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Abstract
Metabolic reprogramming is one of the most common characteristics of cancer cells. The metabolic alterations of glucose, amino
acids and lipids can support the aggressive phenotype of cancer cells. Exosomes, a kind of extracellular vesicles, participate in the
intercellular communication through transferring bioactive molecules. Increasing evidence has demonstrated that enzymes,
metabolites and non-coding RNAs in exosomes are responsible for the metabolic alteration of cancer cells. In this review, we
summarize the past and recent findings of exosomes in altering cancer metabolism and elaborate on the role of the specific
enzymes, metabolites and non-coding RNAs transferred by exosomes. Moreover, we give evidence of the role of exosomes in
cancer diagnosis and treatment. Finally, we discuss the existing problems in the study and application of exosomes in cancer
diagnosis and treatment.
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Introduction

Metabolic reprogramming is one of the common features of

cancer cells. Compared with normal cells, cancer cells need

more glucose, amino acids and lipids to support their growth

and survival in a nutrient-deprived environment.1 Instead of

using oxidative phosphorylation (OXPHOS), cancer cells

up-regulate the rate of glycolysis to produce more energy,

which is called the Warburg effect.2 Besides glucose, cancer

cells also need more amino acids and lipids to build biomass

and provide more energy. Therefore, the major steps of meta-

bolic reprogramming have the potential to become therapeutic

targets for cancer treatment.

In recent years, the function of extracellular vesicles (EVs)

in mediating long-distance intercellular communication is

emerging.3 The bioactive molecules encapsulated by EVs are

protected by the bilayer lipid structure from degradation during

transportation.

Exosomes are a kind of bilayer membrane EVs with bioac-

tive molecules released from various cells in the tumor micro-

environment (Figure 1). The bioactive molecules in exosomes

could influence the physiological and pathological functions of

recipient cells. The internalization of exosomes to recipient

cells includes fusion with the cell membrane, interaction with

receptors on the cell membrane, and phagocytosis.4 It has been

found that exosomes participate in the whole process of tumor

metastasis, including epithelial-mesenchymal transition

(EMT), organ-specific metastasis and the formation of

pre-metastatic niches.5 Nevertheless, few studies have investi-

gated the role of exosomes in regulating intercellular commu-

nication and altering cancer metabolism.6,7 The enrichment of

glucose transporter-1 (GLUT-1) has been detected in exosomes

from breast cancer cells.8 Exosomes released by cancer cells
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can be found in blood, urine, saliva and milk.9 A study used

metabolomics to analyze EVs from body fluids, and the results

suggested that the selected metabolites in EVs could be used as

diagnostic biomarkers.10 In addition, microRNAs transported

by exosomes can modulate the metabolic features of recipient

cells in the tumor microenvironment, and can also be utilized as

biomarkers for cancer diagnosis.11

In this review, we will first describe the characteristics of

exosomes and then summarize the major alterations of cancer

metabolism, as well as the regulatory functions of exosomes

during this process. Furthermore, we will discuss the role of

exosomes in cancer diagnosis and treatment.

