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The important challenge about cancer is diagnosis in primary
stages and proper treatment. Although classical clinico-patho-
logical features of the tumor have major prognostic value, the
advances in diagnosis and treatment are indebted to discovery
of molecular biomarkers and control of cancer in the
pre-invasive state. Moreover, the efficiency of available thera-
peutic options is highly diminished, and chemotherapy is still
the main treatment due to lack of enough specific targets.
Accordingly, finding the new noninvasive biomarkers for
cancer is still an important clinical challenge that is not
achieved yet. There are current technologies to screen, diag-
nose, prognose, and treat cancer, but the limitations of these
implements and procedures are undeniable. Liquid biopsy as
a noninvasive method has a promising future in the field of
cancer, and exosomes as one of the recent areas have drawn
much attention. In this review, the potential capability of
exosomes is summarized in cancer with the special focus on
breast cancer as the second cause of cancer mortality in women
all around the world. It discusses reasons to choose exosomes
for liquid biopsy and the studies related to different potential
biomarkers found in the exosomes. Moreover, exosome studies
on milk as a specific biofluid are also discussed. At last, because
choosing the method for exosome studies is very challenging, a
summary of different techniques is provided.

Identification of specific biomarkers is required for early detection
and cancer screening to conquer cancer. Due to the heterogeneous
characteristics of most tumors and different genomic profiles, con-
ventional biopsies cannot reflect the whole nature of primary or
secondary tumors (metastasis area). Each tissue biopsy provides a
small sample size and fails to reflect tumor heterogeneity, which
is essential in the treatment procedure.1,2 Moreover, to detect the
therapy response, repeated cancer cell sampling is needed to identify
tumor genetic changes during cancer treatment, but after surgery,
the tumor is not accessible to be monitored during treatment.3

Accordingly, new low-cost and noninvasive sampling is needed
for early detection, screening, and investigating tumor dynamics
as well as the risk of relapses.4 Isolation of genetic materials from
bioliquids is a new and minimally invasive method to diagnose
different types of cancer. In most cancers, some compartments of
tumor cells (e.g., DNA, exosome, etc.) or even the whole cancer cells
segregate from the original tumor bulk and enter the bloodstream or
any other bioliquid.5 Relative to direct tumor biopsies, the easy-to-
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obtain nature of bioliquids makes them an attractive alternative
source for clinical application. Releasing exosomes from heteroge-
neous cancer cells in biofluids could provide the potential informa-
tion of tumors.3,6

Exosomes were first reported by Pan and Johnstone7 in 1983 at
McGill University when culturing sheep reticulocytes. These lipid
bilayered vesicles with endocytic origins are released into the extra-
cellular region8 by a variety of mammalian cells, including cancer
cells.9 Exosomes from different types of cells enclose different pro-
teins that have important roles in their biogenesis and are used as
markers for their recognition in experimental procedures. Some ex-
amples of these proteins are Rab GTPase family,10 tetraspanins
(CD9, CD81,11 and CD6312), annexins,13 and chaperones (heat
shock protein [HSP] 7012 and HSP9014). Exosomes are exciting in
a vast range of biofluids, including serum,15 normal and malignant
urine,16 plasma, breast milk, saliva,17 malignant pleural effusions,18

bronchial lavage fluid,19 ocular samples, tears,20 nasal lavage fluid,21

semen,22 synovial fluid,23 amniotic fluid, and pregnancy-associated
serum.24

The current review discusses advantages of liquid biopsy, especially
milk as a specific breast biofluid for exosome-based studies. Then
different exosome studies related to diagnosis, treatment, and
response to therapy in breast cancer (BC)16 were investigated. Finally,
recent studies on exosomal genetic materials in the field of cancer
biomarkers were scrutinized, and the study concentrated on different
methods related to laboratory works on cancer exosomes.
Encouraging Reasons to Use Exosomes for Liquid Biopsy

Traditional biopsies, such as fine needle aspiration, rely on accessing
the tumor cells25, but exosome-based liquid biopsy relies on subcellu-
lar particles and their cargos. Compared with the other sources of
liquid biopsies, exosomes have superiority in different aspects. First,
compared with other subcellular particles such as apoptotic bodies
and microvesicles, exosomes are more homogeneous in terms of
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Figure 1. Schematic Representation of TNBC Exosomes

