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Background. Gastric cancer is one of the most common malignant tumors, and it ranks third in global cancer-related mortality.
This research was aimed at identifying new targeted treatments for gastric adenocarcinoma by constructing a ferroptosis-related
lncRNA prognostic feature model.Methods. The gene expression profile and clinical data of gastric adenocarcinoma patients were
downloaded from TCGA database. FerrDb database was used to determine the expression of iron death-related genes. We used R
software to clean the TCAG gastric adenocarcinoma gene expression cohort and screen iron death-related differential genes and
lncRNAs. The potential prognostic markers and immune infiltration characteristics were determined by constructing prognostic
model and multivariate validation of lncRNA related to ferroptosis prognosis. Finally, the characteristics of immune infiltration
were determined by immune correlation analysis. Results. We identified 26 ferroptosis-related lncRNAs with independent
prognostic value. The Kaplan-Meier analysis identified high-risk lncRNAs associated with poor prognosis of STAD. The risk
scoring model constructed by AC115619.1, AC005165.1, LINC01614, and AC002451.1 was better than traditional
clinicopathological features. The 1-, 3-, and 5-year survival rates of STAD patients were predicted by the nomogram. GSEA
reveals the oxidative respiration and tumor-related pathways in different risk groups. Immune analysis found significant
differences in the expression of immune checkpoint-related genes TNFSF9, TNFSF4, and PDCD1LG2 between the two groups
of patients. Meanwhile, there were significant differences in APC co stimulation, CCR, and checkpoint between the two
groups. Conclusion. Based on the prognostic characteristics of ferroptosis-related lncRNAs, we identified the potential
ferroptosis-related lncRNAs and immune infiltration characteristics in gastric adenocarcinoma, which will help provide new
targeted treatments for gastric adenocarcinoma.

1. Background

Gastric cancer is the fifth most common malignant tumor in
the world, second only to lung cancer, breast cancer, colorectal
cancer, and prostate cancer [1, 2]. At present, although the
incidence of gastric cancer is showing a downward trend, gas-
tric cancer-related mortality is still the third leading cause of
cancer-related deaths in the world [3]. As we all know, the
main histological type of gastric cancer is adenocarcinoma,
and it accounts for more than 95% of all gastric cancers [4].
Risk factors for gastric cancer include Helicobacter pylori
infection, age, high salt intake, and a diet low in fruits and veg-

etables [5, 6]. Although the incidence and mortality of gastric
cancer have declined in recent years, and important progress
has been made in epidemiology, pathology, pathogenesis,
and treatment options, the diagnosis of gastric cancer is often
at an advanced stage and still causes high mortality (in 2018,
there were 784,000 deaths worldwide) and a hugemedical bur-
den [1, 6, 7]. Radiation therapy, chemotherapy, and surgical
resection are all currently available therapies for stomach can-
cer. Unfortunately, the 5-year survival rate for patients with
stomach cancer is still quite low. For example, the 5-year over-
all survival rate of GC patients who receive only treatment is
20% and 30-50% in patients who receive surgery and
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adjustment therapy, respectively [8, 9]. Therefore, finding new
gastric cancer-specific biomarkers is crucial to improve the
treatment and prognosis of gastric cancer.

Ferroptosis is a new type of cell death that is different
from apoptosis. It mainly involves the accumulation of
iron-dependent lipid peroxides (lipid-ROS) and ultimately
leads to cell damage [10, 11]. Studies have shown that the
imbalance of ferroptosis is related to a variety of pathological
changes and diseases, such as ischemia/reperfusion injury
(IRI) [12], neurological diseases [13], and cancers [14]. Iron
metabolism problems, which raise the risk of cancer and
encourage tumor cell proliferation, are associated with this
disease. Cancer cells are more reliant on iron than normal
cells in order to survive. Cancer cells become addicted to
iron, which is a process known as iron addiction [15, 16].
It can be considered that based on the mechanism of ferrop-
tosis in the occurrence of cancer, regulating ferroptosis-
related pathways may create new opportunities for cancer
treatment strategies [17, 18]. As we all know, 75% of the
DNA in the human genome is transcribed into RNA, but
only about 2% of the genome encodes proteins, and 98%
of the transcripts are noncoding RNA (lncRNA) [19, 20].
Long noncoding RNA (lncRNA) is a kind of RNA molecule,
mainly involved in the regulation of gene function [21]. At
the same time, lncRNA is also involved in the regulation of
various other biological processes, including tumor occur-
rence, development, and metastasis related processes [22].
Studies have shown that the presence of lncRNA in gastric
cancer is involved in the proliferation, migration, invasion,
and immune escape of cancer cells, including lncRNA
LINC00978, lncRNA ZFAS1, and lncRNA HAGLROS
[23–25]. However, there are currently few studies on the
molecular characteristics related to ferroptosis to predict
the overall survival (OS) of STAD patients. In our research,
we obtained differentially expressed genes from the STAD
dataset in The Cancer Genome Atlas (TCGA) and con-
structed a prognostic model of ferroptosis-related lncRNA.
We determined the characteristic relationship of
ferroptosis-related lncRNA in the prognosis of gastric ade-
nocarcinoma. Finally, we explored the prognostic role of
ferroptosis-related lncRNA and immune infiltration in gas-
tric adenocarcinoma. This may provide new insights for
the prognosis and treatment of gastric adenocarcinoma.

