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1  |  INTRODUC TION

There is nearly a century of history behind radiotherapy (RT), which 
has evolved from discovery to widespread use in clinically significant 
tumors. Currently, with an estimated 50% of cancer patients receiving 
RT, radioactive rays such as X-rays are commonly used to weaken the 
viability of tumor cells before surgery and facilitate radical cure after 
tumor resection, potentially lowering the risk of cancer recurrence 

and metastasis.1 The damage effects of radiation are accomplished 
by ionizing reactions and initiating biochemical responses in the body, 
which occur first in the cell, the nucleus, and then causes necrosis and 
apoptosis. The cellular response to radiation is separated into phys-
ical, chemical, and biological reaction stages. This is followed by the 
production of reactive oxygen species (ROS), which contributes to 
the chemical changes in DNA materials in the nucleus including base 
destruction, enzyme damage, single-stranded and double-stranded 
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Abstract
Radioresistance is the potential cause of cancer metastasis and recurrence. Radiation-
induced changes in exosomes can partially explain the undesirable prognosis of ra-
diotherapy (RT). Exosomes, newly discovered ways of cell communication, carry the 
characteristics of their origin, resulting in their diversity. Various exosomes in the 
tumor microenvironment exert different function in immune response. In this review, 
the dual effect of RT on the immune system was described, and the effect of radiother-
apy on tumors via exosomes was explored. The molecules in exosomes after RT were 
described to play immunosuppressive and immunocompetent roles: immune-related 
receptors and cell signaling molecules involved in both adaptive and innate immune 
system were present. CD69, TIGIT, TIM-3, LAG-3 and the tumor necrosis factor (TNF) 
family that signal to T cells were shown to be regulated by exosomes after irradiation. 
The change in innate immunity-derived like receptors, Leukocyte Immunoglobin-Like 
Receptors (LILR) was described, as well as B7-H3, V-domain containing Ig suppressor 
of T cell activation (VISTA), and CD155 on tumor cells. These changed molecules in-
hibit and activate the immune system through different mechanisms. By analyzing the 
relationship between exosome-derived molecules and immunity, this review shows 
that radiotherapy can induce immunosuppression and immune clearance through ex-
osomes, thereby treating tumors and improving patient prognosis.
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breaks (DSB) or crosslinking. Despite the repair mechanism of cells, 
complicated DSBs are beyond correction, which results in the death 
of cells and the increased discernability of tumor antigen.

Because of its potent cytotoxic effects, RT appears to make a sig-
nificant difference in the radical cure of cancer therapy. Patients un-
dergoing RT, conversely, have experienced several negative prognostic 
outcomes, such as radioresistance, tumor recurrence, and metastasis. 
The presence of a poor clinical outcome raises awareness of the rec-
ognition of RT bipolarity in cancer treatment. Given that RT exerts a 
dominant effect in cancer therapy with undesirable secondary effects, 
the adjustment of patients following RT is thoroughly examined to 
maximize the antitumor response strength. It is permissible to correlate 
newly discovered exosomes implicated in the tumor microenvironment 
(TME) with the prognosis of RT. Exosomes are a subtype of microve-
sicles found in cells. They contain a variety of bioorganic macromol-
ecules and micromolecules, most notably complex RNA and protein. 
Recent studies have focused on the association between tumors and 
exosomes, and numerous researchers have attempted to use exosomes 
to illustrate the specific mechanisms in the TME. Studies have reported 
that not only tumor cells but also the composition of exosomes se-
creted by those cells change before and after radiation treatment. This 
review presents the background of exosomes in normal immune cells 
and their modification following radiation as well as the possible mech-
anisms underlying RT duality: immunosuppression and immunocompe-
tence. The improvement in radiotherapy's immune-enhancing effects, 
as well as the reduction in its immunosuppressive effects, offer hope 
for expanding the benefits of radiation to a greater number of patients.

2  |  E XOSOMES

2.1  |  Structures of exosomes

Exosomes are produced by a wide variety of cells, including in-
nate and adaptive immune cells such as dendritic cells (DCs), mac-
rophages, natural killer (NK) cells, T lymphocytes, and B lymphocytes. 

