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Oxidative stress is crucial to the biology of tumors. Oxidative stress’ potential predictive significance in colorectal cancer (CRC)
has not been studied; nevertheless here, we developed a forecasting model based on oxidative stress to forecast the result of
CRC survival and enhance clinical judgment. The training set was chosen from the transcriptomes of 177 CRC patients in
GSE17536. For validation, 65 samples of colon cancer from GSE29621 were utilized. For the purpose of choosing prognostic
genes, the expression of oxidative stress-related genes (OXEGs) was found. Prognostic risk models were built using
multivariate Cox regression analysis, univariate Cox regression analysis, and LASSO regression analysis. The outcomes of the
western blot and transcriptome sequencing tests were finally confirmed. ATF4, CARS2, CRP, GPXI, IL1B, MAPKS8, MRPL44,
MTEMT, NOS1, OSGIN2, SOD2, AARS2, and FOXO3 were among the 14 OXEGs used to build prognostic characteristics.
Patients with CRC were categorized into low-risk and high-risk groups according on their median risk scores. Cox regression
analysis using single and multiple variables revealed that OXEG-related signals were independent risk factors for CRC.
Additionally, the validation outcomes from western blotting and transcriptome sequencing demonstrated that OXEGs were
differently expressed. Using 14 OXEGs, our work creates a predictive signature that may be applied to the creation of new
prognostic models and the identification of possible medication candidates for the treatment of CRC.

1. Introduction malignancy in China, after lung cancer, with an incidence

of roughly 40,800 persons. The fourth malignant tumor
Colorectal cancer (CRC) is a common malignant tumor of ~ accounts for around 195,600 annual deaths [2]. Currently,
the gastrointestinal tract [1]. It is the second most lethal ~ colorectal cancer patients can receive treatment through
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FiGurek 1: Construction of the prognostic model in GEO-CRC. (a) According to the results of univariate Cox regression analysis, a total of 15
genes were identified as prognostic genes; (b) LASSO coefficient profiles of the prognostic genes; and (c) turning optimal parameter
(lambda) screening in the LASSO model.
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FIGURE 2: Principal component analysis. (a) PCA analysis was performed in high- and low-risk groups. (b) PCA analysis of prognosis model.
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FIGURE 3: Evaluation of the prognostic signature in GEO-CRC. (a) Kaplan-Meier (K-M) curve of overall survival for the training set; (b) K-
M curves of overall survival for the validation set; (c) ROC curves of 1-year, 3-year, and 5-year survival rates for the training set; (d) ROC
curves of 1-year, 3-year, and 5-year survival rates for the validation set; (e, f) Cox regression analysis of risk scores and other clinical
characteristics (age, gender, grade, stage); (g) ROC curve of clinical characteristics for the training set; and (h) ROC curve of clinical

characteristics for the validation set.

surgery, endoscopic procedures, radiotherapy, chemother-
apy, and immunotherapy [3], but the overall survival rate
of colorectal cancer patients has not dramatically enhanced
[4]. On account of the high invasiveness and paucity of
awareness of early physical examination, diagnosis is often
made once symptoms have advanced or the disease has
metastasized, which poses significant challenges for the
prognosis and course of treatment.

Tumor development consists of a multitude of complex
variables. The oxidative stress factor plays a significant role
in numerous stages of tumor advancement, including the
transformation of normal cells into tumor cells, prolifera-
tion, tumor angiogenesis, and metastasis [5-8]. The term
“tumor of oxidative stress” refers to an improper regulation
mechanism of oxidative signaling and oxidative damage of
macromolecules caused by an imbalance in the body’s oxi-
dation and antioxidation system of mutual limitation [9].

The effect of oxidative stress mainly involves reactive
nitrogen species (RNS) and reactive oxygen species (ROS)
as an outcome of chemical reactions; the resulting effect is
often seen as a double-edged sword, with great controversy
over the tumor-promoting and tumor-suppressing effects
[6, 10], the specific effect of ROS levels on tumor cells them-
selves, [11] sensitivity and lack of oxygen, and the tumor
microenvironment of regulatory factors. When the content
of ROS is insufficient to break the balance between oxidative
and antioxidant systems in the tumor growth environment,
it can participate in the regulation of epithelial-
mesenchymal transition (EMT), tumor angiogenesis, and
other processes by activating PI3K/Akt and NF-«B signaling
pathways [12-14]. ROS can also promote the metastasis and

proliferation of tumor cells [15]. At the same time, low levels
of ROS can cause occasional DNA base mismatch and DNA
damage in the body, which will be repaired immediately.
However, when a large amount of ROS causes the amassing
of DNA damage in tumor cells to the extent that it cannot be
repaired, conventional base excision repair [16] and nucleo-
tide excision repair cannot remove the damaged DNA. Thus,
the tumor cells have to undergo programmed cell death.

Plasma medicine is an emerging academic area that
combines clinical medicine, physics, and life sciences. Cold
atmospheric plasma-activated medium (PAM), which is
dependent on plasma production of active substances trans-
ferred to the medium, has a wide range of uses [17]. Its anti-
cancer effect is generally considered to be through ROS and
RNS [18-20]. Therefore, PAM was selected as an oxidative
stress source to verify the relationship between oxidative
stress and tumor prognosis.

