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Abstract

Breast cancer is one of the leading causes of cancer associated morbidity worldwide as
conventional therapies are often limited by drug resistance and metastatic spread. These
challenges observed with conventional therapies underscore the need of innovative systems for
drug delivery that can overcome the challenges associated with conventional therapies. Exosomes
are derived from cellular endosomal pathways and act as natural nanocarriers and have emerged
as apromising approach for targeted therapy because of their inherent biomimetic properties and
unique biogenesis. These have the ahility of cell-cell communication and exhibit organotropism
which makes them superior candidates in delivery therapeutic agents in oncology. Biomimetic
nanoparticles are inspired from exosomes, but they offer several advantages in cancer therapy
like improved tumor penetration, dual targeting capability, and reduced off-target as they are
made of advanced design drategies. Various studies from literature survey indicate the
superiority of exosomes over synthetic nanoparticles because of targeting specificity and
biocompatibility, though challenges related to scalability and standardization persist. Recent
advancements in oncology have led to the development of exosome-based delivery systems of
nucleic acids and chemotherapeutic agents and multimodal approaches integrating photothermal
and immunotherapy modalities. Preclinical studies related to exosome-coated porous silicon
nanoparticles have demonstrated significant potential and severa clinical trials are underway.
Major challenges are related to the large-scale production, isolation procedures and regulatory
guidelines. This chapter provides a comprehensive overview on exosomes and biomimetic
nanoparticles as natural nanocarriers for breast cancer therapy.
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1

I ntroduction

Breast cancer is one of the most diagnosed forms of cancer and is the leading cause of
mortality in women worldwide which pose athreat to the health of the women globally
(Wang & Wu, 2023). The cases of breast cancer in females are increasing constantly in
al regions of the world (Smolarz et al., 2022). According to the reports of Cancer
Statistics 2020, breast cancer aone is 30% of cancer found in females with approximate
276,480 new cases and around 42,000 estimated deaths (Sieger et al., 2021). Breast
cancer alone comprises of 36 of total oncological patients worldwide which is a huge
number and poses threat to the health of female worldwide. Majority of the cases of
breast cancer are seen in females of developed countries, the major factor isthelifestyle
which includes poor diet, excessive stress, nicotinism, and less physica activity
(Bellanger et al., 2018).

The highest incidence rate of breast cancer is seen in Belgium and among the continents,
the highest incidence rate is prevalent in Austraia (Global Cancer observatory).
Projectionsregarding the global burden of breast cancer worldwide isterrifying, by 2050
it is estimated that there can be 3.2 million new cases of breast cancer and around 1.1
million deaths annually due to breast cancer (Pressrelease IARC). In countrieswith low
and medium income, theincidence of breast cancer isfurther expected to increase mainly
due to westernization of lifestyle which includes delay in pregnancies, reduced
breastfeeding, lack of physical activity and poor diet (Porter, 2008).

Using immunohistological techniques, breast cancer can be divided into four principal
molecular subtypes based on the expression of estrogen receptor, progesterone receptor,
human epidermal growth factor (HER2), these four subtypes of breast cancer are
Lumina A BC (ER+ and/or PR+, and HER2-), Luminal B BC (ER+ and/or PR+, and
HER2+), HER2 BC (ER-, PR-, and HER2+), and triple-negative BC (TNBC) (ER-, PR-
, and HER2-) (Burguin et al., 2021).

The standard treatment regimen for breast cancer includes a combination of surgery,
radiotherapy, chemotherapy, and targeted therapies including monoclonal antibodies,
small-molecule inhibitors, antibody-drug conjugates, and immunotherapy (Menon et al .,
2025). Research on novel advancement such as ablation therapy and immune checkpoint
inhibitors is going on, despite all these scientific advances in the field of breast cancer
treatment, several clinical limitations persist that have impact on patient outcomes
(Xiong et al., 2025). The standard treatment procedures for breast cancer are associated
with side effects such as immunosuppression, fatigue, and cardiotoxicity which can
affect quality of life (Salata et al., 2021). Another major challenge is the heterogeneity
of cancer, such as TNBC lacks estrogen, progesterone, and HER2 receptor which limits
the use of hormona therapies and hence chemotherapy remains the only option
(American Cancer society). Other than these, resistance is the mgjor issue observed with
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cancer therapy, it may be due to genetic mutation, alteration of drug metabolism,
activation of alternative signaling pathways and many more (Kim et al., 2025).

