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Abstract

Cell penetrating peptides (CPPs) are 9-35mer cationic and/or amphipathic peptides that are
rapidly internalized across cell membranes. Importantly, they can be linked to a variety of cargo,
including anti-cancer therapeutics, making CPPs an efficient, effective and non-toxic mechanism
for drug delivery. In this review, we discuss a number of CPP conjugated therapies (CTTs) that are
either patented are in the progress of patenting, and show strong promise for clinical efficacy. The
CTTs discussed here target a number of different processes specific to cancer progression,
including proliferation, survival and migration. In addition, many of these CTTs also increase
sensitivity to current anti-cancer therapy modalities, including radiation and other DNA damaging
chemotherapies, thereby decreasing the toxic dosage required for effective treatment.
Mechanistically, these CTTs function in a dominant-negative manner by blocking tumor-specific
protein-protein interactions with the CPP-conjugated peptide or protein. The treatment of both cell
lines and mouse models demonstrates that this method of molecular targeting results in equal if
not greater efficacy than current standards of care, including DNA damaging agents and
topoisomerase inhibitors. For the treatment of invasive carcinoma, these CTTs have significant
clinical potential to deliver highly targeted therapies without sacrificing the patient’s quality of
life.
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INTRODUCTION

Significant progress has been made in the identification of tumor specific cellular pathways
which can be successfully blocked /n vitro. Unfortunately, the safe, systemic delivery of
these blocking agents to patients has been difficult and sometimes impossible due to
difficulty with tissue penetration, toxicity and functional activity in vivo. The recent
development of cell penetrating peptides (CPPs) has overcome these barriers, leading to the
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development of novel tumor-specific molecular therapeutics. Also known as protein
transduction domains (PTD), CPPs consist of short amino acid sequences that are able to
mediate the translocation of a conjugated cargo across the plasma membrane. Once inside
the cell, CPP-associated cargoes are then able to interact with their intracellular targets, and
block their tumorigenic properties. Importantly, the non-toxic mechanism of cell penetration
allows for the safe and effective systemic delivery of cancer therapeutics.

Over the last decade, several laboratories have utilized naturally occurring and synthetic
CPPs to deliver several types of therapeutic cargo, including proteins, antibodies, peptides,
and nucleic acids directly into the cell’s cytoplasm [1-4]. CPPs are easily manipulated and
optimized, and can be used to target cargo to a specific cell-type or tissue [5]. For example,
one sub-group of CPPs can cross the blood-brain barrier, allowing for the development of
therapies that target brain cancers which are normally difficult to treat with conventional
chemotherapies [6, 7]. Importantly, CPP bound therapies offer a novel approach to treat
cancer in a specific and non-toxic manner, as damage to the cell membrane, receptors or
transporters is not required for entry into the cell. In this review we will discuss naturally
occurring and optimized protein transduction domains and their utilization in the delivery of
anti-cancer therapies into intracellular compartments of diseased cells. We have focused on
studies with pending or recently awarded patents, whose functionality has been verified and
published, and discuss the very promising future of these therapeutics for the treatment of
cancer.

CELL PENETRATING PEPTIDES

CPPs were first discovered through the study of model organisms, such as Drosophila
melanogaster (Antennapedia, Anfp) and the Human Immunodeficiency Virus (HIV Tat)
retrovirus, and there are now two fundamental types of CPPs that have been utilized for
intracellular delivery of therapeutic molecules [6, 8]. The first and the most common are the
cationic CPPs, which are short amino acid sequences that are mainly composed of arginine,
lysine, and histidine. These amino acids are responsible for the cationic charge of the peptide
that will mediate the interaction of the peptide with anionic motifs on the plasma membrane.
Both naturally occurring and synthetic cationic CPPs have been described and are shown in
Table 1. A second class of CPPs is the amphipathic peptides, which have lipophilic and
hydrophilic tails that are responsible for mediating the peptide translocation across the
plasma membrane (Table 1). Although these classes of CPPs are composed of different
amino acids, and the mechanism of intracellular delivery is similar.

