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Exosomes: A rising star in breast cancer (Review)
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Abstract. Exosomes are nano-sized extracellular vesicles
composed of lipid bilayers. They originate from different types
of cells and contain various biological molecules. Exosomes
can release their contents and exert their corresponding
biological functions. In addition, exosomes play important
roles in clinical applications. Exosomes and their contents
play key roles in the development of breast cancer, including
promoting tumorigenesis, metastasis, angiogenesis, immune
escape, and treatment resistance. Exosomes can also be used
as biomarkers for cancer diagnosis, prognosis and treatment.
In this review, we propose that exosomes are important in
clinical applications for breast cancer and their roles cannot
be neglected.
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1. Introduction

Breast cancer is the most common type of cancer among
women worldwide (1). Despite significant advances in early
detection and treatment, breast cancer remains the second
leading cause of cancer-related deaths in women (2). The
5-year survival rate for women with early-stage breast cancer is
significantly higher than in those with advanced-stage invasive
breast cancer (IBC) (1). Metastasis and recurrence of breast
cancer are mainly responsible for the failure of final treatment
and the mortality of patients (1). Therefore, it is still difficult
to accurately predict the treatment outcome of each patient;
thus finding new markers for early diagnosis and prognosis
and developing strategies to prevent recurrence and to control
metastatic disease is important (3).

In the past decade, the study of exosomes has become
more mature. These nano-sized vesicles can be secreted
by various types of cells. The diameter of exosomes is
30-150 nm (4,5). The membranes of exosomes, which can
fuse with cell membranes to transport content, are similar
to cell membranes (6). The exosomes contain different
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biological molecules, such as nucleic acids, proteins and lipids.
Exosomes can mediate the transport of these substances to
achieve intercellular communication in physiological and
pathological states (7,8). The contents of exosomes reflect the
characteristics of parental cells. Under the protection of the
lipid bilayer structure, the contents of exosomes can avoid
degradation by various enzymes in the blood, and thus be
stable in body fluids such as blood, tissue fluid, urine, saliva
and intercellular fluid (9-12). These unique characteristics
make exosomes reliable biomarkers. Increasing evidence
suggests that exosomes play critical roles in tumorigenesis,
tumor growth, metastasis, and therapy resistance (13).
Exosomal contents have begun to be used in cancer diagnosis
and prognosis. In this review, the mechanism and clinical
value of exosomes in the development of breast cancer were
examined.

2. Production, separation and detection of exosomes in
breast cancer

Numerous types of cells can secrete exosomes under normal
and pathological conditions. Exosomes are mainly derived
from the polyvesicles formed by the intracellular lysosomal
microsome invagination, which are released into the extracel-
lular matrix after fusion of their extracellular membranes
with those of the polyvesicles (13). GTPases (Rab GTPase),
intercellular pH, p53 regulatory protein tumor suppressor
activation pathway 6 (TSAP6), heparanase, psoralen (14)
and other enzymes can act as modulators of the secretion of
exosomes (13).

Exosomes can be separated from cells or body fluid
supernatants by various methods, including ultracentrifugal
precipitation, ultrafiltration centrifugal precipitation, sucrose
density gradient centrifugal precipitation, immunoaf-
finity-based capture, and commercial kit precipitation (13).
Several new methods have recently emerged, including
nanomembrane filtration, antibody-coated magnetic bead
separation, and microfluidic immunoaffinity separation
methods. Among them, the commercial kit precipitation can
quickly separate and increase the recovery of exogenous
substances (13).

Biotechniques, which have been used to detect isolated
exosomes include transmission electron microscopy (TEM),
scanning electron microscopy (SEM), atomic force microscopy
(AFM),cryo-TEM, the nanosight system, fluorescence-activated
cell sorting (FACS), and western blotting. SEM, TEM and
cryo-TEM can usually be used to identify the size of exosomes
and distinguish them from other extracellular vesicles. NTA
(Nanoparticle tracking analysis) can monitor and quantify
particle size, concentration and relative strength in real time.
Western blotting and FACS can be used to identify exosomal
surface markers. Microarray and high-throughput sequencing
techniques accurately detect the relative expression of nucleic
acid (15). QuantStudio 3D digital polymerase chain reaction can
accurately quantify the expression of miRNAs (15). LC-MS/MS
(liquid chromatography/tandem mass spectrometry), western
blotting and enzyme linked immunosorbent assay can be
used to screen and identify exosomal proteins (16). Integrated
magneto-electrochemical analysis is a fast and on-site method
for detecting the protein profile in exosomes. The sensitivity
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and speed have been demonstrated to be superior than those of
traditional methods (16).

3. The functions and mechanisms of exosomes in breast
cancer

Breast cancer-derived exosomes play numerous roles in
cell-to-cell and cell-to-microenvironment interactions
(summarized in Table I). Examples of exosomal contents
participating in the development of breast cancer and their
known roles are presented in Figs. 1-3.

Exosomes contain miRNAs,IncRNAs and proteins released
from breast cancer cells into target cells, such as other breast
cancer cells or normal mammary epithelial cells. The contents
of breast cancer cells have been revealed to lead to cell prolifera-
tion, invasion and drug resistance (38,54,63,64,67,68,72,73,75),
while in normal mammary epithelial cells, they may promote
the transformation of normal cells into breast cancer cells (34).
In addition, exosomal contents may result in autophagy of
normal epithelial cells (76).

The exosomes released from breast cancer cells can act on
vascular endothelial cells, leading to endothelial cell necrosis
and migration of intravascular cancer cells (59-60). Moreover,
exosomes can also be delivered to EPCs (endothelial progen-
itor cells) and prevent EPC from differentiating into normal
vascular endothelial cells, which may cause thrombosis (28).
In addition, exosomes in myeloid-derived suppressor cells
(MDSCs) can also enter the endothelial cells of blood vessels
and promote the angiogenesis of breast cancer (30).

