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INTRODUCTION  

Background: Cell-penetrating peptides (CPPs) are a 

class of diverse peptides, classically with 5–30 amino 

acids,that unlike most peptides can penetrate into the 

cellular membrane and are currently pursued for their 

assembly of biomedical applications [Drug Delivery , 

Anticancer, Antiviral, Antimicrobial]. Assigned to 

different terminologies such as „protein transduction 

domains‟,„membrane translocating peptides‟ and „Trojan 

Horse Peptides‟ the terminology CPP introduced by 

Pooga et al.
[1]

 And is the most accepted terminology for 

the set of peptides capable of interacting with, getting 

into, and eventually transposing membrane structures.
[2] 

CPP are usually short, typically 5–30 amino acids 

residues long, and can be isolated from naturally present 

proteins, modified or designed de novo.
[3,4]

 As cellular, 

endosome, and other organelle membranes are tough 

barriers in the quest for delivering drugs to impending 

intracellular therapeutic targets, CPP are now considered 

as frontrunners for the development of such reliable 

DDS.
[3,4] 

They can subordinate to molecules such as 

nucleic acids, proteins, drugs, or imaging agents by 

covalent or non-covalent binding, and deliver the cargo 

to the cytoplasm or nuclei of cells.
[3,4,5,6]

 CPP research 

had its origins in the study of protein transduction 

domains, which established the ability to shuttle 

transcription factors inside and between cells, together 

with the observation by Frankel and Pabo
[7]

 that the HIV-

1 transcription-transactivation protein (TAT) could go 

into cells and translocate into the nuclei.
[7]

 Later, in 1991, 

another peptide sequence demonstrated the ability to 

affect cells, Drosophila Antennopediahomeodomains, 

which in 1994, yielded the first so called CPP–

Penetrating[8, 9].The following years reproduced a boom 

in CPP research and numerous new sequences were 

designed and created such as MPG–the firstCPP capable 

of deliver non-covalent nucleic acid
[10,11];

 and Pep-1 for 

which deliverprotein and peptide.
[12,13]

 Afterwards, 

Lebleu and coworkers
[14]

 identified Tat peptide, having 

the minimum, nine residues long, sequence from TAT 

protein required for cellular uptake, and the first 

evidences-of-concept for the in vivo application of CPP 

were knowledgeable for the delivery of Peptides and 

proteins in 1999.
[6,15] 

Another important revolution was 

the demonstration by the groups of Wender and Futaki 

that octa-arginine (R8) was sufficient for prompting 

cellular and in vivo peptide uptake.
[16,17] 

Ever since the 

discovery of Tat, researchers have been progressively 

increasing the pool of known CPP, with entries 

derivative from natural, chimeric and later synthetic 

sources. Together with CPP, Homing peptides (HP) are 

molecules that deliver their cargo to the cell surface with 
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ABSTRACT 

The present picture of novel therapeutic improvements relies mostly on gene-targeted technologies, facilitating to 

fight rare genomic diseases, from infections to cancer and inherited diseases. Although, reaching the action-site for 

this novel therapy needs to reach to nucleic acids, or other macromolecules into cells, which may face complex 

tasks to pharmaceutical companies. To overcome this technological shortfall, wide ranges of vectors have been 

developed in the past years and have confirmed to be doing well in delivering differenttherapeutics. Cell-

penetrating peptides (CPP) have been one of the distinct technologies widely detail studied and have been ever 

more used to transfer small RNA/DNA, plasmids, antibodies, and nanoparticles into cells. Although CCP already 

showed huge potential that these peptide-based techniques are involve in few advances which have been put to 

pharmacological or clinical application. This review will portray the origin, classification, mechanism, 

development, and practical application of CPP to deliver therapeutic agents into cells.  
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cell specificity that are deficient in CPP by targeting 

specific markers on cell surface but with no membrane 

internalization. A class of CPP derivatives, CPHP (Cell-

penetrating HP) that conjugate both translocation and 

cell specificity features of CPP and HP, respectively, was 

successfully considered, combining specific delivery 

with cell internalization ability.
[18] 

To maximize the 

design of new CPP, current advances in bioinformatics 

gave labor to tools that allow the identification of protein 

regions with membrane translocation areas (i.e., CPP
[19-

20]
 to maximize the design of new effective CPP. 

However, if one goes deep into CPP cataloguing, one can 

find different categories under which they can be 

classified, by their physical chemical properties, by its 

origin or by its linkage to their cargo. In addition, due to 

its chemical composition and acquired secondary 

structure, they also can be classified into different modes 

of uptake. Chimeric and synthetic CPP can be attained 

either by modification of functional groups. Replacement 

lysine by argininethatenhances the affinity for the cell 

surface, while using histidines helps the endosomal 

escape by creating a “proton sponge effect”. 