Mechanism of Cell Penetrating Peptides

The detailed mechanism of action by which CPPs transverse the plasma membrane and
interact with cytosolic proteins was recently reviewed, and readers are encouraged to consult
those publications for the details we will summarize here [9, 10]. Briefly, CPPs are
composed of several cationic amino acids, such as lysine or arginine, and a group of these
amino acids result in a highly positively charged peptide sequence. These positively charged
sequences are able to interact with acidic motifs on the plasma membrane in a receptor-
independent fashion. Acidic motifs can be several different substrates found on the plasma
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membrane, including proteoglycans and glycolipids [11, 12]. A recent patent has introduced
the use of synthetic CPP, PTD-SN1, to improve the efficiency of this interaction and
ultimately the peptide’s cytosolic translocation [13]. Following interaction with these
substrates, the peptides undergo cell-type independent internalization [14]. The exact
mechanism of this internalization process is yet to be elucidated but it is dependent on
several peptide attributes, including type of CPP and the size and charge of the cargo. A
recent study has indicated that Anfp and Tat CPP internalization can be mediated by
clathrin-dependent endocytosis, caveolin-dependent endocytosis, macropinocytosis, or direct
intracellular translocation [11] Fig. (1). Another report used therapeutic cargo to alter the
rate of endocytosis, which allowed the therapy to act in an extracellular fashion [15].
Following endosomal internalization, the CPP-tagged therapy (CTT) escapes lysosomal
degradation by a process that is poorly understood. However, it is known that endosomal
escape is the rate-limiting step in delivering therapeutic doses of CTTs to the cytosol [9].
Once the CTT is released into the cytosol, it is able to directly interact with its target. /n
vitro, a CPP (Tat) linked therapy has been demonstrated to enter the cell and start affecting
their target within five minutes of the treatment [16]. In a mouse tumor model, a GFP-CTT
(Tat) was observed to be localized at the tumor site within 30 minutes of the treatment, thus
illustrating CPPs’ uptake speed and efficiency [3].

Non-Immunogenic

One of the benefits of using CPPs for therapeutic delivery is the lack of toxicity as compared
to other cytoplasmic delivery devices, such as liposomes, etc. One potential drawback to
using exogenous peptides, though, is the ability to induce a humoral immune response
against the therapy, which can be highly detrimental for the subsequent treatments. A
commonly used CPP derived from HIV’s Transcriptional Transactivator (Tat) was
investigated for immunogenicity, and the portions of the Tat protein involved in eliciting a
humoral immune response were determined. The authors discovered that the portion of Tat
that conveys protein transduction, PTD, failed to induce an immune response [17]. In
addition, our group has evaluated the induction of an immune response following repeated
PTD-4 injection in immune intact mice, and observed no significant change in CD45-
positive lymphocyte infiltration into tumors [3]. These studies indicate that the use of Tat’s
PTD to deliver anti-cancer therapy does not induce a measurable immune response, although
long-term toxicity studies in patients have not been performed yet. With respect to another
PTD, Antp, several studies have determined that Antp efficiently elicits an immune response
to the peptide cargo following processing by an antigen presenting cell [18, 19]. These
examples demonstrate the possibility of modulating the immune response to the CTT based
on the PTD used to deliver the therapeutic peptide.

ANTI-CANCER CELL PENETRATING PEPTIDES

Since 1988, when the first protein transduction domains were described, the use of CPPs to
deliver anti-cancer therapies (CTTs) to the cytosol and nuclear compartments has become
more common. Over the last decade numerous reports and patents have been published
demonstrating the potential of CTTs for the treatment of leukemia and breast, lung,
pancreatic, ovarian, colon cancers [1-3, 15, 20-23]. With respect to anti-cancer therapies,
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CTTs have been used to inhibit oncoprotein nuclear translocation, modulate oncoprotein
signaling, and block metastases-promoting cell-ECM interactions Fig. (2) [2, 3, 15, 23]. The
mechanism of inhibition is similar in most of the cases: a target interaction is determined
and a portion or the whole interacting protein is attached to a CPP. The CTT is then
transduced across the plasma membrane and delivered into the cytosol or nucleus to block
the endogenous pro-cancerous interactions from occurring.

