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ABSTRACT: Exosomes, biological extracellular vesicles, have recently e mox Cancary
begun to nd use in targeted drug delivery in solid tumor research. * Pancreatic Cancer
Ranging from 30120 nm in size, exosomes are secreted from cells and o o cer
isolated from bodily uids. Exosomes provide a unique material * Glioblastoma
platform due to their characteristics, including physical properties s

as stability, biocompatibility, permeability, low toxicity, and Ig

immunogenicity all critical to the success of any nanoparticle dg
delivery system. In addition to traditional chemotherapeutics,
products and RNA have been encapsulated for the treatment of
pancreatic, lung, prostate cancers, and glioblastoma. This re
discusses current research on exosomes for drug delivery to s
tumors.
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1. INTRODUCTION micelles as drug carriers. Exosomes are cell-derived nano-

As a result of late diagnosis and limited treatment optionBarticles with more advantages over these nanotarriers.
many malignant solid tumors have a poor prognosis arg0Somes are extracellular vesicles secreted by cells into
require more innovative approaches to cure such dead@dily uids, ranging in size from 30 to 120 nm, and carry a
disease. Targeted nanocarriers for drug delivery is a vdgfi€ty of biomacromolecules such as, RNA, DNA, proteins,
promising avenue for treatment of solid cancerous tumors KEfc:~ The Minimal Information for Studies of Extracellular
have thus far been proven insient. With high clearance Vesicles 2018 guidelines state that the isolated extracell_u_lar
rates, toxicity to normal tissues, limited loading capacity, aR§0SOMes must be characterized by at least three positive
shallow penetration depths, nanoparticles have provett di protein markers, including at least one transmembrane/lipid-
to use” The common drug carriers, such as micellesoound protein or cytosolic protein as well as at least one
polymersomes, and liposomes, have failed to address thaggative protein markeérin addition to the biological cargo,
issues adequatéfy. there are surface proteins and lipids that specify exosome

Although survival rates have increased in recent yeaf&idin and destinationFigure ). These biomarkers are
current treatments for many cancers remaiediee and indicative of the cell type secreting the exosomes. The ability
require the development of improved delivery method40 di erentiate surface proteins on the exosomes renders them

Among the cancers of breast, pancreas, lungs, prostate, gﬁ&ools for early diagnosis of diseasesface proteins may
brain, the ve-year survival rate is less than 22%, wit}? so be used in targeting and dec_reasmg clearance rates, both
glioblastoma being drastically lower €1%$olid tumor  features that polymersomes and liposomes frequertfly lack.
cancers are deult to treat in all stages due to their unique Mediating cellcell signaling, transportation of bioactive
characteristics in cell cycle and vasculature, which limit the°lecules, and assisting in immune response are some of the
delivery of drug€ Current treatment methods include €X0SOmeésmnown functionS? Inherent stability, biocompati-
chemotherapy, radiation, and surgical resection when possiBily, biological barrier permeability, low toxicity, and low

Some natural products, such as curcumin, and anthocyaniﬁ@””oge”idty,are critical for the na_tur_al function of. these
are currently either in the experimental stages or in clinicapid-based vesiclés These characteristics address issues

trials as adjuvant therdp}® However, the common chemo- ass_o_ciated with other nanoparticle de!ivery vehicles, such as

therapeutic drugs such as paclitaxel and doxorubiein su toxicity and high rate of clearaffdénmodi ed exosomes can

from low aqueous solubility andsite toxic side ects, and

as a result, new methods for targeted drug delivery aReceived: January 23, 2019
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Table 1. Overview of Cancer Type, Exosomal Cargo, and
Source of Exosomes Discussed in This Review

cancer type cargo source of exosomes
breast curcumin TSIA, 4T.1 and B16 cells
raw bovine mifk
anthocyanidins raw bovine milk
paclitaxel macrophage ¢2lls
raw bovine milk
soluble proteins HEK293, HT1080, and HeLd tells
Berry Anthos raw bovine rilk