In recent years, the relationship between the accumula-
tion of ROS and immunotherapy has been more and more
frequently mentioned. It is particularly important to clarify
the technique of the body’s immune feedback to a tumor
and the escape of tumor cells from immune effect during
oxidative stress [21, 22]. ROS production also affects the
anticancer effects of CD8+ and CD4+ T cells in the tumor
microenvironment [23, 24]. Many clinical trials and success-
ful checkpoint immunotherapy instances have shown the
crucial role that the cellular immune system plays in the
treatment of cancer.

In the process of oxidative stress and colorectal cancer
research, early prediction models and prognostic gene
screening are particularly important. In this research, based
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FIGURE 4: Relationship between the risk groups and clinical features in GEO-CRC. (a) Correlation between risk score and age; (b)
correlation between risk score and gender; (c) correlation between risk score and grade; and (d) correlation between risk score and stage.

on information from Gene Expression Omnibus (GEO),
related genes that may affect the prognosis of CRC were
studied.

2. Materials and Methods

2.1. Data Sources and Processing. The CRC cohort’s tran-
scriptional dataset with aligning clinical data were down-
loaded from the Gene Expression Omnibus (GEO)

database. After comprehensive screening, data sets
GSE17536 and GSE29621 were chosen for this study, in
which 177 patients with symptoms of colorectal cancer were
included in GSE17536 as a training set, and 65 patients with
colorectal cancer were included in GSE29621 as the valida-
tion set.

2.2. Screening for Oxidative Stress-Related Genes. Eighty
genes related to oxidative stress were retrieved from
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GeneCards (https://www.genecards.org/). The cut-offs were
set as relevancescore >20 (Supplement 1). Subsequently,
77 expressed genes of oxidative stress were identified by
Venn diagram package (1.7.1).

2.3. Establishment and Assessment of Prognostic Risk Score
Model. Univariate Cox regression screening was performed
for prognostic OXEGs. The LASSO algorithm was imple-
mented to find the value of the minimum error of cross val-
idation and obtain the best prognostic gene of the model.
Finally, stable OXEGs were constructed as the final prognos-
tic model. Kaplan-Meier curves were utilized to establish
prognostic differences between groups, and ROC curves
were used to calculate the 1-, 3-, and 5-year survival of
patients. Finally, the correlation between patients’ low-risk
and high-risk groups and clinical information was
calculated.

2.4. Nomogram Prognosis Prediction Model Establishment.
We used the “RMS” package in version R (4.2.0) to plot
the lipopograph model in combination with patient’s age,
sex, grade, stage, and risk score. To show the accord between
the actual survival probabilities at 1, 3, and 5 years and those
predicted by the nomogram, calibration curves were devel-
oped. Finally, the model was validated using the ROC curve,
multivariate Cox regression, and univariate Cox regression.

2.5. Correlation between Low-Risk and High-Risk Groups for
Immune Cell Infiltration. CIBERSORT R package was used

to establish the amount of tumor-infiltrating immune cells
in CRC tumor samples. Finally, we examined the functional
differences of tumor immune cells through “reshape2,”
“GSVA,” and “GSEABase” software package in R version
(4.2.0).

2.6. Gene Enrichment Examination between High-Risk and
Low-Risk Groups. In order to show the influence of potential
biological pathways in the differential expression of OXEGs,
r-packet clusterProfiler was utilized for gene ontology (GO)
enrichment examination and KEGG pathway examination.
The molecular signatures database (MSigDB) used with the
Gene Set Enrichment Analysis (GSEA) software version
(holdings) was C2 (C2. Cp. Kegg. 7.5.1. Entrez. GMT) used
to evaluate the link between biological and genetic traits.
The significance level was set to P < 0.05, and the number
of arbitrary sample permutations was set to 1000.

2.7. Transcriptome Sequencing Validation of Colorectal
Cancer. Three CRC tissues from the Anorectal Department,
Nanjing Hospital of Traditional Chinese Medicine were col-
lected and matched with normal tissues for transcriptome
sequencing. Patients received no neoadjuvant chemotherapy
or radiotherapy. Consent was obtained from the study partic-
ipants prior to study commencement. Clinicopathological
characteristics of these patients were also collected. The col-
lected tissues were frozen in liquid nitrogen. The Declaration
of Helsinki, the World Medical Association’s code of ethics
for human experimentation, was followed throughout the
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FIGURE 8: GSEA enrichment analysis.

performance of this study. The ethics committee of the Nan-
jing Hospital of Traditional Chinese Medicine had to approve
the study. Informed consent was signed by all patients whose
tissue samples were collected before the study began.

2.8. Cell Line Culture and Treatment. The CRC cell line
SW480 was grown in 1640 media with 10% fetal bovine

serum (FBS), 1% penicillin/streptomycin, and 5% carbon
dioxide in a humid environment at 37°C. All materials for
cell culture were purchased from Gibco, USA. Cell lines
within 10 generations were selected to reduce the influence
of passage on experimental results. The particular plasma
jet was designed by Nanjing Tech University. PAM is made
by plasma jet spraying PBS solution at a distance of 5mm. In
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Figure 9: Validation of prognostic genes and enrichment pathways. (a) Prognostic gene sequencing heat map; (b) the increased expression
of IL-17 in SW480 cell line was verified by ELISA; (c) validation of ACT1 knockdown in SW480 cell line; (d) validation of IL-17 pathway

proteins. *P < 0.05; **P < 0.01; ***P < 0.001.

the control group, 200 ul of 50% PAM solution was added to
the medium and grown for 24 hours.