2. Materials and Methods

2.1. Manuscript Statement. The paper has been published as
a preprint in Research Square [26].

2.2. Data Collection and Preprocessing. The Cancer Genome
Atlas (TCGA) database is an international public database
that aims to research and discover the main oncogenic
genome changes of a variety of human tumors through
large-scale genome sequencing and comprehensive multidi-
mensional analysis [27]. These publicly available cancer
genome data sets will help improve tumor diagnosis
methods, treatment standards, and ultimately prevent can-
cer [27]. We downloaded the gene expression data and clin-
ical data of gastric cancer patients from the TCGA database.

2.3. Identification and Coexpression Analysis of Ferroptosis
-Related Genes and lncRNA. We downloaded ferroptosis-
related genes from the FerrDb database, which is an experi-
mentally verified database of ferroptosis regulators and
markers and the association between ferroptosis and disease
[28]. We use the limma package to perform differential analy-
sis on ferroptosis-related genes, and the screening criterion is
∣ log 2 FC ∣ ≥1, P value < 0.05 [29]. Pearson correlation was
used to evaluate the coexpression relationship between
ferroptosis-related lncRNA and gastric adenocarcinoma.
Determine the correlation coefficient ∣R 2 ∣ >0:3 as P value <
0.001. The significant differential expression of ferroptosis-
related lncRNA is set to FDR < 0:05 and ∣ log 2 FC ∣ ≥1.

2.4. GO and KEGG Enrichment Analysis. First, we explored
the function of upregulated and downregulated differential
genes related to ferroptosis. We use Gene Ontology (GO)
to evaluate the biological pathways of differential genes
related to ferroptosis. Based on the Kyoto Encyclopedia of
Genes and Genomes (KEGG) data, the R software ggplot2
package is used to plot biological processes (BP), molecular
functions (MF), and cell components (CC) regulated by dif-
ferently expressed ferroptosis-related differential genes.

2.5. Screening of Prognostic-Related lncRNAs and
Construction of Prognostic Models. We use the R software
limma package to merge the lncRNA expression level and
the survival data of gastric adenocarcinoma patient samples
with the correlation coefficient filter standard corfilter < −0:4
, P value Filter < -0.001 as the setting standards [29]. Use the
survival package of the R software, P Filter = 0.05 to visualize
the HR value of lncRNA, and use the ggplot2 package to
draw prognostic-related lncRNA forest maps. We identified
the prognostic-related lncRNAs, using P value < 0.05 as the
screening criteria. We use the stepped AIC algorithm to
select the prognostic model. The model formula is ð
coefficient lncRNA1 × lncRNA1 expressionÞ + ðcoefficient
lncRNA2 × lncRNA2 expressionÞ +⋯+ðcoefficient
lncRNAn × expression lncRNAÞ. According to the formula
and sample expression, we obtain the risk score of the sam-
ple, and divide the patients into high and low risk groups
according to the median value of the risk score.

2.6. Multivariate Validation of Prognostic Model. The
Kaplan-Meier curve is a common method for dealing with
various survival time analyses; survival analysis is used to
calculate and visualize survival probability, particularly
when some subjects cannot continue the study [30, 31].
We used the Kaplan-Meier survival analysis to evaluate the
survival probability of STAD patients based on ferroptosis-
related lncRNAs characteristics. We draw survival curves
by using the R software survival package, survminer pack-
age, and ggsurvplot. Based on unique COX analysis to deter-
mine the correlation between clinical factors and patient
prognosis, the multivariate COX analysis predicts indepen-
dent prognostic factors; setting P value < 0.05 is significant.
We use operating characteristic curve (ROC) and decision
curve analysis (DCA) to assess the difference between the
prognostic characteristics of STAD and the sensitivity and
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Figure 1: Continued.
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specificity of clinical pathology [32, 33]. We analyze the rela-
tionship between ferroptosis-related lncRNAs and differen-
tial gene coexpression by constructing a coexpression
network [34].

2.7. Prognosis Nomogram and GSEA Enrichment Analysis.
Based on the TCGA-STAD database, set the statistical sig-
nificance to P value < 0.05 and false discovery rate (FDR)
q < 0:25, we constructed a nomogram with prognostic char-
acteristics to predict the 1-, 3-, and 5-year survival of STAD
patients rate [35]. We use gene set enrichment analysis
(GSEA) to analyze the lncRNA characteristics of

ferroptosis-related lncRNA in GO, KEGG, and HALL-
MARK [36].

2.8. Immune Cell Correlation Analysis. Based on a variety of
immune analysis algorithms, including TIMER, CIBER-
SORT, CIBERSORT-ABS, QUANTISEQ, MCPcounter,
XCELL, and EPIC algorithms for immune analysis compar-
ison [37, 38], to evaluate the cellular immune characteristics
of the iron-death phase lncRNA between the high-risk and
low-risk groups, we show the differences in immune
response under different algorithms by drawing immune
correlation heat maps. In addition, ssGSEA is used to
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Figure 1: GO and KEGG analyses of differentially expressed genes related to ferroptosis. (a) GO analysis results. The color of the dots
represents the adjusted P value: red, low; blue, high. The size of the dots represents the number of ferroptosis-related genes. (b) KEGG
pathway enrichment analyses. The color of the dots represents the adjusted P value, and the size of the dots represents the number of
ferroptosis-related genes in the pathway. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; BP: biological
process; CC: cellular component; MF: molecular function.
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quantify the tumor-infiltrating immune cell subsets between
the two groups and assess their immune function.

3. Result

3.1. Data Collection and Identification of Ferroptosis-Related
Genes and lncRNA and Coexpression Analysis. We down-
loaded the gene expression data and clinical data of 407 gas-
tric cancer patients (53 normal cases and 354 tumor cases)
from the TCGA database. The collected clinicopathological
data of patients with gastric adenocarcinoma include gender,
age, stage, grade, TMN, survival status, and survival time.
The clinical characteristics of the patients are shown in Table
1. Based on the FerrDb database, we downloaded 259
ferroptosis-related genes (driver: 108; inhibitor: 69; marker:
111). We identified 1849 lncRNAs associated with ferropto-
sis for coexpression analysis.

