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Abstract:  Now a days, one of the most common type of cancer is breast cancer which can be mostly seen high natality rate 

in women worldwide. There are many types of treatment option for most cancers i.e., surgery, chemotherapy and radiology 

but most efficient and effective treatment is done by using nanotechnology. The centre of attention in this review is on 

various nanoparticles such as liposomes, polymeric nanoparticles, solid lipid nanoparticles as well as their applications in 

the treatment of breast cancer. In recent studies nanotechnology has been developed and having advance methods have 

been applied for the treatment various types of cancer. Currently this nanotechnology plays a vital role in the targeted drug 

delivery for the treatment of cancer. This nanoparticles mostly plays on tumors and involves the sustained release of drug 

to precise on particular sites so far it will improves the therapeutic efficiency of the relevant drug and decreases the toxicity 

in the particular site of tissues or organs and turn them into normal condition by activate the immune cells against the 

tumours. So these nanoparticles are promising advance tool for the cancer research & treatment. 
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 INTRODUCTION :  
People around the world mostly suffering from many types of cancer but the most efficient type of cancer is breast cancer. So in 

simple words one of the leading causes of natality rate in world wide is cancer which can be defined as  a disease that set about 

when there is a uncontrollable growth in  normal cells . It may develops in any site of body parts either lungs, breast or liver or 

tissue region .The WHO predicted that cancer will be burden as it increase day by day to 23.6 million annually.Thus the cancer 

treatment has become most prominent issue over the past several years. But one of the most hectic type of cancer is breast cancer 

globally. This kind of breast cancer  is due to on the basis of particular type of overgrowth of receptors present on the cancer cell 

membrane including progesterone & estrogen hormone receptors and HER2 receptors. If the PR-ER-HER2 shows positive breast 

cancer it can be said to have triple positive breast cancer. In Europe alone, ferlay et al. recently estimated that 1.7 million cancer 

deaths occurred and 3.2 million cancer cases were diagnosed .So the triple negative breast cancer can be determined by having 

neither PR/ER positivity nor HER2 positive. This has been reported that the primary cause for natality rate due to breast cancer is 

the result of its own potential metastasis to distant organs viz., liver ,lungs, lymph nodes, bones and brain.( carty et al.1995; 

grobmyer et al 2012) 

 

 
 

Fig.1 classification of breast cancer based on receptors 

 

Breast cancer is the most malignancy in women and this is the second leading cause of cancer related deaths among women and a 

brief account of the clinical development of inhibitors of poly(ADP-RIBOSE) POLYMERASE,CYCLINE dependent kinases 4 and 

6 phosphatidylinositol 3 kinase target of rapamycin pathway. Four major molecular subtypes viz., (i) luminal A [HR+/HER2-] ;  (ii) 

HER2+  ; (iii) luminal B [HR+/HER2+] ; (iv) Triple negative [TNBC ; HR_/HER2-] also overlap with the basal like subtype. 

Nanotechnology has been broadly used over last decades however the nanoparticle drug delivery is believed as  a promising tool 

for the delivery of drugs in cancer treatment due to its high loading capacity, efficacy, reduced toxicity and tolerability of drug 

loaded nanoparticles compared to standard chemotherapy drugs.The anti-cancer drugs loaded in nanoparticles can be widely used 

to actively or else passively to delivered the drugs near the site of tumors during breast cancer treatments (singh et al.2017 ).This 

review mostly focuses on the ability of nanoparticles while inject near the site of tumors in the treatment of breast cancer. 
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 Various types of nanoparticles have been used in the treatment of breast cancer : 

In brief, nanotechnology has widely developed to show their activity during the cancer treatment and it plays a vital role in the 

treatment strategies however some of the nanoparticles are used in the treatment of breast cancer viz., liposomes, micelles, polymeric 

nanoparticles, Solid Lipid nanoparticles & gold nanoparticles. 