doxorubicin MDA-MB-231 and MCF7 &lls
SiRNA HEK 293 and MCF7 céif®
miRNA HEK 293 and MCF7 céft¥®
ssDNA HEK293 and MCF?7 célls
miR-134 Hs578T celfs
trastuzumab modid dendritic cefl3
Figure 1.Schematic illustration of an exosome with the common pancreatic oncogenic Kras  human forebkimlast celt§
cargos such as RNA and prot&ins. bontlal marrow-derived mesenchymal stem
ce
decrease proliferativesets in cancer ceffSwhen combined lung celastrol raw bovine rfllk
with di erent therapeutic strategies, exosomes decrease tumor paglitaxel macrophage ¢éls
proliferation with greater ectiveness. In addition to doxorubicin. . M1299 and YRCS céfts
carrying therapeutics, exosomes do not elicit an immune %de con,-ugate
response in the bloodstream like other nanoparticle peptide peripheral blood mononucleargells
formulations’ prostate paclitaxel LNCaP and PC3%Rells
After the discovery in 1983, exosome research has steadyjoblastoma  curcumin GL26 E8lls
gained interest and momentiinThis review summarizes STATS inhibitor ~ G126 ceffs
exosomal delivery of synthetic drugs, silencing RNA, micro- rhodamine 123 brain neuronal glioblastoma-astrocytoma U-
RNA, and natural products for solid tumors (summarized in with paclitaxel 87 MG, endothelial bEND.3, neuroecto-
! X Y. or doxorubicin  dermal tumor PFSK-1, and glioblastoma A-
Table ). The manufacture, isolation, pcation of exosomes, 172 celf®
and drug loading are described in a recent review article. MiR-124a mesenchymal stem Cells
SiRNA bEND.3 cefi$

2. DISCUSSION

2.1. Exosomes for Drug Delivery to Breast Cancer. for the proliferation, migration, survival, and invasion of cancer
Breast cancer is the most prevalent form of malignancy and ttels’® Functionalized exosomes were loaded with doxorubicin
Ieadingi cause of cancer-related death in women in the westasing electroporatiéi. In an in vivo study, the drug-
world***? Despite the decreased mortality rate with advancencapsulated, iRGD functionalized exosomes improved the
ments in early detection and improvements to systematicects of doxorubicin with no observable toxfditpdla and
adjuvant therapies, recurrence is seen up to 20 years afteleagues also demonstrated that doxorubicin-encapsulated
surgical interventions with increased metastasis and dregposomes decreased cardiac toxicity and adwemtse an
resistancé.Currently, the treatment options for breast canceother tissues compared to the free drtigrhus, the dose of
patients are surgical resection, chemotherapy, radiotheragyxorubicin can be increased, leading to a targeted cytotoxic
and hormone therap§. All current treatments have e ect on the breast cancer céffs.
challenges, including drug resistance and toxicity to healthyExosomésnatural ability to carry biologically relevant
tissue$® Targeted, nontoxic, and nonimmunogenic deliverynolecules is the main advantage over other nanoparticles.
technologies are needed to overcome the current ch&flengeShis characteristic has led to research in treatment options
Exosomes have gained momentum as a potential targeteduding the use of nucleic acid dftigsor activation of the
delivery vehicle for breast cancer. immune systeff> Current research in miRNA delivery is

