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Breast cancer (BC) is the most common type of malignancy which covers almost one-fourth of all the cancers diagnosed

in women. Conventionally, chemo-, hormonal-, immune-, surgery, and radiotherapy are the clinically available therapies

for BC. However, toxicity and other related adverse effects are still the major challenges. A variety of nanoplatforms have

been reported to overcome these limitations, among them, exosomes provide a versatile platform not only for the

diagnosis but also as a delivery vehicle for drugs. Exosomes are biological nanovesicles made up of a lipidic bilayer and

known for cell-to-cell communication. Exosomes have been reported to be present in almost all bodily fluids, viz., blood,

milk, urine, saliva, pancreatic juice, bile, peritoneal, and cerebrospinal fluid.
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1. Biomarkers

Exosomes play a crucial role in intracellular communication by directly binding with surface receptors or transferring their

contents to another cell . The presence of exosomal RNA was embroiled as proof for the horizontal transfer of genetic

information between different cell types . Valenti et al., 2006 and Whiteside et al., 2013 demonstrated that exosomes

can transfer cellular RNA as well as miRNA which indicated that the tumor exosomes showed some functional effects

including the suppression of the mRNA which codes for signal transduction components within the T-cell . Exosomes

secreted from cancer cells show a higher number of RNA due to the higher production of mRNA and miRNA and thus the

miRNA may reflect the parental tumor signature. As a result, miRNA expression profiling could be used as a biomarker in

diseases, including some cancers specifically in those cancers that lack specific molecular biomarkers.

Baroni et al., 2016 observed that cancer cell-secreted miR-9 could be carried by the exosomes to the healthy fibroblast

cells, and thus the uptake of miR-9 can convert the healthy fibroblast into cancer-associated cells, which further lead to

increased cell mortality of breast cancer cells . Recently, Shen, et al., 2021 observed elevated levels of exosomal miR-

7641 by using qRT-PCR and microarray in the plasma of patients suffering from breast cancer, which is considered a

potential diagnostic marker in breast cancer. They further demonstrated that the elevated levels of exosomal miR-7641

could promote tumor growth in vivo . In another study, Hannafon et al., 2016 observed an elevated level of exosomal

miR-21 and miR-1246 in plasma of breast cancer patients. This identification indicated their potential as a biomarker in

breast cancer . The higher levels of miRNA in breast cancer patients also represented chemo resistance. To confirm

this, Liu et al., 2021 isolated exosomes from MCF-7 cells which contained miR-9-5p. It was observed that MCF-

7/tamoxifen caused miR-9-5p inhibited apoptosis in cancer cells and increased the cell resistance to tamoxifen treatment

.

Recently, Hirschfeld and co-workers performed a comparative study in 69 breast cancer patients vs. healthy humans.

From the study, four highly expressed urine biomarkers (miR-424, miR-423, miR-660, and let7-i) were identified in breast

cancer patients, which represented 100% specificity and 98.6% sensitivity . The high levels of long non-codingRNAs

(IncRNA) and non-protein coding RNA (DANCR) are considered potential biomarkers in breast cancer. Shi et al., 2022

have discovered an elevated level of both IncRNA and DANCR in breast cancer patients as compared to healthy patients.

An analysis in a large group of BC patients is needed to further confirm the role of serum level of exo-IncRNA and DANCR

. Apart from the biological investigation Liu et al., 2021 performed a comprehensive bioinformatics analysis to discover

the highly expressed miRNA by gene expression omnibus. It was observed that the exosomes, tissues, and cells showed

upregulated levels of miR-21-5p. Furthermore, from the characteristic analysis, it was also confirmed that miR-21-5p could

be effectively differentiated in BC patients and healthy people with 87.7 sensitivity and 93.3% specificity .

Exosomal miRNA was also identified in serum, plasma of breast cancer patients, and in vitro cell culture that potentially

helped in the early detection of breast cancer. Nevertheless, the physiognomies of circulating tumor cells and cell-free

DNA (cf-DNA) related to cancer cell DNA are still unclear as compared to exosomal tumor biopsies. Additionally, cf-DNAs

carry mutations distinctively of the consistent tumor cells. However, the clearance of circulating DNA is usually observed in
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the kidney or liver, indicating the steadiness and pathogenicity of circulating DNA. Therefore, further investigation is

indispensable to discover the most targeted and promising set of miRNAs which is highly correlated with solid tumor RNA.

2. Drug Delivery in Breast Cancer

Exosomal drug delivery gained a lot of interest over the past decades because of the various advantages,  viz.,
biocompatibility, low toxicity, high stability, long-circulating half-life, and tissue targetability. In addition to being natural in

origin, they can also be used to deliver both hydrophilic and hydrophobic small molecules and macromolecules such as

nucleic acids and proteins.

2.1. Exosomal Delivery of Small Molecules

Exosomes have been used as a drug delivery system for the delivery of several small molecules of both hydrophilic and

hydrophobic nature. In several cases, exosomal delivery leads to a higher accumulation of drugs at targeted sites.

