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Abstract
Side effects of the Conventionally used chemotherapies and the 

limited  cell-permeability of the drugs owe to find out the most efficient 
strategies for the cancer treatment. In the recent years combi-nation 
of  compounds with  limited  cell-permeability  with efficient delivery 
systems to minimize side effects and enhance cell-permeability is the 
area of interest for the formulators. Cell penetrating peptides (CPPs) 
have the ability to cross the cell membrane which is the obstacle of the 
delivery of the various anticancer molecules.  Limited  cell-permeability 
of the drugs results into the low bioavailability  which limits the biological 
application of the anticancer drugs. CPPs are able to internalize in nearly 
all cell types in vitro and in vivo, while the transport of cargos is virtually 
possible without any size restriction. Due to high specificity and low 
toxicity profile, pharmaceutical companies offer viable alternatives 
to small molecule therapeutics. In this review we have discussed the 
challenges of the cpp as drug delivery and the applications of the CPP as 
compared to other Conventionally used chemotherapies. 

Keywords: Chemotherapetic agents, Cell penetrating peptides, 
Anticancer drugs.

Introduction
Cell-penetrating peptides (CPPs) are  typically  consist  of  5–30 

amino acids with the ability to cross the cell membrane for this  CPPs 
have been used for a variety of applications [1]. 

cell-penetrating peptides (CPPs) correspond to short 30 residue 
synthetic peptides and  are able to traverse biological membranes and to 
deliver numerous compounds including small molecules, nucleic acids, 
proteins, viruses, imaging agents and drugs inside the cells [1,2].

Current challenges in peptide-based drug delivery
Typical short duration of action and lack of oral bioavailability limits 

the CPPs as pharmaceutical product.  One of the true drawbacks of 
peptide drugs is the increased proteolytic instability compared to not 
only small molecules but also monoclonal antibody therapeutics. The 
modification of the peptide structure by acylation, PEGylation, unnatural 
amino acids or restricted conformation can largely remove this issue 
[3-14]. The introduction of D-amino acids instead of their L-amino acid 
configuration in CPP sequences represents a common strategy to protect 
peptides from degradation [12].
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For peptide-based drug development, a compromise 
has to be found between the required peptide length and 
pharmacologically useful levels of receptor activation. The 
numerous variables include (i) the size and accessibility of 
ligand binding surfaces, (ii) possible induced fit; (iii) ligand 
stability and receptor residency time [14].

peptides are rapidly excreted through the kidney, serum 
stability studies are not representative of true turnover [14]. 

CPPs for delivery of chemotherapeutic agents
Development of a folate and tumor microenvironment-

sensitive polypeptides dual-modified docetaxel-loaded 
nanostructured lipid carrier (F/TMSP-DTX-NLC) shows high 
encapsulation efficiency (>95%), sustainable release and 
targeted delivery manner. The enhancement in the cellular 
uptake and cytotoxic activity of F/ TMSP-DTX-NLC in KB, 
HT-1080, MCF-7 and A549 cells proved the correlation with 
folate receptor expression and MMP-2/9 secretion. The F/
TMSP-DTX-NLC significantly penetrate deeply into inner of 
multicellular tumor spheroids due to the function of cell-
penetrating peptides. Finally, treatment with F/ TMSP-DTX-
NLC resulted in stronger antitumor efficacy and enhanced 
tumor cell apoptosis in KB tumor model in athymic nude 
mice [15,16].

In the another study in which the  constructed a photo-
responsive CPP termed pCPP and conjugated it to the NLC 
aiming at enhanced targeted tumor therapy. The Cellular 
experiments showed that pCPP-NLC exhibited significantly 
elevated light-dependent cellular accumulation in HT-1080 
via clathrin-mediated endocytosis and macropinocytosis, 
and improved the cytotoxicity of PTX. Furthermore, the 
pCPP-NLC significantly could penetrate deeply into inner of 
multicellular tumor spheroids due to the function of Pcpp 
[17], This study demonstrates the application of CPP for 
efficient delivery of therapeutic agents for oncotherapy [17].

