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Abstract
Cell-penetrating peptides (CPPs) are small amino acid sequences with the potential to enter cell membranes. Along with 
nucleic acids, large proteins, and other chemical compounds, they can deliver several bioactive cargos inside cells. Numerous 
CPPs have been extracted from natural or synthetic materials since the discovery of the first CPP. In the past few decades, a 
significant variety of studies have shown the potential of CPPs to cure different diseases. The low toxicity in peptide compared 
to other drug delivery carriers is a significant benefit of CPP-based therapy, in addition to the high efficacy brought about 
by swift and effective delivery. A significant tendency for intracellular DNA delivery may also be observed when nanopar-
ticles and the cell penetration peptide are combined. CPPs are frequently used to increase intracellular absorption of nucleic 
acid, and other therapeutic agents inside the cell. Due to long-term side effects and possible toxicity, its implementation 
is restricted. The use of cell-permeating peptides is a commonly used technique to increase their intracellular absorption. 
Additionally, CPPs have lately been sought for application in vivo, following their success in cellular studies. This review 
will go through the numerous CPPs, the chemical modifications that improve their cellular uptake, the various means for 
getting them across cell membranes, and the biological activity they acquire after being conjugate with specific chemicals.
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Introduction

Around 7 million deaths worldwide each year from can-
cer-related causes and greater than 16 million additional 
cases of cancer are expected to occur per year worldwide 
(Jemal et al. 2011). Cancer is distinguished by uncontrolled 
cell division as well as the tendency of these cells to enter 
other tissues, which contributes to the growth of cancer-
ous tumour clusters, vascularization, and metastases (Some 
areas of the body are infected with cancer) (Vogelstein and 
Kinzler 2004). Although angiogenesis (fresh blood vessel 
formation from previously formed vessels) is a crucial and 

natural process of advancement, it has been a crucial phase 
in the progression from quiescence to malignant tumours 
(Pérez-Herrero and Fernández-Medarde 2015). Important 
chemotherapeutic challenges include low drug penetration 
into cancerous tissues, the prevalence of strong doses or 
lengthy therapy-resistant tumours, and dose-dependent side 
effects. High blood pressure, which blocks molecules from 
entering tumour tissue (such as in pancreatic cancer), and 
the involvement of lymph arteries in cancer contribute to the 
poor surgical implant of cancer treatment in tissues. By pro-
moting extravasation and penetration of cancer cells, CPPs 
may enhance the delivery of drugs to tumour cells, although 
other tissues remain untouched by the treatment. Therapeu-
tic techniques using antibodies or peptides that recognize 
tumour cell-specific target molecules cause several medica-
tions capable of inhibiting cancer growth to be concentrated 
in tumour tissue. As a consequence, where the drug is placed 
and optimally obtained at the tumour site, increased activity 
and decreased toxicity to normal tissues are expected (Ruo-
slahti 2017). The cell specificities are boosted by endog-
enous stimuli such as specific enzyme activation and pH val-
ues that characterize different cancer cells. External stimuli, 
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such as moderate light, have also seen promising effects on 
improving the delivery of cargo and increasing the retention 
of drugs supplied by CPP. In different biological applica-
tions, an important technique for the intracellular delivery of 
bioactive materials is provided by cell-penetrating peptides 
(CPPs). Latest innovations in the usage of CPPs to provide 
cancerous cells with anticancer therapy and imaging rea-
gents, together with CPP contribute to innovative tumour-
targeting strategies. Despite the absence of cell specificity 
and limited time of action, CPPs are already commonly used 
to provide several therapeutics. Resolving these limitations 
to allow improved specificity of cancer cells and /or tumours 
may enhance CPP-based drug delivery techniques, extend 
the possibility of integrated drug delivery, and improve pos-
sible therapeutic applications of these peptides (Raucher and 
Ryu 2015). Effective cell penetration is necessary to pass 
the plasma membrane, minimize, side effects and deliver 
the dosage needed for operation. The need for peptides in 
drug delivery as cargo carriers is motivated by the peptide’s 
potential to improve drug absorption and thereby offer a sig-
nificant therapeutic benefit. Most peptides known as possible 
vectors of cargo come under the group of Cell-penetrating 
peptides (CPPs) (Vivès et al. 2008). We concentrate on 
recent developments in CPPs and nanoparticles based on 
the anticancer drug delivery system in this review.

Cell‑penetrating peptide

CPPs strengthen the incorporation of cells. The protein 
transduction domains are often known as CPPs. Pro-
tein transduction domains (PTDs) are referred to as small 
peptides (just around 30 residues), mostly with the capac-
ity to enter the cellular membranes in a vitality-depend-
ent or individualistic manner (Swain et al. 2016; Moreno 
et al. 2021; Ye et al. 2016). The CPP is a small amino acid 
sequence characterized by the capacity to cross the mem-
brane. It carries many bioactive loads, as well as nucleic 
acids, big proteins, and other chemicals, inside of cells 
(Habault and Poyet 2019). These hurdles, which led to the 
introduction of new tumour-specific molecular therapies, 
have been resolved with the recent development of CPPs. 
Also called PTDs, they are small amino acid sequences 
that translocate a conjugated cargo across the cell mem-
brane. Once inside the cell, CPP-related cargo may asso-
ciate and obstruct their tumours with their intracellular 
targets. In particular, the nontoxic cell penetration mecha-
nism enables the secure and efficient systemic delivery 
of anticancer therapy (Bitler and Schroeder 2010). some 
examples of the Cell-penetrating peptide are shown in 
Table.1.