 

                                           
Micelles                      liposomes                     polymeric                      solid lipid            goldnanoparticles  

                                                                                             

 Micelles : 

Micelles are colloidal particles, size around 10-100 nm which are currently under investigation as carriers for hydrophobic  

drugs in anti-cancer therapy and this micelles consists of two distinct regions hydrophilic head group and hydrophobic tail. The 

unique advantages of micelles are prolonged blood circulation flow, low toxicity & enhanced tumour aggregation. Many cancer 

drugs are encapsulated in micelles for insertion of drugs into breast cancer cells. For the first time, Batrakova et al. denoted 

that the exposure of cells to pluronic P85 resulted in a substantial decrease in ATP level selectivity in multidrug resistant (MDR) 

[Batrakova et al. 2001]    

 

 
Fig 2. Schematic diagram of micelles 

 

Anti-cancer drug Results References 

Dasatinib Dasatinib micelle exhibited 1.35 fold increase invitro cytotoxicity against 

triple negative human breast cancer cell line (MDA-MB-231) 

Sabra et al. (2019) 

Paclitaxel/cisplatin This micelles showed more active than either of the single drug IC50 of 

cisplatin micelle was about 0.25µg/mL 

Wan et al. (2019) 

Docetaxel The therapeutic effects of docetaxel could be enhanced by micelle 

formulation which were 205. 

Kutty and feng 

(2013) 

Doxorubicin The IC50 value were found to be 0.13 µg/ML for encapsulated doxorubicin. Rosch et al. 

(2019) 

                                          Tab.1 Anti-cancer drug delivery in Breast cancer by micelles  

 Liposomes : 

Liposome based chemotherapeutics used in the treatment of breast cancer. Liposomal preparation composed of relatively high 

phase transition temperature phospholipid hydrogenated soy phosphatidycholine (HSPC) and cholesterol resulting in a stable 

DDS with enhanced bilayer rigidity. A paclitaxel nanoliposome formulation was prepared using phosphatidylcholine and 

cholesterol, the cytotoxicity of this liposome was evaluated in MCF-7 breast cancer cells. 
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Fig.3 Schematic diagram of liposomes 

 

Anti-cancer drug Results References 

Doxorubicin The liposome nanoparticle of doxorubicin provided 1500- fold higher plasma 

and 20 fold higher intracranial tumor. 

Anders et al. 

(2013) 

Paclitaxel Liposomes were more cytotoxic to the 4TI breast cancer cell than the free and 

co-encapsulated of two drugs in liposomes . 

Franco et al. (2019) 

Quercetin Liposomes formulation were physically stable and enhance quercetin 

solubility. 

Wong and chiu 

(2010) 

                               Tab.2 Anti-cancer drug delivery in Breast cancer by Liposomes  

 

 Polymeric Nanoparticles : 

Polymeric nanoparticles are solid colloidal system, particle size less than 200 nm in which  

Anti-cancer drugs are dissolved, entrapped, encapsulated or adsorbed into the composition of the polymer matrix (joshi et al. 

2015). To enhance the solubility and bio-availability of psoralen which is a promising anticancer drug that is limited by its poor 

aqueous solubility and bio-availability. Polymeric nanoparticles containing tamoxifen nanoparticles and in vivo biodistribution 

was evaluated in NU/NU (Shenoy and Amiji)                       

 

                            
                                               Fig.4 schematic diagram of polymeric nanoparticles 

 

Anti-cancer drug Results    References 

 

Psoralen  

The tumor weight after administration of psoralen polymeric 

nanoparticles(<1g) indicates decreasing with control group(~4g) 

Du et al.(2019) 

Tamoxifen Nanoparticles exhibited significantly increased drug aggregation levels 

within tumors. 

Shenoy and amiji 

(2005) 

                 Tab.3 Anti-cancer drug delivery in Breast cancer by polymeric nanoparticle 

 Solid lipid Nanoparticles : 

Solid lipid nanoparticles are composed of lipids,emulsifier and water/solvent. They are a novel drug delivery system and a 

novel formulation. The most common ingredients used to formulate SLNs are solid lipid(s),surfactants/co-surfactant(s) or 

emulsifier/co emulsifier(s), solvents or co-solvents and active ingredients. The selection of emulsifier depends on the type and 

route of delivery. The SLNs accumulation can be reduced by inclusion of cryoprotectants and facilitates to redisperse freeze 

dried nanoparticles. 
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Fig.5.1 Solid lipid nanoparticles 

 

Guney Eskiler et al. made tamoxifen SLNs using stearic acid and tween 80 to evaluated the SLNs in MCf-7 tam resistant breast 

cancer cells .The addition of 2-hydroxypropyl-β-cyclodextrin in SLNs for improving the bioavailability, cellular uptake and anti-

cancer activity of paclitaxel in MCF-7 breast cancer cells via modification of the paclitaxel (cho et al.2015). 

