause minimal or 
no side effects 8.  

In addition, recent advances in protein engineering, 
protein nanoparticle technology and the advances in 
combinatorial peptide library technology have made it 
possible to generate high-affinity proteins and peptides 
that may be used as ligands for the development of 
targeted anticancer strategies 8, 9. For example, MAbs 8, 

CPPs 10, Affibody molecules 11, albumin 12, BsAbs 13, 

transferrin 14 and stable toxin peptides 15 are some of 
the new classes of transmembrane delivery vectors 
with high pharmaceutical potential.  

Generally, the development of novel drugs and 
delivery systems with novel mode of actions and high 
cancer cell selectivity are crucial in order to battle 
anticancer drug resistance and reduce normal cell 
cytotoxicity 16. Now a days significant research efforts 
have been directed towards targeting cancer drugs to 
tumors using specialized drug carriers, and protein- 
and peptide- based carriers have become an important 
component of these targeting approaches 3. It is likely 
that the use of such drug carriers can improve the 
pharmacological properties of conventional chemo-
therapeutics by altering drug pharmacokinetics and 
biodistribution 5, 16.  

This review briefly describes some of the recent 
advances in using proteins and peptides as targeting 
carriers in anticancer drug delivery, with particular 
emphasis on those proteins and peptides that are 
currently in use or under investigations and  may soon 
become part of the novel drug targeting approaches in 
the therapeutic arsenal to combat cancer in a more 
efficient way. 

Proteins as Anticancer Drug Targeting Carriers: The 
idea of developing a drug that selectively destroy 
disease cells without damaging healthy cells was 
proposed by Paul Ehrlich, almost a century ago; he 
called his hypothetical drug the “magic bullet” 17-19. 
Thereafter, over the past several decades, many 

scientists have focused their attention on the 
development of ideal drugs that specifically target the 
site of action. Although little progress has been made 
in this field, the advent of nanomedicine and our 
understanding of cellular and molecular biology have 
opened new avenues to transform the Ehrlich's 
concept into clinical reality 18 .  

A concept of site-specific drug-delivery systems was 
formed and, according to this concept, a drug would be 
attached to a carrier that would take the ‘pay-load’ 
(the drug) to the target (attached to the carrier via a 
targeting ligand) and release it at the target site. The 
practical realization of this concept has fascinated and 
eluded scientists ever since 19.  

The choice of the carrier molecule for targeted drug 
delivery system is of high importance because it 
significantly affects the pharmacokinetics and 
pharmacodynamics of the drugs 18. 

Over the past four decades intensive efforts have been 
made to design novel carrier systems that are able to 
deliver the drug more efficiently to the target tumor 
site. A wide range of materials, such as natural or 
synthetic polymers 18, 20, lipids, surfactants,18  
dendrimers 18, 20, polysaccharides 18 cells, micro-
spheres, nanospheres,   liposomes 20-22, polymer 
micelles 20, 22-24, nanoparticles 20-22, 25, inorganic 
nanoparticles, carbon nanotubes 21, lipoproteins 24,  
antibodies and proteins 22 have been extensively 
investigated for passive and/or active targeting of the 
tumor tissues. Among these, protein-based carrier 
systems have received increasing attention because of 
their outstanding physical and biological properties for 
tumor targeting 17. 

Proteins are a class of natural molecules that have 
unique functionalities and potential applications in 
both biological as well as material fields. 
Nanomaterials derived from proteins, especially 
protein nanoparticles are biodegradable, non-
antigenic, metabolizable and can also be easily 
amenable for surface modification and covalent 
attachment of drugs and ligands. Because of the 
defined primary structure of proteins, the protein-
based nanoparticles may suggest various possibilities 
for surface alteration and covalent drug attachment.  
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In the last one decade, active research was focused on 
the preparation of nanoparticles using proteins for 
targeted delivery of anticancer drugs 26. The protein 
nanoparticles can deliver the therapeutic drugs to the 
tumor by passive or active targeting. Passive targeting 
of nanoparticles to tumors occurs by the modulated 
vasculature, which allows nanocarriers to extravasate 
through gaps in the endothelium.  

The entry of the particles to the interstitial space, 
associated with poor lymphatic drainage from the 
tumor, results in higher retention times of 
nanoparticles in the tumor than in normal tissues, in a 
process known as the enhanced permeability and 
retention (EPR) effect 27-29. Significant increases in drug 
accumulation in the tumor tissue by the EPR effect can 
reach 10- fold or higher concentration with drug-
loaded nanoparticles compared to free drug. Active 
targeting requires the use of targeting moieties, such 
as antibodies or receptor ligands or other proteins and 
peptides, conjugated to the surface of the nanocarrier 
systems for their delivery enhancement 27. Some of the 
proteins that have promising applications for passive 
and/or active targeting of tumors  in treating cancers 
using chemotherapeutic agents are briefly discussed as 
fellows;  

1. Monoclonal antibodies for Targeted Anticancer 
Drug Delivery: Advances in understanding of the 
molecular mechanisms underlying the 
development and progression of cancer have 
resulted in the discovery of new therapeutic 
interventions that target specific molecular 
abnormalities 30.   

About 55 years ago, it was suggested that 
antibodies could specifically target malignant cells 
in vivo, but it was the discovery of hybridoma 
technology by Kohler and Milstein in 1975 that 
paved the way for the development of antibody 
based cancer therapy 30, 31. The hybridoma 
technology has enabled the development and 
production of MAbs in large scale that can be 
specifically directed against each particular cellular 
antigen 32, 33.  In this procedure mice are mostly 
immunized with tumor cells or with a purified 
tumor antigen.  

After fusion of spleen cells from the immunized 
mouse with myeloma cells, a hybridoma cell clone 
can be selected to produce a MAb with the desired 
antigen specificity 32. The advents of molecular 
biology techniques and allied technologies during 
the past two decades have greatly facilitated the 
genetic manipulation, recombinant production, 
identification and conjugation of antibody 
fragments. These have improved the capacity to 
design and generate MAbs that specifically target 
and subsequently eliminate cancer cells.  

The implementation and refinement of genetic 
fusion and recombinant expression techniques 
have led to the development of a large variety of 
engineered MAb molecules for research, diagnosis 
and therapy 30. In addition in vitro routes to high 
affinity MAbs can be explored by using phage 
display libraries 32. In general, the advances of such 
molecular techniques and  their applications for 
the generation of antibodies  to tumor associated 
antigens gave rise to early hopes that such 
antibodies would be the sought-after ‘ideal anti-
cancer drug’ 31. More than two decades of 
development has led to the therapeutic promise of 
MAbs for cancer and other diseases such as 
cardiovascular diseases, infectious diseases and 
immune disorders being realized 33, 34. 

Nowadays, more than 20 MAbs have been 
approved for use in many indications, including 
cancer 35. The promise offered by MAb-based 
therapies for treatment of cancer has begun to be 
realized with the approval of an anti-CD20 MAb, 
rituximab (Rituxan, IDEC Pharmaceutical Corp, San 
Diego, CA), for treatment of non-Hodgkin’s’ 
lymphoma and B-cell chronic lymphocytic 
leukaemia, an anti-HER2 MAb, trastuzumab 
(Herceptin, Genentech, CA)   for treatment of 
metastatic breast carcinoma 33, 36-38 and cetuximab 
for colorectal cancer 31.  

So far, 6 unconjugated antibodies and 3 immuno-
conjugates approved for use in the United States 
in a variety of cancers, with a considerable number 
of new agents in advanced clinical trials 39, 40. 
Novel MAbs that target various receptors are also 
in preclinical trials 39, 41.  
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How MAbs actually induce anti-tumor effects is 
not fully understood. Initially the major 
mechanisms were thought to be T-cell mediated 
antibody-dependent cellular cytotoxicity (ADCC) 
and/or opsonisation and complement dependent 
lysis as shown in figure 1 33, 36, 39, 42, 43. However, 
MAbs that target proteins involved in cell 
signaling, as shown in figure 1, have proven more 
effective and have multiple actions 33, 36, 39, 41. The 
mechanisms of action of trastuzumab, for 
example, include receptor down regulation, 
prevention of heterodimerization, initiation of cell 
cycle arrest, prevention of receptor cleavage by 
proteases and inhibition of angiogenesis. In 
addition, trastuzumab appears to restore 
sensitivity to taxanes and other DNA damaging 
agents, probably by inhibiting anti-apoptotic 
signals 33, 41.  

 
FIGURE 1: MECHANISMS OF ACTION FOR UNCONJUGATED 
ANTIBODIES 

39 

Even though “naked” MAbs can exert their 
therapeutic efficacy through multiple mechanisms, 
often their activity is not sufficient to produce a 
lasting benefit. Hence, several strategies have 
been employed to enhance their activity 35, 37. 

 Antibody–drug conjugates represent one 
approach, where the ability to harness MAb 
specificity and target the delivery of  cytotoxic 
agents such as radionuclides, chemotherapeutic 
drugs or toxins to the tumor cells in order to elicit 
a tumor specific cytotoxic effect 33, 34, 42.   

This strategy increases effectiveness and reduces 
non specific toxicities of radio-isotopes, toxins, 
drugs or enzymes because the antibodies can 
selectively bind with antigen bearing cells and 
deliver their “payloads” directly to tumor cells 35, 

44. For example, radiolabeled MAbs directed 
against tumor associated antigens or tumor 
surface antigens selectively concentrate the 
radiolabel at the site of the tumor, allowing 
imaging of the primary tumor and/or metastases 
or site selective delivery of radio-isotopes for 
therapeutic use 44.  