Doxorubicin, a widely used chemotherapeutic drug fdiocused on breast cancer and other solid tumors. The miRNA-
breast cancer, reduces the risk of recurrence up to 8% al®¥, a tumor suppressant, is down-regulated in breast’cancer.
mortality by 6.5%+=° For patients taking doxorubicin, the O'Brien used exosomes to deliver miR-134 to Hs5%8Ts(i)
side eects of congestive heart failure and drug resistanteple-negative breast cancer cells and observed that migration
require a shift to lesseetive therapy optiofisTian et al. and invasion were reduced by 1.2-fold and the sensitivity to
loaded exosomes with doxorubicin for targeted delivery amti-Hsp90 drugs was enhanced by 2.1%*@tno and
triple-negative (MDA-MB-231) and estrogen receptor positiveolleagues moaid exosomes with the GE11 peptide, which
(MCF-7) human breast cancer célExosomes were isolated specically binds EGFR, and were loaded with let-7a miRNA, a
from mouse immature dendritic cells (imDCs) to minimizeregulator for the reduction of cell division and alteration of cell
immunogenicity and further moeli to express tumor cycles. The epidermal growth factor receptor (EGFR)-
targeting motif on the surface (iIRGD) to maximize sfigci  expressing breast cancer cell lines (HCC70, HCC1954, and
These cells were engineered to create exosomes that expkG§-7) were used to test the exosomestiveness. The
lysosome-associated membrane glycoprotein 2b (Lamp2b) tamgeted and drug-loaded exosomes were delivered to EGFR-
the membrane. The Lamp2b was fused to the tumorexpressing xenograft breast cancer tissue in’ RAGZ>°
penetrating iIRGD peptide to target theintegrin, critical  These studies resulted in suppressed tumor gfegiine(?
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and provided another promising strategy for the delivery tifie limited delivery ecacy of cytotoxic agefit€One way to
nucleic acid drugs. combat this problem is to utilize a targeted nanosized drug
delivery vehicle. Recently, the FDA approved a nanopatrticle
delivery strategy for the anticancer drug paclitaxel (Abrax-
ane)®® This monumental leap in the treatment of pancreatic
cancer has accelerated the development of nanoparticle-based
drug delivery methods. Abraxane, initially approved for
metastatic breast and nonsmall cell lung cancers, utilizes
albumin-bound paclitaXl Abraxane in conjunction with
gemcitabine leads to increasedctveness for pancreatic
cancer patients, making this plest line treatment.

One of the biggest challenges of nanoparticle-mediated drug
delivery is the high rate of clearance. Due to exosaines!
characteristics, they have longer retention in the circulation
compared polymersomes or liposéthéEhe increased
%atention time results from a transmembrane protein (CD47-

Figure 2 Human embryonic kidney cells (HEK293) expressing GE1 : :
were transfected with synthetic let-7a. Exosomes containing let: IaRF))’ which prevents exosomes from being phagocytosed

were puried from culture supernatants and intravenously injected (imd thergforg; increase the de"V?QaGY of its content to t'he

g of puried exosomes, once per week for 4 weeks) into mickarget S'te_é- Increased retention time leads to higher

bearing luciferase-expressing breast cancer cells HCC70. Reprodgédcentrations of exosomal cargo to pancreatic cancer cells

with permission from r86. Copyright 2013 Elsevier. and enhanced treatmeneetiveness.In addition, exosomes

also enhance macropinocytosis of cancer cells, one mechanism
uptaké® While Abraxane has made sigmit advances in

i %treatment of pancreatic cancer, it is still not enough, and

exosomes have the potential to a better option.

Due to tumor avoidance of the immune system, activati
immune response using an exosome-based vaccine

promising strategy for cantePatients treated with Due to exosomaability to e ectively carry macromolecules
trastuzumab, a chemothenajic monoclonal antibody, u X 1ty IVely y Jies,

commonly develop resistance, making a delivery method %rﬂ:?”‘t’;?g RNA can 3§eKncaps;Jlated, tlIJI’nES(rngOIC genes i
urgent necessity. Exosomes from dendritic cells were WItNIN € cancer Celis.Kamerkar employed exosomes 1o

transfected with adenoviral vector . creating a carry @ SiRNA against the oncogenic protein Kras
vacciné® The vaccine was used for t?ggt%ent in m?ce with{Kras’*29).%%"* Oncogenic Kras is a signaling protein that
trastuzumab-resistant BT474 and trastuzumab-sensitive MEEYes the mutation of pancreatic cancer formation. Silencing
7 tumors’® The vaccine stimulated the cytotoxic T oncogenic Kras using this approaqh showed unpreceden_ted
lymphocyte response and was observed to kill cancer c&{§'or regression and the potential to target pancreatic
and eradicate tumors, providing a promising new strategy fgancef” In orthotopic and genetically engineered mouse
drug-resistant tumdisDespite thén vitroandin vivostages, =~ model systems, siRNA encapsulated exosomes (iExosomes)
the exosome delivery strategies are promising methods for rig@wed superior antitumoraacy Figure } with decreased
breast cancer therapy. The exosomes provide solutionsP@ncreas desmopldSiantitumoral eect of iExosomes was
many challenges that are faced by clinicians in the treatmen@écompanied by enhanced cancer cell apoptosis, suppressed
breast cancer, such assiie toxicity and drug resistance. proliferation, and reduced phospho-ERK, phospho-AKT, and

