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Abstract
Background Exosomes are extracellular nanometric vesicles used by cells to communicate with each other. They are responsi-
ble for many pathological conditions, including tumors by transferring regulatory biomolecules that impact target cell activity. 
Because of their high concentration in exosomes compared with parental cells and the rest of exosomal content, specificity 
to the cell of origin, and their well-organized sorting mechanism, microRNAs (miRNAs) are thought to be the most potent 
exosomes cargo and used by scientists to track exosomes and to detect cell activity changes and prognosis in cancer early.
Purpose In this review, the results of studies examining the role of exosomes in cancer pathophysiology and their clinical 
potential are discussed in detail.
Summary of the Findings Tumor-derived exosomes (TDEs) mediate the dynamic changes of cancer growth and invasion, 
including local microenvironment remodeling, distance metastasis, angiogenesis, and tumor-associated immunosuppression. 
They also contribute to hypoxia-induced tumor progression and cancer cell drug resistance. As a result of exosomes being 
present in all body fluids, it is possible to have early accessible and less-invasive diagnostic and prognostic measures by 
forming a table for each cancer type and its matched specific miRNAs. Under testing, available therapeutic uses of exosomes 
include interference of exosomes biogenesis, secretion, or uptake, and recruitment of exosomes as target-specific drug deliv-
ery vehicles, and immunostimulatory agents for both cancer patients and healthy population to avoid cancer development 
from the start.
Conclusion These data suggest that exosomes and exosomal microRNA are directly related to cancer progression mecha-
nisms, and could be used in cancer early diagnosis, prognosis, and therapy.

Keywords Exosomes · MicroRNA · Cancer pathophysiology · Cancer treatment · Cancer clinical potential · 
Immunotherapy

Introduction

Malignancies are complex structures that are formed of 
cancer cells and the surrounding tumor stroma (Sund and 
Kalluri 2009). Effective tumor growth and systemic dis-
semination entail a continuous cross-talk between cancer 

cells and the local or distant host environment (Kalluri and 
Zeisberg 2006).

The exosome is a member of the extracellular vesicles and 
it is a recent popular research object in the tumor research 
study. Exosomes are vesicles derived from a multivesicular 
body (MVB) with a diameter of 30–150 nm, which contain 
lipids, proteins, and nucleic acids. Since exosomes had been 
discovered for the first time in 1983 in serum, they were 
seen as transportation for cellular waste with little potential 
research values (Balaj et al. 2011; Valadi et al. 2007).

These vesicles with lipid bilayer are found to contain 
coding and non-coding RNA including long non-coding 
RNA (lncRNA), microRNAs (miRNAs), messenger RNAs 
(mRNA), DNA fragments, and proteins (Tang et al. 2020).

It is well documented that exosomal miRNAs are the 
effective component of exosomes by which cancer cells 
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influence nearby and distant cells, causing cell prolifera-
tion, differentiation and migration, and disease initiation and 
progression (Zhang et al. 2015).

Tumor-derived exosome (TDE) can be captured effi-
ciently with a wide variety of novel isolation techniques. 
TDE reflects ample oncogenic information. Interestingly, 
exosomes exist in serum, urine, saliva, or any other body 
fluids. TDE fuses with the cell membrane to exert pathologi-
cal changes (Tang et al. 2020).

There is huge stress being placed on understating cancer 
mechanisms of action and improving cancer therapy with 
no focus on having a better understanding of cancer-related 
changes and having more effective diagnostic measures. 
As TDEs provide a better understanding of the behavior of 
cancer cells, and consequently the root of the problem, the 
need for TDEs’ studies is arising to have a complete picture 
of the mechanisms and tracking the dynamic changes asso-
ciated with cancer in addition to a superior diagnostic and 
prognostic tool and tailored treatment with fewer side effects 
(Shepard 2017).

Exosomes’ potential biocompatibilities could help fight 
against cancers, suppressing tumor local and distant spread, 
detecting cancer early, inhibiting drug resistance, and treat-
ing different types of cancer (Tang et al. 2020).

The main contribution of this work is to shed light on 
the significant studies on exosomes and exosomal miRNA’s 

different roles in carcinogenesis and their clinical applica-
tions as a diagnostic and therapeutic target.

Biogenesis of exosomes

Exosomes from different cell types contain a core set of 
identical proteins including members of the tetraspanin fam-
ily (CD9, CD63, CD81, and CD82), members of the ESCRT 
complex [tumor susceptibility gene 101(TSG101), ALG‐
2-interacting protein X (Alix)], and heat shock proteins (Hsp 
60, Hsp70, Hsp90) Fig. 1 (McAndrews and Kalluri 2019).