Several MAb–drug conjugates have displayed 
pronounced activities in preclinical cancer models, 
and there are now three approved antibody–
cytotoxin conjugates for cancer therapy: 
MylotargTM (gemtuzumab-ozogamicin), Zevalin 
TM (ibritumomab-tiuxetan), and BexxarTM 
(tositumomab). Research surrounding the critical 
parameters for therapeutic success has suggested 
that highly potent drugs are required for MAb-
based delivery strategies, and the linker used to 
attach the drug to the MAb should be highly stable 
in circulation 45. 

Conjugation also has an effect on the 
biodistribution of the drug, sparing normal tissue 
exposure to the cytotoxic agent and allowing the 
use of potent agents that would prove too toxic 
for systemic use. Optimization of a variety of 
antibody-drug conjugation parameters has 
recently met with considerable success for the 
targeted delivery of cytotoxic payloads to tumor 
cells 35, 45. 

Different strategies could be defined for targeted 
MAb-drug conjugates. In the first strategy, drug 
could be bound to the antibody in such a way that 
drug was released from the conjugate by a non- 
specific process, e.g., hydrolysis or dissociation, 
leading to a half-time for drug release.  

In the second strategy, drug could be targeted to 
the tumor tissue, and released by mechanisms in 
the extracellular environment. The tumor 
environment is known to be more acidic than 
normal tissue and also contains amounts of 
cathepsins and other proteases.  
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This strategy has the advantage that it does allow 
some degree of bystander effect, i.e., killing of 
non-antigen-bearing tumor cells, to take place, but 
may not deliver drug as rapidly or as specifically to 
the tumor cells 46.  

In the third strategy, macromolecules would be 
endocytosed into cells, and drug released from the 
lysosomal degradation of the macromolecule. This 
is the major mechanism for which most 
chemoimmuno-conjugates have been designed. 
This has the advantage that only cells bearing the 
relevant antigen can be killed following 
endocytosis of the conjugate but conversely 
suffers from the problem that cells not bearing the 
relevant antigen, or which do not endocytose the 
antigen are not killed. However, it is likely that the 
drug release mechanisms employed for this route 
may also allow some release of drug from the 
extracellular compartment through the proteases 
and slightly lowered pH 31, 37, 38, 46, 47.  

The fourth strategy is the so called antibody 
directed enzyme prodrug therapy. In this 
approach, an enzyme is coupled to a target cell 
directed antibody. After administration, the 
enzyme-MAb complex is allowed to bind to its 
target. Subsequently, a non-toxic, prodrug is 
administered. Upon exposure to the enzyme-MAb 
complex, the active drug is enzymatically cleaved 
from the prodrug and released locally at high 
concentrations. This strategy is one of the various 
tumor targeting approaches to improve the 
efficacy of anticancer chemotherapy by reducing 
the adverse side effects and damage to normal 
tissues associated with systemic dug delivery and 
therapy 48, 49-51.  

This therapeutic approach seems to be justified in 
an adjuvant setting for the treatment of minimal 
residual disease or leukaemia or after surgery of 
the primary tumor to kill possible circulating tumor 
cells. However, by using this approach few clinical 
responses were observed in the treatment of solid 
tumors due to heterogeneous and low uptake of 
conjugates of anticancer agents and antibody or 
pro-antibody fragments. To overcome the problem 
of delivery of MAbs for the therapy of larger tumor 
masses, smaller fragments such as single chain 

variable domain fragments (ScFv)  and more easy 
accessible target cells such as tumor vascular 
endothelial cells have been studied 48, 52, 53. More 
over, it is clear that application of the advanced 
and new molecular technologies to refine the 
macromolecular structure of the MAbs to 
maximize tumor targeting and penetration will be 
of great utility in improving the efficacy of 
antibody based cancer immunotherapy 54, 55. 

2. Bispecific antibodies for Targeted Anticancer Drug 
Delivery: To overcome dose limiting toxicities and 
to increase the efficacy of cancer therapy, so far a 
number of strategies have been tried for 
selectively targeting drug molecules towards 
tumor cells. Many of these strategies exploit the 
specificity of tumor associated antigen recognition 
by MAbs or MAB-drug conjugates48.  However, low 
efficacy of “naked” MAbs as cancer 
monotherapeutic agents and problems associated 
with chemical conjugation of cytotoxic agents with 
MAbs, such as reduction of antigen binding 
activity, inconsistency of drug loading, aggregate 
formation, and low protein yields, have led several 
groups to construct ligands  that can combine an 
antigen binding site with one that recognizes a 
cytotoxic agent 56. The recent breakthroughs in 
recombinant DNA technology, the increased 
number of identified disease targets as the result 
of the completion of human genomic map project, 
and  a better understanding of the mechanism of 
human immune system has helped scientists to 
develop BsAbs 52.  

BsAbs are constructs that have two specificities, 
one directed at the effector cells and the other 
directed at the target cell. Their development 
arose out of the need for targeting immune cells to 
tumor antigens13. The development of BsAbs 
elicited possibilities to combine tumor cell and 
immune effector cell specificities in a single 
antibody molecule 48.  Through BsAb mediated 
cross linking of tumor cells and immune effector 
cells such as cytotoxic T lymphocytes, natural killer 
cells, neutrophils and monocytes/macrophages, 
the effector cells were able to redirect their 
cytolytic activity towards the tumor cells in a 
highly efficient manner 48, 52.    
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Cross linking and cytolysis are induced irrespective 
of the effector cell’s intrinsic specificity and major 
histocompatibility complex (MHC) expression by 
the tumor cell 48. For example, BsAbs direct 
cytotoxic T cells to mediate tumor cell lysis 
regardless of their initial antigen specificity. In 
addition, the interaction between redirected 
cytotoxic T cells and tumor cells is independent of 
MHC antigens, so that the cytotoxicity is not 
affected by MHC alteration or down regulation on 
the tumor targets, by which cancers effectively 
evade the immune attack 48, 57. 

BsAbs can be conventionally generated by hybrid-
hybridoma method, or by chemical conjugation 13, 

58.  Through chemical conjugation means, BsAbs 
were generated by chemical cross linking of 
respective F(ab`) fragments of target and trigger 
molecule antibodies 58. In the early 1980s, the 
production of BsAbs was also successfully via 
fusion of two MAb producing cell lines (or 
hybridomas). Using this fusion technique, one is 
able to obtain a hybridoma cell line secreting the 
BsAb of choice.  

Due to variation in genetic recombination, 
however, the fusion product will consist of cell 
lines synthesizing a variety of proteins in addition 
to the desired BsAb producing cell lines in the 
correct format. Therefore one needs appropriate 
selection methods to isolate the particular BsAb 
producing cell line 48. Both of these techniques 
have their disadvantages for clinical uses due to 
high cost, large molecular size, instability and 
immunogenicity 57, 58.  

In the 1990s, advances in molecular genetics and 
protein engineering and the expansion of 
knowledge on recombinant DNA technology led to 
the development of a new generation of 
recombinant BsAbs that are suitable for in vivo 
application 48, 58.  Promising new formats for 
recombinant BsAbs include single-chain bispecifics, 
bispecific diabodies and bispecific minibodies 
containing individual constant domains of 
conventional antibodies. All these constructs can 
be made from humanized or even fully human 
antibodies 57, 58.  

One of the more notable recent achievements has 
been the design of tandem BsAbs, which behave 
as tetrabodies and thereby comprise two bivalent 
components that provide both high targeting 
avidity and receptor activation 57. In general, while 
BsAb preparation by chemical synthesis or 
hybridoma fusion yield relatively high amounts of 
product, BsAbs produced by recombinant DNA 
technology are better defined. This latter 
technology will require up scaling of BsAb protein 
production for future in vivo experimental and 
clinical evaluation 48. 

BsAbs have drawn considerable attention from the 
research community due to their unique structure 
against two different antigens. The two-arm 
structure of BsAbs allows researchers to place a 
therapeutic agent on one arm while allowing the 
other to specifically target the disease site 52, 59.  
The therapeutic agent can be cytotoxic drugs, 
toxins, enzymes, DNA, prodrugs, antivascular 
agents, cytokines, viral vectors, or radionuclides 13, 

48, 52.    

Furthermore, BsAbs may redirect the cytotoxicity 
of immune effector cells towards the diseased 
cells or induce a systemic immune response 
against the target.  BsAbs have been also 
introduced in cancer vaccine development. Some 
of these exciting explorations have already been 
expanded to redirecting cytotoxicity to tumor cells, 
HIV and other infectious diseases; targeting 
enzymes to achieve site-specific activating anti-
cancer prodrugs and delivering antigen specifically 
to antigen-presenting cells as vaccines 52.  

BsAbs have been also exploited in a large variety of 
applied technologies such as immuno-
histochemistry, enzyme immunoassays and for 
studying cell–cell interactions 48. Due to its great 
potential as new anticancer drug targeting ligand 
and for new therapeutic applications, enormous 
research efforts should be devoted to this area. 

3. Affibody molecules for Targeted Anticancer Drug 
Delivery: Affibody molecules (Affibody) are small 
and robust affinity ligands based on the three-
helical-bundle Z domain, which is a stabilized 
variant of the B domain of staphylococcal protein 
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A 11, 60. They are not related to and do not share 
sequence or structural homology with antibodies 
60. The Z domain was chosen as the starting point 
for the construction of novel binding proteins 
because this small protein (58 amino acids, 
approximately 6.5 kDa) was known to have 
excellent biophysical properties—including high 
melting temperature, reversible and rapid folding, 
a binding surface as large as that of an antibody, 
high solubility in aqueous solutions. The 
exceptional nature of the Z domain scaffold is 
further highlighted by the shortest folding time yet 
reported for a protein, that is, 3 μs 60-62.  