3.2. Analysis of GO and KEGG Enrichment of DEG Related to
Ferroptosis. We identified 137 different genes related to fer-
roptosis (61 downregulated, 76 upregulated). GO enrich-
ment shows that biological processes (BP) are mainly
involved in cellular response to chemical stress, cell response
to oxidative stress, regulation of autophagy, and iron ion
transport. Molecular function (MF) mainly regulates the

NADPH oxidase activity that produces superoxide, ion
transmembrane transport protein activity, phosphorylation
mechanism, and NADP binding. Cellular components
(CC) are mainly in vacuolar proton transport type V ATPase
complex, synaptic vesicle membrane component, NADPH
oxidase complex, and autophagosome. Based on KEGG
analysis, overexpressed genes are mainly involved in autoph-
agy-animals, ferroptosis, HIF-1 signaling pathway, FoxO
signaling pathway, VEGF signaling pathway, PD-L1 expres-
sion and PD-1 checkpoint pathway in cancer, mTOR signal-
ing pathway, MAPK signaling pathway, PI3K-Akt signaling
pathway, TNF signaling pathway, and JAK-STAT signaling
pathway (Figures 1(a) and 1(b)).

3.3. Screening and Model Construction of Prognostic-Related
lncRNAs. We identified 26 different expressed lncRNA signa-
tures as independent prognostic predictors of STAD, by
screening prognostic-related lncRNAs. These lncRNAs
include LINC02716, AL356489.2, AC115619.1, AC023511.1,
AC005165.1, AC006942.1, GHICG, AC027682.6, BNC2.AS1,
AL049838.1, NR2F1.AS1, AC007541.1, LINC01579,
AC002451.1, AP001528.1, AL590226.1, SENCR, MIR99AHG,
MAGI2.AS3, LINC00519, MIR100HG, HHIP.AS1, BOLA3.
AS1, AL161785.1, LINC01614, and LINC01705. We calcu-
lated the lncRNA signature risk score and constructed a
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Figure 2: 26 independent prognostic predictor lncRNA signatures with different expressions of STAD.
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prognostic feature model. Finally, we choose AC115619.1,
AC005165.1, LINC01614, and AC002451.1 as the construc-
tion risk scoring genes, risk score = ð0:5518 ∗AC115619:1:
EXPÞ + ð0:3165 ∗AC005165:1:EXPÞ + ð0:3277 ∗ LINC01614
:EXPÞ + ð0:5196 ∗AC002451:1:EXPÞ. The forest plot shows
that these lncRNAs are significant in predicting prognosis
(Figure 2).

We performed univariate Cox regression analyses and
identified 26 ferroptosis-related lncRNAs associated with
STAD patient prognosis. Red color represents high P values.
26 independent prognostic predictor lncRNA signatures
with different expressions of STAD.

3.4. Multivariate Validation of Prognostic Model. Based on
the Kaplan-Meier analysis, the prognostic model showed
that the high-risk group lncRNAs had a worse survival rate
than the low-risk group lncRNAs (P < 0:05) (Figure 3(a)).
Through the patient’s risk curve and scatter plot, we found
that the patient’s risk score is inversely proportional to the
survival rate of patients with gastric adenocarcinoma

(Figures 3(b) and 3(c)). Convincingly, our risk heat map
shows that there are four lncRNAs that are highly expressed
in the high-risk group and are significantly positively corre-
lated with our risk model, including AC115619.1,
AC005165.1, LINC01614, and AC002451.1 (Figure 3(d)).

3.5. The Analysis of Independent Prognostic. In our prognosis
model, univariate and multivariate Cox analyses revealed
lncRNA characteristics (HR: 2.015, 95CI: 1.618-2.510),
patient age (HR: 1.030, 95CI: 1.013-1.048), and tumor M
stage (HR: 1.438, 95CI: 1.618-2.510). 1.047-1.976) and
tumor N staging (HR: 1.160, 95CI: 1.041-1.293) were inde-
pendent prognostic factors for OS in patients with STAD
(Figures 4(a) and 4(b)). The cliROC curve shows that the
AUC of the risk feature lncRNA is 0.615, indicating that it
is better than other traditional clinicopathological features
in predicting the prognosis of STAD. At the same time, the
survival rate ROC curve showed that the 1-, 2-, and 3-year
survival rates of lncRNAs in STAD patients were 0.615,
0.631, and 0.638, respectively (Figures 4(c) and 4(d)).
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four lncRNAs.
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At the same time, we analyzed the correlation between the
prognostic characteristics of lncRNAs associated with ferrop-
tosis and the clinicopathological manifestations. The correla-
tion heat map showed that AC115619.1, AC005165.1,
LINC01614, and AC002451.1 were significantly associated
with a higher-risk group of STAD patients, as shown in
Figure 5(a). The coexpression relationship between lncRNA
and mRNA was shown in Figure 5(b). Interestingly, the
DCA curve of our risk model shows that the performance of
lncRNAs in predicting the prognosis of STAD compared with
other traditional clinicopathological features still needs more
experimental studies, as shown in Figure 5(c).

3.6. The Nomogram of Prognosis-Related.Wepredicted 1-, 3-,
and 5-year survival rates in patients with STAD by combining
clinicopathological features of STAD patients with prognostic
features of ferroptosis-related lncRNAs. We score each tradi-
tional clinical trait and prognosis model individually. Through
comprehensive scoring, we can predict the survival probability
of patients, which is helpful to clinically guide the manage-
ment and treatment of STAD patients (Figure 6).