Exosomes with a diverse array of cell content provide insight into 
their biological origins and formation. In general, they are composed 
primarily of proteins generated from cells, lipids, glycoconjugates, 
and nucleic acids.2 The exosome membrane comprises transmem-
brane proteins such as integrins and tetraspanins that are involved in 
cell growth, motility, signaling, and adhesion, all of which contribute 
to cell homeostasis.3 Because exosomes control active metabolism, 
a greater number of exosomes must be released to facilitate complex 
intercellular communication in metabolically hyperactive cells such 
as cancer cells.

This is due to a variety of molecular pathways. Tetraspanins have 
been shown to interact with other transmembrane proteins, for ex-
ample, integrins and MHC proteins, as well as with cytosolic pro-
teins.3,4 The universally cytosolic proteins found in exosomes that are 
most likely to be involved in exosome biogenesis, intercellular com-
munication, and signal transduction include (1) cytoskeletal proteins: 
tubulin, actin, annexin, vimentin, and talin; (2) a few metabolic en-
zymes: PGK1, GAPDH, protein kinases, and G proteins; and (3) a few 
heat shock proteins (chaperones), such as HSP70, and HSP90.3,4  In 
addition, cell-specific proteins are also involved in the cellular char-
acteristics of exosomes, enabling them to perform a variety of roles. 
Given that exosomes are implicated in a range of tumor-associated 
immune responses, their diverse composition provides a new direc-
tion for clinical research on radiation therapy. (Figure 1).

2.2  |  The dual characteristics of exosomes 
in immunity

Radiotherapy affects both immunological suppression and activa-
tion, which has been associated with the function of exosomes. 
Exosomes play a critical role in the immune system because they 
are capable of expressing and processing antigens, particularly those 
derived from antigen-presenting cells (APCs).5 In addition, exosomes 
transfer MHC proteins and other proteins and RNAs between cells; 
therefore, genetic information is transferred by exosomes.6

F I G U R E  1  Schematic diagram of 
the structures of exosomes. Exosome 
membrane contain MHC proteins, 
tetraspanins, and other transmembrane 
proteins for cellular communication. 
Exosomes contain cytosolic proteins 
such as heat shock proteins, metabolic 
enzymes, and cytoskeletal proteins



    |  1107HU et al.

Exosomes provide a dual purpose in immune system regulation. 
For years, the debate on the procancer or anticancer effects of exo-
somes has been controversial. On the one hand, exosomes released 
by normal cells have been shown to enhance the immune response 
to cancer. In addition, tumor-derived exosomes (TEXs) may be used 
by the immune system to kill cancer cells. It has been demonstrated 
that TEXs can present antigens to DCs, activating CD8+ T cells to 
kill cancer cells and eventually achieve antitumor effects.7 TEXs, in 
conjunction with DCs, play an important role in anticancer immune 
responses. Exosomes have been shown to induce tumor-antigen-
specific cytotoxic T cell (CTL) responses and to influence leukocyte 
proliferation via phosphorylation when cooperating with DCs.8

On the other hand, numerous studies have demonstrated that 
exosomes can promote cancer growth, rendering both innate and 
adaptive immunity insensitive and reducing the ability of pathologi-
cal cells such as cancer to proliferate. For example, a previous study 
has established that glioblastoma exosomes transfer microRNAs 
that induce tumor formation in a benign cell line.9 Additionally, sev-
eral studies have demonstrated that TEXs can suppress the immune 
system by reducing T cell immune responses and transforming im-
mune cells into tumor-supporting phenotypes.10 For example, breast 
TEXs, brain-TEXs, and melanoma cell-derived exosomes all have dif-
ferent effects on the proliferation and functions of CD4+ T cells and 
thereby inhibit cytotoxic immunity through different mechanisms.11

In general, TEXs may act as stimulatory and/or inhibitory medi-
ators on immune cells. Because the functions and composition of 
exosomes can vary, it is natural for their functions to shift as can-
cer progresses, implying that they can have protumor or antitumor 
effects.

