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Executive Summary

Cell penetrating peptides have been identified as a viable tool for therapeutic use in the era of
biomedicines and specialized carrier systems. Similar to other therapeutic peptides, peptide
stability- the bottleneck for this class of biodegradable molecules will play a critical role inthe
effective in vivo deployment of CPPs. Peptide-based administration could improve drug uptake
in tumor cells, increasing the effectiveness of either conventional small-molecule medications
or oligonucleotide-based treatments. To facilitate the achievement of therapeutic interventions,
a thorough understanding of the cancer applications of cell penetrating peptidesas delivery
systems is stressed; including various aspects of drug loading, cargoes, and delivery are
discussed along with techniques for targeted delivery, activatable cell-penetratingpeptides, and
transducible agents coupled to cell-penetrating peptides. Limitations and possible solutions

invented are also mentioned.

Keyword: Cancer, cancer penetrating peptides, drug delivery, oligonucleotides, siRNA,
therapies, CPP.
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Chapter 01

Introduction

The ineffectiveness of currently existing treatments for cancer could one day be overcome by
adopting more potent therapeutic macromolecules, such as proteins or DNA. Cell-penetrating
peptides offer a viable answer to the issues with drug distribution that are frequently encountered
with traditional cancer chemotherapeutics and oligonucleotide-based treatments. Cell-
penetratingpeptides that are not too long move independently or in combination with cargo
through the cellular plasma membrane. The use of traditional chemotherapeutic agents is
severely constrained. For instance, when treating metastatic melanoma, the medications may
cause additional malignancies or tumors may become resistant to treatment and relapse. Drugs
that mayselectively kill cancer cells i.e., successfully treat slow-growing and dormant cells
without triggering chemo resistance mechanisms remain in high demand. Tamoxifen, as an
example, raises the risk of endometrial cancer to grow in persons with breast cancer. These
restrictions limit the application of chemotherapy, pharmacological therapies for cancer. Peptides
may be helpful for medication development and discovery, according to an increasing number
of studies. To boost efficacy, peptide with biological active regions might be joined together.
They may also serve as vehicles for medications used in therapeutic strategies, such as
chemotherapeutic. Peptides are attractive prospects for cancer treatment because of their non-
immunogenicity, ability of simple modification, very good tissue invasion and inexpensive
manufacturing costs, and simplicity of modification to increase bioactivity and in vivo
performance in (Yavari et al.,n.d.) CPPs typically range in length from 5 to 30 amino acids,
frequently have side chains made up of simple amino acids, and are frequently amphipathic.
The earliest CPPs were created from natural sources proteins, like TAT from HIV-TAT and

penetratin from Antennapedia’'s homeodomain (Regberg et al., 2012).



1.1. Cancer and Cell Penetrating Peptide

Cancer refers to a category of disorders in which cells have the capacity to multiply abnormally,
with the capacity to penetrate and disseminate to additional body parts. 9.6 million cancer-related
deaths were reported worldwide, and 18.1 million additional cases are anticipated in 2018. All
throughout the world, the incidence and mortality rate of cancer, a chronic health problem, are
rising quickly. The four cancers with the greatest prevalence rate are lung, breast, prostate, and
colorectal, while the four malignancies that cause Pulmonary, colon, gastric, and hepatitis
cancers cause the most cancer-related deaths. Cancer is a growing public health concern. Cancer
does not only harm humans; it may also impact wildlife and many other species. The majority of
the time, cancerous cells detach from this original grouping of cells, move via the lymphatic and
circulatory systems, and then establish themselves in other organs where they can reactivate the
unregulated growth period.

The use of traditional chemotherapeutic agents is severely constrained. For instance, when
treating metastatic melanoma, the medications may cause additional malignancies or tumors may
become resistant to treatment and relapse. Drugs that successfully treat low to the ground and
resting cells without inducing chemo resistance mechanisms are still in great supply since they
may specifically eliminate cancer cells. Researchers working on anti-cancer therapies are looking
for a method to target cancer cells only, minimize side effects, avoid being impacted by typical

chemo resistance mechanisms, and eliminate latent and slow-growing cells. (Smith et al.,2000).

1.2. Aim of the Project

This research focused on recent developments and potential uses of cell penetrating peptides as
therapeutic agents for the treatment of malignancy. Researchers explore the use of peptides in
targeted cancer therapy, both individually and combined with other peptides or comparatively

tiny molecule cytotoxic agent. Also, we take into account the application, strategies and



limitations of peptides as a carrier for targeted molecular imaging in the detection and of cancer

therapy.

1.3. Objective of this Study

The purpose of this study is
-to understand the purpose of this study is
- To shed light on the CPPs treatment strategies

-To comprehend the constraints and potential implications.



Chapter 02

Methodology

The information was gathered through peer reviewed papers that were publicized, research
papers, and studies that were accessible in a variety of databases, including PubMed, Frontiers,
MDPI, ScienceDirect, and Google Scholar etc. Significant keywords like cell penetrating
peptides, CPP in cancer, etc. were applied to search papers. On the basis of the issue, relevant
and resourceful articles were gathered, and additional context was examined. Following the
selection of the topic, an outline was created with pertinent headings and subheadings. Medley
Desktop provided the bibliography and in text citation. The entire essay was paraphrased, and

thewriting contained citations.



Chapter 03

Cancer

The following are some general types of cancer-related or causing substances: radioactive
materials, certain diseases, biochemical or cytotoxic chemical interactions, and genetics. In
general, anything that has the potential to lead to a normal body cell developing uncontrollably
Is considered to be a cancer-related or causative agent. Although common signs and symptoms
are not particularly selective, patients with various cancers may experience the following:
exhaustion, losing weight, physical discomfort, skin changes, change in bowel or bladder
function, unusual hemorrhaging, chronic cough or voice start changing, pyrexia, lumps or tissue
masses. Damaged DNA is repaired by DNA repair genes. Cells with all these genetic variations
frequently experience chromosomal duplications and deletions. These alterations might work
together to turn the cells malignant. Many distinct malignancies frequently have suppressor gene
mutations or deletions. (Regberg et al., 2012)

The key event in the development of cancer may be the loss of tumor suppressor gene function.
The p53 is the best-known potent inhibitor of tumor to date, and it appears that the wild-type
gene is necessary for preventing tumor development. A screening and assessment of potential
cancerous tissue is examined to determine the exact diagnosis of cancer, despite the fact that
there are numerous procedures that screen for and presumptively diagnose the condition. The
type of cancer and the degree of disease dissemination are generally identified by the findings
ofa biopsy; cancer stages also aid in the development of treatment regimens for patients and their
caregivers (Bidwell & Raucher, 2009). Generally, more the invasive the cancer type or more the
extensive the disease is throughout the body, the higher the number allocated (often between 0
and 4), in most staging techniques. Different cancers require different staging techniques, which

should be individually explored with physician.