Exosomes transferred from breast cancer cells into macro-
phages may activate NF-«xB, release cytokines and stimulate
autoimmune regulation (29). Exosomes from breast cancer
cells also play a role in mesenchymal stem cells (MSCs), thus
promoting the differentiation into fibroblasts (36). Conversely,
exosomes derived from MSCs can also act on breast cancer
cells, leading to dormancy of breast cancer cells (47).

4. Tumorigenesis

Tumorigenesis is a qualitative process in tumor develop-
ment, which determines the existence and absence of tumors.
Breast cancer-derived exosomes can promote tumorigenesis
in normal mammary epithelial cells by inducing production
of cancer cell growth-promoting factors which are helpful in
producing a microenvironment that allows tumor growth (76).
In addition, miRNA (miR)-21 and miR-10b in exosomes of
breast cancer cells and serum of patients have been revealed
to instigate non-tumorigenic epithelial cells to form tumors
through a dicer-dependent mechanism by targeting phospha-
tase and tension homolog deleted on chromosome ten (PTEN)
and Homeobox D10 ( HOXDI10) respectively (34). Exosomal
miR-100 has been demonstrated to offset the effects of tran-
scription factors that are induced by epithelial-mesenchymal
transition (EMT) and regulate genes involved in tumorigenesis
directly (27).

5. Tumor growth, apoptosis and dormancy

Tumor growth, apoptosis and dormancy play an impor-
tant role in the progression of breast cancer. For example,
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breast cancer cell-derived exosomal miR-128 was revealed
to promote proliferation of MCF-7 cells by targeting the
BAX gene (48). miR-10b in exosomes of breast cancer was
revealed to target HOXDI10 and lead to breast tumor prolifera-
tion (24). Additionally, docetaxel-resistant miRNAs (miR-24,
miR-26a, and miR-27a) in exosomes are thought to activate
the mitogen-activated protein kinase (MAPK) signaling
pathway, and have been revealed to be involved in breast

WANG et al: ROLE AND CLINICAL APPLICATIONS OF EXOSOMES IN BREAST CANCER

- -
- r, 8 3 -
- -
Sy miR-23b '
- MARCKS
-
TGF-B AD2 P
signaling signakng
pathway pathway
. GC-SF
: IL-6
* N\ coLemert
1 TNFa
Differentiation’

- noregulation

Ses .msc @ : Dormant cancer cell

3

4
) :Exosomes derived from MSCs i :Increase

: Fibroblasts

:Macrophage @ :Cytokine D : Self-act

Figure 3. Roles of exosomes between breast cancer cells and other stromal cells.

cancer proliferation (19). miR-1246 was also revealed to be
significantly increased in breast cancer cells, especially in
MDA-MB-231 exosomes, and could be transferred to target
cyclin G2 (CCNG2) directly, leading to cell proliferation (49).
Exosomal miR-155 in breast cancer may also promote prolif-
eration of breast cancer cells by inhibiting suppressor of
cytokine signaling 6 (SOCS6) and activating signal transducer
and activator of transcription 3 (STAT3) (75). Non-coding
RNA can also promote cell proliferation. Exosomal long
non-coding RNA (IncRNA) UCA1 was revealed to produce
AKT/mammalian target of rapamycin (mTOR) signaling (77),
leading to increased proliferation of breast cancer cells (40).
While the proliferation of cancer cells increases, some
molecules can also inhibit apoptosis. For example, exosomes
derived from tamoxifen-resistant MCF-7 cells were revealed
to carry miR-222 and miR-221, act on parental MCF-7 cells,
and reduce the expression of p27 and ERa (estrogen receptor o)
in target cells. The proliferation and the cell cloning ability of
sensitive breast cancer cells was enhanced, while the apoptotic
ability was weakened (50). IncRNA SNHGI4 in exosomes was
also revealed to inhibit apoptosis of breast cancer cells via the
Bcl-2/Bax pathway (63).

In addition to the exosomes involved in the communication
between cancer cells, the exosomes derived from cancer cells
can also participate in shaping the microenvironment, thus
affecting proliferation of breast cancer. Exosomes from MCF-7
breast cancer contain human telomerase reverse transcriptase
(hTERT) mRNA that can be translated into a fully active
telomerase enzyme that can promote proliferation in recipient
telomerase-negative fibroblasts (78). Exosomal miR-21 was
revealed to lead to activation of NF-kB and promote the prolif-
eration of stromal cells in breast phyllodes tumors (79).

Exosomes from microenvironment cells and non-tumor
cells may have a similar role in breast cancer cells. Upon
exosome transfer from tumor fibroblasts to breast cancer
cells, unshielded RN7SL1 may produce enhanced tumor
growth (20). The expression of miR-21 and miR-34a in
MSC-derived exosomes has been revealed to be high. Among
them, miR-34a was demonstrated to target transcription factor
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E2F3. This microenvironment was beneficial to the growth
and survival of breast cancer cells (32). In addition, exosomal
miR-34a has been revealed to target tropomyosin alpha-1
chain (TPM1), programmed cell death protein 4 (PDCD4),
and Bcl-2 (32,33,80-82). Exosomal miR-19a from astrocytes
which leads to PTEN loss may induce chemokine CC ligand
(CCL)2 secretion, leading to brain metastasis outgrowth by
promoting metastatic breast cancer (MBC) cells, and inhib-
iting apoptosis (51). Expression of Inc-Y1 and Inc-7SK derived
from MSC exosomes has been revealed to be high and this
microenvironment was beneficial to the growth of breast
cancer cells (32).

However, certain other exosomes inhibit the proliferation of
breast cancer cells. On the one hand, some of these exosomes
can act as tumor suppressor genes, thereby inhibiting cancer
cell proliferation. On the other hand, some exosomes appear to
inhibit cell proliferation, but they are actually dormant cells,
thus laying the foundation for cancer cell resuscitation.