TNBC exosomes represent some surface proteins, including CD98, CD147, and

CD59, and some overexpressed miRNAs (miR-134, miR-21, miR-373, and miR-

1246).
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size,26 and their cup-shaped appearance makes them easily distin-
guishable through electron microscopy.27 Second, unlike circulating
tumor cells (CTCs) thought to be a new source for cancer
biomarkers,6 many isolation and characterization protocols are devel-
oped to use exosomes in research and therapy.28 There are many
commercial kits that let us quickly and efficiently isolate exosomes
from a small amount of human body liquid.29 Third, exosomes
express specific markers including HSP70 and Alix, which can be
applied to separate exosomes from other subcellular vesicles.30 More-
over, exosomes can mirror the original cell markers by presenting
specific surface proteins31 and even their target cells.32 These features
cause easy isolation of both the tissue and target cell-specific
exosomes. Fourth, exosomes are stable in the circulation33 and are
found in almost every potential body fluid; therefore, they can
be used as diagnostic tools for many diseases including BC. One of
the BC clinical antibody-targeted receptors carried by exosomes,
HER2,34 might trigger the idea to use exosomal HER2 as a prognostic
tool through the liquid biopsy. Fifth, the nucleic acid content of
exosomes is a practical source for cancer investigation. Double-
stranded DNA content of exosomes can show the mutational status
of the original cell.35 Moreover, exosomes represent their parental
tumor-specific RNA and protein profiles,33 and their architecture
protects circulating RNA and microRNA (miRNA) from RNase
catalytic function.36 Circular RNAs in exosomes are more various
than that of the cell of origin.37 Therefore, exosomal nucleic acids
can be utilized to find genetic signatures in patients with cancer.38

Databases such as ExoCarta39 and Urinary Exosome Protein Data-
base40 facilitate the sharing of data about the nucleic acid and protein
content of exosomes.
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Breast Milk- and Breast Fluid-Derived Exosomes

Themajority of biomarker-based studies onBC focus onblood-derived
exosomes. Most of the cells in the human body, including breast tissue
cells, release their exosomes into the blood.41 Therefore, the concentra-
tion of breast-specific exosomes (BSEs) seems to decrease in blood
samples. However, breast fluids, especially milk, might be full of
BSEs. Thus, breast milk may be a more reliable source for exosome
studies and finding specific biomarkers. Hypothetically, BSEs may
have breast tissue-specific markers that let them bind specifically to
the BC cells and could be used in nanoengineering and targeted ther-
apy. In addition, collecting human milk in large scales for commercial
purposes is more practical and less invasive than that of human serum.
The yield ofmilk-derived exosomes (335mg/L) is enough for commer-
cial purposes.42 In this regard, scientists traced human milk exosomes
using their protein profile (including CXCL5, MIA, and KLK6).43 One
study showed that drug-loaded bovine milk exosomes were used to
inhibit human BC cells (MDA-MB-231 and T47D) proliferation. It
concluded that bovine milk-derived exosomes increased the stability
and cellular uptake of the drug. The regulatory effect of human milk
on the immune system is already demonstrated;44 researchers pre-
sented the anti-cancer impact of milk exosomes by NF-KB pathway
in H1299 cells.42 Furthermore, in 2016, Yassin et al.45 proposed that
camel milk exosomes can be utilized as potentially safe nanocarriers.
Interestingly, human milk exosomes contain high levels of transform-
ing growth factor-b2 (TGF-b2) and could promote epithelial-to-
mesenchymal transition (EMT) in MCF7 and MCF10A breast cells.
Hence, secretion of TGF-b2 in breast milk might increase the risk of
BC.46 In the opposite case, bovine milk exosomes decreased BC cell
viability in vitro.47 The stability of bovine milk exosomes under the
digestive system acidic condition makes it ideal for oral application.
Loading bovine milk exosomes with paclitaxel (PTX) raised therapeu-
tic efficacy and reduced systemic toxicity comparedwith freePTX in an
animalmodel for lung cancer.48 A recent study assessed the capacity of
milk-derived exosomes to optimize curcumin delivery to cancer cells.
The mentioned study proved that milk exosomes encapsulated with
curcumin had higher solubility in hydrophilic solutions, which
elevated the curcumin delivery to cancer cells. Exosomal curcumin
was stable under digestive system conditions, as well as endocytosis
by human intestinal cells in vitro.49 In conclusion, milk exosomes
might be cost-effective drug carriers and suitable for oral application.
Further investigation on human breast milk exosomes may discover
new roles for them in drug delivery.