Exosomes are derived from the intracellular endosomal 
compartment Fig. 2, compared with larger microvesicles, 
which are a direct shedding from the plasma membrane. 
They are initially formed by inward budding from the limit-
ing membrane of late endosomes through a ceramide-trig-
gered process in the presence of sphingomyelinase (converts 
sphingomyelin to ceramide), encapsulating cytoplasmic 
RNA molecules and functional proteins into exosomes 
(Kahlert and Kalluri 2013).

In a second step, the fusion of multivesicular endosomes 
with the cell plasma membrane releases exosomes into 
the extracellular space. Endosomal sorting complexes 
required for transport (ESCRT) are thought to be another 
mechanism of the inward budding and also responsible 
for the regulation of multivesicular endosome biogenesis, 

Fig. 1  The core set of exosomes 
markers and packaged biomol-
ecules (cargo)
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nevertheless, alternative pathways may also exist along 
with a ceramide-triggered way (Kahlert and Kalluri 2013). 
They recognize ubiquitinated membrane proteins and pro-
mote their internalization into the multivesicular endo-
some (Peinado et al. 2012).

Docking of MVBs at the cell membrane for the secre-
tion of their content (exosomes) is regulated by Rab 27 
small GTPase. The mechanism associated with the packag-
ing of exosomes content remains elusive; however, a com-
parison of the exosomes composition with their parental 
cells indicates a selective enrichment process within the 
exosomes (Kahlert and Kalluri 2013).

Aside from these proteins, exosomes contain some 
specific proteins reflective of the parental cell. Exam-
ples include: epithelial cell adhesion molecule (ECAM) 
secreted with epithelial tumor cells-derived exosomes 
(Hessvik et al. 2021; Pavlyukov et al. 2018), melanoma-
derived exosomes contain the tumor-associated antigen 
melanoma antigen recognized by T cells 1 (Mart-1), and 
cancer members of the human epidermal receptor (HER) 
family (which is expressed by gastric cancer, breast can-
cer, and pancreatic cancer secreted exosomes) (Chen 
et al. 2018; Zhao et al. 2016). Exosomes biogenesis and 

secretion include many well-organized steps (Figs. 2, 3, 
4). Interruption of any of these steps could affect exosome-
related physiological and pathological actions.

Exosomes uptake

Exosomes uptake  relies  on transmembrane proteins 
(Fig. 2). It is recently indicated that the tetraspanin–inte-
grin complex is considerably responsible for targeting, 
allowing the binding of exosomes to focus on cells (Rana 
et  al. 2012). Besides, the expression of receptor mol-
ecules like intercellular adhesion molecule (ICAM-1) on 
the membrane surface is enhanced by the pro-inflamma-
tory environment, which facilitates exosomal adhesion to 
target cells (McAndrews and Kalluri 2019).

Despite the exosomal internalization mechanism is not 
completely clear, the presence of the T-cell receptor/CD3 
complex and chemokine receptors on exosomes of T cells 
suggests juxtacrine signaling through receptor–ligand 
interactions Fig. 3a (Montecalvo et al. 2012).

Exosomes may also fuse with the cell membrane of tar-
get cells, which results in a direct release of their cargo 

Fig. 2  A concise illustration 
of exosomes biogenesis and 
secretion important steps. (1) 
Inward invagination of the 
cell wall mediated by either 
ESCRT complex with the help 
of ubiquitin (ubiquitinated 
ESCRT-dependent way) or 
ceramide-triggered inward 
budding (ESCRT-independent 
way) in the presence of CD63. 
(2) Early endosome is formed, 
carrying cell surface proteins. 
(3) RNAs and cytosolic proteins 
invade the endosome, forming 
small exosomes inside an MVB. 
(4) MVB may undergo degrada-
tion by lysosome for recycling 
its content. (5) Exosomes’ 
secretion is regulated by Rab 27 
small GTPase
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into the cytoplasm Fig.  3b (Montecalvo et  al. 2012). 
Another mechanism is phagocytosis in the actin cytoskel-
eton and phosphatidylinositol 3-kinase-dependent manner 
Fig. 3c (Du 2010).