2.9. Enzyme-Linked Immunosorbent Assay (ELISA). Each
group’s culture medium supernatant was collected. Each
batch of cells’ supernatant was examined using ELISA kits
from Quanzhou Ruixin Biological Technology Co., Ltd. in
Quanzhou, China, to measure the amount of IL-17A com-
ponents present.

2.10. Cell Transfection. The SW480 ACT1-knockdown cells
were transfected using LipofectamineTM 2000 Transfection
Reagent (11668019). The Supplement 2 document includes
the siRNA sequence screening. Six-well plates containing
SW80 cells were planted with 5,105 cells per well. 2501 of
Opti-MEM was added to two EP tubes once the cells had
acquired a confluency of 60-70%. Then, 5ug siRNA was
added to one tube and 5 ul Lipofectamine 2000 to the other
tube. After mixing, the tubes were left at noncold normal
temperature for 5min and then, the liquid of the two EP
tubes was mixed gently and placed on an ultraclean table

for 20 min, followed by the incubator for 6 h before changing
to complete medium and continuing to culture. The fresh
medium was replaced after 24 hours, and 200 ul of 50%
PAM solution was added to the medium and cultured for
24 hours.

2.11. Western Blotting. RIPA lysis buffer (Epizyme Biomed-
ical Technology, Shanghai, China) was used to extract total
proteins in SW480 on ice (with 1% protease and phospha-
tase inhibitors). Before the samples were differentiated using
12% SDS-PAGE and conveyed to the polyvinylidene difluor-
ide (PVDF) membranes, the total protein content was eval-
uated using the BCA Protein Assay Kit (TransGen Biotech,
Beijing, China). After 15 minutes of blocking with Quick-
Block Blocking Buffer from Beyotime Biotechnology in
Shanghai, China, membranes were grown with various
diluted primary antibodies overnight at 4°C. Following three
TBST washes, the membranes were incubated for 1 hour
with a second antibody that had been diluted. Proteintech
(Wuhan, China) provided the ACT1 (26692-1-AP) primary
antibody, while Abmart Technology provided the TRAF6
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(T55175S), NF-B (p65) (T55034S), and MAPK P38
(T40075S) primary antibodies (Shanghai, China). The sec-
ondary antibody, goat antirabbit IgG (H+L) HRP
(BLO03A), was bought from Biosharp (Hefei, China).

2.12. Statistical Analysis. GraphPad Prism 8.0 was used to
conduct all statistical analyses (GraphPad Software, San
Diego, CA, USA). The Student ¢-test was used to compare
the variations between the means of the two groups. The
mean and standard deviation for all statistical data were dis-
played (SD). Statistics were identified as significant when P
<0.05.

3. Results

3.1. Prognostic Risk Signature Construction of OXEGs. Based
on univariate Cox regression analysis, 15 genes were recog-
nized as prognostic (Figure 1(a)). Finally, we screened 14
features of OSDEGs analysis after LASSO analysis and mul-
tivariate Cox regression analysis (Figures 1(b) and 1(c)).
AARS2 and FOXO3 were the protective factors in the prog-
nostic model, while ATF4, CARS2, CRP, CYBA, GPXl,
IL1B, MAPKS8, MRPL44, MTFMT, NOS1, OSGIN2, and
SOD2 were considered as risk factors in the prognostic
model. The risk score for each CRC patient in GSE17536
was assessed using the following equation: Risk score = (-
1.74 x AARS2 expression) + (0.36 x ATF4 expression) + (
2.08 x CARS2 expression) + (2.98 x CRP expression) + (
0.40 x CYBA expression) + (—0.61 x FOXO3 expression) + (
0.68 x GPX1 expression) + (0.06 x IL1B expression) + (0.52
x MAPKS expression) + (0.47 x MRPL44 expression) + (
0.09 x MTEMT expression) + (1.43 x NOS1 expression) + (
1.04 x OSGIN2 expression) + (0.14 x SOD2 expression).
Finally, CRC patients in GSE17536 were categorized as the
high-risk and the low-risk groups based on the median risk
score. We performed PCA analysis on both groups
(Figures 2(a) and 2(b)) and found that the prognostic model
genes could effectively identify between the low-risk and
high-risk categories.

3.2. Evaluation of the Prognostic Performance of the OXEGs
Signature. The low-risk group had a finer prognosis and a
longer surviving time, whereas the high-risk group had an
inferior prognosis and a shorter survival time, as shown by
the Kaplan-Meier survival curve (Figure 3(a)). Additionally,
we used the external validation dataset GSE29621 to confirm
the prognostic risk profile’s accuracy, and we found consis-
tent variation in overall survival (OS) between the high-
risk and the low-risk groups. (Figure 3(b)). Area under the
curve (AUC) measurements for the 1-, 3-, and 5-year sur-
vival rates were 0.900, 0.781, and 0.804, respectively, while
these measurements for the 1-, 3-, and 5-year AUC of the
validation set were 0.946, 0.684, and 0.724, respectively. This
data demonstrated that our prognostic prediction had good
sensitivity and specificity (Figures 3(c) and 3(d)). Subse-
quently, we showed from Cox regression analysis that the
prognostic risk models associated with OXEGs are indepen-
dent predictors of CRC prognosis (Figures 3(e) and 3(f)).
We further predicted the relationship between clinical fea-
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tures and prognostic value by ROC (Figure 3(g)), and the
AUC of the model was 0.804, while the AUC of age, gender,
stage, and grade were 0.535, 0.493, 0.573, and 0.456, respec-
tively, demonstrating the model’s excellent sensitivity and
specificity. The ROC curve of the validation set signified that
the AUC value of the model was 0.724, which was higher
than other clinical features (Figure 3(h)). Through clinical
correlation analysis (Figures 4(a)-4(d)), we concluded that
age was substantially different between the groups at high-
and low-risk (P < 0.05), while gender, grade, and stage were
not statistically significant.