 

 
Figure 1: The Timeline of The CPP research, Left panel: primary stage discoveries that contributed to the 

enhancement of CPP field as well as some existing outgoing research. Right panel: examples of the greatest 

representative CPP discovered and developed for nucleic acid delivery are made known. Peptide name with the 

tridimensional structure (black–ribbon; blue–basic residues; red–hydrophobic residues) and arrangement, 

origin (protein/synthetic), delivery application, and strategy is providing. A: All PDB files of the CPP structures 

represented were obtained from CPPite
[21]

:HIV-Tat, VP22, MPG, OligoR: OligoK; from RCSB PDB: 

Penetratin–2NZZ, Transportan.1SMZ, DENV C–1R6R; or predicted: pepR and pepM
[22,23]

:predicted by I-

TASSER  

 

Classification of CPPs 

CPPs classification based on 

A. physicochemical properties 

B. the origin of the peptide 

C. Uptake mechanism 
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I. Physicochemical properties classification 

Cationic CPPs 

Most CPPs are cationic because of their own positive 

charge.
[67]

 The first CPP identified was cationic and was 

derived from the HIV-1 protein Tat (RKKRRQRRR).
[28]

 

Studies on arginine-based peptides (from R3 to R12) 

have presented that the minimal sequence for cellular 

uptake is octa-arginine (R8), and that increasing the 

number of arginines increases the level of uptake.
[25]

 

Studies propose that at least eight positive charges are 

needed for effective uptake of several other cationic 

CPPs.
[29]

 A special case of cationic CPPs are nuclear 

localization sequences (NLSs). NLSs are tiny peptides 

based on lysine-, arginine- or Proline-rich motifs that 

able to be transported to the nucleus through the nuclear 

pore complex, which is a multimeric complex containing 

50–100 dissimilarproteins. NLSs can be classified into 

monopartite and bipartite signals, which consist, 

respectively, of one or two groups of four or more basic 

amino acids.
[31]

 Due to the number of charges in most 

NLSs is well lowerthan eight, most NLSs are not good 

CPPs
[32]

, but they can be covalently bonded to a 

hydrophobic peptide sequence to get an amphipathic 

CPP with a good uptake profile. 

 

1. Amphipathic CPPs 

Amphipathic CPPs are sequences that have non-polar 

and hydrophobic amino acids.  

 

a. Primary amphipathic 

Numerous primary amphipathic CPPs are chimeric 

peptides obtained by covalently bonding a hydrophobic 

domain for effective targeting to cell membranes to a 

NLS. For example, MPG 

(GLAFLGFLGAAGSTMGAWSQPKKKRKV)  depend 

on the SV40 NLS (PKKRKV). The hydrophobic domain 

of MPG was created from the combination sequence of 

the HIV glycoprotein 41 (GALFLGFLGAAGSTMGA) 

which has high attractionto membranes.
[33]

 Other primary 

amphipathic CPPs are entirely derived from natural 

proteins, such as pVEC, ARF(1–22), and BPrPr(1–

28).Thusproposing that the properties of the signal 

peptide are also important for uptake.
[33] 
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b. Secondary amphipathic a-helical CPPs 

A common structural motif in several peptides and 

proteins that attached to membranes is the amphipathic 

-helix, in which hydrophilic and hydrophobic amino 

acids are clustered in separate sides of the helix.
[34]

 

-helical CPPs have aextremely 

hydrophobic patch on one face , while on the other side 

can be cationic, anionic, or polar. Even though almost of 

amphipathic CPPs are cationic, improvements suggest 

that the membrane translocation is a concern of 

amphiphilicity and not of positive charges.
[35]

 

Furthermore, there are several other examples of anionic 

amphipathic CPPs: GALA 

(WEAALAEALAEALAEHLAEALAEALEALAA)
[37]

, 

designed depend on another cationic CPP, KALA; p28, a 

peptide derived from Azurin
[24]

 P28 is a helical peptide 

with aexpanse of hydrophobic amino acids grouped on 

one side of the net charge of amphipathic CPPs.  It is 

unclear whether a least length is required for the uptake 

of amphipathic CPPs. Although studies on MAP
[36]

 

originally recommended that a minimum of four helix 

turns is critical, shorter amphipathic CPPs are known 

today. The grade of hydrophobicity of different amino 

acids should be studied further to understand the uptake 

of amphipathic CPPs.
[38] 

 

c. b-Sheet amphipathic CPPs 

-sheet peptide is createddepending on 

one hydrophobic and one hydrophilic stretch of amino 

acids exposed to the solvent. Cellular uptake studies on 

VT5 (DPKGDPKGVTVTVTVTVTGKGDPKPD) 

propose -sheets is critical for 

uptake, given that analogs where a little residues where 

mutated using D-amino acids had no susceptibility to 

-sheet conformation and had very poor 

uptake.
[39] 

 

d. Proline-rich amphipathic CPPs 

Proline has several unique features among the 20 natural 

amino acids: it is very rigid due to of its pyrrolidine ring; 

its tertiary nitrogen refuse accept H-bonds like the 

secondary nitrogen of the other amino acids; if it is high 

rich in a peptide structure, in pure water it creates a well-

defined secondary structure, polyproline II (PPII). PPII is 

a left-handed extended helix of 3.0 residues per turn, as 

opposite to the 3.6 residues of a standard right-handed 

alpha helix. Several Pro-rich CPPs have been informed. 