 

Anticancer drugs Results References 

Tamoxifen The maximum cytotoxicity against R<-> Cells was 72.6 % whereas 

the highest cytotoxicity on R cells was 81.8%.  

Guney Eskiler et al. 

(2018) 

Doxorubicin This type of SLNs reduced cytotoxicity, arrested cell cycle 

progression in the G2/M stage and persuade  more apoptosis in MCF-

7 cells at a low dose compared to the control. 

Kang et al.(2010) 

Paclitaxel Paclitaxel SLNs showed remarkably enhanced anticancer activity in 

MCF-7/ADR compared to paclitaxel delivered in dimethyl sulfoxide. 

Xu et al. (2018) 

Tab.4  Anti-cancer drug delivery in Breast cancer by solid lipid nanoparticles. 

 

 
Fig. 5.2 schematic diagram of solid lipid nanoparticles 

 

 Gold Nanoparticles : 

Gold nanoparticles are developed by a synthetic method for creating AuNPs in 1951 by tending hydrogen tetra-chloroaurate 

with citric acid in boiling water where the citrate acts as both reducing and stabilizing agent.This nanoparticles are in wine red 

colour and are inert,non-toxic contains a gold core which are below 150 nm in size. 

 

 
Fig.6.1 Gold nanoparticles 

 

These nanoparticles were prepared and functionalized with a mixed monolayer of a zinc pthalocyanine and a lactose derivatives 

.(Gracia calavia et al. 2018). At a lower pH , the  release of chloro-quine from gold nanoparticles are suggested that the 

lysosomal uptake of chloro-quine will shows the cytotoxicity of nanoparticles in MCF-7 breast cancer cells which depends 

mostly on concentration.(Joshi et al.2012), However the anticancer activity towards MCF-7 breast cancer cells increased . 

Anticancer drugs  Results References 

Chloro-quine This gold particles exhibits the concentration 

dependent cytotoxicity in MCF-7 breast cancer . 

Joshi et al.(2012) 

Docetaxel This gold nanoparticles were found to be 2.5 fold 

more efficient than docetaxel alone against MCF -7 

. 

Fracois et al.(2011) 

Tab.5 Anti-cancer drug delivery in Breast cancer by gold particles 
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Fig 6.2 Schematic diagram of gold nanoparticles 

 Conclusion : 

At present, this nanotechnology is widely used. The nanoparticle research also widely increased for the treatment of breast 

cancer and has been priorly focused on using targeted ligands so far to achieve high accumulation with the tumors. This plays 

a best and vital role as cell surface receptor on breast cancer cells and HER2 receptor  which can be moderately used as an 

effective target for traditional anticancer drugs such as paclitaxel, docetaxel and doxorubicin. The preparation of nanoparticles 

mostly by using targeting ligands and this can be based on their treatment efficiency and to avoid toxicity in normal cells. 

Finally these nanoparticles are promising tools for the treatment of various types of  cancer around the world. 

 

REFERENCES: 

1. Chaturvedi, V.K.; Singh, A.; Singh, V.K.; Singh, M.P. Cancer nanotechnology: a new revolution for cancer diagnosis and 

therapy. Curr. Drug Metab. 2019, 20, 416-429, 

https://doi.org/10.2174/1389200219666180918111528. 

 

2. Nagini, S. Breast cancer: current molecular therapeutic targets and new players. Anticancer Agents Med.Chem. 2017, 17, 

152-163, https://doi.org/10.2174/1871520616666160502122724. 