Nuclear Translocation

Protein trafficking is a common cellular mechanism that regulates signal transduction and
transcriptional activation. Following oncoprotein signaling, the translocation of activated
proteins into the nucleus often results in the transcription of genes that are responsible for
conveying many of the hallmark of cancers [24]. Increases in oncoprotein nuclear
translocation are often observed in cancer cells and can further promote transformation and
metastases.

Following DNA damage, there are a number of cell-cycle inhibitor proteins that become
activated and are translocated to the nucleus. For example, in normal cells, DNA damage
induces p21 nuclear translocation and cell cycle arrest, however, the extent of DNA damage
determines, whether the cell undergoes caspase-dependent apoptosis or is able to repair its
DNA [25, 26]. Current anti-cancer modalities, such as radiation and most chemotherapies
cause irreparable DNA aberrations, which induces the cell to undergo apoptosis. However,
these treatments can also result in the generation of a sub-population of cancer cells that
aberrantly upregulate p21, which results in the inhibition of caspase 3-dependent apoptosis,
thereby allowing the cells to survive the treatment [27, 28]. Blocking p21 nuclear
translocation could inhibit the ability of p21 to convey chemoresistance, resulting in
sensitizing cancer cells and allowing for a reduction in chemotherapy dosages. In an effort to
sensitize cancer cells to the DNA damaging effects of radiation and chemotherapy, a recent
study utilized a CPP conjugated to an anti-p21 antibody. The CPP-anti-p21 effectively
blocked p21 translocation, allowing cells to progress through the cell cycle following
chemotherapeutic exposure and replicate severe DNA adducts, inducing apoptosis [2]. These
authors demonstrated that an 1gG region could be conjugated to Tat’s PTD,
(immunoconjugates; 1Cs) and the tat-anti-p21 1C was shown to inhibit the translocation of
p21 into the nucleus [29]. Inhibition of nuclear trafficking of p21 resulted in the loss of the
p21 dependent anti-apoptotic effect, and sensitized breast cancer cells to both -radiation and
Camptothecin, a Topoisomerase inhibitor [2]. This study offers an example of how the tat-
anti-p21 IC, in combination with chemotherapies, could result in lower and more effective
dosages as well as less discomfort for the patient. The use of CPPs to deliver antibodies
directly into the cytosol and nucleus of cancer cells has tremendous potential, allowing for
the intracellular targeting of cancer-specific protein mutations.

Aberrant nuclear translocation of proteins is also observed, when cells are exposed to pro-
inflammatory cytokines, an event frequently observed in epithelial cancers [Reviewed in
[30]]. A protein commonly activated and translocated to the nucleus in the presence of these
cytokines is the transcription factor, NF-xB /p65. NF-xB is normally found in the cytosol as
a complex of several different proteins (p50, p65, and 1xBa) and following an inflammatory
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signal, the inhibitor IxBa dissociates from the complex. Following dissociation, p65 is
serine phosphorylated and translocated to the nucleus, where it activates transcription of
several pro-cancerous genes such as, cyclin-D1, MMP-9and COX-2[31]. To inhibit the
nuclear translocation of p65, a peptide was designed to block its serine phosphorylation
sites. A recently approved patent utilized a p65 derived peptide conjugated with Anfp (CPP)
to inhibit p65 from activating transcription [32]. The peptide, PTD-p65-1, mimics the amino
acid sequence of the p65 protein that spans two serine residues essential to nuclear
translocation. In KBM-5 leukemia cells, treatment with PTD-p65-1 was shown to inhibit
p65 phosphorylation, p65 nuclear translocation and p50-p65 DNA binding. These PTD-p65—
1 treated leukemia cells also demonstrated an increase in the cytotoxic sensitivity following
exposure to a chemotherapeutic agent, doxorubicin. Additionally, PTD-p65-1 was able to
block the p65-dependent transcription of cyclin-D1, MMP-9, and COX-2[22]. This
indicates that peptides like the PTD-p65-1 can be utilized to sensitize chemotherapy
resistant cancer cells to apoptosis or can be used to treat chronic inflammation.