Unlike MAbs that may be generated by 
immunization of laboratory animals combined 
with hybridoma technology, isolation of new 
affibody molecules based on non-immunoglobulin 
scaffolds is performed using synthetic 
combinatorial libraries and in vitro selection 
systems (e.g. phage display technology) 61. 
Affibody-based scaffolds fold spontaneously in 
physiological conditions and they can be also 
produced by recombinant DNA technology using 
bacterial cells such as Escherichia coli (E. coli) as 
expression hosts 63, 64.  

Affibody molecules are typically selected from 
phage-displayed combinatorial libraries, where 13 
surface-exposed amino acid residue positions on 
helices 1 and 2 have been randomized to create 
large molecular repertoires 61, 63, 64. They can be 
fused in tandem, should bivalent or bispecific 
constructs be desired. As affibody molecules are 
devoid of cysteines, they allow homogenous site-
specific labeling using maleimide chemistry after 
the introduction of a single cysteine for such 
labeling purposes 63.  

The robust scaffold enables labeling of Affibody 
molecules in a variety of conditions including 
reducing environment, broad range of pH and 
elevated temperatures without loosing binding 
properties. Site-specific labeling of Affibody 
molecules made by peptide synthesis can be also 
achieved by coupling a chelator to N-terminus in 
the last synthesis step 64. Affibody molecules are a 
class of engineered affinity proteins with proven 
potential for therapeutic, diagnostic and 

biotechnological applications. Their ability to 
selectively and with high affinity bind a given 
molecular structure is an essential key feature for 
in vitro and in vivo diagnostics, for basic research 
and for many biotechnological applications 61, 64.  

They have been successfully tested for targeted 
diagnostic utility in cancer patients with human 
epidermal growth factor receptor 2 (HER2) -
expressing metastases and they are used as 
affinity ligand in an IgG affinity purification 
column. While many different binding members 
have been explored for biotechnological use, 
several Affibody molecules with different 
specificities have been used for in vivo purposes 61.  

Affibody molecules with nanomolar and picomolar 
affinities have been produced by recombinant 
DNA technology or selected from phage-displayed 
combinatorial libraries  to a large range of targets, 
including insulin, fibrinogen, transferrin,  IL-8, 
gp120, CD28, human serum albumin, IgA, IgE, IgM, 
HER2, epidermal growth factor receptor (EGFR), 
tumor necrosis factor α (TNFα) and amyloid-β (Aβ) 
peptide 11, 60, 61.    

Multimeric Affibody molecules (i.e., head-to-tail 
gene fusions of two or more Affibody molecules), 
bispecific Affibody molecules i.e., fusion of two 
Affibody molecules having separate target 
specificities and fusions of Affibody molecules with 
other proteins and toxins have been shown to be 
functionally active. Since the Affibody scaffold 
lacks cysteines, homogenous site-specific 
modifications are possible by the introduction of a 
unique cysteine. This has been done to achieve 
site specific labeling with, for example, different 
radionuclides and fluorescent dyes.  

Thus, Affibody molecules have been shown to be 
amenable for a wide range of additional 
modifications, including fusions at the N- or the C-
terminus 60. More recently, different groups have 
investigated Affibody molecules as alternatives to 
antibodies for nanoparticulate anticancer drug 
delivery. This scaffold has excellent features like  
their stability, solubility,  their intrinsic small size, 
fast folding and simple but robust non-cysteine 
containing structure  as an affinity ligand and can 
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be designed to bind with high affinity to any given 
target protein 61, 62. As only 13 amino acid 
positions differ between binding members specific 
for different receptors and proteins, much of the 
knowledge and techniques on modulation one 
Affibody molecule can be applied to another 61. 

Thus, such intrinsic features enable one to design 
and characterize novel procedures for developing 
different Affibody molecules for targeted delivery 
of therapeutic payloads to cancer cells. Most early 
work on in vivo targeting has been done with HER2 
and later EGFR-targeting Affibody molecules. For 
example, HER2-binding Affibody has several merits 
as a targeting ligand owing to a) its small size (5.8 
kDa), b) ease of conjugation of functional domains 
away from the active site c) ability to promote 
receptor-mediated endocytosis, and d) high 
stability in vitro and in vivo and importantly, non-
toxic to cells 61, 65. 

4. Albumin based Drug Targeting in to Tumor Cells: 
Albumin is the most abundant plasma protein (35–
50 g/L human serum) with a molecular weight of 
66.5 kDa. Like most of the plasma proteins, 
albumin is synthesized in the liver where it is 
produced at a rate of approximately 0.7 mg/h for 
every gram of liver (i.e. 10-15 g daily).  It is an 
acidic, very soluble protein that is extremely 
robust: it is stable in the pH range of 4-9, soluble in 
40 % ethanol, and can be heated at 60 °C for up to 
10 h without deleterious effects 12, 66. 

Commercially, albumins are obtained with 
significant quantities from egg white (ovalbumin), 
bovine serum (bovine serum albumin), and human 
serum (human serum albumin, HSA) and also 
available from soybeans, milk and grains 67. The 
HSA that exhibits an average half-life of 19 days 
can be used for treating shock, burns, 
hypoalbuminemia, surgery or trauma, 
cardiopulmonary bypass, acute respiratory distress 
and hemodialysis. As an alternative to blood 
derived albumin, recombinant HSA (Recombumin) 
has been developed and is a genetically 
engineered protein expressed in yeast cells that 
has shown comparable safety, tolerability, 
pharmacokinetics and pharmacaodynamics to 
native HAS 12, 66, 67.  

In general, the multifold functions and binding 
properties of HSA as well as its preferential uptake 
in tumor and inflamed tissue, its ready availability, 
its biodegradability, biocompatibility, its effective 
drug loading capacity,  water solubility, and its lack 
of toxicity and immunogenicity make it an ideal 
candidate for drug delivery 12, 68, 69. More over, HSA 
provides several functional groups on the surface 
which can be easily used for surface modification 
69. 

Albumin is emerging as a versatile protein carrier 
for drugs with high binding affinity for albumin to 
either improve the pharmacokinetic profile and 
bioavailability of drugs such as peptides and 
antibody moieties or to exploit the targeting 
property of albumin for inflamed or malignant 
tissue 12, 66. This macromolecular carrier has been 
shown to be biodegradable, nontoxic, metabolized 
in vivo to produce innocuous degradation 
products, non-immunogenic, easy to purify and 
soluble in water allowing ease of delivery by 
injection and thus an ideal candidate for 
nanoparticle preparation.  

Albumin-based nanoparticle carrier systems 
represent an attractive strategy, since a significant 
amount of drug can be incorporated into the 
particle matrix because of the different drug 
binding sites present in the albumin molecule. Due 
to the defined albumin primary structure and high 
content of charged amino acids (e.g. lysine), 
albumin-based nanoparticles could allow the 
electrostatic adsorption of positively or negatively 
charged drug molecules without the requirement 
of other compounds such as surfactants or 
polymeric materials.  

In addition, albumin nanoparticles can be easily 
prepared under soft conditions by coacervation, 
controlled desolvation or emulsion formation. 
They show a smaller size (50 to 300 nm) compared 
to microparticles and, in general, better controlled 
release properties than liposomes which may 
improve patient acceptance and compliance 67, 70.  
Furthermore, albumin is thought to facilitate the 
endothelial transcytosis of unbound and albumin-
bound plasma constituents to the extravascular 
space. This process is initiated by the binding of 
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albumin to the endothelial cell surface to the 60-
kDa glycoprotein (gp60) receptor (albondin), which 
in turn results in the binding intracellular protein 
(caveolin-1) by gp60 and invagination of the cell 
membrane to form transcytotic vesicles, referred 
to as caveolae.  

This efficacy conferred by the use of an albumin 
carrier is supported by the findings of several 
clinical studies, for example, on AlbunexTM and 
AbraxaneTM 70.   

Over the past decades, albumin has emerged as a 
versatile carrier for targeting therapeutic and 
diagnostic agents, primarily for diagnosing and 
treating cancer, diabetes, rheumatoid arthritis and 
infectious diseases 71. Market approved products 
include the taxol albumin nanoparticle Abraxane® 
for treating metastatic breast cancer which is also 
under clinical investigation in further tumor 
indications 66, 68, 71, 72, fatty acid derivatives of 

human insulin or the glucagon-like-1 peptide 
(Levemir® and Victoza®) for treating diabetes 66, 71, 

and 99mTc-aggregated albumin (Nanocoll® and 
Albures®) for diagnosing cancer and rheumatoid 
arthritis as well as for lymphoscintigraphy 71.  

Other recent applications of HSA have 
demonstrated some advantages as a natural and 
therefore biocompatible and biodegradable carrier 
to construct targeted cytotoxic conjugates with 
apoptosis-inducing drugs. In these cases the 
albumin-based targeted drug delivery system has 
increased the disease tissue/normal tissue drug 
concentration ratio 72. In addition, some albumin-
based or albumin-binding drugs are in clinical trials 
for treatment of cancers, diabetes, rheumatoid 
arthritis and vascular diseases as shown in table 1 
below 71. 

TABLE 1: OVERVIEW OF ALBUMIN-BASED DRUGS THAT HAVE REACHED MARKET APPROVAL OR ARE IN DIFFERENT STAGES OF 
CLINICAL DEVELOPMENT 

71 

Indication Phase 1 Phase II Phase III Market Approval 

Diabetes    Levemir® 
Diabetes    Victoza® 
Diabetes CJC-1134-PC    
Oncology    Abraxane® 
Oncology  INNO-206   
Oncology MM-111    
Oncology  AFL-HSA   
Oncology ZHER2:342    

Rheumatology  ATN-103   
Oncology Rheumatology    Nanocoll® 
Oncology Rheumatology    Albures® 

Vascular disease    Vasovist® 

 

Considering the commercial success of products 
that use albumin as a drug carrier and the ongoing 
clinical trials as well as due to the many diverse 
technologies of improving the pharmacokinetic 
profile and drug targeting of therapeutic and 
diagnostic peptides, antibody fragments, as well as 
low-molecular weight drugs that include peptides, 
synthetic and natural products and even simple 
molecules such as nitric oxide, albumin is 
attracting the interest of biotech companies as 
well as of large pharmaceutical companies, and it 
is likely that the ongoing pipeline development will 
move further albumin-based drugs into the clinical 
setting 71. 