3. Hou, X.; Shou, C.; He, M.; Xu, J.; Cheng, Y.; Yuan, Z.; Lan, M.; Zhao, Y.; Yang, Y.; Chen, X.; Gao, F. A combination of 

LightOn gene expression system and tumor microenvironment-responsive nanoparticle delivery system for targeted breast 

cancer therapy. Acta Pharm. Sin. B. 2020, 10, 1741-1753, 

https://doi.org/10.1016/j.apsb.2020.04.010. 

 

4. Yin, L.; Duan, J.J.; Bian, X.W.; Yu, S.C. Triple-negative breast cancer molecular subtyping and treatment progress. Breast 

Cancer Res. 2020, 22, https://doi.org/10.1186/s13058-020-01296-5. 

5.  Uzelac, B.; Krivokuca, A.; Brankovic-Magic, M.; Magic, Z.; Susnjar, S.; Milovanovic, Z.; Supic, G. Expression of SIRT1, 

SIRT3 and SIRT6 genes for predicting survival in triple-negative and hormone receptor-positive subtypes of breast cancer. 

Pathol. Oncol. Res. 2020, 26, 2723-2731, https://doi.org/10.1007/s12253-020-00873-5 

 

6. Li, C.; Li, J.; Xu, Y.; Zhan, Y.; Li, Y.; Song, T.; Zheng, J.; Yang, H. Application of phage-displayed peptides in tumor 

imaging diagnosis and targeting therapy. Int. J. Pept. Res. Ther. 2020, 1-9, https://doi.org/10.1007/s10989-020-10108-5. 

 

7. Moo, T.A.; Sanford, R.; Dang, C.; Morrow, M. Overview of breast cancer therapy. PET Clinics 2018, 13, 339-354. 

https://doi.org/10.1016/j.cpet.2018.02.006 

 

8.  Waks, A.G.; Winer, E.P. Breast cancer treatment: a review. Jama 2019, 321, 288-300, 

https://doi.org/10.1001/jama.2018.19323. 

 

9. Sharma, G.N.; Dave, R.; Sanadya, J.; Sharma, P.; Sharma, K.K. Various types and management of breast cancer: an 

overview. J. Adv. Pharm. Technol. Res. 2010, 1, 109-126. 

 

10. Schmid, P.; Cortes, J.; Pusztai, L.; McArthur, H.; Kümmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.;Harbeck, N.; 

Takahashi, M.; Foukakis, T.; Fasching, P.A.; Cardoso, F.; Untch, M.; Jia, L.; Karantza, V.;Zhao, J.; Aktan, G.; Dent, R.; 

O’Shaughnessy, J.; KEYNOTE-522Investigators. Pembrolizumab for early 

triple-negative breast cancer. New Eng. J. Med. 2020, 382, 810-821,  

https://doi.org/10.1056/NEJMoa1910549. 

 

11. Lee, K.L.; Kuo, Y.C.; Ho, Y.S.; Huang, Y.H. Triple-negative breast cancer: Current understanding and future therapeutic 

breakthrough targeting cancer stemness. Cancers 2019, 11, 

https://doi.org/10.3390/cancers11091334. 

http://www.ijrti.org/
https://doi.org/10.2174/1389200219666180918111528
https://doi.org/10.2174/1871520616666160502122724
https://doi.org/10.1016/j.apsb.2020.04.010
https://doi.org/10.1186/s13058-020-01296-5
https://doi.org/10.1007/s12253-020-00873-5
https://doi.org/10.1007/s10989-020-10108-5
https://doi.org/10.1016/j.cpet.2018.02.006
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.3390/cancers11091334


                                                        © 2022 IJRTI | Volume 7, Issue 6 | ISSN: 2456-3315 

IJRTI2206039 International Journal for Research Trends and Innovation (www.ijrti.org) 226 

 

12. Qin, J.J.; Yan, L.; Zhang, J.; Zhang, W.D. STAT3 as a potential therapeutic target in triple negative breastcancer: a 

systematic review. J. Exp. Clin. Cancer Res. 2019, 38, https://doi.org/10.1186/s13046-019-1206-z. 

13.  Nagayama, A.; Vidula, N.; Ellisen, L.; Bardia, A. Novel antibody-drug conjugates for triple negative breast cancer. Ther. 

Adv. Med. Oncol. 2020, 12, https://doi.org/10.1177/1758835920915980. 

14. Lev, S. Targeted therapy and drug resistance in triple-negative breast cancer: the EGFR axis. Biochem. Soc. Trans. 2020, 

48, 657-665, https://doi.org/10.1042/BST20191055. 

15. Jain, V.; Kumar, H.; Anod, H.V.; Chand, P.; Gupta, N.V.; Dey, S.; Kesharwani, S.S. A review of nanotechnology-based 

approaches for breast cancer and triple-negative breast cancer. J. Control. Release 2020, 326, 628-647, 

https://doi.org/10.1016/j.jconrel.2020.07.003. 

16.  Bardia, A.; Mayer, I.A.; Vahdat, L.T.; Tolaney, S.M.; Isakoff, S.J.; Diamond, J.R.; O’Shaughnessy, J.;Moroose, R.L.; 

Santin, A.D.; Abramson, V.G.; Shah, N.C.; Rugo, H.S.; Goldenberg, D.M.; Sweidan, A.M. Iannone, R.; Washkowitz, S.; 

Sharkey, R.M.; Wegener, W.A.; Kalinsky, K. Sacituzumab govitecan-hziy in refractory metastatic triple-negative breast 

cancer. New Eng. J. Med. 2019, 380, 741-751,  

https://doi.org/10.1056/NEJMoa1814213. 

17. Henriksen, E.L.; Carlsen, J.F.; Vejborg, I.M.; Nielsen, M.B.; Lauridsen, C.A. The efficacy of using computer-aided 

detection (CAD) for detection of breast cancer in mammography screening: a systematic review. Acta Radiologica 2019, 

60, 13-18, https://doi.org/10.1177/0284185118770917. 

18. Houssami, N.; Kirkpatrick-Jones, G.; Noguchi, N.; Lee, C.I. Artificial Intelligence (AI) for the early detection of breast 

cancer: a scoping review to assess AI’s potential in breast screening practice. Expert Rev. Med. Devices 2019, 16, 351-

362, https://doi.org/10.1080/17434440.2019.1610387. 

19. Liu, Y.; Kohlberger, T.; Norouzi, M.; Dahl, G.E.; Smith, J.L.; Mohtashamian, A.; Olson, N.; Peng, L.H. Hipp, J.D.; 

Stumpe, M.C. Artificial intelligence-based breast cancer nodal metastasis detection: Insights into the black box for 

pathologists. Arch. Pathol. Lab. Med. 2019, 143, 859-868, 

https://doi.org/10.5858/arpa.2018-0147-OA. 

20. Chitalia, R.D.; Kontos, D. Role of texture analysis in breast MRI as a cancer biomarker: A review. J. Mag. Reson. Imaging 

2019, 49, 927-938, https://doi.org/10.1002/jmri.26556. 

21.  Abbaci, M.; Conversano, A.; De Leeuw, F.; Laplace-Builhé, C.; Mazouni, C. Near-infrared fluorescence imaging for the 

prevention and management of breast cancer-related lymphedema: a systematic review. Eur. J. Surg. Oncol. 2019, 45, 

1778-1786, https://doi.org/10.1016/j.ejso.2019.06.009. 

22. Sheth, D.; Giger, M.L. Artificial intelligence in the interpretation of breast cancer on MRI. J. Magn. Reson. Imaging 2020, 

51, 1310-1324, https://doi.org/10.1002/jmri.26878. 

23. Alimirzaie, S.; Bagherzadeh, M.; Akbari, M.R. Liquid biopsy in breast cancer: A comprehensive review. Clin. Genet. 

2019, 95, 643-660, https://doi.org/10.1111/cge.13514. 

24. Sheth, D.; Giger, M.L. Artificial intelligence in the interpretation of breast cancer on MRI. J. Mag. Reson. Imaging 2020, 

51, 1310-1324, https://doi.org/10.1002/jmri.26878. 

