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Introduction

Lung cancer is one of the most common malignant tumors 
worldwide. It is a major cause of cancer-related death, with 
a mortality rate of approximately 18.4% (1). Most patients 
have progressed to late stages by the time of diagnosis 
and missed the opportunity for surgical treatment. The 
5-year survival rate is quite low, with that of clinical stages 

IIIA, IIIB, IIIC, and IV patients having been reported at 
16%, 9%, 6%, and 3%, respectively (2). Therefore, early 
screening and diagnosis are a way to reduce mortality (3).  
Research has shown that combining genomics and genetics 
screening can improve the survival rate for lung cancer 
patients (4-6). Blood is the easiest source to obtain to 
acquire information about lung cancer (7), including 
circulating DNA and RNA (8), circulating tumor cells (9), 

Review Article

Exosomal microRNAs in lung cancer: a narrative review

Zhe Zhang, Fengwu Lin, Wenqi Wu, Jingyuan Jiang, Chen Zhang, Dongliang Qin, Zhenan Xu

Department of Thoracic Surgery, China-Japan Union Hospital of Jilin University, Changchun, China

Contributions: (I) Conception and design: Z Zhang; (II) Administrative support: Z Xu; (III) Provision of study materials or patients: W Wu; (IV) 

Collection and assembly of data: J Jiang; (V) Data analysis and interpretation: C Zhang, D Qian; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Zhenan Xu, MD. Department of Thoracic Surgery, China-Japan Union Hospital of Jilin University, Xiantai Street 126, Changchun 

130033, China. Email: xuzhenan17@jlu.edu.cn.

Background and Objective: Exosomes are nanoscale extracellular vesicles secreted by cells, which can 
release bioactive macromolecules, such as microRNA (miRNA) to receptor cells. Exosomes can efficiently 
penetrate various biological barriers which mediate intercellular communication. MiRNA are a class of non-
coding RNA that primarily regulate messenger RNA (mRNA) at the post-transcriptional level. MiRNA is 
abundant in exosomes, which plays an important role by being transported and released through exosomes 
secreted by lung cancer cells. This review aims to elucidate the roles of exosome-derived miRNAs in lung 
cancer.
Methods: We focused on the roles of exosome-derived miRNAs in cancer occurrence and development, 
including angiogenesis, cell proliferation, invasion, metastasis, immune escape, drug resistance, and their 
clinical value as new diagnostic and prognostic markers for lung cancer.
Key Content and Findings: Exosomal miRNA can not only affect angiogenesis of lung cancer, induce 
epithelial-mesenchymal transformation, and promote reprogramming of tumor microenvironment, but also 
affect immune regulation and drug resistance transmission and participate in regulating lung cancer cell 
proliferation. Therefore, understanding the regulatory roles of exosomal miRNAs in tumor invasion and 
metastasis can provide new ideas for the treatment of lung cancer.
Conclusions: Exosomal miRNA can provide some unique ideas on how to improve the efficiency of 
diagnosis and treatment of lung cancer in the future. Targeting tumor-specific exosomal miRNA represents 
a new strategy for clinical treatment of lung cancer, which can provide potential non-invasive biomarkers in 
the early diagnosis of lung cancer. Investigation of the involvement of exosomal miRNAs in the occurrence 
and progression of tumors can yield new opportunities for the clinical diagnosis and treatment of lung 
cancer.

Keywords: Exosomes; lung cancer; review

Submitted Dec 17, 2023. Accepted for publication Apr 24, 2024. Published online Jun 13, 2024.

doi: 10.21037/tcr-23-2319

View this article at: https://dx.doi.org/10.21037/tcr-23-2319

3105

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-23-2319


Translational Cancer Research, Vol 13, No 6 June 2024 3091

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):3090-3105 | https://dx.doi.org/10.21037/tcr-23-2319

serum metabolites (10), and lipids (11). Although numerous 
molecular biological markers have been proposed, the 
detection sensitivity and specificity need to be improved. 
Therefore, there is an urgent need to identify accurate, 
reliable, and highly specific molecular biological biomarkers 
for early diagnosis of lung cancer. In this study, we focused 
on the roles of exosome-derived microRNAs (miRNA) in 
cancer occurrence and development, including angiogenesis, 
cell proliferation, invasion, metastasis, immune escape, and 
drug resistance, and their clinical value as new diagnostic 
and prognostic markers for lung cancer. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-2319/rc).

Methods

A literature search was conducted in PubMed and 
MEDLINE databases with the keywords “lung cancer” 
AND “miRNAs” OR “exosomes”. We only considered 
research articles written in English, but without predefined 
restriction regarding the study type. Data sources were 
independently screened by two authors. Data analysis 
was conducted by two authors. The search strategy is 
summarized in Table 1.

Lung cancer and miRNAs

MiRNA is an endogenous non-coding small molecule 
RNA (18–24 nucleotides in length), which is responsible 
for the regulation of target genes. MiRNAs are related to 
the occurrence and development of tumors and cell signal 
molecule transduction (12). They can affect a variety of cell 
functional processes, such as cell proliferation, apoptosis, 
differentiation, and metabolism (13). MiRNAs are not easily 

degraded by RNA enzymes and resistant to boiling (14).  
MiRNAs in the blood are considered more stable than 
other types of RNA. Currently, the circulating miRNAs are 
serving as potential molecular biomarkers for the diagnosis 
of lung cancer. Studies have shown that serum or plasma 
miRNAs are differentially expressed between lung cancer 
patients and healthy individuals, and circulating miRNAs in 
lung cancer can pass through the mitogen-activated protein 
kinase (MAPK) signaling pathway, fibroblast growth factor 
receptor (FGFR) signaling pathway, glucose transport 
cell apoptosis and antigen processing and presentation to 
play their related biological functions (15). Many miRNAs 
such as miR-17 and miR-19, miR-17, miR-20a, miR-18a,  
miR-92a-1, miR-19a, and miR-19b-1 participate in cancer-
related processes (16). Overexpression of miR-17 and  
miR-19 in lung cancer can regulate the expression of the 
HIF1A, PTEN, BCL2L11, CDKNA, and TSP1 genes, and 
promote tumor growth through hypoxia, proliferation, 
inhibition of cell apoptosis, and stimulation of cell 
migration (17). The overexpression of miR-21 in lung 
cancer cells is related to cell proliferation, invasion, 
metastasis, and angiogenesis (18). The downregulation of 
miR-21 induces apoptosis by inhibiting the PI3K/Akt/NF-
κB signaling pathway and increasing caspase activity, which 
can inhibit the invasion and metastasis of lung cancer cells. 
Circulating miRNA, as a prospective molecular biomarker, 
has high diagnostic efficacy, sensitivity, and specificity for 
lung cancer diagnosis. However, literature reports indicate 
that molecular biological markers have low repeatability or 
reproducibility in their diagnostic efficacy for lung cancer, 
which may be influenced by factors such as race, regional 
differences, genetic characteristics, and different research 
and analysis methods of lung cancer patients. Therefore, 
the application of cancer-related functional miRNAs as 
molecular biological markers for lung cancer diagnosis 

Table 1 The search strategy summary

Items Specification

Date of search 01 Dec 2023–01 Jan 2024

Databases and other sources searched PubMed/MEDLINE

Search terms used “Lung cancer” AND “miRNA” OR “exosomes”

Timeframe 1979–2024

Inclusion and exclusion criteria Inclusion criteria: without predefined restriction as to the study type

Exclusion criteria: restricted to articles published in English

Selection process Z.Z. and F.L. independently screened data sources. Data analysis was conducted by J.J. and Z.X.

https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/rc
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still requires a large amount of data support and further 
exploration and research (19).

