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Extracellular vesicles (EVs) are mainly featured as a heterogeneous population of membrane-enclosed, non-
replicating, and sub-micron sized structures, which are actively secreted by wide variety of eukaryotic and
prokaryotic organisms. In addition, EVs are mediators of communication between cells in physiological and
pathological settings, and they transport a diverse array of biomolecules, including lipids, nucleic acids,
carbohydrates and proteins. This article discusses the role of EVs in cancer drug resistance and the literature

proposing the use of EVs for therapeutic and prognostic purposes in cancer.

extracellular vesicles hallmarks of cancer drug resistance theranostics

| 1. Introduction

Extracellular vesicles (EVs) were initially identified in the 1950s as a type of particle derived from platelets present
in plasma . It took several years before the role of EVs was revealed to be very much the opposite of
meaningless cell debris, as their fundamental role in regulating homeostasis at the local and systemic level
became apparent (281, Moreover, EVs can be found in biological fluids, such as serum, plasma, urine, saliva, and
breast milk, amongst others AIBIEI |n general terms, EVs can be separated into three subtypes according to their
biogenesis and biophysical properties &, namely exosomes, microvesicles, and other small membrane-limited

fragments, such as apoptotic bodies, which are generally thought to be less relevant to cell-to-cell communication
(911101

Specifically in cancer, EVs secreted by tumor cells promote the development of tumor-related features in recipient
cells and the acquisition of the cancer hallmarks described in the literature 1. Furthermore, several studies have
documented that cancer cells secrete increased levels of EVs when compared to normal cells 1213l Considering
the aforementioned data and the fact that EVs play an important role in cancer progression, EVs can also be
envisioned as appealing targets for developing non-invasive liquid biopsy strategies in patients with cancer. Thus,
this review will discuss literature relating to the role of EVs in promoting acquisition of the hallmarks of cancer and

also the use of these vesicles in cancer therapy.

To facilitate communication between research groups and comparison of results, a consensus in homenclature
needed to be established based on the type of isolation procedure used to purify EVs and the techniques used to
distinguish between EV subtypes according to their biogenesis or release. This effort gave rise to the development

of guidelines, which now permit distinguishing between EVs according to their size, density, molecular cargo, or
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information regarding the cell of origin. In addition, these guidelines also determined that the terms “exosomes” or
“microvesicles” should only be used, for example, when imaging techniques were included to confirm a specific
biogenesis pathway 1413l Alternatively, when such data are unclear or lacking, the term “EVs” will be used

instead.

| 2. Extracellular Vesicles

Extracellular vesicles (EVs) are mainly featured as a heterogeneous population of membrane-enclosed, non-
replicating, and sub-micron sized structures, which are actively secreted by a wide variety of eukaryotic and
prokaryotic organisms 87 |n addition, EVs are mediators of communication between cells in physiological and
pathological settings, and they transport a diverse array of biomolecules, including lipids, nucleic acids,
carbohydrates and proteins LZAIL8 Finally, EVs can be sorted into three different subtypes according to their

biogenesis and biophysical properties (Figure 1) 8],

Microvesicles

& D,._, @ o
® ~

Exosomes.

. nn
oW ,(.:; El
Prve .

Ve
o\

L

Q

Early
endosome

Apoptotic
bodies

ggs Dé ILFM Nadw .~

Alix  Syntemin CD&E3 Intracellular proteins Membrane receptors Mucleic acids

Figure 1. Extracellular vesicles are a heterogeneous population of cell-derived membrane vesicles. Extracellular
vesicles (EVs) have classically been divided into three types according to their biogenesis and biophysical
properties: exosomes, microvesicles, and apoptotic bodies. Recently, a new group of non-membranous

nanoparticles of less than 50 nm, called exomeres, was identified. However, still little is known about their
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biogenesis, and proteins that have been connected to exomeres must be characterized further in order to validate
them as markers. For this reason, they are not included here. EVs are carriers of a variety of molecules, including
proteins, nucleic acids, and lipids. The insert with a close-up view of exosomes shows some molecules commonly

transported by them.

Interestingly, exosome biogenesis and cargo sorting are closely related processes. In addition, ESCRT-I and Il are
held responsible for the binding of specific cargoes to the aforementioned microdomains. The second mechanism,
also considered as being independent of ESCRT, requires the presence of Alix and transmembrane proteins, such
as syntenin and syndecan, which are responsible for recruiting specific molecular cargoes (adhesion molecules,
growth factors, integrins, etc.) Recent evidence points towards the existence of a third mechanism of ILV
biogenesis, which does not depend on components of the ESCRT complexes but rather involves the participation

of membrane lipid microdomains or lipid rafts.