2.3  |  Exosomes variants involved in the 
immune system

2.3.1  |  Dendritic cell-derived exosomes

Dendritic cells are the most powerful APCs in the immune system, 
acting as a link between the innate and adaptive immune systems. 
Dendritic cell-derived exosomes (DEX) secreted by DCs share many 
similar components such as MHC protein complexes, costimulatory 
molecules, and other components that participate in the immune 
process.12 Proteomic studies have demonstrated that DEX has po-
tent immunostimulatory properties.13 DEX contains MHC I and 
MHC II protein complexes, as well as CD86 and HSP70-90 chaper-
ones, all of which contribute to the activation of CD4+ and CD8+ T 
cells.14 In summary, DEX facilitates T cell responses via MHC com-
plexes.15  Moreover, DEX contains mRNA and microRNA that are 
transferred between cells, and which is thought to be a method of 
communication and posttranscriptional modification between DCs.16

Despite their comparable compositions, DCs and DEXs play dis-
tinct roles in immunity. For example, DCs may not express enough 
NK cell receptor ligands and are easily influenced by the TME and 
immunosuppression and can be converted into negative modulators 

of immune responses, whereas DEXs cannot respond to immuno-
suppressive molecules.17,18 In conclusion, DEXs are more effective 
against tumors compared with DCs because they induce greater im-
munological immune responses.

2.3.2  |  T lymphocyte cell-derived exosomes

T cells are broadly classified into CD8+cytotoxic T cells (CTLs) and 
CD4+ helper T cells, the latter of which includes numerous subtypes 
such as regulatory T cells (Tregs) and Th17 cells. CTLs have the abil-
ity to not only kill tumor cells directly but also induce tumor apop-
tosis and regulate immune responses via the release of exosomes. 
Exosomes can elicit robust immunological responses; for example, 
CTL-derived exosomes activate bystander CD8+ T cells under the 
influence of IL-12.19 However, another study has established that 
CD8+ T cell-derived exosomes carrying Fas ligand (FasL) can pro-
mote tumor invasion and metastasis by activating the c-FLIPL, and 
extracellular signal-regulated kinase (ERK) and nuclear factor kappa 
B (NF-κB), signaling pathways. Activation of these pathways results 
in the accumulation of MMP9 expression in tumor cells, which is re-
quired for tumor invasion.20 Similar to Tregs, Treg-derived exosomes 
perform immunosuppressive functions in the TME, including sup-
pressing CTL-mediated antitumor immunity.21  These findings pro-
vide compelling evidence that T cells can influence tumor immune 
responses and development through the release of exosomes.

2.3.3  |  Natural killer cell-derived exosomes

Natural killer cells are important components of innate immunity 
because they contribute to immunosurveillance and protect against 
a variety of disorders, including pathogen infections and tumors. 
NK cells are capable of recognizing abnormal cells that lack class 
I MHC antigen expression and killing them with cytotoxic effec-
tor molecules contained in lytic granules.22 Interestingly, NK cells 
can also release exosomes in response to immunological stimuli. 
Furthermore, these NK-derived exosomes contain typical NK mark-
ers (e.g., NKG2D and CD56) and lytic proteins (e.g., perforin, gran-
zymes, granulysin, and FasL/CD178).23 NK-derived exosomes utilize 
these lytic proteins to exert cytotoxic effects and kill tumor cells via 
a variety of mechanisms, including the combined action of perforins 
and granzymes and the interaction between ligand FasL and recep-
tor Fas.24 Although it has been demonstrated that NK-derived ex-
osomes can kill cancer cells, TEX-containing NK ligands can reduce 
the expression of NKG2D receptors on NK cells, therefore decreas-
ing their cytotoxic effects.25

2.4  |  Exosomes as biomarkers

With the deepening of exosome research, many studies have 
demonstrated that exosomes can be used as biomarkers for early 
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diagnosis of diseases. First, exosomes are widely distributed in body 
fluids, such as blood, urine, semen, amniotic fluid, and saliva, so they 
can be easily isolated. Second, as mentioned above, different de-
rived exosomes vary in composition, expressing specific miRNAs, 
mRNAs, and proteins. Abnormal changes in these components can 
used to diagnose diseases and predict the prognosis of patients. For 
example, PCA3 mRNA and TMPRSS2:ERG fusion transcripts can be 
detected in the urinary exosomes of patients with prostate cancer.26 
In addition, large numbers of miRNAs are considered as new bio-
markers. (Table 1).