Metastasis means a process in which a primary tumor develops into a distal secondary
tumor and leadsto failure of conventional treatment. This process allows cancer cellsto
invade and survive in circulation (Park et al., 2022). Cancer stem cells are key
contributors to both drug resistance and metastasis as they can self-renew and
differentiate (Zhang et al., 2021). Due to all these challenges, focus is shifting towards
finding new treatment methods with advanced technologies, in this regard, exosomes
and biomimetic nanoparticles are gaining attention as they offer advantages such as
biocompatibility, ability to cross biological barriers and low immunogenicity.

This chapter provides a comprehensive overview on exosomes and biomimetic
nanoparticles as natural nanocarriers for breast cancer therapy, providing a detailed
overview of biogenesis and composition of exosomes, advantages of exosomes over
synthetic carriers, role of exosomes in pathogenesis and diagnosis of breast cancer, its
rolein therapeutic delivery of chemotherapeutic agents along with therole of biomimetic
nanoparticlesin breast cancer. Fig 7.1 shows the graphical abstract for the chapter.

Exosomes and Biomimetic Nanoparticles: Natural Nanocarriers for Breast Cancer

| Global burden of breast cancer | | Exosomes and Biomimetic nanoparticles |
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Fig 7.1 Graphical abstract: Exosomes and biomimetic nanoparticles: Natural Nanocarriers
for breast cancer

Exosomesin Breast Cancer
2.1 Biogenesis and composition (proteins, nucleic acids, lipids)

Exosomes are cellular vesicles of 30-150 nm in diameter up to 200 nm. They originate
from endocytic pathway (Piombino et al., 2021). Biogenesis of exosomes involve
formation of early endosomes, maturation into multivesicular bodies and ultimately
fusion with plasma membrane to release vesicles which are known as exosomes (Wang
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et al., 2021). Exosomes employed for breast cancer therapy are composed of a range of
proteins such as tetraspanins, integrins, and heat shock proteins, nucleic acids such as
DNA, mRNA, non-coding RNAs and many more. They also contain lipids such as
cholesteral, sphingomyelin, and ceramide (Kumar et al., 2022). Exosomes are
responsible for intercellular communication between cancer cels and tumor
microenvironment. This cell-cell communication can occur at various stages of breast
cancer metastasis (Liu et al., 2021). The genetic material present in exosomes allows
transfer of biologica information across cell (Zha et al., 2017). Compared to other
methodsfor cancer therapy, exosomes have low immunogenicity, high compatibility and
very low chances of accumulation in tissuesthat can cause toxicity, hence exosomes are
emerging as natural bio nanocarrier for targeted delivery (Weaver et al., 2022).

2.2 Advantages of exosomes

Various advantages of exosomes in breast cancer therapy includes biomimetic nature,
immune evasion, and organotropism. These benefits are explained in detail below:

2.2.1 Biomimetic properties

As exosomes are derived from plasma membrane of parent cells, they have inherent
biomimetic properties which allows them to ddliver cargo to targe cells easily. In case
of breast cancer, exosomes can deliver therapeutic agent to tumor cells through surface
membrane protein and cell receptor interaction which helps in overcoming drug
resistance that may be associated with p-glycoprotein (Zeng et al., 2025).

2.2.2 Immune evasion

Exosomes are composed of bilayer structure and have endogenous surface proteins
which prevents cargo from degradation and have the capacity to evade recognition and
removal by immune system and thus transport functional components to target cells
(Zhou et al., 2020).

2.2.3 Organotropism

Exosomes can show organotropism, which meansit can home to specific organs. Drug
loaded exosomes can mix well with exosomes in metastatic organ via organotropism
(Xieet al., 2021).

2.3 Advantages of exosomes over synthetic nanoparticles

Although researchers have cracked manufacturing process and stability concerns for
nanoparticles, yet exosomes are superior in nature as they offer biocompatibility, cell
targeting and immune evasion though some challenges associated with isolation and
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scalability are there. Table 7.1 shows various key difference between exosomes and

synthetic nanoparticles.