MVBs can either fuse with the plasma membrane for release of their content or with lysosomes for their
subsequent destruction 22121 Several reports are available indicating that the final destination depends on factors,
such as the interaction with microtubules or the actin cytoskeleton, as well as the engagement of specific members
of the Rab GTPase family of proteins 2. Examples in the latter case include Rab27b, Rab11, and Rab35, which
promote MVB motility and fusion with the plasma membrane in HeLa, K562 (bone marrow chronic myelogenous

leukaemia cells) and Oli-neu (oligodendroglial) cells, respectively [2021]22],

The second subtype of vesicles ranging in size 50-500 nm (up to 1000 nm), also known as microvesicles (MVs),
ectosomes, oncosomes, or microparticles, are described to be released from the cell surface by blebbing from the
plasma membrane and subsequent membrane fission 4. Interestingly, MVs are formed by phospholipid
redistribution, positioning phosphatidylserines to the outer leaflet followed by actin-myosin contraction (231241 |n
addition, MV biogenesis requires the participation of small GTPases, such as ADP-ribosylation factor 6 (ARF6) 23
(28] and Ras-related proteins, e.g., Rab-22A 281271 mportantly, ESCRT complexes also participate in MV formation

(241 increasing the level of complexity in EV subtype studies when evaluating vesicle biogenesis.

Apoptotic bodies, referred to as the third subtype of EVs in the literature, vary widely in size ranging from 50 to
2000 nm in diameter and are ultimately produced by an essential physiological process, which is known as
programmed cell death or apoptosis. One of the main features of apoptotic bodies is that mechanisms for specific

sorting of organelles, RNA and DNA fragments can be detected, which are absent in other EV subtypes [24128],

The discovery of exomeres was made possible by the development of new technologies to isolate and visualize
EVs. In addition, they were shown to be highly enriched in calreticulin, argonaute proteins, amyloid precursor
proteins, proteins associated with coagulation (for instance, factors VIII and X), and enzymes involved in
metabolism (e.g., glycolysis), especially glycolysis, and mammalian target of rapamycin complex 1 (mMTORC1)
metabolic pathways 2929 Moreover, several recent reports have shown that exomeres can carry nucleic acids,

such as DNA, RNA, and miRNAs along with lipids, such as ceramide, esterified cholesterol triglycerides, and

https://encyclopedia.pub/entry/12044 3/16



Theranostic Applications of Extracellular Vesicles | Encyclopedia.pub

phosphatidylcholine 1. Recently, a novel role for exomeres has been proposed in cancer, since they were shown

to promote tumor organoid growth in recipient cells (22,

Interestingly, a novel role for exomeres in the COVID-19 pandemic was suggested, as full-length angiotensin-
converting enzyme 2 (ACE2) was reported to be contained in EVs from colorectal cancer cells. Specifically, these
cells were able to shed ectodomain fragments of ACE2 that were enriched in exomeres 2. Given that ACE2 can
bind to SARS-CoV-2 83l the binding of SARS-CoV-2 S protein to ACE2 fragments in EVs and exomeres may play
an important role in controlling the infection 221, A relevant question at this point is whether the ability to shed ACE2
fragments is limited to cancer cells and if so, thinking of treatments for SARS-CoV-2 infection, why this might be

the case.

EVs have emerged as essential players in cell-to-cell communication, because they represent a complex type of

“biological package” capable of transporting a wide variety of molecules from one cell to another.

EVs can elicit cellular responses without the need to be internalized into a cell by two mechanisms referred to as
soluble and juxtacrine signaling. Soluble signaling involves the proteolysis of an EV surface ligand and its
subsequent binding to a cell membrane receptor, whereas juxtacrine signaling requires the juxtapositioning of

ligands and receptors on opposing surfaces of the EVs and the target cell B4,

On the other hand, EV internalization by recipient cells involves at least four mechanisms: membrane fusion,
phagocytosis, micropinocytosis, and endocytosis. For membrane fusion, the EV membrane directly merges with
the cell plasma membrane and transfers cargo molecules to recipient cells. Macropinocytosis is characterized by
plasma membrane ruffling induced by growth factors or other signals. CME is produced by the interaction between
ligands on the EV surface and specific receptors present on the plasma membrane that utilize clathrin and adaptor

protein 2

In summary, soluble signaling, juxtacrine signaling, and membrane fusion are more likely to culminate in a cellular

response, since EV components do not enter the endosomal-lysosomal degradation pathway directly.