Bone marrow MSC-derived exosomal miR-100 may reduce
growth of breast cancer by directly targeting HOXA1 (27).
Human umbilical vein endothelial cells (HUVECs) were
revealed to be capable of transmitting miR-503 to breast
tumor cells via exosomes and then reduce cancer cell growth
by targeting cyclin D2 (CCND2) and cyclin D3 (CCND3) (52).
It can be inferred that these exosomes can be used to treat
cancer. Nevertheless, the bone marrow MSC-derived miR-23b
was revealed to be transferred into breast cancer cells through
exosomes, inhibit MARCKS (a protein involved in the promo-
tion of cell cycling) and decrease proliferation of dormant
cells, thereby laying a foundation for tumor recurrence (47).
Lim et al reported that exosomal miR-127, miR-197, miR-222
and miR-223 released from bone marrow stromal cells
negatively promoted breast cancer cell growth by targeting
CXCL12, resulting in induction of dormancy of breast cancer
cells (53).

6. Tumor metastasis

The role of exosome-induced breast cancer metastasis in
promoting cancer progression is important. Cancer stem cells
play an important role in the recurrence of breast cancer cell
metastasis. Evidence suggests that exosomes derived from
cancer stem cells have high levels of miR-155 that mediate
the loss of CCAAT/enhancer-binding protein (C/EBP)-f,
resulting in the loss of TGF-f3, inducing cells to obtain an EMT
phenotype (83). Furthermore, exosomal miR-155 has also
been revealed to inhibit SOCS6, activate STAT3, and promote
metastasis of breast cancer cells (75).

Transfer of exosomes between cancer cells promotes cancer
metastasis. miR-24, miR-26a, and miR-27a in exosomes of
docetaxel-resistant breast cancer cells are involved in cancer
invasion and metastasis by activating the MAPK signaling
pathway (19). Breast cancer cell exosomal miR-200c and
miR-141 have also been demonstrated to promote breast
cancer cell metastasis via a FOXP3-KAT2B-miR200c/141
axis (55). Exosomal miR-1246 secreted by MBCs was revealed
to be transported to non-metastatic and non-malignant breast
cancer cells, thereby inhibiting their target gene cyclin-g2
and resulting in enhanced breast cancer cell survival rates
and mobility (49). Breast cancer cells have been revealed to
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deliver through exosomes, miR-10b to normal cells in which
expression of miR-10b was lower than that of MDA-MB-231
cells. In non-malignant breast cancer cell line HMLE, miR-10b
which has been revealed to promote migration of normal cells,
targeted HOXD10 and Kruppel like factor 4 (KLF4) (35,56). In
addition to miRNAs, other molecules derived from cancer cells
can also promote metastasis of cancer cells. Exosomal IncRNA
UCAI may enhance breast cancer cell activity, invasion and
metastasis (40) through AKT-mTOR signaling (77). Maji et al
revealed that breast cancer cell-derived exosomal Annexin A2
was responsible for brain and lung metastasis through activation
of p38 MAPK mediated by macrophages, STAT3 and nuclear
factor (NF)-kB, thereby improving levels of interleukin (IL)-6
and tumor necrosis factor (TNF)-a (84). In addition, Annexins
A5 and A6 in breast cancer-derived exosomes may also be
involved in cancer invasion and metastasis (37,64,67,72,73).

The effect of breast cancer-derived exosomes on the
microenvironment can also alter cancer metastasis. Exosomal
Wnt 5a mRNA in MCF-7 was revealed to promote tumor
invasion by activation of f-catenin-independent Wnt signaling
in macrophages, where it could be translated to Wnt 5a
protein (85). In addition, brain metastatic cancer cell-derived
miR-181c in exosomes was demonstrated to target 3-phos-
phoinositide-dependent protein kinase-1 in endothelial cells,
which disrupted the blood-brain barrier and caused breast
cancer cells to metastasize to the brain (60). Similarly, exosomal
miR-939 was demonstrated to directly target VE-cadherin,
destroy the vascular endothelial barrier, and finally promote
breast cancer cell migration (59). Exosomal miR-21 was also
revealed to activate NF-xB and enhance invasion of stromal
cells in breast phyllodes tumors (79).

Similar to proliferation, exosomes from the microenviron-
ment can in turn affect cancer migration. RN7SL1 mRNA
in exosomes of breast tumor fibroblasts could promote
tumor metastasis through the NOTCH-MYC signaling
pathway (86). It was reported that exosomal miR-223,
released from tumor-associated macrophages that are acti-
vated by IL-4 derived from CD4* T cells could promote
metastasis of breast cancer cells through the Mef2c/f-catenin
pathway (62). miR-19a could be transported from astrocytes
to breast cancer cells by exosomes, resulting in PTEN loss
and promotion of brain metastasis of breast cancer cells (51).
Doxorubicin was demonstrated to induce the expression of
exosomal miR-126a in MDSCs, leading to breast cancer lung
metastasis via an IL-33/IL-13-mediated pathway by which
the miR-126a-S100A8/9 axis was regulated (18). Moreover,
cancer-associated fibroblast (CAF)-derived exosomal miR-21,
miR-143, and miR-378e have been reported to induce EMT
phenotype and promote cell aggressiveness and metastasis
by increasing organic cation transporter octamer-binding
transcription factor 3/4 (Oct3/4), Nanog, and Sox2 expression
in breast cancer cells (87). CAF-like (i.e., p85a™") fibro-
blast-derived exosomes were also revealed to deliver Wnt10b
protein via the Wnt pathway, which resulted in enhanced
migration, and EMT of breast cancer cells (74).

As aforementioned, there are numerous molecules that
promote cancer migration. However, there are also some
anticancer molecules from exosomes that can negatively
regulate cancer migration. For example, miR-130a-3p was
demonstrated to be downregulated in exosomes of breast
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cancer stem cell-like cells, and this inhibited cell invasion and
metastasis by directly targeting RAB5B (30). Breast cancer
cell exosomes carrying miR-134 were also revealed to act on
the target proteins of receptor cells such as Bcl-2, STATSB and
heat shock protein 90 (Hsp90) to reduce tumor cell migration,
invasion (54).