Exosomes’ Role in BC Diagnosis, Treatment, and Resistance to

Therapy

Diagnosis

Similar to other cancers, BC tumor-related exosomes exert multiple
functions in tumor growth, metastasis, and chemoresistance. Exosomes
and their components (DNA, RNA, and proteins) may influence im-
mune escape, tissue invasion, metastasis, and angiogenesis.50 Existence
of circulating exosomal miRNAs might be a diagnostic biomarker for
breast malignancies. Triple-negative BC (TNBC) cells produce exo-
somes containing certain proteins andmiRNAs (Figure 1), which result
in malignant transformation. In comparison with malignant cells,
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Figure 2. Proposed Exosomes’ Role in BC Treatment

(A) miR-134 transfected Hs578Ts cells released miR-134-carrying exosomes that can downregulate STAT5B and HSP90 expression. Also, these exosomes reduce

migration and invasion, and increase anti-HSP90 drug sensitivity in secondary Hs578Ts cells. (B) Human umbilical vein endothelial (HUVE) cells released miR-503-over-

expressing exosomes after PTX and EPB treatment. These exosomes had the potential to reduce BC invasion and cyclin D2 and D3 expression that led to decline in BC cells

proliferation. (C) Human embryonic kidney cells (HEK239) were transfected with GE11 protein (specifically binds to EGFR-expressing cells) and let-7a miRNA. HEK239 cells

released GE11-expressing and let-7a-overexpressing exosomes, which bind specifically to EGFR-expressing xenograft BC tissues, and inhibited tumor development in

animal model.
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normal cells release exosomes that pack neutral miRNAs.51 Several in-
vestigations showed correlation between exosomalmiRNA(miR-195,52

miR-21,53 miR-484/19154) and tumorigenesis and pathological stages.
Hannafon et al.41 indicated that levels of miR-21 and miR-1246 were
higher in plasma exosomes of patients with BC compared with those
of the control samples. Moreover, interestingly, the result of the study
by Palma et al.51 showed that exosomes released by BC cells can be clas-
sified depending on their miRNAs content. Analyzing small RNA con-
tent of the serum exosomes of five patients with BC by RNA sequencing
(RNA-seq) technique showed that BC diagnosis was associated with
changes in the levels of specific subtypes of miRNAs.55 In 2016, Fiskaa
et al.56 assessed the whole small RNA content of nine BC cell lines and
indicated exosomal small RNA signatures to identify BC cell lines from
each other and also from those of other non-BC cell lines. Based on the
abundant studies focused on the role of exosomes in BC, Park et al.57

designed a diagnostic kit. This useful equipment measures the amount
of 10 miRNAs in breast tumor-derived exosomes. The aggregation of
some miRNAs indicates BC samples, and a decreased amount of
them directs to normal samples.57 To sum up, the miRNA content
of bioliquid exosomes can be potentially applied in early diagnosis
and staging of patients with BC.

Aswell asmiRNAs, someproteins are differentially expressed in certain
stages and types of BC, which are found in the extracted exosomes. For
example, CD24, likely as a late-stage BC biomarker,58 exists in seral
exosomes.59 In 2005, Ryan et al.60 showed that survivin and its splice
variants were differentially expressed in BC tissues and had different
roles in the apoptosis of BC cells. Accordingly, Khan et al.61 considered
that BC cells released survivin packed in the exosomes. Then, they
found survivin-2B as an anti-apoptoticmarker in the serums of patients
with BC. Therefore, expression analysis of survivin-2B may serve as a
diagnostic and prognostic marker in early BC stages.62

Treatment

Recent research presented exosomes as novel therapeutic targets.
Intrinsic and engineered exosomes can be applied as therapeutic
Molecular Therapy: Nucleic Acids Vol. 10 March 2018 133
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Figure 3. Proposed Exosomes’ Role in BC

Resistance to Therapy

(A) Tamoxifen-resistant BC cells (LCC2 cell line) secrete

UCA1-overexpressed exosomes, which can cause

resistance to tamoxifen (TAM) treatment of the MCF7 cell

line and decrease apoptosis through reduction of cleaved

caspase-3 expression. (B) RAB27B-upregulated stromal

cells release exosomes that contain 50-triphosphate RNAs
and activate STAT1-dependent antiviral signaling and