Through comprehensive scoring, the nomogram can
predict the survival probability of STAD patients at 1, 3,
and 5 years to be 0.417, 0.803, and 0.909, respectively.

3.7. GSEA Enrichment Analysis. Our research revealed that
most of the new ferroptosis-related lncRNA prognostic char-
acteristics on gene set enrichment analysis (GSEA) regulate
oxidative respiration and tumor-related pathways, such as
PI3K-AKT-MTOR signal, IL6-JAK-STAT3 signal, and NFKB
TNFA signal, inflammatory response, E2F target, steroid hor-
mone secretion, respiratory chain complex IV, serine endo-
peptidase inhibitor activity, oxidative phosphorylation, and
steroid biosynthesis (Figure 7).

3.8. The Analysis of Immune Correlation. We have used a
variety of immune analysis algorithms, including algorithms
for immune analysis and comparison, and drawn the
immune response heat map as shown in Figure 8.

We use a variety of immune analysis algorithms, including
TIMER, CIBERSORT, CIBERSORT-ABS, QUANTISEQ,
MCPcounter, XCELL, and EPIC algorithm for immune anal-
ysis comparison, and draw the immune reaction heat map as
shown in Figure 8. Based on the importance of checkpoint
inhibitors in immunotherapy for patients with STAD, we ana-
lyzed differences in immune checkpoint expression between
high- and low-risk groups. We found significant differences
in the expression of immune checkpoint-related genes
TNFSF9, TNFSF4, PDCD1LG2, NRP1, LAIR1, HAVCR2,
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Figure 4: Univariate and multivariate COX analyses and prognostic characteristics of ferroptosis-related lncRNAs. (a) Univariate Cox
analysis of ferroptosis-related lncRNA expression, (b) multivariate Cox analysis of ferroptosis-related lncRNA expression, (c) AUC value
of lncRNA risk characteristics, and (d) AUC value of lncRNA risk characteristics were used to predict the 1-, 3-, and 5-year survival
rates of STADs.
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CD86, CD48, CD200, etc., between the two groups of patients
(Figure 9(a)). At the same time, we analyzed the correlation
between the immune cell subsets of ssGSEA and related func-
tions based on TCGA-STAD data, showing that APC-
costimulation (antigen-presenting cell costimulation), CCR,
check-point, HLA, parainflammation, T cell coinhibition, type
II INF response, and type II INF response are significant between
the high-risk and low-risk group difference (Figure 9(b)).

4. Discussion

As we all know, ferroptosis is a cell death process that is dif-
ferent from apoptosis, pyrolysis, and various forms of cell
necrosis in morphology, biochemistry, and genetics [39].
Studies have shown that iron overload is related to the devel-
opment of cancer, which leads to DNA damage and pro-
motes tumorigenesis through prooxidation [40, 41].
Interestingly, there are also studies that believe that ferropto-
sis can eliminate the adaptive characteristics of malignant
cells and remove cells that cannot obtain key nutritional fac-
tors and are infected or destroyed by environmental
changes. Based on the key role of ferroptosis in inhibiting
tumorigenesis, it can be considered that it may be a new
direction of tumor treatment. In our study, new lncRNA sig-
natures for ferroptosis-related prognosis were identified
based on TCGA STAD patient data, including LINC01614,
AC005165.1, AC002451.1, and AC115619.1. Then, we eval-
uated the role of immune infiltrating cells and immune
checkpoint inhibitors in the tumor microenvironment in

the prognosis of STAD. In conclusion, our research provides
new insights for STAD-related ferroptosis-related lncRNA
as potential biomarkers and therapeutic targets.

The enrichment analysis of 137 ferroptosis-related dif-
ferential genes shows that KEGG is mainly enriched in
autophagy-animals, ferroptosis, HIF-1 signaling pathway,
FoxO signaling pathway, VEGF signaling pathway, PD-L1
expression and PD-1 inspection point pathway in cancer,
MAPK signaling pathway, PI3K-Akt signaling pathway,
and JAK-STAT signaling pathway. Recent studies have
shown that the protective effect of FG-4592 (HIF prolyl
hydroxylase inhibitor) pretreatment is mainly through Akt/
GSK-3 β-mediated stabilization of HIF-1α and activation
of the Nrf2 signaling pathway to reduce folic acid (FA)
induction of ferroptosis in the early stages of kidney injury
[42]. Meanwhile, Tyro3 promotes the development of the
original tumor microenvironment by inhibiting ferroptosis
of tumor cells induced by anti-PD-1/PD-L1 and reducing
the M1/M2 macrophage ratio, thus leading to resistance to
PD-1/PD-L1 therapy [43]. Studies have shown that onco-
genic activation of the PI3K-Akt-mTORC1 pathway leads
to downstream SREBP1 (sterol regulatory element-binding
protein 1)/SCD1 (stearyl coenzyme A desaturase-1)-medi-
ated lipogenesis that inhibits ferroptosis in cancer cells
[44]. In conclusion, this study identified 26 ferroptosis-
related lncRNA in gastric adenocarcinoma samples as inde-
pendent prognostic predictors of STAD. Studies have shown
that lnc-GIHCG overexpression increases the proliferation
and migration of gastric cancer cells by upregulating TLE1
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expression through the adsorption of miR-1281 [45]. Liu C.
et al. experimentally showed that knockdown of lncRNA
BNC2-AS1 significantly inhibited the proliferation and
migration of gastric cancer cells [46]. Studies have shown
that lncRNAMIR99AHG induces EMT and inhibits apopto-
sis through miR577/FOXP1 axis to promote gastric cancer
progression [47]. Our study determined that LINC01614,
AC005165.1, AC002451.1, and AC115619.1 were signifi-