EVs can modify the behavior of recipient cells depending on the biological message or cargo that is being
transferred from the donor cell or tissue B2l Specifically in cancer, EVs have been shown to play a critical role in
cell-to-cell communication in the tumor microenvironment that permits the acquisition and maintenance of cell

traits, which are referred to as the hallmarks of cancer.

Using scanning electron microscopy, normal human ovarian cells were found to release EVs from a few select
areas of the plasma membrane, while ovarian serous adenocarcinoma cells release EVs from the entire cell
surface 138, Elevated EV release in cancer cells has been proposed to occur via a Ca2+-Munc13-4-Rab11-
dependent pathway. Rab-binding protein, is elevated in cancer cells, which combined with the increased Ca2+

levels enhances exosome release from cancer cells BZ. This was accompanied by an increase in Rab GTPase
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expression, which could represent another mechanism that permits increased exosome release from more

malignant cells 38,

| 3. EVs in Cancer Drug Resistance

Chemotherapy is widely used to treat cancer, but the effectivity of such therapies is reduced in several types of
cancer due to the development of drug resistance, which can be attributed to the activation of intrinsic or acquired
mechanisms. Intrinsic resistance refers to the presence of resistance factors in tumor cells prior to chemotherapy
that render the treatment ineffective. Moreover, tumors are extremely heterogeneous, so drug resistance can arise
through the therapy-induced selection of a minor resistant subpopulation of cells that was present in the original
tumor 2. Alternatively, drug resistance can also be acquired by drug-sensitive cells via communication with drug-

resistant cells (cancer or stromal) through EV-mediated transfer of resistance factors.

Regardless of the route of anticancer drug administration, these drugs generally need to be taken up by cancer
cells because they target an intracellular process. The uptake of such drugs by cancer cells may involve active
transport mechanisms or rely on simple diffusion because of high membrane permeability. However, cancer cells
are known to express multidrug resistance (MDR)-ATP binding-cassette (ABC) proteins that export drugs to the
extracellular space. This phenomenon results in decreased intracellular anticancer drug accumulation, which

decreases or even abolishes drug effects.

Shedden et al., (2003) were the first to report that anticancer drug resistance and the release of EVs could be
mechanistically linked. In cancer cell lines, the expression of vesicle shedding-related genes is associated with
chemosensitivity profiles. Furthermore, in the breast cancer cell line MCF7, the fluorescent chemotherapeutic
agent doxorubicin was incorporated into EVs and released to the culture media “9. Similarly, in vitro B-cell

lymphoma cell lines efficiently extrude doxorubicin in exosomes 411,

Early studies suggested that cisplatin, once inside tumor cells, may be sequestered into acidic vesicles belonging
to a secretory pathway. The treatment of human ovarian carcinoma cells with cisplatin showed that the exosomes
released from cisplatin-resistant cells contained more than 2-fold higher platinum levels than those released from
cisplatin-sensitive cells 42, Moreover, exosomes released by drug-resistant melanoma cells that were previously
treated with a fixed dose of cisplatin in culture contained varying amounts of the drug depending on the pH of the
medium, and the level of cisplatin in the exosomes was higher in acidic culture medium 3. Additionally, it was
reported that mouse leukemia cell-derived exosomes can include paclitaxel and, interestingly, that the paclitaxel-

containing exosomes reduced the proliferation of a human pancreatic cell line.

The first evidence for the transfer of ABC transporters between cancer cells was obtained studying human acute
lymphoblastic leukemia cells. The results revealed that P-gp protein transfer coincided with reduced drug
accumulation in recipient cells, confirming that the transfer of functional P-gp was mediated by EVs 44, Later

studies showed that exosomes from docetaxel-resistant human prostate cancer cell lines conferred resistance to
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previously sensitive target cells. The treatment of doxorubicin-sensitive (DXS) osteosarcoma cells with exosomes

derived from DXR cells reduced the sensitivity of the recipient cells to doxorubicin.