NOTCH3 pathways in adjacent BC cells. The crosstalk

between these two signaling pathways results in reduc-

tion of chemo-resistance and radiotherapy (RT) resistance

in different BC cell lines.
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agents to lay off the progression of the disease. It was indicated that
engineered exosomes loaded with specific elements such as miRNAs
can be utilized as a potential therapeutic option. O’Brien et al.,63 in
2015, found that miR-134-loaded exosomes can decrease the
migration and invasion of BC cells. Additionally, it enhances the
sensitivity of BC cells to anti-HSP90 agents, 17-AAG and
PU-H7163 (Figure 2A). miR-503 inhibits the proliferation of BC
cells and their invasive capacities by CCND2 and CCND3 knockout.
By miRNA profiling, Bovy et al.64 identified that miR-503 was
specifically upregulated in exosomes released from endothelial cells
after treatment with PTX and epirubicin (EPB). Based on their
study, endothelial exosomes loaded with miR-503 might obstruct
the proliferation of tumor cells, and in that way contribute to the
direct effect of taxanes and anthracyclines therapy64 (Figure 2B).
An in vivo study on RAG2�/� mice showed that exosomes were
potent to deliver let-7a to epidermal growth factor receptor
(EGFR)-expressing BC cells. This study suggested that exosomes
can be used to target EGFR-expressing BC cells by carrying off nu-
cleic acid drugs65 (Figure 2C).

For the first time in 2015, Jenjaroenpun et al.66 characterized the
whole RNA content of exosomes secreted by two human metastatic
BC cell lines. They suggested that exosomal RNA analysis might
distinguish low metastatic BC cell line (MDA-MB-436) from highly
metastatic BC cell line (MDA-MB-231).66 By the RNA-seq technique,
miRNA expression profiles of metastatic BC, as well as normal mam-
mary cell lines, are identified. Based on the multiple algorithms,
miR-105 is selected for in vivo and in vitro analyses. It indicated
that exosomes mediate the transfer of miR-105, which efficiently
breaks the cell-cell tight junctions and induces metastasis. In addition,
overexpressed miR-105 in non-metastatic BC cell line (MCFDCIS)-
derived exosomes induced metastasis and vascular permeability in
null mice.67 In conclusion, exosomes can be used in drug delivery
and targeted therapy of BC cells, or target the inhibition of the cancer
signaling pathways.
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Resistance to Therapy

The role of exosomes in the resistance of BC to
treatment was assessed in some studies. Urothe-
lial carcinoma-associated 1 (UCA1) protein ex-
erts a regulative effect on chemoresistance of
different cancer cells (e.g., gastric, bladder, and colorectal cancer).68–70

In 2016, Xu et al.71 compared the UCA1 mRNA amount in exosomes
released from tamoxifen-sensitive (MCF7) and -resistant (LCC2) BC
cells. Significantly higher levels of UCA1 were detected in both LCC2
cells and their exosomes. Interestingly, LCC2-released exosomes had
higher UCA1 expression than those of the LCC2 parent cells. They
concluded the role of exosomal transfer of UCA1 in the induction of
tamoxifen resistance in MCF-7 cells71 (Figure 3A). Boelens et al.72

demonstrated that upregulation of RAB27B protein resulted in
over-release of exosomes in stromal cells. These exosomes induce
the STAT1 protein in adjacent BC cells and activate NOTCH3 path-
ways. All of these processes lead to chemoresistance and radiation
resistance in BC cells72 (Figure 3B). In this regard, using RNA-seq
data, scientists assessed BC patient-derived xenograft models to pre-
dict the chemotherapy response.73 In summary, BC cells’ exosomes
and stromal cells’ exosomes, which are affected by cancer niche, trans-
fer intercellular messages in order to maintain cancer cell’s niche.