Clinical trials of exosome-based delivery methods are exped¥gogenic Kras levéts vivoexperiments. The engineered
to occur due to the positive published results. Kras encapsulated exosomes showed decreased clearance rates

2.2. Exosomes for Drug Delivery to Pancreatic  compared to plain exosorfféExosome research in pancreatic
Cancer.With a single-digitve-year survival rate, pancreatic cancer is a rapidly advanciefyl as targeted drug delivery is
cancer is deadly due to the inability to detect early and tretite most viable solution to the treatment of pancreatic
metastatic tumor§>’ Most conventional and targeted cancef’ siRNA is limited in use by the challenges of delivery
therapies fail to provide substantial response primarily due tto target organs during clinical tfial¥he bodjs normal

Figure 3.Kras iExsomes suppress pancreatic cancer progression in genetically engineered mouse models for pancreatigle@ncer. Kaplan
survival curve of tumor-bearing mice with early (a) or late (b) treatment of iExosomes. (c) Tumor burden (early treatment) at the experimental
end point. (d) Tumor burden at 44 days of age. Reproduced with permissiondfgo@omfright 2017 Springer.
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Figure 4.Chemical structures of natural substances used to treat lung cancer: (A) curcumin, (B) anthocyanidins, and (C) celastrol.

Figure 5.Exosomes (vehicle) and exosomes containing Anthos were tested for cgttitorit earious cancer cell lines. Cancer cell lines of
lung, breast, ovarian, colon, pancreas, and prostate were treatedvithéd®somes for 72 h, aneet on cell growth inhibition was assessed
by MTT assay and compared with untreated cells. Statistical analysis was performed ustegt$tuclempare exosomes alone with vehicle
treatment*p 0.05;**p 0.01; and** p 0.001. Reproduced with permission frorbIre€opyright 2017 Elsevier.

physiologic processes, such as réretion, breakdown by Phase I clinical trials but have not begun recruiting patients yet.

enzymes, and phagocytic cells have hampered the translalibe new idea of iExo brings great promise to pancreatic cancer

from in vitroto in vivouse!” Multiple research groups are and the ability to decrease patienesng while increasing

optimizing the use of these small RNA molecules with ective treatment options.

successful early studies queuing interest froneltheThe 2.3. Exosomes for Drug Delivery to Lung Cancer.

new ideas bring great promise to pancreatic cancer and f\¢ng cancer accounts for one out of four cancer-related deaths,

ability to decrease patient sting while increasingegtive  making it the leading cause of mortality worldidewever,

treatment options. __ current therapeutic interventions are notent, and most are
Subsequently, Mendt et al. scaled up the production ?Jrgllliativé‘.4 Researchers are investigating natural products or

exosomes. They also demonstrated that the bone marrow- Kf)iheﬁc drugs for use as a chemotherapeutic. Despite the

derived mesenchymal stem cell exosomes encapsulating Si%evelo ment of substances for preventing proaression and
(iExo) retain the ecacy for six months when stored frézen. 2cv e oP . P ng prog
dghibiting malignancy of lung cancer, clinicians have been

The research group tested the iExo on patient-deriv , : X
xenograft mice model of pancreatic cancer with positivad’u99ling with successful targeted delivery. The use of

resulté? In vivostudies demonstrated sigait increases in Naturally occurring compounds is desired for their cost-
life expectancies of mice treated with a combination of iEx@ectiveness and feasibility for oral administration. However,
and gemcitabine in both early and late stage diseases (mfi@any suer from bioavailability and toxicity issues, making
surviving for 90 days in totdh)n an early stage pancreatic their use dicult due to lack of delivery methbtExosomes
tumor, mice had greater than 50% survival at day 89 when thave been explored as a potential delivery method to overcome
study was terminatédiExo are now making their way into bioavailability, toxicity, and cleardfice.
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Figure 6.Schematic of nanosome synthesis with encapsulated doxorubicin. Reproduced with permisé®rCtypymight 2016 Springer.