Table 7.1 Comparison between exosomes vs synthetic nanoparticles

Features

Exosomes

Synthetic nanoparticles

Origin

Natural, derived from
extracellular vesicles

Artificial, derived from
polymers

Biocompatibility

Highly biocompatible as these
have endogenous origin

Depends on the nature of
material used for fabrication

Stability

Stable in biological fluids

Varies depending on the
nature of material used

Modification potential

Genetic modification possible

Only physical/chemical
modifications possible

Off-target effects

Very less off-target effect dueto
natural targeting

Higher off-target toxicity

Immunogenicity

Low due to autologous nature

Comparatively high dueto the
nature of material used

Stability in circulation

Highly stable due to natural
membrane properties

May face rapid clearance
unless PEGylated

Cost and scalability

High cost due to complexity of
purification, scalability is
variable to batches

Cost-effective and scalable
production

Clinical trandation

Emerging but currently limited
by isolation, standardization,
and scalahility.

Several types already
approved but issues with
toxicity

Examplesin breast
cancer

Paclitaxel, doxorubicin
exosomes, Anti-miRNA-142-3p

Gold nanoparticles,
mesoporous silica
nanoparticles

2.4 Exosomesin breast cancer pathogenesis and diagnosis

2.4.1 Exosomesin breast cancer pathogenesis

Exosomes are critically involved in the breast cancer pathogenesis as they promote
breast cancer progression, metastasis as well as drug resistance through different
mechanisms. These extracellular vesicles function as vehicles of intercellular
communication in the tumor microenvironment, stimul ate oncogenic transformation and
promote cancer cell surviva (Liu et al., 2021).

Exosomes secreted by cancer cells promote breast cancer progression by transferring
oncoproteins, nucleic acids and lipids to surrounding cells (Kalluri & LeBleu, 2020).
These molecular cargos have the ability to reprogram host cells resulting in increased
proliferation, invasion and metastatic capability. For example, exosomes originating
from breast cancer cells are able to transfer oncogenic miRNAS, including miR-21 and
miR-155, that enhance cell survival and prevent apoptosisin recipient cells (Asgari &
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Rezaie, 2021, Zhang & Yu 2019). Also, exosomes can transport matrix
metalloproteinases (MMPs) which induce extracellular matrix degradation leading to
golden river for cancer cdll invasion and metastasis (Thuault et al., 2022).

Exosomal communication between cancer cells and various stromal cells including
fibroblasts immune cells and endothelial cells significantly influences tumor
microenvironment. Breast cancer-derived exosomes convert normal fibroblasts into
cancer-associated fibroblasts that subsequently proactively support tumor growth very
aggressively and angiogenesis (Maia et al., 2018; Kalluri & LeBleu, 2020). Exosomes
modulate immune cell function effectively promoting immunosuppression by inhibiting
activation of T-cells and expanding regulatory T-cellsrapidly (Zhau et al., 2022).

Exosomes contribute significantly to pre-metastatic niche formation by priming distant
organs for colonization metastatically with considerable efficacy. Breast cancer-derived
exosomes get taken up quickly by cells in distant organs inducing hectic pro-
inflammatory responses and creating a super favorable environment for circulating
tumor cells establishing secondary tumors. Specific integrins and other adhesion
molecules facilitating organ-specific metastatic patterns are transferred during this
complex process somehow rather rapidly (Yusn et al., 2021).

2.4.2 Exosomesin breast cancer diagnosis

Exosomes have surfaced as stellar biomarkers for breast cancer diagnosis and prognosis
largely because of stable presence in bodily fluids (Ahmad 2022). Exosome-based
diagnostics commonly known as liquid biopsy boasts significant advantages over
traditional methods involving tissue biopsy invasively (Qiu et al., 2025).

Exosomes swirling in blood and sdiva bear distinct molecular fingerprints that
differentiate between healthy folks and those afflicted with breast cancer. Tumor
molecular characteristics are reflected in signatures comprising specific proteins nucleic
acidsand diverselipid compositionsfound therein (Nonakaet al ., 2017). Elevatedlevels
of specific microRNAs like miR-21 and miR-210 in exosomes circulating systemically
have been linked with breast cancer diagnosis and grim outcomes (Rhim et al., 2022;
Wu, 2020).