3.3. Nomogram Construction and Evaluation. We con-
structed a nomogram based on age, sex, grade, stage, and
risk scores for 14 OXEGs to foretell the 1-, 3-, and 5-year
survival in CRC patients (Figure 5(a)). As can be seen from
the calibration curve (Figure 5(b)), the survival prediction
for year 5 is in good agreement with the actual value. In
the ROC curve (Figure 5(c)), the value of AUC was 0.689,
indicating that the model had high accuracy. The rosette
model was later demonstrated to be an independent deter-
minant of CRC prognosis by univariate and multivariate
Cox regression analysis. (Figures 5(d) and 5(e)).

3.4. Association between Tumor Immune Cell Infiltration and
Risk Score. Calculations were made to determine the varia-
tion in immune cells between the low-risk group and the
high-risk group using the CIBERSORT method to get the
waterfall diagram of immune cells in the tumor group
(Figures 6(a) and 6(b)). As seen in the image, the high-risk
group had elevated levels of neutrophils, eosinophils, and
activated NK cells (P < 0.05), but the low-risk group had
considerably higher levels of resting NK cells infiltrating
their tissues. APC costimulation, inflammation-promoting,
CCR, T cell costimulation, cytolytic activity, HLA, T cell
coinhibition, and checkpoint were all more significant in
the high-risk group, according to the analyses of immune
cell function (Figure 6(c)).

3.5. Gene Enrichment Analysis. Twenty-seven differential
genes were identified in the low-risk and high-risk categories
(Supplement 3). We examined the GO and KEGG pathways
of the differential genes and obtained a total of 68 KEGG sig-
naling pathways and 832 significantly enriched biological
processes (Supplements 4 and 5). The biological processes
were enriched for positive control of ion transport, response
to lipopolysaccharide, response to cold, positive control of
calcium ion transmembrane transport, neutrophil chemo-
taxis, positive management of calcium ion transport, granu-
locyte migration, and T cell chemotaxis. In the cellular
component, collagen-regulation of fibroblast extracellular
matrix, external side of plasma membrane, CatSper complex,
meiotic spindle, and male germ cell nucleus were enriched.
In addition, we demonstrated significant enrichment of
receptor ligand activity, signaling receptor activator activity,
cytokine activity, carbohydrate binding, cytokine receptor
binding, CXCR chemokine receptor binding, and chemokine
activity in molecular function (Figure 7(a)). The IL-17 sig-
naling pathway, lipid and atherosclerosis, cytokine-
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cytokine receptor interaction, longevity regulating pathway-
multiple species, viral protein interaction with cytokine and
cytokine receptor, and Toll-like receptor signaling pathway
were the pathways that KEGG enrichment analysis showed
to be enriched (Figure 7(b)). The enrichment disparities
between the high-risk and the low-risk groups may be seen
by GSEA. Systemic lupus erythematosus, basal cell carci-
noma, O-glycan biosynthesis, Wnt signaling pathway, reti-
nol metabolism, drug metabolism cytochrome p450, and
maturity-onset diabetes of the young were the major areas
of enrichment in the low-risk group. Cytokine receptor
interaction, leishmania infection, NOD-like receptor signal-
ing pathway, natural killer cell mediated cytotoxicity, and
systemic lupus were the major areas of enrichment in the
high-risk group (Figure 8).

3.6. Validation of Prognostic Genes and Enrichment
Pathways. Sequencing results portrayed that prognostic
genes were different in colorectal cancer tissues and adjacent
tissues. As can be seen from Figure 9, FOXO3 and MAPKS
were highly expressed in adjacent tissues. ATF4, MTFMT,
CYBA, OSGIN2, NOS1, GPX1P1, CARS2, CRP, MRPL44,
SOD2, AARS2, and IL-1B are highly expressed in colorectal
cancer tissues (Figure 9(a)). After ELISA confirmed that IL-
17A was increased in the oxidative stimulation group
(Figure 9(b)), we knocked down the IL-17A receptor ACT1
(Figure 9(c)) and performed oxidative stimulation again.
Western blot results signify the expressions of downstream
signaling factors TRAF6, NF-«B, and MAPK signaling path-
ways were decreased to a certain extent after ACT1 knock-
down (Figure 9(d)).

4. Discussion

As one of the prevalent malignant tumors in the world, colo-
rectal cancer has a high fatality rate. The 5-year survival rate
for individuals with advanced CRC is around 14%, and more
than 50% of patients receive their diagnosis at an advanced
stage [25, 26]. There is still an urgency for developing a
prognostic model in order to give tailored prediction and
precision medicine for CRC patients who are dealing with
the therapeutic conundrum.