7. Tumor angiogenesis

Exosomes promote endothelial cell proliferation and increase
angiogenesis by transferring cancer-promoting molecules.
Hypoxic breast cancer cells have been revealed to transmit
miR-210, which has been demonstrated to inhibit Ephrin-A3
and protein-tyrosine phosphatase 1B (PTP1B) via exosomes,
and promote angiogenesis of breast cancer (88). When
exosomes derived from MDA-MB-231 were co-cultured
with HUVECS in vitro, they promoted proliferation and
DNA synthesis of HUVECs in a time- and dose-dependent
manner through activation of the MAPK pathway, resulting in
changes in the vascular endothelial cell cycle and promotion
of neovascularization (26). Doxorubicin-induced exosomal
miR-126a released from MDSCs was demonstrated to
contribute to induction of Th2 T cells and angiogenesis in
breast cancer (18).

Similarly, some exosomal molecules can inhibit angio-
genesis and play an anticancer role to some extent. Exosomal
transport of miR-23b and miR-320b from breast cancer cells
treated with docosahexaenoic acid reduced the expression
of PLAU, AMOTLI, NRP1 and ETS2 genes in the recipient
cells and inhibited angiogenesis in breast cancer (25). In
addition, miR-16 in exosomes of MSCs contributed to the
anti-angiogenic mechanism that directly regulates vascular
endothelial growth factor (VEGF) expression (89). Bone
marrow MSC-derived exosomes could also negatively regulate
VEGF in breast cancer cells by transporting miR-100, and the
mTOR/hypoxia-inducible factor (HIF)-1a signaling axis was
revealed to be involved in regulation, leading to the reduction
of angiogenesis (90).

8. Tumor thrombosis

Breast cancer cell-derived exosomes have been reported to
induce tissue factor (TF)-independent platelet activation and
aggregation, as well as TF-dependent plasma coagulation and
platelet activation and aggregation by producing thrombin and
increasing vessel thrombosis (89). By targeting IL6 receptor,
breast cancer cell-derived exosomal miR-21 was demonstrated
to inhibit the action of endothelial progenitor cells that can
be used for thrombectomy and reduce deep vein thrombosis,
thereby facilitating thrombosis (28).

9. Tumor autophagy

Exosomes derived from breast cancer cell lines were revealed
to induce autophagy at the phosphorylation site of the 15th
serine residue of p53 in normal human primary mammary
epithelial cells. Autophagic proteins LC3 I and II were clearly
detected in lysates of human mammary epithelial cells
(HMEC:S) incubated with exosomes from MDA-MB-231 cells
for up to 24 h (76).
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10. Tumor immune reaction

Immune killing of tumor cells cannot be ignored. When the
immune function is low or the tumor cells have the ability
to escape from immune surveillance, tumors arise quietly.
Exosomes derived from breast cancer can inhibit the activity
of T cells by stimulating the proliferation of MDSCs and
enhancing the immunosuppressive function, leading to
immune evasion (29). Exosomes derived from breast cancer cell
lines (MDA-MB-231 and MCF7) have been revealed to also
be involved in the immunoregulation of macrophages. After
contacting macrophages, the exosomes were revealed to bind
to the surface of the macrophage Toll-like receptor 2 (TLR2)
through its palmitoylated protein, which activates MyD88
in macrophages. The NF-kB signaling pathway has been
revealed to release a large number of inflammatory cytokines
including granulocyte colony-stimulating factor (GC-SF),
IL-6, CCL2/monocyte chemoattractant protein 1 (MCP1) and
TNFa, and immunoregulate macrophages (29). This immune
response was demonstrated to eventually enhance the rate of
development of metastatic tumors. Exosomal proteins including
calreticulin (CALR) (64), MHC class I molecules (31,65-67),
and proteasome activator complex subunit 2 (PSME2) (64)
have been reported to be involved in immune evasion of
breast cancer. However, dendritic cell-derived exosomes were
revealed to activate innate and acquired immune responses,
which produce specific anti-breast cancer immune effects (26).

11. Tumor treatment resistance

Drug therapy of cancer is an important part of the anticancer
process. The prognosis of patients is determined to some
extent by drug resistance in the course of cancer treatment.
It has been revealed that exosomes derived from cancer stem
cells and chemoresistant breast cancer cells have higher levels
of miR-155 by targeting forkhead box O3a (FOXO3a), and the
drug resistance can be transmitted by exosomes to sensitive
breast cancer cells (83).

Exosomal miR-451 released from breast cancer cells
was revealed to bind to multidrug resistance 1 (MDR1) and
reduce the expression of P-glycoprotein (P-gp), resulting in
cell resistance to doxorubicin, along with poor therapeutic effi-
cacy (91). The expression levels of miR-17, miR-30a, miR-100
and miR-222 in exosomes were also increased and mediated
drug resistance after treatment of paclitaxel or doxorubicin in
MCF-7 cells (92). In addition, upregulated exosomal miR-1246
in breast cancer cells may lead to enhanced drug resistance
and anti-chemotherapy activity by targeting CCNG2 (49).
Moreover, docetaxel-resistant exosomal miRNAs such as
miR-24(38,39,41), miR-23a (39), miR-222 (38),and miR-452 (42)
were revealed to be capable of targeting p27, Sprouty2, PTEN,
and anaphase promoting complex 4 (APC4) mRNAs respec-
tively in target cells, conferring resistance to docetaxel-sensitive
cells. Exosomal miR-4443 has also been revealed to lead to cell
drug resistance (43). Similarly, miR-29-enriched exosomes have
been revealed to be delivered to recipient breast cancer cells
to promote resistance to doxorubicin by targeting PTEN (44).
Except for the aforementioned molecules, tamoxifen-resistant
LCC2-derived exosomes have been revealed to have high levels
of IncRNA UCAL, rendering parental MCF-7 cells resistant