However, exosomes as biomarkers have some defects. First, exo-
somes from cancer patients and healthy people may not have detect-
able differences in composition. In the above study, TMPRSS2:ERG 
fusion transcripts could be detected in patients with high levels 
of malignancy, but not in patients with low levels of malignancy.26 
Second, miRNAs in exosomes are not specific enough to distinguish 
between different types of cancers. For example, miR-21 is upreg-
ulated in almost all carcinomas such as melanomas, hepatocellular 
carcinomas, breast, brain, gastric, and colon cancers;32 miR-125b is 
upregulated in acute myeloid leukemia (AML) but downregulated in 
chronic lymphocytic leukemia (CLL).33 Third, considering the accu-
racy, cost, and efficiency of clinical practice, most exosome biomark-
ers are not clinically feasible.

3  |  E XOSOMES RESULT IN RT DUALIT Y 
IMMUNOLOGIC ALLY

3.1  |  Exosomes and associated circuits in relation 
to RT immunosuppressive activity

Exosomes discovered following RT contain a vast number of bio-
molecules that are implicated in both innate and adaptive immunity. 
Immunity is activated in response to the appearance of deviant cells 
such as cancer cells to selectively root out aberrant cells; this serves 
as a self-protective mechanism for the human body. It is well estab-
lished that RT has the potential to enhance the sensitivity of the 

immune system against cancer cells. However, a decreased immu-
nological state has been observed in a variety of cancers following 
radiation. Changed exosomes are described to modulate the immune 
system and maintain a balance between activating the immune re-
sponse and immunosuppressive reaction.34

3.1.1  |  Exosomes in adaptive immunity

Multiple exosomal molecules changed by radiation exert a critical 
impact on the inhibition of specific immunity. For example, PD-L1 
(one of the membrane-spanning proteins) is demonstrated to be 
associated with the inhibition of T cell proliferation and activation. 
In a diverse mouse model, a low dosage of radiation has been dem-
onstrated to cause an increase in PD-L1.35 A potential mechanism 
in patients with head and neck squamous cell carcinoma (HNSCC) 
who present chemoradiotherapy resistance and poor prognosis is 
demonstrated to be partially related to the immunosuppressive re-
sponse induced by TEX, which has been discovered to transport 
PD-L1 in the TME. Elevated PD-L1 levels are demonstrated to be 
related to decreased CD69 levels, which results in the inactivation 
of cytotoxic T cells.34 Tu X, et al. used the antibody H1A to dem-
onstrate that RNA-binding protein PD-L1 competes with catalytic 
RNA exosomes to suppress the degradation of target RNA, which 
is involved in DNA damage responses, to decrease the sensitivity of 
cancer cells to RT in human breast cancer cells. H1A is a developed 
PD-L1 antibody that can expose PD-L1 in the reactive lysosome 
by its negative effect on protective CMTM6.36 Another anti-PD-L1 
antibody, cemiplimab, can be administered with RT with alleviative 
immune-related Adverse Events (irAEs). In the Papadopoulos study, 
10% patients with advanced cancer (6 in 60) who were treated 
with cemiplimab and RT displayed antitumor benefit and prolonged 
responses.37

Nevertheless, cancer treated with anti-PD-1 therapy de-
velops resistance, most notably in melanoma, as a result of in-
hibitory immune components being immersed in the TME. The 
upregulated expression of Lymphocyte Activation Gene 3 (LAG-3) 

Cancers miRNAs Ref

Lung cancers Increased serum miR-96 levels in lung cancer patients.
Increased miR-21 and miR-4257 levels in patients with non–small-

cell lung cancer (NSCLC) with recurrence.