P-gp is the best studied drug efflux pump; however, other members of the ABC transporter family have been
identified in cancer cell-derived EVs/exosomes, too. GAIP interacting protein C terminus (GIPC) is a protein
regulator of autophagy and the exocytotic pathways in cancer. The knockdown of GIPC in pancreatic cancer cells
induces the overexpression and incorporation into exosomes of the ATP-binding cassette sub-family G member 2
(ABCG2). This finding opens up the possibility that horizontal transfer of ABCG2 via exosomes mediates drug
resistance in pancreatic cancer 43,

In addition, exposure to the chemotherapeutic drug vincristine increases the secretion of ATP-binding cassette sub-
family B member 1 (ABCB1)-enriched EVs by inducing dysregulation of the Ras-related proteins Rab8B and Rabb.

The transfer of ABCB1 via exosomes helps sensitive cancer cells develop a drug-resistant phenotype 481,

EV cargoes also include pro-survival factors, which decrease apoptosis sensitivity and increase cell viability, thus
leading to resistance to anticancer drugs. Components of the PI3K/AKT pathway, an oncogenic signaling axis
involved in cancer cell proliferation and survival, have been reported in EVs. Exosomes derived from HCC cells
induced sorafenib resistance in vitro and in vivo by activating the HGF/c-Met/AKT signaling pathway and inhibiting
sorafenib-induced apoptosis 2. Triple negative breast cancer cell lines, resistant to docetaxel and doxorubicin,

release EVs that induced resistance to the same drugs in recipient non-tumorigenic breast cells.

BRAF is a component of the MAPK pathway involved in cell differentiation and survival. BRAF kinase inhibitors,
such as vemurafenib and dabrafenib, are used in advanced melanoma treatment. Platelet-derived growth factor
receptor B (PDGFRp) is a receptor tyrosine kinase that induces activation of the PI3K/AKT pathway. Vella et al.
showed that PDGFR[( can be transferred to recipient melanoma cells in EVs, resulting in a dose-dependent
activation of PIBK/AKT signaling and escape from MAPK pathway inhibition by BRAF 48],

In addition, resistance to apoptosis is an escape mechanism by which cancer cells acquire drug resistance and
thus contribute to cancer progression. Cancer-associated fibroblast (CAF)-EVs induced the drug resistance of
gastric cancer cells by decreasing cisplatin-induced apoptosis. The proteomics analysis of CAF-derived EVs
identified that annexin A6 plays a pivotal role in the drug resistance of gastric cancer cells via the activation of 31
integrin and the downstream intracellular signaling pathways, involving focal adhesion kinase (FAK) and the yes-
associated protein (YAP). Consistently, the inhibition of FAK or YAP efficiently attenuated gastric cancer drug

resistance in vitro and in vivo 49,

Survivin is a pro-survival protein member of the inhibitor of apoptosis (IAP) family that is present in EVs derived
from different tumor types B9, Paclitaxel treatment of triple negative breast cancer cells induces the secretion of
EVs enriched in survivin, which increased the survival of serum-starved, as well as paclitaxel-treated fibroblasts

and breast cancer cells B,
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MicroRNAs (miRs) are well-established components of EVs and their horizontal transfer favors the development of
drug resistance. Sorafenib is a kinase inhibitor drug approved for the treatment of primary kidney cancer, advanced
primary liver cancer, and advanced thyroid carcinoma. Elevated miR-31-5p in EVs derived from SR cells
downregulated the expression of MLH1, which is a gene commonly associated with hereditary nonpolyposis
colorectal cancer in SS cells and thus promoted sorafenib resistance in vitro. Experiments in mice also confirmed

that miR-31-5p could regulate drug sensitivity in vivo.

Exosomes isolated from gemcitabine (GEM)-resistant human pancreatic cancer stem cells (R-CSCs) inhibited
GEM-induced cell cycle arrest and apoptosis as well as promoted tube formation and cell migration in drug-
sensitive human pancreatic cancer stem cells (S-CSCs). Elevated miR-210 levels were detected in R-CSC
exosomes compared to S-CSCs exosomes, and MiR-210 levels in exosomes were dependent on the GEM doses

used to treat cells. Moreover, treatment with R-CSC-derived exosomes increased miR-210 levels in recipient cells
is2],

The aforementioned studies are only a few recently published examples of the increasing evidence linking cancer
drug resistance to the presence of specific miRNA cargos in EVs. A more comprehensive summary of related

information can be found in a recent article by Maacha et al. B9,

Specific EV surface antigens can be targeted by immunotherapy where they act as a “hunter” in monoclonal
antibody-based therapies by diminishing antibody bioavailability. For instance, rituximab (anti-CD20 antibody) binds
to CD20 on the surface of EVs and protects targeted lymphoma cells from rituximab-induced toxicity 23, EVs
secreted either by HER2-overexpressing breast carcinoma cells or present in the serum of breast cancer patients
bind to trastuzumab. In vitro studies showed that HER2-containing EVs, but not EVs lacking HER2, prevent the
reduction in cell proliferation induced by trastuzumab treatment, although no change in HER2 activation status was
detected in EV-treated cells by Western blotting 52!,