ONCOLOGY REPORTS 44: 407-423, 2020

to tamoxifen (45). In exosomes of SKBR-3/Tr and BT474/Tr
breast cancer cells resistant to trastuzumab, the expression
level of IncRNA-SNHGI14 was significantly higher than that of
the parental cells via the Bcl-2/Bax pathway (63). It has been
revealed that transient receptor potential channel 5 (TrpCS5) in
exosomes of breast cancer may confer drug resistance to breast
cancer cells (68) mediated by transcription factor nuclear factor
of activated T-cell isoform ¢3 (NFATc3) (93,94). It has been
reported that ATP binding cassette subfamily G member 2
(ABCG2), a novel multidrug efflux transporter in exosomes in
breast cancer, was associated with resistance to mitoxantrone
and camptothecin analogs (69). Glutathione S-transferase P1
(GSTP1)-rich exosomes were able to confer drug resistance and
were revealed to be useful in predicting chemoresistance (70).
In addition, exosomes carrying ubiquitin carboxy-terminal
hydrolase (UCH)-L1 and P-gp from doxorubicin-resistant
human breast cancer cells (MCF7/ADM) could be integrated
into cells sensitive to doxorubicin (MCF7/WT) to transfer
chemoresistance (71).

Microenvironment-derived exosomes can also transmit
drug resistance information to cancer cells. CAF-derived
exosomal mitochondrial DNA (mtDNA) from hormonal
therapy-naive breast cancer cells in patients promoted the
development of hormonal therapy-resistant disease (95).
Exosomal RNA RN7SL1 in breast tumor fibroblasts may lead
to resistance to therapy in breast cancer cells (86). Exosomal
miR-155 from tumor-associated macrophages (TAMs) was
secreted into exosomes and transported to cancer cells. There,
it targeted telomeric repeat-binding factor 1, causing cancer
cells to resist cisplatin (96).

12. Differentiation and dedifferentiation of cells in the
microenvironment

MDA-MB-231 human breast cancer cells overexpressing
exosomal miR-940 can promote osteogenic differentiation
of host mesenchymal cells to induce extensive osteoblastic
lesions in the final tumor (17). Breast cancer-derived exosomes
were revealed to induce the differentiation of MSCs into
fibroblasts by activating the signaling pathway mediated
by TGF-p receptor (97). They can also transform adipose
tissue-derived MSCs into myofibroblast-like cells by activating
the SMAD2-mediated intracellular signaling pathway (97).
Concurrently, activation of SMAD?2 was revealed to cause
upregulation of fibroblast-related functional factors including
stromal cell-derived factor 1 (SDF1), VEGF1, CCL5 and
TGF-p, thereby increasing the expression of a-smooth muscle
actin (a-SMA) and presenting a phenotype of tumor-related
fibroblasts (97). Conversely, exosomal miR-21, miR-143, and
miR-378e in CAFs induced cell dedifferentiation to a stem-like
state, through increased Oct3/4, Nanog, and Sox2 expression
in breast cancer cells (87).

13. Exosomes as biomarkers in breast cancer

Exosomal content used as biomarkers has several character-
istics: i) Exogenous substances are stable and not degraded
by external enzymes, thereby inferring that the integrity and
function of the substance are unchanged (98); ii) exosomal
substances can easily to be obtained in a noninvasive way in
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a wide range of body fluids, such as blood, urine, and saliva;
iii) the number of proteins and RNAs in exosomes is higher
than other types of extracellular vesicles and the content in
exosomes is higher than in serum in several tumors, this indi-
cates exosomal content may be rich in exosomes which could
improve the detection sensitivity (99); iv) exosomal proteins
and RNAs are cell-specific which may reflect the pathological
state of different diseases (100). Therefore, exosomal contents
are valuable markers for early diagnosis, prediction of prog-
nosis, and evaluation of therapy in breast cancer (101).

Complete mtDNA was found in circulating exosomes
of hormone-resistant breast cancer and may predict poor
prognosis (102). CXC receptor 4 was revealed to be a highly
expressed mRNA in the plasma exosomes of breast cancer
and an indicator of poor prognosis (23). Breast cancer serum
exosomal RN7SL1 RNA was revealed to be significantly
associated with invasive breast cancer and may be a prognosis
biomarker (20). Increased expression of exogenous exosomal
hTERT mRNA, which reflects tumor burden and clinical
status of patients in serum may indicate early diagnosis and
recurrence of breast cancer (21).

microRNAs have been best described in studies that have
analyzed the presence of genetic materials in exosomes.
Combination of serum exosomal miR-21 and miR-1246 may
be used as markers for early diagnosis (103,104). Exosomal
miR-301 and miR-155 are considered to be early predictors of
breast cancer (105-107). Serum exosomal miR-101, miR-372
and miR-373 can be used as early diagnostic markers of breast
cancer (3). Increased expression of exosomal miR-126a has
been found in the serum of breast cancer patients resistant to
doxorubicin therapy, which could be used as a predictor of
chemosensitivity, diagnosis and prognosis of breast cancer (18).
Serum exosomal miR-130a-3p of breast cancer may be used
as a biomarker for the diagnosis and prognosis of breast
cancer (30). Breast cancer exosomal miR-200c and miR-141
in plasma may be used as early predictors of cancer metas-
tasis (55). Log-rank test analysis has revealed that the level of
exosomal miR-378 was inversely correlated with the overall
survival rate and was associated with adverse prognosis (75).
In a study by Mihelich et al, an ideal candidate biomarker,
miR-182, that contributed to disease aggressiveness was
detected in the serum exosomes from breast cancer patients.
It may be a biomarker of disease prognosis (108). Sueta et al
assessed the level of serum exosomal RNA in breast cancer
patients. The results revealed that miR-338-3p, miR124-3p,
and miR-340-5p were upregulated rapidly and miR-29b-3p,
miR-130a-3p, miR-20b-5p, miR-18a-5p, miR-486-5p,
miR-17-5p, miR-195-5p, and miR-93-5p were downregulated
in patients with breast cancer relapse (109). These results
suggest that these genes are associated with breast cancer
recurrence and can be used as prognostic indicators (109).