In the body, the content of ROS in normal cells and
tumor cells is different, and the sensitivity to oxidative
stress is also different. Oxidative DNA damage has been
widely accepted as an important feature of the occurrence
of malignant tumors. At present, researchers have found a
variety of novel treatment methods based on ROS to
restore chemoresistance and overcome radiotherapy resis-
tance, enhance the efficacy of chemoradiotherapy,
[27-31] and bring certain guiding significance to clinical
treatment. At the same time, oxidative stress products in
the tumor microenvironment also affect the immune
response of the body. Therefore, we established and veri-
fied the prognostic design in relation to OXEGs to foretell
the prognosis of CRC patients.

Using multivariate and univariate Cox regression analy-
sis with the LASSO technique, we examined the differentially
expressed genes related to oxidative stress in GEO. 14
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OXEGs were screened (AARS2, FOXO3, ATF4, CARS2,
CRP, CYBA, GPX1, IL1B, MAPKS, MRPL44, MTFMT,
NOS1, OSGIN2, and SOD2) to create a prognostic risk
model for prediction. The model we created has good spec-
ificity and sensitivity and ROC testing showed that its AUC
was 0.804. Additionally, we discovered that age was a predic-
tive factor that affected CRC patients on its own. AARS2 and
FOXO3 are protective factors in the prognostic model of
CRC, and the former regulates the proliferation of colorectal
cancer by affecting mitochondrial respiration [32]. The latter
is associated with morbidity and mortality in CRC [33] and
can modulate its mediated SOX2 expression to affect cancer
migration, invasion, and stem cell proliferation [34]. ATF4
regulates tumor autophagy in CRC and affects tumor sur-
vival [35]. CRP is related to systemic inflammation, but its
effect on colorectal cancer is not clear. CYBA can induce
familial colorectal cancer by interfering with the integrity
of intestinal barrier [36]. IL-1B, as a member of the interleu-
kin family, is closely related to tumor immunity [37]. SOD2
contributes to the chemical resistance of colorectal cancer
[38], and according to research, MAPK8 can promote the
progression of colorectal cancer [39]. However, the func-
tional roles of CARS2, GPX1, MRPL44, MTFMT, NOSI,
and OSGIN2 in CRC are still unknown. The sensitivity
and accuracy of this model are further verified by the com-
bined GEO dataset. Our findings suggest that higher risk is
associated with poorer outcomes.

A total of 68 KEGG signaling pathways and 832 signifi-
cantly enriched biological processes were obtained through
enrichment analysis. The most interesting point was the sig-
nificant enrichment of the IL-17 pathway. When ROS con-
tent increased, levels of the proinflammatory cytokine IL-
17A increased through retardation of the PI3K/AKT/mTOR
pathway and selective autophagy [40]. We also demon-
strated by ELISA that IL-17A levels were significantly
increased in SW480 cells after oxidative stimulation. Many
studies have also proven the relationship between IL-17A
level and REDOX environment [41, 42]. To this end, we per-
formed western blot verification of oxidative stimulation
after knocking down the receptor ACT1 of IL-17A [43]
and found that the downstream factor TRAF6 and the rela-
tive content of corresponding pathways including NF-«B
and MAPK were affected (see mechanism diagram in the
Supplementary Material). MAPK may not be statistically
significant due to the interference of other related pathways,
which will be discussed further.

PAM can increase the content of ROS in tumor cells,
and the accumulation of a large number of active sub-
stances leads to tumor cell death. Many researchers have
affirmed the effect of PAM in the treatment of tumors
in vivo and in vitro. Nakamura et al. [44] showed that
PAM inhibited the metastasis of ovarian cancer through
in vivo and in vitro experiments, and Utsumi et al. proved
that PAM also has a certain therapeutic effect on chemo-
therapy resistant ovarian cancer [45]. To expand on the
selection of PAM concentration in this study, we will fur-
ther select a wider range of concentrations to verify the
difference between low concentration and high concentra-
tion groups.
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We estimated the variation in immune infiltration
between the two categories using the CIBERSORT method
in order to study the link between immune cell infiltration
and risk ratings. We identified significant increases in mono-
cyte, activated NK cells, eosinophils, and neutrophil levels in
the low-risk group. Moreover, the largely enriched IL-17A
pathway is closely linked to immune cells. Bruno et al. atten-
uated the antifungal host immune response by using IL-17A
inhibitors, which increased the incidence of Candida infec-
tion [46]. These results suggest that oxidative stress-related
gene tags may influence immune cell infiltration and hence
the efficacy of colorectal cancer immunotherapy.

5. Conclusions

In conclusion, using 14 OXEGs, we created a prognostic
model for colorectal cancer under oxidative stress that has
a high predictive value. This study provides the possibility
for individuals with CRC to get individualized care.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors state that the publishing of this work does not
include any conflicts of interest.

Authors’ Contributions

Zilu Chen and Kun Mei contributed equally to this work and
share first authorship.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (grant no. 81773947), the Foundation
for the Top Talent Program of Jiangsu Commission of
Health’s “Six-One Project” for High Level Personnels (grant
no. LGY2020003), the Young Talent Development Plan of
Changzhou Health Commission (grant no. CZQM2020004),
the Social Development Projects of Changzhou Science and
Technology Bureau (grant no. CE20205039), and the Post-
graduate Research Innovation Program of Jiangsu Province
(grant no. KYCX22_1888).

