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It has long been evident that physical exercise reduces the risk of cancer and
improves treatment efficacy in tumor patients, particularly in lung cancer (LC).
Several molecular mechanisms have been reported, but the mechanisms
related to microRNAs (miRNAs) are not well understood. MiRNAs modulated
various basic biological processes by negatively regulating gene expression and
can be transmitted between cells as signaling molecules. Recent studies have
shown that miRNAs are actively released into the circulation during exercise,
and are deeply involved in cancer pathology. Hence, the role of exercise
intervention in LC treatment may be further understood by identifying
miRNAs associated with LC and physical activity. Here, miRNAs expression
datasets related to LC and exercise were collected to screen altered miRNAs.
Further bioinformatic approaches were performed to analyze the value of the
selected miRNAs. The results identified 42 marker miRNAs in LC, of which three
core-miRNAs (has-miR-195, has-miR-26b, and has-miR-126) were co-
requlated by exercise and cancer, mainly involved in cell cycle and immunity.
Our study supports the idea that using exercise intervention as adjuvant therapy
for LC patients. These core-miRNAs, which are down-regulated in cancer but
elevated by exercise, may act as suppressors in LC and serve as non-invasive
biomarkers for cancer prevention.

KEYWORDS

microRNA, lung cancer, physical exercise, bioinformatics, prognosis

Introduction

Lung cancer (LC) is a heterogeneous disease, including small cell lung cancer and
non-small cell lung cancer (NSCLC). NSCLC comprises 85% of new LC cases and
contains two major histological types, lung adenocarcinoma (LUAD) and lung squamous
cell carcinoma (LUSC), of which LUAD is the most common subtype (1, 2). Albeit the
advancement in therapeutic methods and detection tools, LC was still the leading cause of
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cancer-related death, with an estimated that LC patients will rise
to ten million by 2030 (3). Long-term morbidity and serious
complications not only bring pain and suffering to patients but
also impose a huge social and economic burden on society.
Currently, except the standard treatments such as
chemotherapy, radiotherapy, surgical resection and recently
immunotherapy, several adjuvant therapies have been applied
in LC patients to enhance the efficacy of treatments and improve
quality of life (4-6). Adjuvant therapies mainly include nutrition
optimization, dietary customization, and exercise therapy (7, 8).
For patients with metabolic disorders, hormonal imbalance,
diabetes mellitus, unhealthy lifestyle, aging, adjuvant therapies
have been shown beneficial in reducing cancer risk and
improving patient prognosis (9-11). Among these adjuvant
therapies, exercise interventions have shown to be associated
with inhibiting deterioration and decreasing mortality in
multiple cancers, especially lung cancer (12-16).

Physical exercise could provide numerous benefits for cancer
patients, such as strengthening lung function, improving
metabolism, enhancing immunity, relieving pain and
depressive symptoms (15, 17). And several studies have shown
that exercise intervention can reduce the symptoms of dyspnea,
coughing, anxiety and suppress tumor growth in LC (18-21).
But the torture of tumors and the pain of treatment cause
adverse physical and psychological effects on LC patients,
leading to higher psychological distress, resulting in a
reduction of physical activity, and forming a vicious cycle (22-
24). Therefore, exercise interventions become more necessary
for LC patients and are frequently applied in coordination with
other treatments. Recently studies have also shown that regular
exercise for LC patients could improve cardiorespiratory fitness,
reduce pulmonary complications and shorten postoperative
hospitalization (25-28).

All this evidence prompted researchers to study the effects of
physical exercise on LC. Earlier studies showed that exercise can
modulate epigenetic modifications, namely DNA methylation
and post-translational histone modification, which in turn
intervene in metabolism, biosynthesis and development, as
well as redox signaling, DNA repairing, and aging (29-32).
While recent researches indicate that non-coding RNA,
especially the circulating miRNA, is closely associated with
physical exercise (33). Circulating miRNAs responsive to
exercise in brain, muscle, kidney and lung, serve as
physiological mediators of exercise-induced adaptation (34).
MiRNAs in cancer exosomes transfer to target cells for
communication, act as initiators for pre-metastatic niche
formation (35-37). Therefore, it is necessary to study physical
exercise and LC-regulated miRNAs to assess the therapeutic
potential of exercise intervention. However, convincing data on
this topic is still insufficient. In this study, we collected miRNA
expression datasets from Gene Expression Omnibus (GEO)
database and screened out three core-miRNAs that were
regulated by exercise and associated with cancer pathology.
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Further bioinformatics analysis found that these core-miRNAs
were associated with a better prognosis of LC.

Materials and methods
Data collection and processing

The miRNA and mRNA expression profiles of LC and
exercise were obtained from National Center for
Biotechnology Information (NCBI) Gene Expression Omnibus
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/). The

» o«

search terms we used included “lung cancer”, “exercise” and
“Homo sapiens”. Discarded datasets obtained from animals, cell
lines, or other without normal control. And the corresponding
pan-cancer expression profiles and clinical data were obtained
from The Cancer Genome Alters (TCGA) database (https://
portal.gdc.cancer.gov/). Tables S1 and S2 show the information
from our collected datasets. The differential genes were analyzed
using the GEO2R online tool (https://www.ncbinlm.nih.gov/

geo/geo2r/), which was based on R language.

Prediction of potential target genes
of miRNA

The target genes of miRNA were predicted using ENCORI
(https://starbase.sysu.edu.cn/index.php), which is an open-
source platform for studying the miRNA-mRNA interaction
through seven algorithms (PITA, TNA22, miRmap, microT,
miRanda, PicTar, TargetScan). The screened miRNAs were
typed into this platform, and targeted mRNAs produced by at
least four prediction algorithms were considered. To validate
these predictions, the candidate target genes were compared
with the differential genes in five LC datasets. And the miRNA-
mRNA network was visualized by Cytoscape 3.9.1.

Functional enrichment analysis

Various tools were used to analyze the function of our
selected miRNAs and mRNAs. Including miRNA Enrichment
Analysis and Annotation tool (miEAA, https://ccb-compute2.cs.
uni-saarland.de/mieaa2/), RNALocate (https://www.rna-society.
org/rnalocate/), KEGG Orthology Based Annotation System
(KOBAS 3.0, http://kobas.cbi.pku.edu.cn/home.do), DAVID
Bioinformatics Resources (https://david.ncifcrf.gov/home.jsp),
and LinkedOmics (http://www.linkedomics.org/login.php). The
miEAA was used for functional enrichment analysis of miRNA
sets. Subcellular localization analysis of miRNAs was performed
by RNALocate. For the genes, KOBAS and DAVID were used to
perform GO categories, KEGG pathway, and Reactome pathway
analysis. The LinkedOmics dataset was used for GSEA function
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enrichment analysis of gene sets in lung cancer. R drawing
package ggplot2 was utilized for making bubble chart, bar graph
and heatmap.