Breast cancer is a dynamic disease, and good diagnostic
indicators can identify the type of disease and treat it in a timely
manner. Especially for patients who have no metastasis, appro-
priate interventions, such as neoadjuvant therapy is required
to prevent development of MBC. To evaluate the prognosis of
breast cancer, researchers have compared the expression of
miRNAs in serum exosomes at different stages of breast cancer.
Expression of miR-21 and miR-105 in MBC was revealed to
be significantly higher than those in healthy individuals (110).
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However, in comparison of expression in localized breast
cancer (LBC) and MBC, only miR-21 expression was statisti-
cally significant (110). Serum exosomal miR-105 can be used
as a potential marker to distinguish healthy individuals from
patients with LBC (110). Therefore, with false-negative results
that occur during the treatment, combination of miR-21 and
miR-105 may help improve diagnosis (110). Zhou et al (22)
found high expression of exosomal miR-105 in the serum of
breast cancer patients with pre-metastasis, ongoing metastasis
or distant metastasis. This indicates that miR-105 may predict
early metastasis and be used as a prognostic indicator (22).
The level of exosomal miR-143 was revealed to be higher in
patients with high grade (III/IV) breast cancer, and it could be
used as an indicator of breast cancer grading (87).

Breast cancer can be divided into the following molecular
types: Luminal A, luminal B, HER2-positive and triple-nega-
tive. miR-100 has been revealed to be downregulated in
various molecular subtypes of breast cancer, and it may be
used as a marker for diagnosis and prognosis (27). Expression
of serum exosomal miR-222 in luminal type A breast cancer
was revealed to be significantly lower than in luminal
type B and triple-negative breast cancer (TNBC) (110).
Serum exosomal miR-27a was increased in patients with
HER?2-positive breast cancer, and serum miR-27b in exosomes
was increased in HER2-positive and TNBC (111). The level
of exosomal miR-373 was higher in patients with TNBC than
other subtypes of breast cancer, and it has been revealed as a
biological indicator of aggressive, hormone receptor-negative
breast cancer (112,113). Exosomal miR-939 was demonstrated
to play an important role in metastasis via the blood or lymph
node and was inversely related to prognosis in TNBC (59).
These indicators are important to differentiate between
numerous subtypes of breast cancer and targeted treatment
should be implemented to prevent recurrence and resistance
to therapy (110).

Exosomal miRNAs can also be used for monitoring
therapy efficacy. As previously demonstrated after neoadju-
vant chemotherapy (4 weeks after doxorubicin treatment), the
tumor diameter in patients with LBC was decreased, expres-
sion of serum exosomal miR-21 was downregulated, and the
expression level of miR-221 was decreased in patients with
lymph node infection. These indicators can thus be used as
prognostic indicators for doxorubicin treatment (110). It has
also been demonstrated that the levels of serum exosomal
miR-376a, miR-27a, miR-155, and miR-376¢ in breast cancer
patients are dynamic, and reflect the cancer status and return to
normal after adjuvant therapy (114). It was revealed that breast
cancer patients treated with neoadjuvant therapy had increased
expression of exosomal miR-503 (52), which may be used as
an indicator of treatment efficacy (3). Therefore, dynamic
measurement of miRNA levels in exosomes can reduce the
rate of misdiagnosis and can also monitor treatment response
and effect in real time.

Except for miRNAs, exosomes are acknowledged to
contain several other ncRNAs, such as IncRNAs, which are
also markers for breast cancer. IncRNA GASS in breast cancer
cell exosomes, an inhibitor of cell proliferation and apoptosis
promoter, could be used to evaluate the efficacy of chemo-
therapy and radiotherapy and be a biomarker of apoptosis
induction (115). Exosomal IncRNA-SNHG14 was revealed to
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be increased in serum of HER2-positive breast cancer with
resistance to trastuzumab, and it may be used as a diagnostic
marker for breast cancer. The receiver operating characteristic
(ROC) curve, which is used to evaluate diagnostic value,
revealed an area under the curve (AUC) of 0.774, along with
a diagnostic sensitivity and specificity of 80.0 and 72.5% with
the established cut-offs (3.09), respectively (63).

Several exosomal proteins are expressed in different stages
or types of breast cancer and can be used as markers for
general cancer diagnosis and prognosis. Moon et al (116,117)
revealed that the development of developmentally regulated
endothelial locus 1 (Del-1) and fibronectin derived from circu-
lating exosomes in plasma from breast cancer patients may be
used as promising biomarkers in the early stage of the disease.
Del-1 was also revealed as a potential marker for distin-
guishing breast cancer from benign breast tumors and other
diseases. Ning et al (71) have demonstrated that exosomes
containing UCH-L1 can transfer chemoresistance to recipient
cells, and these exosomes can be used as non-invasive diag-
nostic biomarkers for detecting chemoresistance in patients
with breast cancer. Exosomes containing amphiregulin
(AREG) which binds to cell surface epidermal growth factor
receptor (EGFR), were revealed to increase receptor breast
cancer invasive ability of cells (118). Therefore, exosomes
containing AREG may be used as prognostic and/or predictive
markers (26). In a prior study it was revealed that compared
with controls without disease for 5 years, patients with breast
cancer had higher levels of survivin and its splice variants in
serum. The results indicated that exosomal survivin-2B may be
used as a diagnostic and/or prognostic indicator for early breast
cancer patients (119). In a recent study, glypican 1 (GPCI1) was
identified as a novel cancer biomarker. It was revealed that,
compared with healthy controls, 75% of breast cancer patients
had high expression of GPCI1* circulating exosomes (120). In
addition to tetraspanin CD9, HSP70, epithelial cell adhesion
molecule (EpCAM) (121) and Annexin-1 (122), the metallopro-
teinase ADAMI10 (121,124) was also revealed to be uniquely
expressed in breast cancer of serum or pleural effusion-derived
exosomes from patients (123). Potential biomarkers of breast
cancer are summarized in Table II.