Exosomal Genetic Materials in Other Cancers

Researchers studied other cancer exosomes in different biofluids.
Some of the reputable studies focusing on non-BC cells are summa-
rized in Table 1. The study on serum samples illustrated the advan-
tages of these vesicles as potential biomarker sources in different
cancers. As an example, the study by Taylor et al.74 showed that the
signature on circulating exosomal miRNAs accurately reflected the
tumor profiles. Therefore, exosomal mRNA profiling can be per-
formed as an alternative diagnostic procedure.74 Moreover, a study
on glioblastoma multiforme in patients’ serum samples indicated
that exosomal miR-320, miR-574-3p, and RNU6-1 could serve as
diagnostic biomarkers for early detection and monitoring of the dis-
ease.15 Another study on seral exosomes of patients with melanoma
showed an association between circulating miR-125b downregulation
and disease progression.75 The selected miR-1246, miR-3976, miR-
4644, and miR-4306 were significantly upregulated in 83% of pancre-
atic adenocarcinoma seral exosomes, compared with those of the
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Table 1. Non-BC Studies on Biofluid-Derived Exosomes

Primary Sample Type of Cancer Genes Detection Method References

Urine prostate cancer
ERG
PCA3

qRT-PCR 101

Bronchial lavage samples lung cancer

hsa-miR-19b-1
hsa-miR-1285
hsa-miR-1289
hsa-miR-1303
hsa-miR-217
hsa-miR-29a-5p
hsa-miR-548-3p
hsa-miR-650
U6 snRNA

qRT-PCR 102

Serum

glioblastoma multiforme
RNU6-1
miR-320
miR-574-3p

qRT-PCR 15

advanced melanoma miR-125b qRT-PCR 75

pancreatic cancer

miR-1246
miR-4644
miR-3976
miR-4306

qRT-PCR 76

adenocarcinoma of the esophagus

miR-223-5p
miR-223-3p
miR-483-5p
miR-409-3p
miR-196b-5p
miR-192-5p
miR-146a-5p
miR-126-5p

qRT-PCR 77

prostate cancer

miR-200c
miR-605
miR-135a
miR-433
miR-106a

Scano-miR bioassay and qRT-PCR 38

meningioma

miR-106a-5p
miR-219-5p
miR-375
miR-409-3p
miR-197
miR-224

qRT-PCR 103

colorectal adenomas

miR-21
miR-29a
miR-92a
miR-135b

qRT-PCR 104

Serum and tumor cells ovarian cancer

miR-21
miR-141
miR-200a
miR-200c
miR-200b
miR-203
miR-205
miR-214

microarray 74

Patients and healthy sera:
cell lines (NPC and NP69)

nasopharyngeal carcinoma miR-24-3p qRT-PCR 105

(Continued on next page)
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Table 1. Continued

Primary Sample Type of Cancer Genes Detection Method References

Cell line AZ-P7a metastatic gastric cancer let-7 miRNAs family qRT-PCR 80

PC-3 prostate cancer 364 miRNAs profile microarray and qRT-PCR 79

LIM1215 colorectal cancer

GPA33
CDH17
CEA
EPCAM
PCNA
EGFR
MUC13
MINK1
KRT18
CLDN1, CLDN3, and CLDN7
CEP55
EFNB1 and EFNB2

immunoaffinity capture 81
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control group.76 Similar studies on esophageal cancer, meningioma,
and prostate cancer revealed evidence in favor of using exosomes in
cancer diagnosis or investigation of cell-to-cell communication.38,77

In addition to the serum studies, research on urine exosomes showed
practical significant results to predict cancer status. A novel triple-
RNA signature in prostate cancer can discriminate score 7 from other
scores in the first biopsy and reduce unnecessary sampling.78

As well as the studies on different biofluids, there are some evalua-
tions on the exosomes derived from cell lines. For instance, the com-
parison of normal and prostate cancer cell lines showed the presence
of a specific miRNA pattern in the cancer exosomes.79 The results of
another study suggested that metastatic gastric cancer cell line
released let-7 family miRNAs via exosomes into the extracellular
environment to maintain their oncogenesis.80

The specific exosomal proteins in a colorectal cancer cell line may
provide the understanding of colon cancer biology and potential
screening of biological markers for cancer.81 In 2016, researchers
reported 570 proteins as an exosomal protein profile consisting of
several cancer-related signaling proteins, tumor antigens, and
secreted regulators. The functional value of tumor exosomes in
the promotion of angiogenesis and cell migration was also
demonstrated.82

Exosome Isolation Protocols

Similar to every newfound area, exosomes need to be validated in
different aspects, especially clinical significance. The prerequisite for
this level is to develop standard methods to isolate, characterize,
and extract biological materials. Based on what was discussed hereto-
fore, these techniques are explained (Table 2).

