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Acute aerobic exercise alters
serum protein distribution in
colorectal cancer patients
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1Department of Pathology, First Affiliated Hospital of Harbin Medical University, Harbin, China,
2Department of Comprehensive Rehabilitation, Beidahuang Industry Group General Hospital,
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Background: Acute aerobic exercise has been shown to exert beneficial effects

on colorectal cancer (CRC) patients, however, the specific molecular

mechanisms underlying these effects remain unclear. To investigate the

relationship between exercise and CRC progression, we conducted a

prospective cohort study to analyze the impact of acute aerobic exercise on

serum protein profiles in CRC patients.

Methods: Serum samples from 10 CRC patients were collected and analyzed

using proteomics following either no exercise or acute aerobic exercise.

Weighted gene co-expression network analysis (WGCNA) was employed to

identify protein modules associated with exercise. Protein-protein interaction

(PPI) analysis was further conducted to pinpoint key proteins influenced by

exercise. Western blotting was used to validate the expression changes of

identified proteins.

Results:WGCNA revealed that the blue module exhibited the highest correlation

with 42 serum protein, 27 of which showed significant changes post-exercise

compared with pre-exercise. PPI analysis identified ARF6, ARF5, and RAB11A as

the core proteins. Western blotting further confirmed that their expression levels

were significantly reduced in the post-exercise group, making them key targets

in current clinical treatment protocols.

Conclusion: This study demonstrates that acute aerobic exercise alters the

serum protein profile in CRC patients, with significant reductions in ARF6,

ARF5, and RAB11A representing the most meaningful changes. These findings

provide strong evidence supporting the use of acute aerobic exercise as a

therapeutic intervention for CRC.
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1 Introduction

Colorectal cancer (CRC) ranks as the third most predominant

cancer worldwide and is the leading cause of cancer-related

fatalities. It is acknowledged to be a prevalent international health

crisis (1). The prevalence is anticipated to increase by 60% by 2030

(2). Immunotherapy, gene therapy, and emerging lymph node

clearance techniques have shown remarkable anti-tumor effects

(3–6). Although patient survival has improved, pain treatment

and fear of the disease disrupt patients’ lifestyles (7, 8). In fact,

the high prevalence of CRC is closely related to chronic

inflammatory bowel disease and lifestyle, including factors such

as physical inactivity, obesity, and an unhealthy diet (9, 10).

Physical activity has been demonstrated to significantly mitigate

the risk and progression of chronic diseases, including colorectal cancer

(CRC) (11). Evidence suggests that higher levels of physical activity are

associated with a marked reduction in mortality among CRC survivors

(10). Furthermore, exercise has been shown to enhance quality of life,

reduce CRC-specific mortality, and lower all-cause mortality in both

CRC patients and survivors (12, 13). Defined as a structured and

purposeful form of movement aimed at improving physical fitness

(14), exercise induces the release of biologically active molecules, such

as proteins, nucleic acids, and metabolites, from skeletal muscles and

other glands into the bloodstream. These molecules can exert systemic

effects on distant cells through endocrine-like signaling mechanisms

(15). While different types of physical activity may be beneficial for

various cancer types (16), research in this area remains limited.

Notably, few randomized controlled trials have explored the impact

of high-intensity aerobic exercise in CRC patients, and existing studies

are often constrained by small sample sizes (17).

We developed an acute aerobic exercise at a certain intensity as a

training program for patients with CRC. The serum proteome was

analyzed by extracting the serum from patients before and after acute

aerobic exercise. We obtained overlapping proteins of the two

analyses using two popular analytical methods, differential protein

analysis and weighted gene co-expression network analysis

(WGCNA), to observe specific differential proteins before and after

exercise. Proteins play crucial roles in various biological processes,

molecular functions, and creation of cellular components. Their

participation is essential and widespread, making them significant

contributors to biology. Progress in cancer immunotherapy has

emphasized the critical requirement for biomarkers to forecast

reactions to immune checkpoint obstruction and to select new

antigens for individualized vaccine production (18). Proteomics

offers novel solutions for these requirements. Our study presents

data on biomarkers related to acute aerobic exercise at specific

intensities, and potentially provides compelling evidence for the

beneficial impact of exercise on CRC patients.
2 Methods

2.1 Participants

We recruited patients diagnosed with CRC between January 2023

and June 2023. During the history-taking process, a questionnaire
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was used to determine the patients’ exercise. The inclusion criteria