14. Exosomes in breast cancer therapy

Via the secretion of exosomes, breast cancer cells affect the
whole systemic environment to regulate the onset and develop-
ment of cancer (124,125). Therefore, it is a superior approach
for cancer therapy to prevent exosomal formation and secre-
tion (124,125). In breast cancer, psoralen may reduce exosomal
formation and secretion, thereby leading to MDR reversal (14).
A novel strategy for treating cancer is the removal of
HER2-positive exosomes from the whole circulatory system
by application of affinity plasma exchange, established by
the biotechnology company Aethlon Medical, Inc. This new
strategy is helpful to inhibit the progression of HER2-positive
breast cancer (126).

The important roles of exosomes in breast cancer
suggest that they can be exploited as a therapeutic target.
Increased mRNA expression levels of CD9, CD63, CD81
and tumor susceptibility gene 101 (TSG101) were revealed
in breast cancer stem cell exosomes, which may serve as
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Cargo type Exosomal cargo Biofluids Clinical value in GC (Refs.)
DNA Mitochondrial DNA Serum Indicator of poor prognosis (102)
mRNA CXCR4 Plasma Indicator of poor prognosis (19)
RN7SL1 Serum Associated with invasive breast cancer and 81)
may be a prognosis biomarker
hTERT Serum Early diagnosis and recurrence of 21
breast cancer
mRNA expression Breast cancer Therapeutic targets for cancer treatment 127)
levels of CD9, CD63, stem cell and prevention
CDS81 and TSG101
CCNG2 Serum Therapeutic targets for breast cancer 40)
miRNA miR-21 and miR-1246 Serum Markers for early diagnosis (103,104)
miR-301 and miR-155 Serum Early predictors of breast cancer (105-107)
miR-101, miR-372 Serum Early diagnostic markers of breast cancer 3)
and miR-373
miR-126a Serum A predictor of chemosensitivity, diagnosis (30)
and prognosis of breast cancer
miR-130a-3p Serum A biomarker for diagnosis and prognosis (90)
miR-200c and miR-141 Plasma Early predictors of cancer metastasis (56)
miR-378 Serum Inversely correlated with overall survival 37)
rate and associated with adverse prognosis
miR-182 Serum A biomarker of disease prognosis (108)
miR-338-3p Serum Upregulated in relapsed patients (109)
miR124-3p Associated with breast cancer recurrence
miR-340-5p Prognostic indicators of breast cancer
miR-29b-3p Serum Downregulated in relapsed patients (109)
miR-130a-3p Associated with breast cancer recurrence
miR-20b-5p Prognostic indicators of breast cancer
miR-18a-5p
miR-486-5p
miR17-5p
miR-195-5p
miR-93-5p
miR-21 and miR-105 Serum Differentiates MBC from healthy individuals (110)
miR-21 Serum Differentiates LBC from MBC (110)
A prognostic indicator for doxorubicin
treatment
miR-105 Serum Differentiates healthy people from LBC (61)
A predictor of early metastasis
A prognostic indicator
miR-143 Serum An indicator of breast cancer grading 24)
miR-100 Serum Downregulated in various subtypes of breast 27)
cancer and used as a marker for the diagnosis
and prognosis of breast cancer
miR-222 Serum Higher in luminal A tumors (110)
miR-27 Serum Higher in HER2-positive tumors (111)
miR-373 Serum Higher in triple-negative breast cancer (112,113)
miR-939 Serum Inversely related to prognosis in TNBCs (60)
miR-21, miR-221 serum A prognostic indicator for doxorubicin (110)
treatment
miR-376a Serum Reflect the cancer status in real time and (114)
miR-27a return to normal levels after adjuvant
miR-155 therapy

miR-376¢
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Table II. Continued.
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Cargo type Exosomal cargo Biofluids Clinical value in GC (Refs.)
miR-503 Serum An indicator of treatment monitoring 347
miR-1246 Serum Therapeutic targets for breast cancer (40,128)
miR-660
IncRNA GASS MCEF-7/ Evaluate the efficacy of chemotherapy (115)
MDA-MB-231 and radiotherapy
cell culture A marker of apoptosis induction
supernatants
SNHG14 Serum A diagnostic marker for breast cancer (138)
A therapeutic target for breast cancer
MALAT1 Serum Therapeutic targets for breast cancer (129)
protein Del-1 Plasma A promising biomarker in the early stage of (116,117)
the disease and a potential marker for
distinguishing breast cancer from benign
breast tumors and other diseases
Fibronectin Plasma A promising biomarker in the early-stage (116,117)
of the disease
UCH-L1 Serum A diagnostic biomarker for detecting (96)
chemical resistance
AREG Serum A prognostic and/or predictive marker. (89,118)
Survivin-2B Serum A diagnostic and/or prognostic indicator (119)
for early breast cancer
GPCl1 Serum A novel cancer biomarker (120)
CD9, HSP70, EpCAM Serum/Pleural Uniquely expressed in breast cancer (118)
Annexin-1, ADAM10 effusion (121-123)

useful biomarkers to provide new strategies for cancer
treatment and prevention (127). Exosomal CCNG2 mRNA
and miR-1246 could be used as therapeutic targets for
breast cancer by inducing cell proliferation, migration,
invasion, metastasis and drug resistance (49). miR-660 in
serum exosomes is considered to regulate breast cancer cell
proliferation, migration, and invasion, thereby serving as a
therapeutic target for breast cancer (128). IncRNA MALATI1
was also revealed to be highly expressed in breast cancer
cell exosomes and promoted cell proliferation, and thus may
be used as a target gene for breast cancer treatment (129).
Exosomal IncRNA-SNHG14 could be used as a therapeutic
target for HER2-positive breast cancer with resistance to
trastuzumab which was revealed to lead to distant metas-
tasis (63).