There are different exosome isolation protocols based on the types of
starting samples and preferred downstream experiments with their
own advantages and disadvantages. The starting sample could be
cell cultured medium or one of the biological fluids, and isolated exo-
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somes are assessed in terms of function or content, including proteins,
DNAs, mRNAs, and non-coding RNAs such as miRNAs. Although
differential centrifugation technique is the gold standard method to
purify exosomes,83,84 different sample viscosities and requirement
of special equipment make this method low-efficient and restricted,
respectively.84 In high-viscosity fluids, the rate and duration of centri-
fugation should be increased, or the fluids should be diluted to
decrease the viscosity, because samples with high viscosity have lower
sedimentation efficiency.85 Because plasma is more viscous than
serum, the modified ultracentrifugation protocol could be used to pu-
rify exosomes by replacing the single filtration with the first step of
centrifugation in plasma.86 Overall, plasma has higher viscosity
than serum, serum has higher viscosity than cultured media, and
PBS has the least viscosity.

Although this method improves the recovery rate, the contamina-
tion with media proteins and a large amount of starting sample
was not practical for proteomics analysis and clinical use. To omit
large particles and debris from samples, addition of filtration step
to ultracentrifugation can improve exosomal extraction, especially
in studies that plan to analyze RNAs.87 Sucrose gradient centrifuga-
tion for more extraction purity and yield was introduced based on
different flotation densities of exosomes in 1997.88 Cantin et al.,89

in 2008, modified this method using the iodixanol (OptiPrep)
gradient to separate exosomes from viruses that overlapped in
density and size range.

The discovery of specific exosome proteinmarkers in different biolog-
ical status, from normal to ill, especially in cancer, led to the develop-
ment of immunoaffinity-based techniques, which can isolate
exosomes from small sample volumes.28 Coated magnetic or latex
beads are of the specific antigens used to purify the so-called exo-
somes. This method operates faster with more efficiency, which is
important in clinical settings.90–92

Microfluidic devices were fabricated in order to cover the defects
of the current exosome isolation methods; approaches such as
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Table 2. Comparison of the Current Exosomes Isolation Methods

Method Principle Advantages Disadvantages Yield Purity References

Ultracentrifugation
centrifugation and
ultracentrifugation steps

cost-effective

time consuming

low high 83,84
large primary sample size

low accuracya

contamination with media proteins

Ultrafiltration centrifugation and filtration cost-effective

time consuming

low high 87large primary sample size

low accuracy

Density gradient density cost-effective

time consuming

high high 88,89large primary sample size

low accuracy

Immunoaffinity purification magnetic beads
low primary sample volume

– high high 90–92

high accuracy

Microfluidically isolation microfluidic devices

simple

high-priced high high 93low primary sample volume

high accuracy

Commercial reagents chemical reagent

rapid high-priced in large sample size

high high 94,95low primary sample volume
low accuracy

high accuracy
aContamination with non-exosome particles.
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immunological separation, sieving, and trapping the exosomes are
some examples of the functions of such devices. Simplicity, specificity,
efficiency, and high purity of such few-step isolation techniques,
which can work with slight volume of starting samples and reagents,
make them intriguing for research and clinical settings.93 Moreover,
commercial kit is another option that rapidly and simply isolates
exosomes from small volumes of different starting samples by
chemical reagents, which makes them ideal for pathological purposes.
Commercial reagents are recommended if the starting sample
volume is limit; this technique is suitable to isolate exosomes
from less than 500 mL starting volume.94 Some purification reagents
are efficient for future downstream analyses except for protein
analysis, unless successive ultracentrifugation and filtration steps
are operated to eliminate the non-specific proteins.95 Therefore, the
best exosomes isolation method should be employed based on the
size and type of the starting sample volume and planned downstream
analysis.

