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Abstract

Exosomes are involved in a

variety of functions such as

immune response and tumor

invasion. Exosomes have been

shown to be related to the

mechanism of action in the

occurrence and development of a

variety of diseases. In this paper,

the production, transport and

release process of exosomes are

briefly described, and the

biological significance behind

them is expounded. 1The role of

exosomes in these diseases is also

Correspondence author:
Xuelong Jin, Ph.D. degree
Professional title: Professor
Research direction: Cerebral vascular diseases; Brain science;
Nerve regeneration; Microcirculation; Physiology.
Department of Physiology and Pathophysiology, Tianjin
Medical University, China.

discussed from the perspectives of

infection, senescence and tumor.

Keyword

Exosome; infection; senescence;

tumor; mechanism;

Introduction

Exosomes are polyvesicles

(MVBs) with an average size of

100 nm formed from small

extracellular vesicles (sEV). By

means of budding, the intrinsic

components are transported to the

extracellular environment and

released, in which the components

can change the local

microenvironment or interacts

with the target cells to activate the
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signal pathway in the target cells.

Exosomes contain a variety of

transport molecules, including

lipids, proteins, DNA, RNA,

mRNA, miRNA, etc[1]. Exosomes

are found in body fluids, including

blood, saliva, urine, cerebrospinal

fluid, and milk. Almost all cells

can secrete exosomes under

physiological conditions.

Interestingly, the composition and

secretory mode of exosomes will

change under pathological

conditions. Therefore, exosomes

play an important role in the

occurrence, development and

outcome of diseases. The study of

exosomes contributes to the

understanding of the

pathophysiological mechanisms of

disease. And it has the potential to

be a good biomarker in clinical

application because of its changing

properties.Some researchers

believe that exosomes can be used

as a treatment for diseases, based

on their ability to regulate

signaling pathways.

1.Formation, transport and

release of exosomes

Endosomes are formed by

membrane invagination of internal

cells. The early endosomes may

fuse with the endocytic vesicles.

The contents to be recycled are

classified as recycled interiors.

The remaining early endosomes

are transformed into late

endosomes. Late endosomal

accumulation of ILV formed by

endosomal membrane budding

inward. During this process,

cytoplasmic proteins, nucleic acids

and lipids are sorted into these
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vesicles. Advanced endosomes

containing a large number of small

vesicles are called MVB.

Formation of Intracavitary vesicles

(ILV) requires two distinct

processes. First, the endosomal

membrane is reorganized so that it

is highly enriched with tetratrans

proteins. Endosomal sorting

complexes (ESCRTs) required for

transport are recruited to the ILV

formation site and influence the

endosomes to release them into the

extracellular space. Exosomes are

released by MVB membrane

fusion with plasma membrane.

The Extracellular vesicles（EV）

membrane surface can trigger

signal transduction by interacting

with receptors/ligands on the cell

surface. In most cases, the

function of EV contents depends

on entering the cytoplasm and

possibly even the nucleus.

Different cell types are able to use

various mechanisms to absorb EV,

resulting in functional transfer of

cargo or degradation of EV

content[2].

2.Virus infection and exosomes

Exosomes have the ability to

transport contents such as nucleic

acids and proteins to other cells.

This provides a new way of

transferring materials between

cells. At the same time, it also

AIDS the transfer of viral nucleic

acids and proteins from cell to cell.

Various enveloped viruses can

hijack the exosome ESCRT system

to assist virus proliferation,

budding, and transmission[3].

Non-enveloped viruses acquire

host-derived membranes for
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cell-to-cell transmission, and the

viruses are still able to replicate in

recipient cells. Therefore, the

ESCRT system has become an

indispensable tool for enveloped

virus infection. Retroviruses use

exosome formation and release

pathways in host cells to produce

infectious virions. In viral

infections, exosomes play a dual

role in the regulation of the

immune system, both as host

programs that induce innate and

adaptive immunity and as viral

strategies to evade these same

responses [4].

3.Aging and exosomes

Senescent cells also increase the

secretion of a class of extracellular

vesicles called exosomes.

Decreased exosome secretion

induces reactive oxygen species

(ROS) -dependent DNA damage

responses (DDR) in both senescent

and non-senescent cells. The

accumulation of DNA damage can

lead to apoptosis or cell

senescence[5]. Exosomes of

damaged cells, including those

rich in DNA damage markers

(such as γH2AX and fragment

telomere repeat DNA), can induce

inflammation [6] .Exosomal

miRNA are involved in the

regulation of vascular aging by

participating in the physiological

function of vascular cells and the

destruction and remodeling of

extracellular matrix (ECM)[7].

The accumulation of substances in

cells is mainly caused by the

reduced transport efficiency of

substances. DNA secretion of cells

provides a new way for senescent
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cells to expel excess DNA, which

is of great significance for

maintaining cell homeostasis. The

excreted DNA-rich secretory,

however, triggers an inflammatory

response that promotes ageing. In

addition, secretory bodies are also

involved in the destruction of

blood vessel cells and the

regulation of aging of muscle cells

and bone cells.