3.1. Traditional Treatments of Cancer

There are many different cancer therapies available. The phase and form of cancer a person has
determines the type of treatment they will receive.
3.1.1. Chemotherapy

It may be the only form of treatment you receive in some cases. However, chemotherapy is
typically combined with other cancer treatments. Chemotherapy inhibits or retards the cancer
cells' rapid differentiation of cell and growth. it works in both ways to treat cancer, reduce the
likelihood of its coming back to the treated person or delay its progress. Cancer symptoms might
get reduced with chemotherapy that can be used to reduce tumors that are causing pain and other
discomforting situation. Neoadjuvant chemotherapy is one kind of chemo where the tumor is
reduced before doing the surgery when used with conjunction. It also eradicates any tumor cells
that could still be present after radiation or surgery also kill cancercells that have returned or

spread to other places of one’s body to make other therapies more effective.

3.1.2. Immunological Checkpoint Inhibitors
The system recognizes malignant cells, destroys them, and probably prevents or retards the
development of many cancers. Immune cells can occasionally be found in and surrounding
tumors. Cancer cells possess ways for escaping immune response eradication, even though the
immune system can stop or limit the progression of cancer. Immunological checkpoint inhibitors
are medications that can prevent the activity of immune checkpoints. They prevent overly
powerful immune responses and are a typical component of the immune system. T-cell transfer
therapy, a therapy that improves T cells' innate capacity to fight cancer. Immune cells are

extracted from tumor and employed in this treatment.



3.1.3. Radiotherapy
Itis utilized as a cancer treatment to eradicate cancer cells and reduce size of tumor. Cancer cells
with irreparable DNA damage either stop reproducing or pass away. The body destroys and gets
rid of the harmed cells after they pass away. Cancerous cells are not immediately eliminated by
radiation therapy. Days or weeks of therapy are needed before DNAIs sufficiently damaged to
kill cancer cells. Cancer cells continue to die for a few weeks or

months after radiation therapy is over.

3.1.4 Targeted Therapy
The proteins that control the multiplication, replication, and movementof tumor cells are the

targets of targeted therapy. It is the foundation of personalized medicine.

3.2.CPP used in Cancer Therapy

The discovery of biological mechanisms that can successfully block in vitro has advanced
significantly. Furthermore, because of difficulties with tumor targeting, toxicity, and functional
activity in vivo, the safe, systemic distribution of these blocking medicines to patients has proved
challenging and occasionally difficult. These obstacles have been removed by the recent
invention of CPPs, which has resulted in the creation of innovative tumor-specific molecular
therapies. A conjugated cargo can be transported throughout the plasma membrane with the help
of CPPs, which are composed of short amino acid sequences. When CPP-associated payloads
enter the cell, they can engage with their intracellular targets and counteract their tumor-causing
abilities. The uptake of non-toxic cell technique is crucial because it enables the secure and
efficient systemic delivery of treating cancer. The absence of toxicity of CPPs as compared to
other cytoplasmic delivery mechanisms, such as liposome’s, etc., is one advantage of employing
them for therapeutic delivery. It has been reviewed that CPPs can transport a number of

covalently or non-covalently attached payloads inside of living cells, containing nanoparticles %s



peptides, proteins, antisense oligonucleotides, small interfering RNA and double-stranded DNA,
liposome’s, aGUPTA et al.,2005).Activable CPPs (ACPPs) were recently used in vivo to target
cancer cells overexpressing metalloproteinase-2 (Olson et al.,2009), and the suppression of NF-
jB was also effective in vivo when the antagonists were coupled to various peptides for the
treatment of various inflammatory illnesses. Inhibiting NF-jB has been used to treat a variety of
inflammatory disorders. (Orange &May.,2008). Examples of substances that can penetrate the
central nervous system (CNS) and act on malignancies of this system, such as glioblastoma
multiform, are TAT and Penetratin (GBM). These aforementioned peptides have also been
demonstrated to trigger Killing of apoptosis in mammary, lung and hepatic cancer cells when
combined with conventional chemotherapy drugs like doxorubicin (DOX) and paclitaxel (PTX).
(Liu et al.,2012) Strong anticancer effects were produced in various malignancies, including
esophageal cancer, as a result of the association of Magainin 2 (MG2) with Bombesin (MG2B),
another CPP, which includes esophageal cancer. Examples include CPP p28 and CopA3, which
both specifically decreased the survivability of stomach cancer cells. Also, preclinical
investigations involving breast cancer, ovarian cancer and colorectal cancer were used to evaluate

this peptide's anti-tumor performance (Fuet al.,2015).



Table 1: Application of CPP

Cargo CPP Drug Disease
Peptides Penetratin Insulin Diabetes
Nano-particles KALA peptide VEGF-pDNA Wound
Small molecules Cyclic CPP Cabazitaxel Breast Cancer
Nucleic acid CHAT Luciferase- pDNA -




Chapter 04

Historical Background of CPP

CPPs were initially discovered by research on preclinical studies, including Drosophila
melanogaster (Antennapedia, Antp) and the Human Immunodeficiency Virus (HIV Tat) retrovirus.
Since the discovery of CPPs, numerous investigations in this area have been carried out.
Preliminary studies essentially focused on uncovering features and pathways and improving
cellular absorptivity (Xu et al.2019). The earliest and most prevalent are the small amino acid
sequences known as cationic CPPs, which also are primarily made up of the amino acids arginine,
lysine, and histidine. These amino acids give the peptide its cationic charge, which is what, will
allow it to interact with anionic motifs on the plasma membrane (Derossi et al., 1994). Amphipathic
peptides, a second class of CPPs, are responsible for facilitating peptide translocation across the
plasma membrane because of their hydrophilic and lipophilic tails. The idea of PTD was first put
forth twenty years ago as a result of the discovery that some proteins, mostly transcription factors,
may shuttle between and within cells. Historically, (Tat) protein of HIV-1 was first observed to be
able to enter cells and move into the nucleus in 1988 by Frankel and Pabo. In 1991, the Prochiantz
group demonstrated that neural cells may uptake the Drosophila Antennapedia homeodomain.
(Joliot et al., 1991), work that served as the foundation for the 1994 discovery of the first PTD or
CPP: a (RQIKIYFQNRRMKWKK) derived from the third helix of the Antennapedia

homeodomain (Derossi et al., 1994).