Cancer cells often have deregulation of protein expression due to a variety of reasons,
including gene amplification, epigenetic alterations, aberrant signaling or atypical protein
translation. The altered protein expression of the eukaryotic initiation factor 4E (elFAE) has
been described to increase the translation of mMRNAs with a long 5” untranslated regions
[33]. Increased elF4E has been shown to be directly responsible for the altered protein
expression of several oncogenes, such as cyclin D1, VEGF, and FGF2. Additionally, the
overexpression of elF4E has recently been described as an indicator of breast cancer
recurrence [34].

elF4E functions by entering the nucleus, interacting with mRNA, and assist in presenting the
mRNA to the ribosome for translation. The nuclear translocation of elFAE is vital for its
function and blocking nuclear entry can promote cytoplasmic accumulation and apoptosis. A
recent patent discusses the use of a CPP attached to a portion of the potato virus Y VPg
protein to inhibit elF4E nuclear translocation [35]. In Drosophila the authors have previously
demonstrated that the VVPg protein directly binds to elF4e and inhibits cell proliferation. The
conserved nature of imitation factors allowed a similar approach in mammalian cells. The
authors demonstrated that treatment with CPP-VPg inhibited elF4E nuclear translocation,
loss of cell proliferation and cell death [35].

Nuclear translocation also plays an important role in signal transduction, transmitting signals
from membrane-bound receptors to the nucleus. The erbB growth factor receptor family
(erbB1/EGFR, erbB2/Her2, erbB3, and erbB4) has been implicated in the progression of
several cancer types, including breast, lung, gastrointestinal stromal, and prostate [Reviewed
in [36]]. For example, erbB2 is a common therapeutic target that is amplified and
overexpressed in approximately 30% of all breast cancers [37]. One of the downstream
signaling events following erbB2 activation is the tyrosine phosphorylation, dimerization,
and nuclear trafficking of the signal transducers and activators of transcription 3 (STAT3)
transcription factor. STAT3 is been found deregulated in most of the solid tumors (breast,
ovarian, pancreatic, prostate, and melanoma) and hematological diseases (lymphoma and
leukemia) [38—43]. Following STAT3 nuclear translocation, it activates the transcription of
several oncogenes that play a role in conveying a chemo-resistant phenotype, such as VEGF,
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Bcl-2, CyclinD1, and MMPI [44]. Therefore, nuclear translocation of STAT3 mediated by
ErbB2 is an attractive therapeutic target.

In 2006, a report was published, which demonstrated that the CPP Tat could be manipulated
to specifically target breast cancer cells that overexpress erbB2/Her2, by targeting cells with
erbB2 binding peptide conjugated to Tat (P3-AHNP). By concentrating the P3-AHNP
peptide to the cells that were erbB2-positive, the authors reported that cells overexpressing
erbB2 preferentially absorbed the peptide [23]. P3-AHNP was then additionally conjugated
to STAT3 binding peptide, STAT3BP, resulting in a CTT that could specifically localize to
erbB2 overexpressing breast cancer cells and block STAT3 nuclear translocation, by
blocking STAT3 dimerization [23]. Importantly, P3-AHNP-STAT3-BP inhibited STAT3-
DNA interactions and its resulting oncogenic transcriptional activity. A significant decrease
in proliferation and an increase in apoptosis was observed in P3-AHNP-STAT3BP treated
breast cancer cell lines and xenograft tumors [23]. This is a novel example of how the
protein expression profile of certain cancers can lead to the development of CTTs that
specifically target certain cell-types.

Oncogenic Signaling Modulation

Oncogenic signaling, as a result of cancer-dependent protein-protein interactions can
promote many aspects of cancer progression, including cell cycle progression, inhibition of
apoptosis and insensitivity to anti-growth signals. In addition, changes in cellular polarity
can result in novel protein-protein interactions that are present in cancer cells, but do not
occur in polarized epithelium due to junctional separations. In some instances these cancer-
dependent protein-protein interactions result in aberrant signaling and trafficking. These
interactions and signaling events thus provide potential targets for a cancer-specific therapy.

Our laboratory has focused on targeting those interactions that occur in tumor cells, but not
in normal polarized epithelium. Basolateral proteins, such as the Epidermal Growth Factor
Receptor (erbB1/EGFR), and apical proteins, such as MUCL are separated when epithelial
cells maintain junctional formations. Loss of polarization in tumor cells, and in metastatic
cancer specifically, results in novel protein-protein interactions that promote neoplasia. In
the case of MUC1 and EGFR, interactions result in altered protein trafficking and oncogenic
signal transduction events that promote breast cancer progression [45]. EGFR is a potent
driver of tumor growth and when it interacts with MUC1, EGFR signaling is amplified [46].
Targeting the interaction domains between these proteins, we were able to demonstrate that a
CTT, PMIP, blocks MUC1 and EGFR interactions resulting in significantly slower tumor
growth [47]. PMIP was designed from a small portion of the MUCL1 cytoplasmic tail and
conjugated with the CPP, PTD4 [48]. In /n vitro studies with breast cancer cell lines, PMIP’s
inhibitory effect corresponded to a significant decrease in invasion and proliferation. In the
xenograft mouse model, the PMIP treatment of the aggressive MDA-MB-231 breast cancer
cell line resulted in slower growth and a reduction in distant metastases. Additionally, PMIP
dramatically slowed down the tumor growth and in several instances caused regression of
solids tumors in the genetically-driven mouse mammary tumor model (MMTV- py MT).
Again, as others have observed, PMIP treated mice showed no weight loss or gross tissue
damage, indicating a lack of toxic side-effects [3].
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Immune response modulation against cancer has been the main focus of many cancer
researchers because the concept that the body’s natural defense could target and eliminate
tumor cells is an ideal therapeutic approach. Though there are many drawbacks to the
immune modulation approach mainly autoimmunity. However, a recent patent has utilized a
peptide to promote potential tumors antigens to the cell surface of dying tumor cells which
elicits an anti-tumor response. The underlying concept of this patent is based on the finding
that following anthracyclin (common type of chemotherapy, a DNA intercalating agent) the
proteins calreticulin (CRT), KDEL receptor, and ERp57 are found at the plasma membrane.
The membrane localization of these protein results in an immune response against these
tumor antigens. However, this membrane localization is inefficient in dying cancer cells so a
peptide was designed to promote membrane localization of these proteins. The authors
found that inhibition of a protein phosphatase, GADD34, with a CTT (DPT-PP1 inhibitor) in
colon and cervical cancer cells lines resulted in increased membrane localization of CRT,
KDEL receptor, and ERp57. Additionally, this elicited a greater immune response as
compared to peptide controls or no treatment [49]. This a novel use of a CTT to alter
intracellular pathways that play an important role in extracellular processes, such as an
immune response.

Most anti-cancer therapies used in the clinic take advantage of the replicative nature of
cancer cells by disrupting DNA replication and synthesis. Radiotherapy (IR) is often used to
cause double-strand breaks in proliferating tumor cells, thereby promoting apoptosis.
However, following radiation exposure cell has an innate signaling mechanism to arrest the
cell cycle to allow for DNA repair mechanism. For example, upon IR exposure the ataxia
telangiectasia mutant (ATM) is activated through the interaction with another protein,
Nijmegen breakage syndrome 1 (NSB-1), and this activation leads to downstream signaling
events which result in cell cycle arrest [50]. The cell cycle arrest allows for DNA repair,
which can promote the viability of the cell and inhibition of apoptosis. Although in normal
cells this mechanism is important in preventing genomic instability however in cancer cells
this pathway assists tumor cells in becoming radioinsensitive. A recent patent describes the
use of a peptide based approach to inhibit the NSB-1/ATM interaction to sensitize tumor
cells to IR [51]. The peptide designed utilized the polyarginine (R9) PTD attached to a
NSB-1 mimetic peptide (WtNIP). A study found that the treatment of cervical and prostate
cancer cells with wtNIP resulted in efficient cellular uptake and limited cytotoxicity.
However, the authors found that the wtNIP treatment following radiation was able to
sensitize these cells and increase cell death compared to peptide controls [52].

The drawback to the previous approach would be the non-specific nature of the CTT. In
contrast, another patent has utilized a peptide-based therapy to specifically target the
increased availability of single-stranded DNA (ssDNA) in cancer stem cells. In 2006, a
report was published demonstrating the presence of “bell-shaped” nuclei in colorectal
tumors and upon closer investigation the authors found this population of cells contained
stem cell like properties [53]. The authors reported that “bell-shaped” nuclei undergo
symmetrical and asymmetrical nuclear fission and this phenomenon results in increased
availability of ssDNA. This led to the design of a peptide that could enter cells, bind sSDNA,
and promote apoptosis of the cancer stem cells. This patent however, mentions the use of
CPP to deliver the peptide but does not provide a specific CPP [54]. This a novel therapeutic
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approach which takes advantage of increased ssDNA to specifically target cancer stem cells
for apoptosis.

Other laboratories have targeted protein-protein interactions that are important in anti-
apoptotic signaling. An important step that leads to the inhibition of apoptosis in cancer cells
is the increased signaling and stabilization of inhibitors of apoptosis proteins (IAP). One
protein that has been found to stabilize 1APs is heat-shock protein 90 (Hsp90). Hsp90 is
commonly deregulated in cancer and has been shown to assist the cell in adapting to
environmental stresses [55]. Importantly, Hsp90 is able to directly interact with an 1AP,
survivin, and inhibit its proteosomal mediated degradation. Recently approved patents
propose the use of CTTs that specifically targets the interaction between Hsp90 and survivin
[56, 57]. The peptide, shepherdin, was designed to mimic a small domain of the survivin
protein that interacts with the ATPase domain of Hsp90 and was then conjugated with the
CPPs Antp or Tat. The authors demonstrated that /77 vitro treatment of several cancer cell
lines (breast, prostate, colon, and cervical) with shepherdin caused caspase-dependent
apoptosis and loss of membrane integrity [58]. In addition, shepherdin treated breast and
prostate tumors grown superficially in immunocompromised mice showed slower tumor
growth versus controls and no toxic side-effects were observed. Notably, this report revealed
that shepherdin effects were cancer cell specific and did not have any effect on normal
fibroblast [58]. Therefore, shepherdin demonstrates the inhibition of protein-protein
interactions that results in the non-toxic targeting of tumors via the sensitization of cells to
apoptotic signals.