Supplementary Materials

Supplementary 1. Supplement 1: 80 genes related to oxida-
tive stress.

Supplementary 2. Supplement 2: Three ACT1 knockdown
siRNA sequences were used for screening.

Supplementary 3. Supplement 3: Table 3: Twenty-seven dif-
ferential genes were identified in the low-risk and high-risk
groups.

Supplementary 4. Supplement 4: Table 4: GO enrichment
analysis.

17

Supplementary 5. Supplement 5: Table 4: KEGG enrichment
analysis.

References

[1] N. Hilbertina, N. C. Siregar, M. Abdullah, and S. I. Wanandi,
“Determination of cancer-associated fibroblast and stromal
phenotypes as novel prognostic factors for colorectal carcino-
mas associated with tumor budding,” Journal of Natural Sci-
ence, Biology and Medicine, vol. 10, pp. S68-S72, 2019.

[2] R.Zheng, S. Zhang, H. Zeng et al., “Cancer incidence and mor-
tality in China, 2016,” Journal of the National Cancer Center,
vol. 2, no. 1, pp. 1-9, 2022.

[3] Z.Yuan,S. Weng, C. Ye, H. Hu, S. Zhang, and Y. Yuan, “CSCO
guidelines for colorectal cancer version 2022: updates and dis-
cussions,” Chinese Journal of Cancer Research, vol. 34, no. 2,
pp. 67-70, 2022.

[4] E.R. Tabriz, M. Ramezani, and A. Aledavood, “Role of dietary
supplements in the recurrence of colorectal cancer: an issue for
cancer survivors,” Evidence Based Care, vol. 12, no. 1, pp. 63-
64, 2022.

[5] J.D.Hayes, A. T. Dinkova-Kostova, and K. D. Tew, “Oxidative
stress in cancer,” Cancer Cell, vol. 38, no. 2, pp. 167-197, 2020.

[6] C.Lu, D.Zhou, Q. Wang et al., “Crosstalk of microRNAs and
oxidative stress in the pathogenesis of cancer,” Oxidative Med-
icine and Cellular Longevity, vol. 2020, Article ID 2415324, 13
pages, 2020.

[7] H. Sies and D. P. Jones, “Reactive oxygen species (ROS) as
pleiotropic physiological signalling agents,” Nature Reviews.
Molecular Cell Biology, vol. 21, no. 7, pp. 363-383, 2020.

[8] A. Parascandolo and M. O. Laukkanen, “Carcinogenesis and
reactive oxygen species signaling: interaction of the NADPH
oxidase NOX1-5 and superoxide dismutase 1-3 signal trans-
duction pathways,” Antioxidants & Redox Signaling, vol. 30,
no. 3, pp. 443-486, 2019.

[9] H. Q. Ju, J. F. Lin, T. Tian, D. Xie, and R. H. Xu, “NADPH
homeostasis in cancer: functions, mechanisms and therapeutic
implications,” Signal Transduction and Targeted Therapy,
vol. 5, no. 1, p. 231, 2020.

[10] Y. Wang, H. Qi, Y. Liu et al,, “The double-edged roles of ROS
in cancer prevention and therapy,” Theranostics, vol. 11,
no. 10, pp. 4839-4857, 2021.

[11] H.J. Forman and H. Zhang, “Targeting oxidative stress in dis-
ease: promise and limitations of antioxidant therapy,” Nature
Reviews. Drug Discovery, vol. 20, no. 9, pp. 689-709, 2021.

[12] X.Liu, F. Yun, L. Shi, Z. H. Li, N. R. Luo, and Y. F. Jia, “Roles of
signaling pathways in the epithelial-mesenchymal transition in
cancer,” Asian Pacific Journal of Cancer Prevention, vol. 16,
no. 15, pp. 6201-6206, 2015.

[13] K. Xiang, H. Yanshan, Z. Chunmei, G. Minmin, W. Yan, and
Y. Xiaojia, “GP5 regulates epithelial-mesenchymal transition
in breast cancer via the PI3K/AKT signaling pathway,” Exper-
imental Biology and Medicine (Maywood, N.J.), vol. 247,
no. 17, pp. 1501-1517, 2022.

[14] M. Hajipour, K. Mokhtari, M. Mahdevar et al., “Identification
of a novel interplaying loop of PPAR y and respective IncRNAs
are involved in colorectal cancer progress,” International Jour-
nal of Biological Macromolecules, vol. 219, pp. 779-787, 2022.

[15] C.H. Changand S. Pauklin, “ROS and TGFp: from pancreatic
tumour growth to metastasis,” Journal of Experimental & Clin-
ical Cancer Research, vol. 40, no. 1, p. 152, 2021.


https://downloads.hindawi.com/journals/omcl/2022/2518340.f1.docx
https://downloads.hindawi.com/journals/omcl/2022/2518340.f2.doc
https://downloads.hindawi.com/journals/omcl/2022/2518340.f3.docx
https://downloads.hindawi.com/journals/omcl/2022/2518340.f4.docx
https://downloads.hindawi.com/journals/omcl/2022/2518340.f5.docx

18

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

J. L. Yang, W. Y. Chen, S. Mukda, Y. R. Yang, S. F. Sun, and
S. D. Chen, “Oxidative DNA damage is concurrently repaired
by base excision repair (BER) and apyrimidinic endonuclease
1 (APEl)-initiated nonhomologous end joining (NHE]) in
cortical neurons,” Neuropathology and Applied Neurobiology,
vol. 46, no. 4, pp. 375-390, 2020.

J. 1. Ikeda, H. Tanaka, K. Ishikawa, H. Sakakita, Y. Ikehara, and
M. Hori, “Plasma-activated medium (PAM) kills human
cancer-initiating cells,” Pathology International, vol. 68,
no. 1, pp. 23-30, 2018.

H. Tanaka, M. Mizuno, Y. Katsumata et al., “Oxidative stress-
dependent and -independent death of glioblastoma cells
induced by non-thermal plasma-exposed solutions,” Scientific
Reports, vol. 9, no. 1, p. 13657, 2019.

X. Li, H. Wang, J. Wang et al., “Emodin enhances cisplatin-
induced cytotoxicity in human bladder cancer cells through
ROS elevation and MRP1 downregulation,” BMC Cancer,
vol. 16, no. 1, p. 578, 2016.

X. Yang, G. Chen, K. N. Yu et al., “Cold atmospheric plasma
induces GSDME-dependent pyroptotic signaling pathway via
ROS generation in tumor cells,” Cell Death ¢ Disease,
vol. 11, no. 4, p. 295, 2020.

Z. Zhang, W. Q. Chen, S. Q. Zhang et al., “The human cathe-
licidin peptide LL-37 inhibits pancreatic cancer growth by sup-
pressing autophagy and reprogramming of the tumor immune
microenvironment,” Frontiers in Pharmacology, vol. 13, article
906625, 2022.

S. S. Xiong, “Prognosis, immunotherapy and drug therapy of
oxidative stress-related genes in patients with hepatocellular
carcinoma,” European Review for Medical and Pharmacologi-
cal Sciences, vol. 26, no. 14, pp. 5014-5032, 2022.

H. Wang, J. Chen, G. Bai, W. Han, R. Guo, and N. Cui, “mTOR
Modulates the Endoplasmic Reticulum Stress-Induced CD4"
T Cell Apoptosis Mediated by ROS in Septic Inmunosuppres-
sion,” Mediators of Inflammation, vol. 2022, Article ID
6077570, 13 pages, 2022.

S. Renken, T. Nakajima, I. Magalhaes et al., “Targeting of Nrf2
improves antitumoral responses by human NK cells, TIL and
CART cells during oxidative stress,” Journal for Immunother-
apy of Cancer, vol. 10, no. 6, article e004458, 2022.

R. L. Siegel, K. D. Miller, A. Goding Sauer et al., “Colorectal
cancer statistics, 2020,” CA: a Cancer Journal for Clinicians,
vol. 70, no. 3, pp. 145-164, 2020.

Z. Li, T. She, H. Yang et al., “A novel tumor-homing TRAIL
variant eradicates tumor xenografts of refractory colorectal
cancer cells in combination with tumor cell-targeted photody-
namic therapy,” Drug Delivery, vol. 29, no. 1, pp. 1698-1711,
2022.

L. Bin, Y. Yang, F. Wang et al., “Biodegradable silk fibroin
nanocarriers to modulate hypoxia tumor microenvironment
favoring enhanced chemotherapy,” Frontiers in Bioengineering
and Biotechnology, vol. 10, article 960501, 2022.

T. G. Mhone, M. C. Chen, C. H. Kuo et al, “Daidzein
synergizes with gefitinib to induce ROS/JNK/c-Jun activa-
tion and inhibit EGFR-STAT/AKT/ERK pathways to
enhance lung adenocarcinoma cells chemosensitivity,” Inter-
national Journal of Biological Sciences, vol. 18, no. 9,
pp. 3636-3652, 2022.

J. A. Nickoloff, “Targeting replication stress response pathways

to enhance genotoxic chemo- and radiotherapy,” Molecules,
vol. 27, no. 15, p. 4736, 2022.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

Oxidative Medicine and Cellular Longevity

D. J. Hu, W. J. Shi, M. Yu, and L. Zhang, “High WDR34
mRNA expression as a potential prognostic biomarker in
patients with breast cancer as determined by integrated bioin-
formatics analysis,” Oncology Letters, vol. 18, no. 3, pp. 3177-
3187, 2019.

W. Shi, C. Li, T. Wartmann et al., “Sensory ion channel candi-
dates inform on the clinical course of pancreatic cancer and
present potential targets for repurposing of FDA-approved
agents,” Journal of Personalized Medicine, vol. 12, no. 3,
p. 478, 2022.

Z.Zhu, Q. Hou, B. Wang et al., “A novel mitochondria-related
gene signature for controlling colon cancer cell mitochondrial
respiration and proliferation,” Human Cell, vol. 35, no. 4,
pp. 1126-1139, 2022.

C.Yu, A. M. Hodge, E. M. Wong et al., “Association of FOXO3
blood DNA methylation with cancer risk, cancer survival, and
mortality,” Cell, vol. 10, no. 12, p. 3384, 2021.