Exosomal miRNA

Importance of exosomal miRNAs

After the exosome release in the extracellular environment, 
exosomal miRNAs can reach near and distant cells (Monte-
calvo et al. 2012). Although it is difficult to exclude the role 
of other exosomal cargo, miRNAs are the key functional 
element, facilitating a wide variety of changes in both the 
donor and the target cells (Montecalvo et al. 2012; Zhang 
et al. 2015; Zhou et al. 2014).

There are two mechanisms by which exosomal miRNAs 
carry their functions have been detected. First, the regular 
function is a negative regulation and conferring characteris-
tic changes in expression levels of target genes Fig. 3 (Zhang 
et al. 2015). For instance, in many studies, exosomal miR-
105 from breast cancer cells promoted metastases to the lung 
and brain (Zhou et al. 2014). Migration and angiogenesis in 
neighboring microvascular endothelial cell line (HMEC-1) 
cells were induced by exosomal miR-214 from (HMEC-1) 
(Zhang et al. 2015).

The second mechanism is a novel one identified in some 
miRNAs. Exosomal miRNAs were discovered to activate 
immune cells by acting like ligands that bind to Toll-like 
receptors (TLRs) (Hu et al. 2018).

The expression profile of microRNAs between exosomes 
and their parent cancer cells displays a different pattern in 
many cancers including bladder cancer and gastric cancer 
(Hessvik et al. 2021). Studies emphasize the assumption that 
it is not just a random event but a specific sorting of mRNAs 
and non-coding RNA into exosomes takes place. The spe-
cific packing of exosomes may occur in different body cells 
to discard tumor-suppressive microRNAs, thus increasing 
their oncogenicity (Peinado et al. 2012; Hessvik et al. 2021).

Exosomal miRNAs’ sorting mechanism

Recently, exosomal miRNA drew much attention due to 
their regulatory roles in gene expression. The proportion of 
miRNA is greater in exosomes than in primary cells com-
pared with other exosome cargo (Goldie et al. 2014).

The incorporation of exosomal miRNA is not random. In 
a variety of cell lines and their respective derived exosomes, 
subsets of miRNAs (miR-150, miR-142-3p, and miR-451) 
are preferentially loaded in exosomes. Parent cells have a 
sorting mechanism, guiding specific intracellular miRNAs to 
enter exosomes (Hu et al. 2018). These features of exosome-
related miRNAs made it the focus of the studies on cancer 
early diagnosis and treatment.

Fig. 3  Summary of the differ-
ent mechanisms of exosomes 
uptake. Exosome uptake occurs 
in one of three ways: a jux-
tacrine signaling, b exosomal 
fusion, or c phagocytosis
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Tumor‑derived exosomes and cancer 
development

Tumor microenvironment remodeling

The tumor microenvironment, which surrounds cancer cells, 
is abundantly filled with mesenchymal cells, such as fibro-
blasts, endothelial cells, and hematopoietic cells, both from 
the lymphoid and myeloid origin, within the extracellular 
matrix (ECM) which is important for cancer support (Pat-
tabiraman and Weinberg 2014).

The presence of growth factors or the release of 
exosomes emphasized the bidirectional relationship 
between cancer and stromal cells. Cancer exosomes were 
found to modulate the surrounding cells which support 
tumor growth and dissemination. Different myofibro-
blast phenotypes and activated fibroblasts were found to 
be formed by tumor growth factor β (TGFβ) loaded in 

exosomes, showing the role of intercellular communica-
tion (Ruivo et al. 2017).

Stromal cells also communicate back with cancer cells, 
serving their growth and invasion. Activated fibroblasts are 
responsible for tumor progression by secreting growth fac-
tors, chemokines, and by the deposition of ECM constitu-
ents, easing tumor growth and invasion (Ruivo et al. 2017). 
Unregulated expression of IL6, which promotes the inflam-
matory reaction, was observed in vitro after treatment of 
cancer cells with tumor microenvironment exosomes (Baglio 
et al. 2017). In summary, the bidirectional exchange of 
exosomes between stromal and cancer cells provides a suit-
able environment for tumor progression.