27

Breast cancers miR-301 is a prognostic maker.
High levels of miR-155, miR-21 and miR-1246 predict poor 

prognosis.

28

Colorectal cancer The serum exosomal levels of let-7a, miR-1229, miR-1246, miR-
150, miR-21, miR-223, and miR-23a were increased in patients 
and were decreased after surgery.

29

Prostate cancers The urinary exosomal levels of miR-26a-5p, miR-532-5p, and miR-
99b-3p were upregulated in prostate patients with recurrence 
and metastasis.

30

Hepatocellular 
carcinoma

The serum exosomal levels of miR-93, miR-21, miR-122, miR-125b 
were increased but miR-9-3p were decreased in patients.

31

TA B L E  1  Potential exosomal miRNAs 
as biomarkers
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transmembrane protein and exosomal T cell Immunoglobulin- and 
Mucin-domain-containing molecule 3 (TIM-3), which both bind to 
galectin-3 or galectin-9, may be the underlying mechanism.38,39 
Increased TIM-3 expression is observed in patients with HNSCC 
who were receiving RT and PD-L1 blockade therapy, which has 
been demonstrated to act as an offsetting mechanism to immune 
checkpoint blockade (ICB). Anti-TIM-3, ICB, and Treg depletion all 
work in concert.40 Clinically, the newly produced antibody FS118, 
which binds both LAG-3 and PD-L1, has been described as a prom-
ising method for treating cancers that are resistant to anti-PD-L1 
therapy. The dual restriction of FS118, by preferentially associat-
ing with LAG-3 and PD-L1, has been used to reverse T cell anergy 
in mice. The interaction between FS118 and LAG-3 and PD-L1 re-
sults in an increase in soluble LAG-3 (sLAG-3), which enhances the 
antigen presentation capacity of APC and the immunogenicity of 
CTL when combined with MHC II.41

As previously stated, the antigen presentation pathway is in-
fluenced, and includes costimulatory and coinhibitory factors.42,43 
Irradiation increases the expression of costimulatory molecules, 
resulting in immunological activation, whereas coinhibitory factors 
have the reverse effect. In melanoma, it has been demonstrated that 
the T cell immunoglobulin and ITIM domain (TIGIT), which binds to 
the coinhibitory factors CD155 and B7-H3 and V-domain containing 
Ig suppressor of T cell activation (VISTA), inhibits the production of 
IFN-γ and TNF-α, which initiate cell apoptosis to eliminate abnormal 
cells. TIGIT expression is decreased with a radiation dosage of 18 × 
2 Gy and increased with a dose of 3 × 8 Gy. The ratio of CD8 + T cells 
in 18 × 2 Gy are ~2.5 times higher (p < 0.05).44 B7-H3 is found in 
medulloblastoma exosomes to aid in the progression of immune eva-
sion via PI3K/AKT activation and subsequent activation of STAT3, 
which prefers to undergo oxidative phosphorylation reprogramming 
to meet the metabolic needs of excessive growth rather than the 
aerobic glycolysis.38,44–46

3.1.2  |  Exosomes in innate immunity

Nonspecific immunity is primarily mediated by the following types 
of innate immune cells, including phagocytes and NK cells, whose 
ability to eliminate abnormal cells is skewed in the TME. In particu-
lar, as with phagocytes, it was discovered that integrin-associated 
protein (IAP) also known as CD47 can bind to signal-regulatory 
protein α(SIRPα) on macrophages, contributing to the preven-
tion of phagocytic reactions and thereby protecting normal red 
blood cells from digestion. Nevertheless, in cancer, an elevated 
level of CD47 is present in the environment infiltrated by immune 
cells, allowing cancer cells to escape immune clearance more 
quickly. It has been observed that classic radiation therapy for 
mouse breast cancer increases both CD47 and HER2 expression 
simultaneously. Breast cancer is capable of developing radiore-
sistance when it is accompanied by decreased phagocytic abil-
ity induced by CD47 and increased clonogenic ability induced by 
HER2. Candas-Green D, et al. demonstrated that anti-CD47 and 