The Composition, Characteristics
and Functions of EVs

In 1983, Pan and Johnstone showed that peptides containing

vesicles are released from sheep reticulocytes to the extracel-

lular space. Since then, a term “exosome” was used to describe

EVs.12-14 Generally, the classification of EVs contains 3 types

of vesicles: exosomes (30-120 nm in diameter), microvesicles

(0.1-1.0 mm in diameter) and apoptotic bodies (0.8-5.0 mm in

diameter).15 Exosomes originate from the early endosomes and

then form multivesicular bodies (MVBs) that are secreted into

the extracellular space through fusing with the plasma mem-

brane.16 Microvesicles are EVs that budding from the plasma

membrane directly.17 During the process of apoptosis, dying

cells are divided into several apoptotic bodies with fluctuated

sizes, which are released through membrane budding.18,19

Many research works have focused on exosomes and micro-

vesicles, but the formation of apoptotic bodies and their

functions in cancer progression has been largely ignored.20

The identification of subtypes of EVs often uses the specific

proteins enriched in EVs as markers. However, due to the lack of

isolation standard, the features among exosomes, microvesicles

and apoptotic bodies have not been fully illustrated. In previous

studies, it has been found that the protein contents of exosomes

are associated with the biogenesis of MVBs.21 Specifically, the

proteomic analysis of exosomes from dendritic cells has proved

the presence of Alix and TSG101.22 By using immunoelectron

microscopy, researchers discovered the presence of tetraspanin

family members in exosomes, such as CD37, CD53, CD63,

CD81 and CD82.23 Among them, CD9, CD63, CD81, as the

typical markers of exosomes, are used to identify the pellets

containing exosomes. Some studies have used CD9 and CD63

to isolate exosomes.24,25 However, this sorting strategy is open

Figure 1. Biogenesis and secretion of exosomes. Exosomes are originated from early endosomes and then form multivesicular bodies (MVBs).

The fusion of MVBs and lysosomes results in the degradation of the contents of exosomes. Exosomes could be secreted to the extracellular space

when MVBs fuse with the cell membrane. The exosomes from donor cells can transfer bioactive molecules through the main 3 ways: fusion,

endocytosis and receptor-ligand mediated interaction.
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for discussion, because CD9 and CD63 are also present in other

types of EVs.26 Therefore, some studies use TSG101 and Alix,

which are involved in the biogenesis of MVBs, as the markers

for isolation.27,28 During the formation of microvesicles, the

inhibition of small GTP-binding protein ARF6 can reduce the

shedding of microvesicles from the plasma membrane.29 Thus,

some studies have now used ARF6 and VAMP3 as markers for

the detection of microvesicles.30 In general, programmed apop-

tosis is accompanied by the exposure of phosphatidylserine (PS)

on the cell membrane. Annexin V has been used as a typical

marker of apoptosis because it can interact with PS.31 Thus, the

identification of apoptotic bodies relies on the presence of

Annexin V on EVs.30 There is no criterion for the classification

of EVs, so the discovery of more precise markers of different

subtypes of EVs is urgent in the future.

As key players of intercellular communication, EVs transfer

multiple biological molecules from donor cells to recipient

cells, changing their physiological and pathological character-

istics.32 The most common cargoes of EVs include proteins,

lipids and nucleic acids.33,34 The bilayer structure of EVs can

protect the contents from degradation during transportation.35

It is worth noting that EVs promote the aggressiveness of can-

cer cells,36,37 so that the metabolites in exosomes are getting

more attention. Researchers have found that glycolytic

enzymes are frequently detected in exosomes.38 Moreover, the

application of metabolomic analysis of EVs is emerging, espe-

cially in the discovery of diagnostic biomarkers.39,40 The tran-

scriptome analysis of non-coding RNAs from colorectal cancer

revealed that microRNAs carried by EVs are significant in

patient prognosis.41 The RNA sequencing analysis of exosomal

circular RNAs has identified circ-PNN as a biomarker for col-

orectal cancer diagnosis.42 It has been found that the quantity

and contents of EVs varied when cells respond to different

stimuli.43 Thus, the regulatory functions of EVs in cancer

progression and their application in cancer diagnosis are

worthy to be fully studied.

The Metabolic Reprogramming
of Cancer Cells

In the past few years, a lot of studies have focused on cancer

metabolic alteration. The main changes were found in the

metabolic processes of glucose, amino acids and lipids. Cancer

cells change the metabolism of these substances and provide

metabolic intermediates and energy to promote their malignant

phenotype.

Glucose

In the 1920s, Warburg found that tumors need more glucose

than normal tissues.44 In the following experiments, he discov-

ered that the respiration of cancer cells was injured irreversibly,

and cancer cells preferred to use energy from fermentation.2

However, Weinhouse performed isotope-tracing experiments

and concluded that the respiratory function of cancer cells was

not impaired in comparison to normal cells.45 This result

indicated that cancer cells preferred to use glycolysis to pro-

duce energy even in the presence of oxygen. Thus, aerobic

glycolysis has been considered as a trait to distinguish cancer

cells from normal cells.46,47 Cancer cells can proliferate rapidly

in the tumor microenvironment and use glucose as main energy

resource. The metabolism of glucose in cancer cells includes

glycolysis and the pentose phosphate pathway (PPP).48

Evidence showed that the increased glycolysis is associated

with drug resistance in colon carcinoma.49 Correspondingly,

there are accumulating studies targeting the key enzymes of

glycolysis to inhibit ATP production in cancer treatment. Apart

from this, the increased glycolysis also provides intermediates

for PPP, such as ribose-5-phosphate (R5P) and NADPH, which

result in the biosynthesis of nucleotides and redox balance in

cancer cells.50 Thus, drugs targeting PPP are of great potential

to be developed, and the emerged inhibitors of PPP, including

6-AN, DHEA and OT, have made progress.51 However,

the systemic cytotoxicity and low specificity hampered the

application of these inhibitors in cancer treatment.

Amino Acids

The amino acids can be used as alternative fuels and biosyn-

thetic materials to support the growth of cancer cells or provide

antioxidants to maintain reactive oxygen species (ROS).

Glutamine is a multifunctional nutrient that participates in sev-

eral metabolic processes, such as the synthesis of biological

molecules, and the generation of energy and redox balance in

cancer cells.52 A study on branched-chain amino acids

(BCAAs) catabolism found that the carbon atoms were incor-

porated into the intermediates of the tricarboxylic acid

(TCA).53 The biosynthesis of nucleotides is dependent on the

amino acids that are involved in the synthesis of purine and

pyrimidine.54 However, the abundance of amino acids and the

flexibility of cancer cells using them make them difficult to be

targeted. Another study has shown that L-asparaginases can

block the supply of asparagine in lymphoblastic leukemia by

depleting it in the serum.55 Several cancer cell lines are sensi-

tive to the deprivation of glutamine, and this trait makes

suppressing glutamine addiction a promising strategy for

cancer treatment.56

Lipids

Lipids are significant molecules that support the growth of

cancer cells and they also comprise several molecules, includ-

ing phospholipids, sphingolipids, fatty acids and cholesterol.

Cancer cells can increase the uptake of lipids from outer space

to enhance the synthesis of fatty acids, which act as the source

of energy and participate in the formation of cell membranes.57

Studies have investigated the effects of blocking fatty acids

synthesis and increasing fatty acid degradation, that is, inhibit-

ing the proliferation of cancer cells. For instance, the apoptosis

of glioblastoma cells was increased by inhibiting sterol regu-

latory element binding proteins (SREBPs), the main regulators

of fatty acid synthesis help to prevent ER stress in cells.58

Zhang et al 3



Traditionally, numerous studies have demonstrated the func-

tion of glycolysis in generating ATP to support the growth of

cancer cells. However, the energy-providing function of fatty

acid oxidation (FAO) has been largely ignored. A study found

that the inhibition of FAO in human leukemia cells can sensi-

tize these cells to apoptosis, which may be a promising

therapeutic strategy for the treatment of leukemia.59

Exosomes Are Involved in the Metabolic
Alteration of Cancer Cells

Exosomes can perform similar behaviors to the cells from

which they are derived. The contents transported via exosomes

also reflect the characteristics of their parental cells. Thus,

exosomes are involved in the metabolism alterations of cancer

cells. The transportation of enzymes, metabolites and

non-coding RNAs by exosomes has significant role in promot-

ing cancer progression (Table 1). In this part, we will summar-

ize the main findings related to exosomes-mediated tumor

metabolic reprogramming, including glycolysis, PPP and meta-

bolism of amino acids and lipids (Figure 2).

Glycolysis

Glucose is the main energy resource for cancer cell prolifera-

tion. The high rate of aerobic glycolysis is one of the hallmarks

of cancer metabolism. Compared with normal cells, cancer

cells live in an environment that lacks nutrients and oxygen.

Exosomal miR-105 from breast cancer cells can alter the

glucose metabolism of stromal cells and thus promote the

growth of cancer cells under nutrient-deprived conditions.60

To increase the energy supply for the growth of cancer cells,

the flux of glucose keeps changing during cancer development.