Cancer metastasis

Multistep cancer metastasis is the commonest cause of 
cancer-related death (Milane et al. 2015). Remodeling of 
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Fig. 4  Summary of mechanisms of therapy resistance induced by 
exosomes. a Cancer cell with normal exosomes secretion rate. b 
Adaptive mechanisms by which cancer cell escapes the therapeutic 
effect. b1 Drugs attack exosomes expressing target proteins, leav-

ing the cancer cell. b2 Increased rate of exosomes secretion loaded 
with the therapy. b3 Increased rate of exosomes secretion loaded with 
regulatory proteins and RNAs responsible for the inheritance of drug 
resistance techniques
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extracellular matrix architecture and reprogramming of the 
contributing cells in distant organ sites, such as bone marrow 
progenitor cells, cancer-associated fibroblast (CAF), tumor-
associated macrophages (TAM), and tumor-associated neu-
trophils, toward establishing suitable premetastatic niches 
in advance of cancer metastasis was found to be induced by 
metastatic cell secreted exosomes (Tai et al. 2018).

Hart and Fidler elaborated Paget’s “seed and soil” 
hypothesis: the non-random pattern of cancer metastasis, 
observing the impact of metastatic colonization by the 
interaction with the target organ tumor microenvironment. 
However, regulations of organ-specific metastasis are still 
poorly interpreted. Until recently, it was discovered that 
TDEs help priming premetastatic niches, activating bone 
marrow-derived vascular endothelial growth factor recep-
tor 1 (VEGFR1) and hematopoietic progenitor (Hoshino 
et al. 2015).

It was further indicated that integrin expression profiles 
of TDEs function as “ZIP codes”, leading to metastatic 
organotropism. Exosomal integrins α6β4 and α6β1 caused 
lung metastasis, while exosome integrin αvβ5 was cor-
related with liver metastasis. Additionally, upregulation 
of pro-inflammatory S100 genes in cells of target organs 
was found to be induced by TDEs, resulting in the estab-
lishment of premetastatic niches (Chowdhury et al. 2015).

Many studies have also elucidated that ECM remod-
eling enzymes such as matrix metallopeptidases (MMP2 
or MMP9) are delivered by TDEs, causing degradation of 
ECM and contributing to cancer invasion and metastasis 
(Milane et al. 2015). Recruitment of bone marrow-derived 
macrophages is further induced by the remodeled microen-
vironment, encouraging premetastatic niche formation and 
providing suitable conditions for metastasis (Costa-Silva 
et al. 2015).

TDEs have a positive impact on tumor invasiveness, 
and consequently metastasis due to their contribution to 
invadopodia formation. Rab27a knockdown significantly 
decreases TDEs secretion, resulting in the suppression 
of mature invadopodia formation and digestion of the 
extracellular matrix. Interestingly, invadopodia are criti-
cal sites for exosome secretion, suggesting that exosomes 
synergistically regulate invasive activity (Re et al. 2017). 
Also, the change of gene expression facilitating metastasis 
within less metastatic cells occurs by miRNA transferred 
via TDEs from metastatic to less metastatic cells (Zhou 
et al. 2014).

Recent studies have shown that metastatic cancer cells 
can invade the central nervous system (CNS) despite the 
presence of the blood–brain barrier (BBB) as exosomes 
derived from metastatic cancer cells disrupt the structure and 
function of the BBB (Zhou et al. 2014; Banks et al. 2020; 
Lu et al. 2020). Vascular endothelial cells take up miRNAs 
such as miR-105 and miR-181c within cancer exosomes 

and destruct vascular endothelial barriers. They target the 
tight junction proteins and induce abnormal cytoskeleton 
localization; thus, metastatic cells could reach the brain. 
Some exosomes showed the ability to cross BBB, namely 
endothelial cells of brain–blood vessel-derived exosomes 
(Zhou et al. 2014; Lu et al. 2020).

Together, these studies explain how exosomes mediate 
metastasis by inducing vascular basement membrane and 
local destructive pathways to invade nearby blood vessels 
and stimulate new vessels formation. A premetastatic niche, 
which is a microenvironment remodeling in a secondary 
organ, is a well-organized organotropic process regulated by 
TDEs that carry specific integrins subtypes that selectively 
direct the site of the distant metastasis.

Effect of hypoxia, angiogenesis, 
and immunosuppression

Hypoxia

Hypoxia is associated with glycolysis increment, leading to 
lactate accumulation in the EC microenvironment and decre-
ment of the pH. Physiological acidic pH (6.5–6.9) showed 
an increment in exosome secretion and their cargo (Casazza 
et al. 2014). Therefore, proton pump inhibition and alkaline 
pH cause exosome secretion and exosomal cargo reduction. 
Additionally, acidic pH alters integrin activation which is 
the main regulator for exosome uptake. However, storage in 
extreme acidic solutions (pH < 4.0) leads to exosomal pro-
tein degradation (Sahebi et al. 2020). Thus, hypoxia exag-
gerates cancer development induced by TDEs.

