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TSchool of Public Health, Objective: To establish a prognostic signature for lung adenocarcinoma (LUAD) based
Xinjiang Medical University, on cuproptosis-related long non-coding RNAs (IncRNAs), and to study the immune-
Urumai 830011, Xinjiang, China related functions of LUAD.

2 Xinjiang Uygur Autonomous

Region Occupational Disease Methods: First, transcriptome data and clinical data related to LUAD were down-
Hospital, Urumai 830011, loaded from the Cancer Genome Atlas (TCGA), and cuproptosis-related genes were

Xinjiang, Chi . ) X T ;
eng,Hine analyzed to identify cuproptosis-related INncRNAs. Univariate COX analysis, least abso-

lute shrinkage and selection operator (LASSO) analysis, and multivariate COX analysis
were performed to analyze the cuproptosis-related INcRNAs, and a prognostic signa-
ture was established. Second, univariate COX analysis and multivariate COX analysis
were performed for independent prognostic analyses. Receiver operating characteristic
(ROQ) curves, Cindex, survival curve, nomogram, and principal component analysis
(PCA) were performed to evaluate the results of the independent prognostic analyses.
Finally, gene enrichment analyses and immune-related function analyses were also
carried out.

Results: (1) A total of 1,297 cuproptosis-related INncCRNAs were screened. (2) A

LUAD prognostic signature containing 13 cuproptosis-related IncRNAs was con-
structed (NIFK-AST, AC026355.2, SEPSECS-AST, AL360270.1, AC010999.2, ABCA9-

AS1, AC032011.1, AL162632.3, LINC02518, LINC0059, AL031600.2, AP000346.1,
AC012409.4). (3) The area under the multi-indicator ROC curves at 1, 3,and 5 years
were AUCT =0.742, AUC2 =0.708, and AUC3 =0.762, respectively. The risk score of
the prognostic signature could be used as an independent prognostic factor that was
independent of other clinical indicators. (4) The results of gene enrichment analyses
showed that 13 biomarkers were primarily related to amoebiasis, the wnt signaling
pathway, hematopoietic cell lineage. The ssGSEA volcano map showed significant
differences between high- and low-risk groups in immune-related functions, such as
human leukocyte antigen (HLA), Type_lI_IFN_Reponse, MHC_class_|, and Parainflam-
mation (P<0.001).

Conclusions: Thirteen cuproptosis-related IncRNAs may be clinical molecular bio-
markers for the prognosis of LUAD.
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Introduction

Lung cancer is a malignant tumor that has posed a serious threat to the health of humans in
recent decades. According to the 2020 GLOBALCAN statistics, the incidence of breast can-
cer is the highest among 36 types of cancer in 186 countries, but lung cancer is the leading
cause of cancer-related death [1]. Lung cancer ranks first in incidence and mortality among
all cancers, and is the most common cancer in males with the highest fatality rate [2]. Lung
adenocarcinoma (LUAD) is a common type of non-small cell lung cancer, accounting for
about 50%, and the 5-year survival rate is only 18% [3, 4]. Lung cancer is causing increas-
ingly serious harm to humans, it is extremely important to find more effective methods of
diagnosis and treatment.

Recently published articles have proposed the term copper death [5]. Copper death
is caused by the direct binding of copper ions to the lipoacylated components of the tri-
carboxylic acid cycle of the mitochondrial respiratory chain, leading to the aggregation of
lipoacylated proteins and the subsequent down-regulation of iron-sulfur clusters, which
leads to proteotoxic stress, and ultimately, to cell death [5]. The discovery of copper death
has provided a new understanding of the occurrence and development of tumor-related
diseases, however, there are few reports relating copper death and LUAD.

