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Abstract. Breast cancer is a serious health concern for women globally. Traditional therapies
including surgery chemotherapy, radiotherapy and endocrine therapy can control breast cancer
effectively, but their effectiveness is often hindered by drug resistance and side effects.
Cyclopeptides, a class of biomolecules with a closed-loop structure, present a promising alternative
due to their stability potency and specificity. This review delves into the mechanisms of cyclopeptides
in breast cancer treatment, evaluating their effectiveness and challenges. And also discusses the
studies concerning the anti-cancer activities and delivery systems of cyclopeptides such as
cyclosporin A and deoxybouvardin (RA-V). Innovations in nanotechnology and targeted delivery
systems further optimize cyclopeptide therapies, enhancing their efficiency and reducing side effects.
Research suggests that cyclopeptides can effectively halt the proliferation and metastasis of breast
cancer cells. They achieve this through various mechanisms, such as inhibiting key cancer pathways,
inducing tumor cell apoptosis, and enhancing drug efficacy via targeted delivery systems. This
review highlights the application of cyclopeptides in breast cancer treatment and discusses the
targeted delivery technologies of cyclopeptides.
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1. Introduction

Breast cancer continues to be a prevalent and deadly disease affecting women globally with
alarming rates of both incidence and mortality. In 2022 statistics from the Global Cancer Observatory
revealed that breast cancer makes up nearly a quarter of all new cancer cases among women with the
highest mortality rate of 15.3% [1]. While traditional treatment options like surgery chemotherapy,
radiation therapy and endocrine therapy have been effective to a certain extent, they are plagued by
limitations such as reduced effectiveness drug resistance and severe side effects. Therefore there is
an urgent need to explore and develop alternative treatment methods that can provide more effective
and less harmful outcomes for breast cancer patients [2].

Amidst the challenges faced in breast cancer treatment, peptides, especially cyclopeptides, have
risen as a promising solution because of their distinct pharmacological qualities. Peptides composed
of two or more amino acids linked by peptide bonds offer a novel approach to combatting the disease
[3]. However, while linear peptides have displayed great potential in breast cancer treatment, they
encounter various obstacles. These hurdles include vulnerability to enzymatic breakdown, the
requirement for frequent administration, restraint of the ability to pass through cell membranes and
insufficient targeting capabilities [4]. These limitations greatly curtail the potential and efficacy of
linear peptides as viable therapeutic options for breast cancer patients.

In contrast to linear peptides, cyclopeptides offer a promising solution to a variety of challenges.
These cyclic structures formed by amino acid sequences that loop back on themselves present a more
stable and effective option. There are four main types of cyclization methods: side-chain to side-chain
head-to-tail head-to-side-chain and side-chain-to-tail [5,6]. By forming a circular structure,
cyclopeptides decrease the flexibility of the peptide backbone and enormously reduce open ends. This
makes them less susceptible to enzymatic degradation and enhances their stability ,increasing affinity
to receptors and overall biological activity [6,7]. This allows cyclopeptides to effectively target
specific cancer cell receptors, thereby showing greater potential in cancer treatment. For example,
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cyclopeptides can inhibit the transcription of cancer genes and thus affect the growth of cancer cells,
block common signaling pathways in cancer cells to induce apoptosis, and participate in the
formulation of drug delivery systems [8-11].

Although research on cyclopeptides is very active and continues to yield results, there is currently
a lack of a systematic summary, especially regarding their anticancer mechanisms and targeted
delivery technologies. Therefore, the main purpose of this article is to summarize recent advances in
the research on the anticancer mechanisms of cyclopeptides and the development of cyclopeptide-
targeted delivery systems. By thoroughly reviewing and analyzing the current scientific literature,
this review aims to provide a comprehensive theoretical basis and framework for future research and
applications of cyclopeptides in cancer treatment. It is hoped that this review will inspire more
scientific interest and clinical exploration, further advancing the role of cyclopeptides in the treatment
of breast cancer.