Proteomic analysis of exosomes reveal s presence of breast cancer-specific proteins such
as HER2 and EGFR aongside various tumor-associated antigens (Piombino et al.,
2021). Quantification of proteins in exosomes provides vauable info about tumor
classification and predicting response to treatment accurately nowadays. Exosoma
protein profiles facilitate distinction between various breast cancer subtypes thereby
enabling bespoke treatment regimens somewhat effectively nowadays (Rontogianni et
al., 2019).
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The dynamic nature of exosomal content makes them excellent candidates for real-time
monitoring of disease progression and treatment response. Tumor evolution and
development of drug resistance along with metastatic progression get reflected in
alterations of exosomal cargo quite frequently. Temporal monitoring capability proves
particularly valuable in clinical settings where repeated biopsies pose significant risks
or are downright impractical for patients (Azmi et al., 2013).

2.5 Exosomes astherapeutic drug ddivery system for breast cancer
2.5.1 Drug Délivery Systems

Exosomes show considerable promise as therapeutic delivery vectors for breast cancer
treatment owing largely to inherent biocompatibility and ability to traverse biological
barriers quite effectively. Exosomes being utilized in breast cancer treatment involve
delivery of various therapeutic agents such as chemotherapeutics and nucleic acids
remarkably (Li et al., 2013).

2.5.1.1 Chemotherapeutics (e.g., doxorubicin, paclitaxel)

Chemotherapeutic agents are extensively studied cargo for exosome-based drug delivery
systems being developed rapidly for treating breast cancer patients effectively
nowadays. Doxorubicin has been loaded into exosomes successfully via various funky
methods including electroporation and chemical conjugation readily nowadays.
Doxorubicin encapsulated inside exosomes has shown great efficacy and less
cardiotoxicity (Bisht et al., 2025).

It can easily overcome the various limitations associated with chemotherapeutic agents
such as poor penetration, and other side effects (Tian et al., 2014; Toffoli et al., 2015).

Paclitaxel is an important chemotherapeutic agent for breast cancer has been delivered
using this delivery system (Nehate et al., 2014). Paclitaxel's hydrophobic nature makes
formulation challenging with conventional drug delivery systems, but exosomes offer a
natural solution owing to lipid bilayer structure. Various preclinical models have shown
that Paclitaxel exosomes system can increase antitumor efficacy (Huang et al., 2023).

L oading method choice hinges on physicochemical properties of drug and its intended
therapeutic use largely within specific medical contexts obviously (Huang et al., 2023).

2.5.1.2 Nucleic acids (SRNA, miRNA)

Nucleic acid-based therapeutics represent a promising approach for breast cancer
treatment by targeting specific oncogenes or restoring tumor suppressor functions.
Exosomes provide an excellent platform for nucleic acid delivery due to their natural
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ability to transport genetic material and their capacity to protect nucleic acids from
degradation (Yadav et al., 2017)

Small interfering RNA (SiRNA) delivery through exosomes has shown significant
potential in breast cancer therapy. Exosome-delivered siRNA targets various oncogenic
drivers such as HER2 and EGFR with reduced protein expression enhancing cancer cell
mortality significantly. Exosomes naturally home in on tumor cells maximizing
therapeutic efficacy substantially while off-target effects get minimized effectively
(Palakurthi et al., 2024). Exosome-mediated microRNA therapy has surprisingly
emerged as quite apotent strategy for treating breast cancer effectively nowadays. Anti-
mMiRNA molecules can stop the progression of cancer by inhibiting specific oncogenes
(Hironakaet al., 2022; Klicka et al., 2022). The major advantage of exosome-mediated
nucleic acid delivery isenhanced cellular uptake, great tissue penetration and many more
(Nordmeier et al., 2021).

2.5.2 Engineered Exosomes

The natural function of exosome can beincreased viastructurally engineering exosomes
which can improve the therapeutic efficacy and specificity aso. It also increases the
loading capacity for cargo materials (Choi et al., 2021).