Long non-coding RNAs (LncRNAs) are a large group of RNAs that are longer than 200
nt and lack protein-coding ability, and are located in the nucleus or cytoplasm [6]. In 1991,
IncRNA was first isolated and identified by the mouse Xist gene and proved to have bio-
logical functions [7]. Previously, it was considered as a by-product of gene transcription.
Studies have shown that the wrong expression of IncRNA is associated with many diseases,
such as leukemia, diabetes, hypertension, coronary heart disease, Alzheimer’s disease and
tumor diseases. LncRNA has been proved to be widely involved in the diagnosis and treat-
ment of diseases and can be used as a potential marker of diseases [8]. Relevant research
shows that MEG3, HOTAIR, MALAT1 and other genes play a role in the occurrence and
development of lung cancer [9-11]. AL161431.1 promotes the proliferation and migration
of endometrial cancer cells by targeting mir-1252-5p and MAPK signaling pathways [12].
The expression of ABCA9-AS] is up-regulated in calcium oxalate monohydrate (COM)-
induced epithelial-mesenchymal transition (EMT) of renal tubular epithelial cells [13]. The
expression of LANCL1-AS1 is down-regulated in non-small cell lung carcinoma (NSCLC)
[14]. Studies have shown that IncRNAs are involved in the occurrence and development of
LUAD, which can provide ideas for the diagnosis and prognosis of LUAD [15, 16]. There-
fore, there is no doubt that identifying cuproptosis-related IncRNAs is of great significance
for the prevention and treatment of LUAD.

At present, the role of copper death and its related IncRNAs in LUAD remain unclear.
In this study, the Cancer Genome Atlas (TCGA) database was used to construct a prog-
nostic signature of LUAD using bioinformatics methods with cuproptosis-related IncRNAs.
To identify prognostic molecular markers of LUAD and provide certain value for clinical
diagnosis of LUAD.

Materials and methods

Datasets and patients

Transcriptome data and clinical data of LUAD patients were downloaded from the
TCGA database (https://portal.gdc.cancer.gov), the transcriptome data were extracted
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in the fragment per kilobase million (FPKM) format that has been normalized. Clinical
data included age, grade, stage, T stage, M stage, N stage, survival status, and survival
time. Because the grade of all patients was unknown, the grade was excluded from the
analysis. Finally, clinical and sample information for 471 patients were randomly divided
into training and validation sets according to the ratio of 3:2.The basic information of
the training and validation sets is shown in Additional file 1: Table S1. LncRNAs and
mRNAs were separated by sorting the downloaded transcriptome data using Perl soft-
ware. As the clinical information of the patients involved in this study was obtained from
the TCGA database and was in strict compliance with the TCGA publication guidelines,
ethics committee approval was not required (Additional file 2: Table S2, Additional file 3:
Table S3, Additional file 4: Table S4 and Additional file 5: Table S5).

Identification of cuproptosis-related IncRNAs

R software “limma” package was used to calculate the association coefficient between
IncRNAs and cuproptosis-related genes. The screening criteria were |cor|>0.4,
P-value<0.001, and the screening results were visualized using the ggplot package of R

software.

Establishment and validation of the cuproptosis-related IncRNA signature

Univariate Cox regression analysis was used to screen the analysis results and to obtain
prognostic cuproptosis-related IncRNAs. Cuproptosis-related IncRNAs with P<0.05
were included in Lasso regression analyses to reduce data overfitting. The R software
package glmnet was used for Lasso regression analysis. The results of Lasso screening
were included in the multivariate Cox regression model to obtain the key cuproptosis-
related IncRNAs for signature construction, and a Risk Score (RS) was calculated. The

scoring formula was as follows:

N
Risk Score = Z (Expi * Coei)
i=1

N represents the number of prognostic cuproptosis-related IncRNAs in the risk sig-
nature, Expi represents the expression value of each IncRNA, and Coei represents the
regression coeffificient of each IncRNA in the multivariate Cox regression analysis.

Assessment of prognostic risk signature

The included subjects were divided into high- and low-risk groups based on the median
risk score. The survival analysis method was used to compare the Overall Survival (OS)
and Progress Free Survival (PFS) of LUAD patients in the training set, validation set,
and among all groups. The R software time ROC package was used to draw the Receiver
Operating Characteristic (ROC) curves for 1, 3, and 5 years, while the R software sur-
vival, rms and pec packages were used to draw the C-index curves to evaluate the predic-
tive ability of the prognostic signature. The risk score and other clinical traits were then
included in univariate COX regression analyses and multivariate COX regression analy-
ses to analyze whether the riskscore was a prognostic factor that was independent of
other clinical indicators. Principal Component Analysis (PCA) was used to validate the
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risk signature and the results were visualized using the R software scatterplot3D pack-
age. The PFS of the high- and low-risk groups was analyzed using the R software survival
and survminer packages. Patients were divided into stages I-II and III-IV to determine
whether the risk signature is appropriate for patients with different stages of LUAD.