These include bactenecin- 7 (Bac7)
[40]

, synthetically 

derived peptides (PPR)n and (PRR)n (where n = 3, 4, 5, 

and 6)
[41]

, arginine-rich peptides origin from the PPII 

helix of the avian pancreatic polypeptide
[42]

, 

andsyntheticallyderivativepolyproline-helix based 

peptides
[43,44]

 with different R-groups attached to the 

pyrrolidine ring.  

 

2. Hydrophobic CPPs 

Hydrophobic peptides that whichever: contain only non-

polar residues; have a small net charge (less than 20% of 

the sequence); or have a hydrophobic styles or chemical 

group that is critical for uptake regardless of the rest of 

the sequence.
[67]

  Compared with cationic and 

amphipathic peptides, only a small number of 

hydrophobic CPPs have been discovered, however this 

maybe a mere reflection of an historical bias towards 

cationic and amphipathic CPPs, it were discovered 

previous. Indeed, it looks that random library-based 

methods have shown quite a few new hydrophobic 

CPPs.
[67]

  

 

Hydrophobic CPPs are further divided into 

a. peptides based on natural amino acids 

This subclass contains anionic and cationic BIP penta-

peptides[45–47]. Examples include PMLKE, VPALR, 

VSALK, IPALK, IPMLK. Those peptides does not 

affectsignificantly on the cellular uptake
[46]

, opposing to 

what is observed for most amphipathic and cationic 

CPPs. The insufficient of sensitivity to sequence 

scrambling has also been reported for other hydrophobic 

peptides, like PFVYLI, which is the least cell-penetrating 

sequence of the longer peptide C105Y 

(CSIPPEVKFNKPFVYLI).
[48]

 Recent research proposes 

that some hydrophobic CPPs able to translocate directly 

through membranes. Marks et al.
[49]

 defined a series of 

18 peptides that spontaneously translocate through 

synthetic lipid membranes by screening a library of 

24,000 randomly selected sequences. 

 

b. Chemically modified peptides. 

1. Stapled peptides 

Gained by ring-closing olefin metathesis.
[50]

 The stapling 

converses cell penetration, and increases peptide helicity 

by rigidifying the peptide structure. Numerous 

publications
[51,52]

 have shown that the stapling increases 

helicity to varying grades depending on the peptide 

structure and on the position of the staple.  

 

2. Prenylated peptides 

The adding of either a farnesyl (C15) or geranylgeranyl 

(C20) isoprenoid moiety, well-known as prenylation, has 

been reported to provide peptides inherent cell-

penetrating ability over and done with an ATP 

independent, non-endocytic pathway.
[53] 

 

3. Pepducins 

Pepducins are a subclass of N-terminally lipidated 

peptides that able to cross the cell membrane and attach 

to the cytosolic region of a multiplicity of 

transmembrane proteins (GPCRs, MMPs, among 

others).
[54]

 The N-terminal lipidation contains either 

palmitoyl or other fatty acids.  

 

Origin of the peptide classification. 

A. Derived CPPs 

1- CPPs derived from natural proteins or peptides. 

a) Heparin-binding proteins 

Heparin is a type of the glycosaminoglycan (GAG) 

family of carbohydrates, which contains also the closely 

related heparan sulfate. For several cationic CPPs, 

attached with GAGs is an essential step before uptake 

and for these reason proteins with domains that attached 
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withGAGs can be a source of CPPs. For example, a class 

of cationic CPPs named Vectocell1 was discovered from 

human heparin attached toproteins.
[55]

 

 

b) DNA and/or RNA-binding proteins: Due to the 

DNA and RNA is rich with negatively charged 

phosphates; many DNA and RNA binding with proteins 

contain highly cationic motifs. Possibly because they 

have the same feature is also important for uptake 

through binding with glycosaminoglycans, numerous 

CPPs are derived from DNA and/or RNA binding 

proteins. CPPs origins from RNA binding proteins 

include Tat, Rev, and FHC coat.
[56]

 

 

b) Homeoproteins 

A unique class of DNA binding proteins 

arehomeoproteins, which produce a large family of 

transcription factors including a conserved DNA-binding 

motif called homeodomain.
[57]

 

 

c) Signal peptides 

Signal peptides
[58]

 are small peptides of 5–30 amino 

acids at the N-terminus of secreted proteins.And their 

own function is to target the nascent protein for excretion 

or to specific organelles for further processing. Signal 

peptides are analyzed once they reach the targeted 

location. Even though the targeting function of signal 

peptides and the cell-penetrating ability of CPPs are 

notbased on the same mechanisms, almost of signal 

peptides have a hydrophobic central region that maybe 

confer affinity for cell membranes. With a great 

hydrophobic character, certain signal peptides able to 

cross the cell membrane using a mechanism that is 

endocytosisand receptor-independent.
[59]

  

 

d) Antimicrobial peptides 

Antimicrobial peptides (AMPs) are a sub-group of 

peptides, several of which were discovered from toxin 

venoms, with the capability to kill a diverse spectrum of 

microorganisms. Higher organisms secrete AMPs on 

epithelial surfaces or in endothelial and phagocytic cells 

asprotection mechanisms against infections. Most AMPs 

are amphipathic peptides have a net positive charge and 

numerous hydrophobic residues.
[60] 

 

e) Viral proteins 

Many viral proteins have advanced mechanisms to gain 

cell entry, and numerous CPPs were derived from motifs 

found in viral proteins. Examples: Inv3 

(TKRRITPKDVIDVRSVTTEINT) was recognized from 

a Mycobacterium tuberculosis membrane protein known 

as Mycobacterium cell entry protein (Mce1A 130–

151).
[61] 

 

 

 

2- Designed CPPs and CPPs derived from large 

peptide libraries 

While the majority of considered peptides have a 

characteristic amphipathic structure, peptides discovered 

from highdata screening on large peptide libraries are 

much more diverse, with several having a larger number 

of hydrophobic, rather than cationic amino acids, and no 

pure preference for amphipathic structures. 