Three dierent naturally occurring substances that havaumber, respectivelffigure %.** When the exosomes were
been explored as possible treatments of lung cancer &aded with the anthocyanidins, up to a 30-fold decrease in cell
celastrol, curcumin, and anthocyanidfiugi(e 4. Celastrolis  survival was observed as compared to free compounds in lung
a natural product (isolated frofnipterygium wilfordéind cancer cell linesF{gure 3.*' When testedin vivo
Celastrus regedinown to have antiproliferative and antitumor anthocyanidine-loaded exosomes also increased therapeutic
properties but has limited therapeutic use due to lowesponse compared to free compounds without any toxicity.
bioavailability and esite toxicity**> Aqil and colleagues The use of exosomes for the delivery of natural products
studied the possibility of milk-derived exosomes deliverimgovides a promising method to overcome the challenges of
celastrol in am vitroandin vivdung cancer mod&lIn thein bioavailability and toxicity.
vitroassessment, human lung cancer H1299 cells were treateth addition to the natural products, researchers have
with free celastrol and celastrol-loaded exo$bhnesn vivo explored encapsulating synthetic pharmaceuticals in the
model used within this study was nude mice with axosomes. Kim et al. developed another method for loading
subcutaneous injection of H1299 lung cancer xenSgraftspaclitaxel via sonication into exosomes released by macro-
The antiproliferative ect of celastrol was further enhanced phage$’ Exosomes loaded with paclitaxel were shown to be a
when encapsulated in exosomes in both thigoandin vivo promising strategy for drug delivery to multidrug resistant
settindg’* The use of encapsulated celastrol in exosomes canlmonary cancgdsln a later study, the group maeti the
reduce the toxicity while increasing theaey and has the exosomes with the aminoethylanisamide-polyethylene glycol
potential to be a novel treatment of lung céhcer. (AA-PEG) vector for targeg the sigma receptor, a

Curcumin (isolated from turmeric) has been studiedcommonly overexpressed receptor in nonsmall cell lung
extensively as a potential chemopreventative for ‘cancer.cancef The exosomes were biocompatible, long-circulating,
Curcumin has poor water solubility due to hydrophobicityand targeted drug delivery vehicles with innate features of
reducing its clinical eacy’® To enhance delivery of the macrophagé$.The targeted exosomes increased the survival
compound, bovine milk-derived exosomes were loaded with the mouse model while decreasing toxic sesE
curcumin and tested iim vitrolung cancer modélaVith the Agarwal et al. developed paclitaxel-loaded exosomes for use as
addition of curcumin-loaded exosomes, growth inhibitioan oral delivery methbdThe exosomes were isolated from
increased in the lung cancer cells without any toxiceide e raw cow milk and loaded with paclitaxel by miixifige
to healthy celfs. group found the orally admsteéred paclitaxel-loaded

Aglycones (anthocyanidins) are naturally occurring sulexosomes decreased the toxicity and increased the therapeutic
stances found in berries possessing antiproliferative, apoptaticgiency of the drug to A549 xenograft lung tumor in*fice.
anti-in ammatory, and antioxidant properties, burdtom Other groups are working on loading exosomes with
low permeability and oral bioavailadilitjlunagala et al. doxorubicin for possible lung cancer théfaByivastava et
developed a method for loading milk-derived exosomes wilh investigated the eacy of exosomes encapsulating
anthocyanidins for oral delivery to mice with lung cancedoxorubicin conjugated to gold nanoparticles (GNPs) as a
xenografts: The group initially tested the novel delivery drug carriet® In a separate study, Srivastava et al. explored
method of plain exosomes and exosomes containirgxosomes for delivery of doxorubicin-GNPs by a pH-sensitive
anthocyaniding vitrousing A549 and H1299 human lung hydrazine linker, which they called nanosorigsré¢ .
cancer cells and observed a 66% and 76% reduction in ddlle e cacy of the exosomes were evaluated im itro
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setting using two nonsmall cell lung cancer cell lines, H129@arranting novel therapeutic strategies. The Wicaid

and A549, and one lungroblast cell line, MRC8.The barrier (BBB) remains near impenetrable, blocking the
exosomes showed preferential cytotoxicity to lung cancer cesietration of more than 98% of all small molecule®8rugs.
compared to healthy cells as evidenced by the reduced viabilityosomes with endless variation in loading capacity and
of the H1299 and A549 cells compared to MRCY'¢ells. homing abilities showcase a possible treatment modality for