were age ≥50 years, body mass index (BMI) ≥18.4, and never engaged

in moderate-to-vigorous physical activity standardized as ≥3 days in

3 months and ≥30 minutes per week (19). No treatment for any type

of malignant tumor. Not receiving insulin or an insulin sensitizer and

having no risk factors (such as cardiopulmonary disease, previous

myocardial infarction, and low ejection fraction) that would prevent

the safe completion of the exercise study. Participants were required

to obtain a doctor’s consent to participate in the program. This study

was approved by the Ethics Committee of Beidahuang Industry

Group General Hospital (No. KY-2023101801), and informed

consent was obtained from all participants. None of the

participants had died before the end of the experiment.
2.2 Experimental models of exercise

Ten CRC patients performed moderate-intensity interval aerobic

exercise on a cardiopulmonary exercise testing machine (COSMED,

Quark PFT Ergo, Italy) (19). The entire procedure was performed under

the supervision of researchers from the Department of Comprehensive

Rehabilitation of Beidahuang Industry Group General Hospital. After a

10-minute warm-up of low-resistance pedaling (30 W), patients

performed 6×5 minutes of interval exercise at 65%-75% of their

maximal heart rate. They were assessed for perceived exertion every 5

min of exercise, with 3min of active recovery between each set (20). The

patients exercised for 30min. Blood samples were collected immediately

after completion of the exercise program.
2.3 No experimental models of exercise

To control for natural bias in serum analysis, control serum

samples were collected from the same 10 CRC patients, as described

above. On the day of testing, control serum was collected early in

the morning. Patients were placed on an empty stomach and did

not exercise. This eliminates the possibility that other variables may

have influenced the results.
2.4 Serum preparation

Blood samples, each approximately 20 ml, were collected from

the antecubital vein using four 5 ml Vacutainer serum tubes (BD,

South Carolina). After collection, the samples were left to clot at

room temperature for approximately 30 minutes. They were then

centrifuged at 1000 × g for 15 minutes to separate the serum, which

was carefully aliquoted and stored at -80°C until further analysis.
2.5 Sample preparation for proteome
analysis

Proteomic analyses were performed uniformly after collecting

20 serum samples from the 10 patients. Technical support for
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proteomics was provided by the Shanghai Applied Protein

Technology Co. In total, low-abundance proteins in each serum/

plasma sample were obtained using magnetic beads (21). An in-

solution digestion procedure was used to digest the proteins bound

to magnetic beads. The peptide content was estimated using the UV

light spectral density at 280 nm. For data independent acquisition

(DIA) experiments, iRT calibration peptides were spiked into each

sample. Equal amounts of digested peptides were pooled into one

sample and fractionated using the Thermo Scientific™ Pierce™

High pH Reversed-Phase Peptide Fractionation Kit. Each fraction

was desalted and re-constituted.
2.6 Mass spectrometry assay for DIA and
MS data analysis

The peptides from each sample were analyzed using a

TIMSTOF mass spectrometer (Bruker) connected to an Evosep

One system liquid chromatograph (Denmark) in DIA mode. The

mass spectrometer collected the ion mobility MS spectra over a

mass range of m/z 100-1700. The DIA data were analyzed using

Spectronaut™ 16. This database was downloaded from http://

www.uniprot.org/. The iRT peptide sequence was added

(BiognosysiRT Kit). All results were filtered based on a value

cutoff of 0.01 (equivalent to FDR<0.01).
2.7 Bioinformatic analysis

Cluster 3.0 (http://bonsai.hgc.jp/~mdehoon/software/cluster/

so f tware .h tm) and Java Treev i ew so f tware (h t tp : / /

jtreeview.sourceforge.net) were used to perform the hierarchical

clustering analysis.

2.7.1 GO and KEGG annotation
The protein sequences of the selected differentially expressed

proteins were locally searched to find homologous sequences, gene

ontology (GO) terms were mapped, and sequences were annotated

using the software program Blast2GO. Proteins were blasted against

the online Kyoto Encyclopedia of Genes and Genomes (KEGG)

database (https://www.genome.jp/kegg/) to retrieve their KEGG

orthology identifications, and were subsequently mapped to

KEGG pathways (22–24).

2.7.2 Enrichment analysis
Enrichment analyses were applied based on Fisher’s exact test,

considering all quantified proteins as the background dataset. The

Benjamini- Hochberg correction for multiple testing was further

applied to adjust the derived p-values. Only functional categories

and pathways with p-values under a threshold of 0.05 were

considered significant (25–27).