The use of Hsp90 as a therapeutic peptide target has not been limited to IAPs. Another
recent patent application describes the use of an Hsp90 peptide to promote the degradation
of eNOS [59]. Activation of endothelial nitric-oxide synthase (eNOS) by Hsp90 results in
the increased generation of Nitric Oxide (NO) which allows cancer cell to become
insensitive to hypoxic and stress conditions. In this manner, activation of eNOS by Hsp90 is
able to convey an anti-apoptotic response in several cancers, including oral squamous cell,
colon, breast and prostate [60-63]. Therefore the interaction of Hsp90 and eNOS provides a
potential anticancer target. An Hsp90 directed CTT was generated, and the treatment of
endothelial cells resulted in a significant decrease in nitric-oxide production [64]. The loss of
Nitric-Oxide production has been observed to slow the proliferation of a malignant
melanoma cell line [65]. Thus, the targeting of Hsp90 may be useful in the treatment of
multiple cancer types and further demonstrates that the blocking of cancer-specific protein-
protein interactions may be a viable therapeutic approach.

Modulation of ECM Interactions

Aberrant interactions between tumor cells and the extracellular matrix is an important
component of tumor progression. The ability of tumor cells to form productive interactions
with components of the ECM is critical for movement from the primary organ to distant
sites. For example, cells from the primary tumor of the breast disassociate from the tumor
mass and utilize the surrounding ECM to migrate towards the blood and lymph vessels
where they intravasate and are transported throughout the body, eventually forming
secondary tumor sites in many tissues, including liver, bone, and brain [Reviewed in [66]].
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This metastatic process is similar in the most solid tumors and demonstrates the critical role
of the ECM interactions with the tumor in metastatic progression [Reviewed in [67]]. A
recent study has utilized the Tat derived CPP linked with an elastin-like polypeptide (Tat-
ELP) to inhibit ovarian cancer invasion, migration, and metastases [15]. Elastin is an
extracellular matrix protein commonly found in connective tissue throughout the body that
conveys elasticity to tissues, such as blood vessels, lungs, skin, and the bladder. This CTT
was designed to block the interaction between elastin and circulating tumor cells, resulting
in the loss of secondary tumor site establishment. The concept presented in this report is
unique in the sense that the authors attached a CPP to a large elastin-like polypeptide
(800aa), which resulted in Tat-ELP binding to the cell surface followed by a more gradual
endocytosis [15]. In this way, Tat-ELP is attached to the cell membrane and is functioning to
inhibit ECM interactions prior to internalization. The Treatment of ovarian cancer cells with
Tat-ELP resulted in an inhibition of the circulating tumor cells from attaching and
establishing secondary tumor sites [15]. The use of Tat to bind a therapy to the cell surface is
a novel approach to inhibiting ECM Receptor/ECM interactions that could have potential in
treating pre-metastatic and metastatic disease.

Novel Therapeutic Targets

The complexity of cancer biology and our understanding of mechanisms underlying cancer
development are ever growing. As new areas of cancer research are being explored the
discovery of new therapeutic targets has been uncovered. Recently, several patents
applications have been submitted which plan on utilizing CPPs to deliver anti-cancer
therapies directed against these novel targets. For example, the role of microRNA (miRNA)
in cancer formation and progression is a relatively new field in cancer biology so a recent
patent describes a miRNA processing protein as a potential therapeutic target [68]. Another
patent plans to utilize CPPs to target a new area of cancer biology, epigenetics. Specifically,
this patent describes the use of a CPP to deliver an antisense nucleic acid to block the
translation of a splice variant of DNA methyltransferase 3B, which has been shown to
promote hypermethylation and gene silencing in cancer [69-71].

CURRENT & FUTURE DEVELOPMENTS

In this review, we have examined the use of CTTs to target cancer in a manner that is non-
toxic to normal cells. /n vitroand in vivo CTTs have been shown to translocate across the
plasma membrane, directly interact with their target in the cytosol or nucleus, and promote
cancer cell death. Additionally, CTTs have also been used to induce sensitivities to
chemotherapies and radiation. CTTs have shown to be effective in many cancer types, and
while the shift from the laboratory to the clinic has been time consuming, recent progress
should promote this translation.