Exploration of signatures associated
with cancer

Gene expression and cancer pathway activity in LUAD and
LUSC were analyzed by a web-based platform for Gene Set
Cancer Analysis (GSCALite, http://bioinfo.life.hust.edu.cn/web/
GSCALite/). Tumor-infiltrating immune cells analysis was
performed by TIMER (http://cistrome.dfci.harvard.edu/
TIMER/). Survival analysis based on the expression status of
mRNA/miRNA was performed by GEPIA 2.0 (http://gepia.
cancer-pku.cn/) or R statistical package software survminer
(version 0.4.9) and survival (version 3.2-10). Correlations
between the gene sets of interest and functional states were
performed by Cancer Single-cell state Atlas (CancerSEA, http://
biocc.hrbmu.edu.cn/CancerSEA/). Tumor stromal score was
analyzed by R statistical package software estimate (version
2.0.0), which was based on the gene expression profiles
retrieved from TCGA. Tumor stemness scores were calculated
by one-class logistic regression algorithm, and Spearman
correlation analysis based on mRNA (RNAss) and DNA-
methylation (DNAss) datas of TCGA pan-cancer samples were
downloaded from Xena browser (https://xenabrowser.net/
datapages/).

Statistical analysis

The log2FC values of miRNAs/mRNAs were normalized by
GEO2R. For LC datasets, miRNAs with p-value < 0.05 were
selected. For mRNAs and exercise datasets, p-value < 0.01 were
selected. The Kaplan—-Meier method was used to generate overall
survival curves, and log-rank p-value < 0.05 were selected. The
association between gene expression, stromal score and stemness
score was tested with Spearman correlation.

Result
Identification of LC-associated miRNAs

The miRNA expression profiles related to LC were obtained
from GEO DataSets. Excluding the datasets obtained from
circulating fluids, or samples without normal control, or
animal models, or in vitro, we selected 15 datasets of LC
(Table S1). These datasets were used to comprehensively
evaluate the LC-associated miRNAs. Differentially expressed
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miRNAs between tumor and normal were analyzed by
GEO2R. Considering the different sample collection methods
among datasets and the complex pathological features of
patients, a stringent screening strategy may omit important
miRNAs, so we adopted a relatively loose threshold (p < 0.05)
(38-40). As a result, a total of 42 dysregulated miRNAs were
found in at least nine out of fifteen selected datasets. Of these
miRNAs, 25 were down-regulated and 17 were up-regulated in
tumor samples compared to normal (Figure 1A). All of the
down-regulated miRNAs were identified as circulating miRNAs
by RNALocate database, of which 23 were mainly located in
microvesicles. And the up-regulated miRNAs were primarily
localized in cytoplasm (Figure 1B). In addition, excluding the
overlapping parts, we predicted 2204 target genes of down-
regulated miRNAs and 1510 target genes of up-regulated
miRNAs using ENCORI database (Figure 1C, Table S3).

Functional enrichment analysis of LC-
associated miRNA target genes

To further corroborate the target prediction results of LC-
associated miRNAs, we separately merged the up-and down-
regulated differential genes (p < 0.01) from five LC datasets
containing normal controls (Figure 2A, Table 52), and compared
them with the prediction results. Considering the anti-
correlation between miRNA and its targets, we further
screened 133 target genes of down-regulated miRNAs and 99
target genes of up-regulated miRNAs (Figure 2B, Table S4).
Gene ontology (GO), Reactome and KEGG pathway analysis
were performed to identify the cellular processes associated with
target genes of LC-associated miRNAs. The results showed that
plenty of cellular processes were modulated by these genes
(Figure 2C). For target genes of down-regulated miRNA,
“Metabolism” and “Cell Cycle” in Reactome, “Metabolic
pathways” in KEGG, and “Mitochondrial transport” in GO
were the highest enrichment. For target genes of up-regulated
miRNA, “Immune System” in Reactome, “Pathways in cancer”
in KEGG, and “prostaglandin receptor activity” in GO were the
highest enrichment. All of these processes were known to be
associated with the development and progression of cancer.
Ranked these genes according to the average value of Log2FC
in five LC datasets, and subjected to Gene Set Enrichment
Analysis (GSEA) according to cancer hallmark gene sets. It
was found that “cell cycle progression” and “INFA signaling
via NFkB” were the most enriched terms (Figure 2D). And
functional states of single-cell analyzed by CancerSEA also
showed that “CellCycle” and “Metastasis” were the most
relevant terms (Figure 2E). Overall, these target genes of
selected miRNAs have closely linked with LC development,
especially the target genes of which down-regulated miRNAs
are significantly associated with the cell cycle.
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Interaction analysis of exercise- and LC-
associated miRNAs

The positive effects of healthy physical activity on LC
prevention and prognosis have been characterized. However,
the understanding of the underlying mechanisms is still limited.
It was hypothesized that exercise-induced modulation of
circulating miRNA may be associated with LC development.
To corroborate this hypothesis, a differential analysis between
circulating miRNAs after and before exercise was performed
(Figure 3A). The differential miRNAs (p<0.01) were annotated
by miEAA. It was found that up-regulated circulating miRNAs
were negatively correlated with age, while the down-regulated
were positively correlated with age (Figure 3B). And gene set
enrichment analysis revealed that these circulating miRNAs
were associated with LC-driven gene. The up-regulated
circulating miRNAs were enriched in LC down-regulated gene
sets, while the down-regulated were enriched in LC up-regulated
gene sets (Figure 3C). These results suggested that exercise may
have anti-aging effects and benefit the health of LC patients
through miRNA modulation. Hence, we compared the
functional annotation results of exercise-down-regulated
miRNAs and LC-up-regulated miRNAs, as well as exercise-up-
regulated miRNAs and LC-down-regulated miRNAs
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(Figure 3D). Found that many important cancer-related
pathways (such as “Central carbon metabolism in cancer”,
“PL-L1 expression and PD-1 checkpoint” and “RIG-I-like
receptor signaling pathway”, as well as “VEGF signaling
pathway”, “Toll-like receptor signaling pathway” and “Cysteine
and methionine metabolism”) were intervened by the exercise-
regulated miRNAs, especially the immune- and metabolism-
related pathways (Figure 3D). Therefore, these results suggest
that exercise interventions may be a valuable strategy to prevent
or limit LC risk.