25. He, Z.; Chen, Z.; Tan, M.; Elingarami, S.; Liu, Y.; Li, T.; Deng, Y.; He, N.; Li,, S.; Fu, J.; Li, W. A review on methods 

for diagnosis of breast cancer cells and tissues. Cell Prolif. 2020, 53, https://doi.org/10.1111/cpr.12822. 

26. Pesapane, F.; Downey, K..; Rotili, A.; Cassano, E.; Koh, D.M. Imaging diagnosis of metastatic breast cancer. Insights 

Imaging 2020, 11, 1-14, https://doi.org/10.1186/s13244-020-00885-4. 

27.  Rahbar, H.; Lee, J.M.; Lee, C.I. Optimal screening in breast cancer survivors with dense breasts on mammography. J. 

Clin. Oncol. 2020, 38, 3833-3840, https://doi.org/10.1200/JCO.20.01641. 

28. Sakurai, Y.; Akita, H.; Harashima, H. Targeting tumor endothelial cells with nanoparticles. Int. J. Mol. Sci.2019, 20, 

https://doi.org/10.3390/ijms20235819. 

29.  Salama, L.; Pastor, E.R.; Stone, T.; Mousa, S.A. Emerging nanopharmaceuticals and nanonutraceuticals in cancer 

management. Biomedicines 2020, 8, https://doi.org/10.3390/biomedicines8090347. 

30. Hida, K.; Maishi, N.; Sakurai, Y.; Hida, Y.; Harashima, H. Heterogeneity of tumor endothelial cells and drug delivery. 

Adv. Drug Deliv. Rev. 2016, 99, 140-147, https://doi.org/10.1016/j.addr.2015.11.008. 

31.  Yao, Y.; Zhou, Y.; Liu, L.; Xu, Y.; Chen, Q.; Wang, Y.; Wu, S.; Deng, Y.; Zhang, J.; Shao, A. Nanoparticle-based drug 

delivery in cancer therapy and its role in overcoming drug resistance. Front Mol. Biosci. 2020,7, 

https://doi.org/10.3389/fmolb.2020.00193. 

32.  Nair, P.R. Delivering combination chemotherapies and targeting oncogenic pathways via polymeric drug delivery 

systems. Polymers (Basel) 2019, 11, https://doi.org/10.3390/polym11040630. 

33.  Wong, K.H.; Chen, A.L.X.; Yang, Z. Natural ingredient-based polymeric nanoparticles for cancer treatment.Molecules 

2020, 25, https://doi.org/10.3390/molecules25163620. 

34.  Lan, H.; Zhang, W.; Jin, K.; Liu, Y.; Wang, Z. Modulating barriers of tumor microenvironment through 

nanocarrier systems for improved cancer immunotherapy: a review of current status and future perspective.Drug Deliv. 

2020, 27, 1248-1262, https://doi.org/10.1080/10717544.2020.1809559. 

35. Kamaruzman, N.I.; Aziz, N.A.; Poh, C.L.; Chowdhury, E.H. Oncogenic signaling in tumorigenesis and applications of 

siRNA nanotherapeutics in breast cancer. Cancers (Basel) 2019, 11, https://doi.org/10.3390/cancers11050632. 

36.  Carty NJ, Foggitt A, Hamilton CR et al (1995) Patterns of clinical metastasis in breast cancer: an analysis of 100 patients. 

Eur J Surg Oncol 21:607–608 

http://www.ijrti.org/
https://doi.org/10.1186/s13046-019-1206-z
https://doi.org/10.1177/1758835920915980
https://doi.org/10.1042/BST20191055
https://doi.org/10.1016/j.jconrel.2020.07.003
https://doi.org/10.1056/NEJMoa1814213
https://doi.org/10.1177/0284185118770917
https://doi.org/10.1080/17434440.2019.1610387
https://doi.org/10.5858/arpa.2018-0147-OA
https://doi.org/10.1002/jmri.26556
https://doi.org/10.1016/j.ejso.2019.06.009
https://doi.org/10.1002/jmri.26878
https://doi.org/10.1111/cge.13514
https://doi.org/10.1002/jmri.26878
https://doi.org/10.1111/cpr.12822
https://doi.org/10.1186/s13244-020-00885-4
https://doi.org/10.1200/JCO.20.01641
https://doi.org/10.3390/ijms20235819
https://doi.org/10.3390/biomedicines8090347
https://doi.org/10.1016/j.addr.2015.11.008
https://doi.org/10.3389/fmolb.2020.00193
https://doi.org/10.3390/polym11040630
https://doi.org/10.3390/molecules25163620
https://doi.org/10.1080/10717544.2020.1809559
https://doi.org/10.3390/cancers11050632