5. Transferrin as Drug Targeting Carriers in to Tumor 
Cells: Transferrins are a family of homologous iron-
binding glycoproteins that are found in mammals, 
marsupials and fish, as well as in insects and other 
invertebrates 73, 74.   They are monomeric proteins 
of 76-81 kDa, depending on the extent of 
glycosylation, and consist of two structurally 
similar lobes (termed the N- and C-lobes) 
connected by a short peptide linker.  Each lobe 
contains a single iron-binding site 73. Human 
transferrin is a glycoprotein that contains 679 
amino acid residues and has a molecular weight of 
~79 kDa 14, 75.   
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The molecule is stabilized by 19 intra-chain 
disulfide bonds and is protected by three 
carbohydrate side chains of which two are N-
linked (Asn-413 and Asn- 611) and the third is O-
linked (Ser-32) 80. It is synthesized predominantly 
by hepatocytes 75, 76. Other tissues expressing 
transferrin include sertoli, ependymal, oligo-
dendroglial , metastatic melanoma cell lines and 
human breast cancer cell lines 75.  

Transferrin has been detected in various body 
fluids including plasma, bile, amniotic, 
cerebrospinal, lymph and breast milk 75, 76.  Plasma 
concentration of transferrin is stable from birth, 
ranging from 2 g l-1 to 3 g l-1, and the in vivo half-
life of this protein is about eight days. The level of 
transferrin is important for healthy growth with 
levels below 0.1 g l-1 associated with an increased 
incidence of infection, growth retardation and 
anemia 75. 

Transferrin is the principal iron (Fe3+) -
transporting protein of the body, binding 
circulating iron and transporting it to a range of 
cell types 14, 73, 76.  Iron is essential for a number of 
cellular functions including DNA synthesis, electron 
transport, 77 metabolism and respiration 78.  Iron is 
also a required co-factor for many enzymes that 
catalyze a wide variety of key metabolic processes, 
including hemoglobin synthesis in erythroid cells 
and oxygen transport 78, 79.  

In humans and other higher animals, transport of 
iron has been observed to be predominantly 
receptor mediated, usually in the form of iron-
bound transferrin and this process is triggered by 
the binding of iron-bound transferrin to specific 
transferrin receptors (TfRs) on the cell surface 29, 76, 

80.  Transferrin binds to at least two distinct types 
of TfRs, designated TfR1 and TfR2 80. The TfR1 (also 
known as CD71), a type II transmembrane 
glycoprotein found as a homodimer (180 kDa) on 
the surface of cells, is a vital protein involved in 
iron homeostasis and the regulation of cell growth 
28, 78. The TfR1 monomer contains a large 
extracellular C-terminal domain, a single-pass 
transmembrane domain, and a short intracellular 
N-terminal domain 78.  

The TfR1 is ubiquitously expressed at low levels on 
a range of normal cells, except for mature 
erythrocytes and terminally differentiated cells 77, 

78, 79 and expression is increased on cells with a 
high proliferation rate or on cells that require large 
amounts of iron.  Little or no TfR1 expression has 
been detected on pluripotent hematopoietic stem 
cells, while late erythroid and myeloid progenitor 
cells demonstrate TfR1 expression 78.  

A second TfR (TfR2) was identified and has a 25-
fold lower affinity for transferrin than TfR1. The 
human TfR2 is expressed as two transcripts (α-
TfR2 and β-TfR2), with α-TfR2 expressed 
predominantly on liver cells and enterocytes of the 
small intestine, which is not regulated by 
intracellular iron levels, and β-TfR2 expressed at 
low levels on a variety of cell types 75, 78, 79.  

Moreover, TfR2 transcript is found to be highly 
expressed in erythroid precursor cells, where as 
the protein is not expressed at any stage of normal 
erythroid differentiation. As TfR2 is able to bind 
transferrin and internalize iron, even if with a 
lower affinity compared to TfR1, it was initially 
considered as a second mediator for iron uptake 
79.  

Generally, transferrin, which is a monomeric 
glycoprotein (apo-transferrin), can transport one 
(monoferric transferrin) or two (diferric 
transferrin) iron atoms with the help of both TfR1 
and TfR2. Diferric transferrin has the highest 
affinity for the TfR and is 10- to 100-fold greater 
than that of apo-transferrin at physiological pH 78, 

81. Diferric-transferrin binds to the TfR on the cell 
surface and the transferrin–TfR complexes are 
internalized in clathrin-coated pits through 
receptor-mediated endocytosis.  

Upon maturation and loss of the clathrin coat, the 
endosome is acidified, and iron is released from 
transferrin and then transported to the cytosol by 
the divalent metal transporter 78, 80, 82 and plays a 
key role in cellular growth and proliferation and 
are also used as a cofactor by heme and 
ribonucleotide reductase or stored in ferritin 80, 81.   
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The apo-transferrin–TfR complex is then recycled 
through exocytic vesicles back to the cell surface 
where apo-transferrin is released into extracellular 
space to recruit further Fe3+ ions.  The TfR is 
constitutively recycled back to the cell surface 
independently of transferrin binding 73, 78, 80. The 
mechanism of iron transport and uptake via the 
transferrin-TfR transport system has the potential 
to be exploited for site-specific delivery of various 
therapeutic metal ions, drugs, proteins and genes.  

Of particular interest are cells that over express 
TfR.  Transferrin  is normally only 30% saturated 
with iron in the body. At least 30 other metal ions 
can also bind to transferrin. Therefore, it is 
possible to use transferrin  to transport other 
metals around the body, in particular, gallium 
(Ga3+) and indium (In3+) can be transported by 
transferrin. The cellular uptake of Ga3+ occurs 
mainly via the transferrin–TfR mechanism and thus 
it concentrates in tissues expressing high levels of 
TfR, such as tumors. It is for this reason that 67 

Ga3+, a low-energy gamma-emitting radionuclide, 
has widespread use as a diagnostic technique for 
many malignancies 66, 75. 

Despite its ubiquitous expression, TfR is expressed 
on malignant cells at levels several fold higher than 
those on normal cells and its expression can be 
correlated with tumor stage or cancer progression 
14, 28, 77, 78, 82.    In addition, studies have also 
suggested that TfR may play a role in cellular 
signaling and proliferation stimuli 77. The high 
levels of expression of TfR in cancer cells, which 
may be up to 100-fold higher than the average 
expression of normal cells, its extracellular 
accessibility, its ability to internalize, and its 
central role in the cellular pathology of human 
cancer, make this receptor an attractive target 
that can be exploited as a “Trojan Horse” for the 
delivery of cytotoxic agents for cancer therapy 28, 

77, 78, 81, 83, 84.   

In fact, the TfR can be successfully used to deliver 
cytotoxic agents into malignant cells including 
chemotherapeutic drugs, cytotoxic proteins, 
peptides, genes or high molecular weight 
compounds including liposomes, viruses, or 
nanoparticles as shown in figure 2 78, 85. 

 
FIGURE 2:  STRATEGIES USED TO TARGET THE TFR AND DELIVER THERAPEUTIC AGENTS TO MALIGNANT CELLS 

78
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It is now widely accepted that targeted drug delivery 
using the transferrin-TfR pathway holds promise as 
ideal targets for cancer therapy, especially for 
malignancies that are refractory to conventional 
therapy such as brain tumors 14, 73.   

Transferrin can be conjugated with chemotherapeutic 
drugs, cytotoxic proteins and peptides such as bacterial 
toxins and plant toxins, DNA, oligonucleotides, short 
inhibitory RNA (siRNA) and enzymes 27, 86.  

Some of the expected advantages of such transferrin 
conjugates are a preferable tissue distribution, 
prolonged half-life of the drug in the plasma and 
controlled drug release from the conjugates 80, 87. 
However, cytotoxicity of transferrin conjugates can be 
blocked by native transferrin. Because high levels of 
circulating free transferrin in the blood may interfere 
with the effects of the transferrin conjugates leading to 
decreased therapeutic efficacy. More over, the 
transferrin conjugates have the potential to interact 
with both TfR1 and TfR2 (which is highly expressed in 
the liver) and they may be particularly toxic in certain 
cases to liver cells in addition to the targeted malignant 
cells 27.  

Such circumstances and several other factors 
associated with delivery of payloads through the 
transferrin-TfR path way make the clinical applications 
of transferrin conjugates very limited. It is highly 
possible, however, that rapid developments in material 
science, pharmaceutical science, protein engineering 
and biology will allow the fundamental research in this 
area to be translated into clinical applications, 
particularly in the diagnosis and treatment of different 
types of cancers and central nervous system diseases 
14, 75,  80, 83.  For example, it is possible to target TfR by 
transferrin conjugates through the use of MAbs or 
their fragments that are specific for TfR1 and 
potentially specific for TfR2 27, 78.  

Targeting the TfR in this way has been shown to be 
effective in delivering therapeutic agents specifically 
into tumor cells and causing cytotoxic effects including 
growth inhibition and/or induction of apoptosis in a 
variety of malignancies in vitro and in vivo. For 
instance, the chimeric anti-TfR IgG3-Av antibody fusion 
protein developed by Tracy R et al., is a unique 
molecule that exhibits both intrinsic cytotoxic activity 

with the ability to deliver a wide variety of biotinylated 
therapeutic agents into cancer cells.  