Characteristics of exosomes

The exosome is a double vesicle structure with a diameter of 
30–200 nm, which is secreted by various cells (20). The cell 
membrane is invaginated to form multiple endocytosomes, 
which are fused to form an early endosome. The late 
endosome is formed after the early endosome encloses the 
intracellular substances. Exosome is fused with the cell 
membrane fusion, and then released to the extracellular 
space (21). Exosome can exist in saliva, urine, blood, milk, 
and other body fluids, contain the same marker protein 
molecules, such as CD81, CD9, CD63, TSG101, and Alix, 
and carry a variety of biological signal molecules, such as 
lipids, nucleic acids, proteins, miRNAs, messenger RNA 
(mRNA), and long non-coding RNA (lncRNA) (22). They 
can participate in information exchange and migration 
between cells, angiogenesis, and regulate immune function, 
mediating the occurrence and development of tumors. The 
exosome in plasma can improve the stability of circulating 
miRNA, indicating the biological characteristics of the 
source cells, reflecting the patient’s disease status. It can 
also be detected by collecting peripheral blood, making it 
convenient for application and providing information for 
early diagnosis and treatment of tumors (23). Tumor-derived 
exosomes can be released into the blood and reach the distal 
organs, thus changing the phenotype of many different 
cell types, with the functions of immune regulation, tumor 
growth, tumor treatment resistance, and reconstruction of 
tumor microenvironment (24,25). Therefore, exosomes are 
widely used in clinical practice as potential biomarkers for 
tumor diagnosis (26). Exosome-derived miRNAs are easy to 
obtain. Nik Mohamed Kamal et al. (27) found that exosomes 
in serum and saliva are enriched in miRNAs. The miRNAs 
detected in other body fluids (such as urine, cerebrospinal 
fluid, and breast milk) are mainly exosome-derived  
miRNAs (28). By combining with exosomes, miRNAs can 
make their chemical properties more stable. Therefore, 
exosome-derived miRNAs can escape the digestion of 
ribonuclease and have good biological stability in human 
circulation. MiRNAs are taken up by target cells and 
regulate their activities and biologic function (29). The 
number and type of miRNAs in exosomes are not random. 
The expression of miRNAs in exosomes is significantly 
different from that in donor cells. Although the sorting 
mechanism of miRNA in exosomes is not clear, a large 

number of studies have shown that there are three 
possible mechanisms for miRNA sorting into exosomes: 
(I) overexpression of neutral sphingomyelin 2 can increase 
the number of miRNAs in exosomes, and the release of 
exosome miRNA does not depend on the endosomal 
sorting complex required for transport in the transport 
system (30); (II) heterogeneous nuclear ribonucleoprotein 
A2/B1 (hnRNPA2/B1) is a widely expressed RNA-binding 
protein in the body. Short sequence motifs overexpressed by 
miRNA, such as EXOmotifs, can be specifically recognized 
and bound by hnRNPA2B1. The formed hnRNPA2B1-
miRNA complex is then sorted and entered into the 
exosomes, and miRNA expression in the exosomes can 
be regulated by directed mutation of a gene sequence or 
changing the gene expression level of heteronuclear protein 
A2B1 (31); (III) RNA-induced silencing complex (RISC) 
contains biomolecules such as miRNA, mRNA that can 
be inhibited by miRNA, GW182 protein, and AGO2. 
Research (32) found that the absence of AGO2 reduces 
the type or abundance of miRNAs that prefer to enter the 
exosomes; GW182, as a key component of RISC, has also 
been found to be co localized with multivesicular body, 
indicating that both may participate as key factors in the 
secretion regulation of miRNA exosomes.

The function and mechanism of exosomes 
miRNA in lung cancer

Lung cancer is asymptomatic in the early stages. Most 
patients are diagnosed with advanced lung cancer when 
symptoms manifest, with a 5-year survival rate of only 
16–18%. Early-stage lung cancer is limited to the local 
area and can be clinically cured through surgical resection. 
Late-stage lung cancer involves metastasis to the chest or 
other parts of the body, and treatment mainly relies on 
radiotherapy and chemotherapy. Chemotherapy drugs 
and high-energy radiation not only kill tumor cells, but 
also damage normal tissues. Therefore, there is an urgent 
need to develop new treatment methods for lung cancer. 
Exosome miRNAs participate in tumor metastasis, tumor 
immune regulation, tumor angiogenesis, and regulation of 
tumor resistance by controlling the expression of signaling 
pathway genes, affecting the occurrence and development 
of lung cancer, and providing new methods for clinical 
treatment of lung cancer (Table 2). In addition, exosome 
miRNAs can also serve as potential tumor markers, which 
have significant implications for the early diagnosis of lung 
cancer (Figure 1).
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The role of exosome-derived miRNAs in the 
angiogenesis of lung cancer

Angiogenesis refers to the development of new blood 
vessels from existing capillaries or veins behind capillaries. 
Under normal physiological conditions, angiogenesis is a 
rigorous and precise regulatory process. The generation 
of new blood vessels is crucial for the growth of tumors, 
and establishing a new blood vessel network in tumors is 
crucial for promoting the invasion and metastasis of solid 

tumors (33). Liu et al. (34) found that exosome-derived 
miR-21 can promote angiogenesis in normal lung tissue 
and promote malignant epithelial cell transformation. 
Compared with non-smokers, the expression of exosome-
derived miR-21 in the serum of smokers is significantly 
increased. Further experiments found that cigarette extract-
induced transformation of bronchial epithelial cells can 
transfer miR-21 to normal bronchial epithelial cells through 
exosomes, and promote the activation of STAT3, leading to 
an increase in vascular endothelial growth factor (VEGF) 
levels, promoting angiogenesis of human umbilical vein 
endothelial cells (HUVECs) and malignant transformation 
of bronchial epithelial cells. Hypoxia can change the type 
and content of exosomes miRNAs secreted by lung cancer 
cells, which affect the generation of the lung cancer vascular 
system by regulating intercellular signal transduction, 
and mediate the hypoxia evolution of lung cancer cells’ 
microenvironment, which affect the oxygen supply and 
nutrition supply of tumor cells. Compared with parental 
cells under normal oxygen conditions, lung cancer cells 
under hypoxic conditions can produce more specific types of 
exosomes, such as a significant increase in miR-23a in lung 
cancer cells, which transfer miR-23a to endothelial cells 
through exosomes, directly target the expression of proline 
hydroxylase 1 and proline hydroxylase 2 in endothelial 
cells, and promote lung cancer angiogenesis and increase 
the blood supply the lung cancer cells (35). In addition, 
miR-23a in the exosomes can also reduce the expression 
of the tight junction protein 1, thereby increasing vascular 
permeability and metastasis of lung cancer cells (35). 
Therefore, early screening of lung cancer can be achieved 
by detecting changes in specific types of exosome-derived 
miRNAs in the peripheral blood circulation (36). Under 
hypoxic conditions, overexpression of exosome-derived 
miR-619-5p in lung cancer cells can induce angiogenesis 
by targeting the inhibition of calcineurin regulatory factor 
1 and 4, which helps lung cancer cells to obtain a greater 
blood supply and opportunities for distant migration and 
invasion (37). Exosome-derived miR-497 can effectively 
inhibit tumor growth and the expression of VEGF-A and 
other related genes in liver cancer-derived growth factor, 
cyclin E1, and non-small cell lung cancer (NSCLC) A549 
cells, thereby inhibiting the formation of endothelial 
cell tubular structures and the migration of lung cancer  
cells (38). PTEN is a phosphatase that plays a central role in 
the negative regulation of protein kinase B and extracellular 
signal-regulated kinase pathways, which plays a crucial role 

Table 2 The role of exosome-derived miRNAs in lung cancer

Function MiRNA Target

Neovascularization miR-126 SPRED1

miR-23a PHD1, PHD2, ZO-1

miR-21 VEGF

miR-210 JAK2/STAT3

Proliferation and 
distant metastasis

miR-494 Cadherin-17

miR-542-3p Cadherin-17

miR-193a-3p STAT3/EMT

miR-210-3p STAT3/EMT

miR-5100 STAT3/EMT

miR-96 GPC3

miR-660-5p UBN2

miR-499a-5p EMT

miR-208a STAT3

miR-222-3p BBC3

miR-103a Mzb1

miR-192 TRIM44

Immunoregulation miR-21 TLR8/NF-κB

miR-29 TLR8/NF-κB

miR-23a CD107a

miR-210 NF-κB

Drug resistance miR-222-3p SOCS3

miR-100-5p mTOR

miR-146a Atg12

miR-21 NLRP3

miR-133b GSTP1

miR-1246 TRIM17

MiRNA, microRNA.
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in angiogenesis by inhibiting endothelial cell proliferation. 
The level of exosome miR-23a secreted by lung cancer cells 
induced by radiation significantly increases. Overexpression 
of exosome-derived miR-23a can promote the proliferation 
and migration of HUVECs by inhibiting the secretion of 
PTEN, accelerate angiogenesis of lung cancer cells in the 
radiation environment, and enhance radiation resistance (39). 
Other studies have found that miR-142-3p derived from 
lung adenocarcinoma metastasizes to endothelial cells 
through exosome and inhibits human transforming growth 
factor-β (TGF-β) receptor I, which promotes angiogenesis, 
thereby promoting the migration and invasion of lung 
cancer cells (40). Exosomes miR-103a can downregulate 
the expression of PTEN, directly affecting the polarization 
of macrophages, leading to the release of tumor-promoting 
factors such as interleukin-10, chemokine ligand 2, and 

VEGF-A. Macrophages that uptake exosomes miR-103a 
express high levels of VEGF and angiopoietin-1, which 
promotes the migration, invasion, and angiogenesis of 
lung cancer. Another study showed that miR-9 from 
tumor exocrine cells significantly reduced the expression 
of SOCS5 and promoted endothelial cell migration 
and neovascularization by activating the JAK-STAT  
pathway (41). Therefore, regulating the angiogenesis of 
exosome-derived miRNAs is expected to become a potential 
target for the treatment of lung cancer.