The main objective of the studies on the exosomes isolation methods
is to take a step forward in their clinical application. There are some
challenges on the clinical application methods of exosomes as
biomarker sources. First, based on the type of cancer, the proper bio-
fluid should be selected. The selected biofluid must be accessible
through a noninvasive or minimally invasive procedure, and the in-
tended biomarkers detectable in medically safe quantity of the bio-
fluid. For example, Cheng et al.36 showed that exosomes from
different fractions of blood sample represented different miRNA pro-
files. Hence, a detectable biomarker in a certain bioliquid may not be
identified in another one. Second, a standard procedure should be
developed to isolate exosomes accurately and specifically. In other
words, an ideal procedure should accurately isolate exosomes from
the other extracellular vesicles and particles, and the BSEs from other
exosomes specifically. For instance, the study by Caradec et al.96

investigated the possible contamination of seral exosomes with albu-
min protein. Third, the process of exosome isolation in the clinic had
to be repetitive, rapid, easy to handle, cheap, and applicable for
different types of tissue-specific exosomes. Fourth, a perfect exosome
isolation method should have a low error rate and higher recovery
yield.97 To date, no approved exosome isolation procedure is intro-
duced for the clinical setting. Some companies recommended a pre-
clinical exosome isolation kit (like Exoquick-CG; SBI), which is neces-
sary to be validated through clinical trials, and the upcoming results
should be compared and compatible with those of the pathology
reports.

Exosome Characterization

Several methods are available to distinguish extracted exosomes from
other vesicles (Table 3). Liquid chromatography, mass spectrometry,
immuno-blot analysis, flow cytometry, western immuno-blotting,
and dot blot assay are common to verifying exosome markers. Char-
acterizing based on shape and size of particles is done by electron mi-
croscopy, atomic force microscopy (AFM),98,99 nanoparticle tracking
analysis (NTA), dynamic light scattering (DLS) analysis, qNANO
GOLD,100 and ELISA approaches. Recently, lateral flow immuno-
assay (LFIA) was developed to detect exosomes, targeting tetraspa-
nins CD9, CD63, and CD81 on their membranes. Some studies run
Molecular Therapy: Nucleic Acids Vol. 10 March 2018 137
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Table 3. Different Exosomes Characterization Methods

Exosome Features

Exosome Quantification Tool

EM WB Chro. MS NTA DLS Dot Blot ELISA qNano AFM FACS LFIA

Shape X X

Size X X X X X

Distribution X X

Morphology (structure) X X X X X X X

AFM, atomic force microscopy; Chro., chromatography; DLS, dynamic light scattering; EM, electronic microscope; FACS, fluorescence-activated cell sorting; LFIA, lateral flow immu-
noassay; MS, mass spectrophotometry; NTA, nanoparticle tracking analysis; WB, western blot.
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western blot on exosome samples to indicate the lack of microvesicle
molecular markers (CD29, CD40, and p-selectin) and endoplasmic
reticulummolecular markers (calnexin), and confirmed that they spe-
cifically isolated exosomes.42
Conclusions

Nowadays, exosomes draw attention as a potential source to discover
new biomarkers for different diseases including cancer. A perfect can-
cer biomarker can show the existence of tumormass and its molecular
features in the early stages. Exosomes have special properties, which
make them an ideal tool for minimally invasive liquid biopsy. These
subcellular particles are detectable in almost every biofluid; therefore,
in accordance with the type of cancer, researchers can select a special
biofluid to detect patients’ exosomes. Proper isolation protocol should
be applied based on the downstream analysis, type, and volume of
starting sample. Exosomes contain proteins, RNAs, and DNA, which
might indicate the biological and pathological features of the tumor
mass in real-time status. Up to now, many candidate exosomal
biomarkers are suggested for BC, but none of them are approved
yet. The role of exosomes to inhibit proliferation and elevation of
response to chemotherapy in BC cells is proved. In addition to the
repressive effects of exosomes on BC cells, engineered exosomes
specifically target BC cells, conclusively reduce the side effects of
chemotherapy on normal cells, and increase the chemotherapy
response and half-life of drug in circulation. On the other hand, BC
cells exosomes induce oncogenic features in normal mammary cells
and resistance to chemotherapy and radiotherapy in chemosensitive
BC cells. These exosomes activate signaling pathways, which lead to
migration and metastasis in noninvasive BC cells, but related mech-
anisms are not validated yet. There is still a long way for scientists
to discover reliable procedures to diagnose, treat, and monitor BC
through cancer-specific exosome-based liquid biopsy. To eliminate
the effect of normal cell exosomes, isolation and characterization
methods should be developed, and based on the liquid of origin, a
consensus should be achieved. Experts in biology and bioengineering
should cooperate to advance exosome-based technologies.
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