2.7.3 Protein-protein interaction analysis
PPI information of the studied proteins was retrieved from the

IntAct molecular interaction database (http://www.ebi.ac.uk/intact/)
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using their gene symbols or STRING software (http://string-

db.org/). The results were downloaded and imported into the

Cytoscape software (http://www.cytoscape.org/, version 3.2.1).

The degree of each protein was calculated to evaluate the

importance of the proteins in the PPI network.

2.7.4 Weighted gene co-expression network
analysis

Weighted Gene Co-Expression Network Analysis (WGCNA)

was performed using the WGCNA package in R (Version 1.69) to

identify distinct protein modules among all detected proteins. A

weighted protein co-expression network was constructed based on

the log2-transformed protein abundance matrix (28).
2.8 Western Blot analysis

The Western Blot assay was conducted following established

protocols (29–31). High-abundance proteins were first removed,

and five pairs of serum samples were randomly selected for analysis.

Serum protein samples were diluted and quantified using the BCA

method. Subsequently, the samples were subjected to

electrophoresis on SDS-PAGE gels, followed by transfer to PVDF

membranes. The membranes were blocked with 5% fetal bovine

serum and incubated with the following primary antibodies: ARF6

(20225-1-AP, Proteintech, China), ARF5 (20227-1-AP, Proteintech,

China), RAB11A (20229-1-AP, Proteintech, China), and transferrin

(66171-1-lg, Proteintech, China) (32). After incubation with

species-specific secondary antibodies for 1 hour at room

temperature, protein expression levels were visualized using the

ECL detection method.
2.9 Statistical analysis

Western Blot experiments were repeated at least three times,

and the results were calculated as gray values using ImageJ (33).

Statistical analyses were performed using Prism 8.0.2. Comparisons

between the two groups were made using the t-test, and statistical

results were expressed as mean ± SEM values, with P < 0.05

considered statistically significant.
3 Results

3.1 Acute aerobic exercise alters serum
protein expression levels in CRC patients

The baseline characteristics of the 10 colorectal cancer (CRC)

patients who participated in the acute aerobic exercise trial are

summarized in Table 1. A three-dimensional (3D) principal

component analysis (PCA) demonstrated distinct separation

between the post-exercise (Post) and pre-exercise (Pre) groups,

indicating significant differences in their principal components

(Figure 1A). Additionally, a total of 1,146 overlapping proteins
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were identified across the samples (Figure 1B). To screen for

significantly differentially expressed proteins (DEPs), a fold

change (FC) threshold of >1.5 was defined as upregulation and

<0.67 as downregulation, with a p-value <0.05 considered

statistically significant (34). Among the 171 DEPs identified, 103

were downregulated and 68 were upregulated following exercise

(Figure 1C). Volcano plots further illustrated the differential

expression patterns of selected DEPs, highlighting their respective

fold changes (Figure 1D; Supplementary Table 1). Hierarchical

clustering analysis provided a more intuitive picture of the serum

protein expression in each patient. As shown in Figure 1E, acute

aerobic exercise induced notable alterations in the distribution of

serum proteins.
3.2 Functional properties of differentially
expressed proteins

We initially conducted Gene Ontology (GO) functional analysis

(p-value <0.05) to enrich and categorize the 171 differentially

expressed proteins (DEPs). Figure 2A illustrates the involvement

of DEPs in biological processes (BP), molecular functions (MF), and

cellular components (CC). The analysis revealed that acute aerobic

exercise predominantly alters the expression of cytoplasmic

proteins, which are primarily associated with the localization of

cellular macromolecules and the positive regulation of catalytic

activity. In terms of MF, the DEPs were found to predominantly

bind to cadherin and cytoskeletal proteins. Subsequently, Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway analysis (P

<0.05) was employed to identify enriched pathways among the 171

DEPs (Figure 2B). The results indicated that these DEPs are mainly

involved in protein and carbohydrate digestion and absorption, as

well as thyroid cancer. To further explore the functional relevance
Frontiers in Oncology 04
of these pathways, KEGG pathway enrichment analysis was

performed separately for the up- and down-regulated DEPs

(Figure 2C). The butterfly plots demonstrated that up-regulated

DEPs were primarily associated with ribosome and extracellular

matrix (ECM)-receptor interactions, whereas down-regulated DEPs

were predominantly linked to the phospholipase D signaling

pathway. Finally, protein-protein interaction (PPI) analysis was

conducted, revealing direct interactions among 140 out of the 171

proteins. Based on their high aggregation and functional similarity,

these proteins were classified into five distinct groups (Figure 2D).
3.3 CRC patients’ serum protein can be
divided into 9 modules