2.5.2.1 Genetic modifications

CRISPR-Cas9 tech has revol utionized the era of exosome engineering becauseit enables
accurate genetic mods inside alot o producer cell types. Exosomes can be loaded with
specific therapeutic genes or targeting sequences during biogenesis through this
somewhat unorthodox approach effectively. CRISPR-modified exosomes can be
engineered rather cleverly to ferry gene-editing componentsinside cells targeting some
nasty oncogenes (Adlan et al., 2024). Overexpression of tumor-suppressive miRNAsin
producer cells constitutes a potent alternative strategy for genetic modification
effectively. Genetically engineered cells overexpress specific miRNAs like miR-34a or
miR-200c resulting in exosomes enriched heavily with such therapeutic molecules (Zuo
et al., 2020). Therapeutic mMiRNAs are loaded consistently at high levels via this
approach thereby significantly enhancing antitumor effects very effectively indeed.
Genetic tweaks can be employed rather slyly to beef up exosome targeting propertiesvia
overexpression of specific surface receptors or proteins. Engineering producer cells
overexpress folate receptors or HER2-targeting mol ecul es can improve tumor-targeting
specificity of resulting exosomes substantially in many cases (Sun et al., 2025).

2.5.2.2 Surface conjugation (antibodies, peptides)

Peptide conjugation offers another approach for exosome targeting enhancement. Cell-
penetrating peptides can be conjugated to exosomes to improve their cellular uptake,
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while tumor-targeting peptides can enhance their specificity for cancer cells. The use of
pH-sensitive or enzyme-cleavable linkers in peptide conjugation allows for controlled
release of therapeutic cargo in the tumor microenvironment (Wang et al., 2024;
Armstrong et al., 2025).

Exosomes can be modified superficially by conjugation of targeting molecules thereby
substantively enhancing therapeutic potential through a versatile approach. Specific
antibodies or peptides get attached to exosomal surface thereby markedly improving
ability to recognize target cells quite effectively. Exosomes conjugated with antibody
have yielded ostensibly promising results in therapy of breast cancer remarkably well
lately. Exosomes that are conjugated with antibodies specific for breast cancer can
produce good therapeutic outcomes. It can also increase the specificity by binding with
exosomes. It involves biochemical means to increase the targeting and is considered
somewhat unconventional approach. Conjugation with peptides using pH-sensitive
linkers increases the controlled release of therapeutics in the tumor microenvironment
(Wang et al., 2020; Alas et al., 2021).

2.5.3 Multimodal Therapy

Nowadays, exosomes have possessed various kinds of systems that can easily integrate
multiple therapeutic modalities which render this system to be a great advancement in
the field of breast cancer treatment approach. Multimodal therapy melds disparate
treatment modalities achieving synergistic effects thereby surmounting drug resistance
and markedly improving outcomes for patients (Bardhan et al., 2010).

2.5.3.1 Photother mal/photoacoustic combinations

Exosome-based drug delivery paired with photothermal therapy has surfaced as arather
promising multimodal strategy for tackling breast cancer. Loading exosomes with
chemotherapeuti c agents alongside photothermal agents like gold nanoparticles or near-
infrared dyes is core part of this strategy (Lim et al., 2011). Near-infrared laser
irradiation triggers photothermal agents generating localized hyperthermiathat directly
kills cancer cells and boosts release of chemotherapeutic drugs.

PTT is combined with exosome-based system to yield various benefits such as deep
penetration and effective release of chemotherapeutic agents. Localized heating effect
disturbs the tumor vascul ature and thusimproves distribution of the drug. Photoacoustic
combinationsis one the most novel approaches which represents multimodal therapeutic
strategy, producing ehnaced release of drug for tumor penetration (Liu et al., 2023;
Raikwar et al., 2022).
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2.5.3.2 Immunother apy synergies

Exosomes combined with immunotherapeutic agents has opened the way for breast
cancer treatment nowadays. Exosomes containing chemotherapeutic agents and
immunotherapeutic produces synergistic effects producing high antitumor activity.
Exosomes can be bioengineered rather cleverly to ferry various immunomodulatory
molecules or cytokines and some potent immune checkpoint inhibitors. Exosomes
naturally interact with various immune cells rather effectively making them ideal
candidates for delivering immunotherapy quite successfully nowadays. Such an
approach can help overcome immunosuppressive tumor microenvironments and
significantly enhance effectiveness of various conventional cancer treatments
remarkably well. Exosome-based drug delivery paired with CAR-T cell therapy signifies
apotentialy potent synergy in emerging immunotherapies quite remarkably nowadays.
Exosomes deliver supportive factors enhancing CAR-T cell function and persistence
while carrying therapeutic agents sensitizing tumor cells immune attack rather
effectively (Yinet al., 2021; Tong et al., 2022).