Conclusion
TAT-based targeted nanoparticles encapsulating DOX 

and ICG for combined chemo/photothermal/photodynamic 
therapy significantly increased the cellular DOX accumulation 
due to the electrostatic interaction between TAT peptide and 
HSPGs on surface of cell membrane [18]. The released rate 
of loaded DOX could also be promoted after NIR irradiation. 
Meanwhile, the ICG efficiently converted NIR light into 
violent heat and plentiful ROS. In vitro study confirmed 
that the cRGD@TAT-DINPs showed higher cytotoxicity on 
both MDA-MB-231 and A549 cells. These presented results 
provides a promising approach for high-efficient combined 
anticancer treatment [18].

References
1. Milletti F (2012) Cell-penetrating peptides: classes, origin, and current 

landscape. Drug Discovery Today 17: 850-860.

2. Heitz F, Morris MC, Divita G (2009) Twenty years of cell-penetrating 
peptides: From molecular mechanisms to therapeutics. Br J Pharmacol 
157: 195-206. 

3. Guidotti G, Brambilla L, Rossi D (2017) Cell-Penetrating Peptides: From 
Basic Research to Clinics. Trends Pharmacol. Sci 38: 406-424. 

4. Zhang X, Brossas JY, Parizot C, Zini JM, Rebollo A (2018) Identification 
and characterization of novel enhanced cell penetrating peptides for 
anti-cancer cargo delivery. Oncotarget 9: 5944-5957.

5. Pauwels EKJ, Erba P, Mariani G, Gomes CMF (2007) Multidrug resistance 
in cancer: Its mechanism and its modulation. Drug News Perspect 20: 
371-377. 

6. Borrelli A, Tornesello AL, Tornesello ML, Buonaguro FM (2018) Cell 
Penetrating Peptides as Molecular Carriers for Anti-Cancer Agents. 
Molecules 23: 295.

7. Aroui S, Brahim S, De WM, Breard J, Kenani A (2009) Efficient induction 
of apoptosis by doxorubicin coupled to cell-penetrating peptides 
compared to unconjugated doxorubicin in the human breast cancer cell 
line MDA-MB 231. Cancer Lett 285: 28-38.

8. Dawidczyk CM, Kim C, Park JH, Russell LM, Lee KH, et al. (2014) State-
of-the-art in design rules for drug delivery platforms: Lessons learned 
from FDA-approved nanomedicines. Journal of Controlled Release 187: 
133-144.

9. Miele E, Spinelli GP, Miele E, Tomao F, Tomao S (2009) Albumin-bound 
formulation of paclitaxel (Abraxane ABI-007) in the treatment of breast 
cancer. Int J Nanomedicine 4: 99-105.

10. Nestor JJ (2009) The medicinal chemistry of peptides. Curr Med Chem 
16: 4399- 4418.

11. Nestor JJ (1995) Improved duration of action of peptide drugs. In 
Peptide-Based Drug Design. American Chemical Society.

12. Laszlo Otvos Jr, John DW (2014) Current challenges in peptide-based 
drug discovery. Front Chem 2: 62.

13. Klimpel A, Lu¨ tzenburg T, Neundorf I (2020) Recent advances of anti-
cancer therapies including the use of cell-penetrating peptides. Current 
Opinion in Pharmacology 47: 8-13.

14. Gao W, Xiang B, Meng, TT, Liu F, Qi XR (2013) Chemotherapeutic drug 
delivery to cancer cells using a combination of folate targeting and tumor 
microenvironment-sensitive polypeptides. Biomaterials 34: 4137-4149.

15. Yang Y, Yang YF, Xie XY, Cai XS, Mei XG (2014) Preparation and 
characterization of photo-responsive cell-penetrating peptide-mediated 
nanostructured lipid carrier. J Drug Target 22: 891-900.

16. Wua H, Youb C, Chena F, Jiaoa J, Gaoa Z, et al. (2020) Enhanced 
cellular uptake of near-infrared triggered targeted nanoparticles by 
cell-penetrating peptide TAT for combined chemo/photothermal/
photodynamic therapy. Material Science and technology 103: 109738.