Studies have demonstrated that, by increasing exosomes 
secretion, hypoxia prompts HIF‐1α (an induced factor in 
hypoxia conditions) activity, producing aggressive cell phe-
notype. In another study, in malignant glioma, it was seen 
that hypoxia promoted angiogenic pathways by secreting 
exosomes, created a suitable tumor growth microenviron-
ment, and facilitated cancer metastasis as a result (Svensson 
et al. 2011).

Angiogenesis

Angiogenesis is crucial for the progression of cancer, tumor 
growth, and metastasis and also essential for cancer pro-
gression (Mashreghi et al. 2018). TDEs contain vascular 
endothelial growth factor (VEGF) and interleukin-6 (IL6), 
which cause proliferation, migration, and increased permea-
bility of endothelial cells. Hypoxia increases the secretion of 
exosomes, prompting the process of angiogenesis (Goradel 
et al. 2019). Normal endothelial cells catch tumor-derived 
exosomes proteins, stimulating their migration and new ves-
sel formation that nourish cancer cells (Huang and Deng 
2019).
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Immunosuppression

Myeloid-derived suppressor cells (MDSCs) regulate the 
immunosuppressive microenvironment and assist the tumor 
to escape immune response (mainly by inhibiting T-cell 
activation). A study of glioma TDEs showed that exosomal 
miR-29a and miR-92a prompted differentiation of MDSCs. 
Hypoxia aggravates exosomes related to MDSCs activation 
by increasing exosome secretion and new blood vessel for-
mation (Guo et al. 2019).

Overexpression of heat shock protein (HSP) on exosomes 
activates MDSCs via the Toll‐like receptor 2 (TLR2) (Guo 
et al. 2019). After examining various samples, exosomes 
showed increased HSP70 expression to activate MDSCs 
via HSP70/TLR2 in breast cancer, lung cancer, and ovarian 
cancer (Li et al. 2019).

Displaying programmed death-ligand 1 (PD-L1), TDEs 
facilitate circulating cancer cells to escape immunity. Exo-
somal PD-L1 triggered silence of T-cell activation, while 
antitumor immune response induction and remissions were 
achieved by exosomal PD-L1 blockade in tumor patients 
(Poggio et al. 2019). Via miR-23a, endoplasmic reticulum 
stress in hepatic cell carcinoma (HCC) urges secretion 
of exosomes activating PD‐L1 in macrophages, and as a 
result, suppressing T-cell function. Indirect T-cell apop-
tosis could occur by TDEs carrying Fas ligand (Liu et al. 
2019). These findings could help to clarify cancer-related 
immunosuppression.

However, major histocompatibility complex class I and 
class II molecules are expressed by dendritic cell-derived 
exosomes along with T-cell co-stimulatory molecules for 
antigen presentation. B-cell-derived exosomes present 
tumor antigens to macrophages which are responsible for 
T-cell priming (Li et al. 2019), emphasizing that exosomes 
are involved in both immunostimulation and immunosup-
pression, but the immunosuppressive outweighs the immu-
nostimulatory effect.

Collectively, these findings suggest the importance of 
exosomes for tumor growth and invasion of the surrounding 
and distant cells by manipulating both the local and systemic 
environments.

Drug resistance

It is well known that cancer cells can mask the cytotoxic 
and cytostatic effects of cancer therapeutic drugs by vari-
ous mechanisms. One of them is by the ATP-binding car-
tridge membrane protein which removes toxic materials 
out of the cell (Avan et al. 2018). Other causes include the 
CYP gene family genetic variation among cancer cells as it 
gives different cytochrome P450 activity. As a result, drugs 
are effectively metabolized with low-to-almost no effect. 

Moreover, repair of DNA damage is considered efficient in 
many tumors (Rasouli et al. 2018).

Recent studies have demonstrated that exosomes play a 
key role in drug resistance by which cancer cells escape their 
detrimental effect (Sany et al. 2015; Ciravolo et al. 2012; 
Xiao et al. 2014). That was confirmed by studying the effect 
of cisplatin on ovarian cancer cells. It was noted that chemo-
therapy injection to the tumor cells increased their secretion 
rate of exosomes which are loaded with the drug, releasing 
it outside the cell. They attracted the drug toward them, as 
well (Sany et al. 2015).

It is confirmed that drugs bind to proteins expressed on 
exosomes derived from cancer cells, limiting the effect of 
the therapy. On the other hand, target cells show increased 
proliferation when they take up human epithelial recep-
tor (HER) positive exosomes. It is also proved that these 
exosomes tend to be more enriched with the therapeutic drug 
in advanced stages compared with early stages (Ciravolo 
et al. 2012).

Another detailed study was done by Xiao et al. to dem-
onstrate the role of exosomes in drug resistance to cisplatin 
in the lung cancer cell line (A549). Untreated cells secrete 
fewer exosomes compared with the treated ones. An increase 
in survival and proliferation was documented when examin-
ing the effect of exosomes containing cisplatin on the target 
cells and the primary cancer cells exposed to the drug only 
(Xiao et al. 2014).

MiRNAs and DNA repair gene expression related to drug 
resistance are prompted in response to cisplatin injection. 
A study conducted by Chen et al. revealed that breast can-
cer cells do transmit drug resistance to their cell population 
via exosome transmission of gene expression modulating 
miRNAs, in addition to the reduction of apoptosis in sensi-
tive tumor cells (Chen et al. 2014). Mechanisms by which 
exosomes could help cancer cells resist therapy are sum-
marized in Fig. 4.

Tumor‑derived exosomes and exosomal 
miRNA clinical potential

Tumor markers for early cancer diagnosis 
and prognosis

Exosomes are stable at 4 °C for 4 days and at − 70 °C for a 
longer time, qualifying them to be suitable biomarkers for 
early cancer diagnosis (Sahebi et al. 2020).

MiRNAs are the most characteristic, potent, and effec-
tive protein of exosomal cargo, known to play many physi-
ological processes such as cell differentiation, cell division, 
apoptosis, and morphogenesis of various organs. At present, 
tissue-specific panels for miRNA exosomes are being pre-
pared which are important for the prognosis, diagnosis, and 
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evaluation of cancer aggressiveness and treatment response 
Table 1 (McAndrews and Kalluri 2019).

Early detection of malignant tumors could be achieved 
with more than 270 exosomal miRNA have been identified, 
and with time, a complete panel, which includes almost all 
types of cancers, can be formed (Tamkovich et al. 2016).

CircRNA and lncRNA are stable exosomal proteins that 
are found to have a role in cancer development and can 
also be included as a tumor biomarker. It was discovered 
that bladder cancer TDEs loaded with long non-coding 

RNA‐UCA1 influenced tumor microenvironment remod-
eling. That is why, it is proposed that exosomal long non-
coding RNAs‐UCA1 could be used in future studies (Fani 
et al. 2019).

Unfortunately, there are some limitations to the current 
studies of exosomal miRNAs. First, diversity of exosome 
isolation methods as they can be enriched from cell culture 
media by ultracentrifugation, density gradient separation, 
immunoaffinity capture, size exclusion chromatography, and 
ExoQuick™ Precipitation (System Biosciences, USA). Dif-
ferent strategies partially affect exosomal contents assessing 
accuracy, including miRNAs (Rezayi et al. 2018).

Second, different signaling pathways are carried out by 
a large number of exosomal miRNAs, generating integral 
impacts on the target cells, and thus, it is difficult to have 
a complete understanding of their function. However, por-
tions of their sequences are currently used for the classifica-
tion, and the functions of each group can be distinguished 
separately. Third, in the rare cases of the low abundance of 
miRNA exosomes, it is complicated to get a satisfying result. 
More sophisticated techniques and methods development 
could overcome most of these hurdles (Ikoma et al. 2018).

Tumor exosomes as therapeutic targets

Interference with exosomes biogenesis and uptake

TDE cargoes are the first attributor to cancer development. 
Therefore, therapeutic strategies, such as blockage of exo-
some production, secretion, and exosome-mediated cell–cell 
communication and ablation of specific active exosomal car-
gos, are suggested as novel cancer treatments Table 2 (Tai 
et al. 2018). ESCRT-dependent (such as syndecan/syntenin/

Table 1  Clinical importance of some microRNA exosomes in some 
cancers (Sahebi et al. 2020)

Cancer type miRNA Sample Tumor marker

Prostate cancer miR‐1290↑ Plasma Diagnostic
miR‐375↑

Breast cancer miR‐101↑ Serum Prognostic
miR‐372↑
miR‐373↑
miR‐378‐a↑ Plasma Diagnostic
miR‐379↑
miR‐139‐5p↑
miR‐100 ↑
miR‐154‐3p↑