Exosomal delivery also improves the stability of small molecules and increases their stay in systemic circulation which

further improves the pharmacokinetics and thus the therapeutic efficacy. In the previous studies, here were able to deliver

different natural and synthetic compounds such as withaferin A, anthocyanidins, curcumin, paclitaxel, and docetaxel using

cow milk-derived exosomes . The drug loading was completed using simple incubation which also showed a

sustained release profile over time. It was also observed that the exosomes loaded with withaferin A and paclitaxel

exhibited lower IC  values as compared to free drugs in MDA-MB-231 breast cancer cells. In addition, exosomes also

demonstrated improved anti-tumor activity of tested compounds in vivo in tumor-bearing mice. Exosomes loaded with

withaferin A exhibited a significantly higher inhibitory effect on tumors as compared to free withaferin A . In previous

work, here have also successfully formulated paclitaxel-loaded exosomes derived from bovine milk to treat lung cancer.

The paclitaxel-loaded exosomes showed significantly higher tumor inhibition in comparison with free paclitaxel in a

xenograft model. Additionally, in comparison with free paclitaxel, the paclitaxel-loaded exosomes exhibited remarkably

lower systemic and immunogenic toxicities . Toffoli et al., 2015 delivered doxorubicin by using exosomes that were

derived from MDA-MB-231 and HCT-116 cell lines. However, in both in vitro and in vivo studies, the exosomal doxorubicin

showed the same effect as free doxorubicin but the cardiac toxicity was found to be reduced by exosomal doxorubicin

compared to free doxorubicin . On other hand, exosomal delivery of chemotherapeutic agents has improved the

ferroptosis in TNBC . Yu et al., 2019 successfully delivered erastin loaded exosomes into MDA-MB-231 cells, however,

the surface-modified exosomes with folate have shown more cellular uptake as compared to unmodified erastin loaded

exosomes .

2.2. Exosomal Delivery of Biologics

“Mother Nature” has beautifully loaded a variety of miRNA and other biologics into the exosomes and they are believed to

deliver this cargo to the recipient cells. This information ignited the scientific community to explore if the exogenous

genetic material/biologics can also be loaded and successfully delivered to the cells to have the desired therapeutic

efficacy in different disease conditions. Many successful reports came into the public domain which confirmed the

successful loading and then gene silencing by using milk exosomes from different sources, including bovine raw milk.

Among the different genetic materials, siRNA is a class of double-stranded RNAs that could regulate the expression of

specific genes by causing mRNA excision or restraining mRNA translation. However, siRNAs are not therapeutically

stable and tend to degrade quickly while in the systemic circulation, which makes it very difficult to deliver these siRNAs to

the target cell. There is siKRAS loaded into milk-derived exosomes was protected from enzymatic degradation and able to

inhibit the tumor growth in lung tumor xenografts . Alvarez-Erviti et al., 2011 first delivered siRNA by using exosomes as

a delivery vehicle. In this study, they used the mouse dendritic cell-derived exosomes and loaded them with siRNA of the

BACE1 gene . Recently Munagala et al., 2021 successfully delivered wild-type p   p   to mice and H1299 cells.

Interestingly they observed high expression of the P   gene in vitro . On the other hand, McAndrews et al., 2021

delivered CRISPR/Cas9 to target mutant Kras  to suppress the proliferation and inhibit tumor growth . Similarly,

Sheykhhasan et al., 2021 efficiently delivered miR-145 into breast cancer cells via exosomes to explore the role of miR-

145 in metastasis and apoptosis. In this study, the mesenchymal stem cell-derived exosomes were used for loading miR-

145. The exosomes showed enhanced inhibition of metastasis and increased apoptosis in breast cancer cells . In a

recent study, Xu et al., 2021 successfully delivered antisense oligonucleotide via exosomes to analyze their cellular

uptake study in MDA-MB-231 and HepG2 cell lines. Antisense oligonucleotide-loaded exosomes showed enhanced

HepG2 cell uptake as compared to the free oligonucleotide. It is worth mentioning that exosomes also possess an ability

to bypass the blood-brain barrier (BBB), hence, exosomes can also be used to deliver entrapped therapeutic moieties to

the CNS which may be a good opportunity to target the breast cancer metastasized to the brain . In another study, Lee

et al., 2011 overexpressed the major histocompatibility complex (MHC) class II protein in murine melanoma cell lines
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(B16F1) by transduction of the CIITA (Class II transactivator) gene. The exosomes were then isolated from the MHC-II

overexpressed B16F1 cell containing a large amount of MHC-II and tumor antigen TRP2. It was observed that this Exo-

CIITA exhibited a significantly improved anti-tumor immune response through solenocyte proliferation and IL-2 secretion

. 

2.3. Exosome Modification for Targeted Drug Delivery for Breast Cancer

One of the drawbacks of exosomal delivery is that the naturally secreted exosomes in the body can freely move across

the extracellular space and biofluids by free diffusion and are randomly internalized into accepter cells. For observing the

biodistribution of exosomes, Wiklander et al., 2015 labeled exosomes with DiR dye. It was observed that the exosomes

were accumulated in the liver, spleen, kidney, pancreas, and other organs administrated by tail vein which indicated

uncontrolled biodistribution of exosomes in vivo . Thus, it was inferred that the delivery of the exosome-loaded drugs to

specific targets may require some surface modifications. The modifications are performed in three ways: (1) ligand-

receptor binding-based targeted delivery, (2) pH gradient/surface charge-driven targeted delivery and (3) magnetism-

guided targeted delivery.