The role of exosome-derived miRNAs in lung 
cancer epithelial-mesenchymal transition (EMT)

EMT refers to the biological process in which epithelial 
cells are transformed into cells with mesenchymal phenotype 

Figure 1 The function of exosomes.
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through a specific procedure, which is mainly manifested 
by the loss of typical epithelial cell characteristics and the 
development of mesenchymal cell-related characteristics, 
such as decreased expression of cell adhesion molecules, 
decreased level of keratin in cytoskeleton, increased level 
of vimentin, and mesenchymal characteristics in cell 
morphology (42). Tumor cells affect the translation of 
mRNA in epithelial cells through secreting body-derived 
miRNA, induce EMT process, and enable epithelial cells 
to obtain higher capability of migration, invasion, anti-
apoptosis, and degradation of extracellular matrix (43). 
Cancer-associated fibroblasts (CAFs) are an indispensable 
component of the tumor matrix, which can interact with 
cells by secreting cytokines and exosome (44). CAF-derived 
exosomes can enhance the proliferation, migration, and 
invasion of lung cancer cells, enhance the expression of 
neurocadherin and vimentin, and inhibit the expression of 
epithelial cadherin. Further research found that exosome 
miR-210 derived from CAFs can activate the PTEN/PI3K/
Akt pathway, thereby promoting the invasion and metastasis 
of NSCLC (45). In addition, the exosomal miR-210-3p 
derived from lung cancer stem cells can target fibroblast 
growth factor receptor-like 1 and inhibit its function. It 
can up regulate the expression of neurocadherin, vimentin, 
matrix metalloproteinase-9, and matrix metalloproteinase-1, 
and down regulate the expression of epithelial cadherin, 
to promote the EMT process of lung cancer cells (46). Li  
et al. (47) identified miR-181a as a novel regulator of EMT 
in lung adenocarcinoma A549 cell line through microarray 
analysis, and verified its role in targeting PTEN promoter 
and regulating PTEN expression through functional 
analysis. Rahman et al. (48) used exosomes derived from 
highly metastatic lung cancer cells and human advanced 
lung cancer serum to treat human bronchial epithelial cells. 
The results showed that the expression of epithelial cadherin 
and zonula occludens-1 in treated bronchial epithelial 
cells and neurocadherin and vimentin were significantly 
increased. Furthermore, it has been confirmed that 
exosomes derived from highly metastatic lung cancer cells 
and human advanced lung cancer serum can induce EMT in 
bronchial epithelial cells and enhance their tumorigenicity. 
As a subpopulation of cells with multiple differentiation 
potentials, bone marrow mesenchymal stem cells are 
part of the microenvironment of cancer and can promote 
the progression of cancer (49). Lung cancer cells treated 
with exosomes derived from bone marrow mesenchymal 
stem cells under hypoxia exhibited cell morphology 

transformation into spindle shaped mesenchymal like 
cells, and the levels of vimentin and neurocadherin in 
cells increased significantly. Further research found 
that exosome-mediated miR-193a-3p, miR-210-3p, and 
miR-5100 induce epithelial cell EMT through STAT3, 
promoting lung cancer metastasis (50). He et al. (51) found 
that the expression of miR-499a-5p was upregulated in 
highly metastatic lung cancer cell lines and their exosomes. 
Overexpressed exosome-derived miR-499a-5p can promote 
an increase in epithelial cadherin levels in endothelial cells 
through the mammalian rapamycin target protein pathway, 
whereas the levels of annexin and vimentin were decreased, 
which promoted the proliferation, migration, and EMT 
of lung adenocarcinoma cells. In addition, under hypoxic 
conditions, lung cancer-derived exosomal miR-23a can 
be directly internalized and absorbed by lung endothelial 
cells, which can not only promote tumor angiogenesis, but 
also inhibit the expression of ZO-1, promote endothelial 
cell EMT (35), increase vascular permeability, and make 
lung cancer cells easier to pass through the gap of vascular 
endothelium. MiR-23a in exosome regulates the expression 
of E-cadherin in lung cancer cells and maintains the EMT 
process through the TGF-β pathway (52). Rana et al. (53) 
found that the secretion miR-494 and miR-542-3p derived 
from pulmonary interstitial cells can down regulate the 
expression of cadherin-17, increasing the expression of 
MMP2 and MMP3, and promoting the distant metastasis 
of lung cancer cells. Other studies (54,55) have confirmed 
that the exosomal miRNA can activate TGF-β, ErbB, Wnt, 
mTOR, P13K-Akt, FoXO, Ras, MAPK, and other signaling 
pathways and promote the formation of EMT and the 
metastasis of lung cancer cells.

The role of exosome-derived miRNAs in immune 
regulation of lung cancer

The immune escape of tumor cells  can affect the 
effectiveness of tumor immunotherapy, and the signal 
transduction of natural immune cells mediated by exosomes 
plays an important role in receptor molecule recognition 
and signal initiation (56). In the process of anti-tumor 
immunity, dendritic cells responsible for processing 
antigens present antigens to killer T cells through exosomes 
to trigger anti-tumor responses (57). Some miRNAs 
transfer from tumor cells to target immune cells through 
exosomes, affect the functioning of immune effector cell, 
assist tumor cells in immune escape, and enhance tumor 
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invasion and metastasis (58). Besse et al. (59) found that 
exosomes derived from dendritic cells can play the role 
of natural killer (NK) cell, directly activate NK cell, and 
also enhance the killing activity of NK cell in patients 
with advanced NSCLC. The miR-231 secreted by breast 
cancer cells can escape the immune monitoring of the 
body with the help of exosome encapsulation. Exosome-
derived miR-231 enters lung cancer cells and inhibits the 
proliferation and migration of A549 lung cancer cells by 
blocking the PTEN/PI3K/Akt signaling pathway (60). 
Fan et al. (61) found that compared to normal weight lung 
adenocarcinoma patients, obese lung adenocarcinoma 
patients had a more significant immunotherapy effect. 
Further research found that exosomal miR-27a-3p derived 
from adipocytes can inhibit the proliferation of inducible 
costimulatory molecule (ICOS) T cells and interferon-γ 
secretion by downregulating the secretion of exosomal 
miR-27a-3p from adipocytes in obese lung adenocarcinoma 
patients. Targeting ICOS-related genes and promoting the 
proliferation of ICOS+T cells interferon-γ secretion will 
affect the tumor immune microenvironment and inhibit 
the invasion and metastasis of lung cancer. Fabbri et al. (62)  
found that lung cancer cell-derived exosomal miR-21 and 
miR-29 can serve as paracrine agonists of the toll-like  
receptor (TLR) family, binding to human TLR8 (mouse 
TLR7) receptors and activating TLR-mediated NF-κB 
pathway, generating a tumor inflammatory environment 
and promoting the growth and metastasis of lung cancer. 
CD107a is an inhibitory receptor for NK cells (63). 
Research reported that tumor cells secreted exosome 
through the transformation of TGF-β1, which reduced 
the expression of NKG2D on NK cells, thereby reducing 
the activity of NK cells (64). Berchem et al. (65) found 
that under hypoxic conditions, high levels of miR-210 
and miR-23a in the exosomes secreted by tumor cells 
could participate in NK cell cytotoxicity damage both 
in vivo and in vitro through two mechanisms: on the one 
hand, exosome-derived miR-210 can mediate the TGF-β 
transferring to NK cells to reduce the expression of 
NKG2D on the surface of NK cells, thereby inhibiting the 
function of NK cells. On the other hand, miR-23a-derived 
from exosomes can directly target the 107a subtype of the 
white blood cell differentiation antigen family in NK cells 
and reduce its expression, thereby reducing its anti-tumor 
immune response. Xiao et al. (66) found in their study on 
the involvement of exosome in the regulation of cisplatin 
(DDP) sensitivity in A549 cell lines that DDP treatment 

can significantly enhance the secretion ability of exosome in 
A549 cells and stimulate the enrichment of miR-21 in A549 
cells. Co-culturing the miR-21 rich exosome produced by 
DDP-treated A549 cells with wild-type (WT) cells could 
significantly enhance the resistance of WT cells to DDP. 
Meanwhile, the detection of miR-21 levels in WT cells that 
develop drug resistance revealed a significant increase in 
its expression level, indicating that upregulation of miR-21  
expression in exosomes reduces the sensitivity of lung 
cancer cells to DDP. Therefore, studying the mechanism 
of exosome-derived miRNAs in immune regulation of lung 
cancer can provide new ideas for inhibiting lung cancer 
progression and developing immunotherapies targeting 
lung cancer.

The role of exosome-derived miRNA in the tumor 
microenvironment of lung cancer

Tumor microenvironment  re fers  to  the  internal 
environment of tumor cells. It also includes fibroblasts, 
immune cells, inflammatory cells, and glial cells. Tumor 
microenvironment is regarded as the main influencing factor 
of tumor resistance to radiotherapy and chemotherapy, 
which plays a key role in the initiation, growth, migration, 
and invasion of tumor cells (67). Exosome-derived miRNA 
is considered an important information medium of tumor 
microenvironment. Tumor cells release specific exosomes, 
modify the microenvironment before tumor metastasis 
by interacting with other cells in the microenvironment, 
regulate the expression of receptor cells through local 
or  remote communicat ion,  reprogram the tumor 
microenvironment, and make it more conducive to tumor 
invasion and metastasis (68). Exosomes miR-3473b derived 
from Lewis lung cancer cells is engulfed by lung fibroblasts 
which promotes lung fibroblast NF-κB activation and 
intrapulmonary colonization of lung cancer cells (69). 
Increasing energy acquisition is an important goal for tumor 
cells to transform the microenvironment. Tumor cells can 
down regulate the level of pyruvate kinase in glycolysis by 
secreting miR-122, inhibit the glucose uptake of non-tumor 
cells in the microenvironment, and promote tumor cells 
to obtain more energy intake through reprogramming of 
energy metabolism (70). MiR-182 can upregulate hypoxia-
inducible factor-1α, which controls glucose metabolism 
in NSCLC cells (71). Zhai et al. (72) found that miR-33b 
could downregulate the expression of lactate dehydrogenase 
(LDH)A by targeting the 3'-untranslated region (3'-UTR) 
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of LDHA in NSCLC cells, thereby reducing glucose uptake 
by tumor cells and inhibiting tumor cell growth. Syndecan-1 
is a transmembrane proteoglycan that is expressed in 
lung epithelial cells and can regulate cell proliferation, 
migration, adhesion, and survival. Parimon et al. (73) found 
that lung cancer cells lacking syndecan-1 can enhance the 
signal transduction of tumor forming pathway, promote the 
formation of tumor microenvironment, and then promote 
the migration and invasion of tumor cells by changing the 
type and number of exocrine miRNAs released by cancer 
cells. Therefore, the clinical prognosis of lung cancer 
patients with missing syndecan-1 expression is generally 
poor. Other studies have shown that miR-21 can transfer 
from lung adenocarcinoma cells to osteoclast progenitor 
cells by means of exosomes, and target the programmed 
cell death protein 4 gene to promote osteoclast maturation 
and bone matrix dissolution, such as excessive bone matrix 
dissolution, subsequent to which, stored growth factors 
(such as human TGF-β receptors) are released into the 
microenvironment, further promoting the invasion of lung 
cancer cells and bone metastasis (74). Therefore, exosome 
miRNA can not only regulate the microenvironment of 
lung cancer cells, but also remotely induce the formation 
of ecological niche before metastasis, affecting the invasion 
and metastasis of lung cancer (75).

The role of exosome-derived miRNAs in lung 
cancer drug resistance

Drug resistance is one of the most common causes of lung 
cancer recurrence. Although some progress has been made 
in drug therapy, the resistance of tumor cells remains a 
challenge in cancer treatment. In recent years, the discovery 
of exosome-derived miRNAs has provided new ideas for 
exploring the mechanism of drug resistance in tumor cells. 
Relevant study showed that exosome-derived miRNAs can 
transmit the drug resistance phenotype of drug-resistant 
cells to sensitive cells, induce tumor cells to form drug 
resistance, and promote tumor invasion and metastasis (76). 
DDP is the most commonly used chemotherapy drug for 
cancer treatment. However, tumor cells gradually develop 
resistance to DDP as treatment progresses. Research 
found that there is a significant difference in the levels of 
6 circulating exosome miRNAs (miR-425-3p, miR-1273h, 
miR-4755-5p, miR-9-5p, miR-146a-5p, and miR-215-5p) 
between DDP-resistant and DDP-sensitive patients in the 
serum of NSCLC patients. Further research found that 

late-stage NSCLC patients with low levels of exosome miR-
146a-5p have a higher recurrence rate. At the same time, 
during the DDP-induced resistance process, the expression 
of miR-146a-5p in NSCLC cell lines or exosome gradually 
decreases, indicating that overexpression of miR-146a-5p 
can reverse the resistance of lung cancer to DDP (77,78). 
Exosome-derived miR-425-3p upregulates autophagy by 
targeting Akt1, and the increase in autophagy in tumor cells 
promotes the development of DDP resistance in NSCLC 
cells, leading to a reduced drug treatment response (79).  
Other studies found that DDP can upregulates the 
expression of exosome-derived miR-425-3p in NSCLC 
cells, and the overexpressed exosome-derived miR-425-3p  
promotes autophagy activation in receptor cells by targeting 
Akt, ultimately leading to chemical resistance. MiR-146a  
can specifically bind cyclin mRNA and promote its 
degradation; at the same time, it can induce tumor cell G0/
G1 phase stagnation, inhibit cell movement, promote cell 
apoptosis, and increase the sensitivity of lung cancer cells 
to DDP (80,81). Therefore, serum exosome miR-146a-5p  
and miR-425-3p can serve as new biomarkers for predicting 
the efficacy of DDP in NSCLC patients and real-time 
monitoring of drug resistance. The increased expression of 
exosome-derived miR-96 in lung cancer patients, especially 
highly invasive lung cancer, can promote lung cancer 
progression by targeting LMO7 and increase tumor cell 
resistance to DDP. Therefore, exosome-derived miR-96 
has been recognized as a serum biomarker for lung cancer 
by relevant studies and can be used as one of the clinical 
screening indicators for early lung cancer (82). In addition, 
exosome-derived miR-100-5p can reverse the expression 
of mammalian rapamycin target proteins through binding 
to the 3'-UTR of the mTOR gene, and enhance the 
sensitivity of lung cancer cells to DDP, which improve 
the chemotherapy effect of DDP by increasing secretion 
of miR-100-5p (83). In addition, exosome-derived miR-
222-3p from lung cancer cells resistant to gemcitabine can 
be transferred to sensitive cells through the endocytosis 
pathway dependent on podocyte proteins and lipid rafts. 
By directly targeting the promoter of cytokine signaling 
inhibitory factor 3, it enhances the migration, invasion, 
and anti-apoptotic ability of sensitive lung cancer cells, and 
also spreads gemcitabine resistance to sensitive cells (84). 
Exosome-derived miR-522-3p released by lung cancer 
cells carrying epidermal growth factor receptor T790M 
mutation can propagate gefitinib resistance in sensitive cells 
by activating the PI3K/Akt signaling pathway (85). Gupta  
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et al. (86) found that activating miR-145 represents a 
potential strategy to significantly reduce drug resistance in 
NSCLC through targeting MALAT1 and BMI1.

The role of exosomes miRNA in the diagnosis of 
lung cancer

The diagnosis of exosomes miRNA in NSCLC may 
become an effective biomarker for screening, diagnosing, 
and detecting cancer (Table 3). Giallombardo et al. (87) 
detected 8 miRNAs (miR-30b, miR-30c, miR-103,  
miR-122, miR-195, miR-203, miR-221, and miR-222) 
associated with NSCLC through polymerase chain reaction 
(PCR). Munagala et al. (88) found that the expression of 
both miR-21 and miR-155 were significantly increased 
in recurrent lung cancer, indicating that exosomal 
miRNAs play an important role in distinguishing between 
recurrent and primary lung cancer. Jin et al. (89) isolated 
and sequenced tumor-derived exosomes from the plasma 
of NSCLC patients and healthy individuals to verify 
their diagnostic accuracy. They found that miR-181-5p,  
miR-30a-3p, miR-30e-3p, miR-361-5p, miR-10b-5p,  
miR-15b-5p, and miR-320b can be used for the diagnosis 
of early NSCLC. Grimolizzi et al. (90) found that in the 
early stage of NSCLC, there was a significant difference in 
the expression of exosome miR-126 in the serum between 
patients and healthy control groups. Exosome miR-126  
can serve as a circulating marker for the progression 
of NSCLC, and the area under the curve (AUC) for 
diagnosing NSCLC is 0.859 (Table 4). The expression of 
miR-181b-5p and miR-21-5p were upregulated in tissues 
and serum samples of NSCLC patients, whereas the 
expression of miR-486-5p was downregulated (91). Further 
quantitative analysis revealed that miR-181b-5p and  
miR-21-5p were significantly enriched in serum exosome of 
NSCLC patients, but there was no significant difference in 
the expression of miR-486-5p between serum and serum-
derived exosome (92,93). The expression of miR-126 and 
miR-let-7a in the bronchoalveolar lavage fluid of lung 
adenocarcinoma patients obtained through non-invasive 
methods were significantly higher than those in the healthy 
control group, which can be used as diagnostic markers 
for early lung adenocarcinoma (94,95). Chen et al. (96)  
compared tumor-derived exosome miRNAs from early 
lung adenocarcinoma and squamous cell carcinoma patients 
and healthy individuals. They found that exosomes miR-
30a-3p and miR-30e-3p were specifically downregulated, 
whereas exosomes miR-181-5p and miR-361-5p were 