4.1. Cell Penetrating Peptides based delivery of Cargos

The peptides, that have lengths around 5 to 30 amino acids can move through the plasmamembrane
and carry cargo ranging from proteins and oligonucleotides to proteins and small molecules (such
as DNA, siRNA, and plasmid) (Regberg et al.,2012). This makes them a promising method of

drug delivery. These CPPs interact with peptides and help them enter the cell membrane; they are

10



hydrophobic in nature that is primarily made of basic residues (Bidwell&Raucher.,2009). Both
energy-dependent (endocytosis and pinocytosis) and energy- independent (direct translocation)
processes (Walrant et al.,2013) are used to take them up by the cell. The concentration of the
peptides, the cell type (Fischer et al.,2004), the size of the carried cargo, and other variables all

affect how well these peptides are internalized.

predicted o ‘ ==

; nucleic acid
multifuntional CPP + oo protein
_ ‘ % peptide
protesq dgrlved covalent ; \ non-covalent fluorophore
argﬁc@ © association association drug
chimeric 7 : nanoparticle
modified _ N
un-modified : not ;
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amphipathic ' . e ol
paip : _ N polymer

Figure 1: CPP and Cargo Association (Porosk & Langel, 2022)

The CPPs comprise anticipated and already known CPPs produced from proteins, as well as chimeric
and synthetic CPPs. Cationic, primary and secondary amphipathic, and even negatively charged
peptides are all represented in the CPP family of chemical delivery vectors. The CPPs may be changed
to contain fatty acid residues, PEG additions, or non-proteogenic amino acid residues. Numerous
moieties can be connected with the cargos that CPPs can carry, and they can also be employed to
improve the internalization of NPs. Covalent relationships between CPP and the cargo, non-covalent
associations, or the addition of CPP to mixtures without it associating with the components are the
three types of associations. Numerous researches have used techniques includingthe cargo-CPP
complex system, the non-covalent combination type distribution of different pharmaceuticals or
nucleic acids, the active targeting approach, the synthesis of specific signal- activated CPPs, and the
multipurpose integrating multiple properties (Kim et al.2021). Mouse models were used to confirm

techniques in vivo.
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Table 2: Example of CPPs

Peptide Origin Sequence
TAT (48-60) Protein-derived GRKKRRQRRRQC
pVEC Protein-derived LLIILRRRIRKQAHAHSK-NH;
Transportan Chimeric GWTLNSAGYLLGKINLKALAALAKKIL-NH:
PepFect3 Chimeric,Modified Stearyl-AGYLLGKINLKALAALAKKIL-NH
MPG8 Chimeric AFLGWLGAWGTMGWSPKKKRK-cya
Polyarginine Designed Rn (n =6-12)
Pep-1 Designed Ac-KETWWETWWTEWSQPKKKRKV-cya
Pep-3 Designed KWFETWFTEWPKKRK-cya
YTAZ2 Designed YTAIAWVKAFIRKLRK-NH:
SynB1 Protein-derived RGGRLSYSRRRFSTSTGR

4.2. CPP Classification
Basic groups of CPPs may be differentiated based on where they originated from peptides
originating from proteins, chimeric peptides created by joining two different natural sequences, and
synthetic CPPs, that are deliberately created sequence data that are based primarily on
configuration analyses dependingon the sequencing' physico-chemical properties, such as their

hydrophobic nature or amphipathicity (Madani et al., 2011).
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Table 3: Types of CPP

Type Source Example

Cationic HIV Tat Protein Tat
Amphipathic Azurin Azurin p28
Hydrophobic Mastoparan and galanin TP10

Cationic Phage display PTD-5
Amphipathic Azurin Azurin p18
Hydrophobic Mastoparan and galanin Transportan

4.3. Drug Loading Approaches with CPP

The two major classes of CPPs are those that require chemical connection with the medicine for
intracellular administration and those that generate persistent, non-covalent drug combinations.
CPPs have been effectively used to deliver pharmaceuticals, including liposomes, nucleotides,

nanoparticles, proteins, and peptides, in both vivo and in vitro studies (Heitz et al., 2009)

4.3.1.Small Molecules

The medication doxorubicin (DOX) has been studied for its ability to induce apoptosis in cancer
cells when conjugated with CPPs (DOX-CPPs) (Bolhassani, 2011). Breast cancer cell line MDA-
MB-231 was discovered to be sensitive to apoptotic killing by DOX-CPPs (Qi et al., 2012). Even
though DOX is a commonly used anticancer drug, it is only able to cross the blood-brain barrier
(BBB), which is made up of endothelium junctions of the brain's capillaries. The ATP-dependent

outflow mechanism P-glycoprotein (P-gp), which was initially identified as playing a role in the

13



multi - drug resistance (MDR) processes of malignant cells resistant strains, has also been shown
to be present in the luminal site of the endothelial cells of the blood-brain barrier. P-gp may prevent
cytotoxic medicines from getting into the brain (Rousselle et al., 2003). small naturally derived
peptides with the capacity to penetrate the BBB have been employed as drug delivery vectors to
circumvent DOX's restricted access to the brain. D-penetratin and SynB1 were covalently joined
to DOX by these two peptides. The amount of DOX carried into the brain parenchyma was boosted
20-fold when DOX was coupled to either D-penetration or SynB1 vectors (Rousselle et al., 2000).
Penetratin and TAT were covalently coupled to DOX in a different investigation as CPPs.CHO
Cells,mammary cancer cells, HUVEC , Differentiated NG108-15 Neuronal Cells, MCF7 Drug-
SensitiveCell Lines were used to assess the cytotoxicity, intracellular distribution, and
internalization. Comparing the conjugates to free DOX revealed that they have various distribution
inside the cell membrane patterns and cell killing activities. The cytotoxicity of DOX in CHO cells,
HUVEC cells, and MDA-MB-231 cells was increased after treatment with DOX- CPPs. However,

NG108-15 cells and MCF7 showed lower cytotoxicity (Aroui et. al.2019)

Table 4. CPP and cargoes of drug for therapy of tumor

CPP Cargo Method Application
TAT, Penetratin, DOX Covalent coupling Breast cancer cell lines
SynB1 MDA-MB-231
YTA2 MTX Covalent coupling Resistant breast cancer cells
MDA-MB-231
YTA4 Fluorescein and Covalent coupling Breast cancer cells MDA-
MTX MB-231

14



CADY DOX Non-covalent Increased therapeutic index

complex and blood residence time

TAT P53 Covalent coupling Rabbit eyes harboring

human retinoblastoma

xenograft

R8 SmacN7 Non-covalent Reversed apoptotic
coupling resistance

Antp P16 Non-covalent Pancreatic cancer

coupling

Methotrexate (MTX), which works as a drug for cancer and with restricted use owing to tolerance
issues, inhibits the production of purine nucleotide, the component parts of DNA, particularly in
the cytoplasm by inhibiting the enzyme dihydrofolate reductase which stops the growth of tumors.
The cell line MDA-MB-231 was obtained from an individual in alreadydeveloped MTX
resistance after treatment. The conjugation of MTX to a CPP, YTA2 (MTX- YTA2), was
investigated in MTX-resistant breast carcinoma cell physical model. The main pathway for cellular
uptake of MTX occurs via reduced folate carrier (RFC), which is not expressed in this cell line.
Both MTX transport defects and reduced MTX toxicity sensitivity were present in tumor cells. The
EC50 values of MTX-YTAZ in the study of cell viability werefive times smaller than the results
for MTX individually (Lindgren et al., 2006).The best way to administer various kinds of medicinal
compounds might not always involve attaching CPPs to tiny particles. Covalent coupling to a
peptide may prevent a medicine from attaching to a target or may impair the activity of

physiologically active molecules like proteins and oligonucleotides.
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4.3.2. Macro Molecules

Numerous in vivo studies have been conducted on the establishment of protein therapies driven
by CPP-fused carcinogenic macromolecules. Using a Tat peptide made from the N-terminus of
p53, other cancer suppressing and suicidal genes have been used. Several (Harada et al., 2002).
The most frequent anti-apoptotic lesions in cancerous cells are the alteration of the p53 gene, which
IS present in 50% of human cancers (Harada et al., 2002). The p53 protein's N-terminal region was
fused to the TAT (TAT-p53N), which caused a fast buildup of p53 and the activation of apoptotic
genes (Harada et al., 2006). The peptide caused a large amount of tumor cell death after being
injected Xenografted human retinoblastoma in rabbit cornea (Harada et al., 2006). However, the
surrounding normal tissue was not significantly harmed. The cellular import of oligonucleotides
and analogs can be accomplished without being harmful by using CPP (Bolhassani, 2011). SiIRNA,
ribozymes, or oligonucleotide analogues can regulate gene expression at the RNA level without
affecting the nucleus, but their ability to do so is constrainedby their negative charge in cells (Patel
et al., 2007). Shorter amphipathic peptides have recently been successfully used without a covalent
manner to introduce therapeutic (siRNA) and (PNA) molecules (MPG8/PEP3). In a range of cancer
cell lines, PEP3 and MPG8 boost their cellular absorption while preventing cytotoxic effects by
synthesizing stable nanomaterials with PNA and siRNA, in particular, outside the endosomal
channel.

A PNA coupled with transport protein 10 increased the passage of the PNA into the cytosol in
the analysis of the relationship between RNA and RNA associated proteins. When crosslinked with
cholesteryl-R9, siRNA against the multifunctional angiogenic growth factor also known as
vascular endothelial growth factor (VEGF) was shown to increase tumor remission effectiveness
including both in vitro and vivo.

A p65-derived peptide coupled with Antp was used in a newly authorized patent to prevent p65

from initiating transcription. Following exposure to the chemotherapeutic drug DOX, the Antp-
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p65-1 treated leukemia cells also showed a rise in cytotoxic sensitivities, and exposes the cancer
cells to death that are resistant to chemotherapy. Shepherdin, an intriguing peptide that was fused
with the CPPs Antp or Tat, was created to resemble a tiny region of the surviving protein coupled
Hsp90’s ATPase component. Shepherdin resulted in loss of membrane permeability and caspase-
dependent death. In addition, when shepherdin was used to treat breast and prostate cancers that
had developed superficially in immune-compromised animals, the tumors' development was
reduced in comparison to untreated mice (Bolhassani, 2011). The use of non-covalent complexes
of CPP-oligonucletides that aren’t bonded covalently to CPPs can be concluded to result in

substantial cellular uptake and bioactivities (Patel et al., 2007).
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Chapter 05

Internalization of CPPs

Penetratin, Tat peptide, and R9 are peptides that were first studied for their ability to enter cells
in a passively, temperature- and receptor-independent manner that was resistant to endocytosis
inhibitors (Rayne et al., 2010). The peptides may therefore be entering the cell directly through

physical disruption of the plasma membrane, it was hypothesized.

5.1. Endocytosis: A possible entry point

Most cells naturally go through a process called endocytosis. non - covalent interactions with
cellular proteoglycans or immediate connection with the plasma membrane can both initiate it.
Electrostatic interactions with cell surface proteoglycans or direct contact with the plasma
membrane can both initiate it. When attached to GAGs, CPPs may enter either more effectively
or after the ongoing recycling process of GAGs that are constantly absorbed (Belting, 2003).
Through the of GAGs agitation, stimulation of signaling molecules, and actin reconfiguration,
CPPs can cause endocytosis (Jiao et al., 2009). Passage of the various CPPs, and primarily CPPs-
cargo complexes, all known forms of pinocytic pathways were characterized.

Macropinocytosis: It has been shown that this process contributes to the internalization of poly
arginine and to a much minor extent of penetratin (Nakase et al., 2004; Rejman et al.2009).
According to a new case (Mishra et al., 2011), after the peptide is internalized with formation of
pores, that engages with the actin cytoskeleton, which will cause macropinocytosis. However,
according to some research, the peptides will activate the small GTPase Racl following the binding
and clustering of proteoglycans, which will cause actin remodeling and trigger macropinocytosis
(Kaplan et al., 2005).Dowdy group established macropinocytosis as the mechanism for Tat
absorption, with the requirement signaling moleculesthat functioning proteins be present but not

surface GAGs or sialic acids for the intake (Gump et al., 2010).
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Table 5: Frequently used chemical endocytic antagonists

Inhibitor Mode of Action
Hyperosmolar conditions Dispersion of plasma membrane
Potassium depletion Clathrin lattices
Amilorides Inhibitors of Na/H exchange
Methyl-b-cyclodextrin Cholesterol extraction
Statins Inhibition of cholesterol synthesis
Chlorpromazine Loss of clathrin and AP2 adaptor complex
from the cell surface
Cytosolic acidification Inhibits the budding of clathrin-coated pits

After being inhibited by hyperosmolar medium, clathrin-induced engulfing was found to be
responsible as a means of penetrating uptake, Tat pep- time etc. (S&alik et al., 2004). Additionally,
despite the fact that numerous studies showed the Tat peptide to be involved in clathrin- dependent
endocytosis (Ter-Avetisyan et al., 2009), Caveolae-induced retention was also shown . for some
of the peptides having cell penetrating property, such as the Tat peptide that co-localized with the
caveolae identifier caveolin- (Ferrar et al., 2003), despite the conflicting findings of numerous
other investigations. For example, the absorption of Tat peptide in baby rodent kidney cells was
not affected by caveolin knock-out or the treatment of HeLa and Chinese hamster ovary (CHO)
cells with nystatin and filipin 111, antagonists of caveolae- dependent endocytosis (Richard et al.,

2005).
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Figure 2: CPP Internalization by Endocytosis (Janicka et al.,
2019)

Cellular membrane instability results via direct translation and happens independently of energy
and temperature. Direct translocation was initially suggested as the method of internalization of
CPPs, then rejected as an artifact of fixation. Immediate transposition was initially suggested that
method of incorporation of penetrating peptides inside the cell then rejected as a a fixing artifact.
Direct translocation was later verified using fluorescence in living cells, analyzing of the intake at
4 °C and in the exclusion of engulfing (e.g., ATP depletion), and using other biophysical
approaches in models (Bolhassani, 2011).It is possible for areas between distinct membrane
domains to have wrapping issues that make them extra prone to the entry of peptides. entrance or
to serve as nucleation sites which is porous.This reconfiguration of the membrane can result in
the synthesis of these domains via thepeptide's preferential association with anion exchange.

(Joanne et al., 2009).

5.2. Structural Considerations

It is generally recognized that basic CPPs bind electrostatically with anionic proteoglycans Figure
3: CPP Internalization by Endocytosis (Janicka et al., 2019) 21 proteoglycans and phospholipids

on the cellular membrane constitutes the initial phase for cellular entrance, even though it is not
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explicitly required for the cell's absorption (Tiriveedhi & Butko, 2007). The cationic charge and
the bonding of hydrogen, density, overall Shape, also including conformational changes of the
peptides all exert significant control over how the distinct plasma membrane parts, whether

electrostatic or hydrophobic, connect between themselves (Millettie.2012).

5.2.1. Positive Charge

The positive charges CPPs' probable primary encounter with the cellular membranes is of an
electrostatic origin, during which the peptides attach to the negatively charged lipids and
polysaccharides prior proceeding towards the internalization-active membrane receptors. In
addition, Ryser and Hancock discovered how mixing albumin with high molecular weight poly-
lysines increased the consumption of the protein by tumors, demonstrating the importance of the
positive charge in boosting macromolecule uptake(Ryser & Hancock, 1965). The significance of

positively charged proteins was subsequently demonstrated for several CPPs combinations.

5.2.2. Hydrophobicity

It is considered that hydrophobic residues, which are important in their interactions with the plasma
phospholipid bilayer, facilitate the translocation of peptides across this membrane (Takayama et
al., 2009). In addition, any single residue changes to the pVEC peptide's N-terminal hydrophobic
region (LLILL) resulted in a reduction in the CPP's cellular absorption (EImquist et al., 2006). In
contrast , introducing a tryptophan residue or a fluorescein isothiocyanate (FITC) dye to the
unmarked segments of the R6 and Tat peptide caused vesicle spillage, demonstrating that

alterations in hydrophobic nature had a significant impact on the translocation pathway.

5.2.3. Peptide Secondary Structure

To understand the alteration of the transmembrane and subsequent uptake, the structure and

composition of CPPs was primarily investigated when they interacted with modeling membrane
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surface. After interacting with lipids, CPPs, which are largely unstructured in aqueous solution
(Magzoub et al., 2003) take on a variety of forms. Even for a similar sequencing, this heterogeneity
is undoubtedly the results of the various experimental parameters used, including temperature,
peptide/lipid quantities and proportions, buffering environments and others. Tat and shorter poly
arginines are unstructured when in association with model membranes, while penetratin has been
demonstrated to assume an a-helical shape and a b-strand conformation. Whether a link exists
between a peptide's secondary structure and its translocational properties isstill up for debate.
Nevertheless, significance of constructional flexibility, as highlighted by the Divita team, who
stated that structural polymorphism and malleability of CPPs might be vital for the membrane
association and internalization channel (Deshayes et al., 2008), and also prefer the peptide favoring

a pathway of access over the other by their structure (Eiriksdottir et al., 2010).

5.3. CPPs-based Approaches to Target Cancer Cells

There are several techniques for targeting ¢ with CPPs and particular ligands for selectively
targeting cancer cells, with CPPs coupled with specific ligands. Activated CPPs are intended to be
unresponsive until they are stimulated by cancer specific enzymes, and transducible agents are
intended to be controlled in hypoxic tumors but degrade in healthy tissue. Cell attacking peptides

are typically created by combining a traditional CPP pattern with a tumor cell attacking peptide.

5.3.1. Activable CPP
A recent class of potential molecular diagnostic markers for the detection of enzymatic processes,

ACPPs are novel in vivo tracking agents that also consist of a polycationic cell-penetrating
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peptide (CPP) coupled to a neutral polyanion via a cleavable linker (Olson et al., 2009). Inhibiting
electrostatic attraction and lowering the total charge to almost zero, this structure prevents
absorption inside cells (Bolhassani, 2011). Thus, intramolecular ionic interactions with apeptide
containing multiple anionic charge is able to effectively prevent a polycationic peptide from

reaching cells.
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Figure 3: Schematic diagram of Activable CPPs (Gao et al., 2014

The polycationic cell-penetrating peptide and the polyanionic peptide can be separated via
proteolysis, which also permits the activating cell-penetrating peptide to move into the cell (Olson
et al., 2009). Certain proteins disrupt the linkage tying the polyanionic and polycationic domains
combined, allowing for cell penetration (Olson et al., 2009). The particular proteases can be

utilized to target cancer-related enzymes. The targeted activation of CPPs within the
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pathogenic surroundings of tumors is enhanced by stimulus-responsive substances in ACPPs.

Recently, cancer associated proteases (CAPS) have received much interest as a novel approach to
targeted delivery of tumors. A group of proteases known as CAPs are often absent or found in
very small quantities in healthy cells, but they are frequently greatly up-regulated in malignant
cells. Urokinase plasminogen activator (UPA), a number of matrix metalloproteinases (MMPs),
and certain cathepsins are examples of CAPs that have been studied. MMPs are a class of
proteolytic enzymes (Polette et al., 2004). and are likely one of most researched CAPs for tumor-
responsive delivery of drugs (Zhang et al., 2012). In the majority of carcinomas, host stromal
cells manufacture the majority of the MMPs, and their expression suggests tight collaboration
between both the cancer and stroma cells (Polette et al., 2004). In the majority of carcinomas,
host stromal cells manufacture the majority of the MMPs, and their expression suggests tight

collaboration between both the cancer and stroma cells (Polette et al., 2004)

Tumor cells have the ability to express a variety of MMPs., and they are thought to be important
agents helping tumor cells spread during metastasis (Deryugina & Quigley, 2006). As a result,
MMPs offer a favorable candidate for medication delivery systems that target cells containing
tumors. Because MMPs are a type of cleavable enzyme which is related with malignant disorders
(Qietal., 2012) and have exhibited excess development in several kinds of human cancers (Zhang
etal., 2012), the ACPP method could also be employed to improve anticancer medicines for tumor-
targeting treatments. Elevated MMP transcription has been linked to poor patient outcomes in a
variety of malignancies, including mammary (MMP-11) and colorectal (MMP-1) cancer.
Additionally, in a variety of tumor forms, the expression of particular MMPs has been used as a
predictive indication of treatment outcomes and an indicator of tumorigenesis (Zhang etal., 2012).
Tissue therapy has made use of the production of an ACPP compound with the anticancer
medication doxorubicin (DOX), which is susceptible to matrix metalloproteinase-2 and -9 (MMP
2/9). MMP-2/9 can stimulate the ACCP-DOX conjugate, permitting the active
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CPP-DOX to enter cells. A novel peptide termed NoPe, which stands for "zero cellular
penetrating,” is a hybrid peptide that's also based on the CPP YTA4 and has been given an activated
region and a linker for protease MMP-2 in order to accomplish delivery particularly. NoPe is a
dormant inactivated-form of YTA4 that MMP-2 may specifically cleave and activate. In the study
fluoresceiny attached to NoPe is specifically deposited inside the tumor sites in MDA-MB-231
mice that have tumors after 1V injection of peptide conjugates of fluoresceinyl carboxylic acid

(Mé&e et al., 2012).and a cytosprotective drug MTX, This method worked well in- vivo.

5.3.2. Cell Targeting Peptides

For treating cancer, cell-targeting peptides (CTPs) that can identify cancer cells are particularly
alluring for their targeted distribution (Bolhassani, 2011). In a laboratory experiment, the use of
these peptides improved medication delivery's specificity and effectiveness while minimizing
adverse effects (Zhang et al., 2012). The cyclic peptide PEGA termed as homing peptide has been
shown previously to develop in mouse breast carcinoma tissue. Various breast cancer cells
absorbed PEGA molecular peptide coupled to the cell-penetrating peptide pVEC in vitro.
Moreover, the PEGA-homing pVEC's ability remained preserved in vivo, in which the conjugate
primarily concentrates in blood vessels in breast tumor tissue (Kersemans & Cornelissen, 2010).
Additionally, it has been demonstrated that conjugating chlorambucil to pVEC-PEGA increases
the anticancer drug's effectiveness by a factor of nearly four (Myrberg et al., 2007), decreasing the
clonogenic lifespan of MCF-7 cell lines (Kersemans & Cornelissen, 2010). A further sample of a
homing peptide is the linear 5-amino acid long peptide CREKA, which was discovered in breast
cancers in MMTV-PyMT treated mice (Mée et al., 2008). Although it has not been demonstrated
to internalize into tumor cells, the CREKA peptide identifies clogged membrane proteins and
selectively attaches to fibrin-like complexes in tumor vascular system and stroma. Through one

trial, CREKA was administered as a chimeric peptide along with the CPP pVEC (Bolhassani,
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2011).

In comparison PEGA-pVEC peptides disclosed previously, this novel peptide, CREKA-pVEC,
is easier to produce and, is more effective at delivering cargo molecules into cancerous cells(Mée
et al., 2008). CREKA-pVEC is an effective vehicle for delivering a DNA alkylating chemical to
specific intracellular targets. To create nano-vectors for extremely effective gene transfer to cancer
cells, the specified receptorfolic acid (FA) also the peptide named octaarginine (R8) were added to
the genetic carrier (PEI (600)-CyD, PC) (Bolhassani, 2011). Attributable to the combined
application of folic receptor-initiated enterocytes and membrane activity the derived ternary nano-
complexes of FA-PC/R8-PC/pDNA resulted extremely good gene delivery qualities in folic acid
receptor favorable tumors in vivo and in vitro (Jiang et al., 2011). By building CPPs containing
peptides or antibodies that serve as targets, intracellular or intracytoplasmic addressing can be
done in a cell-specific manner. Radiolabeled peptides with the DEVDGsequence were presented
in the initial publication to describe the usage of a CPP-targeting label design. Furthermore, TAT-
peptide associated anti-p21 antibodies were discovered through the analysis of radiolabeled TAT-
antibody combinations. The Fc terminal of IgG was selectively coupled with radioiodinated TAT-
peptides. Since such TAT-peptide sequencing contains a nuclear localization domain, it was
demonstrated that these radio-immuno constructs could translocate to the nucleus and bind to p21,

a cyclin-dependent kinase blocker and growth controller.
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Table 6: An overview of a targeting sequence paired to a CPP for targeted
delivery to tissues or tumors

Targeting Peptide Active Sequence Target Site
PEGA CPGPEGAGC Tumor blood vessels
CREKA CREKA Tumor blood vessels and
stroma
DEVDG DEVDG Caspase3
DV3 LGASWHRPDKG CXC chemokine receptor 4
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5.3.3. Transducible Agents

The body of a cancer patient is covered in numerous cancers, administration of drugs against cancer
necessary. Preliminary in situ research revealed that Tat proteins are carried to a variety oftissues
after intraperitoneal (IP) insertion, suggesting that transducible medications may be able to be
systemically distributed to a malignant tumor or multiple metastases (Snyder & Dowdy, 2004). A
recombinant peptid that is specifically stabilized in hypoxic tumor cell was created in order to
generate a therapeutic potential protein medication that is fairly specific for tumors (Harada et al.,
2002). The uncontrolled proliferation (Harada et al.,2006) and increased metabolicrequirements of
cancerous cells, which also are attributed directly to genetic changes in tumor cells, result in the
formation of hypoxic site in tumors (Harada et al., 2006). The oxygen tensionin hypoxic areas is
substantially lower than that in healthy cells. These increase radiation a nd treatment for cancer
opposition (Harada et al., 2002). Angiogenesis and glycolysis-relatedgenetic mutations are
stimulated by the transcriptional factor hypoxia inducible factor-1 (HIF-1), the key regulator of the
hypoxic reflex (Bolhassani, 2011). This process makes malignant cells more invasive and

spreadable (Harada et al., 2006).

Anti-Gal Ab (a—d) and X-gal staining (e—f) were used to measure the detection of-Gal protein and
enzymatic activity in the liver.Oxygen-dependent destruction (ODD)-galactosidase (-Gal), a model
fusion protein, is constituted of a portion of the ODD domain of hypoxia-inducible factor- 1 linked

to -Gal.
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Figure 5: TAT-ODD-Gal fusion protein degrades quickly in healthy tissue (Koshikawa & Takenaga,
2005)

The pharmacologically active fusion protein was preferentially localized in cancers but was
scarcely perceptible in normal tissue after ODD—Gal was subsequently combined to the HIV-
TAT protein transduction domain (TAT 47-57) and IP infused in animal having tumors (Harada
etal., 2002). Only the cells' hypoxic areas exhibited TAT-ODD-Gal protein footprints. On the other
hand, after IP administration, TAT-galactosidase protein could have been observed across

malignancies (Qi et al., 2012).
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5.4. Cell-Penetrating Peptides Mechanism

The cationic amino acids that make up CPPs, like lysine or arginine, combine to form a peptide
sequence that is very strongly positively charged. These positively charged sequences have the
capacity to engage in receptor-independent interactions with acidic motifs on the plasma
membrane. Proteoglycans and glycolipids are just two examples of the many substrates with
acidic patterns that can be discovered on the plasma membrane (Duchardt et al., 2007). In order
to enhance the effectiveness of this interaction and ultimately the peptide's cytosolic
translocation, a current discovery described the usage of synthetic CPP, PTD-SN1. The peptides
internalize after interacting with these substrates in a cell-type independent manner. Although the
precise mechanism of this internalization process is yet unknown, it is dependent on a number of
peptide characteristics, particularly the kind of CPP and the cargo's structure and charges.
According to a latest report, the internalization of Antp and Tat CPP can be facilitated by
macropinocytosis, clathrin-dependent endocytosis, caveolin-dependent endocytosis, or rapid
intracellular translocation (Duchardt et al., 2007). The CPP-tagged treatment (CTT) resists
lysosomal decomposition after being internalized by endosomes through an unexplained
mechanism. To transfer therapeutic doses of CTTs to the cytosol, endosomal leakage is
understood to be the rate-limiting process (Edenhofer, 2008). The CTT can contact its receptor
effectively after it has been delivered through into cytosol. It has been proven in vitro that a CPP
(Tat) connected medication enters the cell and begins to impact its target around five minutes of

such therapy (Wadia et al., 2004).

30



+++
© +CPp-Corso

/ \\ o
v
o e :xwﬁm?::tmw e 1&“&‘;“,,&\“
i e
7 N & @ N
7 s\ 7 elg N\
f + = \‘ ‘( + \)
1+Pfg Cargo / i +.E;f.|: Cargo"
N\ / AN /
1\\“%2;;':,#""‘4 o ‘.\‘L‘\Q:;r,.f"f’{j :
v

+++ /
o \ +CPP Car@
+4++ —

+++ —
Figure 5: Mechanism of Peptide

Membrane Transduction (Bitler &
Schroeder, 2010)

Peptide Membrane Transduction Mechanism:

The tumor site receives CPP-Cargo peptide. The extracellular proteoglycans (left) or glycolipids
(right) are in contact with the strongly cationic amino acid residues of the CPP. There seems to
be indications that the CPP-cargo penetrates the cell directly (center arrow). The peptide is
endocytosed by clathrin or caveolae, Peptides endosomal leakage occurs therefore contacting with

targeted protein.

5.4.1. Cell-Penetrating Peptides with Anticancer Mechanism
Following the discovery of the initial peptide transmission domains, anti-cancer treatments(CTTs)

have increasingly been delivered to the cytosol and nuclear compartments through CPPs.

31



The promise of CTTs for the treatment of lymphoid cancer and, colon, pancreatic, mammary
ovarian and hepatic malignancies has been extensively documented in publications and patents
during the past ten years (Harada et al., 2006). CTTs have indeed been utilized in anti-cancer
therapy to suppress oncoprotein nuclear translocation, modify oncoprotein activation, and prevent
exchanges between cells and the ECM that promote metastasis. Throughout most instances, the
technique of inhibition is essentially the same: a target association is identified, and part or all of
the interacting protein is attached to a CPP. To prevent endogenous pro-cancerous contacts, the
CTT is subsequently transduced throughout the plasma membrane and transported to the cytosol

or nucleus.
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Figure 6: CPPs Anti-Cancer Mechanism (Bitler
& Schroeder, 2010)

CTT's anti-cancer therapy mechanism:

The ECM interaction is primarily inhibited by the CPP component of the CTT, which adheres to the
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plasma membrane that blocks cancer cells that have propagated to secondary tumor locations from
doingso. CTTs prevent the cancer-dependent protein-protein interactions that stop angiogenesis,
proliferation, and chemoresistance. Interacting protein suppression can also affect the oncogenic

transcriptional elements' nuclear translocation.