Exosomes derived from stem cells are an efficient mode of
drug delivery. The advantages are as follows: i) Stem cells can
produce more exosomes (130); ii) exosomes derived from stem
cells have improved ability for expansion in vivo (130); iii) stem
cells harness strong differentiation ability (130); and iv) stem
cells are free from activating the immune system, which
renders stem cell exosomes a safe drug delivery tool (131).

Numerous strategies may be used to treat breast cancer by
exosomes: Transfection of anti-RNA substances or anti-onco-
genes into exosomes, drugs that interfere with loading or
delivery of exosomal contents that promote tumors, or removal
of specific exosomal compounds from circulation. Natural or

synthetic exosomes in a specific cell type can utilize affinity
to deliver activity-modulating compounds to other cancer cells
or microenvironments to promote tumor suppressor contents
or inhibit tumor promoter contents (3).

Exosomes derived from bone MSCs were demonstrated
to effectively transport anti-miR-142-3p, thereby inhibiting
the expression of miR-142-3p and miR-150 and increasing
the level of APC mRNA and P2X purinoceptor 7 mRNA,
thus leading to antitumor effects including decrease of cell
viability, increase of apoptosis, significantly reduced tumor
volume and weight, and extended survival (6). The let-7
miRNA from HCC70 cell-derived exosomes in human breast
ductal carcinoma could inhibit EGFR-positive breast cancer
in vivo (132). In addition, 293 cell-derived exosomes could
deliver surface-modified with anti-EGFR peptides through
cell engineering to inhibit the proliferation of breast cancer
cells (133).

The microenvironment plays an important role in tumor
development. Exosomes released from pre-adipocytes in the
microenvironment of breast cancer can promote tumor inva-
sion and metastasis (134). It has been reported that shikonin
could inhibit tumor growth and increase the sensitivity of
breast cancer cells to endocrine therapy (135). The differen-
tiation of pre-adipocytes treated with shikonin was revealed
to be reduced, and the content of miR-140 in the exosomes
was increased, so that the SOX9/miR-140 signaling pathway
in target cells was enhanced, thereby inhibiting the stem cell
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formation, tumor migration, and tumor growth of ductal carci-
noma in situ (DCIS) in vivo (58). Therefore, drugs targeting
the microenvironment are important for the prevention of
invasive breast cancer.

Breast cancer cell exosomes carrying miR-134 were
revealed to increase sensitivity to anticancer drugs (54).
During breast cancer neoadjuvant chemotherapy, HUVECs
were capable of transmitting miR-503 to breast tumor cells via
exosomes, which was helpful to the antitumor response (52).
Tumor-derived exosomes are composed of various cytosol
membranous tumor antigens, molecules involved in antigen
presentation, which may be promising candidates for cancer
vaccines (136,137).

15. Exosomes and other diseases

In addition to breast cancer, exosomes have been reported
in several other tumors and benign diseases. Thus far, they
have been recognized as potential biomarkers for cancer
diagnostics due to their characteristics (139-142). Since
exosomes can be secreted by all cells and circulate in the
body fluids, specific detection and isolation of cancer
cell-derived exosomes are urgently required to identify
the different diseases. GPC1* circulating exosomes were
detected in the serum of patients with pancreatic ductal
adenocarcinoma (PDCA) with absolute specificity and
sensitivity (120). CLDN4, EPCAM as well as other exosome
‘surfaceome’ were revealed to be PDAC-specific biomarker
candidates (143). Surface-enhanced Raman scattering
technology for rapid and label-free exosomal detection
(Exo-SERS) and multiplex proximity extension assays
(PEA) are helpful in the identification of various exosomes
from different sources (144,145). Furthermore, due to the
heterogeneity of exosomes, it is desirable to investigate
them individually by using different techniques such as
antibody-DNA conjugates and next-generation sequencing
which combines a proximity-dependent barcoding assay or a
sequential quantification analysis utilizing DNA-PAINT. In
the future, profiling of multiple exosomal surface biomarkers
at the single-exosome level may be detected to distinguish
exosomes from different diseases (146,147). An increasing
number of specific exosomal molecules may be established
for the identification of different diseases.

16. Obstacles and future outlook

Substances in the exosomes, such as DNAs, mRNAs, proteins,
miRNAs and IncRNAs, play important roles in tumor cell
communication and remodeling of the tumor microenviron-
ment. The study of exosomes provides a new perspective for
the diagnosis and prognosis of tumors. Furthermore, exosomes
and their contents have become new targets for cancer
treatment.

Although exosome research is promising, some issues
affect research of exosomes. (1) In vivo, the potential effect of
exosomes from cancer cells on recipient cells may rely on some
environmental parameters and accessibility barriers (34). It
is impossible to guarantee whether the exosomal content in
the in vitro co-culture technique is within the physiological
range (148). (2) All cells can release exosomes. Cancer cells

419

or CAF-derived exosomes account for a small proportion,
thus there are several research obstacles in finding markers
to identify exosomes of cancer cell origin and increasing the
number of exosomes in order to extract and detect abundant
contents (149). (3) An endogenous control used to normalize the
expression of exosomal contents is lacking. Without a reference
content, different publications may report conflicting data on
the level of exosomal contents. Furthermore, standardization
of the approaches are important in order to obtain common
concepts for exosome assays and reporting results, with inter-
national cooperation among the scientists (150). (4) When the
patient has other diseases, the expression of exosomal contents
is variable and not specific, thus the appropriate statistical tests
should be used when analyzing the data (112). (5) As afore-
mentioned, when exosomes are used to treat breast cancer,
stem cell-derived exosomes can be excellent drug carriers,
however, they also have several shortcomings. For example,
their biodistribution and in vivo clearance functions have
not been elucidated (151-154), which may have adverse side
effects in humans, such as acute renal injury (155). In addi-
tion, stem cell-derived exosomes have some cytotoxicity and
tumor tropism (6). Therefore, a method is required to control
the particle size of exosomes, allowing them to fully function
in the body, and be effectively removed in a timely manner (6).
This will provide more constructive insights into the diagnosis
and treatment of breast cancer exosomes after these issues are
resolved (43).
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