More advances in this area are expected to further 
improve the therapeutic potential of targeting the TfR 
78, 88. Generally, targeting cancer cells through use of 
the TfR can enhance drug delivery by increasing 
intracellular drug concentration resulting in more 
effective tumor targeting, less non-specific toxicity and 
therefore in an overall increased therapeutic efficacy 
27. 

Peptides as Anticancer Drug Targeting Carriers: 
Although the sustained prevalence of cancer continues 
to motivate a dramatic acceleration in the discovery 
and development of new and highly potent therapeutic 
molecules, many have not achieved clinical use due to 
poor delivery, low bioavailability and/or lack of specific 
targeting 3, 89.   

Fortunately, significant research efforts have been 
directed towards targeting cancer drugs to tumors 
using specialized drug carriers, and peptides have 
become an important component of these targeting 
approaches 3, 90.   

Peptide-based targeting of tumor-associated receptors 
is an attractive approach in tumor-specific drug 
delivery because the recent advances in phage display 
technology, combinatorial peptide chemistry and 
biology have led to the identification of a richly varied 
library of bioactive peptide ligands and substrates, and 
the development of robust strategies for the design 
and synthesis of high-affinity peptide sequences that 
can be used as drugs and biological tools 50, 89.  

Concurrently, with booming research in 
nanotechnology for biomedical applications, peptides 
have been studied as an important class of 
components in nanomedicine, and they have been 
used either alone or in combination with other 
nanomaterials in cancer nanomedicine, as drug 
carriers, as targeting ligands and as protease-
responsive substrates for drug delivery 3, 89, 91. As 
nanomaterials, peptides possess many advantages: 
they are relatively small, can be easily synthesized and 
modified by chemical methods on a large scale, can be 
facilely conjugated to other molecules, and have good 
biocompatibility and low generic cytotoxicity.  
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In addition, advances in peptide manufacturing have 
reduced the cost of manufacturing peptides and have 
enabled small companies to participate in the 
development of peptides that can be used as 
therapeutic drugs, the substrates of disease site-
specific stimuli, such as protease and/or structural 
components of nano-sized carriers that can bind to 
specific targets with high affinity and can facilitate 
cellular delivery of cargoes such as cytotoxic drugs and 
imaging agents 3, 89, 90.  

Some of those peptides that have promising potential 
in targeting anticancer drugs and imaging agents are 
briefly discussed as follows;  

1. Tumor targeting by Stable Toxin Peptides: The 
human E.coli heat-stable enterotoxin (STh) is a 19-
amino acid peptide that specifically targets the 
guanylate cyclase C receptor (GCC). GCC is a type I 
transmembrane glycoprotein that is  present in 
high density on the apical surface of normal 
intestinal epithelial cells as well as  highly 
expressed on the surface of human colorectal 
cancer cells. Several studies have established the 
applicability of radio-labeled STh such as 111In-
labeled STh analogs to the diagnosis of human 
colorectal cancers in vivo.  Gibli MF et al., had 
described the use of 90Y- and 177Lu -labeled STh 
analogs for peptide receptor radiotherapy 15.  

In addition, different other analogs of STh are 
currently being used as vectors to target human 
colon cancers 15, 92. For example, STh that is 
genetically fused to another heterologous protein 
still retains its native biological properties such as 
secretion, enterotoxicity, folding, GCC recognition 
and which is poorly antigenic, or almost non-
immunogenic has been established a highly 
attractive tool as a cell targeting and delivering 
vector, not only for small therapeutic molecules 
like radionuclides, but also for large proteinaceous 
anticancer agents 93. 

2. Cell penetrating peptides for Targeting Anticancer 
Dugs: The cellular plasma membrane possesses an 
effective barrier for most hydrophilic 
macromolecules. The need to deliver biologically 
active agents into cells has encouraged 
researchers to develop various delivery vectors. 

Unfortunately, most delivery systems suffer from 
different limitations that need to be overcome to 
be applicable in vivo 94.  

In the last two decades, a new class of highly 
cationic peptides with low molecular weight and 
with membrane translocation ability was 
discovered 94, 95. These peptides were named 
alternatively as protein transduction domains, cell-
penetrating peptides (CPPs) or Trojan horse 
peptides 10, 95, 96.  

CPPs are heterogeneous in size (10–30 amino acids 
in length), secondary structure and sequence, and 
97, 98 differ considerably in their origin and in their 
physico-chemical properties 95, 99. However, they 
possess multiple positive charges at physiological 
pH as they are rich in basic cationic amino acids 
such as arginine, lysine, histidine or proline 97, 100 
and some of them share common features, 
including important theoretical hydrophobicity 
and helical moment (reflecting the peptide 
amphipathicity), the ability to interact with lipid 
membranes and to adopt a significant secondary 
structure on binding to lipids 97. 

The number of CPPs that have been derived from 
natural protein and/or designed as totally artificial 
peptides or chimeras of natural CPPs has increased 
to about 100 within the last two decades 99, 101.  
HIV-1 Tat peptide (or pTat (48–60)) is the first CPP 
that was isolated from the HIV transcription 
activating factor in 1988 95, 98, 102. Penetratin™( also 
named pAntp (43-58)) , which is a sequence of 16 
amino acids from the third helix of the Drosophila 
melanogaster antennapedia transcription factor 
homeodomain protein (amino acids 43–58),  is the 
other commonly used CPP that was derived from 
naturally occurring  non-viral proteins in 1991 94, 95, 

98, 101.  

Both of these CPPs contain a high density of basic 
amino acids such as arginines and/or lysines, 
which are proposed to interact with the anionic 
surface of the plasma membrane and enhance 
internalization of the peptides 101, 103. Since these 
initial observations, multiple CPPs have been 
discovered from natural origins and chimeric, 
synthetic peptide sequences have been also 
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derived, including transportan, HSV-1 protein VP22 
and MPG, model amphipathic peptide (MAP), 
oligoarginines (R7 or R9) and polyarginine 94, 95, 102, 

104, 105. Several of the CPPs identified so far are 9-
35mer cationic and/or amphipathic peptides that 
have the ability to cross the lipid layer barrier of 
the plasmatic membrane of several cells, usually 
impermeable for biological molecules 95, 106.  

This led to the recognition of CPPs as effective and 
non-toxic mechanism to mediate the translocation 
of different conjugated cargoes (e.g., anti-cancer 
therapeutics) across the plasma membrane of 
target cells 96. The vehicular potential of CPPs was 
realized in 1995 when studies on pAntp 
demonstrated that the peptide could be attached 
to a bioactive compound (forming a ‘conjugate’) 
and used to achieve its intracellular delivery. 
Significantly, the attached cargo (a protein kinase 
C inhibitor) retained its function upon 
internalization into a live neuron 98.  

Importantly, the in vivo potential for CPPs to act as 
vectors for therapeutically active macromolecules 
was realized in 1999 when Schwarze et al. 
described the delivery of a 120-kDa recombinant 
β-galactosidase protein fused to the TAT domain 
to the cytoplasm of several tissues 98, 102.  
Following this achievement, several studies had 
been conducted in the last one decade to use 
different CPPs for delivery of many biologically 
active compounds, including various large 
molecules in to cells so that they can exert their 
therapeutic action inside cytoplasm or onto 
nucleus or other specific organelles, such as 
mitochondria 103, 106.  

Several studies by different research groups had 
shown that CPPs can be used for the delivery of a 
wide range of molecular cargoes, including 
imaging agents (fluorescent dyes and quantum 
dots), drugs, proteins, peptides, antibodies, toxins, 
DNA, antisense oligonucleotides, siRNAs, HPMA 
polymers, liposomes,  nanoparticles, bacterio-
phages, adenovirus, plasmid DNA, 
phosphorothioate oligonucleotides, peptide 
nucleic acids, streptavidine, paramagnetically 
labeled DOTA, several fusion proteins/peptides 
and iron beads into cells 96, 102, 104, 107, 108.  

One of the highlighting features of CPPs as useful 
tools for intracellular delivery of therapeutic 
macromolecules is the huge diversity of the 
transported molecules in terms of size and 
biological nature108. Moreover, when they are 
covalently linked to larger and poorly internalized 
macromolecular cargoes such as proteins, 
polypeptides and nucleic acids, they still retain 
their translocation properties. In addition, these 
peptide-based vectors are considered as 
biocompatible and economical candidates for 
delivery of hydrophilic drugs 107, 109. 

Even though CPPs have been successfully applied, 
their mechanism of cell entry is not completely 
elucidated. Increasing evidence indicates that 
there may be several different pathways involved, 
depending on the properties of the CPP, attached 
cargoes, concentration and cell type 94, 96, 110. 
Among several mechanisms by which CPPs may 
mediate intracellular cargo delivery, several have 
suggested that the endocytic pathways as the 
primary routes of uptake for various CPPs. 
According to this mechanism, CPPs, particularly 
those with a high content in cationic residues, are 
first simply adsorbed at the cell surface thanks to 
the numerous anionic moieties, such as heparan 
sulfate proteoglycans, sialic or phospholipidic acid. 
Then CPP-mediated transport has been reported 
to happen through different endocytosis routes: 
via caveolae, macropinocytosis, through a clathrin-
dependent pathway, via a cholesterol-dependent 
clathrin-mediated pathway  or in the trans-Golgi 
network 105, 111, 112.  

The identification of CPPs as vectors for the 
intracellular delivery of different conjugated 
molecular cargoes has several advantages over 
conventional techniques because it is efficient for 
a range of cell types, can be applied to cells en 
masse, and has a potential as a targeting strategy 
for therapeutic applications 103, 106. A few anti-
cancer or cytotoxic drugs have successfully been 
delivered by CPPs; the anti-cancer drug 
doxorubicin has been delivered by using the CPPs 
Penetratin, synB3 and pTat and methotrexate has 
been delivered by using the newly designed CPPs, 
YTA2 and YTA4 to minimize toxicity and to battle 
drug resistance 110.  
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Furthermore, Aroui S et al, had demonstrated that 
an unfolded analogue of the maurocalcine peptide 
(MCaAbu) acts as a potent vector for the 
intracellular delivery of doxorubicin into two 
models of breast cancer cell lines MDA-MB 231, 
relatively doxorubicin-resistant, and MCF7, 
doxorubicin-sensitive, respectively.  