The products of glycolysis, including pyruvate, NADH and

ATP, provide energy to fuel metabolic reactions and transpor-

tation of substances. The metabolism of 1 mole of glucose

consumes 2 moles of ATP and produces 4 moles of ATP, which

is much less than OXPHOS that generates 36 moles of ATP

from 1 mole of glucose.73 Cancer cells overcome this

disadvantage by increasing the uptake of glucose, which result

in the high rate of glycolysis and production of lactate. The

lactate in the tumor microenvironment can up-regulate

HIF-1a-stabilizing long non-coding RNA (HISLA) in tumor

associated macrophages (TAMs). HISLA transported by EVs

from TAMs can induce aerobic glycolysis and chemoresistance

of breast cancer cells.61

The transport of glucose by glucose transporters (GLUTs) on

the cell membrane is a vital step of glucose metabolism, which

brings glucose into cells continuously. It has been found that

GLUTs are up-regulated in several kinds of cancer cells. The

overexpression of oncoprotein c-Myc up-regulates the transcrip-

tion of GLUT1 and increased glycolysis.74 Caveolin-1 (CAV1)

can increase the glucose consumption and ATP production of

colorectal cancer cells through regulating the transcription of

GLUT3, and this promotes the growth and survival of cells

under a nutrient-deprived environment.75 The down-regulation

of GLUT4 can decrease the glycolytic rate of breast cancer cells

and convert the metabolic flux into mitochondrial oxidation,

which also impairs cell viability and reduces cell proliferation.76

KRAS mutation is associated with aerobic glycolysis in color-

ectal cancer. Exosomes from KRAS mutant colorectal cancer

cells can increase the glucose consumption of recipient cells via

the transportation of GLUT1.62 When glucose enters the cell, it

is converted to glucose-6-phosphate (G6P) by hexokinases

(HK), which is the first-rate limiting step of glycolysis. The high

efficiency of this step decreases the concentration of G6P in cells

and thus keeps the import of glucose by GLUTs continuously.

G6P is also the convergent point of glycolysis and PPP. In an

early study, investigators detected the expression of HK iso-

zymes in various cells and found that HK2 is highly expressed

in rat hepatoma cell lines, while HK1 is only activated in normal

cells when they need more energy.77 This finding showed that

the expression of HK between tumor cells and normal cells is

different. In malignant cells, the increased expression of HK2

up-regulates the first-rate limiting step of glycolysis, which pro-

duces more G6P than normal cells. The HK2 was activated in

hepatoma cells under hypoxia conditions.78 The presence of

HK2 in exosomes from prostate cancer was identified by

Table 1. EV Cargoes and Functions in Cancer.

Metabolism process EV cargoes Functions Ref.

Glycolysis miR-105 Promote the growth of cancer cells in nutrient-deprived conditions 60

HISLA Induce aerobic glycolysis and chemoresistance of breast cancer cells 61

GLUT1 Increase the glucose consumption of recipient cells 62

HK2 ATP generation 63

PKM2 Support the growth of prostate cancer cells 64

PKM2 Promote HCC tumor growth 65

ciRS-122 Promote oxaliplatin resistance of colorectal cancer cells 66

miR-122 Promote breast cancer metastasis 67

miR-155, miR-210 Promote the pre-metastatic niche formation of melanoma 68

PPP G6PDH, TKT, TALDO1 Promote progression of osteosarcoma 69

Amino acids lactate, glutamate Support breast cancer development 70

ARG1 Inhibit the proliferation of T cells through deleting L-arginine 71

Lipids miRNA-144, miRNA-126 Promote the aggressiveness of breast cancer progression 72
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proteomics and HK2 was highly expressed in the plasma of