                                                        © 2022 IJRTI | Volume 7, Issue 6 | ISSN: 2456-3315 

IJRTI2206039 International Journal for Research Trends and Innovation (www.ijrti.org) 227 

 

37. Cho CW, Baek JS, Kim JH, Park JS (2015) Modifcation of pacli-taxel-loaded solid lipid nanoparticles with 2-

hydroxypropyl-beta-cyclodextrin enhances absorption and reduces nephrotoxicity associated with intravenous injection. 

Int J Nanomed. https://doi.org/10.2147/IJN.S86474. 

38. Choi JS, Park JS (2017) Surface modifcation of docetaxel nanocrystals with HER2 antibody to enhance cell growth 

inhibition in breast cancer cells. Colloids Surf B Biointerfaces 159:139–150. 

https://doi.org/10.1016/j.colsurfb.2017.07.064. 

39. Choi JS, Jang WS, Park JS (2018a) Comparison of adsorption and conjugation of Herceptin on poly(lactic-co-glycolic 

acid) nanoparticles—efect on cell internalization in breast cancer cells. Mater Sci Eng C 92:496–507. 

https://doi.org/10.1016/j.msec.2018.06.059. 

40. Choi J, Lee SE, Park JS, Kim SY (2018b) Gold nanorod-photosensi-tizer conjugates with glutathione-sensitive linkages 

for synergistic cancer photodynamic/photothermal therapy. Biotechnol Bioeng 115:1340–1354. 

https://doi.org/10.1002/bit.26536. 

41. Chu B, Shi S, Li X et al (2016) Preparation and evaluation of ten-iposide-loaded polymeric micelles for breast cancer 

therapy. Int J Pharm 513:118–129. https://doi.org/10.1016/j.ijpharm.2016.09.005. 

42. Colleoni M, Rocca A, Sandri MT et al (2002) Low-dose oral metho-trexate and cyclophosphamide in metastatic breast 

cancer: anti-tumor activity and correlation with vascular endothelial growth factor levels. Ann Oncol 13:73–80. 

https://doi.org/10.1093/annonc/mdf013. 

43. Du M, Ouyang Y, Meng F et al (2019) Polymer-lipid hybrid nanoparticles: a novel drug delivery system for enhancing the 

activity of psoralen against breast cancer. Int J Pharm 561:274–282. https://doi.org/10.1016/j.ijpharm.2019.03.006. 

44. Eloy JO, Petrilli R, Topan JF et al (2016) Co-loaded paclitaxel/rapamycin liposomes: development, characterization and 

in vitro and in vivo evaluation for breast cancer therapy.Colloids Surf B Biointerfaces 141:74–82. 

https://doi.org/10.1016/j.colsurfb.2016.01.032. 

45. Esfahani MKM, Alavi SE, Movahedi F et al (2013) Cytotoxicity of liposomal paclitaxel in breast cancer cell line MCF-7. 

Indian J Clin Biochem 28:358–360. https://doi.org/10.1007/s12291-013-0296-1. 

http://www.ijrti.org/
https://doi.org/10.2147/IJN.S86474
https://doi.org/10.1016/j.colsurfb.2017.07.064
https://doi.org/10.1016/j.msec.2018.06.059
https://doi.org/10.1002/bit.26536
https://doi.org/10.1016/j.ijpharm.2016.09.005
https://doi.org/10.1093/annonc/mdf013
https://doi.org/10.1016/j.ijpharm.2019.03.006
https://doi.org/10.1016/j.colsurfb.2016.01.032
https://doi.org/10.1007/s12291-013-0296-1