 

3- CPPs from large combinatorial peptide libraries: 

Randomized peptides libraries able to obtained through 

DNA encoded peptide libraries and thus enable the 

creation of billions of peptides. Numerous methods are 

available to bind peptides to their encoding DNA, such 

as phage display, plasmid display, micro-organism 

surface display and ribosome display.
[62]

  

 

4- Phylomers: Phylomers are example of natural 

peptides encoded by natural genes of diverse bacterial 

genome.
[63]

 New CPPs created from this tactic have also 

been reported, some cationic, others amphipathic with a 

totally negative charge, and others mainly hydrophobic. 

 

5- CPPs prediction from natural proteins and 

random libraries 

Only a little number of  prediction models for CPPs have 

been suggested, including that by Hansen et al.
[64]

 

established based on Sandberg z descriptors for amino 

acids
[65]

, and that by Sanders et al. depend on 

biochemical properties of peptides (such as amino acid 

composition, peptide length and net charge).
[66]

 

 

Uptake mechanism classification 

1) Direct penetration 

This pathway includes interactions between positively 

charged CPPs, the phosphate groups on two sides of the 

lipid bilayer of cellular membrane, the creation of 

cavities in order to facilitate conversion and the direct 

penetration of CPPs into the cytoplasm.
[68,69]

 

 

2) Endocytosis mediated translocation (energy-

dependent pathway) 

Through the process of endocytosis, cells captive 

materials from the outside of the membrane and absorb 

them.
[68,69]  

 

3) Translocation through the formation of a 

transitory structure 

This mechanism is depending on the formation of the 

inverted micelles that are also named as aggregates of 

colloidal surfactants. The structure of the inverted 

micelles permits the peptide to be stable in a hydrophilic 

environment. In this exemplary, a penetrating dimer bind 

with the negatively-charged phospholipids that lead to 

the creation of an inverted micelle inside of the lipid 

bilayer.
[68,69]
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Figure 2: drug delivery technics and cellular entry mechanisms suggested. a: variability of drug delivery systems 

able to conjugate with diverse payloads to be reach intothe cells. the conjugation able to be covalent or non-

covalent binding, combination between two or more drug delivery systems is also possible (i.e., 

micelles/liposomes/nanoparticles conjugated with cpp to enhance cell specificity and entry). b: delivery methods 

that the conjugate may take to reach to the cell cytoplasm. entry pathways range from endocytic mechanisms 

(clathrin-/caveolae-dependent or independent and macropinocytosis/micropinocytosis) to nonendocytic methods 

by different proposed lipid membrane direct translocation models: toroidal pore, barrel stave pore, reversed 

micelle, or carpet models. once enter the cell permitting to the payload delivered it may achieve different 

functions and trigger a varied range of cellular processes and reach several cellular compartments.  

 

Importance of CPPs 

CPPs can act as vectors for siRNA nucleotides, small 

molecules, proteins, and for other peptides, both in vitro 

and in vivo. Importantly, not only can a CPP be used to 

carry a functional peptide inside the cell, but it can also 

incorporate a functional motif. Until recently, transport 

of hydrophilic macromolecules into cells was not 

possible without interruption of the plasma membrane. 

This problem was resolved with the discovery of 

peptides. Cell-penetrating peptides (CPPs) provide a 

promising solution to the problems commonly related 

with drug delivery of conventional cancer 

chemotherapeutics as well as oligonucleotide based 

treatments.  

 

 

CPPs as a Novel Drug Delivery System 

CPPs as Nano-carriers 

The impenetrability of biological membranes is a 

maindifficulty in drug delivery, the presence of 

phospholipid membrane is essential for cells survival and 

their function; it is a maincomplication for intracellular 

cargo delivery. Until recently, transport of hydrophilic 

macromolecules into cells was impossible without 

interruption of the plasma membrane. This problem was 

solved with the discovery of peptides. CPPs are 

biologically potent tools for non-persistent cellular 

internalization of cargo molecules. Nevertheless, the 

non-specificity properties of these peptides make a 

restriction for targeting drug delivery; so that, a peptidic-

nanocarrier sensitive to matrix metalloproteinase (MMP) 

has been synthesized, called Activatable cell-penetrating 
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peptide (ACPP). Furthermore to the cell-penetrating 

peptide Dendrimer (DCPP), other similarities of CPPs 

have been synthesized. 

 

Conjugation of nanoparticles with the cell-

penetrating peptides 

With the beginning of nanotechnology and its wide 

spectrum applications in the medical field, huge 

advances have been prepared in the treatment of various 

diseases including different types of cancers, AIDS and 

hepatitis.  