It had been validated that the doxorubicin–
MCaAbu conjugate is as effective as doxorubicin–
Tat and doxorubicin–Penetratin conjugates for 
overcoming reduced doxorubicin sensitivity in 
MDA-MB 231 compared to MCF7 cells 113. In 
addition, CPPs that are tumor targeting peptides 
have been developed as promising vehicles for 
site-directed cancer therapy. For example, Pep42, 
a cyclic 13-mer oligopeptide that specifically binds 
to glucose-regulated protein 78 (GRP78) and 
internalized into cancer cells, represents an 
excellent vehicle for tumor cell-specific 
chemotherapy 114.  

Various other peptides with specific binding 
activity for a given cell line (cell-targeting peptides) 
have also been reported in the literature 112. One 
of the goals of the next years will be to optimize 
the tissue and cell delivery of therapeutic 
molecules by means of CPPs which combine both 
targeting and internalization advantages.  

SUMMARY: To date, cancer remains one of the world’s 
most devastating diseases. Chemotherapy is still one of 
the most effective approaches to cancer treatment. 
However, the crucial problem in cancer chemotherapy 
is the adverse toxic side effects of anticancer drugs on 
normal tissues and cells due to limited selectivity of 
most common drugs for target tumor cells. To limit the 
severe side effects of cancer chemotherapy on healthy 
cells, tissues or organs, the tumor-targeting drug 
delivery system needs to be developed.  

So far selectively targeting a tumor cell population 
utilizing the passive and/or active targeting approach 
has undergone considerable development over the last 
decades. Passive targeting of nanoparticles to tumors 
occurs by the modulated vasculature, which allows 
nanocarriers to extravasate through gaps in the 
endothelium.  

The entry of the particles to the interstitial space, 
associated with poor lymphatic drainage from the 
tumor, results in higher retention times of 
nanoparticles in the tumor than in normal tissues, in a 
process known as the EPR effect. Significant increases 
in drug accumulation in the tumor tissue by the EPR 
effect can reach 10- fold or higher concentration with 
drug-loaded nanoparticles compared to free drug.  

Active targeting on the other hand is delivering drugs 
to a specific tumor tissues  in terms of molecular 
recognition with a suitable ligand which can recognize 
its receptor on the targeting tumor cells. Among all the 
neoplastic targeting ligands that are presently under 
use and/or investigation, the different protein-based 
ligands such as MAbs, BsAbs, Affibody molecules, 
albumin, transferrin, and peptide-based ligands such as 
microbial toxins and CPPs are the popular ones used in 
targeting anticancer payloads to specific tumor cells.  

In general active targeting is one of the most promising 
strategies to emerge that involves the conjugation of a 
cytotoxin payload to a tumor targeting protein/peptide 
through an acid-labile linker that is stable at 
physiological pH.  

Internalization at the target tumor site via processes 
such as receptor mediated endocytosis exposes the 
conjugate to the acidic environment of the endosomes 
or lysosomes, resulting in selective release of the 
cytotoxin payload inside the tumor cell and localized 
cell death. Attaching a cytotoxin payload to a tumor 
targeting protein/peptide through a selectively labile 
linker not only reduces its general toxicity to normal 
tissues, but can also significantly improve the 
pharmacological properties of the cytotoxin agents. 

ACKNOWLEDGEMENTS: The authors would 
acknowledge Department of Pharmaceutics and Social 
Pharmacy, School of Pharmacy, College of Health 
Sciences, Addis Ababa University and all the staffs of 
the Information and Communication Technology 
Development office of the Addis Ababa University for 
their unreserved support and cooperation to provide 
us internet access and other technical services that 
were very essential to collect different journal articles 
for the preparation of this review article. 

 



Tekewe et al., IJPSR, 2013; Vol. 4(1): 01-18              ISSN: 0975-8232 

                                                                                Available online on www.ijpsr.com                                                                         16 

REFERENCES: 

1. Guo J, Bourre L, Soden DM, O'Sullivan GC and O`Driscoll C: Can 
non-viral technologies knockdown the barriers to siRNA delivery 
and achieve the next generation of cancer therapeutics? 
Biotech Adv 2011; 29: 402- 417. 

2.  Jaracz S, Chen J,  Kuznetsova LV and Ojima I: Recent advances 
in tumor-targeting anticancer drug conjugates. Bioorg Med 
Chem 2005; 13: 5043-5054. 

3. Aluri S, Janib SM and Mackay JA: Environmentally responsive 
peptides as anticancer drug carriers. Adv Drug Deliv Rev 2009; 
61: 940-952. 

4. Andresen TL, Jensen SS and Jorgensen K: Advanced strategies in 
liposomal cancer therapy: problems and prospects of active and 
tumor specific drug release. Prog Lipid Res 2005; 44: 68-97. 

5. Cukierman E and Khan DR: The benefits and challenges 
associated with the use of drug delivery systems in cancer 
therapy. Biochem Pharmacol 2010; 1: 1-9. 

6. Hughes GA: Nanostructure-mediated drug delivery. Adv Drug 
Deliv Rev 2005; 1: 22-30. 

7. Kim KY: Nanotechnology platforms and physiological challenges 
for cancer therapeutics. Nanomedicine 2007; 3: 103-110. 

8. Shadidi M and Sioud M: Selective targeting of cancer cells using 
synthetic peptides. Drug Resist Updat 2003; 6: 363-371. 

9. Alessi P, Ebbinghaus C and Neri D: Molecular targeting of 
angiogenesis. Biochim Biophys Acta 2004; 1654: 39-49. 

10. Saar K, Lindgren M, Hansen M, Eiriksdottir E, Jiang Y, Aizman KR, 
et al: CPPs: a comparative membrane toxicity study. Anal 
Biochem 2005; 345: 55-65. 

11. Ekerljung L, Lindborg M, Gedda L, Frejd FY, Carlsson J and 
Lennartsson J: Dimeric HER2-specific Affibody molecules inhibit 
proliferation of the SKBR-3 breast cancer cell line. Biochem 
Biophys Res Commun 2008; 377: 489-494. 

12. Kratz F: Albumin as a drug carrier: design of prodrugs, drug 
conjugates and nanoparticles. J Control Release 2008; 132: 171-
183. 

13. Lum LG, Davol PA and Lee RJ: The new face of BsAbs: targeting 
cancer and much more. Exp Hematol 2006; 34: 1-6. 

14. Citores L, Ferreras JM, Munoz R, Benitez J, Jimenez P and  
Girbes T: Targeting cancer cells with transferrin conjugates 
containing the non-toxic type 2 ribosome-inactivating proteins 
nigrin b or ebulin l. Cancer Lett 2002; 184: 29-35. 

15. Giblin MF, Sieckman GL, Shelton TD, Hoffman TJ, Forte LR and 
Volkert WA: In vitro and in vivo evaluation of 

177
Lu- and 

90
Y-

labeled E. coli heat-stable enterotoxin for specific targeting of 
uroguanylin receptors on human colon cancers. Nucl Med Biol 
2006; 33: 481-488. 

16. Schweizer F: Cationic amphiphilic peptides with cancer-selective 
toxicity. Eur J Pharmacol 2009; 625: 190-194. 

17. Moorthi C, Manavalan R and Kathiresan K: Nanotherapeutics to 
overcome conventional cancer chemotherapy limitations. J 
Pharm Pharm Sci 2011; 14: 67-77. 

18. Park JH, Saravanakumar GK, Kim W and Kwon IC: Targeted 
delivery of low molecular drugs using chitosan and its 
derivatives. Adv Drug Deliv Rev 2010; 62: 28-41. 

19. Petrak K: Essential properties of drug targeting delivery 
systems. Drug Discov Today 2005; 10: 1667-1673. 

20. Sui M, Liu W and Shen Y: Nuclear drug delivery for cancer 
chemotherapy. J Control Release 2011; 155: 227-236. 

21. Meng L, Zhang X, Lu Q, Fei Z and Dyson PJ: Single walled carbon 
nanotubes as drug delivery vehicles: targeting doxorubicin to 
tumors. Biomaterials 2012; 33: 1689-1698. 

22. Lammers T, Kiessling F, Hennink WE and Storm G: Drug 
targeting to tumors: principles, pitfalls and (pre-) clinical 
progress. J Control Release 2012; 161: 175-187 

23. Kedar U, Phutane P, Shidhaye S and Kadam V: Advances in 
polymeric micelles for drug delivery and tumor targeting. 
Nanomedicine 2010; 6: 714-729. 

24. Jones MC and Leroux JC. Polymeric micelles- a new generation 
of colloidal drug carriers. Eur J Pharmaceut Biopharmaceut 
1999; 48: 101-111. 

25. Shen  Z, Wei W, Tanaka H, Kohama K, Ma G, Dobashi T et al: A 
galactosamine-mediated drug delivery carrier for targeted liver 
cancer therapy. Pharmacol Res 2011; 64: 410-419. 

26. Jahanshahi M and Babaei Z: Protein nanoparticle: a unique 
system as drug delivery vehicles. Afr J Biotechnol 2008; 7: 4926-
4934. 

27. Daniels TR, Bernabeu  E, Rodríguez JA, Patel S, Kozman M,  
Chiappetta DA et al: The TfR and the targeted delivery of 
therapeutic agents against cancer. Biochim Biophys Acta 2012; 
1820: 291-317. 