5.5. Limitations and Current Development

CTTs have now been employed to create sensitivity to radioactivity and chemotherapy treatments.
Despite the fact that it has taken some time to make the transition from the laboratory to the clinic,
current developments should support this translation.

Stability Modification- The possible consequences of serum proteases on peptide breakdown prior to
intracellular localization is one challenge with employing peptides as medications. Incubation with
SDS or polysialic acid, that has been demonstrated to improve peptide stabilization and circulation
all through the blood (Schutze-Redelmeier et al., 1996), could be used as a potential modification to
CTTs. A larger level of therapeutic peptide could be maintained by preventing serum protease activity
in the circulation. Yi et al. reported that human serum samples treated with heparin or citrate are able
to stabilize the peptides present in the serum (Yi et al., 2008), The modification of amino-acid
isomerization can be another method for maintaining peptides in the circulatory system. This method
may have a significant impact on the bioavailability and effectiveness of peptides.

One possible issue with CTTs is that they are often small peptides that effectively eliminate them
from the body through the kidneys so have poor tumor absorption. Another research used a
hydrophilic polyethylene glycol covering to serve as an effective "macromolecular drug delivery
carrier” to resolve this issue (Prego et al., 2005). The disadvantages of addressing with a CTT alone
have recently been addressed by the use of nanoparticles to deliver medications that are

macromolecules, such as peptides and genes (de la Fuente et al., 2008). These transporters will
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work by enclosing the therapy in a "capsule,” enabling target tissues to receive substantially

higher doses of CTT despite mucosal barrier.
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Chapter 06

6.1. Discussion

CPP-based administration is a prospective method for delivering cancer drugs due to its capacity to
transfer cargoes inside the cell. Traditional chemotherapeutic drugs and contemporary gene- based
medicines may both be able to reach tumor cells. Another benefit is the potential to create targeted
delivery systems by fusing fragments of peptides peptide for cell penetration with the targeting ones.
Similar to this, activated CPPs can be constructed by joining protective multiple negative charges
with linkers with cleavable property that are unique to the target. The peptide transforms into an
active CPP when this linker is severed. With CPPs coupled with targeting ligands, there are numerous
methods for selectively targeting cancer cells. Combining a regular CPP sequencing with a cancer
targeting peptide typically results in cell targeting peptides. ACPPsare meant to be latent as cell-
penetrating peptides unless triggered by catalyst particular to the cancer. Transducible substances
remain persistent in tumors with low oxygen levels but degrade in healthy tissue.

Oncology and the mechanism underlying oncogenesis are becoming highly complicated. Potential
treatment strategies have been found as new facets of biomedical research were explored. Now, a
handful of patents that propose to use CPPs to deliver anti-cancer medicines targeted at these unique
targets have been issued. A current invention highlights a miRNA manufacturing protein as a possible
therapeutic target(Viswanathan et al., 2008). Other patent proposes for using CPPs to emphasize on
epigenetics, a novel area of human cancer. Another patent proposes to use CPPs to focus on a novel
aspect of cancer biology called epigenetics. The application of a CPP to transport an antisense
nucleic acid to stop the translation of a splice variation of DNA methyltransferase 3B, which has
been demonstrated to cause hypermethylationand gene silencing in carcinoma, is specifically
described in this patent (Alves et al., n.d.). Two phases make up the endocytosis of CPPs: endocytic
entrance, accompanied by endosomal escape. Enhanced therapeutic levels in the cytoplasm will be

achievable if endosomal escape could be optimized, boosting the CTT/target contact. Yet, several of
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the trials looked at in this study reveal that the tumor still has a sizable quantity of CTT hours
following injection. The higher bioavailability of the target found inside tumor cells is one theory for
why this phenomenon occurs. According to the CTT's interaction withits target, it cannot be

weakened (Thorén et al., 2000).

6.2. Future Aspects

CPPs finally appear to be prepared to go from the bench to clinical applications after several years
ofdevelopment. Due to the current paucity of therapeutically viable drug carriers and the
adverseeffects of many medicines, the field of cancer therapeutics will probably be among the first
to gainfrom the usage of CPPs. CPPs may also be used in combination delivery systems based on
liposomalformulations or other kinds of nanoparticles. The blood-brain barrier can be crossed with
the help ofnanoparticles modified with CPPs, and they may also be more precise in their
distribution whenpaired with penetrating/targeting peptides. The most frequent cancer types, such
as adeno-carcinomacell cancer and mammary cell are the major prospects for recent therapies due
to the high expensesof putting a medicine into clinical usage, but applying these in other cancer
types. The high stability of peptide-based dosage forms, when compared to many other drug
administration techniques suchas liposomes, will be a key advantage of this therapy approach.
Overall, CPPs have a promising future, and the first CPP-drugs will likely be available in the few

years.
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Chapter7

Conclusion

As disruption to the cell membrane, transporters, or conveyors is not necessary for entry into the
cell, CPP bound medicines offer a new strategy for treating cancer in a selective and non-toxic
approach. In this discussion, we learnt about naturally existing and enhanced protein transduction
domains and how to use them to transport anti-cancer treatments to damaged cells' intercellular
space. We discussed studies that have actually obtained or are awaiting patents, whose functionality
has been established and published for extremely bright prospects of these therapies for the treatment
of malignancy. In conclusion, the utilization of CTTs in the treatment of cancer is a young area with
a lot of unexplored territory. Conversely, due to their low toxic effects, limited immune system
alteration, tissue specificity, capacity to target the majority of interactions that promote cancer, and
modulation of oncogenic signaling, CTTs look promising in the area of cancer immunotherapy. This
review's discussion of treatment strategies and patents represents a insight of the potential these

peptides have to treat cancer.
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