Biomimetic nanoparticlesin breast cancer

Nanoparticle based delivery of anti-tumor agents hol ds promisefor cancer treatment, but
the major limitations are inadequate drug targeting and limited biocompatibility. Hence,
biomimetic nanoparticles made of cell membrane components have emerged as
interesting area of research because these are biocompatible, have low toxicity and
allows precise targeting (Zhang et al., 2024). These biomimetic nanoparticles differ
from conventional synthetic nanoparticles in that they have coating of cell membrane
components over inner core which enables them to evade the reticul oendothelial system
while synthetic nanoparticles do not possess this specific characteristic (Kroll et al.,
2017). Biomimetic nanoparticles can be classified into following three types. cell
membrane coated, natural protein based, and targeting ligand (Issaka & Amu-darko,
2025). According to the sources of cell membrane, biomimetic nanoparticles can be
classified into the following categories: red blood cell membrane coated nanoparticles,
white blood cell membrane coated nanoparticles, platelet membrane coated
nanoparticles, stem cell membrane coated nanoparticles, and hybrid membrane coated
nanoparticles (Zhang et al., 2024). Biomimetic nanoparticles are made in such a way
that they can mimic the biological entities because they are coated with various cell
derived membranes (Issaka & Amu-darko, 2025). The design principles of biomimetic
nanoparticles consist of surface modification which has been discussed in detail below:

3.1 Surface modification

Surface modification of the nanoparticles using cell membrane derived components,
proteins, ligands, is used to mimic biologica features. Surface modification allows
prolong circulation, enhanced bioavailability, immune evasion and tumor specific
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targeting. Surface modification can be done using a variety of components; natural
protein-based biomimetic nanoparticles involve surface modification through serum
albumin, ferritin protein cage; the surface of nanoparticles with targeting ligandsinvolve
surface modification using monoclonal antibodies, folic acid, aptamers, tumor
penetrating peptides; while the surface of cell membrane coated nanoparticles are
modified by coating it with RBC, WBC, platelets, immune cell membrane (Beh et al.,
2021; Yu et al., 2022). Table 7.2 shows various types of cell-membrane coated
biomimetic nanoparticles.

Cell-membrane coated biomimetic nanoparticles

Red bload cells Platelets Stem cells
Long circulation and Tumer targeting and Immune evasion and
immune evasion immune evasion TUMOTr targeting

White blood cells

Immane induction and
immune evasion

Cancer cells

Homclogous targeting

Red blood cells +
Platelets

Hybrid functionalities

Fig 7.2 Types of Cell-membrane coated biomimetic nanoparticles

3.2 Key advantages over synthetic carriers

The key advantages of biomimetic nanoparticles over synthetic carriers are as follows:
3.2.1 Enhanced tumor penetration

Biomimetic nanoparticles are composed of natural membrane coatings which facilitate
them to interact with tumor microenvironment and traverse biological membranesin an
effective manner. Using this methodol ogy, therapeutic agents can be easily delivered to
areas regions which are poorly vascularized or hypoxic in nature (Beh et al., 2021).

3.2.2 Reduced off-tar get effects

This is one of the most key advantages of biomimetic nanoparticles over synthetic
carriers as they mimic the surface of host cells and evade recognition by the immune
system, in this way they get to be accumulated at the tumor site for longer period.
Healthy cells are unable to uptake them as they have mimicked the surface of host cells
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and therefore systemic toxicity gets reduced because off-target effects are reduced (Guo
et al., 2025).