To detect the co-expressed proteins, a weighted co-expression

network based on 1181 filtered proteins was constructed using

WGCNA. Two clinical parameters, namely pre-exercise and post-

exercise, were utilized in the application of WGCNA. To build the

scale-free network, we established a soft-threshold power b of 5, set

the independence at 0.9, and maintained the average connectivity

near 0 (Figure 3A). Calculation of expression correlation

coefficients between proteins based on the optimal soft threshold

identified nine co-expression modules that were generated: green,

pink, yellow, brown, black, blue, red, turquoise, and gray

(Figure 3B). The gray module contains proteins that cannot be

merged into any of the other modules. It also shows the co-

expression of pre- and Post as traits.
3.4 Functional properties of proteins in
blue modules

As shown in Figure 3C, the blue module had the highest

correlation with the presence or absence of acute aerobic exercise,

and the proteins within the module were negatively correlated post-

exercise (cor=-0.84, p-value=4×10-6). In addition, consistency analysis

showed a high correlation between the blue module and the proteins

detected in the patient serum (Figure 3D). Therefore, we selected the

blue module from the nine available modules for further analysis.

Gene Ontology (GO) analysis was conducted on the 199 proteins

included in the blue module (Figure 4A). These proteins are

predominantly localized intracellularly and within the cytoplasm,

with their primarymolecular function being the regulation of GTPase

activity. Additionally, they play a role in modulating Ras signaling

pathways. Kyoto Encyclopedia of Genes and Genomes (KEGG)

pathway enrichment analysis was also performed on these 199

proteins (Figure 4B). Consistent with the earlier KEGG analysis of

differentially expressed proteins (DEPs), the proteins in the blue

module were primarily associated with the phospholipase D signaling

pathway and protein digestion and absorption processes. After

strictly controlling the P-values of the GO and KEGG enrichment

pathways to be less than 0.05, 42 proteins appeared simultaneously in

the two enrichment methods. Next, the proteins were subjected to

protein-protein interaction (PPI) analysis (Figure 4C).
TABLE 1 Patients in this study - basic information.

Characteristic Mean ± SD or number (%)

Gender
Male
Female

4 (40)
6 (60)

Age (y) 63.00 ± 8.08

Body mass (kg) 63.58 ± 10.94

Height (cm) 162.60 ± 8.72

BMI (kg/m2) 24.02 ± 2.89

Smoking status
Current smoker
Previous smoker

0 (0)
3 (30)

Ethnicity
Han Chinese people 10 (100)

Marital status
Married
Single

7 (70)
3(30)

Chemotherapy
No chemotherapy 10(100)
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FIGURE 1

Differential expression in serum proteomes before and after acute aerobic exercise in CRC patients. (A) Aggregation of principal components in
serum of CRC patients before and after experiencing acute aerobic exercise. (B) Venn diagram showing 1146 overlapping proteins in the two groups.
(C) Histograms and (D) volcano plots showing the number and names of significantly differentially expressed proteins between Pre and Post groups.
(E) Heatmap of hierarchical clustering analysis of protein expression in each sample. (Pre: before experiencing acute aerobic exercise, Post: after
experiencing acute aerobic exercise).
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3.5 Acute aerobic exercise significantly
reduces serum levels of ARF6, ARF5 and
RAB11A in patients with CRC

By intersecting the differentially expressed proteins (DEPs)

identified in the Post vs. Pre comparison with the protein-protein

interaction (PPI) proteome from the blue module of Weighted

Gene Co-Expression Network Analysis (WGCNA), we identified 27

proteins. PPI analysis was subsequently performed on these

proteins (Figure 4D). The results revealed that three proteins

exhibited the highest number of interactions: P62330 (ARF6)

interacted with seven proteins, while P84085 (ARF5) and P62491

(RAB11A) each interacted with six proteins. These three proteins

were also observed among the DEPs, with all showing a significant

decrease in expression (Figure 4E).