28.  Xu Q, Liu Y, Su S,  Li W, Chen C and  Wu Y: Anti-tumor activity of 
paclitaxel through dual-targeting carrier of cyclic RGD and 
transferrin conjugated hyper branched copolymer 
nanoparticles. Biomaterials 2012; 33:1627-1639. 

29. Prakash J, de Jong E, Post E, Gouw ASH, Beljaars L and Poelstra 
K: A novel approach to deliver anticancer drugs to key cell types 
in tumors using a platelet derived growth factor receptor-
binding cyclic peptide containing carrier. J Control Release 
2010; 145: 91-101. 

30. Binyamin L, Borghaei H and Weiner LM: Cancer therapy with 
engineered MAbs. Updat Cancer Ther 2006; 1: 147-157. 

31. Lambert JM: Drug-conjugated MAbs for the treatment of 
cancer. Curr Opin Pharmacol 2005; 5:543-549. 

32. Van Dongen GAMS, Visser GWM and  Vrouenraets MB: 
Photosensitizer-antibody conjugates for detection and therapy 
of cancer. Adv Drug Deliv Rev 2004; 56: 31-52. 

33. Morokoff AP and Novak U: Targeted therapy for malignant 
gliomas. J Clin Neurosci 2004; 11: 807-818. 

34. Casi G and Neri D: Antibody–drug conjugates: basic concepts, 
examples and future perspectives. J Control Release 2012; 
161:422-428. 

35. Alley SC, Okeley NM and Senter PD: Antibody–drug conjugates: 
targeted drug delivery for cancer. Curr Opin Chem Biol 2010; 
14:529-537. 

36. Trail PA and Bianchi AB: MAb-drug conjugates in the treatment 
of cancer. Curr Opin Immunol 1999; 11:584-588. 

37. Nielsen UB and Marks JD: Internalizing antibodies and targeted 
cancer therapy: direct selection from phage display libraries. 
PSTT 2000; 3: 282-291. 

38. Miller ML, Roller EE, Wu X, Leece BA, Goldmacher VS, Chari RVJ 
et al:  Synthesis of potent taxoids for tumor-specific delivery 
using MAbs. Bioorg Med Chem Lett 2004; 14: 4079-4082. 

39. Sharkey RM and Goldenberg DM: Use of antibodies and 
immunoconjugates for the therapy of more accessible cancers. 
Adv Drug Deliv Rev 2008; 60:1407-1420. 

40. Senter PD and Springer CJ: Selective activation of anticancer 
prodrugs by MAb–enzyme conjugates. Adv Drug Deliv Rev 2001; 
53: 247-264. 

41. Chatterjee M, Chakraborty T and Tassone P: Multiple myeloma: 
MAbs-based immunotherapeutic strategies and targeted 
radiotherapy. Eur J Cancer 2006; 42: 1640-1652. 

42. Iyer U and Kadambi VJ: Antibody drug conjugates- Trojan horses 
in the war on cancer. J Pharmacol Toxicol Methods 2011; 64: 
207-212. 



Tekewe et al., IJPSR, 2013; Vol. 4(1): 01-18              ISSN: 0975-8232 

                                                                                Available online on www.ijpsr.com                                                                         17 

43.  Sudimack J and Lee RJ. Targeted drug delivery via the folate 
receptor. Adv Drug Deliv Rev 2000; 41: 147-162. 

44. Tekewe A:  Vaccines and antibodies for cancer immunotherapy. 
Pharmacophore 2012; 3: 1-17. 

45. Jeffrey SC, Nguyen MT, Andreyka JB, Meyer DL, Doronina SO 
and Senter PD: Dipeptide-based highly potent doxorubicin 
antibody conjugates. Bioorg Med Chem Lett 2006; 16: 358-362. 

46. Garnett MC: Targeted drug conjugates: principles and progress. 
Adv Drug Deliv Rev 2001; 53:171-216. 

47.  Altintas I, Kok RJ and Schiffelers RM: Targeting epidermal 
growth factor receptor in tumors: from conventional MAbs via 
heavy chain-only antibodies to nanobodies. Eur J Pharm Sci 
2012; 45: 399-407. 

48. Molema  G,  Kroesena  BJ, Helfricha  W, Meijerb  DKF and de 
Leij LFMH: The use of BsAbs in tumor cell and tumor 
vasculature directed immunotherapy. J Control Release 2000; 
64: 229-239. 

49. Kakinuma H, Fujii I and Nishi Y: Selective chemotherapeutic 
strategies using catalytic antibodies: a common pro-moiety for 
antibody directed abzyme prodrug therapy. J Immunol Methods 
2002; 269:269-281. 

50. Denny WA:  Prodrug strategies in cancer therapy. Eur J Med 
Chem 2001; 36: 577-595. 

51. Bagshawe, KD, Sharma SK and Begent RHJ: Antibody directed 
abzyme prodrug therapy for cancer. Expert Opin Biol Ther 2004; 
4: 1777-1789. 

52. Cao Y and Lam L: BsAb- conjugates in therapeutics.  Adv drug 
Deliv Rev 2003; 55:171-197. 

53.  Cheng WWK and  Allen TM: Targeted delivery of anti-CD19 
liposomal doxorubicin in B-cell lymphoma: a comparison of 
whole MAb, Fab′ fragments and single chain Fv. J Control 
Release 2008; 126: 50-58. 

54. Michalek J, Bucheer T and Hajek R: T-Lymphocyte therapy for 
cancer. Physiol Res 2004; 53: 463-469.  

55. Trophy TJ: MAbs: boundless potential, daunting challenges.  
Curr Opin Biotechnol 2002; 13, 589-591. 

56. Dubowchik GM and Walker MA: Receptor-mediated and 
enzyme-dependent targeting of cytotoxic anticancer drugs. 
Pharmacol Ther 1999; 83: 67-123. 

57. Fang M, Zhao R, Yang Z,  Zhang Z, Li H, Zhang XT et al: 
Characterization of an anti-human ovarian carcinoma_anti-
human CD3 bispecific single-chain antibody with an albumin-
original interlinker. Gynecol Oncol 2004; 92: 135-146. 

58.  Van Ojik HH and Valerius T: Preclinical and clinical data with 
BsAbs recruiting myeloid effector cells for tumor therapy. Crit 
Rev Oncol/Hematol 2001; 38: 47-61. 

59.  Ford CHJ, Osborne PO, Mathew A and Rego BG: Affinity 
purification of novel BsAbs recognizing carcinoembryonic 
antigen and doxorubicin. J Chromatogr B 2001; 754: 427-435. 

60. Feldwisch J, Tolmachev V, Lendel C, Herne N,  Sjöberg A,  
Larsson B et al: Design of an optimized scaffold for Affibody 
molecules. J Mol Biol 2010; 398: 232-247. 

61.  Löfblom J,  Feldwisch J, Tolmachev V,  Carlsson J, Ståhl S and  
Frejd FY: Affibody molecules: engineered proteins for 
therapeutic, diagnostic and biotechnological applications. FEBS 
Lett 2010; 584: 2670-2680. 

62. Smith B, Lyakhov  I, Loomis K, Needle D, Baxa U, Yavlovich A et 
al: Hyperthermia-triggered intracellular delivery of anticancer 
agent to HER2+ cells by HER2-specific affibody (ZHER2-GS-Cys)-
conjugated thermosensitive liposomes (HER2+ affisomes). J  
Control Release 2011; 153:187-194. 

63. Lindborg  M,  Cortez  E, Höidén-Guthenberg  I, Gunneriusson  E,  
von Hage  E, Syud  F et al:  Engineered high-affinity Affibody 

molecules targeting platelet-derived growth factor receptor β in 
vivo. J Mol Biol 2011; 407: 298-315. 

64. Tolmachev V, Feldwisch  J, Lindborg M,  Baastrup B, Sandström 
M and  Orlova A: Influence of an aliphatic linker between DOTA 
and synthetic ZHER2:342 Affibody molecule on targeting 
properties of the 

111
In-labeled conjugate. Nucl Med Biol 2011; 

38: 697-706. 
65. Govindarajan S, Sivakumar J, Garimidi P, Rangaraj N, Kumar JM, 

Rao NM et al: Targeting human epidermal growth factor 
receptor 2 by a CPP-Affibody bioconjugate. Biomaterials 2012; 
33: 2570-2582. 

66. Kratz F and Elsadek B: Clinical impact of serum proteins on drug 
delivery. J Control Release 2012; 161: 429-445. 

67. Elzoghby AO, Samy WM and Elgindy NA: Albumin-based 
nanoparticles as potential controlled release drug delivery 
systems. J Control Release 2012; 157:168-182. 

68. Martinez A, Iglesias I, Lozano R, Teijon JM and Blanco MD: 
Synthesis and characterization of thiolated alginate-albumin 
nanoparticles stabilized by disulfide bonds: evaluation as drug 
delivery systems. Carbohydr Polymers 2011; 83:1311-1321. 

69. Rollett A, Reiter T, Nogueira P, Cardinale M, Loureiro A, Gomes 
A et al: Folic acid-functionalized human serum albumin 
nanocapsules for targeted drug delivery to chronically activated 
macrophages. Int J Pharm 2012; 427: 460-466. 

70. Kim TH, Jiang HH, Youn YS, Park CW, Tak KK, Lee S et al: 
Preparation and characterization of water-soluble albumin-
bound curcumin nanoparticles with improved antitumor 
activity. Int J Pharm 2011; 403: 285-291. 

71. Elsadek B and Kratz F: Impact of albumin on drug delivery-new 
applications on the horizon. J Control Release 2012; 157: 4-28. 

