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Abstract
Background: Ferroptosis is a form of cell death involved in diverse physiological context. Increasing
evidence suggests that there is a closely regulatory relationship between ferroptosis and long noncoding
RNAs (lncRNAs).

Method: RNA-sequencing data from The Cancer Genome Atlas (TCGA) data resource and ferroptosis-
related genes from FerrDb (http://www.zhounan.org/ferrdb/) data resource were employed to select
differentially expressed lncRNAs. We performed Univariate Cox regression and multivariate Cox analyses
analysis on these differentially expressed lncRNAs to screen independent predictive factors.
Subsequently, we established two signatures for predicting overall survival (OS) and progression-free
survival (PFS). Finally, experiments were conducted to verify the roles of LASTR in gastric cancer (GC).

Results: We identi�ed 12 differentially expressed lncRNAs linked with OS and 13 associated with PFS.
Kaplan-Meier(K-M) analyses exhibited that the high-risk group was related to a poor prognosis of
stomach adenocarcinoma (STAD). The AUCs of the OS, as well as PFS signatures of lncRNAs were 0.734
and 0.771, respectively, indicating their excellent e�cacy in predicting STAD prognosis. Our experimental
results illustrated that the inhibition of LASTR inhibited tumor proliferation and migration in GC.

Conclusion: This comprehensive evaluation of the ferroptosis-related lncRNA landscape in STAD
unearthed novel lncRNAs related to carcinogenesis. In addition, we also experimentally con�rmed the
effects of LASTR on proliferation, migration and ferroptosis. These results provide potential novel targets
for tumor treatment and promote personalized medicine.

Introduction
Gastric cancer (GC) treatment remains an important challenge as this disease threatens human health
worldwide. GC has the 5th highest cancer incidence and the third highest cancer mortality rates in the
world (1). GC is the second most prevalent cancer in China. In 2015, there were about 679,100 new cases
along with 498,000 deaths, causing a considerable burden to society (2). Because most individuals are
already in the advanced stage when they are diagnosed and based on the incidences of chemotherapy
resistance and recurrence, the overall �ve-year OS of patients is less than 25% (3). Therefore,
identi�cation of its underlying pathogenic mechanism and the detection of novel and reliable potential
therapeutic targets are essential to enhance prognosis of individuals with GC.

The roles of ferroptosis in tumors have attracted increasing attention recently. Ferroptosis is an iron-
dependent mechanism of cell death that has been recently discovered (4). The primary mechanism of
ferroptosis depends on the action of ester oxygenase or divalent iron, which catalyze lipid peroxidation of
unsaturated fatty acids, hence triggering cell death. Besides, it also functions in the antioxidant system
(the glutathione system) to regulate the reduction of the core enzyme–phospholipid hydroperoxide
glutathione peroxidase 4 (GPX4)(5, 6). Increasing studies have shown that lncRNAs can regulate
ferroptosis and mediate the biological behavior in various tumors. Zhang et al. documented that lncRNA
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OIP5-AS1 induced ferroptosis resistance and promoted prostate cancer progression (7). Ma et al. proved
that the long noncoding RNA MEG8 repressed proliferation, as well as induces ferroptosis in
hemangioma endothelial cells (8). The long noncoding RNA LINC00618 was reported to accelerate
ferroptosis via increasing the contents of lipid reactive oxygen species and iron in human leukemia (9).
However, there is still a lack of research that systematically assesses ferroptosis-related lncRNA
signatures and explains their relationship with OS and PFS in STAD patients.

Herein, we established two signatures consisting of differentially expressed ferroptosis-related lncRNAs
to evaluate OS and PFS prognosis based on TCGA data. Furthermore, experiments were conducted to
validate the functions of a unique overlapping lncRNA (LASTR) of the signatures for PFS and OS in GC.

Methods
Data collection

RNA-sequence data of 407 patients (32 non-malignant and 375 tumor) were abstracted from the TCGA-
STAD data resource. TCGA constitutes a publicly funded project whose purpose includes cataloging and
discovering major cancer-pathogenesis genome changes in large data sets of over 30 human cancer
types via large-scale genome sequencing along with integrated multidimensional analyses. Herein, the
matching TCGA clinical data were abstracted from the cBioPortal (http://www.cbioportal.org/) (10). The
matching ferroptosis-related lncRNAs were abstracted from FerrDb (11), an online consortium providing a
comprehensive, as well as up-to-date data resource for ferroptosis biomarkers, their modulatory
molecules along with the linked diseases.
Pro�ling differentially expressed ferroptosis-related lncRNAs (DEFRLs)

To determine ferroptosis-related lncRNAs, we employed to limma R tool to conduct differential analyses
for the STAD samples from TCGA. The remarkable differences in expressions were determined using the
FDR < 0.05 and |log2FC|≥1 threshold. Pearson correlation was adopted to determine the relationship of
the lncRNAs with ferroptosis markers. A correlation coe�cient of |R2|>0.45 at P < 0.05 signi�ed
remarkable relationship.

Functional enrichment analysis of DEFRLs

The clusterpro�e R tool was employed to perform Gene Ontology (GO) coupled with Kyoto Encyclopedia
of Genes and Genomes (KEGG) to elucidate the role of unrecovered DEFRLs (12). An adjusted P < 0.05
denoted statistical signi�cance.

Development of the ferroptosis-related lncRNA prognostic signatures

We analyzed OS along with PFS to gain insights into the prognostic signi�cance of DEFRLs in individuals
with STAD. We de�ned OS as the time beginning from the �rst day of diagnosis to death from any cause,
whilst PFS included the time from the day of diagnosis to the time of cancer progression or death. Firstly,
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a univariate Cox analysis was adopted to explore OS- along with PFS-related DEFRLs. Secondly,
multivariate Cox regression was employed to determine the potential OS- along with PFS-related DEFRLs
to create two predictive signatures, referred to as the OS signature and the PFS signature, respectively.
The DEFRLs’ coe�cients in the �nal signatures were validated simultaneously and utilized to compute
the risk scores for each STAD patient. And all subjects were strati�ed into either low-risk group or high-risk
group, as per the median score. The risk score was calculated as follows:

βi  is the coe�cient of lncRNA i in the multivariate Cox analysis; Gi is the expression value of lncRNA i;
and n is the number of lncRNAs in the signature.

To explore the e�ciency of the signatures, the “survival ROC” tool was employed to create ROC (receiver
operating characteristic) curves at one-, three-, and �ve-years, and the matching time-based AUCs (area
under the curves) were computed. And we generated the K-M survival plots with the log-rank test to
assess the differences in OS and PFS between high- and low-risk group.

The predictive nomogram integrating DEFRL signatures and clinical variables

Clinical characteristics, including gender, age, grade and stage were abstracted from the cBioPortal data
resource. Univariate Cox regression integrating the signature with the clinical information was conducted
for individuals with STAD, and factors harboring P < 0.05 were subjected to multivariate regression to
determine the independent predictive factors. After that, two predictive nomograms were created using
the R “rms” package on the basis of the independent predictive factors for estimating OS along with PFS
in individuals with STAD. We employed the concordance index (C-index) to explore the discrimination
e�ciency of these two nomograms.

Cells and culture conditions

The AGS and MKN7 cell lines were acquired from cell bank of the Chinese Academy of Sciences and
inoculated in RPMI-1640 medium (PM 150110, Procell Life Science &Technology Co,.Ltd) enriched with
10% FBS (Gibco, NY, USA) at 37°C and 5% CO2 conditions.

Reagents and antibodies

Antibodies against β-actin (#4970, Cell Signaling Technology, USA), Anti-GPX4 (ab18196) bought from
Abcam (Cambridge, United States), and secondary antibodies (abs20002) acquired from Absin
(Shanghai, China) were used for western blotting experiment.

Transfection
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We transfected the cells with small interfering RNAs (siRNAs) against LASTR (siLASTR; LncRNA-Pharma,
Shanghai, China) and a negative control (siNC) with the Lipofectamine 2000 system (Invitrogen, United
States) as described by the manufacturer. Cells were propagated with LASTR siRNAs for 48 h and
harvested for subsequent experiments.

RNA isolation and RT-qPCR

The TRIZOL reagent was employed to purify total RNA from cells (TaKaRa, Beijing, China). After that,
cDNA was generated from the RNA via reverse transcription with the Prime Script RT Master Mix reagent
(TaKaRa, China), per the instructions of the manufacturer. Afterwards, RT-qPCR was run on the ABI
7500HT Fast Real-Time PCR Platform (Applied Biosystems, CA, USA). The 2−ΔΔCt approach was adopted
to determine relative lncRNA expression with GAPDH serving as the normalization control. The
oligonucleotide primers for RT-qPCR included: LASTR forward, 5'- GAGAAGACAGTGGGTGAAGTCC-3' and
reverse, 5'-GACTCTAGGCACCAGCTGAC-3' and GAPDH forward, 5'-GGAAGCTTGTCATCAATGGAAATC-3',
and reverse, 5'-TGATG ACCCTTTTGGCTCCC-3'.

Western blotting assay

We inoculated the GC cells onto 6-cm plates for 48 hours and the harvested them via scrapping.
Thereafter, lysis RIPA lysis buffer enriched with protease along with phosphatase inhibitors (Solarbio,
Beijing, China was employed lyse the cells for 30 minutes. Thereafter, the cells were span at 12,000 g for
20 minutes at 4°C, and the protein quantitated with the BCA protein assay kit (Beyotime, China).
Afterwards, 20µg of the proteins were fractionated on an SDS-PAGE gel and transfer-embedded onto
PVDF membranes. Blocking of the membranes was done for two hours using 5% skimmed milk
dispersed in TBST. Afterwards, the membranes were inoculated overnight with the indicated primary
antibody (1:1000). Next, the membranes were rinsed in TBST for ten minutes, and then inoculated at
room temperature with the secondary HRP-conjugated antibodies (1:8000) for two hours. Thereafter, the
membranes were rinsed with TBST and the bound antibodies visualized with a chemiluminescence kit
(Life Technologies, China) on a Bio-Rad gel imager infrared imaging Platform (ChemiDoc XRS+).

5-ethynyl-2’-deoxyuridine (EdU) incorporation assay

1×105 GC cells/well were planted onto 24-well plates, allowed to grow for 48 hours, and inoculated with
medium enriched with 50µM EdU (Beyotime, Shanghai, China) for two hours. Thereafter, we �xed the cells
(in 4% PFA; Beyotime, Shanghai, China) followed by permeabilization, and then introduced a click
reaction mixture (200µL/well) for 30 minutes. Nuclei staining (in Hoechst 33342; 200µL/well) was done
for 30 minutes, and a �uorescence microscope employed to visualize the cells.

Colony formation assay

We infected cells with siRNA for two days, and the inoculated 300 cells/well into 6-well dishes and
allowed to grow for 10 days. Next, the cells were �xed for 30–60 minutes (in 4% PFA), followed by
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staining for 20 minutes (in crystal violet). After numerous washes in ddH2O, the colonies were
photographed and their numbers determined.

Transwell migration assay

Cell migration was evaluated using a BD (Franklin Lakes, United States) transwell compartment without
Matrigel. Following transfection, we introduced 2x105 cells in serum-free medium onto the upper
compartment of the transwell, then medium enriched with 20% FBS was introduced to the lower
compartment and allowed to grow for one day. Thereafter, the cells were �xed for 30 minutes with 4%
PFA, followed by staining for 20 minutes (in crystal violet) and the rinsed with PBS. We counted the cells
in �ve �elds (top, bottom, center, left, and right) under a microscope.

Wound healing assay

The GC cells were planted into 6-well plates and a sterile pipette tip employed to make a scratch. Next, the
cells were rinsed with PBS, and then inoculated in medium enriched with 2% FBS. We acquired images at
0 and 24 h with a phase contrast microscope. The fraction of wound healing was determined follows: [1 -
(empty area 24 h/empty area 0 h)] × 100%.

Statistical analysis

All data analyzes were implemented in Bioconductor packages in R software, version 4.1.0 and GraphPad
Prism 8.0 Software. Unpaired Student’s t-test, the Wilcoxon rank-sum test, ANOVA, and the Kruskal–Wallis
test were adopted to compare continuous variables. Pearson analysis was implemented for the
correlation analyses. P < 0.05 denoted statistical signi�cance.

Results
Patient characteristics

Overall, 375 STAD tumor samples along with 32 non-malignant neighboring tissues were analyzed, and
their expression pro�les were identi�ed. The clinical features of the patients are given in Table 1. Next,
382 ferroptosis-related lncRNAs were obtained from FerrDb (Fig. 1A). Using Pearson’s correlation test, 503
differentially expressed ferroptosis-related lncRNAs were obtained (Fig. 1B). To gain profound
understanding of how these ferroptosis-related lncRNAs may drive STAD development, we performed GO
along with KEGG enrichment analyses. The BPs were related to the response to oxidative stress and
response to metal ions. The CCs were related to the production of oxidoreductase complex and NADPH
oxidase complexes. The MFs were related to oxidoreductase activity, iron ion binding and superoxide − 
generating NAD(P)H oxidase activity (Fig. 1C). KEGG-based analysis exhibited main enrichment in
ferroptosis, the HIF-1 signaling pathway, the p53 signaling pathway, the PPAR signaling pathway, and the
ErbB signaling pathway (Fig. 1D). The enrichment analyses indicated that ferroptosis-related lncRNAs are
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closely related to iron metabolism and could mediate some pivotal signaling pathways in tumorigenesis
of STAD.

Table 1
The clinical characteristics of patients in the

TCGA-STAD dataset.
Variable Number of samples

Gender

Male/Female

 

241/134

Age at diagnosis 

≤ 65/>65/NA

 

164/207/4

Grade

G1/G2/G3 /NA

 

10/137/219/9

Stage

I/II/III/IV/NA

 

53/111/150/38/23

T

T0/T1/T2/T3/T4/NA

 

19/80/168100/8

N

N0/N1/N2/N3/NA

 

111/97/75/74/18

M

M0/M1/NA

 

330/25/20

 
Prognostic value of ferroptosis-related lncRNAs in STAD

The lack of reliable markers for early tumor diagnosis is still one of the key factors in the dismal
prognosis of individuals with advanced STAD. Recent �ndings have revealed that ferroptosis-related
lncRNAs can act as prognostic targets in diverse cancers (13, 14). Thus, we further con�rmed the
possible predictive value of ferroptosis-related lncRNAs in individuals with STAD. Univariate Cox
regression uncovered 27 and 40 ferroptosis-related lncRNAs that were remarkably related to OS and PFS,
respectively (Fig. 2A,3A). After that, multivariate Cox analysis was carried out, and a total of 25
ferroptosis-related lncRNAs were employed to produce two predictive signatures, consisting of 12
ferroptosis-related lncRNAs for the OS signature, 13 ferroptosis-related lncRNAs for the PFS signature.
The time-based ROC curves illustrated that the AUCs of the OS signature for estimating 1-, 3-, and 5-year
OS were 0.697, 0.712, and 0.734, respectively (Fig. 2B). Subsequently, based on the median risk score,
patients were divided into high- and low-risk group. The K-M plots illustrated that the high-risk group had
a dismal OS in comparison with the low-risk group (Fig. 2C). Similarly, the AUCs of the signature for
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estimating 1-, 3-, and 5-year PFS were 0.752, 0.803, and 0.771, respectively (Fig. 3B). Similar to the OS
signature, the individuals with STAD with higher risk scores had worse PFS (Fig. 3C). These data
illustrated that the OS, as well as PFS signature were both valuable tools for estimating the prognosis of
individuals with STAD. Besides, to more clearly illustrate differences in the prognosis and expression
trends of lncRNAs, we constructed heatmaps (Fig. 2D, 3D), survival status plots (Fig. 2E, 3E), and risk
score plots (Fig. 2F, 3F). All of the above indicate that the signatures based on DEFRLs can be used to
effectively assess the prognosis of STAD patients.

Creation of nomograms on the basis of the DEFRL signatures and clinical parameters

To enhance the clinical utility of our prognostic signatures, we constructed two comprehensive signatures
based on independent clinical parameters. First, we conducted univariate along with multivariate cox
analyses to explore independent OS along with PFS predictive variables. We identi�ed risk score, age, as
well as stage as independent OS-related variables (Fig. 4A,4B). Three independent variables, including
risk score, sex and stage, were identi�ed as PFS-related variables (Fig. 5A,5B). Clinical factors of STAD
patients that correlated with DCA parameters were screened (Fig. 4C, 5C). Afterwards, on the basis of the
independent predictive variables, two new nomograms were created to estimate OS, as well as PFS
(Fig. 4D, 5D). The C-indices were 0.674 (95% CI 0.625–0.723) and 0.664 (95% CI 0.6052–0.7228) for the
OS and PFS nomograms, respectively. These data illustrated that two nomograms can be adopted to
precisely estimate the prognosis of individuals with STAD. The heatmaps for the relationship of
ferroptosis-related lncRNA prognostic signatures with clinicopathological manifestations were also
produced (Fig. 4E, 5E). Moreover, the relationship between lncRNAs and mRNAs for the OS and PFS
signatures is shown in Fig. 4F and 5F, which show that there is a complicated regulatory relationship
between them.

The roles of LASTR in GC

There was one overlapping ferroptosis-related lncRNA (LASTR) among those identi�ed by multivariate
regression of OS and PFS signatures, which shows that LASTR is the most critical factor in the STAD
prognostic prediction models. It was reported that LASTR could foster �tness of cancer cells via
modulating the activity of the U4/U6 recycling factor SART3 (15). We next explored the speci�c roles of
LASTR in GC cells. The expression of LASTR in gastric cancer tissues, along with neighboring non-
malignant tissues from the TCGA data resource is given in Fig. 6A. K-M survival curves illustrated that
low level of LASTR were associated with remarkably better OS and PFS (Fig. 6B,6C). Two GC cell lines
(AGS and MKN7) were chosen to be knocked down using small interfering RNA (siRNA), and the
e�ciency was con�rmed with RT-qPCR (Fig. 7A,7B). Subsequently, EdU incorporation assay (Fig. 7C,7D)
and colony formation assay (Fig. 7E,7F) were performed on the two kinds of gastric cancer cells to
measure changes in proliferative capacity, wound healing assay (Fig. 8A,8B) and transwell migration
assay (Fig. 8C,8D) were carried out to assess changes in migration capacity. The results illustrated that
cell proliferation and migration abilities were decreased after LASTR knock down. Western blotting was
adopted to explore the expression of the ferroptosis marker GPX4 between knockdown group and control
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group (Fig. 8E,8F). The results show that knock down LASTR can repress cell growth, migration and may
trigger ferroptosis in GC.

Discussion
Despite advances in detection approaches, as well as medical standards, the �ve-year survival rate of
STAD patients remains very low (16). One of the main reasons is the lack of su�ciently speci�c and
sensitive biomarkers for early diagnosis(17). It has been shown that ferroptosis is involved in STAD
proliferation, migration, resistance and other biological behaviors (18–22). LncRNAs are pivotal
regulators of ferroptosis, playing different biological roles in different cancer type(7–9, 23–26). However,
an effective predictive tool featuring ferroptosis-related lncRNAs for STAD patients is still lacking. Herein,
12 and 13 ferroptosis-related lncRNAs were identi�ed and used to produce signatures to predict OS and
PFS, respectively, in STAD patients. First, 382 ferroptosis-related lncRNAs were obtained from the TCGA,
503 lncRNAs were established as candidate predicative biomarkers, and GO and KEGG analyses
uncovered the prospective mechanisms of these lncRNAs. Notably, we constructed an OS predictive
signature based on 12 key lncRNAs and a PFS predictive signature on the basis of 13 key lncRNAs. As
per the respective risk scores, STAD subjects were categorized into high- and low-risk group. The
differences in OS and PFS between the high-risk group and low-risk group were both statistically
remarkable. The reliability of these two signatures was further supported by the prediction ability of the
ROC curves of the two signatures. In addition, we established two comprehensive nomograms integrating
the lncRNA-related prognostic signatures and clinical features to enhance clinical utility. These
nomograms could allow clinicians to evaluate the OS along with PFS for each STAD patient by inputting
the score for each parameter.

In our study, we found that oxidative stress and tumor-linked signaling pathways such as the HIF-1
signaling pathway, the p53 signaling pathway, the PPAR signaling pathway, and the ErbB signaling
pathway are signi�cantly enriched through GO and KEGG functional enrichment analysis. It is reported
that ferroptosis induced by oxidative stress is associated with various diseases such as Alzheimer's
disease(27), intervertebral disc degeneration(28), and cancer(29). Ni et al. found that targeting HIF-1α can
induce osteoclast ferroptosis to treat osteoporosis(30). Some studies have shown that p53 can be used
to regulate ferroptosis and mediate certain diseases(31, 32). The above studies have proved the
regulatory relationship between signaling pathways and ferroptosis in different disease types, which also
con�rms the trustworthiness of the signatures we have constructed from the side.

Twelve lncRNAs (AC026368.1, CFAP61-AS1, AC090772.1, LINC00449, AC005165.1, LINC01614,
AL356215.1, REPIN1-AS1, LASTR, LINC00460, AC015712.1, PVT1) in the OS signature and 13 lncRNAs
(AL163953.1, AL356417.2, POLH-AS1, LINC01094, AP002784.1, AL031985.3, LINC01977, LASTR,
AC068790.3, AC023024.1, AC124067.4, ZBTB40-IT1, LINC00092) in the PFS signature were identi�ed.
LINC00449(33), LINC01614(34–38), LINC00460(39–43), PVT1(23, 25, 44–48), LINC01094(49–54),
LINC01977(55), ZBTB40-IT1(56), LINC00092(57) have been reported to regulate the biological behavior
or be used as tumor prognostic biomarkers in various cancers. Except for the lncRNAs mentioned above,
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there are very few reports on other lncRNAs, which is what we will focus on in the future. Among the OS
and PFS signatures, LASTR is the only lncRNA with both signatures, which means that it may have a
greater prognostic effect on STAD patients. So next we focused on the biological role of LASTR in GC.
Cell experiments, omics experiments, and bio-information analysis were performed to con�rm that LASTR
has a role in enhancing gastric cancer progression. When verifying the relationship between LASTR and
ferroptosis, due to the limitations of experimental technology and experimental environment, we only
observed the changes in the ferroptosis marker GPX4 protein after LASTR was knocked down to
speculate their regulatory relationships. It is not very rigorous. And we will explore this issue in advanced
research settings in the future.

Ferroptosis has increasingly become a hot topic in research in recent years and provides us with a novel
mechanism for the treatment of cancer. There are still many unknown areas in the relation between
ferroptosis and lncRNAs that are worth exploring. Here, we identi�ed 12 and 13 ferroptosis-related
lncRNAs in an OS signature and PFS signature of STAD, respectively, and conducted experimental
veri�cation of the roles of LASTR.

Conclusion
In general, novel ferroptosis-related biomarkers were identi�ed for STAD prognosis. One of the markers,
LASTR, has been experimentally veri�ed as a cancer-promoting factor and is associated with ferroptosis.
This research provides a new perspective for us to treat cancer and predict the survival of cancer patients.
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Figures

Figure 1

Expression and enrichment analyses of differentially expressed lncRNAs in individuals with stomach
adenocarcinoma. (A) Heatmap of ferroptosis-related genes. (B) Heatmap of ferroptosis-related lncRNAs.
(C) Bubble chart illustrating the top ten most remarkable terms in the GO, consisting of BP, CC, and MF;
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the x-axis refers to the ratio of lncRNAs that are abundant in the matching function. (D) Bubble chart
illustrating the top 30 most remarkable terms in KEGG pathway of ferroptosis-related lncRNAs; the x-axis
refers to the ratio of lncRNAs that are abundant in the matching function.

Figure 2

Establishment of 12-DEFRL-based OS signature. (A) Univariate Cox regression analysis established 27
ferroptosis-related lncRNAs that were remarkably associated with OS. (B) Time-based ROC curves of the
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OS signature at 1, 3 and 5 years. (C) Kaplan–Meier survival plots illustrating the differences of OS
between low-risk and high-risk group. (D) Levels of expression of lncRNAs in high-risk group and low-risk
group with the OS signature. (E) OS scatter plots for individuals with stomach adenocarcinoma. (F) Risk
score distribution of patients with the OS signature.

Figure 3
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Establishment of 13-DEFRL-based PFS signature. (A) Univariate Cox regression of the uncovered 40
ferroptosis-related lncRNAs that were remarkably associated with PFS. (B) Time-based ROC curves of the
PFS signature at 1, 3, and 5 years. (C) Kaplan–Meier survival plots illustrating the differences of PFS
between low-risk group and high-risk group. (D) Levels of lncRNAs expression in the high-risk group and
low-risk group with the PFS signature. (E) PFS scatter plots for individuals with stomach
adenocarcinoma. (F) Risk score distribution of patients with the PFS signature.

Figure 4
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Development of nomogram combining DEFRL-based signature with independent predictive clinical
variables to estimate OS in individuals with stomach adenocarcinoma. (A) Univariate regression of
DEFRL-based prognostic signature along with clinical factors. (B)Multivariate regression of the
remarkable factors in the univariate regression. (C) The DCA of the risk factors with OS. (D) Nomogram of
OS integrating OS signature with the two clinical variables of patients (E) Heatmap illustrating
ferroptosis-related lncRNAs OS signature and clinicopathological manifestations. (F) The regulatory
network of ferroptosis-related genes and OS-linked ferroptosis-related lncRNAs.



Page 21/24

Figure 5

Development of nomogram combining DEFR-based signature with independent predictive clinical
variables to predict PFS in individuals with stomach adenocarcinoma. (A) Univariate regression of the
DEFRL-based predicative signature along with clinical factors. (B)Multivariate regression of the
remarkable factors in the univariate Cox analyses. (C) The DCA of the risk factors with PFS. (D)
Nomogram of PFS integrating the PFS signature with the two clinical variables of patients. (E) Heatmap
illustrating ferroptosis-related lncRNAs PFS signature and clinicopathological manifestations. (F) The
modulatory network of ferroptosis-related genes and PFS-linked ferroptosis-related lncRNAs.
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Figure 6

High expression of LASTR predicts poor prognosis in individuals with stomach adenocarcinoma patients.
(A) LASTR expression in gastric cancer tissues along with neighboring non-malignant tissues from the
TCGA database. (B) Kaplan–Meier survival plots illustrating the differences of OS between low-level and
high-level LASTR. (C) Kaplan–Meier survival plots illustrating the differences in PFS between low-level
and high-level LASTR.
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Figure 7

Impact of LASTR knockdown on the growth of GC cells. (A)(B) qPCR analysis of LASTR RNA expression
of AGS or MKN7 cells transfected with siLASTR and siNC. (C)(D) Comparison of the proliferative
potential between the siLASTR and siNC groups of AGS or MKN7 cells by a EdU incorporation assay. (E)
(F) Comparison of the proliferative potential between the siLASTR and siNC groups of AGS or MKN7 cells
by a colony formation assay.
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Figure 8

Impact of LASTR knockdown on the migration along with the ferroptosis of GC cells. (A)(B) Wound-
healing assay comparing the migration distance between the siLASTR and siNC groups of AGS or MKN7
cells. (C)(D) The transwell assay comparing the number of migration cells between the siLASTR and siNC
groups of AGS or MKN7 cells. (E)(F) Comparison of the protein expression of GPX4 between the siLASTR
and siNC groups of AGS or MKN7 cells by Western blotting assay.