To further investigate the changes in expression levels of ARF6,

ARF5, and RAB11A before and after exercise in patients, serum

protein samples from five randomly selected patients were subjected
Frontiers in Oncology 06
to Western blotting (Figure 5A). The results demonstrated a

reduction in the expression levels of all three proteins in the Post

group compared to the Pre group (Figures 5B-D). Collectively, both

the proteomic analysis and Western blotting experiments indicated

that the serum levels of ARF6, ARF5, and RAB11A in CRC patients

significantly decreased following acute aerobic exercise.
4 Discussion

Multi-omics has been widely used in tumor diagnosis and

detecting potential biomarkers (35–38), such as single-cell

analysis and machine learning (39–43). In this study, we

employed advanced proteomic and bioinformatics techniques to

investigate changes in serum protein levels in colorectal cancer

(CRC) patients before and after acute aerobic exercise. Using

differential expression analysis, we identified 171 significantly

altered proteins, while weighted gene co-expression network
FIGURE 2

Functional enrichment analysis of differential proteins before and after acute aerobic exercise. (A) GO enrichment analysis of 171 differentially expressed
proteins (BP, biological processes; MF, molecular functions and CC, cellular components). The vertical coordinates represent the number of different proteins
under each functional classification. The color bars represent the importance of the enriched GO functional classifications. (B) KEGG pathway analysis of 171
differentially expressed proteins. (C) Butterfly plot showing the enrichment of up-regulated (red or right) and down-regulated (blue or left) KEGG pathways.
(D) Plot of interaction patterns of significantly different proteins between groups of Post vs. Pre. Annotated with different colored backgrounds based on
similar biological functions.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1586344
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jin et al. 10.3389/fonc.2025.1586344
analysis (WGCNA) revealed 42 proteins strongly associated with

the blue module. These findings suggest that acute aerobic exercise

may influence protein distribution in CRC patients, potentially

modulating disease-related pathways. The identified differentially

expressed proteins (DEPs) provide valuable insights into the

mechanisms underlying the effects of exercise and could serve as

a foundation for further research into its therapeutic potential

in CRC.

By intersecting the 171 differentially expressed proteins (DEPs)

identified through differential expression analysis with the 42 core

proteins from weighted gene co-expression network analysis
Frontiers in Oncology 07
(WGCNA), we obtained 27 specific proteins. These proteins not

only validate the reliability of both methods but also highlight their

potential functional significance in acute aerobic exercise among

CRC patients. WGCNA identifies proteins with similar expression

patterns, revealing functional modules and interactions (44), while

differential expression analysis focuses on proteins significantly

altered under specific conditions, pinpointing key players in acute

aerobic exercise (45). Combining these approaches enhances the

identification of regulatory networks and molecular mechanisms

underlying biological processes. Among the 27 proteins analyzed in

the protein-protein interaction (PPI) network, ARF6, ARF5, and
FIGURE 3

WGCNA of the serum proteome before and after acute aerobic exercise. (A)The horizontal coordinates of both graphs, represent the value of the
soft threshold (power) taken. The vertical coordinate of the left graph is the scale-free fit index, i.e., signed R2, and the vertical coordinate of the
right graph represents the average connectivity of all nodes. (B) The dendrogram shows the clustering of proteins and the colours below represent
the nine identified modules. (C) Module trait relationships for clinical traits. The left side of each cell displays the module name and shows the
correlation between the module trait genes and each trait. A colour-coded table indicates the strength of the correlation. (D) Scatterplot showing
the relationship between protein importance and module membership in the blue module.
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RAB11A emerged as central nodes due to their high connectivity.

Differential expression analysis revealed a significant decrease in

their levels post-exercise, which was further confirmed by Western

blotting. These findings suggest that ARF6, ARF5, and RAB11A

may play critical roles in mediating the effects of acute aerobic

exercise in CRC.

There are three classes of Arf GTPases: class I (ARF1 and -3),

class II (ARF4 and -5), and class III (ARF6) (46). Previous research

has indicated that ARF6 has a significant impact on tumor

proliferation, angiogenesis, invasion, metastasis, and immune

evasion (47, 48). A study on the inhibition of metastasis in CRC

cells revealed that the invasive ability of tumor cells decreased upon
Frontiers in Oncology 08
ARF6 inhibition; conversely, it increased when ARF6 was

overexpressed (49). One study found that elevated ARF6

promotes hepatocellular carcinoma (HCC) metastasis (50).