3.2.3 Dual targeting (EPR effect + ligand-receptor interactions)

Biomimetic nanoparticles use dual targeting involving EPR (Enhanced permeability and
retention effect) and ligand-receptor interaction. Dueto their nature of leaky vascul ature,
biomimetic nanoparticles accumulate in tumor tissues and by surface functionalization,
active targeting is enabled by ligand-receptor interaction thereby increasing uptake by
cancer cells rather than normal cells (Shih et al., 2022). Fig. 7.3 shows key advantages
of biomimetic nanoparticles over synthetic nanocarriers.

Key advantages of biomimetic nanoparticles over synthetic nanocarriers

Reduced Off-Target Effects and Toxicity

SuperiorTargedng and Enhanced Biocompatibility
Organotropism
Key advantages
of Biomimetic
Nanoparticles Immune Evasion and
Prolonged Circulation
Improved
Bioavailability and
Delivery Efficiency

Versatile Functionalization
Fig. 7.3 Key advantages of biomimetic nanoparticles over synthetic nanocarriers

Preclinical and clinical advances
4.1 Preclinical studies

Table 7.2: Preclinical studies on application of exosomes and biomimetic nanoparticles
in breast cancer

Titleof ssudy Nameof Intervention Result Conclusion References
cells

Therapeutic MCF7 camel milk Reductionin  Profound (Badawy et

Effect of breast and its breast tumor  anticancer al., 2018)

Camel Milk cancer €eX0somes progression effect was

and Its cells shown by found possibly

Exosomes on high by induction of

MCF7 Cédlls apoptosis apoptosis
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In Vitro and (indicated by
InVivo high caspase-
3 activity,
inhibition of
oxidative
stress
(decreasein
iNOS gene
expression)
and increased
activity of
SOD, and
CAT
Exosome- miR-142-  exosomes Reductionin  Favorable (Naseri et
mediated 3pand isolated from miR-142-3p  vehicleto al., 2018)
delivery of miR-150  bone and miR-150  deliver LNA-
functionally in4T1 marrow- levelsand anti-miR-142-
active and derived increase in 3p
miRNA-142- TUBO mesenchymal APC and
3p inhibitor breast stem cells P2X 7R target
reduces cancer genes
tumorigenicity cell lines.
of breast
cancer in vitro
and invivo
Plasma MDA- Plasma Increasein Stimulation of ~ (Shtam et
€X0Somes MB-231  exosomes migrationand metastasis al., 2019)
stimulate and transwell promoting
breast cancer  MCF-7 invasion activity of
metastasis cell lines. breast cancer
through cells
surface
interactions
and activation
of FAK
signalling
Stimuli- 4T1-luc  Doxorubicin  Enhanced Enhanced (Yang et
sensitive biomimetic targetingand  therapeutic al., 2024)
biomimetic nanoparticles release efficacy
nanoparticles efficacy
for the
inhibition of
breast cancer
recurrence
and
pulmonary
metastasis
Biomimetic EpCAM)- RBC Enhanced Helpful in (Marshall
Targeted positive membrane- cytotoxic diagnosis of etal.,
Theranostic MCF-7 cloaked efficacy and  breast cancer 2022)
Nanoparticles  breast nanoparticles  prolonged
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for Breast cancer
Cancer cells
Treatment

release

4.2 Clinical trials

Table 7.3 shows the clinical studies related to applications of exosomes and biomimetic
nanoparticles in breast cancer. This information has been accessed from

https:clinicaltria s.gov/

Table 7.3: Clinical studies on application of exosomes and biomimetic nanoparticlesin

breast cancer
Title of the study NCT ID Indication Intervention/therapy Status of
study
Exosome asthe NCT05955521 Triple Exosome and ctDNA  Ongoing
Prognostic and Negative evaluation
Predictive Breast
Biomarker in EBC Cancer
Patients HER2-
positive
Breast
Cancer
Feasibility of NCT05286684 Breast Exosome based Completed
Exosome Analysis cancer therapy
in Cerebrospinal
Fluid During the
Diagnostic Workup
of Metastatic
Meningitis (Exo-
LCR) (Exo-LCR)
A Study to NCT04288141 HER2+ HER2-directed Ongoing
Measurethe Breast exosome therapy
Expression of the Cancer
HER2-HER3
Dimer in Tumour
and Blood
(Exosomes)
Samples From
Patients With
HER2 Positive
Breast Cancer
Receiving HER2
Targeted
Therapies
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Paclitaxel NCT00609791 Breast Paclitaxel albumin- Ongoing
Albumin- cancer stabilized