2.3.1. Ligand-Receptor Binding-Based Targeted Delivery

The ligand-receptor binding-based targeted delivery is the most widely reported targeting strategy in which a ligand is

attached over the surface of exosomes that recognizes its specific receptor overexpressed on the targeted site or cell.

Ligand-receptor binding-based targeted delivery has two types, namely (a) transfection-based ligand overexpression and

(b) chemical assembling of ligand on the exosomal surface.

2.3.2. Transfection-Based Ligand Overexpression

Cancer cells are characterized by uncontrolled proliferation, migration, abnormal elevation of cellular metabolisms, and

overexpression of certain kinds of proteins and receptors such as epidermal growth receptor factors (EGRF) . Ohno et

al., 2012 modified MDA-MB-231 cell lines to express the transmembrane domain (TD) of platelet-derived growth factor

receptor (PDGFR) by fusing with the GE11 peptide. PDGFR-TD enhances the expression of GE11 peptide on the surface

of the exosome which binds specially to overexpressed EGFR. Afterward, Luciferase-expressing HCC70 cells were

transplanted into the mammary fat pads of RAG2–/– mice and the GE11 expressed exosomes loaded with let-7a and

labeled with DiR dye were administrated systemically to the RAG2–/– mice. After 24 h of incubation, a large number of

accumulated exosomes were observed in the spleen and liver . Based on this study, various other studies were

performed to target the exosomes over other overexpressed moieties such as Lamp2b and phosphatidylserine .

2.3.3. Chemical Assembling of Ligand on Exosomal Surface

Chemical modification is a method that directly places ligands either on the membrane of donor cells or on the surface of

the exosomes by using chemical interactions. Functionalization by using covalent bond was supposed to be stable until

the functionalized exosomes reached the target site. In line with the hypothesis, it was observed that the folic acid-

modified exosomes showed a significant reduction in tumor size as well as immunotoxicity as compared to non-targeted

exosomes and available marketed paclitaxel formulation . Wang et al., 2017 first labeled the donor cell membrane

chemically with biotin and then labeled exosomes with avidin. Exosomes were then isolated by microfluidic devices and

loaded with doxorubicin. These dual targets showed strong targeting abilities towards the liver cancer model . Recently,

Li et al., 2020 delivered hyaluronic acid coupled doxorubicin exosomes to CD-44 overexpressed tumor cells, as hyaluronic

acid acts as a specific ligand of CD-44 receptor .

2.3.4. pH Gradient/Surface Charge-Driven Targeted Delivery

The specific physicochemical properties of different tissues and cells play an important role in targeting the exosomes. For

example, increased intracellular glycolysis and lactate production creates an acidic environment around the tumors which

makes the pH-responsive medication prominent in targeting the tumors. Kim et al., 2018 successfully delivered

doxorubicin loaded in i-motif-modified (i-motif-bio) exosomes by using a pH gradient. Interestingly, da-i-motif-bio was

efficiently released in acidic pH within one hour . On the other hand, Zhang et al., 2020 prepared doxorubicin-loaded

exosomes which were further conjugated with a moiety having a pH cleavage bond that undergoes cleavage in acidic

conditions. Moreover, endoperoxides and chlorin e6 (Ce6) were also loaded where the endoperoxides undergo thermal

cycloreversion and release singlet oxygen that kills the cancer cells in squamous cell carcinoma .

2.3.5. Magnetism-Guided Targeted Delivery

[25]

[26]

[27]

[28]

[29][30]

[31]

[32]

[33]

[34]

[35]



Apart from techniques that use the physicochemical and biological characteristics of specific tissue or cells, targeted drug

delivery can be accomplished with the help of some external magnetic forces. Qi et al., 2016 developed a dual-functional

exosome-based superparamagnetic nanoparticle cluster to obtain a targeted drug delivery vehicle for cancer therapy.

Engineered exosomes exhibit a strong response to an external magnetic field, which enables the exosomes to become

separated from the blood and target the cancer cells. In vivo examinations further showed that the exosomes have an

attractive capacity to deliver doxorubicin to malignant cells to suppress their further progression .

Exosomes served as a natural and novel drug delivery system that can deliver potent anticancer drugs to target tumors.

Nevertheless, administering exosomes as a drug delivery system may present a certain disadvantage, because

exosomes loaded with protein, miRNA, and nucleic acids may provoke the transformation of healthy cells to cancer-

associated cells, thereby leading to tumor development. Therefore, further studies should be concentrating on exact

loading mechanisms to exosomes, discovering novel loading methods and isolation methods to produce a large number

of exosomes for industrial applicability, and novel technology for delivering exosomes to treat various diseases, including

breast cancer, without causing any pharmacological adverse effects and toxic effects caused by endogenous and

exogenous exosomes.
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