Nomogram and calibration

A nomogram was established using the R software rms, regplot, and survival packages.
The nomogram was used to predict the 1-year, 3-year, and 5-year OS rates of LUAD
patients. The calibration curve was drawn to evaluate the fitting and predictive ability of

the nomogram.

Enrichment function analysis

The R software clusterprofile package was used to perform Gene Ontology (GO) func-
tion and pathway enrichment analyses (Kyoto Encyclopedia of Genes and Genomes) for
the selected differentially expressed cuproptosis-related genes [17-19]. KEGG analy-
ses can excavate the biological processes related to the biological problems associated
with LUAD. GO enrichment analysis annotates and classifies genes in terms of biology
process (BP), molecular function (MF) and cellular component (CC). KEGG pathway
enrichment analysis can also be used to understand the possible signaling pathways
involved in LUAD.

Immune-related functional analysis

The expression levels of the 13 cuproptosis-related IncRNAs from the prognostic
risk signature and the corresponding sample risk score were integrated. The ssGSEA
enrichment analysis was used to evaluate the immune response in the high- and low-
risk groups. The R software GSVA, GSEABase, and reshape2 packages were used for
immune-related function analysis, and the pheatmap package was used for visualization.

Results

Acquisition of cuproptosis-related IncRNAs

Figure 1 shows a flow diagram of the study. A total of 16876 IncRNAs were identified in
the TCGA-LUAD database. A total of 10 cuproptosis-related genes (FDX1, LIAS, LIPT1,
DLD, DLAT, PDHA1, PDHB, MTF1, GLS, CDKN2A) [5] were obtained, and a cuprop-
tosis-related IncRNA co-expression network was constructed to identify cuproptosis-
related IncRNAs. Finally, 1297 cuproptosis-related IncRNAs (|cor|>0.4, P-value <0.001)
were screened (Fig. 2).

Construction of the cuproptosis-related IncRNA signature

A total of 82 target IncRNAs related to the prognosis of LUAD patients were pre-
liminarily screened by univariate Cox regression analyses and forest maps were
drawn (Fig. 3a). The detail result of univariate Cox regression analysis is shown
in Additional file 2: Table S2. Then, the initial screening variables were further
screened and analyzed by Lasso regression to reduce the over-fitting of the data.
A total of 24 cuproptosis-related IncRNAs with higher prognostic values were
then identified, and the Lasso regression coefficient spectrum was drawn (Fig. 3b
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Fig. 2 Sankey diagram of cuproptosis-related INncCRNAs

and c). Then, multivariate Cox regression analysis was performed to identify the
13 cuproptosis-related IncRNAs with prognostic value in LUAD patients. The 13
cuproptosis-related IncRNAs were used to construct the LUAD prognosis signa-
ture. Riskscore=-0.513758617008653*NIFK-AS1-0.384776056894586*AC026355.2-
0.654434692150166*SEPSECS-AS1 4+ 0.300148273925387*AL360270.1-
0.934043863436313*AC010999.2 + 1.03622089286485*ABCA9-AS1
+1.63567286520565*AC032011.1 + 1.51230620978365*AL162632.3 + 0.386468780
588746*LINCO02518 + 0.531265768638627*LINCO00592-
0.994358590794876*AL031600.2-0.903105986751972*AP000346.1 + 1.01
709054082397*AC012409.4. Individuals were then divided into high- and low-risk
groups according to their risk score.