Tumor-related analysis of ARF5 has been limited thus far. A

small number of studies have addressed ARF5 interaction with

Rab11-FIP4, and ARF5 overexpression greatly increased the

number and size of HCC spheres. Simultaneously, depletion of

ARF5 dramatically decreases the stemness of HCC cells and

improves their sensitivity to cancer therapeutic agents (51). These

studies suggest that the expression levels of ARF6 and ARF5 are

positively correlated with the invasive ability of cancer cells. In this

study, the expression levels of ARF6 and ARF5 in the serum of CRC
FIGURE 4

Enrichment analysis. (A) GO enrichment analysis at P value < 0.05 under the blue module of WGCNA. (B) KEGG pathway enrichment analysis under
the blue module of WGCNA at P value < 0.05. (C) PPI analysis result of the 42 proteins (When the p-value of GO terms and KEGG pathways was less
than 0.05, there were the same 42 proteins). (D) Results of PPI analysis for 27 proteins that were significantly differentially expressed among the 42
proteins. (E) Extracting the results of proteomic analysis of CRC patients, it can be seen that the levels of ARF6, ARF5 and RAB11A were decreased in
the Post group (ARF6, ARF5 and RAB11A have the highest connectivity in the PPI analysis).
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patients were significantly reduced after exercise, reflecting the

positive intervention effect of acute aerobic exercise on

cancer patients.

The Rab11 family, consisting of the RAB11A, RAB11B, and

RAB25 proteins, is a key regulator of exocytic and recycling

processes. They can regulate protein and vesicle formation and

transport from early and recycled endosomes to the cell surface

(52). Despite sharing high sequence homology, the RAB11B protein

is mainly expressed in the brain, heart, and testis, RAB25 expression

is restricted to epithelial cells, and RAB11A is expressed

ubiquitously (53, 54). In a study on breast cancer, RAB11A

overexpression accelerated tumor cell viability, migration, and

invasiveness. In a prostate cancer study, RAB11A inhibition was

found to attenuate cancer cell proliferation and invasiveness.

Combined with previous studies, we expect that RAB11A has

great potential for further studies on CRC.

ARF6, ARF5, and RAB11A belong to different small GTPase

superfamily (55, 56). However, they are considered therapeutic

targets that cannot be treated with drugs because of their complex

regulatory mechanisms and lack of ligand-binding space (57, 58).

Our research provides new insights into this area and suggests that

acute aerobic exercise may be a way to regulate the expression of

these proteins.

With significant progress in the clinical treatment of cancer, the

survival time of patients has increased; however, new problems have

arisen. How should they face life? Should they sit still or exercise

moderately? Scientists have also realized this problem, and research

on the lifestyles of cancer patients has become an important topic.

Research suggests that muscle contraction is an immune modulator

that may enhance the immune response against cancer (59). The

cytokines produced by muscles during exercise are important

factors in maintaining a healthy immune effector cell population

and promoting an overall anti-inflammatory environment (31, 33,

60, 61). The basis of many cancers is a systemic low-grade chronic

inflammation (62). Therefore, youth and exercise may be key

factors in fighting some cancers.

Research indicates that acute exercise lasting ≥20-60 minutes

mobilizes lymphocytes (63). Initially, increased blood pressure and

shear stress trigger the release of lymphocytes from blood vessels
Frontiers in Oncology 09
and tissue reservoirs (e.g., lungs, liver, and spleen), elevating white

blood cell counts in peripheral circulation (64). Subsequently,

adrenergic and noradrenergic pathways are activated, modulating

receptors on lymphocyte surfaces (59). Our study supports the

inclusion of physical activity as a complementary approach to

clinical treatment for cancer patients. However, further research is

necessary to determine the optimal exercise regimens for specific

diseases. Additionally, individualized assessment of patient status

during clinical treatment is essential to develop tailored

exercise strategies.

Our study had some limitations. First, the sample size was small

and no more patients were eligible to participate in the experiment.

Currently, there are 20 serum samples from 10 patients, and more

patient samples may be needed to increase power. On the other

hand, the specific differential proteins ultimately obtained by taking

the intersection of the two analyses need to study all the specific

differential proteins in their entirety. We validated and

preliminarily explored three highly associated proteins, and

further studies are needed to verify their functional and

mechanistic importance. In future studies, we will collect more

patient groups, as well as the full range of validation and exploration

of specific differentially expressed proteins, which may shed more

light on the intervention angle and effect of acute aerobic exercise

on CRC and provide more comprehensive and powerful evidence

for the effect of acute aerobic exercise on CRC.
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