Lung cancer miR‐17‐3p↑ Serum Diagnostic
miR‐21↑
miR‐191↑
miR‐214↑
miR‐146↑
miR‐155↑
miR‐203↑
miR‐205↑

Table 2  Possible mechanisms of targeting/using exosome as cancer therapy (Tai et al. 2018)

ALIX ALG‐2‐interacting protein X, RGD tripeptide Arg–Gly–Asp, MAGE melanoma antigen gene, IFN interferon

Candidate mechanisms Treatment approach Status

Ablate exosomal cargo Alternate exosomal glycosylation In vitro
Block exosome production Inhibit syndecan/syntenin/ALIX signal In vitro
Block exosome production Inhibit sphingomyelinase In vitro
Block exosome secretion Inhibit Rab27 small GTPase In vitro
Block exosome-mediated cell–cell communication Inhibit endocytosis and micropinocytosis In vitro
Block oncogenic signal Extracorporeal hemofiltration of exosomes
Cytotoxic effects in brain cancer Exosome delivery of anticancer drugs across BBB In vivo
Cytotoxic effects in cancer Exosome delivery of anticancer drug In vitro
Increase the targeting specificity of exosome Specific RGD peptide-fused exosomes In vivo
Immunotherapy Dendritic cell-derived exosomes loaded with MAGE 

cancer antigens
Phase I clinical trial

Immunotherapy IFN-γ‐dendritic cell‐derived exosomes loaded with 
MHC class I‐ and class II‐restricted cancer antigens

Phase II clinical trial
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ALIX signaling) or ESCRT-independent (like sphingomy-
elinases) mechanism-mediated exosome biogenesis inhibi-
tion showed significant suppression of cancer invasion and 
progression. Rab27, which controls MVB size and exosomes 
secretion, greatly stopped both cancer proliferation and 
metastasis. Knockdown of Rab27a and Rab27b resulted 
in the accumulation of tumor-suppressive miRNA within 
bladder cancer cells, preventing further tumor growth (Tian 
et al. 2014).

Specific glycosylation patterns are displayed by surface 
proteins of TDE which are responsible for exosome uptake 
regulation. Alteration of exosomal proteins glycosylation 
could be effective repression of cancer progression (Tian 
et al. 2014). In recent studies, extracorporeal hemofiltration 
of exosomes from the circulation by an affinity plasmapher-
esis platform to remove exosomes from the circulation is 
an additional suggested therapeutic strategy (Marleau et al. 
2012).

One of the causes of increased exosomes secretion is the 
increased intracellular calcium concentration. Therefore, 
blocking the function of  Na+/H+ and  Na+/Ca+2 channels by 
D-methyl amyloid reduces exosomes release efficiently in 
CT26 mice in which colon cancer was induced (Xu et al. 
2015). Sphingomyelinase 2 inhibitor (GW4869) was found 
to suppress lung cancer progression and metastasis in mice 
due to the reduction of TDEs’ formation (Le et al. 2017).

Immunotherapy

Studies showed that exosomes loaded with interferon-γ 
from dendritic cells facilitate anticancer immune responses 
in NK and T cells. That explains the abnormal increase in 
NK-cell activity and survival rate in advanced tumors (Tai 
et al. 2018). In other studies, novel cell-free vaccines could 
be provided using exosomes in immunotherapy. Autologous 
dendritic cell-derived exosomes enriched with cancer anti-
gens induce anticancer immune responses, such as induced 
natural killer (NK) cell effector functions (Besse et al. 2016).

Cultivation of immunostimulatory exosomes secreting 
cells, such as dendritic cells, is a new way to tackle cancer 
progression Table 2. These exosomes can be concentrated 
and injected into cancer patients to reactivate their immu-
nity or to act as cell-free vaccines if injected into a healthy 
population, preventing cancer growth from the very begin-
ning as a result.

Therapeutic agent delivery

Similar to liposomes, attention is growing toward the usage 
of the naturally secreted exosomes as drug delivery vehi-
cles. However, exosomes represent many features that 
make them the most effective drug delivery vehicle for the 
delivery of anticancer drugs and selected small interfering 

RNAs (siRNAs) and miRNAs, responsible for tumor sup-
pression (Ha et al. 2016; Hoshino et al. 2015). First, the 
size of exosomes is suitable for their transfer between cells. 
Second, the structure of exosomes including the lipid bilayer 
of the cell membrane provides a protective medium and sta-
bility for exosomal bioactive cargoes. Third, compared with 
other drug delivery strategies, exosomes show low immuno-
genicity and toxicity (Ha et al. 2016). Fourth, exosomes are 
selective as they target specific cells according to specific 
surface proteins, such as integrins, making it possible to 
attack specific cells of an organ (Hoshino et al. 2015).

These findings indicate that, despite staying for a short 
period in circulation compared with the PEGlyted liposomes, 
exosomes are better used as a drug delivery vehicle because 
of their high organotropic properties and being natural with 
low-to-almost no immune stimulation.

Surprisingly, it is proven that exosomes have the potential 
to cross BBB. That is why, exosomes are the first suspicious 
to be the cause of brain metastasis. Knowing that, exosomes 
loaded with anticancer drugs from autologous cancers were 
injected into these patients led to increased cytotoxicity in 
parental cells (Saari et al. 2015). The use of exosomes as 
a therapeutic vehicle could make it possible to avoid all 
threats of brain surgeries. Drug delivery using nasal sprays 
containing therapeutic exosomes may draw the future for 
non-invasive strategies for brain-related pathologies (Kang 
et al. 2019).

Regarding selectivity and targeting specificity, αv integ-
rin-specific RGD (Arg–Gly–Asp) peptide was engineered on 
exosomes enriched with an anticancer drug (doxorubicin) to 
preferentially improve the uptake of exosomes by αv integ-
rin-positive cancer cells, selectively inhibiting cancer cells 
function with no apparent effect on the healthy ones (Saari 
et al. 2015). This suggests that, with the addition of synthetic 
RGD peptide to increase exosomes selectivity, exosomes 
could be efficient therapeutic agent delivery vehicles Fig. 5.

Conclusion

TDEs are the main contributors to the pathophysiological 
changes which facilitate cancer progression. The bidirec-
tional exchange of exosomes gives rise to local microenvi-
ronmental changes important for tumor support and favors 
its growth. Exosomes perform a crucial role for metastasis 
main steps; local ECM and nearby blood vessels basement 
membrane destruction (by transferring matrix metallopepti-
dases), angiogenesis (by carrying VEGF, IL6, and miRNAs), 
and premetastatic niche formation (by recruitment of bone 
marrow progenitor cells and upregulation of expression 
of inflammatory genes). Sites of premetastatic niches are 
predetermined according to integrin subtypes expressed on 
exosomes surface. Because of its ability to cross BBB or to 
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cause its destruction, exosomes can mediate CNS invasion. 
Hypoxia, which is often encountered in tumors, promotes 
and triggers the secretion of exosomes.

After the exposure to the chemotherapeutic and hormonal 
drugs, an increase in the rate of exosomes secretion loaded 
with target proteins and the drugs out of the cancer cell is 
always detected. Inheritance of resistance takes place by the 
transfer of biomolecules regulating resistance mechanisms.

The use of exosomes as a biomarker could be an effective 
and less-invasive method to diagnose and get information 
about the prognosis of tumors simply by tracking them in 
various body fluids. TDEs can be a therapeutic target by sup-
pressing their activity, interfering with their formation and 

secretion, or by changing their properties to interrupt their 
uptake; thus, tumor progression can be put under control. By 
harnessing immunostimulatory exosomes, immunotherapy 
might help to boost immune response in cancer patients and 
can be used as novel cell-free vaccines in cancer-free people.

Compared with liposomes, employing exosomes as a 
vehicle for drug delivery is proved to be an efficient strat-
egy because of the natural characteristics of exosomes, 
having low immunogenicity, in addition to their ability to 
reach specific target cells at any site in the body, includ-
ing the brain. In the future, nasal sprays containing thera-
peutic exosomes could be used to reach the brain with no 
need for invasive surgeries. Unresolved issues should be the 

Regulatory 
proteins

MicroRNA 
and siRNA

Drugs: e.g. 

Synthetic 
surface peptide: 
e.g. RGD

Exosome with no cargo

Lab modified exosome loaded 
with therapeutic agents

doxorubicin

Fig. 5  Different modalities of the use of exosomes for therapeutic 
agent delivery. Introduction of regulatory proteins, RNAs (miRNAs 
and siRNAs), and hormonal/chemotherapy into exosomes for target 

therapy, increasing therapy efficacy and decreasing its systemic side 
effects. Synthetic RGD is added for better organotropism



647Journal of Cancer Research and Clinical Oncology (2021) 147:637–648 

1 3

focus of future studies, such as sensitive unified methods 
for exosomes and exosomal miRNA purification, separation, 
and categorization.
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