In addition to the promisinigp vitroand in vivoresults, GBM?* allowing for new and old classes of drugs to be
Morse et al. conducted a Phase | clinical trial using exosonesgctively delivered to their target sites.
encapsulating tumor antigens for advanced nonsmall cell lungyang et al. showcased the ability of drug-loaded exosomes to
cancef’ Exosomes derived from dendritic cells from thecross the BBBn vivo using a zebrsh modef®’ The
patient and loaded with MAGE tumor antigens were given fopropensity of zebrsh as a reliablie vivoBBB model was
times weekly to study participdit¥he therapy was well shown by Jeong et al., by camtion of spect character-
tolerated, and some of the participates experienced long-teistics seen in higher order vertebfitdsxosomes were
disease stabilityTo investigate further, Phase Il clinical trialsisolated from cell culture media from various cell lines
are planned to expand the number of pafiéfitse use of  including GBM U-87 MG, brain endothelial cells bEND.3,
exosomes as a drug carrier for lung cancer shows considerablaoectodermal tumor PFSK-1, and glioblastoma A-172.
translational potential to overcome the current challengé&aclitaxel and doxorubicin were incorporated into the
faced by clinicians. exosomes using electroporation along witlorescent dye

2.4. Exosomes for Drug Delivery to Prostate Cancer.  (rhodamine 123) and then tested for CD9, CD63, and CD81.
Prostate cancer is the most frequently diagnosed malignanciim signi cant di erences were found between cell lines except
the United States, being the third most common type of cancBEND.3 cells. These cells had a near 2000 times greater
death in mer’ Successful treatment of prostate cancer igxpression of CD63, possibly eluting to a unique receptor-
di cult due to the rate of metastasis and late detectidh. mediated transport mechanism for crossing th&°BBiE
treated early with surgical intervention, radiation, or hormortbeory was partially comed by incubating bEND.3 cells
therapy, moderate success has been observed but can beowitrerhodamine 123 exosomes. This resulted in acaigty
devastating with tumor metast¥sBpecic biomarkers are higher cellular uptake, showing the involvement of active
required for determining the type of prostate cancer, anlansport mechanisms. Exosome delivery across thshzebra
exosomal surface proteins can be used for early detectionB&B was tested using all four cell typegi(e ). While the
the malignancy. *® exosomes from glioblastoma-astrocytoma (U87-MG), neuro-

In addition to early detection, exosomes show promise asatodermal tumor (PFSK-1), and glioblastoma (A-172) cells
chemotherapeutic carrier by increasing the cytotegtaed failed to cross the BBB, the bEND.3 exosomes were successful.
toxicity of chemotherapeutic on cancer ‘CeSgari et al. The crossing of the BBB by drug encapsulated bEND.3
isolated exosomes from the conditioned culture media ekosomes resulted in reduced tumor size compared to free
LNCaP (androgen-sensitive human prostate adenocarcinontayig and control treatments.
and PC-3 (prostate adenocarcinoma) cells using ultra- Yang et al. attempted to further their zabratudies by
centrifugation. Subsequently, the exosomes were loaded vitading SiRNA in the exosorffeafter nding the signcant
paclitaxel, and assays showed decreased prostate canceupilke by bEND.3 exosorfieshe group loaded VEGF
viability>® To determine the importance of exosomal surfaceiRNA into the isolated exosomes. siRNA alone was unable to
proteins, all surface proteins were removed from paclitaxetoss the zebrsh BBB eectively. However, the bEND.3
loaded exosomesAlthough there were no indications of siRNA loaded exosomes again showed uilityré $.°%°7
formation problems, the deliveryciency for paclitaxel The siRNA loaded exosome decreased the celarescence
decreaset!. This is likely due to the decreased entry of thesignal of thén vivoDiD-labeled cells by a factor of 4. This
in the cancer cells. The surface proteins partially mediatiecrease in cellulanorescence and supporting results from
endocytosis of the exosoniékhe surface proteins are vital in the paper indicated siRNA loaded exosomes could cross the
the drug delivery properties of exosomes due to theicspechblood brain barrier while inhibiting VEGF in this xenographic
mechanisms of entering c&lls. mouse modét.