Co-target genes of exercise- and LC-
associated miRNAs affected immune
infiltration and cell cycle

Considering the positive role of exercise, we obtained co-
target genes by comparing the targets of exercise and LC-
associated miRNAs. 55 of 133 (41.3%) up-regulated co-target
genes and 36 of 99 (36.4%) down-regulated co-target genes in LC
were inversely regulated by exercise-associated miRNAs
(Figure 4A). The expression of these genes was further verified
in The Cancer Genome Atlas (TCGA) LUAD/LUSC cohort, and
52 up-regulated and 29 down-regulated co-target genes in LC
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Functional enrichment of target genes of miRNAs. (A) Up- and down-regulated genes (p < 0.01) in tumors compared to normal were obtained
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(E) Functional states of target genes in LC were analyzed by CancerSEA, and the red/green scale boxes represent up- or down-regulation.

were validated (Figure 4B). Then, we explored the correlation of
the validated co-target genes with immune infiltration by
TIMER database. The down-regulated genes in LC (exercise-
induced genes) showed significant positive correlations of six
immune cell types (B cell, CD8+ T cell, CD4+ T cell,
Macrophage, Neutrophil and Dendritic cell) (Figure 4C). We
also assessed the correlation of these genes with four
immunosuppressive cells (Macrophage M2, T cell regulatory,
Cancer-associated fibroblast, and Myeloid-derived suppressor
cells) which were known to promote T cell exclusion. It was
found that exercise-induced genes were negatively correlated
with Myeloid-derived suppressor cells (MDSC), while the up-
regulated genes in LC (exercise-suppressed genes) were
positively correlated with MDSC, especially in LUAD
(Figure 4D). Since aberrant cell cycle activity is a feature of
many cancers (41), cell cycle annotation analysis was performed
by GSCALite. We found that almost all the exercise-suppressed
genes were involved in LC cell cycle activation, whereas the
exercise-induced genes do the opposite (Figure 4E). These
results demonstrated that exercise may modulate immune
infiltration and inhibit cancer cell proliferation by regulating
target genes of LC-associated miRNA.
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Core-miRNAs regulated by exercise and
LC are associated with patient prognosis

We explored the association of co-target genes with LC
prognosis (Figure S1A). Results showed that LUAD was more
susceptible to the co-target genes, especially the 52 genes
suppressed by exercise. And these genes were significantly
associated with poor prognosis of LUAD (log-rank p = 0.0011,
hazard ratio = 1.6), while weakly associated with LUSC (Figure
S1A). Pathway analysis found that these genes were mainly
related to cell metabolism (Table S5). We also constructed a
miRNA-mRNA network (Figure S1B), showed that there were
three core-miRNAs (hsa-miR-195-5p, hsa-miR-26b-5p and hsa-
miR-126-3p) were co-regulated by exercise and LC (Figure S1B).
Of these genes, 29 (56%) were modulated by core-miRNAs and
were associated with high hazard ratios across multiple LC
datasets (Figure S1C). By detecting the TCGA lung cancer
cohort, core-miRNAs expression was higher in paired normal
tissues and associated with a better prognosis (Figure 5A).
Among core-miRNAs targe genes, eleven hub-genes
expressions were significantly associated with LUAD prognosis
(log-rank p < 0.05), and overexpression indicated poor prognosis
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Interaction analysis of exercise/LC-associated miRNAs. (A) Volcano plots draw the regulated circulating miRNAs in plasma after exercise in a
dataset of GSE133910. (B) Age-dependent genes were annotated by miEAA, and each knot represents an age-related differentially expressed
miRNA (p < 0.01) in the exercise dataset. (C) The circulating miRNAs were ranked by the value of log2FC, and disease correlation analysis was
performed by GSEA. The enriched(red) or depleted(green) subcategory was shown based on the running sum. (D) Pathway prediction analysis of
exercise-regulated miRNAs (p < 0.01) and screened LC miRNAs was performed by miEAA. The overlapping regions (yellow) represent the co-

intervention part.

(Figure 5A). The binding sites of core-miRNAs were shown
(Figure 5B), and the expression of hub-genes were inversely
correlated with core-miRNAs in nearly all TCGA cancer types
(Figure 5C). Combing GSEA enrichment results from KEGG,
Reactome and Wikipathway databases, shown that hub-genes
were positively correlated with cell replication pathway (such as
“DNA replication” in KEGG and Wikipathway, “Nucleosomes
at the centromere” in Reactome), and inversely correlated with
many immune relevant terms (Figure 5D). These results
suggested that core-miRNAs were associated with exercise
intervention in LC progression, and the oncogenic role of
these miRNAs may be achieved through regulating cell
replication and immunity signaling.

Expression and function of hub-genes in
pan-cancer

Utilizing the pan-cancer atlas project of TCGA, we
comprehensively analyzed the expression and function of hub-
genes regulated by core-miRNA at pan-cancer level through
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high-throughput gene expression data and clinical information.
The expression of hub-genes was shown (Figure 6A), and the
correlation coefficient between every two of them was calculated
(Figure 6B). Most of the coefficients are positive, suggesting that
these genes have synergistic effects. Further research has shown
that the expression of most hub-genes was negatively correlated
with the stromal score calculated by ESTIMATE algorithm,
suggesting that tumors with high hub-genes expression
contained lower immune cells and higher cancer cells
(Figure 6C). While stemness score (RNAss and DNAss) was
positively correlated with most hub-genes, especially RNAss,
suggesting that higher hub-genes expression is associated with
stronger activity of cancer stem cells and tumorigenesis
(Figure 6C). Survival curve analysis was performed
(Figure 6D), shown that high expression of hub-genes was
linked to poor prognosis in pan-cancer, especially in LUAD,
SARC, THCA, ACC, PAAD, MESO, LICH, LAML, KIRP,
HNSC and BRCA (log-rank p < 0.05). In addition, these three
core-miRNAs were up-regulated in plasma after 8 weeks of
training (A1), returned to basal state (B2) after 8 weeks off, and
up-regulated again after retraining (A2) (Figure 6E). Overall,
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these results indicated that regular physical exercise may
associate with cancer prevention and reflect a better prognosis.

Discussion

It has been demonstrated that lifestyle plays important role
in maintaining health and preventing disease. Regular physical
exercise is a flexible, inexpensive, and most important, effective
way to keep healthy. It has been used as an adjuvant therapeutic
strategy for much of chronic disease treatment, such as obesity,
diabetes, osteoporosis and angiocardiopathy (42, 43). In cancers,
growing studies have shown that physical exercise is associated
with lower cancer risk. For athletes, the overall cancer incidence
was low, LC risk decreased most (44, 45). 2.5 to 5 hours of
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moderate-intensity physical activity per week for adults was
recommended by US Physical Activity Guidelines Advisory
Committee, which has been shown to be beneficial for cancer
prevention (46). Compared with sedentary lifestyle, physical
activity individuals’ LC risk significantly decreased (12-15, 47).
And physical inactivity in LC is often associated with poor
prognosis and increased recurrence risk (13, 48). Despite
extensive studies conducted on exercise interventions, the
underlying mechanisms have not been elucidated yet.
Recently, miRNAs have emerged as biomarkers, since
numerous mature miRNAs enter the circulation via
extracellular vesicles during various diseases (49). For cancer
cells, circulating miRNAs are required to regulate
microenvironments, initiate metastasis and suppress immune
responses, and serve as diagnostic/prognostic markers (37, 50).
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Previous studies have also shown that exercise could modulate
circulating miRNAs by regulating the release of extracellular
vesicles (33, 51). Therefore, it is valuable to use circulating
miRNA as an entry point for understanding the interaction
between exercise and LC.

MiRNAs associate with argonaute proteins to form a
miRNA-induced silencing complex (RISC). RISC inhibits the
translation of genes into proteins by directly binding the
complementary sequences located in the untranslated regions
of mRNA. For cancers, miRNAs could silence tumor
suppressors or stimulate oncogene expression to interfere with
cancer progression (35, 36, 50, 52). While, several studies have
demonstrated that global miRNA expression was usually
reduced in cancers since some miRNAs act as negative
regulators of genes to block carcinogenesis, and tumors need
to unlock these control genes to obtain the ability of sustaining
proliferative and avoiding immune destruction (53, 54). In this
context, the integrated analysis of fifteen different miRNA
expression profiling datasets was performed and identified a
set of 42 dysregulated miRNAs in LC, including 25 down-
regulated (Figure 1). And plenty of cellular processes were
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found to be intervened by these dysregulated miRNAs via
combining the predicted targets of miRNAs with the
differential expressed gene in LC RNAseq datasets (Figure 2).
Cell cycle and metabolism were mainly associated with down-
regulated miRNAs, immunity and inflammation were associated
with up-regulated miRNAs. Additionally, some of these
miRNAs have already been detected as circulating miRNAs in
plasma of cancer patients and proposed as potential biomarkers
for various cancer types, such as has-mir-195 (55), has-mir-26b
(56), has-mir-126 (57), hsa-mir-29¢ (58), hsa-mir-125a (59),
hsa-mir-223 (60), has-mir-210 (61) and has-mir-141 (62).
Circulating miRNAs, attached to proteins or loaded in
extracellular vesicles, are present in various body fluids. It can
be actively secreted into the extracellular space as signaling
molecules by cells under external stimulation (63). Recent
studies have shown that exercise of different intensities and
durations can induce a massive release of extracellular vesicles
into the circulation to modulate individual biological processes
(33, 51). However, the ability of physical exercise to modulate
miRNAs relevant to LC prevention has not been well
investigated yet. In the present study, we proposed integrated
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analysis of exercise-regulated circulating miRNAs with 42
miRNAs we screened in LC datasets (Figure 3). This approach
revealed that some biological processes of cancer development
tend to be relocked by exercise intervention via promoting the
secretion of circulating miRNAs, such as VEGF signaling
pathway, toll-like receptor, cysteine and methionine
metabolism, and IL-17 pathway. Conversely, the functions of
exercise-downregulated miRNAs were complex and may be
involved in cancer defense via cytosolic DNA-sensing
pathway. The DNA-sensing mechanism is the molecular basis
to produce immune response (64). Further analysis also found
six immune cells were positively associated with exercise
intervention (Figure 4C). With miRNA target prediction, we
found that most target genes of LC-associated miRNAs can be
regulated by exercise. The genes silenced by exercise up-
regulated miRNAs were associated with cell cycle activation
and promoted tumor infiltration of MDSC in LUAD. While for
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the down-regulated miRNAs in exercise, the effect was opposite
(Figure 4). These analyses confirmed that exercise is strongly
involved in LC pathology, especially in cell cycle and immune
infiltration pathways.

During the above process, we identified three core-miRNAs
(has-miR-195, has-miR-26b and has-miR-126), which were
repressed in LC but elevated by exercise. These core-miRNAs
circulating in plasma were also found to be increased in different
acute or chronic training projects, including cycling, swimming
and marathon running (65-71). In a weight-loss trial, the
expression of core-miRNAs was much higher in the slimming
success cohort (72). And plenty of evidence has confirmed that
these miRNAs were able to transmit between cells (73). Our
results showed that core-miRNAs and their targets have a strong
involvement in DNA replication, immune system and prognosis
of patients in LC (Figure 5). And several studies have already
highlighted their anticancer effect. For example, the increased
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level of has-miR-195 is associated with inhibition of
proliferation and angiogenesis, and enhances T cell activation
in several cancer types including LC (74-76). Similarly, has-
miR-26b has a strong involvement in cell cycle transition,
apoptosis induction, and improve chemosensitivity (77-79).
Furthermore, has-miR-126 expression also could reduce tumor
growth, inhibit metastasis, and contribute to enhancing cisplatin
cytotoxicity (80-82). For the targets of the core-miRNAs, we
identified eleven hub-genes associated with overall survival, all of
which high expression indicated poor prognoses. Therefore,
these core-miRNAs we identified may play critical roles in
exercise intervention against LC progression. Additionally, we
analyzed the correlation between hub-genes expression and
tumor stem cell score across 33 cancer types. The results
showed that high expression of hub-genes in pan-cancer,
including LC, represented lower stromal cell content and
higher stem cell characteristics (Figure 6). Suggesting these
hub-genes play a role in maintaining cancer stem cells and act
as tumor promoters. High express levels of these hub-genes also
represent a high risk in pan-cancer, especially in LUAD, SARC,
THCA, ACC, PAAD, MESO, LICH, LAML, KIRP, HNSC
and BRCA.

In conclusion, the above bioinformatics analysis we
performed allows us to identify specific miRNAs to predict the
risk of LC, and imply the connection between physical exercise
and cancer prevention. Regular exercise can alter circulating
miRNAs in plasma, which act as signaling molecules transmitted
between cells and may regulate tumor physiology and delay the
progression of cancer by modulating cell cycle and immune
system. Supports the idea of prescribing physical exercise as
adjuvant therapy for LC patients, especially for those who are
sedentary, depressed and anxious. Of note, after a period of
cessation of exercise, the elevated miRNAs returned to their base
state and increased again after resumption. This reminds us that
the benefits of physical exercise require unremitting efforts to
manifest, and the same should be true for any other
adjuvant therapies.

References

1. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: Globocan estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin (2018) 68(6):394-424. doi: 10.3322/
caac.21492

2. Chiu LG, Lin SM, Lo YL, Kuo SC, Yang CT, Hsu PC. Immunotherapy and
vaccination in surgically resectable non-small cell lung cancer (Nsclc). Vaccines
(Basel) (2021) 9(7):689. doi: 10.3390/vaccines9070689

3. Aggarwal A, Lewison G, Idir S, Peters M, Aldige C, Boerckel W, et al. The
state of lung cancer research: A global analysis. ] Thorac Oncol (2016) 11(7):1040-
50. doi: 10.1016/j.jth0.2016.03.010

4. McGovern A, Mahony N, Mockler D, Fleming N. Efficacy of resistance
training during adjuvant chemotherapy and radiation therapy in cancer care: A

Frontiers in Oncology

10.3389/fonc.2022.917667

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: https://www.ncbi.nlm.nih.gov/geo/.