The detection of immune checkpoint ligand (PD-L1) on EVs early after therapy is indicative of whether the patients
will respond or not to anti-PD-1 therapy. PD-L1 binds to PD-1 receptors on the surfaces of effector T cells,
preventing their ability to target tumor cells for destruction. In addition, EVs from glioblastoma stem cells were
found to contain PD-L1 and inhibit T cell proliferation and antigen-specific T cell responses 53, These results
suggest that by capturing the anti-PD-1 antibodies on their surface, EVs prevent this antibody from accessing the

tumor, thereby permitting PD-L1 to bind to PD-1 on T cells and attenuate anti-tumor immune responses.

These findings further extend our understanding of the implications of EVs in the development of the disease. The
composition of cancer-derived EVs can regulate patient responses to chemotherapy using one or more of the
aforementioned mechanisms. With this in mind, one may predict that EVs will serve to predict or evaluate therapy
efficacy, and as such will likely become powerful tools to improve cancer treatment. However, the clinical

application of new techniques for rapid EV detection and characterization remains a pending issue.
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4. EVs in Organ Tropism, Drug Delivery, Imaging and
Theranosis

The intrinsic organ tropism of EVs and their potential physiological benefits, combined with drug loading and
targeting strategies, provide multiple therapeutic benefits for drug delivery, such as greater cellular uptake and
focalization, prolonged circulation time, immunomodulation, biocompatibility, and stability. Furthermore, EVs can be
used as biological nanocarriers with the inclusion of active principles, nanoparticles, or imaging agents. As such,
they can significantly improve the therapeutic efficacy and selectivity, as well as facilitate the early detection of
multiple diseases, including cancer 8. However, to consider the use of EVs in potential clinical applications, the

effects discussed previously relating to the role of EVs in cancer and other pathologies need to be kept in mind.

For instance, EVs from melanoma cells predominantly accumulate in the lungs, while EVs from dendritic cells tend
to accumulate in the spleen BZ. Interestingly, EVs derived from tumor cells reportedly also show selective tropism
toward the tumor tissue from which they originated. EVs from brain endothelial cells can cross the blood-brain
barrier and accumulate in the brain and brain tumor tissue, while EVs from melanoma cells preferentially target
metastatic melanoma tumors 2859 691 phserved the in vitro and in vivo targeting and accumulation of lung cancer

cell-derived EVs in colon carcinoma cells and vice versa.

EVs have become novel biological delivery vehicles for several cargoes, due to the variety of natural properties
that they possess. EV tropism is determined by the presence on their surface of different adhesion and
immunoregulatory molecules, as well as specific cell receptors, which contribute to enhancing their accumulation in
specific tissues (61162, Evs have been widely studied as drug delivery nanocarriers in cancer research, so recent
and representative studies for each application of these vesicles in the delivery of proteins, genetic material, and
chemotherapeutics drugs will be described. In this field, Kim et al. developed a formulation of paclitaxel-loaded
exosomes by the sonication and conjugation of an aminoethilanisamide—polyethylene glycol (AA-PEG) vector

moiety to target the sigma receptor, which is overexpressed by lung cancer cells.

With respect to protein delivery, Aspe et al. 83l engineered EVs from melanoma cells to overexpress survivin-T34A,
which is a dominant-negative mutant variant of the inhibitor of apoptosis protein survivin that blocks the protein’s
function. and radiotherapy in pancreatic cancer. The authors observed that EVs containing either survivin-T34A
alone or in combination with gemcitabine increased apoptosis in multiple pancreatic cancer cell lines, as well as

enhanced the sensitivity of these cells to gemcitabine.