anti-HER2 double blocking are superior in eradicating radioresist-
ant cancer cell in BALB/c mice injected with 4T1 cells.47 Similarly, 
the inhibition of CD47 has been shown to provide significant relief 
for T cells that are hypersensitive to irradiation during RT in lym-
phomas. CD47-containing exosomes have been linked to cancer 
metastasis.48 miRNAs included in exosomes also participate in the 
inherent immune pathway to potentially promote tumor growth. 
As an illustration, upregulated miRNA expression in RT is associ-
ated with radioresistance and a poor prognosis in the treatment 
of colorectal cancer (CRC). miR-590-3p from cancer-associated 
fibroblasts (CAFs) promotes radiation resistance in CRC cells by 
downregulating the expression of CLCA4, which exerts an inhibi-
tory effect on the PI3K/AKT pathway to facilitate M2 polariza-
tion. miR-590-3p overexpression can be utilized as a measure of 
radiation resistance in patients with CRC.49 Additionally, it has 
been found that RT enhances MHC I expression.50 The interaction 
between MHC I and immunoglobulin-like receptors, Leukocyte 
Immunoglobin-Like Receptor (LILR), is critical for bridging innate 
and acquired immunity through the process of antigen presenta-
tion, which has been demonstrated to be recognized by immu-
nogenic receptors via exosome transportation in the form of a 
dimer. The LILRB (LILRB1/2/4) family is abundantly expressed in 
immune cells, particularly those of patients with cancer. LILRB are 
described to disrupt the clearance of phagocytes via the recogni-
tion of MHC I to induce M2 polarization of macrophages, which is 
the inverted response to combat cancer.51 As for NK cell, miRNA-
378a-3p engendered by RT has been shown to be a suppressor of 
its antitumor activity.52

In general, the inhibitory response dominates in the management 
of the TME in patients receiving RT, establishing a trend toward bet-
ter cancer management with the combination of immunotherapy 
and RT. (Figure 2).

3.2  |  Exosomes and circuits correlate with the 
immunocompetent activity of RT

In contrast, in addition to the cancer cell ability to circumvent the 
immune system, RT is capable of activating an antitumor response 
to address infinitely abnormal proliferation. With a thorough under-
standing of exosomes, radiation-induced immune activation is rein-
troduced. Since the destruction of immunogenic cancer cells, there 
has been an increase in the production of activated immune mol-
ecules, the majority of which are involved in adaptive immunity and 
the activation of T cells. Reactivation and reinforcement of these 
molecules may represent a potential strategy in supervising cancer 
patients.

T cells are the terminal targets for RT-associated exosomes. For 
example, radiation stress induces an enhanced phagocytosis signal, 
which has been reported to be initiated by calreticulin (CRT) and may 
be regulated by exosomes. The death of immunogenic cells caused 
by RT contributes to the boosted translocation of CRT to cancer 
cells and the  reactivated immune stress state, which initiates CTL 
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accompanied by the production of HMGB1 (nuclear DNA binding 
factor) and ATP.53

Costimulating molecules involved in antigen presentation are 
also changed after irradiation via the transport of exosomes such 
as CD86, CD28, and CD47.54–56 During the treatment of pancreatic 
ductal adenocarcinoma, RT has been shown to  target sensitive T 
cells and induce the exhaustion of T cells during the early treatment 
phase. However, studies have shown that the removal of intratumoral 