17. Freire JM, de Figueiredo IN, Valle J, Veiga AS, Andreu D, et al. (2017) 
siRNA-cell-penetrating peptides complexes as a combinatorial therapy 
against chronic myeloid leukemia using BV173 cell line as model. 
Journal of Controlled Release 245: 127-136. 

18. Xiang Y, Shan W, Huang Y (2018) Improved anticancer efficacy of 
doxorubicin mediated by human-derived cell-penetrating peptide dNP2. 
International Journal of Pharmaceutics 551: 14-22.

Citation: Ghorpade KB (2020) CPP as Promising Delivery of Chemotherapetic Agents : A Review.  Int J Cancer Treat  Vol: 3, Issu: 1 (01-02).

https://doi.org/10.1016/j.drudis.2012.03.002
https://doi.org/10.1016/j.drudis.2012.03.002
https://doi.org/10.1111/j.1476-5381.2009.00057.x
https://doi.org/10.1111/j.1476-5381.2009.00057.x
https://doi.org/10.1111/j.1476-5381.2009.00057.x
https://doi.org/10.1016/j.tips.2017.01.003
https://doi.org/10.1016/j.tips.2017.01.003
https://doi.org/10.18632%2Foncotarget.23179
https://doi.org/10.18632%2Foncotarget.23179
https://doi.org/10.18632%2Foncotarget.23179
58/dnp.2007.20.6.1141496
58/dnp.2007.20.6.1141496
58/dnp.2007.20.6.1141496
https://doi.org/10.3390/molecules23020295
https://doi.org/10.3390/molecules23020295
https://doi.org/10.3390/molecules23020295
https://doi.org/10.1016/j.canlet.2009.04.044
https://doi.org/10.1016/j.canlet.2009.04.044
https://doi.org/10.1016/j.canlet.2009.04.044
https://doi.org/10.1016/j.canlet.2009.04.044
https://doi.org/10.1016/j.jconrel.2014.05.036
https://doi.org/10.1016/j.jconrel.2014.05.036
https://doi.org/10.1016/j.jconrel.2014.05.036
https://doi.org/10.1016/j.jconrel.2014.05.036
https://doi.org/10.2147/ijn.s3061
https://doi.org/10.2147/ijn.s3061
https://doi.org/10.2147/ijn.s3061
https://doi.org/10.2174/092986709789712907
https://doi.org/10.2174/092986709789712907
https://www.innovationinfo.org/international-journal-of-cancer-and-treatment
https://www.innovationinfo.org/international-journal-of-cancer-and-treatment
https://doi.org/10.3389/fchem.2014.00062
https://doi.org/10.3389/fchem.2014.00062
https://doi.org/10.1016/j.coph.2019.01.003
https://doi.org/10.1016/j.coph.2019.01.003
https://doi.org/10.1016/j.coph.2019.01.003
https://doi.org/10.1016/j.biomaterials.2013.02.014
https://doi.org/10.1016/j.biomaterials.2013.02.014
https://doi.org/10.1016/j.biomaterials.2013.02.014
https://doi.org/10.3109/1061186x.2014.940589
https://doi.org/10.3109/1061186x.2014.940589
https://doi.org/10.3109/1061186x.2014.940589
https://doi.org/10.1016/j.msec.2019.109738
https://doi.org/10.1016/j.msec.2019.109738
https://doi.org/10.1016/j.msec.2019.109738
https://doi.org/10.1016/j.msec.2019.109738
https://doi.org/10.1016/j.jconrel.2016.11.027
https://doi.org/10.1016/j.jconrel.2016.11.027
https://doi.org/10.1016/j.jconrel.2016.11.027
https://doi.org/10.1016/j.ijpharm.2018.09.011
https://doi.org/10.1016/j.ijpharm.2018.09.011
https://doi.org/10.1016/j.ijpharm.2018.09.011

	Title
	Article Information