Table 1   Cell-penetrating peptides with their sequence based on amino acids

Name Sequence References

Oligoarginine R8, R9, R10, R12 Hu et al. (2012)
NLS CGGGPKKKRKVGG CGGFSTSLRARKA 

CKKKKKKSEDEYPYVPN
Delaroche et al. (2007)

Antennapedia Penetrating (43–58) RQIKIWFQNRRMKWKK Su et al. (2020)
Azurin-p28 LSTAADMQGVVTDGMASGLDKD Johansson et al. (2011)
HIV-1 TAT protein (48–60) GRKKRRQRRRPPQ Mai et al. (2002)
ARF (1–22) MVRRFLVTLRIRRACGPPRVRV Mai et al. (2002)
pVEC Cadherin (615–632) LLIILRRRIRKQAHAHSK Tat Protein from Human Immunodeficiency Virus Forms 

a Metal-Linked Dimer on JSTOR 2021)
8-lysines KKKKKKKK Lindgren et al. (2004)
Transportan Galanine/Mastoparan GWTLNSAGYLLGKINLKAL AALAKKIL Ragin et al. (2002)
Oligoarginine (e.g., R8) RRR​RRR​RR RRR​RRR​RR Futaki et al. (2001a)
Tat (48–56) GRKKRRQRR GRKKRRQRR Vivès et al. (1997)
Penetrating RQIKIWFQNRRMKWKK Derossi et al. (1994)
CyLoP-1 CRWRWKCCKK El-Sayed et al. (2009; Regberg et al. (2012)
sC18 GLRKRLRKFRNKIKEK Neundorf et al. (2009)
VP22 RPRAPARSASRPRRPVE Elliott and O’Hare (1997)
MAP KLALKLALKALKAALKLA Squires et al. (2013)
Pept1 PLILLRLLRGQF Macchi et al. 2015)
PF14 AGYLLGKLLOOLAAAALOOLL (PDF) Peptide Nanoparticle Delivery of Charge-Neutral 

Splice-Switching Morpholino Oligonucleotides | Suzan 
Hammond and Graham McClorey - Academia.edu 
(2021)
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Classification of cell‑penetrating peptides

CPP may have a variety of sources, ranging from peptide 
collections and random aa or peptide-based variants with 
unique architecture from known proteins/peptides (de Figue-
iredo et al. 2014). It is based on peptide variants shown in 
Fig.1.

Types of cell‑penetrating peptides (CPP)

Cationic: CPP is a common peptide that generates substan-
tially positive net charges from simple short arginine and 
lysine strains, both of which are important in influencing 
the idealisation of various therapeutic loads. The two most 
commonly used cationic CPPs are Tat-derived peptides, 
homeodomain-derived peptides (Antp), and non-arginine 
peptides. These have nine amino acids, including Arginine 
(Koren and Torchilin 2012). Peptides of this type also com-
prise short sequences of amino acids rich in arginine, lysine, 
or histidine, and they electrostatically connect on the plasma 
membrane with the net negative charge of phosphates and 
sulphates, contributing to independent receptor internalisa-
tion (Futaki et al. 2001b). Because histidine and lysine have 
only been partially protonated, CPPs with an Olga arginine 
sequence are the most successful in this type of carrier-cell 
contact. Furthermore, cationic CPPs require at least eight 
positive cellular uptake charges (Dokka et al. 1997).

Hydrophobic peptides: These are differentiated by their 
low loading and high hydrophobicity. The hydrophobic pep-
tides, which are primarily composed of the second type of 
CPPs. These CPPs have hydrophobic amino acid groups, 
which, along with a low netload, are critical for cellular 
absorption. The Kaposi fibroblast growth factor (K-FGF) 43 
signal series and the Fibroblast growth factor 12 (FGF-12) 
Hydrophobic CPPs are examples of these (Nakayama et al. 
2011; Deshayes et al. 2008). It has been demonstrated that 
combining lipophilic amino acids with short cationic pep-
tides improves cellular absorption; non-polar amino acids 
are also found in amphipathic CPPs (Milletti 2012).

Amphipathic: CPPs have a succession of lipophilic and 
hydrophilic segments and are further split into primary 
amphipathic CPPs. (Pep-1) CPPs, dual amphipathic alpha-
helical CPPs (hCT18-32), -sheet amphipathic CPPs (VT5), 
and cysteine amphipathic CPPs (Bac7) (Marty et al. 2004). 
The search for protein transcriptional mechanisms in natu-
ral proteins continued (Morris et al. 2008). As a result, the 
development of monoclonal proteins comprising domains 
isolated from other proteins is an example of the fast-
expanding search for alternative, highly competitive CPPs.

Approaches to drug targeting

Peptides have been utilised as drugs to treat a wide range 
of medical conditions. Peptides have increasingly been uti-
lised in drug delivery to route drug molecules to particular 
cell groups (e.g., immune cells, cancer cells) due to their 
capacity to target specific receptors and reduce drug side 
effects. Peptides are also being synthesised to assist medi-
cations in crossing the intestinal mucosa barrier (IMB) and 
the blood–brain barrier (BBB). Drug distribution over the 
IMB and BBB via paracellular pathways is improved for 
all of these peptides by occluding, claudins, and cadherins, 
which are generated from intercellular junction proteins such 
as occluding, claudins, and cadherins. Cancer cells can be 
killed using two techniques: active and passive targeting 
(Ulapane et al. 2017), as shown in Fig. 2.