Beyond such applications, the use of EVs in site-specific drug delivery can be improved by protein engineering and
modifying the vesicle surface by attaching additional ligands to improve EV targeting properties and their
interaction with tumor cells [4. For instance, glycosylphosphatidylinositol (GPI) anchored EV proteins such as
decay-accelerating factor (known as CD55) 63 to attach anti-epidermal growth factor receptor (EGFR) nanobodies
to EVs and thereby improve targeting to EGFR overexpressing epidermoid carcinoma A431 cells. They showed
that the GPI-linked nanobodies were successfully displayed on EV surfaces and greatly improved EV binding to

tumor cells in a manner dependent on EGFR density.
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On the other hand, EVs readily transfer nucleic acids, such as DNA or RNA, to cells where they can cause specific
genetic changes. Regarding genetic drug delivery, Kamerkar et al. 68 engineered EVs known as iExosomes
derived from fibroblast-like mesenchymal cells loaded by electroporation with siRNA or shRNA specific for the
oncogenic GTPase KrasG12D, which is a common mutation in pancreatic cancer. Subsequently, the treatment with
iExosomes was shown to inhibit tumor growth and significantly increase the overall survival in multiple mouse

models of pancreatic cancer.

Fluorescence is generally used for exosome tracking and imaging because of its great versatility and simple
application by incubation of EVs with a variety of lipophilic fluorescent markers. In this field, generally small
lipophilic fluorescent dyes, such as DiR, DiD and PKH67, have been used to label the membranes of EVs.
Additionally, EV membranes have been labeled with fluorescent proteins, such as green fluorescent protein (GFP)
or tandem dimer tomato (td Tomato) (7. This type of labeling is considered more stable and suitable for evaluation

in clinical applications.

Another alternative is the use of semiconductor quantum dots as optical reporters. They are more stable and have
tunable optical properties that can be used for a wide range of applications, including in vivo imaging and
diagnosis. For instance, Zong et al. 881 obtained high-resolution images of breast tumor cells or their metastatic
activity by loading either silicon or gold-carbon quantum dots, respectively, onto the outer membrane of the

exosomes secreted by SKBR3 cells.

Superparamagnetic iron oxide nanoparticles (SPIONs) represent another interesting system for imaging. They
have been effectively incorporated into EVs and then tracked in vivo by magnetic particle imaging and MRI, as has

been shown for breast cancer ©2 and melanomas 9,

Another type of nanomaterial that can be used for EV imaging is gold nanoparticles (AuNPs), which are highly
versatile due to their tunability, biocompatibility, and unique optical properties /1. On the other hand, gold exhibits
a high absorption coefficient of X-rays, which make AuNPs useful as contrast agents for computerized tomography.
AuNPs can be efficiently incorporated into EVs and then used for imaging, as well as tumor ablation in cancer
therapy. This combination permitted analyzing the vesicle biodistribution and detecting the presence of small
metastatic foci in the animal lungs by neutron activation analysis, NIR fluorescence, CT imaging and gold-

enhanced microscopy imaging.

The use of EVs in imaging applications has been made possible by exploiting some of their natural properties. In
particular, EVs have a mean size of 50-200 nm and can evade clearance by the mononuclear phagocytes, as well
as favor passive extravasation in inflamed tissues 2. The presence of immunomodulatory molecules, such as
CD47 and PD-L1 ligand, on the EV surface aids significantly in avoiding phagocytosis and suppressing T cell
activation, respectively [Z8l681 For these reasons, EVs are nowadays considered very appealing nanoscale tools

for use as diagnostic sensors, as well as therapeutic vehicles in oncology.
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With the advances in nanotechnology and thanks to their unique properties, nanoparticles have become a
promising tool in many areas in recent years, including theranosis. Existing evidence points towards the great
potential of EVs both as diagnostic biomarkers and therapeutic tools. Such tumor-derived EVs have characteristic
proteomic and genomic signatures, indicating that they represent suitable vectors for cancer diagnosis and
prognosis 13741 |n addition, because EVs can transfer various therapeutic compounds, as well as imaging agents,

some researchers have proposed to exploit these vesicles as a tool for simultaneous therapy and active diagnosis.

Then, the isolated exosomes (RGD-Exos-SH) were functionalized with AUNRs by the formation of Au-S bonds and
coupling folic acid (FA) to improve the uptake efficiency by tumor cells. Furthermore, doxorubicin (DOX) was
loaded into exosomes by electroporation. Such designer exosomes showed effective accumulation at target tumor
sites via dual ligand-mediated endocytosis, which was monitored in nude mice bearing tumor cell xenografts, using
non-invasive near-infrared optical imaging. Moreover, the localized hyperthermia induced by the conjugated AuNRs
during near-infrared irradiation increases the permeability of exosome membranes to enhance drug release,
thereby preventing tumor relapse in a programable manner.
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