T cells upregulates CD86, thereby potentiating the effects of im-
munotherapy.57  Normally, APCs express costimulatory molecules 
such as B7/CD28, which communicate with T cells to initiate the 
immune response.38 Liu SZ, et al. presented that in male Kunming 
mice low-dose irradiation can boost CD28 expression on lympho-
cytes. Activation of CD28 may therefore be an effective approach 
for predicting the prognosis of patients after receiving chemoradio-
therapy.58 As we mentioned earlier, CD47 is an immunosuppressive 
factor that increased with radiation dose in a mouse model of breast 
cancer. However, in HPV+ HNSCC C57Bl/6 mice model, the expres-
sion of CD47 decreased with RT in a dose-dependent manner (from 
2  Gy to 40  Gy). The decrease in CD47 levels following radiation 
treatment further amplified the effects of RT.59

Tumor necrosis factor ligand superfamily 4-1BBL, OX40L, and 
glucocorticoid-induced TNFR-related receptor (GITRL) are also up-
regulated after RT. Radiation increases 4-1BBL expression, which 
further activates T cells. TEXs from cancer cells infected by onco-
lytic viruses express 4-1BBL.60,61 OX40L has been reported to be 
expressed on cytotoxic T cells, Tregs, and exosomes originating from 
mast cells, and its expression was increased by RT.62,63  Kumari A, 
et al. found that 5/6 CRC cell lines presented an OX40L and 4-1BBL 
increase after RT treatment, which can be the potential cause of en-
hanced RT antitumor response64 Similarly, irradiation upregulates 
the expression of GITRL. Exosomes from Treg cells contain GITRL, 
which disrupts the structure of Tregs and decreases their immuno-
suppressive activity.63,65

Taken together, these findings demonstrated that, in addition to 
the inhibitory effect of exosomes in the immune system, exosomes 
generated after RT still play a role in the antitumor response. This 
can be the mechanism for the abscopal effect. The abscopal effect 
suggests that, under the control of focused RT on primary lesions, 
there is remission of untreated distal metastatic tumors. However, 
the abscopal effect is rare and transient.66 The suppression of the 
immune system caused by exosomes eclipses their activation, re-
sulting in the development of radioresistance. The duality of these 
molecules in immune function contributes to the bipolar effects of 
RT (Figure 3).

F I G U R E  2  Schematic diagram of the immunosuppressive effect 
of radiotherapy (RT) with associated exosomes. Tumor cells and 
immune cells in acquired and congenital pathways are capable of 
releasing or receiving exosomes generated by RT to adjust the 
immune system into a depressed state. Exosomal MHC Ⅰ, miR-590-
3p, SIRPα, and miR-378a-3p are increased in association with innate 
immunity. Exosomal PD-L1, B7-H3, TIGIT, TIM-3, and LAG-3 levels 
are increased in association with adaptive immunity

F I G U R E  3  Schematic diagram showing 
the immunocompetent aspects of 
radiotherapy (RT) and exosomes involved. 
The cell damage caused by RT increases 
the number of immunogenic molecules 
that then activate T cells to exert an 
antitumor response. The cell death caused 
by radiation activates T cells through 
exosomal calreticulin (CRT) and CCR7 and 
increases CD86/CD28/CD47 levels and 
the expression of receptors 4-1BB, OX40, 
and GITR
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4  |  CONCLUSION

To our knowledge, the effects of RT on the prognosis of cancer pa-
tients are inextricably linked to the immune system through the me-
diating role of exosomes. The results from our study demonstrated 
that RT has immunosuppressive and immune activating effects, 
which are achieved through exosomes. Cancer cells often develop 
radioresistance, which limits the efficacy of radiotherapy. Exosomes 
derived from tumor and immune cells mediate the dual effects of RT 
on immune function. Here, we illustrate that exosomes participate 
in TME activities after RT. These exosomes can not only transport 
immunosuppressive molecules that dampen the antitumor re-
sponse, but also carry immunocompetent substances that create an 
immune-stimulated state, which also demonstrated the existence of 
the abscopal effect This provides a clear direction for the combina-
tion of immunotherapy and radiotherapy in the future to reduce im-
munosuppression and enhance the immune promotion of RT. Future 
studies should investigate the benefits of combining RT and immune 
checkpoint therapy (ICT) to improve the advantages of RT, that is, 
boost its immune activating effects and immunosuppressive effects.
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