Figure 3d showed LINC02518 had a strong positive correlation with FDX1 (P<0.001).
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Fig. 3 Identification of prognostic cuproptosis-associated IncRNAs signature in LUAD. a Univariate Cox
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regression analysis was performed to construct prognostic prediction signature. d Correlation heatmap
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signature
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Survival analysis

Patients were divided into high- and low-risk groups based on their median risk
score, OS and PFS were compared. In the training set, validation set, and overall set,
the high-risk group had lower OS and PFS than the low-risk group (Fig. 4a—d). The
risk score map, survival status map, and heat map were also drawn, and revealed that
the high-risk group had a higher risk score and a higher mortality than the low-risk

group (Fig. 4e—m).

Independent analysis of prognostic factors

The results of univariate and multivariate COX regression analyses showed that the
risk score could be used as an independent prognostic indicator for the prognosis of
LUAD patients (all P<0.001) (Fig. 5a and b). ROC curve showed the AUC of 1 year,

Page 7 of 15
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3 years and 5 years (AUC1=0.742, AUC2=0.708, AUC3 =0.762, respectively). ROC
curves of risk score and different clinical features were drawn, and it was found that
the AUC of the risk score was higher than the AUC score of other clinical features,
which indicated that this signature had a relatively accurate predictive ability (Fig. 5c
and d). We also found that the C index value of the risk score was higher than the
other clinical characteristics, such as age, gender, and disease stage (Fig. 5e).

Nomogram and PCA

A nomogram was drawn to further predict the survival rate of patients, and the calibra-
tion plot showed that the predicted probability was consistent with the actual probability
(Figs. 6a and b). The detail data of nomogram and calibration is shown in Additional
file 5: Table S5. We then used PCA to explore the differences between the high- and
low-risk groups across four different expression profiles. The results revealed that these
IncRNAs could be reliably used to construct the signature (Fig. 6¢—f).

Signature validation of clinical grouping
The constructed signature is not only applicable to patients in the early stage but also
to patients in the late stage (P <0.05) (Figs. 7a and b).

Gene functional enrichment analysis

GO analyses showed that cuproptosis-related IncRNAs in BP were mainly concen-
trated in antimicrobial humoral response, defense response to gram-negative bacte-
ria, and epidermis development categories. CC mainly focuses on collagen-containing
extracellular matrix, neuronal cell body, and distal axon categories, among others.
MF mainly focuses on receptor ligand activity, signaling receptor activator activity,
and sulfur compound binding categories (Figs. 8a—c). The detail result of GO enrich-
ment analysis is shown in Additional file 3: Table S3. The KEGG pathway suggested
that cuproptosis-related IncRNAs were involved in amoebiasis, wnt signaling path-
way, and hematopoietic cell lineage, which means these IncRNAs are involved in the
development of tumors (Figs. 8d—f). The detail result of KEGG enrichment analysis is
shown in Additional file 4: Table S4.

Analysis of immune-related function

We explore the relationship between risk score and immune-related function in LUAD,
the ssGSEA volcanic map shows that the high- and low-risk groups differed signifi-
cantly in their immune-related functions, including human leukocyte antigen (HLA),
Type_II_IFN_Reponse, MHC_class_I, and Parainflammation (P<0.05) (Figs. 9).

Discussion

Lung cancer has the characteristics of high incidence, high mortality, and poor progno-
sis, and therefore, the effective prediction of therapeutic targets and precise treatments
are necessary [20-22]. Copper death is a copper- and mitochondria-dependent inde-
pendent cell death mechanism that was proposed on March 17, 2022[5]. Copper death
is a new RCD (regulatory cell death) mode that is different from other cell death mecha-
nisms, such as iron death. Cuproptosis may be an effective way to treat many types of
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cancer in the future [23]. Studies have confirmed that the abnormal expression of IncR-
NAs is closely related to cancer and human degenerative diseases [24—27] and IncRNAs
play an indispensable role in the diagnosis, treatment, and prognosis of tumors [28-30].
However, there are few researches about cuproptosis-related IncRNAs and LUAD.

In this study, clinical data related to LUAD were downloaded from the TCGA website
and cuproptosis-related IncRNAs were identified. Univariate COX analysis, Lasso analy-
sis, and multivariate COX analysis were performed on the cuproptosis-related IncRNAs
and a prognostic signature based on 13 cuproptosis-related IncRNAs was established
(NIFK-AS1, ACO026355.2, SEPSECS-AS1, AL360270.1, AC010999.2, ABCA9-ASI,
AC032011.1, AL162632.3, LINCO02518, LINCO0059, AL031600.2, AP000346.1,
AC012409.4). Univariate and multivariate COX analyses showed that risk score could
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Fig. 7 Signature validation results of clinical grouping. a Survival curves for early stage patients. b Survival
curves for advanced patients

be used as an independent prognostic indicator for patients with LUAD. ROC curves,
C index, survival curves, nomograms, and PCA results showed that the signature had a
good ability to predict the prognosis of LUAD patients.

The computational models can provide a theoretical basis for the smooth conduct
of subsequent experiments, and as an experimental aid may shorten the experimental
time and experimental cost. Currently some computational models are widely used in
various diseases, Laplacian Regularized Least Squares for LncRNA-Disease Associa-
tion (LRLSLDA) focuses on the relationship between IncRNAs and diseases, LRLSLDA
has better performance compared with previous methods and may be an effective and
important biological tool for biomedical research [31]. NCMCMDA is mainly used to
predict the correlation between potential miRNA and diseases. NCMCMDA shows
reliable and accurate prediction performance when applied to colon cancer, esophageal
cancer, breast cancer and other diseases [32]. GCNAT is a useful biomedical research
tool for predicting the relationship between potential metabolites and diseases [33]. In
the future, we will further explore the relationship between the computational models
and prognostic signature identification of LUAD, providing convenience for the develop-
ment of LUAD related experiments.

There are few studies on the 13 cuproptosis-related IncRNAs in cancer. NIFK-AS1 is
highly expressed in hepatocellular carcinoma (HCC) tissues and cells, and its upregu-
lation is caused by METTL3-dependent m6 A methylation. A competitive endogenous
RNA (ceRNA) network involving the NIFK-AS1/miR-637/AKT1 axis was identified
by Chen et al, and NIFK-AS1 mediates increased MMP-7 and MMP-9 expression in
HCC through AKT1 [34]. NIFK-AS1 has been shown to be highly expressed in HCC
tissues and promotes the cycle progression of HCC cells by interacting with SRSF10.
Thus, those data provide new insights into the therapeutic targets of HCC [35]. NIFK-
AS1 was found to potentially participate in dilated cardiomyopathy (DCM) through
ceRNA [36]. Tang et al. found NIFK-AS has been included in the prognostic signature to
predict the prognosis of colorectal cancer(CRC) patients [37]. All these results indicate
that NIFK-ASI is a novel therapeutic target. AC026355.2 was an important member of
the LUAD prognostic model [38—41]. Lu et al. construct a prediction model with seven
IncRNAs, including AC010999.2, which provides guidance for the immunotherapy of
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Fig. 8 GO and KEGG analyses. a Barplot of the top 10 GO enrichment terms. b Bubble chart of the top 10
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LUAD patients [38]. Cui et al. showed that LINC02518 was up-regulated in HCC sam-
ples compared to the control group, LINC02518 is negatively correlated with the prog-
nosis of HCC[42]. DNA methylation data revealed that LINC00592 was up-regulated in
cervical cancer (CCA) patients, suggesting that LINC00592 may be an important CCA-
related IncRN [43]. A model including LINC00592 and 10 other IncRNAs related to iron
death of LUAD patients was constructed, suggesting that the 10 IncRNAs were involved
in immune-related processes [44]. However, there are few reports on SEPSECS-ASI,
AL360270.1, AC032011.1, AL162632.3, AL031600.2, AP000346.1, AC012409.4. Thus, it
is necessary to carry out relevant researches on these cuproptosis-related IncRNAs in

the future.
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We further conducted GO enrichment analysis and KEGG pathway analysis, which
suggested that cuproptosis-related IncRNAs were involved in immune-related pathways.
The high- and low-risk groups differed significantly in their immune-related functions of
HLA, Type_II_IFN_Reponse, MHC_class_I, and parainflammation. This suggests that it
is involved in immune-related pathways, and further studies on immune microenviron-
ment-related aspects will be done.

In this study, we constructed 13 cuproptosis-related IncRNAs to predict the prognosis
of patients with LUAD through bioinformatics analysis, to provide new ideas and direc-
tions for prevention, screening and treatment. However, the limitations of this study
were as follows: the analysis was only based on a database and lacked qRT-PCR ver-
tification. In the future, we will conduct functional studies and molecular mechanism

experiments.

Conclusions

In conclusion, this study successfully constructed a risk prediction signature for the
prognosis of LUAD using bioinformatics methods, providing direction for screening
high-risk groups.

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1186/512859-023-05192-5

Additional file 1. Clinical characteristics of the validation set and training set for LUAD [n(%)].
Additional file 2. The result of univariate Cox regression analysis.

Additional file 3. The detail result of GO enrichment analysis.

Additional file 4. The detail result of KEGG enrichment analysis.

Additional file 5. The detail data of nomogram and calibration.



https://doi.org/10.1186/s12859-023-05192-5

Yalimaimaiti et al. BMC Bioinformatics (2023) 24:81 Page 14 of 15

Acknowledgements
We thank International Science Editing (http://www.internationalscienceediting.com) for editing this manuscript

Author contributions
LN and SY developed a research plan. XL, HZ, YY and SY analyzed the data, created the figures and drafted the manu-
script. The final manuscript was read and approved by all authors. All authors contributed to the article and approved
the submitted version.

Funding

Funding was from the Natural Science Foundation of Xinjiang Uygur Autonomous Region (2020D01C152) and “14th
Five-year”Key Discipline (Plateau discipline)-Public Health and Preventive Medicine [Xinjiang Uygur Autonomous Region,
Chinal.

Availability of data and materials
Transcriptome data and clinicTranscriptome data and clinical data of LUAD patients during the current study are avail-
able in the TCGA database (https://portal.gdc.cancer.gov; accessed 25 September 2022).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 November 2022 Accepted: 20 February 2023
Published online: 06 March 2023

References

1. Zhang XX, Dong XX, Geng T. Construction of a novel prognostic model of lung adenocarcinoma based on genes
related to iron death. J Med Inf. 2021;34(15):96-101.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global cancer statistics 2020: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49.

3. Denisenko TV, Budkevich IN, Zhivotovsky B. Cell death-based treatment of lung adenocarcinoma. Cell Death Dis.
2018,9(2):117.

4. Siegel RL, Miller KD, Jemal A. Cancer statistics 2018. CA Cancer J Clin. 2018;68(1):7-30.

5. Tsvetkov P, Coy S, Petrova B, Dreishpoon M, Verma A, Abdusamad M, et al. Copper induces cell death by targeting
lipoylated TCA cycle proteins. Science. 2022;375(6586):1254-61.

6. Marchese FP, Raimondi I, Huarte M. The multidimensional mechanisms of long noncoding RNA function. Genome
Biol. 2017;18(1):206.

7. Borsani G, Tonlorenzi R, Simmler MC, Dandolo L, Arnaud D, Capra V, et al. Characterization of a murine gene
expressed from the inactive X chromosome. Nature. 1991;351(6324):325-9.

8. Chen X, Yan CC, Zhang X, You ZH. Long non-coding RNAs and complex diseases: from experimental results to
computational models. Brief Bioinform. 2017;18(4):558-76.

9. Zhang X, Zhou Y, Mehta KR, Danila DC, Scolavino S, Johnson SR, et al. A pituitary-derived MEG3 isoform functions as
a growth suppressor in tumor cells. J Clin Endocrinol Metab. 2003;88(11):5119-26.

10. NakagawaT, Endo H, Yokoyama M, Abe J, Tamai K, Tanaka N, et al. Large noncoding RNA HOTAIR enhances aggres-
sive biological behavior and is associated with short disease-free survival in human non-small cell lung cancer.
Biochem Biophys Res Commun. 2013;436(2):319-24.

11. Cheetham SW, Gruhl F, Mattick JS, Dinger ME. Long noncoding RNAs and the genetics of cancer. Br J Cancer.
2013;108(12):2419-25.

12. Gu ZR, LiuW.The LncRNA AL161431.1 targets miR-1252-5p and facilitates cellular proliferation and migration via
MAPK signaling in endometrial carcinoma. Eur Rev Med Pharmacol Sci. 2020;24(5):2294-302.

13. HuH, Zhang J, LiY, Ding J, Chen W, Guo Z. LncRNA SPANXA2-OT1 participates in the occurrence and development
of EMT in calcium oxalate crystal-induced kidney injury by adsorbing miR-204 and up-regulating Smad5. Front Med.
2021;8:719980.

14. Acha-Sagredo A, Uko B, Pantazi P, Bediaga NG, Moschandrea C, Rainbow L, et al. Long non-coding RNA dysregula-
tion is a frequent event in non-small cell lung carcinoma pathogenesis. Br J Cancer. 2020;122(7):1050-8.

15. Ding, Liu JH. The signature IncRNAs associated with the lung adenocarcinoma patients prognosis. Math Biosci Eng.
2019;17(2):1593-603.

16. Zhao B, Xu H, Ai X, Adalat Y, Tong Y, Zhang J, et al. Expression profiles of long noncoding RNAs in lung adenocarci-
noma. Onco Targets Ther. 2018;11:5383-90.

17. Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res. 2000;28(1):27-30.

18. Kanehisa M. Toward understanding the origin and evolution of cellular organisms. Protein Sci. 2019;28(11):1947-51.


http://www.internationalscienceediting.com
https://portal.gdc.cancer.gov

Yalimaimaiti et al. BMC Bioinformatics (2023) 24:81 Page 15 of 15

19. Kanehisa M, Furumichi M, Sato Y, Kawashima M, Ishiguro-Watanabe M. KEGG for taxonomy-based analysis of path-
ways and genomes. Nucleic Acids Res. 2023;51(D1):D587-92.

20. WuQ Yul, Lin X, Zheng Q, Zhang S, Chen D, et al. Combination of serum miRNAs with serum exosomal miRNAs in
early diagnosis for non-small-cell lung cancer. Cancer Manag Res. 2020;12:485-95.

21. ChenJ, Yang H, Teo ASM, Amer LB, Sherbaf FG, Tan CQ, et al. Genomic landscape of lung adenocarcinoma in East
Asians. Nat Genet. 2020;52(2):177-86.

22. Caso R, Sanchez-Vega F, Tan KS, Mastrogiacomo B, Zhou J, Jones GD, et al. The underlying tumor genomics of pre-
dominant histologic subtypes in lung adenocarcinoma. J Thorac Oncol. 2020;15(12):1844-56.

23. Yang L, YuJ,Tao L, Huang H, Gao Y, Yao J, et al. Cuproptosis-related IncRNAs are Biomarkers of prognosis and
immune microenvironment in head and neck squamous cell carcinoma. Front Genet. 2022;13: 947551,

24. Dey BK, Mueller AC, Dutta A. Long non-coding RNAs as emerging regulators of differentiation, development, and
disease. Transcription. 2014;5(4): €944014.

25. ZhaoW, AnYY, Liang Y, Xie XW. Role of HOTAIR long noncoding RNA in metastatic progression of lung cancer. Eur Rev
Med Pharmacol Sci. 2014;18(13):1930-6.

26. Ricciuti B, Mencaroni C, Paglialunga L, Paciullo F, Crino L, Chiari R, et al. Long noncoding RNAs: new insights into
non-small cell lung cancer biology, diagnosis and therapy. Med Oncol. 2016;33(2):18.

27. Tao H,Yang JJ, Zhou X, Deng ZY, Shi KH, Li J. Emerging role of long noncoding RNAs in lung cancer: Current status
and future prospects. Respir Med. 2016;110:12-9.

28. Fattahi S, Nikbakhsh N, Taheri H, Ghadami E, Ranaee M, Akhavan-Niaki H. LINC02688 and PP7080 as novel biomark-
ers in early diagnosis of gastric cancer. Noncod RNA Res. 2021;6(2):86-91.

29. LiYH, HuYQ, Wang SC, Li Y, Chen DM. LncRNA SNHG5: a new budding star in human cancers. Gene. 2020;749:
144724,

30. Yao YC, Wu DL. Research progress of INCRNASNHGS3 in tumors. J Clin Urology. 2021;36(1):242-8.

31. Chen X, Yan GY. Novel human IncRNA-disease association inference based on IncRNA expression profiles. Bioinfor-
matics. 2013;29(20):2617-24.

32. ChenX, Sun LG, Zhao Y. NCMCMDA: miRNA-disease association prediction through neighborhood constraint matrix
completion. Brief Bioinform. 2021;22(1):485-96.

33. Sun F, Sun J, Zhao Q. A deep learning method for predicting metabolite-disease associations via graph neural
network. Brief Bioinform. 2022,23(4):bbac266.

34. Chen YT, Xiang D, Zhao XY, Chu XY. Upregulation of INcRNA NIFK-AS1 in hepatocellular carcinoma by m(6)A meth-
ylation promotes disease progression and sorafenib resistance. Hum Cell. 2021,34(6):1800-11.

35. SongH, LiW,Guo S, He Z, Liu S, Duo Y. A novel biomarker NIFK-AST promotes hepatocellular carcinoma cell cycle
progression through interaction with SRSF10. J Gastrointest Oncol. 2022;13(4):1927-41.

36. ChenYX, Ding J, Zhou WE, Zhang X, Sun XT, Wang XY, et al. Identification and functional prediction of long non-
coding RNAs in dilated cardiomyopathy by bioinformatics analysis. Front Genet. 2021;12: 648111,

37. Tang Q Hu X, Guo Q, ShiY, Liu L, Ying G. Discovery and validation of a novel metastasis-related IncRNA prognostic
signature for colorectal cancer. Front Genet. 2022;13: 704988.

38. LuY, Luo X,Wang Q, Chen J, Zhang X, LiY, et al. A novel necroptosis-related IncRNA signature predicts the prognosis
of lung adenocarcinoma. Front Genet. 2022;13: 862741.

39. He G YinH, Zheng J, Tang J, FuY, Zhao X. Identification of immune-associated INcRNAs as a prognostic marker for
lung adenocarcinoma. Transl Cancer Res. 2021;10(2):998-1012.

40. Gong Z,LiQ LiJ, Xie J, Wang W. A novel signature based on autophagy-related IncRNA for prognostic prediction
and candidate drugs for lung adenocarcinoma. Transl Cancer Res. 2022;11(1):14-28.

41, LiuJ, Liu Q Shen H, LiuY, Wang Y, Wang G, et al. Identification and validation of a three pyroptosis-related INcCRNA
signature for prognosis prediction in lung adenocarcinoma. Front Genet. 2022;13: 838624.

42. CuiW, Huang J,Wang R, Wang Y, Chen X, Li J, et al. Predictive value of a novel IncRNA LINC02518 in evaluating the
prognosis of patients with hepatocellular carcinoma. Biomark Med. 2021;15(14):1277-88.

43, Yuan LY, Qin X, Li L, Zhou J, Zhou M, Li X, et al. The transcriptome profiles and methylation status revealed the
potential cancer-related IncRNAs in patients with cervical cancer. J Cell Physiol. 2019;234(6):.9756-63.

44, Wang Y, Lu G, Xue X, Xie M, Wang Z, Ma Z, et al. Characterization and validation of a ferroptosis-related LncRNA sig-
nature as a novel prognostic model for lung adenocarcinoma in tumor microenvironment. Front Immunol. 2022;13:
903758.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.



	Establishment of a prognostic signature for lung adenocarcinoma using cuproptosis-related lncRNAs
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Datasets and patients
	Identification of cuproptosis-related lncRNAs
	Establishment and validation of the cuproptosis-related lncRNA signature
	Assessment of prognostic risk signature
	Nomogram and calibration
	Enrichment function analysis
	Immune-related functional analysis

	Results
	Acquisition of cuproptosis-related lncRNAs
	Construction of the cuproptosis-related lncRNA signature
	Survival analysis
	Independent analysis of prognostic factors
	Nomogram and PCA
	Signature validation of clinical grouping
	Gene functional enrichment analysis
	Analysis of immune-related function

	Discussion
	Conclusions
	Anchor 27
	Acknowledgements
	References