Endosomal Escape

As more CTTs are being developed and tested in the clinic setting, there is a great need for a
better understanding of how these peptides escape from the endosomal compartments, which
limit their therapeutic potential. The ability to optimize endosomal escape would allow for
higher therapeutic concentrations in the cytoplasm, resulting an increase in the CTT/target
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interaction. However, several studies examined in this reviewed show, a significant amount
of CTT in the tumor several hours after injection. One possible explanation for this
phenomenon is the increased bioavailability of the target found within tumor cells. The CTT
fails to be degraded because it is interacting with its target [72].

CPP Stability and Modifications

One concern with using peptides as therapeutics is the potential effects of serum proteases
on peptide degradation prior to cellular internalization. A potential modification to CTTs
could involve incubation with SDS or polysialic acid, which has been shown to increase
peptide stability and diffusion throughout the body [18]. Inhibiting serum protease activity in
the blood would also assist in maintaining a higher concentration of therapeutic peptide.
Although few studies have attempted this, Yi et a/. discovered that the treatment of human
serum samples with heparin or citrate could stabilize the serum peptides [73]. Another
approach to stabilize peptides in the circulatory system is the manipulation of the amino-acid
isomerization, which could have a dramatic effect on peptide bioavailability and potency.
For example, the isomerization of an L-isoleucine to a D-isoleucine in an anti-angiogenic
thrombospondin-1 peptide (Mal 11 D-1le) resulted in better pharmocodynamic properties
[74]. The proposed mechanism of this result was the limited protease activity towards the D-
amino acid, thereby increasing the circulatory concentration of the peptide. Another
biological characteristic of D-amino acids is that processing and presentation to the immune
system of D-amino acid peptide is inefficient thereby limiting an immune response [75]. A
recent patent describes the use of a CPP containing D-amino acid to deliver a targeted anti-
cancer therapy to leukocytes and endothelial cells [76]. In addition to amino acid
isomerization, cyclic peptides that contain a disulfide or amide bonds show an increased
therapeutic advantage versus linear peptides [77]. These studies indicate that the amino acids
of CTTs can be manipulated to optimize peptide bioavailability and efficacy.

Another potential drawback of CTTs is that most of the time the CTT is a low molecular
weight peptide, which results in efficient renal clearance, and poor tumor penetration. To
address this issue, one study utilized a hydrophilic polyethylene glycol coat to act as an
efficient “macromolecular drug carrier” [78]. More recently the use of nanoparticles to
delivery macromolecules drugs, such as, peptides and genes, offers a potential solution to
the drawbacks of just treating with a CTT alone [79]. Theoretically these carriers would
function by forming a “capsule” around the therapy, which would be able to deliver
relatively larger doses of CTT through mucosal barriers to target tissues.

In conclusion, the use of CTTs to treat cancer is a relatively new field and there are still
many areas that need to be explored. However CTTs show great promise in the field of anti-
cancer therapy because of their many benefits including low toxicity, minimal modulation of
immune system, tissue specificity, ability to target the most pro-cancerous interactions and
regulation of oncogenic signal transduction. The therapeutic approaches/patents discussed in
this review are only a snapshot of all new CTTs that have been reported, but it provides a
glimpse of the potential these peptides have in the fight against cancer.
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1) CPP-Cargo peptide is delivered to the site of disease. 2) The CPP’s highly cationic amino
acids interact with proteoglycans (left) or glycolipids (right) on the cell surface. Note: There
is an evidence that the CPP-cargo directly enters the cell (center arrow) 3) The peptide is
endocytosed via clathrin or caveoloae or it is macropinocytosed. 4) Endosomal escape of

peptide. 5) Interaction with target protein.
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1) The CPP portion of the CTT attaches to the plasma membrane and directly inhibits ECM
Receptor/ECM interaction. This inhibits the ability of metastatic cancer cells to establish

secondary tumor sites. 2) CTTs block cancer dependent protein-protein interactions,

resulting in the inhibition of proliferation, angiogenesis, and chemoresistance. 3)

Additionally, inhibition of protein interactions can modulate nuclear translocation of

oncogenic transcription factors.
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