T. Y. Chang, K. C. Lan, C. Y. Chiu, M. L. Sheu, and S. H. Liu,
“ANGPTLI attenuates cancer migration, invasion, and stem-
ness through regulating FOXO3a-mediated SOX2 expression
in colorectal cancer,” Clinical Science (London, England),
vol. 136, no. 9, pp. 657-673, 2022.

S.Han, L. Zhu, Y. Zhu et al., “Targeting ATF4-dependent pro-
survival autophagy to synergize glutaminolysis inhibition,”
Theranostics, vol. 11, no. 17, pp. 8464-8479, 2021.

L. Zhu, B. Miao, D. Dymerska et al., “Germline variants of
CYBA and TRPM4 predispose to familial colorectal cancer,”
Cancers (Basel), vol. 14, no. 3, p. 670, 2022.

H. Imazeki, Y. Ogiwara, M. Kawamura, N. Boku, and
C. Kudo-Saito, “CD11b(+) CTLA4(+) myeloid cells are a
key driver of tumor evasion in colorectal cancer,” Journal
for Immunotherapy of Cancer, vol. 9, no. 7, article
e002841, 2021.

M. Paku, N. Haraguchi, M. Takeda et al., “SIRT3-mediated
SOD2 and PGC-1« contribute to chemoresistance in colorec-
tal cancer cells,” Annals of Surgical Oncology, vol. 28, no. 8,
pp. 47204732, 2021.

X. Liu, L. Li, J. Bai et al.,, “Long noncoding RNA plasmacytoma
variant translocation 1 promotes progression of colorectal
cancer by sponging microRNA-152-3p and regulating E2F3/
MAPKS signaling,” Cancer Science, vol. 113, no. 1, pp. 109-
119, 2022.

H. Gou, X. Chen, X. Zhu et al., “Sequestered SQSTM1/p62
crosstalk with Keapl/NRF2 axis in hPDLCs promotes oxida-
tive stress injury induced by periodontitis,” Free Radical Biol-
ogy & Medicine, vol. 190, pp. 62-74, 2022.

M. M. E. Tabaa, A. M. K. Fattah, M. Shaalan, E. Rashad, and
N. A. el Mahdy, “Dapagliflozin mitigates ovalbumin-
prompted airway inflammatory-oxidative successions and
associated bronchospasm in a rat model of allergic asthma,”
Expert Opinion on Therapeutic Targets, vol. 26, no. 5,
pp. 487-506, 2022.

S.J. Yoo, H. R. Lee, J. Kim, 1. S. Yoo, C. K. Park, and S. W.
Kang, “Hypoxia-inducible factor-2 alpha regulates the migra-
tion of fibroblast-like synoviocytes via oxidative stress-
induced CD70 expression in patients with rheumatoid arthri-
tis,” International Journal of Molecular Sciences, vol. 23,
no. 4, p. 2342, 2022.

N. C. Brembilla, L. Senra, and W. H. Boehncke, “The IL-17
family of cytokines in psoriasis: IL-17A and beyond,” Frontiers
in Immunology, vol. 9, p. 1682, 2018.



Oxidative Medicine and Cellular Longevity

(44]

[45]

[46]

K. Nakamura, Y. Peng, F. Utsumi et al., “Novel intraperitoneal
treatment with non-thermal plasma-activated medium
inhibits metastatic potential of ovarian cancer cells,” Scientific
Reports, vol. 7, no. 1, p. 6085, 2017.

F. Utsumi, H. Kajiyama, K. Nakamura et al., “Effect of indirect
nonequilibrium atmospheric pressure plasma on anti-
proliferative activity against chronic chemo-resistant ovarian
cancer cells in vitro and in vivo,” PLoS One, vol. 8, no. 12, arti-
cle e81576, 2013.

M. Bruno, L. Davidson, H. J. P. M. Koenen et al., “Immunolog-
ical Effects of Anti-IL-17/12/23 Therapy in Patients with Pso-
riasis Complicated by Candida Infections,” The Journal of
Investigative Dermatology, 2022.

19



	Prognostic Assessment of Oxidative Stress-Related Genes in Colorectal Cancer and New Insights into Tumor Immunity
	1. Introduction
	2. Materials and Methods
	2.1. Data Sources and Processing
	2.2. Screening for Oxidative Stress-Related Genes
	2.3. Establishment and Assessment of Prognostic Risk Score Model
	2.4. Nomogram Prognosis Prediction Model Establishment
	2.5. Correlation between Low-Risk and High-Risk Groups for Immune Cell Infiltration
	2.6. Gene Enrichment Examination between High-Risk and Low-Risk Groups
	2.7. Transcriptome Sequencing Validation of Colorectal Cancer
	2.8. Cell Line Culture and Treatment
	2.9. Enzyme-Linked Immunosorbent Assay (ELISA)
	2.10. Cell Transfection
	2.11. Western Blotting
	2.12. Statistical Analysis

	3. Results
	3.1. Prognostic Risk Signature Construction of OXEGs
	3.2. Evaluation of the Prognostic Performance of the OXEGs Signature
	3.3. Nomogram Construction and Evaluation
	3.4. Association between Tumor Immune Cell Infiltration and Risk Score
	3.5. Gene Enrichment Analysis
	3.6. Validation of Prognostic Genes and Enrichment Pathways

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials



