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Background: Currently, colorectal cancer has become a common gastrointestinal malig-
nancy that usually occurs in the colon and rectum, and ferroptosis plays a vital role in the 
pathology and progression of colorectal tumors.
Methods: A total of 627 patients (51 normal and 644 tumor samples) from The Cancer 
Genome Atlas (TCGA)-COAD and TCGA-READ were included in the study. Lasso and 
Cox’s regression was employed to analyze the characteristic lncRNAs in colorectal cancer 
samples, and a distinctive prognostic model of ferroptosis-related lncRNAs was established. 
By analyzing the divergence between the high and low-risk groups of ferroptosis-related 
lncRNAs, 15 characteristic lncRNAs related to the prognosis of colorectal cancer were 
evaluated. Kaplan–Meier analysis, operation characteristic curve (ROC), nomogram, and 
gene set enrichment analyses (GSEA) further confirmed the validity of the characteristic 
prognostic model with ferroptosis-related lncRNAs.
Results: Kaplan–Meier analysis confirmed a high-risk group of ferroptosis-related lncRNA 
interrelated with a poor prognosis in colorectal cancer. AUC estimates of 1 -, 3 -, and 5-year 
survival rates for ferroptosis-related lncRNA characteristic models were 0.745, 0.767 and 0.789. 
GSEA analysis showed that immune and malignancy-related pathways were active in the high-risk 
score group. In addition, differential analyses of immune function, including Checkpoint, cytolytic, 
HLA, and T cell co-inhibition, differed significantly betwixt low - and high-risk groups.CD160, 
TNFRSF18, CD27, PDCD1, CD200R1, ADORA2A, TNFRSF14, LAIR1, CD244, CD40, 
TNFRSF4, CD70, TNFSF14, TNFRSF25, CD276, HHLA2, VTCN1, LAG3, TNFSF18, and other 
immune checkpoints had different expressions betwixt the high- and low-risk group.
Conclusion: Fifteen kinds of lncRNAs with different expressions (AP003555.1, AC099850.3, 
AL031985.3, LINC01857, STPG3-AS1, AL137782.1, AC124067.4, AC012313.5, AC083900.1, 
AC010973.2, ALMS1-IT1, AC013652.1, AC133540.1, AP006621.2, AC018653.3) were closely 
associated with poor prognosis of colorectal cancer. These indicators were significantly correlated 
with the overall survival (OS) rate and could be used as prognostic evaluation criteria.
Keywords: colorectal cancer, ferroptosis, lncRNAs, immune infiltration, TCGA

Introduction
Colorectal cancer (CRC) ranks fourth in Global Cancer Epidemic Survey, with 
mortality of 900,000 per year. Standard treatments include endoscopic and surgical 
local excision, preoperative radiotherapy, palliative chemotherapy, targeting, and 
immunization treatment.1 These new treatment regimens have improved overall sur-
vival for patients with colorectal cancer. But unfortunately, most patients already had 
metastatic carcinomas at the time of diagnosis, and colorectal cancer remains a disease 
with a high mortality rate. Immune checkpoint inhibitors are used to treat patients with 
high microsatellite instability (DMR-MSI-H) metastatic colorectal tumors. However, 
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this is not practical for other types of colorectal cancer. The 
therapeutic effect was undesirable.2 Systemic chemotherapy 
usually has minimal efficacy and severe systemic adverse 
reactions. Immunotherapy and targeted therapies are more 
effective and less toxic than standard chemotherapy 
regimens.

Studies showed that Iron could both promote the 
proliferation and death of tumor cells. Reactive oxygen 
species (ROS) and nuclear factor erythroid 2-related 
factor 2 (Nrf2) promote the ramification of Iron on the 
Warburg effect of colorectal tumor cells and even inhibit 
the sensibility of ferroptosis. Hemoglobin could enhance 
inflammation and inhibit tumor suppression of the P53 
gene,3 promoting cytotoxicity and ROS, inducing carci-
noma cell proliferation. In addition, studies have shown 
potential pathways of ferroptosis-related lncRNAs, 
including MAPK signaling pathways, mTOR signaling 
pathways, and glutathione metabolism pathways. In 
a separate survey of TCGA-COAD, seven ferroptosis- 
related lncRNA characteristics (ARRDC1-AS1, OIP5- 
AS1, etc.) were constructed.4 LINC01503 is associated 
with autophagy, promoting the miR-4492/FOXK1 signal-
ing pathway5 to regulate the proliferation and metastasis 
of colorectal tumor cells. LncRNA OIP5-AS1 can 
improve the radiotherapy sensitivity of CRC cells.6

As is known to all, very few systematically scientific 
studies have existed to evaluate the characteristics of ferrop-
tosis-related lncRNA among colorectal cancer patients and its 
correlation with the overall survival rate. This study estab-
lished the predictive models with differentially expressed fer-
roptosis-related lncRNA characteristics based on the TCGA 
data. Subsequently, we discussed the ferroptosis-related N6- 
methyladenosine (m6A) mRNA and the efficacy of immune 
response in predicting the course of colorectal cancer.

Methods and Materials
Data Collection and Processing
Download and collate expression and clinical data: 
through the open-access TCGA-COAD and TCGA- 
READ database, the RNA coding sequence data of 627 
patients (51 normal and 644 tumor samples) were 
obtained. The collected clinical characteristics (Table 1) 
of colorectal cancer patients included gender, age, TMN, 
survival status, and survival time. The grading of tumors 
from TCGA-COAD and TCGA-READ were classified as 
UNKNOWN, so filtered out the indicator.

We have downloaded all ferroptosis-related markers from 
FerrDb,7 and then retained 246 genes that matched gene 
signatures in the TCGA-COAD and TCGA-READ data 
frame (Table S1). Ferroptosis-related gene expression levels 
were screened with setting conditions as FDR<0.05 and | 
log2FC|≥1. Pearson’s correlation was employed to assess the 
relationship betwixt ferroptosis- associated gene and lncRNA 
from TCGA-COAD and TCGA-READ. Under the condition 
of the correlation coefficient |R2|>0.4 and P<0.01, and through 
co-expression analysis, we found ferroptosis Significantly 
related lncRNAs with co-expression of related genes.

We applied to GO analysis and KEGG analysis of fer-
roptosis-associated gene and lncRNA related to up and 
downregulation of ferroptosis. The ggplot2 package of 
R software as input to analyze the biological processes, 
molecular functions, cellular components, and KEGG sig-
naling pathways affected by the differentially expressed 
ferroptosis-associated lncRNA. Verify the model’s accuracy 
through survival curve, ROC curve, nomogram, independent 
predictive analysis, Decision Curve Analysis (DCA), etc.

The Development Trend of Prognostic 
Characteristics of Ferroptosis-Associated 
lncRNAs
With the co-expression method to predict ferroptosis- 
related lncRNAs, we perform survival analysis on these 
lncRNAs, find prognostic-related lncRNAs, and construct 
a predictive model. We use Lasso regression and Cox 
regression model analyses to build the attributes of ferrop-
tosis-associated lncRNAs, according to the risk score 
(index lncRNA1 × lncRNA1 expression) (index 
lncRNA2 × lncRNA2 expression) + … + (index lncRNA 
× expression lncRNA). The risk score of individual color-
ectal cancer patients was also assessed. According to the 
median value, the lncRNAs are divided into high and low- 
risk groups. The low-risk group was smaller than the 

Table 1 TCGA Data Information Centralizes the Clinical and 
Medical Characteristics of Patients

Variable Number of Samples

Gender Male/Female 333/293

Age at diagnosis ≤65/>65/NA 373/253
Stage I/II/III/IV/NA 109/227/180/89/20

T T0/T1/T2/T3/T4/NA 1/20/109/426/69/1

M M0/M1/NA 464/89/73
N N0/N1/N2/N3/NA 355/151/117/4
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median, and the high-risk group was significantly higher 
than the median.

DCA Diagrams of Different Risk 
Prediction Models
We used decision curve analysis R package- ggDCA to 
construct four diagnostic models: (1): prognostic charac-
teristics of ferroptosis -associated lncRNAs model; (2): 
age parameter model; (3): gender parameter model (4): 
clinical staging parameter model. The DCA curve evalu-
ated the clinical diagnostic value of the four models.

Predictive Analysis Nomogram
We carried out a GSEA analysis to detail the characteris-
tics of lncRNAs in KEGG. P<0.05, and the false discovery 
rate (FDR) <0.25, statistically significant. A nomogram 
with the factors of colorectal cancer was constructed to 
predict and analyze the 1, 3, and 5-year OS of colorectal 
carcinoma patients. We use survival and RMS packages of 
R software to draw a nomogram based on the construction 
of the Cox proportional hazard regression model.

Effects of Low Risk and the High-Risk 
Group on Immune Function, Immune 
Checkpoint, and m6A mRNA
CIBERSORT,8 ESTIMATE,9 MCPcounter,10 single-sample 
gene set enrichment analysis (ssGSEA),11 and TIMER12 opti-
mization algorithms to assess somatic cell composition or 
somatic immune response between the high- and the low- 
risk score group. The application of a heatmap reveals the 
difference in the immune reaction under different optimization 
algorithms. Further, ssGSEA was utilized to quantitatively 
analyze the immune subgroups of malignant tumor- 
infiltrating cells between the two groups to assess their 
immune function. Then, the immune checkpoint genes and 
methylation genes in the high and low-risk groups were further 
analyzed.

Data Analysis
R 4.0.2 software package13 was used to analyze the data. 
The Wilcoxon test and the non-matched Student’s t-test 
were applied to analyze independent variables’ standard 
normal distribution and non-standard normal distribution. 
The Benjamini-Hochberg method is adopted to distinguish 
lncRNAs with different expressions based on FDR. We 
use the R language GSVA package and Single Sample 
Gene Set Enrichment Analysis (ssGSEA) to quantify the 

infiltration level of 24 immune cell subtypes, to determine 
the difference of 24 immune cell subtypes between high 
and low-risk groups. We used the actual ROC and decision 
curve analysis (DCA)14 to evaluate the sensitivity and 
non-specificity of the characteristics of colorectal cancer 
after the differentiation and contrast with other clinical 
medical pathophysiology. Logistic regression analysis 
and Heatmap were used to assess the relationship betwixt 
ferroptosis-associated lncRNA with clinical medical 
pathology. Kaplan-Meier survival analysis was used to 
determine the survival analysis of colorectal cancer 
patients according to the characteristics of ferroptosis- 
associated lncRNA. P < 0.05, statistically significant.

Results
Enrichment Analysis of 
Ferroptosis-Associated Genes
Sixty-seven ferroptosis-related differential genes (including 
26 down-regulated and 41 Upregulating genes), as shown in 
Table S2. The biological process involved cellular reaction to 
chemical stress, oxidative stress, oxygen levels, hypoxia, and 
ketone, carboxylic acid biosynthetic processes. The cell com-
ponents are mainly in the following regions: basolateral 
plasma membrane, apical part of the cell, basal plasma 
membrane, basal part of the cell, microvillus membrane, 
apical plasma membrane. These differential genes show the 
following Molecular functions: sterol binding, protein self- 
association, oxidoreductase activity, acting on peroxide as 
acceptor, pyridoxal phosphate binding, vitamin B6 binding, 
potassium channel regulator activity, and cytokine receptor 
binding. Ferroptosis-associated genes are mainly enriched 
the following pathway: fluid shear stress and atherosclerosis 
pathway, central carbon metabolism in cancer pathway, fer-
roptosis pathway, microRNAs in cancer pathway, glutathione 
metabolism pathway, HIF-1 signaling pathway, renal cell 
carcinoma pathway, p53 signaling pathway, alanine pathway, 
aspartate and glutamate metabolism pathway, bladder cancer 
pathway, rheumatoid arthritis pathway, and mTOR signaling 
pathway, as shown in Figure 1 and Table S3.

Predictive Characteristics of lncRNA 
Based on Ferroptosis
The limma package of the R language was applied. Under 
the condition of the correlation coefficient |R2|>0.4 and 
P<0.01, and through co-expression analysis, we found 693 
ferroptosis-related lncRNAs, as shown in Table S4. The 
univariate analysis identified 41 significantly different 
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lncRNAs. These lncRNAs were used to construct multi-
variate Cox analysis. 15 kinds of lncRNAs with different 
expressions (AP003555.1, AC099850.3, AL031985.3, 
LINC01857, STPG3-AS1, AL137782.1, AC124067.4, 
AC012313.5, AC083900.1, AC010973.2, ALMS1-IT1, 
AC013652.1, AC133540.1, AP006621.2, AC018653.3) 
were independent prognostic factors for colorectal cancer 
(Table S5). Therefore, we counted the risk score and con-
structed predictive characteristics of those lncRNAs.

Survival Outcome and Multi-Independent 
Variable Examination
Kaplan-Meier analysis displayed that the high-risk group of 
prognostic ferroptosis-associated lncRNAs model corre-
sponded to the lower survival rate (P<0.001, Figure 2A). 
The AUC of prognostic ferroptosis-related lncRNAs is 
0.745 at one year, which is better than the traditional clin-
ical-pathological characteristics (AUC=0.681) in the predic-
tive analysis of colorectal cancer (Figure 2B and E). From 
the patients increasing risk score (Figure 2C), the median 
value of the risk score is used as the dividing line. The low- 
risk group is green, and the high-risk group is red. The 
higher the patient’s risk score, the lower the patient’s survi-
val rate. Interestingly, the Heatmap of the low-risk group and 
the high-risk group showed that the expression of 
AP003555.1, LINC01857, STPG3-AS1, AC083900.1, 
AC010973.2, ALMS1-IT1, AC013652.1, AC133540.1, 
AP006621.2, and AC018653.3 increased in a high-risk 

group, while the expression of AC099850.3, AL031985.3, 
AL137782.1, AC124067.4, and AC012313.5 decreased in 
a high-risk group (Figures 2F and 3). Prognostic ferroptosis- 
associated lncRNAs model’s AUC estimates for 1, 3, and 
5-year survival rates were 0.745, 0.767, and 0.789 
(Figure 2D). Ferroptosis -associated lncRNAs model (HR: 
1.200, 95CI: 1.153–1.249) and tumor stages (HR: 2.063, 
95CI: 1.674–2.543), were the independent factors of 
Overall survival (OS) for colorectal cancer patients 
(Figure 4A), which proved by Univariate COX analysis. 
Multivariate cox analysis showed that prognostic character-
istics of the ferroptosis-associated lncRNAs model (HR: 
1.181, 95CI: 1.129–1.236) and their tumor stages (HR: 
2.105, 95CI: 1.695–2.614) are also independent factors of 
OS in colorectal cancer patients (Figure 4B). Figure 4C 
shows the correlation between lncRNA and mRNA. As 
shown on the clinical correlation heatmap (Figure 3), red 
represents high-risk groups, and blue represents low-risk 
groups.AP003555.1, LINC01857, STPG3-AS1, 
AC083900.1, AC010973.2, ALMS1-IT1, AC013652.1, 
AC133540.1, AP006621.2, and AC018653.3 increased in 
high-risk group, while the expression level of 
AC099850.3, AL031985.3, AL137782.1, AC124067.4 and 
AC012313.5 decreased in high-risk group. There were sig-
nificant differences in clinical lymph node invasion and 
metastasis, stage, and survival status betwixt high-risk and 
low-risk groups. In other words, predictive characteristics of 
the ferroptosis-associated lncRNAs model significantly 
impact clinical lymph node invasion and metastasis, stage, 

Figure 1 GO and KEGG analysis of ferroptosis-related differentially expressed genes (DEGs) linked with TCGA-COAD and TCGA-READ data frames for colorectal cancer 
samples. (A) Perform a GO analysis of these DEGs. (B) KEGG analysis related to these DEGs.
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and survival status (P<0.05). The clinician can use the 
nomogram to predict the survival probability of each 
research subject. As shown in Figure 5, the Total Point of 
the current patient is 224 points, and the predicted survival 
probabilities for the next 1, 3, and 5 years are 12.3%, 5.97%, 
and 2.37%, respectively. The mixed nomogram combines 
clinical pathology characteristics. The predictive features of 
new ferroptosis-associated lncRNAs are reliable and accu-
rate in clinical medical management for patients with color-
ectal cancer.

Gene Set Enrichment Analyses (GSEA)
Through GSEA, those prognostic lncRNAs could adjust 
immunity, and intestinal immune networks for IgA pro-
duction pathway, pathway in cancer, PPAR signaling path-
way, Notch signaling pathway, JAK-STAT signaling 

pathway, colorectal cancer, MAPK signaling pathway, 
and VEGF signaling pathway (Figure 6 and Table S6).

Effects of Low Risk and the High-Risk 
Group on Immune Function, Immune 
Checkpoint, and m6A mRNA
According to the optimization algorithms of CIBERSORT, 
ESTIMATE, MCP counter, ssGSEA, and TIMER, the 
correlation analysis of immune cells (Figure 7). Blue 
represents low-risk groups; red represents high-risk 
groups; the ordinate represents immune cells. Different 
colors represent other software prediction methods. 
Macrophages m2, M1, memory B cells, immune score, 
microenvironment score, endothelial cells, and T cells 
(CD8 +, Tregs, CD4 + central memory, and CD4 + effect 
memory) increased significantly in the high-risk group. 

Figure 2 A prognostic characteristic ferroptosis-related lncRNAs’ model assessment based on Colorectal cancer samples from the TCGA-COAD and READ data frame. 
(A) Survival curves for the two groups with high and low-risk scores. The year is represented by the abscissa, while the survival rate is represented by the ordinate. P<0.05, 
denotes statistical significance. (B) The AUC value has four different clinical parameters setting (a prognostic characteristic ferroptosis-related lncRNAs, age, gender, clinical 
stage). The abscissa denotes 1-specificity, while the ordinate represents sensitivity. AUC≈1.0 represents an ideal inspection index; AUC 0.7–0.9 indicates a high-test accuracy 
value; AUC=0.5 represents that the test has no diagnostic value. (C) The effect of high- and low-risk score groups in the prognostic ferroptosis-related lncRNAs model on 
survival time and survival status. The abscissa is for the patients to gradually improve their risk score; the high-risk score group is in red, and the low-risk score group is in 
green. The number of death samples increases the risk score. (D) The AUC values of a characteristic prognostic model of lncRNAs associated with ferroptosis at 1, 3, and 
5-years. The ordinate represents sensitivity, and the abscissa represents 1-specificity. AUC≈1.0: An ideal inspection index; AUC 0.7–0.9: has a high-test accuracy value; 
AUC=0.5: the test has no diagnostic value. (E) DCA of 4 clinical parameter modes (a prognostic characteristic ferroptosis-related lncRNAs, age, gender, clinical stage). The 
risk threshold probability is represented by abscissa in the figure: in the risk assessment tool, the probability of a patient being diagnosed with colorectal cancer is recorded 
as Pi; when Pi reaches a certain threshold (denoted as Pt), it is defined as positive, and treatment measures are taken. The decision number model is based on the patient’s 
benefit after treatment and untreated loss (harm). The ordinate represents the net benefit, which is the patient’s benefit from treatment minus the loss caused by untreated. 
(F) The heat map shows the high and low-risk score groups related to the expression level of the prognostic ferroptosis-related lncRNAs among colorectal cancer samples. 
The abscissa represents the high- and low-risk score groups, pink represents the low-risk score group, blue represents the high-risk score group, and the ordinate 
represents the expression level of characteristic prognostic lncRNAs associated with ferroptosis in the samples; P<0.05, statistically significant.
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The immune function betwixt the low-risk and the high- 
risk group (Figure 8A) are significant differences between 
the two groups. Immune cell functions, including 
Checkpoint, cytolytic, HLA, T cell co-inhibition, were 
significantly enhanced among the high-risk groups 
(Figure 8A, P<0.05). Due to the necessity of immunother-
apy based on checkpoint inhibitors, we further discussed 
the difference analysis between low-risk and high-risk 
groups at immune checkpoints. The expression levels of 
CD160, TNFRSF18, CD27, PDCD1, CD200R1, 
ADORA2A, TNFRSF14, LAIR1, CD244, CD40, 
TNFRSF4, CD70, TNFSF14, TNFRSF25, CD276, 
VTCN1, LAG3, TNFSF18, in the high-risk group was 
significantly higher than the low-risk group (Figure 8B, 
P<0.05).On the contrary, the expression of HHLA2 in the 
high-risk group was markedly lower than that in the low- 
risk group (Figure 8B, P<0.05). The expression level of 
m6a-related mRNA between the two groups revealed the 

YTHDF2, YTHDC1, YTHDC2, FTO, RBM15, METTL14, 
YTHDF1, ZC3H13 in the high-risk group was significantly 
lower than the low-risk group (Figure 9, P<0.05). In con-
trast, the expression level of METTL3 in the high-risk 
group was substantially higher than in the low-risk group 
(Figure 9, P<0.05).

Discussion
TNM stage is a clinical evaluation index significantly 
related to the prognosis of colorectal cancer. At the same 
time, it also guides clinical treatment. Ferroptosis can 
participate in the resistance of many types of malignant 
tumor cells to radiation and chemotherapy. Therefore, it 
might be a new cancer treatment. This scientific research 
used bioinformatics methods to study the expression pro-
file changes of differential genes related to ferroptosis in 
colorectal cancer. Forty-one lncRNAs identified to signifi-
cantly associate with the prognosis of colorectal cancer 

Figure 3 Clinical correlation heatmap, with red denoting high-risk score group, and blue denoting low-risk score group. The main abscissa represents the high- and low-risk 
groups are represented by primary abscissa, with blue representing the low-risk score group, and red representing the high-risk score group. In addition, the abscissa 
stratification includes tumor TNM stage, age, gender, survival status, survival time, and pathological stage; the ordinate represents the expression level of characteristic 
prognostic lncRNAs associated with ferroptosis in the samples. T: the scope and size of the primary tumor; N: the dissemination of lymph nodes; M: Whether there is 
metastasis, M0 means that there is no metastasis, and M1 means that there is distant metastasis. Unknown: missing clinical data in the TCGA data frame; stge: stage; fustat: 
survival status; futime: survival time. *P<0.05, ***P<0.001.
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through univariate analysis from 693 ferroptosis-related 
lncRNAs. We further identified 15 differentially expressed 
lncRNAs related to prognosis, survival time, and status 
and constructed a risk model that can effectively predict 
prognosis. The AUC of this lncRNAs model were 0.745, 
0.767, and 0.789 at 1, 3, and 5-year survival rates, which is 
better than the clinical-pathological characteristics 
(AUC=0.681). Subsequently, the DCA curve evaluates 
the clinical diagnostic value of this ferroptosis-associated 
lncRNAs model is better than that of age, gender, clinical 
staging parameter model. New regulatory genes of ferrop-
tosis discovered in the past few years, such as ATG7, 
CYBB, ACSL3, SLC7A11, TFRC, etc. Interestingly, 
lncRNAs play a prominent role in adjusting the expression 
level of these factors, as shown in our study (Figure 4C). 
67 DEGs (Table S2) participate in the following cancer- 
related pathways: the carbon metabolism pathway in the 
management center of cancer, ferroptosis, microRNAs in 
cancer, p53 signaling pathway, mTOR signaling path-
way, etc.

LncRNA plays a vital role in epigenetic regulation and 
many other life activities, which has a regulatory effect on 
mRNA and can affect mRNA expression and splicing.15,16 

Some of the antisense lncRNAs can bind to mRNA to reg-
ulate gene silencing, transcription, and mRNA stability. In 

addition, lncRNAs are cis-correlated with mRNA, and 
lncRNAs are correlated with the expression levels of protein- 
coding genes between samples (to predict the trans 
correlation).17 The expression levels of seven lncRNAs, 
including LINC01137 and ARHGEF26-AS1, in lung adeno-
carcinoma (LUAD) cell lines, were detected by molecular, 
cellular experiments. The results showed that LINC01137 
upregulated, and ArhGEF26-AS1 down-regulated in LUAD 
cells. Seven lncRNA-associated ferroptosis can be used as 
diagnostic and prognostic biomarkers for LUAD tumors.18 

Up to date, there have not been many scientific studies on the 
efficacy evaluation of ferroptosis-associated lncRNAs in the 
prognosis of solid tumors, especially colorectal cancer. This 
paper is likely to give a precious perspective on the manip-
ulation of colorectal cancer in the future.

Here, lncRNAs associated with different expressions 
are divided into high-risk and low-risk categories to 
explore their potential effects in colorectal cancer. The 
differences in immune infiltrating cells, immune check-
points, and m6A-related genes between the high and low 
risks of the prediction model were analyzed. Ferroptosis 
synergistically improves immune checkpoint inhibitors. 
The immunogenic form of cell death is characterized by 
the release of immune stimulation, including injury- 
associated molecular patterns (DAMPs).19 These 

Figure 4 Cox analysis of the ferroptosis-related lncRNA distinctive prognostic model. (A) Univariate Cox analysis, P<0.05, statistically significant. (B) Multivariate Cox 
analysis. P<0.05, statistically significant. (C) Relationship between characteristic prognostic ferroptosis-related lncRNAs and mRNAs expression.
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molecular adjuvants help to activate the antigen- 
presenting cells and devour the cancer cells.22 Very few 
scientific studies discussed the Immune checkpoint of 
CD160, TNFRSF18, CD27, PDCD1, CD200R1, 

ADORA2A, TNFRSF14, LAIR1, CD244, CD40, 
TNFRSF4, CD70, TNFSF14, TNFRSF25, CD276, 
HHLA2, VTCN1, LAG3, TNFSF18 and ferroptosis- 
related LncRNAs. Upregulating ALMS1-IT1 can trigger 

Figure 5 Based on the total score the nomogram predicts the probability of survival (including the points of clinical factors and the risk score of characteristic ferroptosis- 
related lncRNAs). ***P<0.001.

Figure 6 GSEA was used to identify the ferroptosis-related lncRNAs. The high-risk group was considerably enriched in the intestinal immune network for IGA production, 
pathways in cancer, PPAR signaling, NOTCH signaling, STAT signaling, colon cancer signaling, MAPK signaling, and VEGF signaling.
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Figure 7 Differences in immune function between high-risk and low-risk populations were analyzed using a heatmap (based on CIBERSORT, ESTIMATE, MCPcounter, 
ssGSEA, TIMER algorithm). The low-risk group is represented by blue on the horizontal axis; While the high-risk group is represented by red on the horizontal axis. The 
vertical axis represents the immune cells. Various hues represent various software forecasting approaches.

Figure 8 Immunological function and immune checkpoints in the high-risk and low-risk groups were compared. (A) Immune cell subsets and immune function difference 
between high-risk and low-risk groups. The immune-related activities in colorectal cancer are shown by the abscissa, and the scores of these functions are represented by 
the ordinate. *P<0.05, **P<0.01, ***P<0.001. (B) Perform immune checkpoint difference analysis on the high and low-risk scores group. The abscissa represents the immune 
checkpoint-related genes in colorectal cancer, and the ordinate represents its expression. *P<0.05, **P<0.01, ***P<0.001. 
Abbreviation: ns, not significant.
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the cyclin-dependent kinase pathway, promoting the 
malignant progression of lung adenocarcinoma 
(LUAD). LINC01857 regulates miR-141-3p/MAP4K4 
in diffuse large B-cell lymphoma,20 increases PI3K/ 
mTOR pathway activity in DLBCL, enhances the meta-
static ability of gastric cancer cells, and leads to poor 
prognosis in patients,21 which can also lead to glioma, 
breast cancer, and other tumors. Previous studies have 
shown that LINC01857 promotes H3K27AC and CREB1 
transcriptional expression by increasing CREBBP aggre-
gation in the CREB1 promoter region,22 promoting breast 
cancer progression. HHLA2(B7H7/B7-H5/B7y) is 
a newly discovered B7 family member that regulates 
the function of human T cells.23 HHLA2 in the high- 
risk group was lower than in the low-risk group 
(Figure 8B, P<0.05). HHLA2 has an immunosuppressive 
reaction in the tumor microenvironment. The expression 
of HHLA2 is closely related to two related prognostic 
factors - clinic stage and lymph node-positive.23 At the 
same time, T cells (CD8 +, Tregs, CD4 + central mem-
ory, and CD4 + effect memory) significantly increased in 
the high-risk group. In immune cell functions, T cell co 
inhibition is active in high-risk groups. Treg infiltration, 
T cell activation, and survival in the tumor microenvir-
onment leads to individual differences in the prognosis of 
patients with colorectal cancer. In contrast, the expres-
sion level of METTL3 in the high-risk group was sub-
stantially higher than in the low-risk group (Figure 9, 
P<0.05). Evidence shows that METTL3 can regulate the 

translation efficiency of various oncogenes and promote 
the proliferation and invasion of lung cancer cells.24

Ferroptosis is a newly discovered mechanism of cell 
death, which is likely to give a new insight into cancer 
treatment strategy.25 This scientific research explores the 
biomarkers of ferroptosis that could predict and analyze 
colorectal cancer, which could benefit cancer treatment 
exploration. Nevertheless, if the conditions are permitted, 
it would be perfect and essential to verify the prognosis 
prediction model established in this study.

Conclusion
15 kinds of lncRNAs with different expressions (AP003555.1, 
AC099850.3, AL031985.3, LINC01857, STPG3-AS1, 
AL137782.1, AC124067.4, AC012313.5, AC083900.1, 
AC010973.2, ALMS1-IT1, AC013652.1, AC133540.1, 
AP006621.2, AC018653.3) were closely associated with 
poor prognosis of colorectal cancer. These indicators were 
significantly correlated with OS rate and could be used as 
prognostic evaluation criteria.
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