In addition to chemotherapeutic drug delivery, exosomesA second type of RNA related therapeutic, miRNAs also
have been researched as a vaccine for prostate cancer asdoav anticancer characteristics by their ability to alter the
delivery method for the anti-ammatory agent, curcumin posttranscriptional gene expre?s"id?/%.Expression levels of
(previously discussed in theng cancer sectioof this specic miRNAs have been implicated in GBM showing
article)®® ®?With these potential applications of exosomes fodownregulation relative to non-neoplastic brain tiSdizsy
the treatment of prostate cancer, there is hope that the most al. screened eight miRNAs found to have implications in
frequently diagnosed cancer will begin to have higher survi@BM againstve glioma stem cell lines representing all GBM
rates in the near future. subtype$® miRNA-124a was selected based ectigeness in

2.5. Exosomes for Drug Delivery to Glioblastoma. decreasing cellular viability acrosssalcell lines.

Even with a multimodal treatment plan, often consisting of Using a lentivirus, the group was able to overexpress
surgery, radiation, and chemotherapy, the median survivalRNA-124a in cultured mesenchymal stem cells (MSCs).
remains under 15 months for gliGfa@he most prevalent Exosomes were harvested from MSC cultures that are
form of glioma, tumors arising from glial precursor cells, tsansfected with the cDNA for miRNA-124a, a nonsense
glioblastoma multiforme (GBRf)Frontline therapy for GBM  control cDNA (miRControl), or medium only (Exoempty).

is termed the Stupp protocol, involving concurrent radioThe exosomes were lysed, and RNA was collected for gRT-
therapy along with Temozolomide-based chemotferapyPCR analysis. Exosomes from miRNA-124a transfected MSCs
Heterogeneity among glioblastoma leading to both inter- aflthd a 60 -fold increase vs miRControl or medium only
intratumor variation results in altering responses to therapgxosomes.Lang et al. last tested their exosomeisousing
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Figure 7.In vivobrain imaging of exosome delivered rhodamine 123
in Tg ( i1: GFP) embryonic zebsh. Rhodamine 123 (red) retained
within vessels (green) after the injected formulations without
exosome (a) and with exosomes isolated from (b) neuroectodermal
tumor PFSK-1, (c) glioblastoma A-172, and (d) glioblastoma-
astrocytoma U-87 MG. Rhodamine 123 (red) dispersed out of
vessels (green) after the injected formulation with exosomes isolated
from (e) brain endothelial bEND.3 cells. Reproduced with permission
from ref66. Copyright 2015 Springer.

r.,a'gure 8.E cacy of exosome-delivered VEGF siRNA in a gebra

surgically implanted GBM cells in mice. Exo-miR control, ai ncer model, Images (a) and statistical analysis (b) of aghanti
?ib

Exo-empty treated animals died within 48 days with a med

survi_val of 4_1 days, while I_Exo-miRNA124 animals showedg . .antlv dierent b < 0.05). Data represent the meas8D.n =

median survival of 104 dafsg(ire 9.7 i 1286). Re{)roducedpwith pe)rmission Ff)romeriafCopyright 2015
The BBB provides a necessary protection system; howevghinger.

it also provides a barricade against treatment. Practically -all

large molecule pharmaceutics including monoclonal antibod-

ies, recombinant proteins, and RNA-like molecules are unable

to pass through the BBB on their éMBxosomes appear as a

viable option for a delivery vehicle capable of carrying both

large and small molecules across the Wboaid barrier.

-labeled (red) cancer cells in the zedbrébrain*Results are

3. CHALLENGES

Despite the numerous advantages, there are several challenges

of using exosomes as drug carriers, the major challenge being

the composition of exosomes and their functions. Exosomes

are involved in cellular communication through the transpoHigure 9.Percent survival of mice treaadvivowith Exo-miR124
of biomacromolecules from the host to the recipient celkfter being implanted with GSE&sP < 0.01. Reproduced with
However, it is unclear exactly which molecules are transportgdimission from réf. Copyright 2018 Oxford University Press.
their roles, and the associated heterogeneity of the exdsomes:
It is also necessary to choose ap%ropriate donor cells to