4.Tumors and exosomes

Exosomes not only transfer

between cancer cells, they also

transfer between cancer cells and

stromal cells: stromal cells receive

exosomes from cancer cells and

produce tumor-promoting

microenvironments; In turn,

cancer cells release exosomes

from stromal cells to promote

cancer cell proliferation or

invasion. It is well known that

VEGF is closely related to the

occurrence and development of

tumors. Exosomes promote

angiogenesis by regulating

endothelial cell characteristics.

Under hypoxia conditions,

exosomes can promote tumor

growth by increasing angiogenesis.

In addition, exosomes have a

strong influence on drug resistance

and induce resistance through a

variety of mechanisms. Exosomes

control cell polarity and directed

cell movement, which are closely

related to tumor cell metastasis.

Exosomes can also cause a strong

pro-tumor immune response[8].

Fibroblasts, endothelial cells and

infiltrating immune cells are the

main cell types that interact with

tumor cells through exosome

5



Nature medicine Japan, Sep 30, 2022, Vol.5, issue1

signaling in the tumor

microenvironment. These cellular

interactions affect exosome

composition and quantity. Stress

conditions such as hypoxia,

starvation and acidosis can

increase exosome release in

malignant cells [9].

Conclusion

In this paper, we briefly

describe the biological processes

of exosome production, transport

and release. The molecular

mechanisms of infection,

senescence and tumor were

explored based on the biological

processes of exosomes. This gives

us insight into the

pathophysiological processes of

disease. Exosomes have a good

biological application prospect,

both as biomarkers and

therapeutics, showing great

biological prospects．

References

[1] Gurunathan S, Kang MH, Kim

JH. A Comprehensive Review on

Factors Influences Biogenesis,

Functions, Therapeutic and

Clinical Implications of Exosomes.

Int J Nanomedicine. 2021 Feb

17;16:1281-1312. doi:

10.2147/IJN.S291956. PMID:

33628021; PMCID:

PMC7898217.

[2] Abels ER, Breakefield XO.

Introduction to Extracellular

Vesicles: Biogenesis, RNA Cargo

Selection, Content, Release, and

Uptake. Cell Mol Neurobiol. 2016

Apr;36(3):301-12. doi:

10.1007/s10571-016-0366-z. Epub

2016 Apr 6. PMID: 27053351;

PMCID: PMC5546313.

6



Nature medicine Japan, Sep 30, 2022, Vol.5, issue1

[3] Ju Y, Bai H, Ren L, Zhang L.

The Role of Exosome and the

ESCRT Pathway on Enveloped

Virus Infection. Int J Mol Sci.

2021 Aug 22;22(16):9060. doi:

10.3390/ijms22169060. PMID:

34445766; PMCID:

PMC8396519.

[4] Abels ER, Breakefield XO.

Introduction to Extracellular

Vesicles: Biogenesis, RNA Cargo

Selection, Content, Release, and

Uptake. Cell Mol Neurobiol. 2016

Apr;36(3):301-12. doi:

10.1007/s10571-016-0366-z. Epub

2016 Apr 6. PMID: 27053351;

PMCID: PMC5546313.

[5] Takahashi A, Okada R, Nagao

K, Kawamata Y, Hanyu A,

Yoshimoto S, Takasugi M,

Watanabe S, Kanemaki MT, Obuse

C, Hara E. Exosomes maintain

cellular homeostasis by excreting

harmful DNA from cells. Nat

Commun. 2017 May 16;8:15287.

doi: 10.1038/ncomms15287.

Erratum in: Nat Commun. 2018

Oct 8;9(1):4109. PMID: 28508895;

PMCID: PMC5440838.

[6] Prattichizzo F, Micolucci L,

Cricca M, De Carolis S, Mensà E,

Ceriello A, Procopio AD, Bonafè

M, Olivieri F. Exosome-based

immunomodulation during aging:

A nano-perspective on

inflamm-aging. Mech Ageing Dev.

2017 Dec;168:44-53. doi:

10.1016/j.mad.2017.02.008. Epub

2017 Mar 1. PMID: 28259747.

[7] Du S, Ling H, Guo Z, Cao Q,

Song C. Roles of exosomal

miRNA in vascular aging.

Pharmacol Res. 2021

Mar;165:105278. doi:

7



Nature medicine Japan, Sep 30, 2022, Vol.5, issue1

10.1016/j.phrs.2020.105278. Epub

2020 Nov 6. PMID: 33166733.

[8] Zhang L, Yu D. Exosomes in

cancer development, metastasis,

and immunity. Biochim Biophys

Acta Rev Cancer. 2019

Apr;1871(2):455-468. doi:

10.1016/j.bbcan.2019.04.004.

Epub 2019 Apr 30. PMID:

31047959; PMCID:

PMC6542596.

[9] Mashouri L, Yousefi H, Aref

AR, Ahadi AM, Molaei F, Alahari

SK. Exosomes: composition,

biogenesis, and mechanisms in

cancer metastasis and drug

resistance. Mol Cancer. 2019 Apr

2;18(1):75. doi:

10.1186/s12943-019-0991-5.

PMID: 30940145; PMCID:

PMC6444571.

8