Author contributions

YL, LH, and WW contributed equally to this work. All
authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.917667/full#supplementary-material

systematic review and meta-analysis. Support Care Cancer (2022) 30(5):3701-19.
doi: 10.1007/s00520-021-06708-6

5. Allen BG, Bhatia SK, Anderson CM, Eichenberger-Gilmore JM, Sibenaller
ZA, Mapuskar KA, et al. Ketogenic diets as an adjuvant cancer therapy: History and
potential mechanism. Redox Biol (2014) 2:963-70. doi: 10.1016/j.redox.2014.08.002

6. Mok J, Brown MJ, Akam EC, Morris MA. The lasting effects of resistance and
endurance exercise interventions on breast cancer patient mental wellbeing and
physical fitness. Sci Rep (2022) 12(1):3504. doi: 10.1038/s41598-022-07446-3

7. Minnella EM, Awasthi R, Loiselle SE, Agnihotram RV, Ferri LE, Carli F.
Effect of exercise and nutrition prehabilitation on functional capacity in
esophagogastric cancer surgery: A randomized clinical trial. JAMA Surg (2018)
153(12):1081-9. doi: 10.1001/jamasurg.2018.1645

frontiersin.org


https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fonc.2022.917667/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.917667/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3390/vaccines9070689
https://doi.org/10.1016/j.jtho.2016.03.010
https://doi.org/10.1007/s00520-021-06708-6
https://doi.org/10.1016/j.redox.2014.08.002
https://doi.org/10.1038/s41598-022-07446-3
https://doi.org/10.1001/jamasurg.2018.1645
https://doi.org/10.3389/fonc.2022.917667
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liu et al.

8. Healthy Diet A. And physical activity can help reduce your cancer risk. CA
Cancer ] Clin (2020) 70(4):272-3. doi: 10.3322/caac.21592

9. Rock CL, Thomson CA, Sullivan KR, Howe CL, Kushi LH, Caan BJ, et al.
American Cancer society nutrition and physical activity guideline for cancer
survivors. CA Cancer ] Clin (2022) 72(3):230-62. doi: 10.3322/caac.21719

10. Hojman P, Gehl J, Christensen JF, Pedersen BK. Molecular mechanisms
linking exercise to cancer prevention and treatment. Cell Metab (2018) 27(1):10-
21. doi: 10.1016/j.cmet.2017.09.015

11. Stevens C, Smith SG, Quaife SL, Vrinten C, Waller J, Beeken RJ. Interest in
lifestyle advice at lung cancer screening: Determinants and preferences. Lung
Cancer (2019) 128:1-5. doi: 10.1016/j.lungcan.2018.11.036

12. Bethea TN, Dash C, Adams-Campbell LL. A prospective cohort study of
physical activity in relation to lung cancer incidence among black women. Cancer
Epidemiol (2022) 78:102146. doi: 10.1016/j.canep.2022.102146

13. David L, Sebastian R, Jana L. Rehabilitation and physical activity of patients
with lung cancer. Klin Onkol (2022) 35(1):32-7. doi: 10.48095/ccko202232

14. Peddle-MclIntyre CJ, Singh F, Thomas R, Newton RU, Galvao DA, Cavalheri
V. Exercise training for advanced lung cancer. Cochrane Database Syst Rev (2019)
2:CD012685. doi: 10.1002/14651858.CD012685.pub2

15. Henshall CL, Allin L, Aveyard H. A systematic review and narrative
synthesis to explore the effectiveness of exercise-based interventions in
improving fatigue, dyspnea, and depression in lung cancer survivors. Cancer
Nurs (2019) 42(4):295-306. doi: 10.1097/NCC.0000000000000605

16. Machado P, Pimenta S, Oliveiros B, Ferreira JP, Martins RA, Cruz J. Effect of
exercise training on quality of life after colorectal and lung cancer surgery: A meta-
analysis. Cancers (Basel) (2021) 13(19):4975. doi: 10.3390/cancers13194975

17. Kelly DL, Yang GS, Starkweather AR, Siangphoe U, Alexander-Delpech P,
Lyon DE. Relationships among fatigue, anxiety, depression, and pain and health-
promoting lifestyle behaviors in women with early-stage breast cancer. Cancer Nurs
(2020) 43(2):134-46. doi: 10.1097/NCC.0000000000000676

18. Temel JS, Greer JA, Goldberg S, Vogel PD, Sullivan M, Pirl WEF, et al. A
structured exercise program for patients with advanced non-small cell lung cancer.
J Thorac Oncol (2009) 4(5):595-601. doi: 10.1097/JTO.0b013e31819d18e5

19. Cavalheri V, Granger CL. Exercise training as part of lung cancer therapy.
Respirology (2020) 25 Suppl 2:80-7. doi: 10.1111/resp.13869

20. Bade BC, Brooks MC, Nietert SB, Ulmer A, Thomas DD, Nietert PJ, et al.
Assessing the correlation between physical activity and quality of life in advanced
lung cancer. Integr Cancer therapies (2018) 17(1):73-9. doi: 10.1177/
1534735416684016

21. Yang M, Liu L, Gan CE, Qiu LH, Jiang XJ, He XT, et al. Effects of home-
based exercise on exercise capacity, symptoms, and quality of life in patients with
lung cancer: A meta-analysis. Eur ] Oncol Nurs (2020) 49:101836. doi: 10.1016/
j.€j0n.2020.101836

22. Prapa P, Papathanasiou IV, Bakalis V, Malli F, Papagiannis D, Fradelos EC.
Quality of life and psychological distress of lung cancer patients undergoing
chemotherapy. World ] Oncol (2021) 12(2-3):61-6. doi: 10.14740/wjon1371

23. TianX, Jin Y, Tang L, Pi YP, Chen WQ, Jimenez-Herrera MF. Predicting the
risk of psychological distress among lung cancer patients: Development and
validation of a predictive algorithm based on sociodemographic and clinical
factors. Asia Pac ] Oncol Nurs (2021) 8(4):403-12. doi: 10.4103/apjon.apjon-2114

24. Granger CL, Connolly B, Denehy L, Hart N, Antippa P, Lin KY, et al.
Understanding factors influencing physical activity and exercise in lung cancer: A
systematic review. Support Care Cancer (2017) 25(3):983-99. doi: 10.1007/s00520-
016-3484-8

25. Messaggi-Sartor M, Marco E, Martinez-Tellez E, Rodriguez-Fuster A,
Palomares C, Chiarella S, et al. Combined aerobic exercise and high-intensity
respiratory muscle training in patients surgically treated for non-small cell lung
cancer: A pilot randomized clinical trial. Eur ] Phys Rehabil Med (2019) 55(1):113—
22. doi: 10.23736/S1973-9087.18.05156-0

26. Avancini A, Cavallo A, Trestini I, Tregnago D, Belluomini L, Crisafulli E,
et al. Exercise prehabilitation in lung cancer: Getting stronger to recover faster. Eur
J Surg Oncol (2021) 47(8):1847-55. doi: 10.1016/j.¢js0.2021.03.231

27. Cavalheri V, Granger C. Preoperative exercise training for patients with
non-small cell lung cancer. Cochrane Database Syst Rev (2017) 6:CD012020.
doi: 10.1002/14651858.CD012020.pub2

28. Steffens D, Beckenkamp PR, Hancock M, Solomon M, Young J. Preoperative
exercise halves the postoperative complication rate in patients with lung cancer: A
systematic review of the effect of exercise on complications, length of stay and
quality of life in patients with cancer. Br ] Sports Med (2018) 52(5):344.
doi: 10.1136/bjsports-2017-098032