cantly related to the high-risk group of gastric adenocarci-
noma. Convincingly, some studies also believe that
LINC01614 is of great significance in the diagnosis and
prognosis of gastric cancer [48]. Chen Y. et al. verified that
LINC01614 is highly expressed in GC cell lines and low in
normal cells through semiquantitative PCR experiments
and concluded that LINC01614 has carcinogenic effects in
promoting the growth and migration of GC cells [48]. At
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present, the mechanism of LINC01614 in GC is not yet clear.
Interestingly, there are some studies on the mechanism of
action of LINC01614 in other tumors. Liu et al. experimen-
tally proved that LINC01614 mediates inhibition of miR-217
and promotes FOXP1, which ultimately stimulates the
development of lung adenocarcinoma (LUAD) [49]. Wang
et al. predicted LINC01614 as a potential biomarker for
prognosis of breast cancer (BRCA) through Cox analysis

[50]. Based on the coexpression analysis of the prognostic-
related ferroptosis lncRNA, we found that the expression
of LINC01614 is correlated with NCF2, NOX4, HAMP,
and NNMT. Among them, NOX4 plays an important role
in the occurrence of cancer. Many studies have shown that
NOX4 and its derivatives ROS are closely related to tumor-
igenesis or carcinogenesis, [51] cancer cell proliferation,
[52, 53] tumor metastasis [54, 55], invasion [56, 57], DNA
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damage [58], and anticancer cell apoptosis [59]. Impor-
tantly, studies have shown that NOX4 plays an important
role in the growth and apoptosis of gastric cancer cells by
producing ROS and activating GLI1 signaling [60]. How-
ever, our study found that LINC01614 may play an impor-
tant role in gastric adenocarcinoma in regulating the
ferroptosis process. These findings may provide new direc-
tions for the treatment and prognosis of gastric cancer in
the future.

In our research, GSEA is enriched in PI3K-AKT-MTOR
signal, IL6-JAK-STAT3 signal, TNFA signal through NFKB,
inflammatory response, E2F target, oxidative phosphoryla-
tion, steroid biosynthesis, and other signal pathways. Previ-
ous studies have shown that Forkhead box D1 antisense
RNA 1 (FOXD1-AS1) promotes Forkhead box D1 (FOXD1)
translation through PIK3CA/PI3K/AKT/mTOR signaling,
thereby aggravating gastric cancer progression and chemo-
therapy resistance [61]. Similarly, cancer-associated fibro-
blasts (CAF) in the tumor microenvironment promote the
progression of gastric cancer through IL-6/JAK2/STAT3 sig-
naling and achieve a targeted therapeutic effect on gastric
cancer through the action of IL-6 on stromal fibroblasts [62].

As a new form of cell death, ferroptosis may become a
new method of tumor treatment in the future. Based on
the interaction of lncRNA with protein, RNA, DNA, or a
combination of these to regulate its function in diseases,
the key carcinogenic mechanism of lncRNA in human can-
cer still needs more research [63, 64]. Therefore, this study
is based on the analysis of the correlation between ferropto-
sis and lncRNA and explores the ferroptosis-related lncRNA
markers that can be used to predict the prognosis of STAD.
This may provide a new direction for the treatment of
tumors. Nevertheless, our research still has certain limita-
tions. Since our research results have not been verified by
clinical samples, the reliability of the research results cannot
be guaranteed. However, our research still has certain guid-
ing significance.

5. Conclusion

In conclusion, this study confirmed that the signature of 4
ferroptosis-related lncRNAs might be applied for predicting
the prognosis of STAD. In the personalized treatment of
STAD patients, the assessment of the degree of hypoxia is
strongly recommended to benefit specific patient groups.
However, this prognostic 11-lncRNA signature should be
validated by experimental studies.

Data Availability

Publicly available datasets were analyzed in this study. The
raw data supporting the conclusions of this article will be
made available in online https://portal.gdc.cancer.gov/.

Ethical Approval

All data in this study were originated from publicly available
datasets and did not involve human participants, human
data, or human tissue. So there is no approval required.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

YC and CL designed this study. YC collected data for the
analysis. YC, SW, YJ, and XP analyzed the data. YC wrote
the manuscript. Final manuscript read and approved by all
authors.

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394–424, 2018.

[2] P. Rawla and A. Barsouk, “Epidemiology of gastric cancer:
global trends, risk factors and prevention,” Przeglad Gastroen-
terologiczny, vol. 14, no. 1, pp. 26–38, 2019.

[3] E. Abdi, S. Latifi-Navid, S. Zahri, A. Yazdanbod, and
F. Pourfarzi, “Risk factors predisposing to cardia gastric ade-
nocarcinoma: insights and new perspectives,” Cancer Medi-
cine, vol. 8, no. 13, pp. 6114–6126, 2019.

[4] J. Ferlay, H. R. Shin, F. Bray, D. Forman, C. Mathers, and D.M.
Parkin, “Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008,” International Journal of Cancer,
vol. 127, no. 12, pp. 2893–2917, 2010.

[5] J. K. Y. Hooi, W. Y. Lai, W. K. Ng et al., “Global prevalence of
Helicobacter pylori infection: systematic review and meta-
analysis,” Gastroenterology, vol. 153, no. 2, pp. 420–429, 2017.

[6] E. C. Smyth, M. Nilsson, H. I. Grabsch, N. C. van Grieken, and
F. Lordick, “Gastric cancer,” The Lancet, vol. 396, no. 10251,
pp. 635–648, 2020.