Table 3 Clinical use of exosome as biomarkers

Classification MiRNA

Prognosis Let-7a-5p

miR-451a

miR-23a

miR-32

miR-425-3p

miR-21

miR-146a-5p

miR-155

Diagnosis miR-17

miR-1-3p

miR-144-5p

miR-150-5p

miR-19-3p

miR-23a-3p

miR-361-5p

miR-200b-5p

miR-629

miR-205-5p

miR-200b

miR-100

miR-151a-5p

miR-361-5p

miR-15b-5p

miR-21-5p

miR-486-5p

miR-320b

miR-30a-3p

miR-23a

miR-155

miR-126

miR-205

Recurrence miR-4257

miR-21

Therapy miR-221-3p

miR-146a-5p

miR-150

miR-29a

MiRNA, microRNA.
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specifically upregulated. In lung squamous cell carcinoma, 
the expression of miR-10b-5p and miR-15b-5p in exosome 
were downregulated, whereas miR-320b in exosome was 
upregulated. The expression of exosomal miR-let-7e-5p 
was significantly downregulated in plasma samples of stage 
I clinical patients with lung adenocarcinoma and squamous 
cell carcinoma, whereas that of exosomal miR-7b-5p,  
miR-24-3p, and miR-486-5p was upregulated. However, 
the exosomal miR-486-5p has shown low expression in 
some studies (92,93). Further research is needed to confirm 
the specific reasons. The expressions of serum exosomal 
miR-378a, miR-379, miR-139-5p, and miR-200b-5p in 
lung adenocarcinoma patients were higher than those in 
healthy smokers. At the same time, there was a significant 
difference in the expression levels of serum exosomal  
miR-139-5p, miR-30a-3p, miR-378a, miR-502-5p, 
miR-100, miR-17, and miR-151a-5p between lung 
adenocarcinoma patients and lung granuloma patients. 
These studies reveal that exosomal miRNA, as a valuable 
blood marker for lung cancer, can effectively distinguish 
between lung cancer and benign lung lesions. In the analysis 
of serum from lung adenocarcinoma patients who did not 
receive radiotherapy and chemotherapy, the expression of 
exosomal miR-7977 was abnormally elevated, significantly 
correlated with the N stage of lung adenocarcinoma 

(P<0.05), and the AUC value of diagnosed patients was 
0.787. In addition, in vitro transfection of miR-7977 
mimics can inhibit the proliferation, invasion, and promote 
apoptosis of A549 cells, which has the potential to become 
a new therapeutic target for lung cancer patients (96). Jin  
et al. (89) found that plasma exosomal miR-10b-5p,  
miR-15b-5p in lung squamous cell carcinoma patients 
were down regulated, whereas that of miR-320b was up 
regulated. The AUC value of combined miR-10b-5p and 
miR-320b for diagnosis of squamous cell carcinoma was 
0.911, sensitivity was 83.33%, and specificity was 90.32%. 
In lung adenocarcinoma patients, exosomal miR-181-5p and 
miR-361-5p were upregulated, whereas miR-30a-3p and 
miR-30e-3p were downregulated. The AUC value of lung 
adenocarcinoma was 0.936, sensitivity was 80.65%, and 
specificity was 91.67%. For healthy controls, the expression 
of serum miR-1290 in lung adenocarcinoma patients was 
significantly upregulated, but significantly downregulated 
after surgery. The validation results showed that their AUC 
value was 0.937. In addition, the level of miR-1290 was 
positively correlated with tumor-node-metastasis (TNM) 
staging and lymph node metastasis (P<0.05).

The potential of exosomal miRNAs in the 
treatment of lung cancer

In recent years, exosomal miRNAs were discovered 
for targeted therapy (97). Xu et al. (74) found that the 
expression of miR-21 in the exosomes was positively 
correlated with that in A549 cells transfecting with miR-21.  
High expression of miR-21 promoted the formation of 
osteoclast. Further studies showed that the exosomal miR-21  
negatively regulated the activity of transcription factor 
AP-1 by directly targeting Pdcd4, inducing the formation 
of osteoclast and promoting bone metastasis of lung cancer. 
Therefore, downregulating the expression of miR-21  
in tumor-derived exosomes could represent a potential 
therapeutic target for suppressing lung cancer bone 
metastasis. Syndecan-1 is a heparan sulfate proteoglycan 
expressed by endothelial cells, which plays an important 
role in the occurrence and development of tumors (98). 
Syndecan-1 can specifically regulate the miRNA profile in 
lung adenocarcinoma cell-derived exosomes. The increased 
expression of syndecan-1 can alter the expression level 
of lung cancer cell-derived exosomal miRNAs, thereby 
regulating the expression of signaling pathway genes and 
inhibiting the growth, invasion, and metastasis of lung 
cancer (73). Research (82) found that the expression level 

Table 4 The role of exosomes miRNA in the diagnosis of lung 
cancer

MiRNA AUC Sensitivity Specificity

miR-451a 0.97 0.95 0.71

miR-185-5p 0.91 0.59 1.00

miR-146a-5p 0.90 0.83 0.90

miR-216b 0.84 0.87 0.75

miR-210-5p 0.74 0.81 0.61

miR-1290 0.94 0.80 0.97

miR-378 0.84 0.78 0.82

miR-7977 0.82 0.81 0.75

miR-5684 0.74 0.81 0.61

miR-10b-5p, miR-320b 0.91 0.83 0.90

miR-181-5p 0.94 0.81 0.92

miR-1290 0.94 – –

miR-126 0.86 – –

miRNA, microRNA; AUC, area under the curve.
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of lung cancer-derived exosome miR-96 is upregulated 
with the increase of miR-96 expression in lung cancer cells. 
MiR-96 regulates lung cancer progression by targeting 
LMO7, whereas downregulating miR-96 can inhibit cell 
proliferation, migration, and drug resistance. Therefore, 
exosomal miRNA, as an important factor in the process 
of gene transcriptional regulation and post transcriptional 
regulation, plays an irreplaceable role in the occurrence 
and development of tumors. Using exosomal miRNAs 
as a new target for lung cancer treatment and regulating 
the expression profile of exosome-related miRNAs can 
effectively inhibit the invasion, migration, and proliferation 
of various solid malignant tumors, including lung cancer.

The potential of exosomal miRNAs in the 
proliferation of lung cancer

Lung cancer is a tumor formed by malignant proliferation of 
lung epithelial cells. The malignant proliferation of tumor 
cells is related to excessive cell division, cell cycle disruption, 
and dysregulation of apoptosis. KLF9 is one of the zinc 
finger proteins involved in gene transcription regulation, 
widely involved in cell proliferation, differentiation, and 
the differentiation and development of tissues and organs. 
Studies have reported a significant increase in miR-660-5p  
in the plasma exosomes of NSCLC patients, which 
promotes NSCLC progression by targeting KLF9 (99). In 
addition, studies revealed that the exosomes of lung cancer 
cells contained miR-96, which promoted the proliferation 
of human lung adenocarcinoma H1299 cells by targeting 
LMO7. Fabbri et al. (62) found that miR-29a and miR-21 in 
A549 exosomes were significantly up-regulated, which could 
bind to TLRs on the surface of immune cells in the tumor 
microenvironment and affect the proliferation of lung 
cancer cells. Grimolizzi et al. (90) highlighted that in early 
and advanced NSCLC patients, miR-126 does not exist in 
a free form, but is enriched in exosomes. These miR-126 
derived from exosomes are believed to have dual regulatory 
properties. On the one hand, exosome-derived miR-126 
from early- and late-stage NSCLC patients can induce 
malignant transformation of human bronchial epithelial 
cells; on the other hand, exosome-derived miR-126  
from normal endothelial cells can inhibit the growth of 
and induce the absence of malignant behavior in NSCLC  
cells (90). Exosome-derived miR-1246 can inhibit tumor cell 
growth by targeting DR5, while also enhancing tumor cell 
sensitivity to radiation. The latest study by Tang et al. (100)  
reported that circulating exosomal miR-208a in lung cancer 

patients can promote lung cancer cell proliferation and 
inhibit tumor cell apoptosis by targeting the p21 and AKT/
mTOR pathways. At the same time, exosomal miR-208a 
can reduce the sensitivity of lung cancer cells to radiation. 
Therefore, miR-208a plays a crucial role in the progression 
of lung cancer.