prevent triggering an immune respGhdeven when the  biomolecules on the surface and inside the aqueous lumen. In
source cells are idemil, the scale-up operation to produce aaddition, exosomes from cancer cells can trigger metastasis of
su cient amount of the vesicles foeaive treatment is the diseas&.® ® Bovine milk exosomes may provide a
another impending problémExosomes isolated from large- solution to these challenges due to the ease of isolation, scale-
scale cell cultures also esufrom the heterogeneity of the up, and the lack of immunogeni&ty. Clearly, further
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research is required into the composition of exosomes an) Young, R. C.; DeVita, V. T. Cell Cycle Characteristics of Human

their e cacy as a human drug carrier. Solid Tumors in VivcCell Proliferatict®7Q 3 (3), 285 290.
(7) Zzhang, H.-G.; Kim, H.; Liu, C.; Yu, S.; Wang, J.; Grizzle, W. E;
4. CONCLUSIONS Kimberly, R. P.; Barnes, S. Curcumin Reverses Breast Tumor

. . . Expsomes Mediated Immune Suppression of NK Cell Tumor
Exosomes are potential drug carriers in the early Sta_gesd}?otoxicity.siochim. Biophys. Acta, Mol. CelP@8%.1773(7),
development and validatin! Exosomes possess the ability 1116 1123,

to communicate to cells with distinct biomarReRecent (8) Cheng, A. L.; Hsu, C. H.; Lin, J. K.; Hsu, M. M.; Ho, Y. F.; Shen,
studies show their capabilities and indicate their potential asars ; Ko, J. Y.; Lin, J. T.; Lin, B. R.; Ming-Shiang, W.; et al. Phase |
e ective drug carrier. Exosonadslity to ght solid tumor  Clinical Trial of Curcumin, a Chemopreventive Agent, in Patients
cancers comes at a much needed time, with many curresith High-Risk or Pre-Malignant Lesighisticancer Rez001, 21
nanoparticle delivery systems failing at a ratef590 in (4B), 2895 2900.

industry and government settihndsung, pancreatic, glio- (9) Aqil, F.; Munagala, R.; Jeyabalan, J.; Agrawal, A. K.; Gupta, R.
blastoma, prostate, and breast cancers are deadly malignareiegomes for the Enhanced Tissue Bioavailability and Efficacy of
and require more specialized treatment methods. CurrefpfCUminAAPS 2201719 (6), 1691 1702.

approaches do not treat many of these cancers successfgy]) Earle, C. C.; Evans, W. K. A Comparison of the Costs of
The biological origin of the exosomes renders them with 8 clitaxel and Best Supportg/e Care in Stage IV Non-Small-Cell Lung
unique ability to address current issues with nanoparticle-bas ():?\;lﬁggcglraPrF?\./ Eoi?tt,:g ) gel ;Al;)ééﬁz Jgsg. rawal. A. K. Mudd. A
drug delivery®®’ With decreased clearance and increaseg . Kyakulagga, ‘A II’-I.;qSi’ng.rll, I.yp.; Vad’ha.rlwargl, M. V -Gu.|’ota, R. C.

specicity due to surface proteins and engineered targeting,osomal Formulation of Anthocyanidins against Multiple Cancer
methods, exosomes are very promising drug carriers to targ@les Cancer Let2017 393 94 102.

and deliver chemotherapeutics, RNA, and natural product$i2) panahi, Y.; Saadat, A.; Beiraghdar, F.; Sahebkar, A. Adjuvant
However, the exosomes are not devoid of challenges eithEferapy with Bioavailability-Boosted Curcuminoids Suppresses
The heterogeneity of the encapsulated and surface molecutastemic Inflammation and Improves Quality of Life in Patients
potential immunogenicity, and the risk of promoting metastasigth Solid Tumors: A Randomized Double-Blind Placebo-Controlled
need to be overcome before successful therapeutic use of Thel. Phytother. R&914 28 (10), 1461 1467.

vesicles in human solid tumors. Clinical trials are still on thé13) Teixeira, L. L.; Costa, G. R.;rB&. A.; Ong, T. P.; Pinto, E.;

horizon for the use of exosomes as a drug carrier for sok@iolo, F. M., Hassimotto, N. M. A. Potential Antiproliferative
Activity of Polyphenol Metabolites against Human Breast Cancer

tumors. Cells and Their Urine Excretion Pattern in Healthy Subjects
Following Acute Intake of a Polyphenol-Rich Juice of Grumixama
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