[7] E. Van Cutsem, X. Sagaert, B. Topal, K. Haustermans, and
H. Prenen, “Gastric cancer,” The Lancet, vol. 388, no. 10060,
pp. 2654–2664, 2016.

[8] L. Jiang, K. H. Yang, Q. L. Guan, Y. Chen, P. Zhao, and J. H.
Tian, “Survival benefit of neoadjuvant chemotherapy for
resectable cancer of the gastric and gastroesophageal junction:
a meta-analysis,” Journal of Clinical Gastroenterology, vol. 49,
no. 5, pp. 387–394, 2015.

[9] H. Katai, T. Ishikawa, K. Akazawa et al., “Five-year survival
analysis of surgically resected gastric cancer cases in Japan: a
retrospective analysis of more than 100,000 patients from the
nationwide registry of the Japanese Gastric Cancer Association
(2001-2007),”Gastric Cancer, vol. 21, no. 1, pp. 144–154, 2018.

[10] B. R. Stockwell, J. P. Friedmann Angeli, H. Bayir et al., “Ferrop-
tosis: a regulated cell death nexus linking metabolism, redox
biology, and disease,” Cell, vol. 171, no. 2, pp. 273–285, 2017.

[11] J. Li, F. Cao, H. L. Yin et al., “Ferroptosis: past, present and
future,” Cell Death & Disease, vol. 11, no. 2, p. 88, 2020.

[12] W. Tonnus and A. Linkermann, “The in vivo evidence for reg-
ulated necrosis,” Immunological Reviews, vol. 277, no. 1,
pp. 128–149, 2017.

[13] M. Conrad, J. P. Angeli, P. Vandenabeele, and B. R. Stockwell,
“Regulated necrosis: disease relevance and therapeutic oppor-
tunities,” Nature Reviews Drug Discovery, vol. 15, no. 5,
pp. 348–366, 2016.

15Journal of Immunology Research

https://portal.gdc.cancer.gov/


[14] S. Toyokuni, F. Ito, K. Yamashita, Y. Okazaki, and S. Akatsuka,
“Iron and thiol redox signaling in cancer: an exquisite balance
to escape ferroptosis,” Free Radical Biology & Medicine,
vol. 108, pp. 610–626, 2017.

[15] D. H. Manz, N. L. Blanchette, B. T. Paul, F. M. Torti, and S. V.
Torti, “Iron and cancer: recent insights,” Annals of the New
York Academy of Sciences, vol. 1368, no. 1, pp. 149–161, 2016.

[16] Y. Xie, W. Hou, X. Song et al., “Ferroptosis: process and func-
tion,” Cell Death & Differentiation, vol. 23, no. 3, pp. 369–379,
2016.

[17] Y. Mou, J. Wang, J. Wu et al., “Ferroptosis, a new form of cell
death: opportunities and challenges in cancer,” Journal of
Hematology & Oncology, vol. 12, no. 1, p. 34, 2019.

[18] C. Liang, X. Zhang, M. Yang, and X. Dong, “Recent progress in
ferroptosis inducers for cancer therapy,” Advanced Materials,
vol. 31, no. 51, article 1904197, 2019.

[19] Y. Zhao, H. Li, S. Fang et al., “NONCODE 2016: an informa-
tive and valuable data source of long non-coding RNAs,”
Nucleic Acids Research, vol. 44, no. D1, pp. D203–D208, 2016.

[20] I. Ulitsky, “Evolution to the rescue: using comparative geno-
mics to understand long non-coding RNAs,” Nature Reviews
Genetics, vol. 17, no. 10, pp. 601–614, 2016.

[21] X. Qian, J. Zhao, P. Y. Yeung, Q. C. Zhang, and C. K. Kwok,
“Revealing lnc RNA structures and interactions by
sequencing-based approaches,” Trends in Biochemical Sci-
ences, vol. 44, no. 1, pp. 33–52, 2019.

[22] R. A. Gupta, N. Shah, K. C. Wang et al., “Long non-coding
RNA _HOTAIR_ reprograms chromatin state to promote
cancer metastasis,” Nature, vol. 464, no. 7291, pp. 1071–
1076, 2010.

[23] M. Fu, Z. Huang, X. Zang et al., “Long noncoding RNA
LINC00978 promotes cancer growth and acts as a diagnostic
biomarker in gastric cancer,” Cell Proliferation, vol. 51, no. 1,
2018.

[24] L. Pan, W. Liang, M. Fu et al., “Exosomes-mediated transfer of
long noncoding RNA ZFAS1 promotes gastric cancer progres-
sion,” Journal of Cancer Research and Clinical Oncology,
vol. 143, no. 6, pp. 991–1004, 2017.

[25] J. F. Chen, P. Wu, R. Xia et al., “STAT3-induced lncRNA
HAGLROS overexpression contributes to the malignant pro-
gression of gastric cancer cells via mTOR signal-mediated
inhibition of autophagy,” Molecular Cancer, vol. 17, no. 1,
p. 6, 2018.

[26] W. S. Cai Yanqun, J. Yifan, P. Xiao, and L. Caiqin, “Potential
key markers for predicting the prognosis of gastric adenocarci-
noma based on the expression of ferroptosis related lncRNA,”
2021, PREPRINT (Version 1) available at Research Square.

[27] K. Tomczak, P. Czerwińska, and M. Wiznerowicz, “The Can-
cer Genome Atlas (TCGA): an immeasurable source of knowl-
edge,” Contemporary Oncology, vol. 19, no. 1A, pp. A68–A77,
2015.