2. Mechanisms of anticancer activity of cyclopeptides
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Figure 1. Examples of representative cyclopeptides.
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Table 1. Comparing six cyclopeptides in breast cancer treatment
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2.1. Plant cyclopeptides

RA-V, a cyclic hexapeptide extracted from the roots of Rubia cordifolia, exhibits significant
inhibitory activity against both murine breast cancer cells (4T1 cells) and human breast cancer cells
(MCF-7, MDA-MB-231) [10,12]. In human breast cancer cells (MCF-7, MDA-MB-231), RA-V
disrupts chemokine receptor and serine protease signaling pathways involved in cell migration,
thereby inhibiting the migration of breast cancer cells [13]. This cyclopeptide induces mitochondrial-
mediated apoptosis by blocking the PDK1-AKT interaction, characterized by the loss of
mitochondrial membrane potential, the release of cytochrome c, and the activation of the caspase
cascade [10,14]. Moreover, RA-V reduces the expression of intercellular adhesion molecules, focal
adhesion kinase, integrins, and vascular cell adhesion molecules, further inhibiting the adhesion of
breast cancer cells [13]. The potential therapeutic effects of the plant cyclopeptide RA-V against
breast cancer, particularly its mechanisms of inhibiting tumor cell growth and migration, provide a
significant therapeutic target. By interfering with cell migration-related signaling pathways and
inducing apoptosis, RA-V may become one of the effective drugs for future breast cancer treatments.

2.2. Microbial cyclopeptides

2.2.1. Fungal cyclopeptides

Cyclosporine A (CsA) is an eleven-amino acid cyclopeptide known for its potent
immunosuppressive properties and also possesses anticancer characteristics. Compared to normal
breast cells, pyruvate kinase M2 (PKM2) is overexpressed in MCF-7, MDA-MB-435, and MDA-
MB-231 breast cancer cell lines. CsA can significantly reduce PKM2 production in these breast
cancer cells by inhibiting the transcription of the PKM2 gene, thereby decreasing ATP synthesis and
inducing cell death in breast cancer cells [9]. The anticancer effects of this drug may extend beyond
the inhibition of PKM2, potentially involving other crucial cellular biological processes. In recent
research, a targeted drug delivery system using CsA encapsulated in chitosan by hyaluronic acid
nanoparticles has been developed to enhance the efficacy of CsA against breast cancer [10]. This
targeted delivery technique using hyaluronic acid nanoparticles enhances the local concentration of
the drug within tumor tissues, reduces side effects, and helps overcome drug resistance in tumor cells,
thus enhancing the efficacy of CsA. Therefore, the study of CsA and its targeted delivery techniques
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is significant not only for breast cancer treatment but also provides insights into the role of
immunomodulators in cancer therapy.

2.2.2. Bacterial cyclopeptides

Actinomycin D, a chromopeptide naturally produced by Streptomyces, binds to DNA with high
CG content [15]. Yang et al. explored the treatment effects of actinomycin D alone, doxorubicin alone,
and their combination on triple-negative breast cancer. They found that the combination treatment
resulted in higher rates of cell apoptosis. Actinomycin D can directly bind to the MDM2 oncogene to
inhibit its transcription, also preventing the interaction between p53 and MDM2 which inhibits the
degradation of p53, thus inducing apoptosis in triple-negative breast cancer cells [8]. Differently, Das
et al. investigated the impact of actinomycin D on SOX2 expression in breast cancer cells. They
discovered that Actinomycin D could specifically reduce the expression of the transcription factor
SOX2, leading to the depletion of the breast cancer stem cell population [16]. In the breast cancer cell
line (MCF-7 and MDA-MB-231), cells with high SOX2 have been confirmed to show greater
migration capabilities, invasion and metabolic activity [17]. While actinomycin D has shown
potential therapeutic effects in breast cancer treatment, a deeper understanding of its mechanisms of
action and combined use with other therapies is still needed.

Actinomycin V, produced by marine Streptomyces, is an analog of actinomycin D ,where prolyl-
4-ketone replaces proline-4 in actinomycin D. Lin et al. showed that actinomycin V has a much lower
IC50 against MDA-MB-231 cell lines compared to actinomycin D, and treatment with actinomycin
V reduced N-cadherin expression, improving cell-cell adhesion and reducing migration and invasion,
particularly noted in MDA-MB-231 cells [18,19]. These studies underlines the need for a deeper
understanding of the mechanism of actinomycin V. Although anticancer effects and impacts on
adhesiveness have been observed, the specific molecular mechanisms remain to be fully elucidated.
Further experiments and research could help us better understand the action of actinomycin V,
providing a solid foundation for its potential clinical application.

2.3. Synthetic cyclopeptides

Internalizing Arginine-Glycine-Aspartic acid (iIRGD) is a cyclopeptide consisting of nine amino
acids, demonstrating specific penetration abilities in tumor vasculature and tissues [20]. It effectively
penetrates tumor tissues, spreading within them while minimizing damage to normal cells, and plays
roles in targeted drug delivery and imaging. In innovative cancer treatment research, iRGD was
conjugated with proteolysis targeting chimeras (PROTACS), leveraging its penetration properties to
deliver PROTACSs deep into breast cancer tissues. This enhanced the solubility, tissue selectivity, and
penetration of PROTACs within tumor environments, thereby improving their anticancer efficacy
[21]. This approach significantly minimizes drug exposure to non-target tissues, potentially reducing
side effects.

Moreover, iIRGD can also be doubly modified with a pH-responsive polymer, poly(2-ethyl-2-
oxazoline), to target a novel drug delivery carrier made of mesoporous silica. The role of iRGD is to
target the therapy, while the poly(2-ethyl-2-oxazoline) responds to the acidic environment within the
tumor to facilitate drug release [22].Both methods employ the RGD sequence to specifically bind to
integrin avp3 on the tumor surface, then through enzymatic cleavage, expose the C-end CendR motif.
This motif interacts with NRP-1, a highly expressed transmembrane protein on tumor cells,
facilitating the entry of iRGD and drugs into the tumor [23]. The dual modification with iRGD and
the pH-responsive polymer utilizes the acidic tumor microenvironment for therapy. This specificity
ensures drug release near tumor cells and reduces the impact on healthy cells, highlighting the
precision of tumor-specific targeting in improving therapeutic outcomes. Future research should
focus on optimizing the design and functionality of these iIRGD-modified delivery systems to further
enhance their specificity and efficiency. Clinical trials are necessary to validate these preclinical
findings and explore the potential of iRGD in combination therapies.

LyP-1 is a cyclopeptide composed of nine amino acids that binds to the p32 receptor [24]. It is
extensively used in breast cancer treatment and diagnostics, including as an imaging tool for triple-
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negative breast cancer, in combination with nanomaterials for tumor treatment, and in LyP-1-
modified oncolytic virus therapy. A Tc-labeled LyP-1 was used to analyze its targeting capabilities
and immunofluorescence was ustilized to evaluate the imaging effects of LyP-1 linked with
fluorescein isothiocyanate (FITC) in tumors, significant for diagnosing triple-negative breast cancer
[25]. Although LyP-1's targeting and imaging capabilities have been confirmed, a deeper
understanding of its interaction with the p32 protein is necessary. Detailed investigation into how
LyP-1 influences cancer cell signaling pathways could reveal its mechanisms in inhibiting tumor
growth and metastasis, which is crucial for developing new therapeutic strategies.

Based on high expression of the LyP-1 receptor (p32) on the surface of breast cancer cells, Xu et
al. constructed oncolytic viruses modified with LyP-1 (AdLyp.sT and mHAdLyp.sT), comparing
them to control groups. LyP-1 improved the viruses' binding, replication, and transgene expression.
AdLyp.sT and mHAdLyp.sT effectively suppressed tumor growth and bone metastasis in a human
triple-negative breast cancer mouse model [26]. Given LyP-1's high selectivity for breast cancer cells,
future research might explore its use as part of personalized treatment strategies. By tailoring
treatment plans for individual patients, LyP-1 and its derivatives could offer more effective treatment
options, particularly for cases that respond poorly to conventional therapies.

As LyP-1 treatment strategies advance, Zhang et al. developed a nanodevice with good colloidal
stability, pH-regulated drug release, and high photothermal conversion efficiency. This device which
mediated by CuS photothermal therapy and 5,6-Dimethylanthraquinone 4-acetic acid, leverages LyP-
1 to target and kill breast cancer cells while also triggering an anti-tumor immune response. Relying
on LyP-1-mediated apoptosis, the nanodevice can eradicate lymphatic endothelial cells within the
tumor. By concurrently disrupting both blood and lymphatic vessels, the device cuts off major tumor
metastasis pathways, significantly impacting lung metastasis suppression in breast cancer models [27].
Although the design of the LyP-1 nanodevice shows promising therapeutic prospects, there is still
room for improvement. For instance, further refining drug release mechanisms and enhancing
photothermal efficiency could significantly improve treatment specificity and reduce side effects,
advancing its application in clinical trials.

3. Targeted delivery systems

3.1. Cyclopeptide-assisted delivery of chemotherapy drugs

In cancer treatment, chemotherapy drugs are used for their ability to kill rapidly proliferating cells
[28]. However, the non-specificity of chemotherapy drugs can also harm normal tissue cells,
significantly limiting their therapeutic efficacy [28]. To enhance the accumulation of chemotherapy
drugs in tumor tissues and reduce damage to normal tissue cells, researchers have developed various
targeted drug delivery systems, with cyclopeptides playing a crucial role due to their targeting
specificity and high stability.

LyP-1, a cyclic nonapeptide that specifically targets tumor cell surfaces and lymphatic endothelial
cell surfaces via the p32 receptor, has been utilized in breast cancer research [24]. Timur et al. have
developed a self-microemulsifying drug delivery system (SMEDDS) containing LyP-1 to deliver the
chemotherapy drug doxorubicin hydrochloride. In vitro experiments showed that the LyP-1-modified
SMEDDS system significantly enhanced the cytotoxic effects of doxorubicin hydrochloride on breast
cancer cells compared to the control group. A 28-day in vivo study demonstrated that the combination
of doxorubicin hydrochloride with the LyP-1-modified SMEDDS system significantly slowed the
growth of breast cancer cells in mice and markedly reduced tumor cell metastasis and mouse mortality,
further validating the effectiveness of the LyP-1-modified SMEDDS system for delivering
chemotherapy drugs [29]. Considering these positive results, future research might explore
optimizing the LyP-1 drug delivery system through different carrier systems and targeting molecules.
This could include testing new biocompatible materials or developing more precise targeting
mechanisms to enhance treatment outcomes and reduce potential side effects.
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In the field of drug development, PROTACSs represent a promising new strategy for drug
development. As previously mentioned, facing limitations such as solubility, tissue selectivity, and
penetration abilities of traditional PROTACs in tumor tissues, He et al. have conjugated the
cyclopeptide iRGD with PROTACSs. This conjugation effectively overcomes these deficiencies,
enhancing the solubility, tissue selectivity, and penetration of PROTACSs in tumor tissues, thereby
improving their anticancer effects [21]. Nonetheless, further in-depth studies on the long-term safety
and potential side effects of the IRGD-PROTACSs conjugates are crucial to ensure the safety of these
new therapies for successful clinical applications.

In recent years, Cell Penetrating Peptides (CPPs) have shown enormous potential for efficiently
delivering drugs into cells, but they face challenges such as poor stability and low specificity [30].
To overcome these issues, cyclic Cell Penetrating Peptides (cCPPs) have emerged. cCPPs offer higher
cell penetration, protease resistance, and specificity [30]. Park et al. have considered that cCPPs could
compensate for the drawbacks of the drug cabazitaxel (CBT), known for its poor pharmacokinetics.
They conjugated CBT with cCPPs using ester bonds and linked integrin-targeting peptides (RGDC,
TP1) and fibronectin-targeting peptides (CTVRTSAD, TP2) through disulfide bonds. The results
showed that compared to the control group, the conjugates TP1-cCPP-CBT and TP2-cCPP-CBT
reduced the proliferative activity of integrin and EDB-Fn overexpressing cancer cell lines by about
3-4 times, but reduced the proliferative activity against normal tissue cells by 31-34 times [31].
Although this strategy reduced damage to cancer cell lines, it increased targeting specificity and
environmental sensitivity, thereby better protecting normal tissue cells. This strategy could be
expanded to develop composite conjugate systems containing multiple drugs to target several
biomarkers of tumors, thus improving the comprehensiveness and efficiency of treatment.

3.2. How to deliver anticancer cyclopeptides?

The cyclic hexapeptide RA-V, as previously mentioned, has limited application in tumor treatment
in vivo due to its low solubility under physiological conditions [12]. To address this issue, Qiao et al.
have utilized a copolymer poly(p-amino ester) capable of loading RA-V. This copolymer can
autonomously form micelle-like nanoparticles in a pH 7.4 aqueous solution. Loading RA-V into the
hydrophobic core of the micelles not only enhances its solubility but also maintains stability under
neutral conditions. Moreover, the carrier's acid-triggered copolymer ionization can accelerate drug
release, exhibiting significant anticancer effects against breast cancer cells, and the micelles
themselves are non-toxic [32]. This technique's successful application to RA-V provides a potential
method to enhance the efficacy of other anticancer drugs with similar solubility issues. Applying this
strategy to other drugs, especially those whose clinical applications are limited by low solubility,
could open new therapeutic possibilities.

In research on triple-negative breast cancer, Maisa Siddig Abduh developed a nanomedicine
delivery technology, namely a CD44-targeted cyclosporine A-loaded thiolated chitosan nanoparticle
formulation. Thiolated chitosan, obtained by introducing thiol groups into chitosan, enhances
adhesion and penetration capabilities. As the surface ligand of the nanoparticles, hyaluronic acid
can specifically bind to the CD44 receptor overexpressed on tumor cells. This nanomedicine
effectively encapsulates cyclosporine A within thiolated chitosan through ionic gelation technology,
protecting cyclosporine A from degradation and enabling controlled release upon reaching the target,
enhancing treatment efficiency and reducing toxicity to normal cells [10]. To ensure the safety of
long-term treatment, future research should focus on the biocompatibility and biodegradability of
nanodelivery systems. Developing nanocarriers that can safely degrade in the body to avoid potential
side effects from long-term accumulation, while maintaining effective drug release performance, is
essential.
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4. Conclusions and Prospects

This article reviews the application and progress of cyclopeptides in breast cancer treatment and
discusses innovative developments in delivery systems for breast cancer research.Due to their unique
closed-loop structure, cyclopeptides offer higher stability and selectivity than linear peptides,
demonstrating substantial potential in anticancer therapy. Various types of cyclopeptides not only
effectively inhibit tumor cell growth and migration but also induce tumor cell apoptosis through
multiple mechanisms, including the suppression of key oncogene expression and blocking of critical
cellular signaling pathways. Innovative nanomedicine delivery systems and self-microemulsifying
systems utilize the high targeting and penetration capabilities of cyclopeptides, significantly
improving therapeutic effects while reducing toxic impacts on healthy cells. The development of
these systems has optimized drug distribution and release in the body, enhancing drug bioavailability
and efficacy.

Despite significant progress, the application of cyclopeptides in breast cancer treatment still faces
several challenges. The issues of large-scale synthesis and high costs need to be addressed to facilitate
their broader clinical application. What’s more, the effects and mechanisms of combining
cyclopeptides with existing treatments require further exploration to optimize treatment regimens and
enhance efficacy. To propel the field forward future investigations should focus on key areas of
development. Firstly, efficient synthesis and production technologies must be developed to streamline
the manufacturing process and reduce costs. Secondly, overcoming multidrug resistance in tumors is
crucial, necessitating the creation of innovative drug delivery systems. Biocompatibility and safety
concerns related to the use of nanomedicine delivery technologies also warrant thorough examination.
Lastly, increased emphasis on preclinical and clinical trials is essential to evaluate the safety, efficacy
and ideal usage of cyclopeptides and their delivery systems. It is anticipated that through dedicated
research and development efforts in these areas cyclopeptides and their targeted delivery systems will
revolutionize the landscape of breast cancer treatment, potentially extending their impact to a wider
range of cancers in the future.

References

[1] Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries .CA Cancer J Clin. 2024;74(3): 229-263.

[2] Wu, Q.; Siddharth, S.; Sharma, D. Triple negative breast cancer: a mountain yet to be scaled despite the
triumphs. Cancers 2021, 13, 3697.

[3] Costa L, Sousa E, Fernandes C. Cyclic peptides in pipeline: what future for these great molecules?
Pharmaceuticals (Basel). 2023 Jul 12;16(7):996.

[4] Sharma K, Sharma KK, Sharma A, Jain R. Peptide-based drug discovery: current status and recent
advances. Drug Discov Today. 2023 Feb;28(2):103464.

[5] Hayes HC, Luk LYP, Tsai YH. Approaches for peptide and protein cyclisation. Org Biomol Chem. 2021
May 12;19(18):3983-4001.

[6] Zhang H, Chen S. Cyclic peptide drugs approved in the last two decades (2001-2021). RSC Chem Biol.
2021 Nov 5;3(1):18-31.

[7] Craik DJ. Chemistry. Seamless proteins tie up their loose ends. Science. 2006 Mar 17;311(5767):1563-4.

[8] Yang H, Li S, Li W, Yang Y, Zhang Y, Zhang S, Hao Y, Cao W, Xu F, Wang H, Du G, Wang J.
Actinomycin D synergizes with doxorubicin in triple-negative breast cancer by inducing P53-dependent
cell apoptosis. Carcinogenesis. 2024 Apr 12;45(4):262-273.

[9] Jiang K, He B, Lai L, Chen Q, Liu Y, Guo Q, Wang Q. Cyclosporine A inhibits breast cancer cell growth
by downregulating the expression of pyruvate kinase subtype M2. Int J Mol Med. 2012 Aug;30(2):302-8.

[10] Fang XY, Chen W, Fan JT, Song R, Wang L, Gu YH, Zeng GZ, Shen Y, Wu XF, Tan NH, Xu Q, Sun Y.
Plant cyclopeptide RA-V Kkills human breast cancer cells by inducing mitochondria-mediated apoptosis
through blocking PDK1-AKT interaction. Toxicol Appl Pharmacol. 2013 Feb 15;267(1):95-103.

383



Highlights in Science, Engineering and Technology FENBC 2024
Volume 109 (2024)

[11] Myrberg H, Zhang L, M& M, Langel U. Design of a tumor-homing cell-penetrating peptide. Bioconjug
Chem. 2008 Jan;19(1):70-5.

[12] Balachandran P, Ibrahim MA, Zhang J, Wang M, Pasco DS, Muhammad I. Crosstalk of cancer signaling
pathways by cyclic hexapeptides and anthraquinones from rubia cordifolia. Molecules. 2021 Jan
31;26(3):735.

[13] Leung HW, Wang Z, Yue GG, Zhao SM, Lee JK, Fung KP, Leung PC, Lau CB, Tan NH. Cyclopeptide
RA-V inhibits cell adhesion and invasion in both estrogen receptor positive and negative breast cancer
cells via PI3K/AKT and NF-«kB signaling pathways. Biochim Biophys Acta. 2015 Aug;1853(8):1827-40.

[14] Xiong S, Mu T, Wang G, Jiang X. Mitochondria-mediated apoptosis in mammals. Protein Cell. 2014
Oct;5(10):737-49.

[15] Siboni RB, Nakamori M, Wagner SD, Struck AJ, Coonrod LA, Harriott SA, Cass DM, Tanner MK,
Berglund JA. Actinomycin D specifically reduces expanded CUG repeat RNA in myotonic dystrophy
models. Cell Rep. 2015 Dec 22;13(11):2386-2394.

[16] Das T, Nair RR, Green R, Padhee S, Howell M, Banerjee J, Mohapatra SS, Mohapatra S. Actinomycin D
down-regulates SOX2 expression and induces death in breast cancer stem cells. Anticancer Res. 2017
Apr;37(4):1655-1663.

[17] Mauro-Lizcano M, Sotgia F, Lisanti MP. SOX2-high cancer cells exhibit an aggressive phenotype, with
increases in stemness, proliferation and invasion, as well as higher metabolic activity and ATP production.
Aging (Albany NY). 2022 Dec 22;14(24):9877.

[18] Lin S, Zhang C, Liu F, Ma J, Jia F, Han Z, Xie W, Li X. Actinomycin V Inhibits Migration and Invasion
via Suppressing Snail/Slug-Mediated Epithelial-Mesenchymal Transition Progression in Human Breast
Cancer MDA-MB-231 Cells In Vitro. Mar Drugs. 2019 May 24;17(5):305.

[19] Nieman MT, Prudoff RS, Johnson KR, Wheelock MJ. N-cadherin promotes motility in human breast
cancer cells regardless of their E-cadherin expression. J Cell Biol. 1999 Nov 1;147(3):631-44.

[20] Sugahara KN, Teesalu T, Karmali PP, Kotamraju VR, Agemy L, Girard OM, Hanahan D, Mattrey RF,
Ruoslahti E. Tissue-penetrating delivery of compounds and nanoparticles into tumors. Cancer Cell. 2009
Dec 8;16(6):510-20.

[21] He S, Fang Y, Wu M, Zhang P, Gao F, Hu H, Sheng C, Dong G. Enhanced tumor targeting and penetration
of proteolysis-targeting chimeras through iRGD peptide conjugation: a strategy for precise protein
degradation in breast cancer. J Med Chem. 2023 Dec 28;66(24):16828-16842.

[22] Wang X, Zhao Y, Yan M, Liang X, Zhao N, Lu T. iRGD mediated pH-responsive mesoporous silica
enhances drug accumulation in tumors. Eur J Pharm Sci. 2024 Apr 1;195:106725.

[23] Qian J, Zhou S, Lin P, Lei J, Zheng S, Xu W, Wang Y, Gao Z, Yang J. Recent advances in the tumor-
penetrating peptide internalizing RGD for cancer treatment and diagnosis. Drug Dev Res. 2023
Jun;84(4):654-670.

[24] Laakkonen P, Porkka K, Hoffman JA, Ruoslahti E. A tumor-homing peptide with a targeting specificity
related to lymphatic vessels. Nat Med. 2002 Jul;8(7):751-5.

[25] Song N, Zhao L, Zhu M, Zhao J. 99mTc-labeled LyP-1 for SPECT imaging of triple negative breast
cancer. Contrast Media Mol Imaging. 2019 Sep 25;2019:9502712.

[26] Xu W, Yang Y, Hu Z, Head M, Mangold KA, Sullivan M, Wang E, Saha P, Gulukota K, Helseth DL,
Guise T, Prabhkar BS, Kaul K, Schreiber H, Seth P. LyP-1-modified oncolytic adenoviruses targeting
transforming growth factor B inhibit tumor growth and metastases and augment immune checkpoint
inhibitor therapy in breast cancer mouse models. Hum Gene Ther. 2020 Aug;31(15-16):863-880.

[27] Zhang Y, Ouyang Z, Zhan M, Yang R, Gao Y, Li L, Guo R, Shi X, Cao X. An intelligent vascular
disrupting dendritic nanodevice incorporating copper sulfide nanoparticles for immune modulation-
mediated combination tumor therapy. Small. 2023 Sep;19(39):e2301914.

[28] Corrie.Cytotoxic chemotherapy: clinical aspects.Medicine,Volume 36, Issue 1,2008,Pages 24-28,ISSN
1357-3039.

[29] Timur SS, Y&yen-Ermis D, Esendagli G, Yonat S, Horzum U, Esendagh G, Giirsoy RN. Efficacy of a
novel LyP-1-containing self-microemulsifying drug delivery system (SMEDDS) for active targeting to
breast cancer. Eur J Pharm Biopharm. 2019 Mar; 136:138-146.

384



Highlights in Science, Engineering and Technology FENBC 2024
Volume 109 (2024)

[30] Park SE, Sajid MlI, Parang K, Tiwari RK. Cyclic Cell-Penetrating Peptides as Efficient Intracellular Drug
Delivery Tools. Mol Pharm. 2019 Sep 3;16(9):3727-3743.

[31] Park SE, El-Sayed NS, Shamloo K, Lohan S, Kumar S, Sajid MI, Tiwari RK. Targeted delivery of
cabazitaxel using cyclic cell-penetrating peptide and biomarkers of extracellular matrix for prostate and
breast cancer therapy. Bioconjug Chem.2021 Aug 18;32(8):1898-1914.

[32] Qiao ZY , Zhang D, Hou CY , Zhao SM , Liu Y, Gao YJ, Tan NH , Wang H . A pH-responsive natural
cyclopeptide RA-V drug formulation for improved breast cancer therapy. J Mater Chem B. 2015 Jun
14;3(22):4514-4523.

385