29. Dimauro I, Paronetto MP, Caporossi D. Exercise, redox homeostasis and the
epigenetic landscape. Redox Biol (2020) 35:101477. doi: 10.1016/
j.redox.2020.101477

Frontiers in Oncology

10.3389/fonc.2022.917667

30. Barros L, Eichwald T, Solano AF, Scheffer D, da Silva RA, Gaspar JM, et al.
Epigenetic modifications induced by exercise: Drug-free intervention to improve
cognitive deficits associated with obesity. Physiol Behav (2019) 204:309-23.
doi: 10.1016/j.physbeh.2019.03.009

31. Hibler E, Huang L, Andrade J, Spring B. Impact of a diet and activity health
promotion intervention on regional patterns of DNA methylation. Clin Epigenet
(2019) 11(1):133. doi: 10.1186/s13148-019-0707-0

32. Sellami M, Bragazzi N, Prince MS, Denham J, Elrayess M. Regular, intense
exercise training as a healthy aging lifestyle strategy: Preventing DNA damage,
telomere shortening and adverse DNA methylation changes over a lifetime. Front
Genet (2021) 12:652497. doi: 10.3389/fgene.2021.652497

33. Dufresne S, Rebillard A, Muti P, Friedenreich CM, Brenner DR. A review of
physical activity and circulating mirna expression: Implications in cancer risk and
progression. Cancer Epidemiol Biomarkers Prev (2018) 27(1):11-24. doi: 10.1158/
1055-9965.EPI-16-0969

34. Estebanez B, Jiménez-Pavon D, Huang CJ, Cuevas MJ, Gonzalez-Gallego J.
Effects of exercise on exosome release and cargo in in vivo and ex vivo models: A
systematic review. J Cell Physiol (2021) 236(5):3336-53. doi: 10.1002/jcp.30094

35. Hoshino A, Costa-Silva B, Shen TL, Rodrigues G, Hashimoto A, Tesic Mark
M, et al. Tumour exosome integrins determine organotropic metastasis. Nature
(2015) 527(7578):329-35. doi: 10.1038/nature15756

36. Shu S, Yang Y, Allen CL, Maguire O, Minderman H, Sen A, et al. Publisher
correction: Metabolic reprogramming of stromal fibroblasts by melanoma exosome
microrna favours a pre-metastatic microenvironment. Sci Rep (2019) 9(1):4959.
doi: 10.1038/s41598-018-37179-1

37. Zeng Z, Li Y, Pan Y, Lan X, Song F, Sun J, et al. Cancer-derived exosomal
mir-25-3p promotes pre-metastatic niche formation by inducing vascular
permeability and angiogenesis. Nat Commun (2018) 9(1):5395. doi: 10.1038/
541467-018-07810-w

38. Slattery ML, Herrick JS, Pellatt DF, Mullany LE, Stevens JR, Wolff E, et al.
Site-specific associations between mirna expression and survival in colorectal
cancer cases. Oncotarget (2016) 7(37):60193-205. doi: 10.18632/oncotarget.11173

39. Faversani A, Favero C, Dioni L, Pesatori AC, Bollati V, Montoli M, et al. An
Ebc/Plasma mirna signature discriminates lung adenocarcinomas from pleural
mesothelioma and healthy controls. Front Oncol (2021) 11:643280. doi: 10.3389/
fonc.2021.643280

40. Povero D, Tameda M, Eguchi A, Ren W, Kim J, Myers R, et al. Protein and
mirna profile of circulating extracellular vesicles in patients with primary sclerosing
cholangitis. Sci Rep (2022) 12(1):3027. doi: 10.1038/541598-022-06809-0

41. Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. Cell
(2011) 144(5):646-74. doi: 10.1016/j.cell.2011.02.013

42. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing
exercise as therapy in 26 different chronic diseases. Scand ] Med Sci Sports (2015) 25
Suppl 3:1-72. doi: 10.1111/sms.12581

43. Handschin C, Spiegelman BM. The role of exercise and Pgclalpha in
inflammation and chronic disease. Nature (2008) 454(7203):463-9. doi: 10.1038/
nature07206

44. Robsahm TE, Hestvik UE, Veierod MB, Fagerlie A, Nystad W, Engebretsen
L, et al. Cancer risk in Norwegian world class athletes. Cancer Causes Control
(2010) 21(10):1711-9. doi: 10.1007/s10552-010-9600-z

45. Beuchat-Mamie S, Sperisen N, Molnar P, Kocer S. [Physical activity and
cancer]. Praxis (Bern 1994) (2018) 107(17-18):965-70. doi: 10.1024/1661-8157/
2003064

46. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA,
et al. The physical activity guidelines for americans. JAMA (2018) 320(19):2020-8.
doi: 10.1001/jama.2018.14854

47. Lee IM. Physical activity and cancer prevention-data from epidemiologic
studies. Med Sci Sports Exerc (2003) 35(11):1823-7. doi: 10.1249/
01.MSS.0000093620.27893.23

48. Teba PP, Esther MG, Raquel SG. Association between physical activity and
patient-reported outcome measures in patients with lung cancer: A systematic
review and meta-analysis. Qual Life Res (2022):31(7):1963-76. doi: 10.1007/
s11136-021-03053-3

49. Slack FJ, Chinnaiyan AM. The role of non-coding rnas in oncology. Cell
(2019) 179(5):1033-55. doi: 10.1016/j.cell.2019.10.017

50. Whiteside TL. Exosome and mesenchymal stem cell cross-talk in the tumor
microenvironment. Semin Immunol (2018) 35:69-79. doi: 10.1016/
j.smim.2017.12.003

51. Xu T, Liu Q, Yao J, Dai Y, Wang H, Xiao J. Circulating micrornas in response
to exercise. Scand ] Med Sci Sports (2015) 25(2):e149-54. doi: 10.1111/sms.12421

52. Lu]J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al. Microrna
expression profiles classify human cancers. Nature (2005) 435(7043):834-8.
doi: 10.1038/nature03702

frontiersin.org


https://doi.org/10.3322/caac.21592
https://doi.org/10.3322/caac.21719
https://doi.org/10.1016/j.cmet.2017.09.015
https://doi.org/10.1016/j.lungcan.2018.11.036
https://doi.org/10.1016/j.canep.2022.102146
https://doi.org/10.48095/ccko202232
https://doi.org/10.1002/14651858.CD012685.pub2
https://doi.org/10.1097/NCC.0000000000000605
https://doi.org/10.3390/cancers13194975
https://doi.org/10.1097/NCC.0000000000000676
https://doi.org/10.1097/JTO.0b013e31819d18e5
https://doi.org/10.1111/resp.13869
https://doi.org/10.1177/1534735416684016
https://doi.org/10.1177/1534735416684016
https://doi.org/10.1016/j.ejon.2020.101836
https://doi.org/10.1016/j.ejon.2020.101836
https://doi.org/10.14740/wjon1371
https://doi.org/10.4103/apjon.apjon-2114
https://doi.org/10.1007/s00520-016-3484-8
https://doi.org/10.1007/s00520-016-3484-8
https://doi.org/10.23736/S1973-9087.18.05156-0
https://doi.org/10.1016/j.ejso.2021.03.231
https://doi.org/10.1002/14651858.CD012020.pub2
https://doi.org/10.1136/bjsports-2017-098032
https://doi.org/10.1016/j.redox.2020.101477
https://doi.org/10.1016/j.redox.2020.101477
https://doi.org/10.1016/j.physbeh.2019.03.009
https://doi.org/10.1186/s13148-019-0707-0
https://doi.org/10.3389/fgene.2021.652497
https://doi.org/10.1158/1055-9965.EPI-16-0969
https://doi.org/10.1158/1055-9965.EPI-16-0969
https://doi.org/10.1002/jcp.30094
https://doi.org/10.1038/nature15756
https://doi.org/10.1038/s41598-018-37179-1
https://doi.org/10.1038/s41467-018-07810-w
https://doi.org/10.1038/s41467-018-07810-w
https://doi.org/10.18632/oncotarget.11173
https://doi.org/10.3389/fonc.2021.643280
https://doi.org/10.3389/fonc.2021.643280
https://doi.org/10.1038/s41598-022-06809-0
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1111/sms.12581
https://doi.org/10.1038/nature07206
https://doi.org/10.1038/nature07206
https://doi.org/10.1007/s10552-010-9600-z
https://doi.org/10.1024/1661-8157/a003064
https://doi.org/10.1024/1661-8157/a003064
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1249/01.MSS.0000093620.27893.23
https://doi.org/10.1249/01.MSS.0000093620.27893.23
https://doi.org/10.1007/s11136-021-03053-3
https://doi.org/10.1007/s11136-021-03053-3
https://doi.org/10.1016/j.cell.2019.10.017
https://doi.org/10.1016/j.smim.2017.12.003
https://doi.org/10.1016/j.smim.2017.12.003
https://doi.org/10.1111/sms.12421
https://doi.org/10.1038/nature03702
https://doi.org/10.3389/fonc.2022.917667
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liu et al.

53. Gebert LFR, MacRae IJ. Regulation of microrna function in animals. Nat
Rev Mol Cell Biol (2019) 20(1):21-37. doi: 10.1038/s41580-018-0045-7

54. Nikolic I, Elsworth B, Dodson E, Wu SZ, Gould CM, Mestdagh P, et al.
Discovering cancer vulnerabilities using high-throughput micro-rna screening.
Nucleic Acids Res (2017) 45(22):12657-70. doi: 10.1093/nar/gkx1072

55. Pina-Sanchez P, Valdez-Salazar HA, Ruiz-Tachiquin ME. Circulating
micrornas and their role in the immune response in triple-negative breast
cancer. Oncol Lett (2020) 20(5):224. doi: 10.3892/01.2020.12087

56. Ning R, Meng S, Wang L, Jia Y, Tang F, Sun H, et al. 6 circulating mirnas can
be used as non-invasive biomarkers for the detection of cervical lesions. J Cancer
(2021) 12(17):5106-13. doi: 10.7150/jca.51141

57. Lin Q, Mao W, Shu Y, Lin F, Liu S, Shen H, et al. A cluster of specified
micrornas in peripheral blood as biomarkers for metastatic non-Small-Cell lung
cancer by stem-loop rt-pcr. J Cancer Res Clin Oncol (2012) 138(1):85-93.
doi: 10.1007/s00432-011-1068-z

58. Savitri E, Safri JS, Djamin R, Punagi AQ, Wardana T. Expression of micro
rna-21 and 29c in blood plasma of patients with nasopharyngeal carcinoma.
(2017):17(4):148-55. doi: 10.3923/jms.2017.148.155

59. Lv A, Tu Z, Huang Y, Lu W, Xie B. Circulating exosomal Mir125a5p as a
novel biomarker for cervical cancer. Oncol Lett (2021) 21(1):54. doi: 10.3892/
01.2020.12316

60. Yoshikawa M, Ilinuma H, Umemoto Y, Yanagisawa T, Matsumoto A, Jinno
H. Exosome-encapsulated microrna-223-3p as a minimally invasive biomarker for
the early detection of invasive breast cancer. Oncol Lett (2018) 15(6):9584-92.
doi: 10.3892/01.2018.8457

61. Switlik W, Karbownik MS, Suwalski M, Kozak J, Szemraj J. Mir-30a-5p together
with mir-210-3p as a promising biomarker for non-small cell lung cancer: A
preliminary study. Cancer Biomark (2018) 21(2):479-88. doi: 10.3233/CBM-170767

62. Lao TD, Kim TP, Ai H. Mirna-141 as the biomarker for human cancers.
Asian ] Pharm Res Health Care (AJPRHC) (2018) 10(2):42-9. doi: 10.18311/ajprhc/
2018/21486

63. Mori MA, Ludwig RG, Garcia-Martin R, Brandao BB, Kahn CR.
Extracellular mirnas: From biomarkers to mediators of physiology and disease.
Cell Metab (2019) 30(4):656-73. doi: 10.1016/j.cmet.2019.07.011

64. Qiao J, Tang H, Fu YX. DNA Sensing and immune responses in cancer
therapy. Curr Opin Immunol (2017) 45:16-20. doi: 10.1016/j.c0i.2016.12.005

65. Margolis LM, Lessard SJ, Ezzyat Y, Fielding RA, Rivas DA. Circulating microrna
are predictive of aging and acute adaptive response to resistance exercise in men.
J Gerontol A Biol Sci Med Sci (2017) 72(10):1319-26. doi: 10.1093/gerona/glw243

66. Radom-Aizik S, Zaldivar FJr., Leu SY, Adams GR, Oliver S, Cooper DM.
Effects of exercise on microrna expression in young males peripheral blood
mononuclear cells. Clin Transl Sci (2012) 5(1):32-8. doi: 10.1111/j.1752-
8062.2011.00384.x

67. DA Silva NDJr, Fernandes T, Soci UP, Monteiro AW, Phillips MI, DE
Oliveira EM. Swimming training in rats increases cardiac microrna-126 expression
and angiogenesis. Med Sci Sports Exerc (2012) 44(8):1453-62. doi: 10.1249/
MSS.0b013e31824¢8a36

68. Fernandes T, Magalhaes FC, Roque FR, Phillips MI, Oliveira EM. Exercise
training prevents the microvascular rarefaction in hypertension balancing angiogenic
and apoptotic factors: Role of micrornas-16, -21, and -126. Hypertension (2012) 59
(2):513-20. doi: 10.1161/HYPERTENSIONAHA.111.185801

Frontiers in Oncology

12

10.3389/fonc.2022.917667

69. Wahl P, Wehmeier UF, Jansen FJ, Kilian Y, Bloch W, Werner N, et al. Acute
effects of different exercise protocols on the circulating vascular micrornas -16, -21,
and -126 in trained subjects. Front Physiol (2016) 7:643. doi: 10.3389/
fphys.2016.00643

70. Baggish AL, Park J, Min PK, Isaacs S, Parker BA, Thompson PD, et al. Rapid
upregulation and clearance of distinct circulating micrornas after prolonged
aerobic exercise. ] Appl Physiol (1985) (2014) 116(5):522-31. doi: 10.1152/
japplphysiol.01141.2013

71. Rowlands DS, Page RA, Sukala WR, Giri M, Ghimbovschi SD, Hayat I, et al.
Multi-omic integrated networks connect DNA methylation and mirna with skeletal
muscle plasticity to chronic exercise in type 2 diabetic obesity. Physiol Genomics
(2014) 46(20):747-65. doi: 10.1152/physiolgenomics.00024.2014

72. Milagro FI, Miranda ], Portillo MP, Fernandez-Quintela A, Campion J,
Martinez JA. High-throughput sequencing of micrornas in peripheral blood
mononuclear cells: Identification of potential weight loss biomarkers. PloS One
(2013) 8(1):e54319. doi: 10.1371/journal.pone.0054319

73. Silva GJJ, Bye A, El Azzouzi H, Wisloff U. Micrornas as important regulators
of exercise adaptation. Prog Cardiovasc Dis (2017) 60(1):130-51. doi: 10.1016/
j.pcad.2017.06.003

74. Yongchun Z, Linwei T, Xicai W, Lianhua Y, Guangqiang Z, Ming Y, et al.
Microrna-195 inhibits non-small cell lung cancer cell proliferation, migration and
invasion by targeting myb. Cancer Lett (2014) 347(1):65-74. doi: 10.1016/
j.canlet.2014.01.019

75. Tao Z, Xu S, Ruan H, Wang T, Song W, Qian L, et al. Mir-195/-16 family
enhances radiotherapy via T cell activation in the tumor microenvironment by
blocking the pd-L1 immune checkpoint. Cell Physiol Biochem (2018) 48(2):801-14.
doi: 10.1159/000491909

76. Yuan C, Xiang L, Bai R, Cao K, Gao Y, Jiang X, et al. Mir-195 restrains lung
adenocarcinoma by regulating Cd4+ T cell activation via the Ccdc88c/Wnt
signaling pathway: A study based on the cancer genome atlas (Tcga), gene
expression omnibus (Geo) and bioinformatic analysis. Ann Transl Med (2019) 7
(12):263. doi: 10.21037/atm.2019.05.54

77. DuJY, Wang LF, Wang Q, Yu LD. Mir-26b inhibits proliferation, migration,
invasion and apoptosis induction via the downregulation of 6-Phosphofructo-2-
Kinase/Fructose-2,6-Bisphosphatase-3 driven glycolysis in osteosarcoma cells.
Oncol Rep (2015) 33(4):1890-8. doi: 10.3892/0r.2015.3797

78. Zang S, Zhao S, Gao X, Li Y, Zhong C, Gao J. Restoration of mir-26b
expression partially reverses the cisplatin resistance of nsclc by targeting tafazzin.
Onco Targets Ther (2019) 12:7551-60. doi: 10.2147/OTT.S212649

79. Chen E, Li E, Liu H, Zhou Y, Wen L, Wang J, et al. Mir-26b enhances the
sensitivity of hepatocellular carcinoma to doxorubicin via Usp9x-dependent
degradation of P53 and regulation of autophagy. Int J Biol Sci (2021) 17(3):781—
95. doi: 10.7150/ijbs.52517

80. Miko E, Margitai Z, Czimmerer Z, Varkonyi I, Dezso B, Lanyi A, et al. Mir-
126 inhibits proliferation of small cell lung cancer cells by targeting Slc7a5. FEBS
Lett (2011) 585(8):1191-6. doi: 10.1016/j.febslet.2011.03.039

81. Liu B, Wang R, Liu H. Mir-126-5p promotes cisplatin sensitivity of non-
Small-Cell lung cancer by inhibiting Adam9. BioMed Res Int (2021) 2021:6622342.
doi: 10.1155/2021/6622342

82. Hua Y, Liang C, Miao C, Wang S, Su S, Shao P, et al. Microrna-126 inhibits

proliferation and metastasis in prostate cancer via regulation of Adam9. Oncol Lett
(2018) 15(6):9051-60. doi: 10.3892/01.2018.8528

frontiersin.org


https://doi.org/10.1038/s41580-018-0045-7
https://doi.org/10.1093/nar/gkx1072
https://doi.org/10.3892/ol.2020.12087
https://doi.org/10.7150/jca.51141
https://doi.org/10.1007/s00432-011-1068-z
https://doi.org/10.3923/jms.2017.148.155
https://doi.org/10.3892/ol.2020.12316
https://doi.org/10.3892/ol.2020.12316
https://doi.org/10.3892/ol.2018.8457
https://doi.org/10.3233/CBM-170767
https://doi.org/10.18311/ajprhc/2018/21486
https://doi.org/10.18311/ajprhc/2018/21486
https://doi.org/10.1016/j.cmet.2019.07.011
https://doi.org/10.1016/j.coi.2016.12.005
https://doi.org/10.1093/gerona/glw243
https://doi.org/10.1111/j.1752-8062.2011.00384.x
https://doi.org/10.1111/j.1752-8062.2011.00384.x
https://doi.org/10.1249/MSS.0b013e31824e8a36
https://doi.org/10.1249/MSS.0b013e31824e8a36
https://doi.org/10.1161/HYPERTENSIONAHA.111.185801
https://doi.org/10.3389/fphys.2016.00643
https://doi.org/10.3389/fphys.2016.00643
https://doi.org/10.1152/japplphysiol.01141.2013
https://doi.org/10.1152/japplphysiol.01141.2013
https://doi.org/10.1152/physiolgenomics.00024.2014
https://doi.org/10.1371/journal.pone.0054319
https://doi.org/10.1016/j.pcad.2017.06.003
https://doi.org/10.1016/j.pcad.2017.06.003
https://doi.org/10.1016/j.canlet.2014.01.019
https://doi.org/10.1016/j.canlet.2014.01.019
https://doi.org/10.1159/000491909
https://doi.org/10.21037/atm.2019.05.54
https://doi.org/10.3892/or.2015.3797
https://doi.org/10.2147/OTT.S212649
https://doi.org/10.7150/ijbs.52517
https://doi.org/10.1016/j.febslet.2011.03.039
https://doi.org/10.1155/2021/6622342
https://doi.org/10.3892/ol.2018.8528
https://doi.org/10.3389/fonc.2022.917667
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Systematic assessment of microRNAs associated with lung cancer and physical exercise
	Introduction
	Materials and methods
	Data collection and processing
	Prediction of potential target genes of miRNA
	Functional enrichment analysis
	Exploration of signatures associated with cancer
	Statistical analysis

	Result
	Identification of LC-associated miRNAs
	Functional enrichment analysis of LC-associated miRNA target genes
	Interaction analysis of exercise- and LC-associated miRNAs
	Co-target genes of exercise- and LC-associated miRNAs affected immune infiltration and cell cycle
	Core-miRNAs regulated by exercise and LC are associated with patient prognosis
	Expression and function of hub-genes in pan-cancer

	Discussion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