Limitations to the overview

Due to the immaturity of the relevant research, the clinical 
application of exosomal miRNAs in lung cancer is still in 
the initial exploratory stage. Meanwhile, the mechanism of 
miRNAs sorted into exosome is not fully understood, and 
further research and exploration are needed. Moreover, due 
to the heterogeneity of exosome, there may be differences 
in the number and type of miRNAs derived from the 
same mother cell, which may lead to false positive or false 
negative during early diagnosis of lung cancer.

Conclusions

Exosomes were extensively researched in the recent 20 years. 
Skog et al. (101) reported that RNA and proteins enclosed 
in exosome could be absorbed by tumors and promote 
their proliferation and migration. Jeppesen et al. (102) 
introduced a new model for active secretion of extracellular 
DNA through an autophagy- and multivesicular-endosome-
dependent but exosome-independent mechanism. Zhang 
et al. (50) reported that exosomes could serve as potential 
circulating biomarkers and therapeutic targets for a host of 
human diseases.

As an important regulator of gene expression, exosomal 
miRNA is involved in the communication between tumor 
cells in the microenvironment to mediate immune escape, 
regulate drug resistance, promote tumor cell metastasis and 
angiogenesis, and affect the occurrence and development 
of tumors. Targeting tumor-specific exosomal miRNA 
provides a new strategy for clinical treatment of lung cancer. 
In addition, exosomal miRNAs, as potential non-invasive 
biomarkers, have important clinical value in the early 
diagnosis of lung cancer. The discovery of the involvement 
of exosomal miRNAs in the occurrence and progression 
of tumors has brought new opportunities for the clinical 
diagnosis and treatment of lung cancer. However, due to 
the immaturity of these studies, the clinical application 
of exosomal miRNAs in lung cancer is still in the initial 
exploration stage. Meanwhile, the mechanism of miRNAs 
sorted into exosome is not fully understood, and further 
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research and exploration are needed. Moreover, due to the 
heterogeneity of exosome, there may be differences in the 
number and type of miRNAs derived from the same mother 
cell, which may lead to false positive or false negative 
during early diagnosis of lung cancer. As a potential new 
target for lung cancer treatment, exosomal miRNA need 
to be continuously explored for their potential regulatory 
mechanisms in the occurrence and development of lung 
cancer.

Acknowledgments

Funding: This work was supported by the Project of 
Jilin Provincial Department of Education, China (No. 
JJKH20201059KJ).

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
tcr.amegroups.com/article/view/10.21037/tcr-23-2319/rc

Peer Review File: Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-2319/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-23-2319/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Wolf AMD, Oeffinger KC, Shih TY, et al. Screening for 

lung cancer: 2023 guideline update from the American 
Cancer Society. CA Cancer J Clin 2024;74:50-81.

2. Chansky K, Detterbeck FC, Nicholson AG, et al. The 
IASLC Lung Cancer Staging Project: External Validation 
of the Revision of the TNM Stage Groupings in the 
Eighth Edition of the TNM Classification of Lung 
Cancer. J Thorac Oncol 2017;12:1109-21.

3. Wheeler SB, Rocque G, Basch E. Benefits of Breast 
Cancer Screening and Treatment on Mortality. JAMA 
2024;331:199-200.

4. Schwartz SM. Epidemiology of Cancer. Clin Chem 
2024;70:140-9.

5. Liang S, Cao X, Wang Y, et al. Metabolomics Analysis and 
Diagnosis of Lung Cancer: Insights from Diverse Sample 
Types. Int J Med Sci 2024;21:234-52.

6. Ruan Z, Zhuo X, Xu C. Diagnosis, treatment, and 
prognosis of stage IB non-small cell lung cancer with 
visceral pleural invasion. Front Oncol 2024;13:1310471.

7. Liu W, Pi Z, Wang X, et al. Microbiome and lung cancer: 
carcinogenic mechanisms, early cancer diagnosis, and 
promising microbial therapies. Crit Rev Oncol Hematol 
2024;196:104322.

8. Li L, Jiang H, Zeng B, et al. Liquid biopsy in lung cancer. 
Clin Chim Acta 2024;554:117757.

9. Kasi PM, Lee JK, Pasquina LW, et al. Circulating Tumor 
DNA Enables Sensitive Detection of Actionable Gene 
Fusions and Rearrangements Across Cancer Types. Clin 
Cancer Res 2024;30:836-48.

10. Sun T, Chen X, Yan H, et al. The causal association 
between serum metabolites and lung cancer based 
on multivariate Mendelian randomization. Medicine 
(Baltimore) 2024;103:e37085.

11. Xie Y, Jiang Y, Wu Y, et al. Association of serum lipids and 
abnormal lipid score with cancer risk: a population-based 
prospective study. J Endocrinol Invest 2024;47:367-76.

12. Shahverdi M, Hajiasgharzadeh K, Sorkhabi AD, et al. 
The regulatory role of autophagy-related miRNAs in 
lung cancer drug resistance. Biomed Pharmacother 
2022;148:112735.

13. Yang T, Si Q, Liu M, et al. Novel Biomarker miRNA-625-
3p Promotes Cell Proliferation and Metastasis of Lung 
Adenocarcinoma by Targeting KLF9. Anticancer Res 
2023;43:4923-35.

14. Gu J, Li Y, Tian Y, et al. Noncanonical functions of 
microRNAs in the nucleus. Acta Biochim Biophys Sin 
(Shanghai) 2024;56:151-61.

15. Pace A, Scirocchi F, Napoletano C, et al. Targeting FGFRs 
by pemigatinib induces G1 phase cell cycle arrest, cellular 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2319/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Zhang et al. Exosomal miRNA in lung cancer3102

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):3090-3105 | https://dx.doi.org/10.21037/tcr-23-2319

stress and upregulation of tumor suppressor microRNAs. J 
Transl Med 2023;21:626.

16. Qian T, Wenxian T, Anbing H. β-elemene enhances 
cisplatin sensitivity of non-small cell lung cancer cells 
via the miR-17-5p/STAT3 axis. Chem Biol Drug Des 
2024;103:e14395.

17. Ma X, Fu T, Ke ZY, et al. MiR-17- 5p/RRM2 regulated 
gemcitabine resistance in lung cancer A549 cells. Cell 
Cycle 2023;22:1367-79.

18. Zyla J, Dziadziuszko R, Marczyk M, et al. miR-122 and 
miR-21 are Stable Components of miRNA Signatures of 
Early Lung Cancer after Validation in Three Independent 
Cohorts. J Mol Diagn 2024;26:37-48.

19. Kalinina TS, Kononchuk VV, Valembakhov IS, et al. 
Expression of AhR-regulated miRNAs in non-small cell 
lung cancer in smokers and never smokers. Biomed Khim 
2024;70:52-60.

20. Arya SB, Collie SP, Parent CA. The ins-and-outs of 
exosome biogenesis, secretion, and internalization. Trends 
Cell Biol 2024;34:90-108.

21. Cunha E Rocha K, Ying W, Olefsky JM. Exosome-
Mediated Impact on Systemic Metabolism. Annu Rev 
Physiol 2024;86:225-53.

22. Ji X, Zhu R, Gao C, et al. Hypoxia-Derived Exosomes 
Promote Lung Adenocarcinoma by Regulating HS3ST1-
GPC4-Mediated Glycolysis. Cancers (Basel) 2024;16:695.

23. Lim S, Ha Y, Lee B, et al. Calnexin as a dual-role 
biomarker: antibody-based diagnosis and therapeutic 
targeting in lung cancer. BMB Rep 2024;57:155-60.

24. Jin Y, Sun L, Chen Y, et al. The homologous tumor-
derived-exosomes loaded with miR-1270 selectively 
enhanced the suppression effect for colorectal cancer cells. 
Cancer Med 2024;13:e6936.

25. Liu Z, Du D, Zhang S. Tumor-derived exosomal miR-
1247-3p promotes angiogenesis in bladder cancer by 
targeting FOXO1. Cancer Biol Ther 2024;25:2290033.

26. Irep N, Inci K, Tokgun PE, et al. Exosome inhibition 
improves response to first-line therapy in small cell lung 
cancer. J Cell Mol Med 2024;28:e18138.

27. Nik Mohamed Kamal NNS, Awang RAR, Mohamad S, et 
al. Plasma- and Saliva Exosome Profile Reveals a Distinct 
MicroRNA Signature in Chronic Periodontitis. Front 
Physiol 2020;11:587381.

28. Mateescu B, Kowal EJ, van Balkom BW, et al. Obstacles 
and opportunities in the functional analysis of extracellular 
vesicle RNA - an ISEV position paper. J Extracell Vesicles 
2017;6:1286095.

29. Ghafouri I, Pakravan K, Razmara E, et al. Colorectal 

cancer-secreted exosomal circ_001422 plays a role 
in regulating KDR expression and activating mTOR 
signaling in endothelial cells by targeting miR-195-5p. J 
Cancer Res Clin Oncol 2023;149:12227-40.

30. Kosaka N, Iguchi H, Yoshioka Y, et al. Secretory 
mechanisms and intercellular transfer of microRNAs in 
living cells. J Biol Chem 2010;285:17442-52.

31. Villarroya-Beltri C, Gutiérrez-Vázquez C, Sánchez-Cabo 
F, et al. Sumoylated hnRNPA2B1 controls the sorting of 
miRNAs into exosomes through binding to specific motifs. 
Nat Commun 2013;4:2980.

32. Guduric-Fuchs J, O'Connor A, Camp B, et al. Selective 
extracellular vesicle-mediated export of an overlapping set 
of microRNAs from multiple cell types. BMC Genomics 
2012;13:357.

33. Desai SA, Patel VP, Bhosle KP, et al. The tumor 
microenvironment: shaping cancer progression and 
treatment response. J Chemother 2024. [Epub ahead of 
print]. doi: 10.1080/1120009X.2023.2300224.

34. Liu Y, Luo F, Wang B, et al. STAT3-regulated exosomal 
miR-21 promotes angiogenesis and is involved in 
neoplastic processes of transformed human bronchial 
epithelial cells. Cancer Lett 2016;370:125-35.

35. Hsu YL, Hung JY, Chang WA, et al. Hypoxic lung cancer-
secreted exosomal miR-23a increased angiogenesis and 
vascular permeability by targeting prolyl hydroxylase and 
tight junction protein ZO-1. Oncogene 2017;36:4929-42.

36. Zhou C, Chen Z, Zhao L, et al. A novel circulating 
miRNA-based signature for the early diagnosis and 
prognosis prediction of non-small-cell lung cancer. J Clin 
Lab Anal 2020;34:e23505.

37. Kim DH, Park S, Kim H, et al. Tumor-derived exosomal 
miR-619-5p promotes tumor angiogenesis and metastasis 
through the inhibition of RCAN1.4. Cancer Lett 
2020;475:2-13.

38. Jeong K, Yu YJ, You JY, et al. Exosome-mediated 
microRNA-497 delivery for anti-cancer therapy 
in a microfluidic 3D lung cancer model. Lab Chip 
2020;20:548-57.

39. Zheng Y, Liu L, Chen C, et al. The extracellular vesicles 
secreted by lung cancer cells in radiation therapy promote 
endothelial cell angiogenesis by transferring miR-23a. 
PeerJ 2017;5:e3627.

40. Lawson J, Dickman C, Towle R, et al. Extracellular vesicle 
secretion of miR-142-3p from lung adenocarcinoma cells 
induces tumor promoting changes in the stroma through 
cell-cell communication. Mol Carcinog 2019;58:376-87.

41. Yang B, Feng X, Liu H, et al. High-metastatic cancer 



Translational Cancer Research, Vol 13, No 6 June 2024 3103

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):3090-3105 | https://dx.doi.org/10.21037/tcr-23-2319

cells derived exosomal miR92a-3p promotes epithelial-
mesenchymal transition and metastasis of low-metastatic 
cancer cells by regulating PTEN/Akt pathway in 
hepatocellular carcinoma. Oncogene 2020;39:6529-43.

42. O'Leary K, Shia A, Schmid P. Epigenetic Regulation of 
EMT in Non-Small Cell Lung Cancer. Curr Cancer Drug 
Targets 2018;18:89-96.

43. Li YY, Tao YW, Gao S, et al. Cancer-associated 
fibroblasts contribute to oral cancer cells proliferation and 
metastasis via exosome-mediated paracrine miR-34a-5p. 
EBioMedicine 2018;36:209-20.

44. Yang Z, Wang H, Xia L, et al. Overexpression of PAK1 
Correlates with Aberrant Expression of EMT Markers and 
Poor Prognosis in Non-Small Cell Lung Cancer. J Cancer 
2017;8:1484-91.

45. Yang F, Yan Y, Yang Y, et al. MiR-210 in exosomes derived 
from CAFs promotes non-small cell lung cancer migration 
and invasion through PTEN/PI3K/AKT pathway. Cell 
Signal 2020;73:109675.

46. Wang L, He J, Hu H, et al. Lung CSC-derived exosomal 
miR-210-3p contributes to a pro-metastatic phenotype 
in lung cancer by targeting FGFRL1. J Cell Mol Med 
2020;24:6324-39.

47. Li H, Zhang P, Sun X, et al. MicroRNA-181a regulates 
epithelial-mesenchymal transition by targeting PTEN 
in drug-resistant lung adenocarcinoma cells. Int J Oncol 
2015;47:1379-92.

48. Rahman MA, Barger JF, Lovat F, et al. Lung cancer 
exosomes as drivers of epithelial mesenchymal transition. 
Oncotarget 2016;7:54852-66.

49. Wang F, Zhang L, Sai B, et al. BMSC-derived leptin 
and IGFBP2 promote erlotinib resistance in lung 
adenocarcinoma cells through IGF-1R activation in 
hypoxic environment. Cancer Biol Ther 2020;21:61-71.

50. Zhang X, Sai B, Wang F, et al. Hypoxic BMSC-derived 
exosomal miRNAs promote metastasis of lung cancer cells 
via STAT3-induced EMT. Mol Cancer 2019;18:40.

51. He S, Li Z, Yu Y, et al. Exosomal miR-499a-5p promotes 
cell proliferation, migration and EMT via mTOR 
signaling pathway in lung adenocarcinoma. Exp Cell Res 
2019;379:203-13.

52. Cao M, Seike M, Soeno C, et al. MiR-23a regulates 
TGF-β-induced epithelial-mesenchymal transition by 
targeting E-cadherin in lung cancer cells. Int J Oncol 
2012;41:869-75.

53. Rana S, Malinowska K, Zöller M. Exosomal tumor 
microRNA modulates premetastatic organ cells. Neoplasia 
2013;15:281-95.

54. Tang YT, Huang YY, Li JH, et al. Alterations in exosomal 
miRNA profile upon epithelial-mesenchymal transition 
in human lung cancer cell lines. BMC Genomics 
2018;19:802.

55. Paramanantham A, Asfiya R, Das S, et al. Extracellular 
Vesicle (EVs) Associated Non-Coding RNAs in Lung 
Cancer and Therapeutics. Int J Mol Sci 2022;23:13637.

56. Wieckowski EU, Visus C, Szajnik M, et al. Tumor-derived 
microvesicles promote regulatory T cell expansion and 
induce apoptosis in tumor-reactive activated CD8+ T 
lymphocytes. J Immunol 2009;183:3720-30.

57. Liu Y, Gu Y, Han Y, et al. Tumor Exosomal RNAs 
Promote Lung Pre-metastatic Niche Formation 
by Activating Alveolar Epithelial TLR3 to Recruit 
Neutrophils. Cancer Cell 2016;30:243-56.

58. Zhou C, Zhang Y, Yan R, et al. Exosome-derived 
miR-142-5p remodels lymphatic vessels and induces 
IDO to promote immune privilege in the tumour 
microenvironment. Cell Death Differ 2021;28:715-29.

59. Besse B, Charrier M, Lapierre V, et al. Dendritic cell-
derived exosomes as maintenance immunotherapy after 
first line chemotherapy in NSCLC. Oncoimmunology 
2015;5:e1071008.

60. Nie H, Xie X, Zhang D, et al. Use of lung-specific 
exosomes for miRNA-126 delivery in non-small cell lung 
cancer. Nanoscale 2020;12:877-87.

61. Fan X, Wang J, Qin T, et al. Exosome miR-27a-3p 
secreted from adipocytes targets ICOS to promote 
antitumor immunity in lung adenocarcinoma. Thorac 
Cancer 2020;11:1453-64.

62. Fabbri M, Paone A, Calore F, et al. MicroRNAs bind to 
Toll-like receptors to induce prometastatic inflammatory 
response. Proc Natl Acad Sci U S A 2012;109:E2110-6.

63. Vego H, Sand KL, Høglund RA, et al. Monomethyl 
fumarate augments NK cell lysis of tumor cells through 
degranulation and the upregulation of NKp46 and 
CD107a. Cell Mol Immunol 2016;13:57-64.

64. Whiteside TL. Exosomes and tumor-mediated immune 
suppression. J Clin Invest 2016;126:1216-23.

65. Berchem G, Noman MZ, Bosseler M, et al. Hypoxic 
tumor-derived microvesicles negatively regulate NK cell 
function by a mechanism involving TGF-β and miR23a 
transfer. Oncoimmunology 2015;5:e1062968.

66. Xiao X, Yu S, Li S, et al. Exosomes: decreased sensitivity 
of lung cancer A549 cells to cisplatin. PLoS One 
2014;9:e89534.

67. Place AE, Jin Huh S, Polyak K. The microenvironment 
in breast cancer progression: biology and implications for 



Zhang et al. Exosomal miRNA in lung cancer3104

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):3090-3105 | https://dx.doi.org/10.21037/tcr-23-2319

treatment. Breast Cancer Res 2011;13:227.
68. Fang T, Lv H, Lv G, et al. Tumor-derived exosomal 

miR-1247-3p induces cancer-associated fibroblast 
activation to foster lung metastasis of liver cancer. Nat 
Commun 2018;9:191.

69. Du C, Duan X, Yao X, et al. Tumour-derived exosomal 
miR-3473b promotes lung tumour cell intrapulmonary 
colonization by activating the nuclear factor-κB of local 
fibroblasts. J Cell Mol Med 2020;24:7802-13.

70. Fong MY, Zhou W, Liu L, et al. Breast-cancer-
secreted miR-122 reprograms glucose metabolism in 
premetastatic niche to promote metastasis. Nat Cell Biol 
2015;17:183-94.

71. Wang M, Wang W, Wang J, et al. MiR-182 promotes 
glucose metabolism by upregulating hypoxia-inducible 
factor 1α in NSCLC cells. Biochem Biophys Res Commun 
2018;504:400-5.

72. Zhai S, Zhao L, Lin T, et al. Downregulation of miR-33b 
promotes non-small cell lung cancer cell growth through 
reprogramming glucose metabolism miR-33b regulates 
non-small cell lung cancer cell growth. J Cell Biochem 
2019;120:6651-60.

73. Parimon T, Brauer R, Schlesinger SY, et al. Syndecan-1 
Controls Lung Tumorigenesis by Regulating miRNAs 
Packaged in Exosomes. Am J Pathol 2018;188:1094-103.

74. Xu Z, Liu X, Wang H, et al. Lung adenocarcinoma cell-
derived exosomal miR-21 facilitates osteoclastogenesis. 
Gene 2018;666:116-22.

75. Duréndez-Sáez E, Torres-Martinez S, Calabuig-Fariñas S, 
et al. Exosomal microRNAs in non-small cell lung cancer. 
Transl Cancer Res 2021;10:3128-39.

76. Wu H, Mu X, Liu L, et al. Bone marrow mesenchymal 
stem cells-derived exosomal microRNA-193a reduces 
cisplatin resistance of non-small cell lung cancer cells via 
targeting LRRC1. Cell Death Dis 2020;11:801.

77. Yuwen D, Ma Y, Wang D, et al. Prognostic Role of 
Circulating Exosomal miR-425-3p for the Response 
of NSCLC to Platinum-Based Chemotherapy. Cancer 
Epidemiol Biomarkers Prev 2019;28:163-73.

78. Yuwen DL, Sheng BB, Liu J, et al. MiR-146a-5p level in 
serum exosomes predicts therapeutic effect of cisplatin in 
non-small cell lung cancer. Eur Rev Med Pharmacol Sci 
2017;21:2650-8.

79. Zhou J, Hu SE, Tan SH, et al. Andrographolide 
sensitizes cisplatin-induced apoptosis via suppression of 
autophagosome-lysosome fusion in human cancer cells. 
Autophagy 2012;8:338-49.

80. Ma Y, Yuwen D, Chen J, et al. Exosomal Transfer 

Of Cisplatin-Induced miR-425-3p Confers Cisplatin 
Resistance In NSCLC Through Activating Autophagy. Int 
J Nanomedicine 2019;14:8121-32.

81. Shi L, Xu Z, Wu G, et al. Up-regulation of miR-146a 
increases the sensitivity of non-small cell lung cancer 
to DDP by downregulating cyclin J. BMC Cancer 
2017;17:138.

82. Wu H, Zhou J, Mei S, et al. Circulating exosomal 
microRNA-96 promotes cell proliferation, migration 
and drug resistance by targeting LMO7. J Cell Mol Med 
2017;21:1228-36.

83. Qin X, Yu S, Zhou L, et al. Cisplatin-resistant lung 
cancer cell-derived exosomes increase cisplatin resistance 
of recipient cells in exosomal miR-100-5p-dependent 
manner. Int J Nanomedicine 2017;12:3721-33.

84. Wei F, Ma C, Zhou T, et al. Exosomes derived from 
gemcitabine-resistant cells transfer malignant phenotypic 
traits via delivery of miRNA-222-3p. Mol Cancer 
2017;16:132.

85. Liu X, Jiang T, Li X, et al. Exosomes transmit T790M 
mutation-induced resistance in EGFR-mutant NSCLC by 
activating PI3K/AKT signalling pathway. J Cell Mol Med 
2020;24:1529-40.

86. Gupta S, Silveira DA, Piedade GPS, et al. A dynamic 
Boolean network reveals that the BMI1 and MALAT1 axis 
is associated with drug resistance by limiting miR-145-5p  
in non-small cell lung cancer. Noncoding RNA Res 
2023;9:185-93.

87. Giallombardo M, Chacártegui Borrás J, Castiglia M, et al.  
Exosomal miRNA Analysis in Non-small Cell Lung 
Cancer (NSCLC) Patients' Plasma Through qPCR: A 
Feasible Liquid Biopsy Tool. J Vis Exp 2016;53900.

88. Munagala R, Aqil F, Gupta RC. Exosomal miRNAs 
as biomarkers of recurrent lung cancer. Tumour Biol 
2016;37:10703-14.

89. Jin X, Chen Y, Chen H, et al. Evaluation of Tumor-
Derived Exosomal miRNA as Potential Diagnostic 
Biomarkers for Early-Stage Non-Small Cell Lung Cancer 
Using Next-Generation Sequencing. Clin Cancer Res 
2017;23:5311-9.

90. Grimolizzi F, Monaco F, Leoni F, et al. Exosomal miR-126 
as a circulating biomarker in non-small-cell lung cancer 
regulating cancer progression. Sci Rep 2017;7:15277.

91. Tang J, Li X, Cheng T, et al. miR-21-5p/SMAD7 axis 
promotes the progress of lung cancer. Thorac Cancer 
2021;12:2307-13.

92. Tian F, Shen Y, Chen Z, et al. Aberrant miR-181b-5p and 
miR-486-5p expression in serum and tissue of non-small 



Translational Cancer Research, Vol 13, No 6 June 2024 3105

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):3090-3105 | https://dx.doi.org/10.21037/tcr-23-2319

cell lung cancer. Gene 2016;591:338-43.
93. Tian F, Shen Y, Chen Z, et al. No Significant Difference 

between Plasma miRNAs and Plasma-Derived Exosomal 
miRNAs from Healthy People. Biomed Res Int 
2017;2017:1304816.

94. Kim JE, Eom JS, Kim WY, et al. Diagnostic value of 
microRNAs derived from exosomes in bronchoalveolar 
lavage fluid of early-stage lung adenocarcinoma: A pilot 
study. Thorac Cancer 2018;9:911-5.

95. Cazzoli R, Buttitta F, Di Nicola M, et al. microRNAs 
derived from circulating exosomes as noninvasive 
biomarkers for screening and diagnosing lung cancer. J 
Thorac Oncol 2013;8:1156-62.

96. Chen L, Cao P, Huang C, et al. Serum exosomal miR-
7977 as a novel biomarker for lung adenocarcinoma. J Cell 
Biochem 2020;121:3382-91.

97. Xu YX, Pu SD, Li X, et al. Exosomal ncRNAs: 
Novel therapeutic target and biomarker for diabetic 
complications. Pharmacol Res 2022;178:106135.

98. Pasqualon T, Pruessmeyer J, Weidenfeld S, et al. A 
transmembrane C-terminal fragment of syndecan-1 
is generated by the metalloproteinase ADAM17 and 
promotes lung epithelial tumor cell migration and lung 
metastasis formation. Cell Mol Life Sci 2015;72:3783-801.

99. Qi Y, Zha W, Zhang W. Exosomal miR-660-5p promotes 
tumor growth and metastasis in non-small cell lung cancer. 
J BUON 2019;24:599-607.

100. Tang Y, Cui Y, Li Z, et al. Radiation-induced miR-208a 
increases the proliferation and radioresistance by targeting 
p21 in human lung cancer cells. J Exp Clin Cancer Res 
2016;35:7.

101. Skog J, Würdinger T, van Rijn S, et al. Glioblastoma 
microvesicles transport RNA and proteins that promote 
tumour growth and provide diagnostic biomarkers. Nat 
Cell Biol 2008;10:1470-6.

102. Jeppesen DK, Fenix AM, Franklin JL, et al. Reassessment 
of Exosome Composition. Cell 2019;177:428-445.e18.

Cite this article as: Zhang Z, Lin F, Wu W, Jiang J, Zhang C, 
Qin D, Xu Z. Exosomal microRNAs in lung cancer: a narrative 
review. Transl Cancer Res 2024;13(6):3090-3105. doi: 10.21037/tcr-
23-2319