prostate cancer patients with poor prognosis.63 Pyruvate kinase

(PK) catalyzes phosphoenolpyruvate (PEP) to pyruvate and pro-

duces ATP. PKM2 is one of the isoenzymes of PK and it is

correlated with cell proliferation.79 GLUT1 and PKM2 were

found in exosomes from activated hepatic stellate cells (HSCs),

and the transportation of these molecules to liver nonparenchy-

mal cells changed their metabolism and induced liver fibrosis,

which was correlated with most hepatocellular carcinoma

(HCC).80,81 The metastatic prostate cancer cells prefer to loca-

lize at bone due to the effect of exosomal transfer of PKM2 from

prostate cancer cells to bone marrow stromal cells (BMSCs),

which up-regulated the CXCL12 of BMSC and supported the

growth of cancer cells.64 PKM2 encapsulated by microvesicles

from HCC can induce the differentiation of macrophages. The

secretion of CCL1 from macrophages supported HCC tumor

growth, and PKM2 in microvesicles has the potential to be used

as a diagnostic marker.65 Circular RNA-122 (ciRS-122) trans-

ported by exosomes from oxaliplatin-resistant colorectal cancer

cells can promote drug resistance through upregulating the

expression of PKM2 in sensitive cells.66 The exosomal

miR-122 secreted by breast cancer cells is associated with cancer

metastasis and can suppress the glucose consumption of fibro-

blasts by downregulating PKM2.67 In addition, the secretion of

exosomes can be influenced by PKM2. A study found that the

phosphorylated PKM2 can promote the secretion of exosomes

through phosphorylating synaptosome-associated protein 23

(SNAP-23), indicating that aerobic glycolysis played an essen-

tial role in the secretion of exosomes.82 More importantly,

PKM2 is not only correlated with remodeling of tumor

Figure 2. Regulation of exosomes on the metabolism of cancer cells. Exosomes participate in the metabolism of glucose, amino acids and lipids

during cancer progression. Major enzymes and metabolites transported by exosomes are shown in green words. GLUT1 indicates glucose

transporter 1; HK2, hexokinase 2; PKM2, pyruvate kinase M2; G6PDH, glucose-6-phosphate dehydrogenase; TKT, transketolase; TALDO1,

transaldolase 1; G6P, glucose-6-phosphate; F6P, fructose-6-phosphate; G3P, glyceraldehyde-3-phosphate; PEP, phosphoenolpyruvate; Ru5P,

Ribulose-5-phosphate; X5P, Xylulose-5-phosphate; R5P, Ribose-5-phosphate; S7P, sedoheptulose-7-phosphate; E4P, erythrose-4-phosphate;

TCA, tricarboxylic acid.
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microenvironment but also participates in the release of exo-

somes, which further promotes the alteration of metabolism in

tumor stromal cells.82

Pentose Phosphate Pathway

PPP is another branch of glycolysis that starts from G6P, the

first metabolite of glucose. PPP is made up of 2 branches: the

oxidative branch and the non-oxidative branch. The conversion

of these 2 branches is mediated by the different metabolic

situations of cells.83 The main enzymes of PPP include

glucose-6-phosphate dehydrogenase (G6PDH), the gatekeeper

of oxidative PPP, and 2 enzymes in non-oxidative PPP, trans-

ketolase (TKT) and transaldolase 1 (TALDO1). The identifi-

cation of proteins in exosomes from ovarian cancer cell lines

confirmed the presence of G6PDH, TKT and TALDO1.84

A study has compared the expression of G6PDH in the serum

of osteosarcoma patients and healthy donors, and the proteomic

results showed that exosomes from osteosarcoma patients

increased the proliferation, adhesion and migration of osteosar-

coma cells.69 When glucose enters the cell and is catalyzed

by HK, it might be converted to ATP, pyruvate and lactate

through glycolysis.73 G6P could also be metabolized by

G6PDH through oxidative PPP and 2 other important metabo-

lites, NADPH and ribulose-5-phosphate (Ru-5-P), are produced.

These products participate in maintaining cellular redox home-

ostasis, fatty acid synthesis, RNA or DNA synthesis in cells. The

non-oxidative branch of PPP could be activated by stressed con-

ditions. The metabolites in non-oxidative PPP, such as

fructose-6-phosphate (F-6-P) and glyceraldehyde-3-phosphate

(G-3-P), can also enter the glycolytic pathway and produce ATP.

Amino Acids

Amino acids are also an indispensable source of metabolic inter-

mediates for cancer cells. The dysregulated uptake of amino

acids is one of the hallmarks of cancer metabolism. To survive

in a nutrient-deprived microenvironment, cancer cells require

more amino acids to support their rapid proliferation, such as

arginine, serine and glycine.85-87 Glutamine can provide nitro-

gen and carbon to cancer cells. Moreover, it is also an important

source of a-ketoglutarate, which can support the production of

ATP through TCA.52 BCAAs, such as leucine, isoleucine and

valine, can be converted into a-ketoglutarate and produce energy

through TCA.53 Moreover, a lot of cancer cells rely on the

exogenous supply of amino acids. SLC6A14, a typical transpor-

ter of several amino acids, is up-regulated in cervical cancer and

colorectal cancer, which can promote the transportation of argi-

nine.88,89 LAT1 and ASCT1 are associated with the transporta-

tion of glutamine and they can work coordinately in many

tumors to support their growth and survival.90 Transaminases

are a kind of enzyme that can promote the interconversion of

different amino acids. Phosphoserine aminotransferase 1

(PSAT1) is associated with serine synthesis. It has been found

that the high level of PSAT1 is associated with tamoxifen resis-

tance and poor prognosis in breast cancer patients.91 In

pancreatic cancer, researchers found that the overexpression of

aspartate transaminase can promote the growth of pancreatic

ductal adenocarcinoma cells (PDAC) and maintain the intercel-

lular redox balance by providing NADPH.92

In the tumor microenvironment, the supply of amino acids

relies not only on the transporters or enzymes but the transpor-

tation of amino acids from donor cells to recipient cells via

EVs. Mesenchymal Stem Cells (MSCs) are able to promote

the growth or angiogenesis of tumor.93 Researchers have used

metabolomics to analyze the metabolites of EVs from human

Mesenchymal Stem Cells (hMSCs) and detected the presence

of lactate and glutamate, which may play an important role in

breast cancer development.70 One study used intra-exosomal

metabolomics to analyze the metabolites in exosomes derived

from cancer-associated fibroblasts (CAFs), and the results indi-

cated that they can supply amino acids to promote the progres-

sion of cancer cells in a nutrient-deprived condition.94 The poor

efficacy of immunotherapy in ovarian carcinoma patients is

caused by exosomal arginase 1 (ARG1), which can inhibit the

proliferation of T cells through deleting L-arginine.71

Lipids

Besides glucose and amino acids, the metabolism of lipids is also

changing in many cancers. Lipids are important components of

various molecules, including phosphoglycerides, sterols, sphin-

golipids and fatty acids.95 Fatty acids are not only essential con-

stituents of membrane lipids but substrates for energy

storage.96,97 The metabolic pathway of lipids includes synthesis,

transportation and degradation. Cancer cells rely on the uptake of

lipids from the cultural medium. These cancer cells can grow in a

lipid-limited condition through increasing lipogenic activity.98

Lipid metabolic reprograming has played a critical role in the

development of human cancer. Lipogenesis is up-regulated in

several cancers to satisfy their demand for cell membrane synth-

esis.99 Researchers have analyzed the lipid profiles of breast

cancer tissue and found that the increased fatty acid synthesis

is associated with patients’ survival.100 Recently, the functions

of EVs in cancer progression are getting more attention. It has

been found that exosomes can transfer cholesterol and fatty acids

between different cells.101 Exosomes from lung cancer cells can

be internalized by human adipose tissue-derived mesenchymal

stem cells (hAD-MSCs) and have a negative effect on

hAD-MSC adipogenic differentiation.102 Similarly, exosomes

from pancreatic cancer (PC) can induce lipolysis in subcuta-

neous adipocytes, and it is associated with the weight loss of

patients.103 The transportation of miRNA-144 and miRNA-126

by exosomes between breast cancer cells and adipocytes could

promote breast cancer aggressiveness.72

The Potential Role of EVs in Cancer
Diagnosis and Treatment

EVs released by cancer cells contain proteins, RNAs, lipids and

metabolites that reflect the characteristics of their donor cells

and can alter the metabolism of recipient cells. The contents of
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EVs are protected by the lipid bilayer membrane from degra-

dation during transportation. Exosomes can be identified in

various types of body fluids, such as blood, urine, saliva and

milk. Studies have demonstrated the role of exosomes in cancer

diagnosis. One study analyzed the circulating exosomes from

patients’ blood, and the results stressed the value of exosomal

microRNAs as diagnostic markers.104

The molecules in exosomes could be used as drug targets

for cancer treatment. For instance, exosomal miR-155 and

miR-210 can promote glycolysis of human adult dermal fibro-

blasts (HADF) and are involved in pre-metastatic niche for-

mation. However, this effect is reversed by miRNA inhibitors

transfected into exosomes from melanoma cells.68 Exosomes

from activated T cells take Fas ligand (FasL) on their surface,

and the interaction between cancer cells and FasL positive

exosomes can induce lung metastasis of melanoma cells.105

Due to the metabolic reprogramming function of exosomes,

several studies have focused on inhibiting the secretion of

exosomes as a therapeutic strategy to treat cancer. For

instance, GW4869 is a widely used inhibitor that can block

the release of exosomes from cells, and it might be a promis-

ing drug to inhibit the communication between different

cells.106

EVs are considered as a native way to deliver bioactive

molecules with low cytotoxicity, and researchers are trying

to use exosomes as nanoparticle delivery systems in cancer

treatment. It has been found that EVs can transport proteins

and nucleic acids through the plasma membrane barriers

with low cytotoxicity. In one study, the researchers com-

pared the biological effect of the liposomal delivery systems

and EVs, and they found that EVs are more effective.107

Various molecules, such as miRNAs, siRNAs and therapeu-

tic molecules, can be incorporated into exosomes and they

can pass through the blood-brain barrier to treat brain

tumors more efficiently.108 Moreover, exosomes can be

used as the delivery system, which can increase the concen-

tration of drugs in specific cells or organs.109 Red blood cell

extracellular vesicles (RBC-EVs) have shown liver accumu-

lation through a macrophage-dependent manner, which can

be used to deliver drugs in liver cancer treatment.110 Exo-

somes from marrow stromal cells have been used to deliver

miR-146b to inhibit the growth of malignant glioma in rat

models.111 Researchers have used exosomes as vehicles to

transfer interfering RNA to target KrasG12D, and this is

more effective than the liposome delivery system in sup-

pressing pancreatic cancer in mouse models.112

According to the molecules encapsulated by exosomes,

the treatment strategy should focus on specific molecules

transported by exosomes from cancer cells or other cells in

the tumor microenvironment, such as miRNAs, proteins

or enzymes associated with the metabolic alteration. If

tumor-promoting effect is induced by metabolites in exosomes,

we ought to explore the process of cargo selection in the for-

mation of exosomes and the secretion pathway of exosomes in

the future study.

Conclusions

In summary, EVs play significant roles in cancer progression

through transporting bioactive molecules among different cells.

As mentioned in this review, EVs can regulate the metabolism

of cancer cells, and we mainly focused on the metabolism of

glucose, amino acids and lipids. The past studies have focused

on RNAs and proteins transported by EVs, and the reported

findings partially illustrate the effects of EVs on cancer meta-

bolic reprogramming. With the exploitation of targeting cancer

metabolism as a treatment strategy, the regulatory role of EVs

is emerging. The function of EVs in glucose metabolism has

been studied but there are few researches explore the contents

of EVs in altering amino acids and lipids metabolism. The way

that EVs interact with recipient cells and change their metabo-

lism is still unclear. EVs are also recognized as biomarkers for

cancer diagnosis and prognosis in clinical studies. Thus, devel-

oping EVs as therapeutic targets and drug delivery system is a

promising strategy in the future.

Although the research of EVs in cancer have made advances

in the past few years, questions about their roles in cancer

metabolic reprogramming are still unsolved. First of all, the

differences between metabolic alteration induced by genes or

EVs from other cells remain unclear. Second, the most effec-

tive content in EVs in regulating metabolic reprogramming has

not been determined. And the question how cells in the tumor

microenvironment select intercellular molecules and encapsu-

late them specifically, such as enzymes or metabolites that can

promote cancer progression. Thirdly, it is not yet known

whether the contents of EVs are the unwanted components that

cells choose to export under stimulation or selected to promote

the malignant phenotype of other cells in tumor progression.

Lastly, EVs have the potential to be used in clinical diagnosis

and prognosis. Nevertheless, there are still technological obsta-

cles for the isolation and purification of EVs from multiple

body fluids. Thus, further research should focus on developing

standard methods for the isolation of EVs, exploring the

possibility of targeting the bioactive molecules in EVs and

using EVs as vesicles to carry therapeutic drugs for cancer

treatment.
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