Stabilized nanoparticle

Nanoparticle formulation

Formulation in

Treating Patients

of Different Ages

with Metastatic

Breast Cancer

Nanoparticle NCT00629499 Breast Nab paclitaxel Completed
Albumin-Bound cancer

(Nab) Paclitaxel/

Cyclophosphamide

in Early-Stage

Breast Cancer

5 Current Challenges

5.1 Scalability of exosome production

Theissues related with the scalability of exosome production and purification remains a
major challenge because exosomes are mainly isolated from cell culture mediaor though
methods like ultracentrifugation, size-exclusion chromatography, ultrefiltration etc
(Cecchinn et al., 2023). Exosomes produced with these methods have low yield and
purity. For scalable production techniques which gives high yield of exosomes are
desired to scale up the process (Kim et al., 2024). Investment in scalable production
technology such as bioreactor can help in facilitating large-scale manufacturing of
exosomes making them more feasible for clinical use (Palakurthi et al., 2024).

5.2 Standardization of isolation/char acterization
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I sol ation of exosomesfrom biological fluidsisacomplex processand it gets complicated
further due to the presence of overlapping size particles in the biologica fluids such as
lipoproteins and microvesicles (Li et al., 2019). Conventional methods for isolation of
exosomes such as ultrafiltration, ultracentrifugation, polymer-based precipitation and
many more costs high and produces low yield which impose a great challenge (Ludwig
et al.,, 2019). Also, there is lack of standardized protocols for isolation and
characterization of exosomes which makes it difficult for clinical trandation (Ayala et
al., 2019).

Future Directions
6.1 Hybrid systems. Exosome-nanoparticles composites

Hybrid systems have come over as a novel technology to actively enhance the
functionalities, these hybrid systems of exasome-nanoparticles are widely known by the
name;, hybridosomes. These hybrid exosome-nanoparticles composites can show
immunomodulatory properties and possess natural targeting (Chan et al., 2022). This
hybrid-nanoparticle composite approach cam aso increase the half-life of exosomesin
the blood stream of humans (Soltanmohammadi et al., 2024). In this study, exosome-
based hybrid nano system has been developed to target triple negative breast cancer
(TNBC). For this purpose, Mesenchymal stem cell exosome-coated drug-loaded
polymeric nanoparticles were prepared using microfluidics methods to deliver
doxorubicinin TNBC. Theresults of the study suggested that this hybrid framework was
more helpful in tumor accumulation of drug as compared to synthetic nanoparticles
(Joshi et al., 2023). Fig. 7.4 shows various strategies to prepare hybrid exosome-
nanoparticles composites.

® Therapeutic cargo

8 So ® [ ®

o B @ 2%, @
FroXe L X °® )
A ] X o ®
#
Extracellular vesicles Synthetic lipid or polymer
“" Mybrid complex formation
( -P " Transient b )
assive ning of linid Membrane
hybridization Opeb": :rs P fusion
\ . ye J

Fig. 7.4 Hybrid Exosome-nanoparticles composites
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Conclusion

Exosomes and biomimetic nanoparticles address many limitations associated with
conventional therapies for breast cancer making them atransformative frontier in breast
cancer. They can mimic natural cell processes asthey are made of biological components
only which allows them to target specific cells with high specificity, immune evasion
and efficient delivery. This nature of exosomes reduces the chances of off-target
specificity and hence therapeutic efficacy increases. These nanocarriers are also able to
deliver a wide range of cargo materials including nucleic acids, proteins,
immunomodulators and most importantly chemotherapeutic agents. Despite of al the
advantages offered by these natural bio nanocarriers, challenges regarding isolation,
scalability, and standardisation persist. For regulatory assurance, there is need of further
clinical studies. Also, due to the heterogeneity of breast cancer and tumor
microenvironment, tailored therapy for individua cancer patients is paving the way for
individualized therapy. Integration of artificial intelligence, synthetic biology, and
bi oengineering can be a useful approach in accelerating innovation in this field.
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