[28] N. Zhou and J. Bao, “FerrDb: a manually curated resource for
regulators and markers of ferroptosis and ferroptosis-disease
associations,” Database, vol. 2020, 2020.

[29] M. E. Ritchie, B. Phipson, D. Wu et al., “limma powers differ-
ential expression analyses for RNA-sequencing and microar-
ray studies,” Nucleic Acids Research, vol. 43, no. 7, article e47,
2015.

[30] J. Kim, “Drawing guideline for <i>JKMS</i> manuscript (01)
Kaplan-Meier curve and survival analysis,” Journal of Korean
Medical Science, vol. 34, no. 8, 2019.

[31] J. T. Rich, J. G. Neely, R. C. Paniello, C. C. Voelker,
B. Nussenbaum, and E. W. Wang, “A practical guide to under-
standing Kaplan-Meier curves,” Otolaryngology–Head and
Neck Surgery, vol. 143, no. 3, pp. 331–336, 2010.

[32] C. E. Metz, “Basic principles of ROC analysis,” Seminars in
Nuclear Medicine, vol. 8, no. 4, pp. 283–298, 1978.

[33] A. J. Vickers and E. B. Elkin, “Decision curve analysis: a novel
method for evaluating prediction models,” Medical Decision
Making, vol. 26, no. 6, pp. 565–574, 2006.

[34] S. van Dam, U. Võsa, A. van der Graaf, L. Franke, and J. P. de
Magalhães, “Gene co-expression analysis for functional classi-
fication and gene-disease predictions,” Briefings in Bioinfor-
matics, vol. 19, no. 4, pp. 575–592, 2018.

[35] S. Y. Park, “Nomogram: an analogue tool to deliver digital
knowledge,” The Journal of Thoracic and Cardiovascular Sur-
gery, vol. 155, no. 4, p. 1793, 2018.

[36] A. Subramanian, P. Tamayo, V. K. Mootha et al., “Gene set
enrichment analysis: a knowledge-based approach for inter-
preting genome-wide expression profiles,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 102, no. 43, pp. 15545–15550, 2005.

[37] T. Li, J. Fan, B. Wang et al., “TIMER: a web server for compre-
hensive analysis of tumor-infiltrating immune cells,” Cancer
Research, vol. 77, no. 21, pp. e108–e110, 2017.

[38] Y. Kim, J. W. Kang, J. Kang et al., “Novel deep learning-based
survival prediction for oral cancer by analyzing tumor-
infiltrating lymphocyte profiles through CIBERSORT,”
Oncoimmunology, vol. 10, no. 1, 2021.

[39] S. J. Dixon, K. M. Lemberg, M. R. Lamprecht et al., “Ferropto-
sis: an iron-dependent form of nonapoptotic cell death,” Cell,
vol. 149, no. 5, pp. 1060–1072, 2012.

[40] S. Okada, “Iron-induced tissue damage and cancer: the role of
reactive oxygen species-free radicals,” Pathology International,
vol. 46, no. 5, pp. 311–332, 1996.

[41] S. Ghaffari, “Oxidative stress in the regulation of normal and
neoplastic hematopoiesis,” Antioxidants & Redox Signaling,
vol. 10, no. 11, pp. 1923–1940, 2008.

[42] X. Li, Y. Zou, J. Xing et al., “Pretreatment with roxadustat (FG-
4592) attenuates folic acid-induced kidney injury through
antiferroptosis via Akt/GSK-3β/Nrf2 pathway,” Oxidative
Medicine and Cellular Longevity, vol. 2020, Article ID
6286984, 17 pages, 2020.

[43] Z. Jiang, S. O. Lim, M. Yan et al., “TYRO3 induces anti-PD-1/
PD-L1 therapy resistance by limiting innate immunity and
tumoral ferroptosis,” The Journal of Clinical Investigation,
vol. 131, no. 8, 2021.

[44] J. Yi, J. Zhu, J. Wu, C. B. Thompson, and X. Jiang, “Oncogenic
activation of PI3K-AKT-mTOR signaling suppresses ferropto-
sis via SREBP-mediated lipogenesis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 117, no. 49, pp. 31189–31197, 2020.

[45] G. Liu, Z. Jiang, M. Qiao, and F. Wang, “lnc-GIHCG promotes
cell proliferation and migration in gastric cancer through miR-
1281 adsorption,” Molecular Genetics & Genomic Medicine,
vol. 7, no. 6, 2019.

[46] C. Liu, G. Yang, N. Liu et al., “Effect of lncRNA BNC2-AS1 on
the proliferation, migration and invasion of gastric cancer
cells,” Clinical Laboratory, vol. 64, 2018.

[47] Q. Meng, X. Wang, T. Xue, Q. Zhao, W. Wang, and K. Zhao,
“Long noncoding RNA MIR99AHG promotes gastric cancer
progression by inducing EMT and inhibiting apoptosis via

16 Journal of Immunology Research



miR577/FOXP1 axis,” Cancer Cell International, vol. 20, no. 1,
p. 414, 2020.

[48] Y. Chen, W. Y. Cheng, H. Shi et al., “Classifying gastric cancer
using FLORA reveals clinically relevant molecular subtypes
and highlights _LINC01614_ as a biomarker for patient prog-
nosis,” Oncogene, vol. 40, no. 16, pp. 2898–2909, 2021.

[49] A. N. Liu, H. J. Qu, C. Y. Yu, and P. Sun, “Knockdown of
LINC01614 inhibits lung adenocarcinoma cell progression by
up-regulating miR-217 and down-regulating FOXP1,” Journal
of Cellular and Molecular Medicine, vol. 22, no. 9, pp. 4034–
4044, 2018.