Passive targeting

Targeted cancer treatment is considered an irreplaceable part 
of the new production of anticancer drugs (Ghaz-Jahanian 
et al. 2015; Prabhakar et al. 2013). The best method for 
increasing the potency and reducing the adverse effects of 
an anticancer medication is to achieve a particular objective 
and sustain adequate doses for a sufficient period, allowing 
the drug to deliver the intended therapeutic result. Passive 

Types of CPP

Physicochemical                            Origin of peptides

property

Synthetic         Chimeric              Protein derived

Hydrophobic   Amphipathic   Cationic                      

Fig. 1   Classifications of CPPs based on peptide variants

Fig. 2   a Active and passive targeting methods. Passive targeting is 
accomplished using the enhanced permeation and retention (EPR) 
effect b active targeting is achieved through ligand receptor-mediated 
interaction
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targeting refers to the extravasation of dosage formed by 
leaky vasculature/tumour capillaries as a result of patho-
logical angiogenesis at tumour sites, leading to accumula-
tion and persistence. This mechanism is called the improved 
influence of permeability and retention (Kharkar et al. 2020; 
Ulbrich et al. 2016). Furthermore, the drug is released from 
pH-sensitive formulations into the acidic cellular environ-
ment within the cancer cells (Thanki et al. 2015). Passive 
targeting by targeting mononuclear phagocytosis, systems 
are also called phagocytosis and the privileged role of reticu-
loendothelial system organ particulate carriers (Adams et al. 
2001; Gosk et al. 2008).

Active targeting

The receptor at the target site is bound to the surface of the 
nanocarriers, which contain the inactive ligand. Ligands are 
chosen to bind to a tumour cell or tumour vasculature super-
expressed receptor that is absent in healthy cells. Addition-
ally, specific receptors must be uniformly expressed on all 
targeted cells. Antibodies that are examples of targeted 
ligands (peptides or not) include monoclonal antibodies 
(mAbs) and antibody clusters, also known as nanoanti-
body ligands. Because of their binding affinity, the tumour 
affects the ligands. “Due to the dynamic flow state of the 
bloodstream, high-affinity binding remains ideal for targets 
where cells are widely accessible, typically the vasculature 
of tumours.” (Allen 2002). Various anticancer therapies, 
grouped under the term “ligand-targeted therapies,” are clas-
sified into distinct categories based on the drug distribution 
strategy (Kirpotin et al. 2006). The delivery of medications 
to cancerous cells is the fundamental principle underlying 
both of these therapies. Targeting cancer cells with both 
ligands and medications. The active molecule targets both 
ligands and medications. Antibodies (or fragments) can take 
on the role of the attacking ligand when combined with the 
therapeutic particle. Rapid focusing on internalised, overex-
pressed cell-surface receptors is intended to improve cellular 
(Bitler and Schroeder 2010).

Protein constructs in CPP

CPP networks for the supply of peptides and proteins for 
oncology antiproliferation programs have been actively 
developed for many years now. These are commonly chi-
merical conjugates with CPP sequencing and a therapy-
effective peptide or protein strand (Zhang et al. 2018). These 
structures are very commonly used to reach protein–protein 
(PPI) connections, which play a vital part in cancer growth. 
One of the most recent examples was a leviathan in which 
the newly developed Mut3DPT serine/threonine phosphatase 
PP2A was used in combination with CPP, which can trigger 

apoptosis by disrupting SET oncoprotein associations and 
thereby activate apoptosis (Kuhlmann et al. 2017). Sirt2 is a 
sirtuin deacetylase that deacetylates RhoGDIa and was one 
other protein–protein interaction that has been effectively 
resolved by a CPP chimera. According to this article, therapy 
of cervical cancer cells with K52-trifluoroacetate, a substrate 
peptide of the sirtuin receptor that is derived from RhoGDIa, 
significantly reduced the cells’ (Kurrikoff et al. 2019).

Peptide therapies

A host of diseases have been treated with peptide-based 
medicine. Animal models in vitro and in vivo, peptide-
based therapies were studied, with promising results in 
some cases. Peptide-based cancer treatments, such as pep-
tide vaccines, have increasingly gained prominence(Saif 
et al. 2014). Sipuleucel-T was approved by the US Food and 
Drug Administration (FDA) as the first standard peptide vac-
cine for prostate tumours, there have been increased num-
bers of clinical trials for certain different forms of cancer, 
such as melanoma, glioblastoma, breast cancer, and gastric 
cancer(Cheever and Higano 2011).

Clinical use

A variety of peptides are currently being used as cancer 
treatments or screening tools. Examples are: The first alter-
native drugs for the prevention of mature prostate cancer 
are gonadotropin-releasing hormone (GnRH) agonists for 
androgen reduction (androgen depletion therapy) and the 
diagnosis of breast cancer(Singh et al. 2015).

Anticancer peptide

ACPs are active and harmful to cancer cells as short peptides 
including amino acid sequences (Chiangjong et al. 2020; 
Otvos 2008; Sw et al. 2016; Huang et al. 2015). The high 
degree of selectivity, high penetration, and simple modifica-
tion of anticancer peptides are the better options compared 
to antibodies and tiny molecules(Peyressatre et al. 2015). 
Cancer peptides act as molecular peptides, capable of enter-
ing the cell or chromatin membrane and attaching them 
directly to it or binding peptides that are linked to the drugs 
against cancer (Chu et al. 2015; Huang et al. 2017; Casazza 
and Fairchild 1996; Fuertes et al. 2012). In cancerous cells, 
anticancer peptides penetrate the cellular membrane, the 
nuclear membrane, as molecularly targeted peptides, par-
ticularly in the alpha-helical process and/or mitochondrial 
membrane performing pharmacological activity through 
various methods (such as inactivation of DNA production or 
cell division) to promote cancer cell proliferation (Casazza 
and Fairchild 1996). Nevertheless, bonded peptides that 
do not possess anti-cancer properties can also detect and 
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infiltrate the cancerous cell membrane, called Peptides that 
target tumors or penetrate cells (Huang et al. 2017). There 
are more than 100 distinct CPPs, with their series differing 
enormously. There are also many different methods, as well 
as for origin, pattern, function, therapeutic, and absorption 
processes, to distinguish these peptides. the use, however, 
hydrophobic and amphipathic, cationic, CPPs are quickly 
divided into three groups based on their physiological chem-
ical properties (Ramsey and Flynn 2015).

Mechanism of cellular uptake of CPP

Mechanism of cellular uptake of CPP is divided into two 
parts: Endocytosis, Direct penetration are shown in Fig. 3.

Cellular membranes are the structure that already sepa-
rates living cells from the atmosphere and usually only allow 
small molecular molecules to pass into the cell through the 
hurdle. Any medications are massive lipophilic molecules 
that have substantial cell membrane penetrating limits. 
A community of small peptides that act as transport vec-
tors for vast molecules has been invented. They may have 
been named by various names like membrane translocating 
sequence, Trojan peptide, A protein translocation domain, 
or more colloquially, a CPP (Kapoor et al. 2012). CPPs 
are generally categorized as low water-soluble, slightly 
lipophilic, and/or polybasic peptides (with a maximum of 
30–35 amino acid particulates with a net gain physiological 
pH load (Gräslund et al. 2011; Letoha et al. 2010). Cellular 
uptake of CPPs and their conjugates are shown in Fig. 4. 
The main benefit of CPPs is they can be capable of reaching 
the membrane of the cell at small micromolar concentration 
amounts in vivo and in vitro without the use of any chiral 

receptors, while also inducing severe cell damage. Besides, 
these peptides can internalize naturally occurring cargoes, 
including high and poor toxic medications, electrostatically 
or covalently (Cell-Penetrating Peptides: Methods and Pro-
tocols | Ülo Langel | download 2021).

Direct penetration (energy‑independent pathway)

There are different processes involved, for example, the crea-
tion of pores, the method carpet-like, and the model mem-
brane dilution (Vijakumaran et al. 2020; Xie et al. 2020) 
Energy-independent direct penetration is accomplished at 
minimum temperatures requiring many input routes ini-
tially dependent on cell institutionalization (Derossi et al. 
1996). The use of endocytose CPP-peptide complexity is an 
energy-dependent endocytose and micropinocytosis opera-
tion (Matsuzaki et al. 1996). Different processes defined 
as micelle forming inverted can involve direct penetration 
through individual energy pathways (Lee et al. 2005), pore 
formation (Elson-Schwab et al. 2007), Models like the tap-
estry, and the diluting membrane (Stalmans et al. 2015). 
The interaction of positively charged CPP with negatively 
charged membrane molecules such as heparan sulphate 
(HS) and the phospholipid bilayer is the first step in both 
of these processes (Stalmans et al. 2015). Conceptualiza-
tion is strongly dependent on the concentration of peptide, 
peptide series, and lipid composition of every membrane 
model sample. Direct permeation is more common at high 
CPP concentrations and for primary amphipathic CPPs such 
as transportation analogs and MPG. The “inverted micelle” 
is a method for direct penetration still proposed at the initial 
level. This process is also included in the relationship of 
positively loaded CPP and negatively loaded lipid membrane 
elements, such as tryptophan, between hydrophobic remains 
and the hydrophobia portion of the membrane. As a conse-
quence, for highly cationic CPPs like TAT, this mechanism 

Mechanism of 
Uptake

Endocytosis

Macropinocytosis Receptor medated 
endocytosis

Direct penetration 

Fig. 3   Mechanism of uptake

Fig. 4   Cellular uptake of CPPs and their conjugates
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is not feasible. The barrel stave model and the tribal model 
are used to prepare the pores. Helical CPPs form a vessel 
through which lipid chains are nearly lipophilic residues and 
central pores are formed by water-soluble residues inside 
the barrel stave configuration. In the model of toroid lipids, 
they can curve to such an extent that the CPP is near the 
functional group always. Pores happen in both mechanisms 
if the concentration of the peptide is greater than a specific 
amount, various and of different peptides. The interactions 
between the phospholipid of the negative load and the cati-
onic CPPs within the taper process model and membrane 
thickening approach result in the membrane thickening and 
dilution accordingly (Jones 2007; Mayor and Pagano 2007). 
CPP transport is obtained afterward when CPP concentra-
tion is greater than a threshold (Jones 2007; Mayor and 
Pagano 2007).

Endocytosis pathway (energy‑dependent pathway)

Cells collect molecules from outside of the membrane dur-
ing the endocytosis process and consume them. There are 
several endocytosis pathways, phagocytosis is used for 
massive particle uptake, and pinocytosis for solvent uptake. 
Pinocytosis is also called micropinocytosis, endocytosis 
which is based on Clathrin or caveolin endocytosis (Richard 
et al. 2003). Micropinocytosis is synonymous with the inter-
nal pliage of the plasma membrane surface, causing macro-
pinosomes, vesicles to grow. The membrane is close to the 
cell membrane surrounding macropinosomes, for membrane 
invagination, dynamite protein is essential. Clathrin or cave-
olin pits are included in the absorption pathway in receptor-
mediated endocytosis. The intracellular portion of the mem-
brane is covered by both clathrin and caveolin proteins. They 
are needed for membrane invagination and the formation 
of vesicles following extracellular molecules binding to the 
membrane receptor. The vesicles are covered in Clathrin 
with a diameter of about a few hundred nanometres, while 
the diameter of the caveolin is about 50–80 nm (Ozcelikkale 
et al. 2017; Chen et al. 2016). Previous research indicated 
the absorption process of most CPPs was direct penetra-
tion. This hypothesis was focused on the discovery by the 
energy-independent pathway that peptides reach the cell also 
at 4 °C. After experiments have shown that this inference is 
caused by experimental artifacts. Methanol or formaldehyde 
can lead to experimental objects using the assessed cells for 
confocal microscopy, nowadays when using trypsin to derive 
externally linked peptides and live-cell confocal microscopy 
this issue is usually avoided (Tang et al. 2015). For most 
CPPs, endocytosis is now usually assumed to be implicated 
in the process of translocation. It is most possible, although, 
that different pathways function in all CPPs under different 
circumstances.

Methods for researching the molecular 
mechanisms of uptake

Cell culture‑based biological approaches

To measurably examine the cellular absorption process, 
there are already several other research approaches. In 
general, the mechanism responsible for the beginning can 
be identified by blocking one or even more pathways. One 
typical method of assessing endocytic involvement is to 
treat 4 °C peptide cells that hinder all energy-dependent 
pathways (Kapoor et al. 2012). To establish the mechanism 
of absorption of CPPs, particular endocytosis blockers are 
commonly used, and using these inhibitors, it has been 
shown that TAT absorption (Allen 2002; Kirpotin et al. 
2006; Zhang et al. 2018; Kuhlmann et al. 2017; Kurrikoff 
et al. 2019; Saif et al. 2014; Cheever and Higano 2011; 
Singh et al. 2015; Chiangjong et al. 2020; Otvos 2008; 
Sw et al. 2016; Huang et al. 2015; Peyressatre et al. 2015) 
has been hindered by cytochalasin D, a micropinocytosis 
inhibitor (Wadia et al. 2004). These findings were cor-
roborated by another analysis, in which amiloride, another 
micropinocytosis promoter, inhibited TAT fusion protein 
uptake(Vercauteren et al. 2010). The use of inhibitors 
in establishing the process of absorption is complicated 
since the inhibitor is not entirely precise (Sieczkarski and 
Whittaker 2002; Sandgren et  al. 2002). Closing down 
one uptake path may also lead to an ineffective uptake 
of another process. Colocation with endocytose markers 
has also been investigated for the investigative process of 
absorption processes. The intracellular destiny of CPPs 
can also be calculated using this process. To decide if 
CPPs collocate with lysosomes, lysotracker red, a mate-
rial that transmits light in alkaline conditions, can be used 
(Canton and Grinstein 2015; Ord et al. 1983). The impact 
of chloroquine (CQ) has now been used in many trials as 
an agent of endosomal eutrophication and to facilitate the 
efficacy of CPP. CQ is also used for the proof of an endo-
cytosis pathway. A moderately small hydrophobic core 
with two simple categories is the lysosomotropic agent 
CQ. CQ acts to prohibit endosome/lysosome merger by 
resisting the pH decrease within the endosome. The mac-
romolecule then persists in the endosome for a longer time 
(Magzoub and Gräslund 2004). If CQ is impacted by the 
results of a practical experiment, it can be inferred that 
endocytosis is at least part of the process of the CPP.

Biophysical methods

Analysis of the relationship between cell-penetrating 
peptide CPPs and model membranes or lipid bilayers is 



3 Biotech (2023) 13:234	

1 3

Page 7 of 15  234

useful in recognizing the CPP transcriptional mechanisms 
(Kapoor et al. 2012). In lipid-peptide interaction studies, 
membrane models more commonly used are, in particu-
lar, large uniflagellar phospholipid vesicles (LUV’s). In 
physiological studies of the uptake process, experimen-
tal parameter factors such as the membrane structure of 
peptide strength and lipid load are essential. Physiologi-
cal LUV leakage experiments are measures of the level 
of membrane disruption induced by various CPPs. The 
results are often linked to CPPs' direct penetration or 
exhaust. Spherical dichroism, fluorescence, and nuclear 
magnetic resonance are some of the methods used, which 
offer more precise details on the secondary layer, the mem-
brane, and 3D structures, respectively. Another approach 
used to predict CPP’s relationship with the membranes is 
molecular modelling (Derakhshankhah and Jafari 2018).

Limitations of CPPs

Despite the numerous benefits of CPPs, it should be remem-
bered that they have multiple disadvantages due to their 
chemical and mechanical properties. The poor cell, tissue, 
and organ specificity of a significant number of first-genera-
tional CPPs. As a result, for medicinal purposes, Those CPPs 
should be added to the target tissue directly. Cell, organ, or 
Disease-specific peptide carriers have only been in progress 
for a few years and will take time to prove themselves in 
clinical trials. Since this differs from one CPP to the next, 
from freight to cargo, and from cell type to cell type, each 
CPP freight complex needs to be measured for its transport-
ability, cytotoxicity, and necessary aids for each purpose. 
As a consequence, CPPs do not represent the Philosopher's 
Stone. Each implementation must be meticulously optimized 
in terms of internalization efficiency and cytotoxicity. One 
of the most serious disadvantages arises from the intracel-
lular absorption of endosomes. Auxiliary compounds release 
or loaded polymers, like(polyetherimide) PEIs, of all these 
cell organelles, requiring their destabilization. Many of these 
auxiliary compounds can be cytotoxic. New CPPs should be 
formed with non-endosomal pathways to avoid endosomal 
absorption (Reissmann 2014).

Nanoparticles

The ability to continuously upgrade nanoscale manufac-
turing materials with tunable physicochemical properties 
has culminated in the unavoidable application of NPs that 
are used in a variety of facets of our daily lives, including 
medicine NPs have not only been engineered to allow rapid 
identification of faulty cellular pathways for biosensors and 
bioimaging but also therapeutic purposes, with the ability to 

revolutionize our ongoing medication and visualization of 
numerous diseases, including cancers (Chu et al. 2015). The 
supervised killing of a cancer cell is usually accomplished 
using heat (photothermal therapy, hyperthermia), ultrasound, 
radiation, reactive oxygen species (photodynamic therapy), 
gene and immune modulation, transmission, or combina-
tions of high drug carriers (Stephens and Allan 2003), by its 
highly efficient surface relative to their limited length, NPs 
are not only effective vectors for therapeutic (bio)molecules 
but also have inherent properties which permit intracellular 
or therapeutic activity dependent on structure. nanoparticles 
filed patents on cancer are shown in Table.2.

CPPs and nanoparticles formulations

The non-covalent interaction of cargo and CPP has acquired 
traction with the increase in nano preparations in cancer sci-
ence (Tabujew et al. 2015). Non-covalent cargo fixtures have 
the simplicity of scale and extensibility, but of course, any 
nanoformulation has an advantage: physical characteristics 
and chemical structure that have not been well established. 
Vaseem Shaikh Muhammad et al. The formulation and opti-
mization of polymer-loaded doxorubicin nanomaterials were 
studied was conducted based on the configuration of Box-
Behnken and important process parameters were chosen. 
The Box-Behnken architecture (BBD) was used to assess 
the effect of the chosen CPP on essential quality attributes 
(CQA) and to build a design space. Lyophilization strength-
ened the improved formulation which was used on the A549 
cancer cell for in vitro release of drugs and in vitro action. 
Besides, the colloidal stabilization of NPs in the biologi-
cal setting was tested. According to the researcher, BBD 
optimization of DOX-PLGA-NPs resulted in a successful 
doxorubicin drug carrier that could provide a novel cancer 
treatment choice.

Delivery of nanoparticles using CPP

Nanomaterials are chemical substances or particle-size 
materials in at least one dimension ranging from 1 to 
100 nm. Due to the increased volume of the specific surface 
area, nanomaterials can differ from identical materials with-
out nanoscale properties. The nanomaterial used in CPP is 
shown in Fig. 5.

Quantum dots

Since their intracellular or exogenous molecules may illumi-
nate, fluorescent markers are a useful method for studying 
cells in living conditions and are often used to detect and 
analyse multiple complex cellular mechanisms (Tsoi et al. 
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2013) Nanocrystals with a centre diameter of 1–6 nm are 
quantum dots (QDs). They can consist of different compo-
nents (groups II to IV or III to V), but the most widely found 
in life science are CdSe and CdTe (Delehanty et al. 2009). 
However, its use of non-biodegradable high metals for 
medicinal purposes demands that their biodistribution and 
long-term toxic effects be carefully considered (Xue et al. 
2007). Thus, by using a little finished hydrodynamic radius 
(< 5.5 nm) and composition with fully nontoxic and even 
degreasing coating materials it is necessary to ensure quick 
kidney clearance of QDs. These composites are typically 
also applied in the case of aqueous incentives to improve 
their solubility and equipping quantum points with func-
tional groups, which are already in turn required to con-
jugate the biological compounds. Ds are also represented 

Table 2   List of patents

Work done Patent no. References

1. The procedure consists of applying many nanoparticles 
to a patient to locate a tumour, nanoparticles are covered 
with antitumor antibodies and cell-penetrating peptides 
(CPPs), and a polymer, as well as nanoparticles incorpo-
rating medication and/or a gene, as well as a dye or indica-
tor in the polymer coating, at least some of the nanoparti-
cles attaching to surface antigens of tumour cells to form a 
tumour cell/nanoparticle complex

US20190091350A1 US20190091350A1 (2021)

2. A peptide POD is equipped with the capacity to penetrate 
and supply fluorophores, siRNA, DNA, and quantum dots 
to cultured cells as well as in vivo retinal and eyepiece 
tissues. Adenovirus-decorated POD couples enhance the 
tropism of some cells and can provide a safer and more 
effective route for molecular delivery in vivo to the eye 
and other tissues. POD constructs are a restorative means 
of treatment of cells and tissues, including all ocular and 
retinal deterioration tissue

US8778886B2 Methods of making and using a cell penetrating peptide for 
enhanced delivery of nucleic acids, proteins, drugs, and 
adenovirus to tissues and cells, and compositions and kits 
(2010)

3. The invention relates to a preparation method of a difunc-
tional nanoparticle preparation entrapping vincristine 
sulphate, which belongs to the technical field of medicine. 
The difunctional nanoparticle preparation is prepared by 
entrapping the vincristine sulphate in a PLGA-PEG poly-
mer carrier modified by folic acid/cell-penetrating peptide 
through a multiple emulsion method. The difunctional 
nanoparticle preparation shows favourable pharmacoki-
netic behaviour in vitro and vivo. The diameter of the 
prepared PLGA-PEG difunctional nanoparticles modified 
by folic acid/cell-penetrating peptide is 287.2 ± 0.8 nm, 
and the difunctional nanoparticle preparation has a high 
drug loading rate, high entrapment rate, and good stability

CN101926775B CN101926775B (2021)

4. The invention relates to the modification of a cell-pene-
trating peptide for realizing a low-toxicity administration 
system with a positive targeting selecting function. The 
invention aims to actively convey an antitumor medica-
ment to tumour tissues in a targeted way and make the 
antitumor medicament enter tumours cells to a larger 
extent using the administration system which can be used 
for activating a cell-penetrating function so that the toxic-
ity at a nontumor position is lowered while the antitumor 
effect of the medicament is enhanced

CN102552929A CN102552929A (2021)

Fig. 5   Nanomaterials used in CPPs
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as an excellent fluorescent labelling candidate particularly 
for extended observations because they not only have pho-
tobleaching resistance, high quantum yields, and can be 
tuned for photo excitement (Lei et al. 2008), but still clearly 
defined intensity peaks. Xue et al. discussed for e.g., Tat pep-
tide was conjugated with thiol-capped CdTe QDs (2–4 nm in 
diameter) in human and human breast cancer (MCF7) cells 
and attributed their intracellular efficacy with unmodified 
CdTe QDs by the confocal microscopy laser scanner. The 
writers were able to show that intracellular transport in both 
cell lines improved with Tat conjugation (Liu et al. 2013). 
The same goes for CdSe-ZnS QDs encompassed with PEG 
and were covalently attached to Tat to be used in mesen-
chymal stem cells effectively (Kumari et al. 2010) Liu et, 
al. have shown their ability to the competitive position of 
the complex inside cells as the result of the association of 
QDs with chimerical IR9 CPP (IR9: mixed INF7 peptide and 
none-arginine, R9) and stable IR9 + QD complexes. Owing 
to the cationic nature of IR9, the plasma membrane is of 
considerable significance for cell internalization because of 
the electrostatic attraction of IR9/ cargo configuration. In 
their low concentration in cells, IR9 and IR9 cargo com-
pounds are not cytotoxic; thus, a good tool for biological 
processes, including gene expression, can be the latest chi-
merical CPP (Hans and Lowman 2002).

Polymeric nanoparticles

Structures with a diameter of < 1 micron and made of natural 
or synthetic polymers can be classified as nanoparticles in 
the polymer. Because of their low toxicity and bioavailabil-
ity, Polysaccharides, for example, are natural polymers that 
are well suited for drug delivery (Feiner-Gracia et al. 2018). 
However, batch-to-batch variations are different and vary 
in purity, rendering synthetic polymers, such as poly (lac-
tic acid) (PLA) and poly (glycolic acid) are biocompatible 
and biodegradable (PGA), or their copolymers the favoured 
alternative [poly (lactide Co-glycolide) (PLGA)] (Layek and 
Singh 2013). Their use and study, particularly in biomedi-
cine, have increased exponentially since several generations 
earlier. Polymeric nanoparticles have been founded (Li et al. 
2010; Banks 2008). N. Fine-Gracia et al. for the formulation 
of Dell penetrator peptide (CPP) process—practical PLGA 
nanoparticles capable of effectively crossing the plasma 
membrane and releasing their loads in the cell where even 
the most involved ingredients have to be therapeutic. Pen-
etration pAntp peptide is a peptide series originating from 
the Drosophila antennapedia homeodomain, with 43.75% 
essential amino acids. Linoleic acid and dual functionalized 
chitosan (CS-Lin-Pen) penetrated the skin, according to the 
findings, a modified CS was successfully used for plasmid 
DNA transfection (pDNA) (Demeule et al. 2014; Jafari et al. 
2015). In brain drug distribution, the blood–brain barrier 

(BBB) is a big hurdle. The Blood–Brain Barrier (BBB) is 
made up of near endothelial junctions that essentially block 
therapeutic molecules from passing into the central nervous 
system (Silva et al. 2019). CPPs combined with nanoparti-
cles have been added as an appealing vehicle for maximiz-
ing brain-targeted transport; however, due to their positive 
charge, the brain delivery efficacy of these vehicles may be 
canceled out by their gradual systematic clearance (Park 
et al. 2013).

Gold nanoparticles

Gold nanoparticles (GNPs) are a type of metal nanoparticle 
that is commonly used in drug delivery systems. Many medi-
cal researchers have been inspired by their unusual proper-
ties including mediated minimal toxicity, good solubility, 
fast synthesis, bioconjugation, good absorption, effective 
bloodstream clearance, and scattering (Qin et al. 2021). 
GNPs have a favourable effect, on the other hand; they 
can also be followed by an energy-independent approach 
to translocate cationic CPPs into the cells. The anticancer 
drug doxorubicin (DOX) is transported using -helix peptide 
17-amino acids combined with gold nanoparticles as vec-
tors; this approach has been used to deliver more efficiently 
than free DOX for cellulite-selective internalization activi-
ties of the chosen peptides. It is also shown to be more effec-
tive than free DOX (Gessner and Neundorf 2020).

CPP‑NP conjugates for cancer treatment

Most chemotherapeutic medications have low pharma-
cokinetics and should be used to maintain a high degree of 
clearing and minimal retention at the goal location. Espe-
cially due to their small scale, some NPs can also bypass 
the barrier of the blood–brain, thus providing diagnosis 
and treatment of difficult targets, including brain tumours 
(Development and screening of brain-targeted lipid-based 
nanoparticles with enhanced cell penetration and gene deliv-
ery properties 2021). Multimodal structures can also be built 
as a network within one NP, for example, it may include 
medicinal objects and decorate the surface in several func-
tions, including housing equipment, CPPs, and PEG chains. 
We have given some examples of years of multifunctionality 
in various fields of cancer research in the following article 
(Perillo et al. 2017). The application of the cell-penetrating 
peptide is shown in Fig. 6.

Cancer targeting

CPPs are typically nonselective and are primarily capable of 
joining all types of cells, CPP-NP cancer diagnostic or treat-
ment mechanisms are usually paired with specific groups, 
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Biomolecules that recognize cancerous cells' surface or 
membrane receptors are most commonly used. Besides, the 
addition of specific affinity labels can allow crossing the 
blood–brain barrier (BBB), as seen currently by dos Santos, 
Rodrigues, etc., who created lipid nanoparticles and used 
CPPs to design them and an overexpressed TF pattern for 
transfer receptors on BBB. The addition of selective affin-
ity labels is also possible. The findings showed that Tf and 
Tat-modified liposomes are more capable of transmitting the 
boundary layer in an in vivo configuration and of transfer-
ring neural cells to sustain the high importance of the current 
brain-oriented gene deliverable (Dowaidar et al. 2018).

Cancer imaging

NPs can be adapted for high clinical instruments and pose 
impressive opportunities for tumour diagnostics due to 
their varying physicochemical structure and properties, 
Furthermore, based on their features and ease of adjust-
ment for usable classes, NPs have the potential to be used 
as multipurpose imaging platforms, including optical imag-
ing, radionuclide imaging, magnetic resonance imaging or 
ultrasound imaging. As newly started by Perillo et al., these 
properties are also combined to design multifunctional NP 
structures consisting of fluorescent teeth that have been 
added to superparamagnetic iron oxide nanoparticles (Bol-
hassani 2011).

Cancer therapy

The utilization of CPP-adjusted NP drug transporters draws 
extraordinary interest in creating novel promising malig-
nant growth medicines. Surprisingly, the disadvantages of 
CPPs and inorganic particles can be mitigated by mixing 
multiple composites. For example, CPPs, as other peptide 
treatments, are proteolytically unstable, which hinders, for 

example, oral administering and affects ultimate bioavail-
ability. Previously, one way to boost CPP’s productivity was 
demonstrated when iron oxide NPs with CPP cross-linked 
chitosan were not covalently customized. The drug mounting 
capability's efficiency, in this situation SiRNA, was signifi-
cantly improved by chitosan reconfiguration, along with the 
overall biocompatibility and bioavailability of the system 
(Regberg et al. 2012).

Cell‑targeting peptides

Cell-targeting peptides (CTPs) with the ability to recog-
nize cancer cells are particularly appealing for cancer care 
(Kersemans and Cornelissen 2010; Veloria et al. 2018). The 
need for these peptides, while minimizing adverse effects in 
a model system, has improved the versatility and effective-
ness of drug delivery (Arrouss et al. 2013). Such a tracer 
peptide was the cyclic peptide PEGA, already shown to per-
sist in mouse tissue of the breast tumour. In vitro, numerous 
breast cancer cells were picked up by PEGA peptide cova-
lently attached to the cell-penetrating peptide pVEC. In the 
case of the conjugate in vivo, which accumulates primarily 
in the brain tubers and the breast cancer vascular system, 
tumour cells are consumed. The PEGA-pVEC tracer capa-
bility has also been preserved. Moreover, the combination of 
the anticancer medication chlorambucil with pVEC-PEGA 
has been shown to improve drug effectiveness more than 
four times, thus decreasing MCF-7 cell clonogenic sustain-
ability (Veloria et al. 2018). The peptide has recently been 
introduced by Rebello and her group to imitate an important 
connection between caspase 9 and serine/threonine phos-
phatase PP2A in cancer development. The combination of 
CPP and interfering peptides resulted in a therapeutic pep-
tide building capable of entering cells, inhibiting PP2A's 
connection with caspase-9, and inducing cultured cells 
apoptosis(Zhang et al. 2012).

Activatable CPPs

One approach to the issue of CPPs is to activate CPPs 
(ACPPs). The most recent polycationic CPP in vivo moni-
toring agents were addressed by Emilia S Olson et.al, which 
was linked through a severable connection to a safely neu-
tralized polyanion. Absorber and cell absorption are blocked 
before the connector has been proteolyzed. The first one to 
be shown to function in an in vivo tumour prototype was 
a CPP, a metalloproteinase-2 (MMP-2) matrix cleavable, 
but only HT-1080 xenografts and human squamate cell car-
cinomas were tested. Further characterization is necessary 
for specific other types of cancer, in vivo MMP specificity, 
and spatial resolution of CPPs. In addition to a well-studied 
transgenic method of spontaneously breast cancer, we now 
demonstrate that ACPPs can treat multiple xenograft tumour 
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models from various cancer sites (Promotor of mouse mam-
mary tumour virus driving middle T antigen polyoma, 
MMTV-PyMT) (Snyder and Dowdy 2004). In a variety of 
cancers, which include breast (MMP-11), colon (MMP-1), 
stomach (MMP-2 and MMP-9), non-small cell lung cancer 
(MMP-13), oesophageal lung cancer, many reports have 
shown a link between elevated MMP interpretation and poor 
treatment outcomes (MMP-7), And lung cancer of small 
cells (MMP-3, MMP-11, and MMP-14). Furthermore, the 
expression of specific MMPs has been used as a prognostic 
therapeutic impact factor as well as a tumour growth marker 
in several tumour types (Höckel and Vaupel 2001).

CPPs transfusible agents

While a subset of fatal  tumours is regarded  with local 
chemotherapy, several tumors are spread across the body, 
requiring systemic distribution of anticancer agents. Recent 
studies in vivo have shown that after intraperitoneal (IP) 
injection, TAT proteins are distributed to a wide number of 
tissues, indicating that a regular transmission to single or 
numerous metastases with transfusible agents could be prob-
able (Höckel and Vaupel 2001; Harada et al. 2006). A fused 
protein was specifically optimized in hypoxemic tumour 
cells to build a possible therapeutic protein drug, particu-
larly unique to solid tumors (Harada et al. 2006). Strong 
tumors in organisms produce a slightly lower oxygen pres-
sure in hyperglycaemic regions than in ordinary tissues. 
This includes resilience to radiation and cancer therapy to 
avoid a rise in tumour metastases. These may also prevent an 
increased risk of cancer (Harada et al. 2006). Hence, tumour 
hypoxemia as a particular neovascular has been identified 
(Shi et al. 2012). A Hypoxia-Inducible-1 a transcript factor 
(HIF-1), the hypoxic reaction master regulator, induces dif-
ferent genes linked to angiogenesis and gluconeogenesis and 
contributes to the intrusive and metastatic characteristics 
of tumour (Shi et al. 2012). TAT-ODD-β-Gal protein was 
seen mostly in the hypoxic areas of the tumors. TAT-β-
galactosidase protein may, by comparison, be found in all 
tumors after administering IP (US20190091350A1 2021).

Conclusion

In this review, we stressed the promise for the diagnosis of 
cancer with therapeutic peptides. Targeting drugs is impor-
tant in the treatment of cancer when a drug is selectively and 
quantitatively accumulated in the targeted organ or tissue. 
There are passive and active targeting mechanisms available, 
but NP-based targeting is critical. NPs had immense benefits 
in decreasing specific cell absorption and adverse effects, 
stretching circulation, and allowing for the safe release and 
encapsulation of several mixed-care medications. Several 

methods are used, such as using CPP to efficiently distribute 
anticancer peptides to their tumour cell targets, for resolv-
ing peptide restrictions. A new and innovative strategy for 
cancer treatment is therapeutic peptides. Some examples of 
formulation of nanoparticles using cell-penetrating peptide 
are shown in Table. 2.
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