72. Dosio F, Arpicco  S, Stella B, Brusa  P and  Cattel L: Folate-
mediated targeting of albumin conjugates of paclitaxel obtained 
through a heterogeneous phase system. Int Pharm 2009; 
382:117-123. 

73. Brandsma ME, Jevnikar AM and Ma S: Recombinant human 
transferrin: beyond iron binding and transport. Biotech Adv 
2011; 29: 230-238. 

74. Geiser DL and Winzerling JJ:  Insect transferrins: multifunctional 
proteins. Biochim Biophys Acta 2012; 1820: 437-451. 

75.  Gomme  PT and  McCann KB:  Transferrin: structure, function 
and potential therapeutic actions. Drug Discov Today, 2005; 10: 
267-273. 

76. Chandran VI, Matesic L, Locke JM, Skropeta D, Ranson M and 
Vine KL: Anti-cancer activity of an acid-labile N-alkylisatin 
conjugate targeting the transferrin receptor. Cancer Lett 2012; 
316:151-156. 

77. Rodríguez JA, Helguera G, Daniels TR, Neacato II, López-Valdés 
HE, Charles AC et al: Binding specificity and internalization 
properties of an antibody–avidin fusion protein targeting the 
human TfR. J Control Release 2007; 124: 35-42. 

78. Daniels TR, Delgado T, Helguera G and Penichet ML: The TfR 
part II: targeted delivery of therapeutic agents into cancer cells. 
Clin Immunol 2006; 121: 159-176. 

79. Calzolari A, Oliviero I, Deaglio S, Mariani G, Biffoni M, Sposi NM 
et al: TfR2 is frequently expressed in human cancer cell lines. 
Blood Cells, Molecules, and Diseases 2007; 39: 82-91. 

80. Li H, Sun H and Qian ZM: The role of the transferrin–TfR system 
in drug delivery and targeting. Trends Pharmacol Sci 2002; 23: 
206-209. 

81. Yoon DJ, Chu DSH, Ng CW, Pham EA, Mason AB, Hudson DM et 
al: Genetically engineering transferrin to improve its in vitro 
ability to deliver cytotoxins. J Control Release 2009; 133: 178-
184. 



Tekewe et al., IJPSR, 2013; Vol. 4(1): 01-18              ISSN: 0975-8232 

                                                                                Available online on www.ijpsr.com                                                                         18 

82. Kobayashi T, Ishida T, Okadaa Y, Ise S, Harashima H and Kiwada 
H: Effect of TfR-targeted liposomal doxorubicin in P-
glycoprotein-mediated drug resistant tumor cells. Int J Pharm 
2007; 329: 94-102. 

83. Li XM, Ding LY,  Xu Y, Wang Y and Ping O: Targeted delivery of 
doxorubicin using stealth liposomes modified with transferrin. 
Int  J Pharm 2009; 373: 116-123. 

84. Hong M, Zhu S, Jiang Y, Tang G and Pei Y: Efficient tumor 
targeting of hydroxycamptothecin loaded PEGylated niosomes 
modified with transferrin. J Control Release 2009; 133: 96-102. 

85.  Singh M, Hawtrey A and Ariatti M:  Lipoplexes with biotinylated 
transferrin accessories: novel, targeted, serum-tolerant gene 
carriers. Int J Pharm 2006; 321: 124-137. 

86. Nakase I, Gallis B, Nakase TT, Oh S, Lacoste E, Singh NP et al: 
TfR-dependent cytotoxicity of artemisinin–transferrin 
conjugates on prostate cancer cells and induction of apoptosis. 
Cancer Lett 2008; 274: 290-298. 

87. Li H, Sun H and Qian ZM. The role of the transferrin–TfR system 
in drug delivery and targeting. Trends Pharmacol Sci 2002; 23: 
206-209. 

88.  Daniels TR, Delgado T, Rodriguez JA, Helguera G and Penichet 
ML: The TfR part I: biology and targeting with cytotoxic 
antibodies for the treatment of cancer. Clin Immunol 2006; 
121:144-158. 

89.  Zhang XX, Eden HS and Chen X: Peptides in cancer 
nanomedicine: drug carriers, targeting ligands and protease 
substrates. J Control Release 2012; 159: 2-13. 

90. Nakase I, Konishi Y, Ueda M, Saji H and Futaki S: Accumulation 
of arginine-rich CPPs in tumors and the potential for anticancer 
drug delivery in vivo. J Control Release 2012; 159: 181-188. 

91. Lammers T: Improving the efficacy of combined modality 
anticancer therapy using HPMA copolymer-based 
nanomedicine formulations. Adv Drug Deliv Rev 2010; 62: 203-
230. 

92. Stocker M, Klockenbring T, Huhn M, Nachreiner T, Wicklein D, 
Petersen A et al: Antigen-specific targeting and elimination of 
EBV-transformed B cells by allergen toxins. J Allergy Clin 
Immunol 2005; 116: 910-915. 

93.  Buc E,  Vartanian MD, Darcha C, De´chelotte P and  Pezet D: 
Guanylyl cyclase C as a reliable immunohistochemical marker 
and its ligand E. coli heat-stable enterotoxin as a potential 
protein-delivering vehicle for colorectal cancer cells. Eur J 
Cancer 2005; 41: 1618-1627. 

94. Mae M and Langel U. CPPs as vectors for peptide, protein and 
oligonucleotide delivery. Curr Opin Pharmacol 2006; 6:509-514. 

95. Kerkis A, Hayashi MA, Yamane T and Kerkis I: Properties of 
CPPs. IUBMB Life 2006; 58: 7-13. 

96. Bolhassani A: Potential efficacy of CPPs for nucleic acid and 
drug delivery in cancer. Biochim Biophys Acta 2011; 1816: 232-
246. 

97. Temsamani J and Vidal P: The use of CPPs for drug delivery. 
Drug Discov Today 2004; 9: 1012-1019. 

98.  Sebbage V: CPPs and their therapeutic applications. Bioscience 
Horizons 2009; 2: 64-72. 

99. Ziegler A : Thermodynamic studies and binding mechanisms of 
CPPs with lipids and glycosaminoglycans. Adv Drug Deliv Rev 
2008; 60: 580-597. 

100.  Marshall NB, Oda SK, London CA, Moulton HM, Iversen PL, 
Kerkvliet NI et al:  Arginine-rich CPPs facilitate delivery of 
antisense oligomers into murine leukocytes and alter pre-mRNA 
splicing. J Immunol Methods 2007; 325: 114-126. 

101. Endoh T and Ohtsuki T: Cellular siRNA delivery using CPPs 
modified for endosomal escape. Adv Drug Deliv Rev 2009; 61: 
704-709. 

102.  Meade BR and Dowdy SF: Exogenous siRNA delivery using 
peptide transduction domains/CPPs. Adv Drug Deliv Rev 2007; 
59: 134-140. 

103. Gupta B, Levchenko TS and Torchilin VP: Intracellular delivery of 
large molecules and small particles by cell-penetrating proteins 
and peptides. Adv Drug Deliv Rev 2005; 57: 637-651. 

104. Eto Y, Yoshioka Y, Asavatanabodee R, Kida S, Maeda M, Mukai Y 
et al:  Transduction of adenovirus vectors modified with CPPs. 
Peptides 2009; 30: 1548-1552. 

105. Sheng J,  Oyler  G, Zhou B, Janda  K and Shoemaker CB: 
Identification and characterization of a novel CPP. Biochem 
Biophys Res Commun 2009; 382: 236-240. 

106. Maiolo JR,  Ferrerb M and Ottinger EA: Effects of cargo 
molecules on the cellular uptake of arginine-rich CPPs. Biochim 
Biophys Acta 2005; 1712: 161-172. 

107. Ba´ra´ny-Walljea  E, Gaura J, Lundbergb P, Langelb U and 
Gra¨slund A: Differential membrane perturbation caused by the 
CPP Tp10 depending on attached cargo. FEBS Lett 2007; 581: 
2389-2393. 

108. Vives E: Present and future of CPP-mediated delivery systems: 
Is the Trojan horse too wild to go only to Troy? J Control 
Release 2005; 109: 77-85. 

109. Kamei N, Morishita M and Takayama K. Importance of 
intermolecular interaction on the improvement of intestinal 
therapeutic peptide/protein absorption using CPPs. J Control 
Release 2009; 136: 179-186. 

110. Lindgren M, Rosenthal-Aizman K, Saar K, Eiriksdottir  E, Jiang Y, 
Meeri Sassian M et al: Overcoming methotrexate resistance in 
breast cancer tumor cells by the use of a new CPP. Biochem 
Pharmacol 2006; 71: 416-425. 

111. Cheung JC, Chiaw  PK, Deber CM and  Bear CE. A novel method 
for monitoring the cytosolic delivery of peptide cargo. J Control 
Release 2009; 137: 2-7. 

112. Vivès E, Schmidt J and Pèlegrin A: Cell-penetrating and cell-
targeting peptides in drug delivery. Biochim Biophys Acta 2008; 
1786: 126-138. 

113.  Aroui S, Brahim S, De Waard M, Bréard J and Kenani A : 
Efficient induction of apoptosis by doxorubicin coupled to CPPs  
compared to unconjugated doxorubicin in the human breast 
cancer cell line MDA-MB 231. Cancer Lett 2009; 285: 28-38. 

114. Yoneda Y, Steiniger SCJ, Capkova K,   Mee  JM, Liu Y,  Kaufmann 
GF et al. A cell-penetrating peptidic GRP78 ligand for tumor cell-
specific prodrug therapy. Bioorg Med Chem Lett 2008, 18: 
1632-1636. 

 

How to cite this article: 
Tekewe A, Saleh M and Kassaye M: Proteins and Peptides as Targeting Carriers in Anticancer Drug Delivery: A Review. Int J Pharm Sci 
Res. 2013, 4(1); 1-18. 