 

Nanoparticles arematerials with a size in the range of 1-

1000 nanometers and contain a group of compounds 

such as metals; semiconductor quantum dots (QDs), 

oxides, polymers, vesicles (e.g., micelles/liposomes), 

carbon-based materials (e.g., nanotubes, fullerenes and 

nanodiamonds) and protein- and nucleic acid-based 

particles.  

 

The following we will introduces conjugated 

nanoparticles with CPPs and their analogues such as 

activatable cell penetrating peptide (ACPP) and cell-

penetrating peptide dendrimer (DCPP).
[70,71]

 

 

Conjugation of quantum dots with cell-penetrating 

peptides 

QDs are fluorescent colloidal semiconductor 

nanocrystals. These inorganic nanoparticles, because of 

their remarkable properties countingwide excitation, 

depend on fluorescent emission on the QD composition 

and main size and narrow size distribution, are used 

broadly in drug delivery, labeling and imaging fields[72, 

73]. QDs have been used for real intracellular delivery of 

fluorescent proteins, counting yellow fluorescent protein 

(YFP) and the multichromophore b-phyco-erythrin 

complex (b-PE).
[74]

 

 

Conjugation of superparamagnetic iron oxide 

nanoparticles with CPPs 

Superparamagnetic iron oxide nanoparticles (SPIONs), 

because of their valuable magnetic properties and low 

toxicity, have been comprehensively studied in drug 

delivery, gene deliveryand contrast-enhancing agents in 

MRI.
[75-76] 

Furthermost available SPIONs cannot 

penetrate into cells; sothat, in order to advance uptake of 

these nanoparticles by cells, Wang et al proposed that 

conjugation of TAT peptide to SPIONs could increase 

the translocation of these nanoparticles.
[77]

 

 

In some study conducted, conjugation of Ɣ-amino-

proline-found cell-penetrating peptide, in a real synthetic 

CPP, with SPIONs indicated higher translocation of 

theses nanoparticles in a much HeLa and COS-1 cells in 

comparison to the analogue TAT–SPION. In addition, 

this new CPP was used to make efficient bimodal 

imaging.
[78]

 

 

 

 

Conjugation of gold nanoparticles with CPPs 

Beside metal nanoparticles, gold nanoparticles (GNPs) 

ordered great interest in drug delivery systems. Due to 

the special properties that possessed, example as induced 

minimum toxicity, high solubility, easy synthesis, 

bioconjugation, strong absorption, efficient clearance 

from the body and scattering, they have made an 

encouragement of many medical researchers[79-80].In 

previous relationship, GNPs have a positive charge; 

furthermore, they can accompany cationic CPPs in 

translocating into the cells by an maximum energy-

independent. The α-helix peptides of 17-amino acids 

conjugated to gold nanoparticles played an importantrole 

as carriers for delivery of the anti-cancer drug 

doxorubicin (DOX); it has indicated that this system has 

much efficiency in cell-selective drug delivery than free 

DOX, which is associated to the cell-selective of an 

internal s activity of the chosen peptides.
[81]

 

 

Conjugation of polymeric nanoparticles with CPPs 

Chitosan (CS) is a natural cationic co-polymer that due 

to excellent biocompatibility, biodegradability and low 

cytotoxicity, has been extensively researched as a 

suitable carrier for drug delivery.
[82,83]

 Therefore, 

application of this polymer in gene delivery has been 

reduced by its low gene transfection efficiency.  

 

CPP and penetration conjugated CS as a promising non-

viral vector for gene delivery.Results shown that linoleic 

acid and penetrating dual functional chitosan (CS-Lin-

Pen), a modified CS, has been applied successfully for 

transfection of plasmid DNA (pDNA).
[84]

 

 

The blood–brain barrier (BBB) is a great obstacle in 

brain drug delivery. The BBB consists of many 

endothelial tight junctions; Additionally, it stop the 

diffusion of therapeutic molecules into the central 

nervous system (CNS).
[85,86] 

CPPs linked to nanoparticles 

have been regulate as an appealing carrier for improving 

brain-targeted delivery.
[87,88] 

 

It has been indicated that penetration of functional poly-

(ethylene glycol) – poly (lactic acid) (PEG–PLA) 

nanoparticles successfully were used for brain drug 

delivery.The Results were revealed that PEG–PLA are 

coupled to the CPP reduces systemic clearance of 

nanoparticles. However, penetration of conjugated on the 

surface of nanoparticles could enhanced the cellular 

uptake.
[89]

 

 

Conjugation of lipid nanoparticles with CPPs 

Effective and appropriate internalization of few 

interfering RNA (siRNA) in the gene therapy depends on 

plasma half-life and biodistribution of siRNA, because of 

naked RNA is easily degraded by RNase in the living 

organisms. Mostly non-invasive technique in the 

transition of siRNA. SiRNA is trapped within 

nanoparticles for protection from enzymatic degradation 

in the cell.
[90,91] 
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Additionally, protamine peptide coupled with cholesterol 

nanoparticles have been designed as an effective vector 

for improvement and delivery half-life and efficiency of 

siRNA delivery. The Interaction of CPP with the 

endosomal membrane in which the positive zeta potential 

of CPP-lipid nanoparticles may facilitate the transfer of 

siRNA into the cytoplasm.
[92]

 

 

Bioconjugates of CPPs 

The negative charge ofplasma membrane and 

oligonucleotides is positively-charged vector which is 

necessary for efficient delivery of many biomaterials. 

The cationic nature of CPPs may facilitates the 

transduction and promotes stability of nucleic 

sequences.
[93,94] 

 

The High molecular weights, hydrophilicity and 

enzymatic degradation of peptides and proteins decrease 

the parameters of intestinal absorption in the oral 

delivery of peptide and protein drugs.
[95,96] 

 

The co-administration of insulin as a peptide drug and D-

R8 (D-form arginine octamer, a typical CPP) enhances 

intestinal absorption of the peptide drugs because of 

intermolecular binding between the D-R8 and the 

insulin.
[97]

 

 

Efficient delivery of antibodies in the intracellular 

membrane is confined because of the hydrophobic nature 

and high size of these biomolecules.Hence, the antibody 

molecule is degraded within the lysosome; however, to 

prevent the lysosomal breakage, it needs to be freely into 

the cytoplasm by denaturing the endosome.
[98]

 

 

There are two dominant approaches for efficacy entrance 

into the antibody fragments to target to precise 

compartments. The first delivery of DNA encoding for 

an antibody fragment within the cell andThe second is 

the delivery of the antibody molecule into the cytoplasm 

by suitable vectors.
[99,100] 

 

In addition, CPPs have been employed as a vector for 

introducing the biomolecules into cells.
[101,102]

 The  

modulatedentry complex (a CPP derived from an N-

terminal region of the X-protein of the hepatitis B virus), 

using an antibody and siRNA, in order to expand the 

uptake of antibodies and increase the capacity for killing 

B-raf-dependent melanoma cells,
[103] 

 

Activatable cell-penetrating peptides 

CPPs, despite the have many significance, and have 

some limited number in vivo application due to its non-

specificity. A novel strategy of CPPs, called activatable 

cell- penetrating peptides (ACCPs), new CPPs with high 

permeability, are comprised of a polycationic cell-

penetrating peptide attached to the polyanionic peptide 

through a cleavable linker and sensitive to 

metalloproteinase (MMP).
[104,105] 

As a result of high level 

of expression of MMP in tumor cells, ACPPs can be 

used for site-specific targeting and delivery of anticancer 

drugs. Despite MMPs are disease biomarkers which can 

be used to improvement of many diagnosis or application 

in imaging -guiding surgery with radiolabeled MMP 

binding ligands, such as antibodies or small 

molecules.
[106,107] 

 

Paclitaxel (PTX) is used in cancer chemotherapy as one 

of the most appropriate anti-proliferative agents that can 

be prevents some cell proliferation by stabilization of 

microtubules and tubulin polymerization, leading to cell 

apoptosis. Xia et al investigated ACCPs functionalized 

nanoparticles (NPs) with increased permeability for site-

specific targeting of PTX in the tumor tissue. The 

findings demonstrated that PTX loaded by ACCPs-NP 

may have large accumulation in the tumor.
[108]

 

 

 
Figure 3: Demonstration of Activatable cell-penetrating peptides 

 

Cell-penetrating peptide dendrimer (DCPP) 

Despite that, the therapeutic peptides have a typically 

linear structure, but branched peptides are also found in 

nature. Large branched structure, the so-called 

dendrimer. Dendrimers, in comparison to many linear 

peptides, which have important such as resistance to 

rapid biodegradation, many loading capacities and large-

scale production capability.
[109,110]
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Figure 4: Cell-penetrating peptide dendrimer (DCPP) 

 

Demonstrates the dendritic structure of DCCP. In 

Research conducted, polyester-based dendritic guanidine 

with a focal point alkyne conjugated to Fe3O4 

nanoparticles has been shown significance used for 

enhancement of the cellular uptake of these particles. 

Study demonstrated that, the functionalization of Fe3O4 

nanoparticles with branched guanidine led to the 

increased of cell uptake and the enhancement of the 

ability to detect the cells by MRI.
[111]

 

 

Zhao et al employed different generations (G) of lysine 

dendrimers (G1–G3) as the carriers for delivery of 

anticancer drug 5-fluorouracil.
[112] 

Flow cytometric 

analysis of the new peptide sequences indicated that, its 

have the capacity for effective translocation into cells. In 

addition, investigations revealed that these new CPPs 

have more advantages such as; stable drug release, low 

toxicity to normal cells, and moderate inhibition of tumor 

cells.  

 

Drug Loading 

Huge number of CPPs have been described so far, the 

can be grouped into two different classes, the first 

requiring chemical linkage for the drug in cellular 

internalization and the second involving formation of 

stable, non-covalent complexes with drugs. CPPs 

constitute very promising things for thenon-invasive 

cellular delivery of cargo and had been successfully 

applied for in vitro and in vivo delivery of therapeutic 

molecules differed from small molecules such as; 

Nucleic acids, proteins and peptides toliposomes, and 

nanoparticles.
[113] 

 

Clinical applications of CPPs  

Cancer application 

During the previous decades, the potential of peptides for 

drug delivery into cells has been known by the discovery 

of many CPPs.
[114] 

Much number of CPP-conjugated 

therapies (CTTs) indicates strong promise for clinical 

efficacy[115]and had been employed to enhance 

extracellular and intracellular internalization of different 

small molecules and biomolecules including plasmid 

DNA, siRNA, oligonucleotide and peptide nucleic acid 

(PNA).
[116]

 The deficient of cell specificity remains the 

major problems for the clinical development of CPPs.
[117] 

 

There are more strategies to selectively target cancer 

cells with CPPs conjugated with targeting ligands:  

a. Cell targeting peptides 

b. Activatable cell-penetrating peptides 

c. Transducible agents. 

 

a. Cell-Targeting Peptides 

The targeted delivery by cell-targeting peptides (CTPs) 

together the ability to recognize cancer cells is 

particularly attractive for cancer therapy.
[115,118]

 Proper 

Screening of phage-display libraries has resulted in the 

discovery of a number of homing peptides that 

selectively detects molecular markers on tumor blood 

vessels.
[115,118]

 One such homing peptide is cyclic peptide 

PEGA that has shown to accumulate in breast tumor 

tissue in mice. PEGA peptide conjugated to the cell-

penetrating peptide pVEC was taken up by another 

breast cancer cells in vitro. Furthermore, the capacity of 

the PEGA-pVEC was conserved in vivo, in which the 

conjugated mainly accumulates in blood vessels in breast 

tumor tissue or breast cancer vasculature, and later it was 

taken up by tumor cells.
[119,120]

 However, the conjugation 

of the anticancer drug chlorambucil to pVEC-PEGA was 

shown to increase the drug efficacy over four times.
[120]

 

The linear five amino acid long peptide CREKA, which 

was identified in breast tumors in MMTV-PyMT 

transgenic mice, This new peptide.
[115,118]

 CREKA-

pVEC, is more efficient to synthesize and it is more 

convenient in translocating cargo molecules into cancer 

cells as compared to last the published PEGA-pVEC 

peptides. A recent study demonstrated that CREKA-

pVEC is a suitable vehicle for targeted intracellular 

delivery of a DNA alkylating agent, chlorambucil, as the 

chlorambucil-peptide conjugate was important more 

effective at killing cancer cells in vitro than the 

anticancer drug alone.
[115,118,120]

 

 

In different study, the target ligand folic acid (FA) and 

the cell penetrating peptide octa arginine (R8) were 

joined with the gene vector (PEI (600)-CyD, PC) to form 

nano-vectors for highly efficient gene delivery to tumor 

cells. The resultant ternary nano-complexes of FA-

PC/R8-PC/pDNA produced excellent gene transfection 

abilities in folate receptor-positive tumor cells in vitro 

and in vivo.
[115,121] 

 



Abbas et al.                                                                   European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

32 

b. Activatable CPPs 

The best solution to the problem of non-specificity of 

CPPs is activatable CPPs (ACPPs).
[120] 

Are novel in vivo 

targeting agents and also a new class of ensuring 

molecular imaging they comprise of a polycationic cell-

penetrating peptide (CPP) connected via a cleavable 

linker to a neutralizing polyanion.
[122,123] 

This structure 

reduces the overall charge to nearly zero and inhibits 

electrostatic interactions and thereby inhibits uptake into 

cells.
[115]

  

  
Many studies have demonstrated a relationship between 

increased matrix Metalloproteases (MMP) expression 

and poor clinical outcome in a number of cancers 

including breast (MMP-11), colon (MMP-1), gastric 

(MMP-2 and MMP-9), non-small cell lung cancer 

(MMP-13), esophageal (MMP-7), and small-cell lung 

cancer (MMP-3, MMP-11, and MMP-14).The synthesis 

of a conjugate of ACPP with the antitumor drug 

doxorubicin (DOX) sensitive to matrix 

metalloproteinase-2 and -9 (MMP2/9) has been used for 

tumor-targeting therapy purposes. The ACCP-DOX 

conjugate could be triggered by MMP-2/9, which 

enabled the activated CPP-DOX to enter cells. The 

ACCP was designed including three units: A cell-

penetrating domain (polyarginine,R9), a cleavable 

enzyme-specific substrate domain of MMP-2/9 

(PLGLAG), and an attenuating peptide domain 

(DGGDGGDGGDG).
[124,125] 

 

c. Transducible Agents of CPPs 

Hence a number of lethal tumors are treated by local 

administration of chemotherapeutics, many tumors are 

widespread throughout the body, thus necessitating the 

systemic delivery of anticancer agents. Early in vivo 

experiments demonstrated that TAT proteins are 

delivered to a large number of organs after 

intraperitoneal (IP) injection, suggesting that systemic 

delivery to a primary tumor or to many metastases 

should be feasible with transducible agents.
[126] 

In order 

to develop a potential therapeutic protein drug highly 

specific for solid tumors, a fusion protein selectively 

stabilized in hypoxic tumor cells was constructed.
[127]

 

 

Application of CPPs in Hepatitis B  

a. CPP-PNA Conjugates on DHBV Replication 
The Advancement in novel therapeutic agents are now 

capable to inhibit viral replication is a big challenge for 

the treatment of chronic hepatitis B in future, for the 

reason that the encapsidation signal" is an important part 

in the initiation of HBV reverse transcription.
[128,129] 

scrutinizing the ability of an antisense PNA targeting this 

“to inhibit viral replication in the DHBV infection 

model.
[130] 

  

It can efficiently block viral reverse transcription in a 

sequence-specific manner. But the main disadvantages in 

the use of PNA as antiviral agents is their poor transport 

across the cell membrane, the bioavailability of PNA 

alone or coupled to a CPP (CPP-PNA conjugate) in vivo 

is first evaluated in the duck model. Thus fluorescein-

labeled PNA targeting DHBV", which was conjugated to 

D-oligoarginine (FITC-PNA-CPP), was directed into 

ducklings and the fluorescence was observed in the cells. 

We have spotted the presence of hepatocytes-associated 

fluorescence, showing that this FITC-PNA-CPP was able 

to reach the duck liver.
[131]

  

 

These results show that conjugation of antisense PNA to 

CPPs permits flourishing intracellular delivery of PNA 

which was able to block hepadna-viral replication. 

Prominently, the antiviral activity of various CPPs may 

impede with antisense specificity of CPP-PNA 

conjugates. Thus, results highlight that the choice of 

CPPs used as carrier for intracellular delivery of PNAs 

can possibly play a critical role in the antiviral specificity 

of their cargos.
[131] 

 

 
Figure 5: Non-viral gene delivery systems based on CPPs or modified chitosan (CS). 
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f) Modified CPPs (CatLip) as Novel Anti-HBV 

Agents 
CPPs have high biological activity, although their 

antibacterial activity potentially has been more 

intensively studied than antiviral activity[132]. The 

antiviral activities of CPPs have been associated to the 

interference with both viral adsorption and entry process 

of different enveloped viruses such as Herpes Simplex 

Virus (HSV), Vesicular stomatitis Virus (VSV) and 

Human Immunodeficiency Virus (HIV).
[132,133] 

Data 

highlights that CatLip, resulting from chemical 

conjugation of CPPs to a lipid domain (such as fatty 

acids), have better cellular uptake andendosomal 

escape[134,135].New discovery of anti-DHBV activity 

exhibited by oligoarginine, which optimize us to evaluate 

different CatLip for their ability to block viral replication 

in vitro, in primary duck hepatocytes cells (PDHs) and in 

firmly DHBV-transfected chicken hepatoma cells (LMH-

D2).
[136] 

 

Results recommend that Decanoyl-(DArg)8 is also 

capable to inhibit, in a dose-dependent method, human 

HBV morphogenesis. Significantly, when we compare it 

in contrast to current antiviral drugs that block HBV 

polymerase leading to resistant variant surfacing, 

Decanoyl-(DArg)8, by targeting an additional step of 

viral life cycle, may signify a novel class of therapeutics 

for chronic hepatitis B treatment. In addition due to the 

increase immunogenicity of core antigen, the secretion of 

high quantity of naked nucleocapsids generated via 

Decanoyl-(DArg)8 treatment may be valuable for 

immune responses stimulation in HBV patients. Figure 6. 

 

 
 

Antimicrobial Properties of CPPs 

CPPs share a huge number of features with AMP starting 

with their chemical structure, which elucidates their bond 

with cell membranes and why some AMPs can be used 

as CPP, and vice-versa; CPP have AMP usages. 

 

Anti-inflammatory Properties of CPPs 

Inflammation plays a role in a variety of diseases, from 

infections to cutaneous, alergological, and rheumatologic 

diseases, and is interceded by mostly intracellular 

pathways of cells of the innate system. Inactivating these 

pathways has been the purpose of many therapies such as 

the suppression of TNF α and IL 6, proinflammatory 

cytokines, with the KAFAK peptide, delivered by 

nanoparticles or the inhibition of NF-κB by the AIP6 

peptide, which has both anti-inflammatory and CPP 

features. 

 

Concluding remarks 

Probably, the chemotherapy will be the first field to get 

benefit from the utilization of CPPs. Subsequently the 

targeted delivery systems, activatable CPP can be 

prepared and also we can develop new therapeutic 

targets for treatment. CPPs are extremely prospective 

candidates for therapeutic delivery of siRNA; in theory 

one single effective peptide sequence could be used to 

transfer hundreds of different siRNAs, facilitating 

therapeutic targets as well as an option of personalized 

cancer treatments. The low toxicity of peptide based 

delivery system will be a key advantage of this treatment 

preference, when it is compared to many other means of 

drug delivery such as mainly in free drugs or in the 

liposome formulation. CPPs have also a capacity to play 

a role in combined delivery systems based on other types 

of nanoparticles or on liposomal dosage forms. 

Nanoparticles modified with CPPs could potentially have 

improved cellular uptake, allow crossing of the blood-

brain barrier. For these problems, CPP-based technology 

goes on to draw the attention of organizations around the 

world so that one day their full potential might be 

recognized. 
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