[50] Y. Wang, B. Song, L. Zhu, and X. Zhang, “Long non-coding
RNA, LINC01614 as a potential biomarker for prognostic pre-
diction in breast cancer,” PeerJ, vol. 7, article e7976, 2019.

[51] J. L. Gregg, R. M. Turner 2nd, G. Chang et al., “NADPH oxi-
dase NOX4 supports renal tumorigenesis by promoting the
expression and nuclear accumulation of HIF2α,” Cancer
Research, vol. 74, no. 13, pp. 3501–3511, 2014.

[52] E. Crosas-Molist, E. Bertran, P. Sancho et al., “The NADPH
oxidase NOX4 inhibits hepatocyte proliferation and liver can-
cer progression,” Free Radical Biology & Medicine, vol. 69,
pp. 338–347, 2014.

[53] T. Shono, N. Yokoyama, T. Uesaka et al., “Enhanced expres-
sion of NADPH oxidase Nox4 in human gliomas and its roles
in cell proliferation and survival,” International Journal of
Cancer, vol. 123, no. 4, pp. 787–792, 2008.

[54] C. Zhang, T. Lan, J. Hou et al., “NOX4 promotes non-small cell
lung cancer cell proliferation and metastasis through positive
feedback regulation of PI3K/Akt signaling,” Oncotarget,
vol. 5, no. 12, pp. 4392–4405, 2014.

[55] B. Zhang, Z. Liu, and X. Hu, “Inhibiting cancer metastasis via
targeting NAPDH oxidase 4,” Biochemical Pharmacology,
vol. 86, no. 2, pp. 253–266, 2013.

[56] J. P. Fitzgerald, B. Nayak, K. Shanmugasundaram et al., “Nox4
mediates renal cell carcinoma cell invasion through hypoxia-
induced interleukin 6- and 8- production,” PLoS One, vol. 7,
no. 1, article e30712, 2012.

[57] E. Y. Kim, J. M. Seo, C. Kim, J. E. Lee, K. M. Lee, and J. H. Kim,
“BLT2 promotes the invasion and metastasis of aggressive
bladder cancer cells through a reactive oxygen species-linked
pathway,” Free Radical Biology & Medicine, vol. 49, no. 6,
pp. 1072–1081, 2010.

[58] M. Ogrunc, R. Di Micco, M. Liontos et al., “Oncogene-induced
reactive oxygen species fuel hyperproliferation and DNA dam-
age response activation,” Cell Death & Differentiation, vol. 21,
no. 6, pp. 998–1012, 2014.

[59] T. Mochizuki, S. Furuta, J. Mitsushita et al., “Inhibition of
NADPH oxidase 4 activates apoptosis via the AKT/apoptosis
signal-regulating kinase 1 pathway in pancreatic cancer
PANC-1 cells,” Oncogene, vol. 25, no. 26, pp. 3699–3707, 2006.

[60] C. T. Tang, X. L. Lin, S. Wu et al., “NOX4-driven ROS forma-
tion regulates proliferation and apoptosis of gastric cancer cells
through the GLI1 pathway,” Cellular Signalling, vol. 46,
pp. 52–63, 2018.

[61] Q. Wu, J. Ma, J. Wei, W. Meng, Y. Wang, and M. Shi,
“FOXD1-AS1 regulates FOXD1 translation and promotes gas-
tric cancer progression and chemoresistance by activating the
PI3K/AKT/mTOR pathway,” Molecular Oncology, vol. 15,
no. 1, pp. 299–316, 2021.

[62] X. Wu, P. Tao, Q. Zhou et al., “IL-6 secreted by cancer-
associated fibroblasts promotes epithelial-mesenchymal tran-

sition and metastasis of gastric cancer via JAK2/STAT3 signal-
ing pathway,” Oncotarget, vol. 8, no. 13, pp. 20741–20750,
2017.

[63] E. K. Robinson, S. Covarrubias, and S. Carpenter, “The how
and why of lncRNA function: an innate immune perspective,”
Biochimica et biophysica acta Gene regulatory mechanisms,
vol. 1863, no. 4, article 194419, 2020.

[64] Y. Lian, Z. Cai, H. Gong, S. Xue, D. Wu, and K. Wang, “HOT-
TIP: a critical oncogenic long non-coding RNA in human can-
cers,” Molecular bioSystems, vol. 12, no. 11, pp. 3247–3253,
2016.

17Journal of Immunology Research


	Potential Key Markers for Predicting the Prognosis of Gastric Adenocarcinoma Based on the Expression of Ferroptosis-Related lncRNA
	1. Background
	2. Materials and Methods
	2.1. Manuscript Statement
	2.2. Data Collection and Preprocessing
	2.3. Identification and Coexpression Analysis of Ferroptosis -Related Genes and lncRNA
	2.4. GO and KEGG Enrichment Analysis
	2.5. Screening of Prognostic-Related lncRNAs and Construction of Prognostic Models
	2.6. Multivariate Validation of Prognostic Model
	2.7. Prognosis Nomogram and GSEA Enrichment Analysis
	2.8. Immune Cell Correlation Analysis

	3. Result
	3.1. Data Collection and Identification of Ferroptosis-Related Genes and lncRNA and Coexpression Analysis
	3.2. Analysis of GO and KEGG Enrichment of DEG Related to Ferroptosis
	3.3. Screening and Model Construction of Prognostic-Related lncRNAs
	3.4. Multivariate Validation of Prognostic Model
	3.5. The Analysis of Independent Prognostic
	3.6. The Nomogram of Prognosis-Related
	3.7. GSEA Enrichment Analysis
	3.8. The Analysis of Immune Correlation

	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions

