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A novel Cuproptosis‑related 
LncRNA signature to predict 
prognosis in hepatocellular 
carcinoma
Genhao Zhang1,4, Jianping Sun2,4 & Xianwei Zhang3*

Increased intracellular toxicity due to an imbalance in copper homeostasis caused by copper ion 
accumulation could regulate the rate of cancer cell growth and proliferation. The goal of this study 
was to create a novel Cuproptosis‑related lncRNA signature that may be utilized to predict survival 
and immunotherapy in HCC patients. Cuproptosis‑associated lncRNAs and differentially expressed 
lncRNAs between HCC tumor tissue and normal tissue were discovered first. By LASSO‑Cox analysis, 
the overlapping lncRNAs were then utilized to build a Cuproptosis‑associated lncRNA signature, which 
might be used to predict patient prognosis and responsiveness to immune checkpoint blockade (ICB) 
therapy. Differences in the infiltration of immune cell subpopulations between high and low‑risk score 
subgroups were also analyzed. Moreover, a nomogram based on the Cuproptosis‑associated lncRNA 
signature and clinical features was developed and demonstrated to have good predictive potential. 
Finally, qRT‑PCR was performed in HerpG2 and MHCC‑97H cell lines to explore whether these lncRNAs 
were indeed involved in the process of Cuproptosis. In summary, we created a prognostic lncRNA 
profile linked to Cuproptosis to forecast response to immunotherapy, which may provide a new 
potential non‑apoptotic therapeutic perspective for HCC patients.

As a catalytic cofactor for essential enzymes involved in the regulation of energy conversion, iron collection, 
oxygen transport, and intracellular oxidative metabolism, the presence of appropriate amounts of copper in 
cells is irreplaceable for  life1. The level of copper concentration in cells is regulated by metabolic requirements 
and variations in the cellular environment. Too little or too much copper can cause significant damage to cel-
lular physiology, both in bacteria and in human cells. Imbalances in copper metabolism can seriously affect the 
development of the heart and central nervous system, and have a definite impact on the normal metabolism of 
the  liver2. Imbalances in copper homeostasis caused by genetic variants can even lead to life-threatening diseases, 
such as Wilson’s3 and Parkinson’s  diseases4. Moreover, decreased serum copper concentration has been reported 
to be associated with the development of endometrial  cancer5, and an imbalance in copper homeostasis has also 
been observed in the progression of head and neck  cancers6. Considering the double-edged function of copper, 
which is an essential enzyme cofactor but also produces toxicity that causes cell death, copper is expected to be 
a new therapeutic target used to specifically kill cancer cells by increasing intracellular copper  accumulation7. 
Copper has been reported to be associated with resistance to platinum-based antitumor compounds and can be 
used as a radiotherapeutic agent in the combination treatment of  cancer8. Copper can also strengthen the anti-
tumor effect in patients by binding to Disulfiram (DSF)9. Excitingly, copper has been reported to be involved in 
a new mode of cell death, which was named "Cuproptosis"10. Copper can directly bind to lipid acylated elements 
of the tricarboxylic acid (TCA) cycle, inducing the onset of Cuproptosis, which leads to proteotoxic stress and 
finally to cell death in a manner that is not dependent on the apoptotic pathway. These all indicate the great 
potential of copper in antitumor therapy for cancers that are naturally resistant to apoptosis.

Long non-coding RNAs (lncRNAs) of only 200 nucleotides in length have been reported to be involved in 
a variety of tumorigenesis and progression by regulating the biological behavior of cancer cells, especially in 
hepatocellular carcinoma (HCC). A large amount of evidence suggests that lncRNAs can be involved in HCC 
progression, recurrence, and immunotherapeutic response by regulating multiple epigenetic pathways such as 
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 hypoxia11, m6A  methylation12,  ferroptosis13,  autophagy14 and energy  metabolism15. Few studies have reported the 
functions and roles of lncRNAs in the process of Cuproptosis, and it is important to gain insight into their role in 
the prognostic prediction of HCC patients. Here, we created and validated a potential profile based on Cuprop-
tosis-associated differentially expressed lncRNAs (DE-lncRNAs) for prognostic prediction in HCC patients.

Materials and methods
Public data collection and identification of Cuproptosis‑associated DE‑lncRNAs. Transcrip-
tome expression data of HCC patients were obtained from the TCGA-LIHC (https:// portal. gdc. cancer. gov/) 
databases. Six patients without complete survival data were excluded. To compensate for the lack of TCGA 
normal samples, 110 normal liver tissue samples from the GTEx database (https:// xenab rowser. net/ datap ages/) 
were used. The log2 (FPKM + 1) transformation was used to normalize the transcriptome data. The batch effects 
between TCGA and GTEx normalized data were corrected by ComBat of the R package ‘’SVA’’. DE-lncRNAs 
between normal and HCC tissues were screened out with cut-off criteria of P-value of < 0.05 and |log2FC| ≥ 1. 
Then, a total of 365 HCC patients with complete survival data were included in the follow-up analysis. Patients 
were randomly divided into training and testing groups according to the ratio of 3:2, and their basic informa-
tion was shown in Table 1. Ten Cuproptosis-related genes (including FDX1, LIPT1, DLD, LIAS, DLAT, PDHA1, 
PDHB, MTF1, GLS, and CDKN2A) were obtained from a previous  study10 and subsequently explored for their 
expression and prognostic value in HCC. To discover the Cuproptosis-related lncRNAs, Pearson correlation 
analysis was used to evaluate the correlations between the expression levels of the ten genes and those of lncR-
NAs. |Pearson correlation coefficient| > 0.4 and P-value of < 0.001 were the requirements. Overlapping lncRNAs 
were considered Cuproptosis-related DE-lncRNAs.

Creation of Cuproptosis‑associated lncRNA signatures. Univariate Cox regression with a P-value 
of < 0.05 was performed to screen lncRNAs related to patients’ prognosis among the Cuproptosis-related DE-
lncRNAs. Then a Cuproptosis-related lncRNA signature was created by performing the least absolute shrinkage 
and selection operator (LASSO) Cox regression and multivariate Cox regression model in the training cohort. The 
multivariate Cox relapse coefficient (β) was used to generate a risk score founded on the notion of directly mix-
ing the equation below with lncRNA expression levels. Risk score = ∑iCoefficient (lncRNAi)*Expression (lncR-
NAi). Time-dependent receiver operating characteristic (time-ROC) curves analysis, Kaplan–Meier survival 
analysis, and a cox relative risks relapse research were used to analyze the prognostic signature’s predictive con-
trol and autonomy. In addition, to separate the altogether cautious GO and KEGG items with FDR < 0.05, gene 
set enrichment analysis (GSEA) was done between the high and low-risk scores groupings in the Metascape 

Table 1.  Clinical characteristics of HCC patients involved in the study.

Training cohort
(N = 218)

Testing cohort
(N = 147)

TCGA cohort
(N = 365)

Gender

Male 175 102 119

Female 73 45 246

Age

 ≤ 60 years 111 63 173

 > 60 years 107 84 192

Grade

G1/2 136 76 230

G3/4 79 49 130

Unknown 3 2 5

TNM stage

I/II 155 99 254

III/IV 52 35 87

Unknown 11 13 24

Vascular invasion

Yes 66 40 106

No 125 80 205

Unknown 27 27 5

Recurrence with tumor 69 53 122

Tumor free 102 60 161

Unknown 47 34 82

Cirrhosis

With 40 27 68

Without 89 53 141

Unknown 89 67 156

https://portal.gdc.cancer.gov/
https://xenabrowser.net/datapages/
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 database16. Finally, a nomogram model was built to investigate the coefficient prediction efficacy of this Cuprop-
tosis-related lncRNA in the TCGA dataset.

Tumor‑infiltrating immune cells and Genetic alterations analysis. The  TIMER17 and  xCELL18 
databases were used to determine the abundance ratios of tumor-infiltrating immune cells in HCC immune 
microenvironment. HCC patients’ mutation data were obtained from TCGA, and changes in genetic variations 
across distinct subgroups were evaluated using the R package "maftools."

Cuproptosis cell model construction and qRT‑PCR assay. HerpG2 and MHCC-97H cells were 
bought from the Shanghai Institute of Cells’ Cell Bank (Shanghai, China) and grown in a prescribed DMEM 
medium (Sangon Biotech, China) with 10% fetal bovine serum (FBS, Sangon Biotech, China) at 37 °C with 5% 
 CO2. According to the previous  study10, a 2-h pulse treatment with 100 nM elesclomol (+ 1 µM  CuCl2 in media) 
was performed to promote the occurrence of Cuproptosis in HerpG2 and MHCC-97H cells. After 24 h, cells 
were harvested and lysed. Total RNA was isolated using TRIzol reagent and mRNA was reverse transcribed 
using PrimeScript RT Master Mix Synthesis Kit (Sangon Biotech, China). Changes in the expression of these 
Cuproptosis-related lncRNAs before and after drug treatment were detected by qRT-PCR. Table 2 listed the 
primer sequences.

Statistical analysis. The independent-samples t-test was used to analyze the quantitative variables. ROC 
curve analysis and Kaplan–Meier survival analysis were used to analyze the efficacy of R software in predict-
ing survival outcomes (version 4.0.3). The link between a prognostic classifier and survival outcomes, as well 
as other clinical parameters, was investigated using a Cox proportional model. When the P-value was less than 
0.05, the results were considered statistically significant.

Results
Expression of Cuproptosis‑associated Genes in HCC. As shown in Fig. 1A, half of the ten Cupropto-
sis-related genes, including DLAT, PDHA1, PDHB, GLS, and CDKN2A, differed significantly between normal 
and HCC tissues, and the high expression of these five genes was also closely associated with poor prognosis 

Table 2.  The sequences of the qRT-PCR primers used in this study.

Gene Forward primer Reverse primer

AC138904.1 CTG CCA ATT GCC AAA GGG TC CCC CAC ACT TCC TGC GTA AT

AC099329.2 AAA ACT CGA AAC GTG TGC CG GTG AAT GGG GAC TCA CCC TG

DEPDC1-AS1 TCG CTC CTC ATA GCG AGT CT TGA CTT CCT TAT CCG CTC CC

GIHCG CGG AGG CGA TTG ACC GTT AT AGA GCC CTC ACG ACC CTT TA

AC145343.1 TTC TTG CCC GCC TGA TGA AT ACC GTA ACA CGC CAC ATC TT

DNMBP-AS1 TCG CGG ACA CAT GAA GAT GG TGG GTG ATG ACT GAG GTC AC

GAPDH GGA GCG AGA TCC CTC CAA AAT GGC TGT TGT CAT ACT TCT CATGG 

Figure 1.  Expression of Cuproptosis-associated Genes in HCC. (A) Expression levels of ten genes in normal 
tissues and HCC. A prognostic value analysis of CDKN2A (B), PDHA1 (C), GLS (D), PDHB (E), DLAT (F), 
and Cuproptosis Z-scores (G).
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in HCC patients (Fig. 1B–F). Furthermore, the results of the ssGSEA analysis showed that patients with higher 
Cuproptosis Z-scores had shorter survival times (Fig. 1G). These all suggested the involvement of Cuproptosis 
in the prognostic development of HCC patients.

Identification of Cuproptosis‑associated DE‑lncRNAs. A total of 763 up-regulated and 1373 down-
regulated lncRNA were identified as DE-lncRNA in TCGA and GTEx database as shown in Fig. 2A, and 376 
lncRNA were screened out as Cuproptosis-related lncRNA by Pearson correlation analysis. The 107 overlapping 
lncRNA were considered Cuproptosis-associated DE-lncRNAs (Fig. 2B).

Creation and validation of Cuproptosis‑associated lncRNA. A total of 16 candidate lncRNA with a 
P value less than 0.05 were identified to be associated with the patient’s prognosis (Fig. 2C) and further screened 
by the LASSO-Cox regression model (Fig. 2D). A six-lncRNA signature was finally created by a multivariate 
Cox proportional model (Fig. 2E). Risk score = AC138904.1 * 0.07981 − AC099329.2 * 0.17935 + DEPDC1-AS1 
* 0.15452 + GIHCG * 0.15857 + AC145343.1 * 0.22327 − DNMBP-AS1 * 0.17083. We found that all of the six 
lncRNAs were differentially expressed between tumor and normal tissues (Fig. 3A) and were closely associated 
with patients’ prognosis (Fig. 3B). After assessing the risk score for each HCC patient using the above formula 
(Fig. 4A), we found that patients with lower risk scores had a better survival outcome in both the training cohort, 
the testing cohort, and the TCGA cohort (Fig. 4B). According to time-ROC analysis, this signature has a great 
predictive ability, with AUCs of 0.739, 0.725, and 0.734 in the training cohort, 0.709, 0.708, and 0.698 in the test-
ing cohort, and 0.716, 0.708, 0.719 in TCGA cohort at one, three, and five years, respectively (Fig. 4C). Finally, 
we found that this feature could be an independent prognostic factor for HCC patients after adjusting for other 
clinical characteristics (Fig. 4D).

Cuproptosis‑related lncRNA signature was related to the progression of HCC. During follow-
up, we found that patients who were dead had higher risk scores than those who were alive (Fig. 5A). Moreover, 
patients with more advanced clinical stages, such as later Grade (Fig. 5B), recurrence (Fig. 5C), later TNM stage 
(Fig. 5D), later T stage (Fig. 5E), vascular invasion (Fig. 5F), and high levels of Alpha-fetoprotein (AFP, Fig. 5G) 
had higher risk scores. All of these indicated that patients with lower risk scores had significantly improved sur-
vival results. Finally, we found that patients in the high-risk scores group had lower FDX1 levels (Fig. 6A) and 
higher LIPT1, DLAT, MTF1, GLS, and CDKN2A levels (Fig. 6B–F) when compared with patients in low-risk 
scores group.

Figure 2.  Identification of Cuproptosis-associated DE-lncRNAs. (A) DE-lncRNA in TCGA and GTEx 
database. (B) Cuproptosis-related lncRNA by Pearson correlation analysis. (C) 107 overlapping lncRNA were 
considered Cuproptosis-associated DE-lncRNAs. (D) lncRNAs screened by the LASSO-Cox regression model. 
(E) The multivariate Cox relapse coefficient.



5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:11325  | https://doi.org/10.1038/s41598-022-15251-1

www.nature.com/scientificreports/

Functional enrichment analysis. Differentially expressed genes (DEGs) between high- and low-risk 
score subgroups were first explored with cut-off criteria of P-value of < 0.05 and |log2FC| ≥ 1 and then were used 
to identify the altogether cautious GO and KEGG items by GSEA in Metascape database. As shown in Fig. 7, 
these DEGs were mainly enriched in copper-related biological processes.

Genetic alterations and immune infiltrate analysis. According to the findings of genetic alteration 
analysis, the mutation rates of the top 10 most substantially changed genes were significantly different between 
the high- and low-risk score subgroups, as shown in Fig. 8A. In addition, as shown in Fig. 8B, we create a heat-
map of all substantially distinct immune cells. The results of TIMER showed that infiltration levels of B cells, 
CD4+ T cells, neutrophil cells, and myeloid dendritic cells were remarkably higher in the high-risk score group. 
The results of XCELL showed that infiltration levels of NK cells, CD4+ Th1 cells, CD4+ Th2 cells, and common 
lymphoid progenitor cells were significantly increased while endothelial cells, hematopoietic stem cells, and 
macrophage cells were remarkably decreased in high-risk score group. Risk scores were significantly correlated 
with PD1 and CTLA4 expression (Fig. 8C), with patients possessing high-risk scores having higher levels of PD1 
and CTLA4 expression (Fig. 8D), indicating that these patients may be more suitable for immunosuppressive 
therapy.

Building a nomogram model. Using a nomogram model in the TCGA dataset, the coefficient prediction 
efficacy of this Cuproptosis-associated lncRNA signature was investigated, and the findings revealed that the 
nomogram could help us provide a quantitative approach for appropriately predicting the 1-, 3-, and 5-year sur-
vival rates (Fig. 9A). The calibration curves demonstrated that the predicted and actual 1-, 3-, and 5-year survival 
rates were all within a proper range (Fig. 9B).

Figure 3.  Expression and prognostic significance of the 6 lncRNAs. (A) Expression levels in tumor and normal 
tissues. (B) Prognostic value analysis.
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Figure 4.  Construction of Cuproptosis-associated lncRNA signature in TCGA. (A) The distribution of 
risk scores, OS status, and expression profiles of the six lncRNAs. (B) Patients with higher risk scores had 
significantly decreased survival outcomes in training, testing, and TCGA cohorts. (C) ROC analysis in the three 
cohorts. (D) The Cuproptosis-associated lncRNA signature was shown to be an independent risk factor for 
patients’ overall survival in TCGA.
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qRT‑PCR assay in Cuproptosis cell model. As shown in Fig.  10A, the expression of AC138904.1, 
AC099329.2, GIHCG, and DNMBP-AS1 were significantly changed before and after drug treatment in HerpG2 
cells. However, in MHCC-97H cells, only the expression of AC138904.1, AC099329.2, and DNMBP-AS1 were 
significantly changed (Fig. 10B). Unfortunately, DEPDC1-AS1 and AC145343.1 were not detected in either cell 
line, probably due to being cell-specific or under-expressed. Finally, we explored the potential mechanisms of 
the three lncRNAs identified above in HCC by GSEA and found that all of them were related to the regulation 
of ion transport (Fig. 11).

Discussion
Although appropriate concentrations of copper are involved in a variety of metabolic processes, including energy 
production, peptide amination, synthesis of catecholamines, iron ion transport, superoxide dismutation, and 
extracellular matrix biosynthesis, it can be toxic at elevated concentrations. A growing number of studies have 

Figure 5.  Relationship between Cuproptosis-related lncRNA signature and clinical characteristics. Analysis of 
differences in risk scores between patients with different survival status (A), grade (B), recurrence status (C), 
TNM stage (D), T stage (E), vascular invasion (F), and levels of AFP (G).

Figure 6.  Analysis of differences in Cuproptosis-related genes between patients in high- and low-risk score 
groups. (A) FDX1, (B) LIPT1, (C) DLAT, (D) MTF1, (E) GLS, and (F) CDKN2A.
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shown that copper homeostasis is closely associated with the development of a variety of tumors and that cyto-
toxicity caused by its imbalance can regulate the rate of cancer cell growth and  proliferation19. An in-depth explo-
ration of the mechanism of increased intracellular toxicity due to an imbalance in copper homeostasis caused 
by copper ion accumulation could help us to efficiently and selectively kill cancer cells in  immunotherapy20. 
Excitingly, Tsvetkov found in his research that copper can cause aggregation of lipid acylated proteins and loss 
of iron-sulfur (Fe-S) cluster proteins and increase proteotoxic stress by directly binding the lipid acylated com-
ponents of the tricarboxylic acid (TCA) cycle, ultimately leading to cell  death10. This novel form of cell death 
is defined as Cuproptosis, which is completely different from known forms of cell death such as pyroptosis, 
apoptosis, ferroptosis, and necroptosis. Considering that lipid acylation and Fe-S cluster proteins are widely and 
conservatively present in nature as the main targets of cytotoxicity produced by Cuproptosis, therapeutic options 
for copper ions targeting tumors with this metabolic profile are promising, and biomarkers that can reliably and 
precisely detect Cuproptosis in complicated human tumor tissues is urgently needed.

Ten genes (including FDX1, LIPT1, DLD, LIAS, DLAT, PDHA1, PDHB, MTF1, GLS, and CDKN2A) were 
obtained from a previous  study10 and were considered Cuproptosis-related genes. FDX1 gene codes for a tiny 
iron-sulfur protein that transports electrons from NADPH to mitochondrial cytochrome P450 via ferredoxin 
reductase, which is implicated in the steroid, vitamin D, and bile acid metabolism. FDX1 may affect the prognosis 
of lung adenocarcinoma by mediating  metabolism21. Lipoyltransferase 1 (LIPT1) is an enzyme that activates 
TCA cycle-associated 2-ketoacid dehydrogenases, and its deficiency inhibits the metabolism of the TCA  cycle22. 
Dihydrolipamine dehydrogenase (DLD) was reported to modulate cysteine deprivation-induced  ferroptosis23. 
Deletion of FDX1 and LIAS inhibited the occurrence of  Cuproptosis10. Over-expressed DLAT could promote 
gastric cancer cell proliferation by regulating carbohydrate  metabolism24. Aberrant expression of PDHA1 and 
PDHB, which were involved in glycolytic regulation, was also closely associated with poor prognosis in gastric 
cancer  patients25–27. Metal regulatory transcription factor 1 (MTF1) is a metal-binding transcription factor 
found in eukaryotes that protects cells from oxidative and hypoxic stress by responding to both metal excess and 
deficiency, and its deletion could inhibit the epithelial to mesenchymal  transition28. Glutaminase (GLS) is a key 
enzyme in glutamine metabolism and has been reported to be involved in several types of  cancer29,30. CDKN2A 
was reported to be a tumor suppressor gene on chromosome 9p21.3 that played a role in tumor suppression 
of tumor  proliferation31. However, CDKN2A expression was upregulated in HCC and was strongly associated 
with poor patient  prognosis32. In addition, CDKN2A methylation levels were also associated with copper ion 
metabolism in  humans33. These all suggested the involvement of Cuproptosis-related genes in the prognostic 
development of cancer.

Following the discovery of DE-lncRNA and Cuproptosis-associated lncRNAs, a personalized prognostic 
profile was created in this work using overlapping lncRNAs that can be used to predict treatment response to 
ICB therapy and are also considered an independent predictor of HCC prognosis. Furthermore, comparing the 
prediction potential of several genetic markers can help researchers learn more about their prognostic signifi-
cance. As a result, we compared the prediction capacity of the six gene signatures shown below: (1) the Cuprop-
tosis-associated lncRNA signature constructed in this study; (2) the ferroptosis-related nine-lncRNA signature 
constructed by Xu et al.13; (3) the twelve immune-related lncRNA signature constructed by Hong et al.34; (4) the 
eleven lncRNA signature constructed by Wang et al.35 and (5) the eight m6A methyltransferase-related lncRNAs 
constructed by Li et al.12; (6) the eight ferroptosis- and immune-related lncRNA signature constructed by Huang 
et al.36; (7) the fourteen pyroptosis-Related lncRNAs signature and the five ferroptosis-related lncRNA signature 
constructed by Tang et al.37,38. The results showed that although all the above signatures were more accurate 
predictors of patient prognosis, our six Cuproptosis-associated lncRNA signature contained the least number 
of genes and was relatively easy to apply clinically when compared to other prior signatures. Moreover, based 
on the GSEA enrichment results we found that the Cuproptosis-associated lncRNA risk model we constructed 
in our study was not only related to the metabolism and transport of copper ions, but also cell proliferation, cell 
adhesion, cell metabolism, and cell cycle regulation. Finally, Cuproptosis was also closely related to the tumor 
immune microenvironment. Both the TIMER and XCELL results showed significantly higher levels of  CD4+ T 
cell infiltration in the high-risk scoring group, suggesting that Cuproptosis may be involved in the regulation 

Figure 7.  Enrichment analysis in the Cuproptosis-related lncRNA model.
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of HCC progression through increased levels of  CD4+ T cell infiltration. Of course, this needs to be verified by 
detailed experiments in vivo and in vitro at a later stage.

Among the six lncRNA involved in our signature, AC099329.2 and DNMBP-AS1 were protective lncRNA 
in HCC patients, while AC138904.1, DEPDC1-AS1, GIHCG, and AC145343.1 were risk lncNRAs. AC099329.2 
and DNMBP-AS1 have been reported to be strongly associated with ferroptosis and could be used as a novel 
biomarker for predicting Breast Cancer  prognosis39,40, and DEPDC1-AS1 has also been shown to be significantly 

Figure 8.  Genetic alterations and Immune Infiltrate Analysis. (A) Top 10 most substantially changed genes in 
the high- and low-risk score subgroups. (B) A heatmap of all substantially distinct immune cells between the 
high- and low-risk score subgroups. (C) Correlation analysis between risk scores and PD1, CATL4 expression. 
(D) Analysis of differences between risk scores and PD1, CATL4 expression.
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correlated with ferroptosis and may serve as a good prognostic marker for lung  adenocarcinoma41,42. However, 
their functions and mechanisms of them have not been reported so far in HCC. AC145343.1 can be involved 
in the regulation of immune cell infiltration as TP53 mutation-associated lncRNA and predict HCC patient 
 prognosis43,44. High GIHCG expression was linked to a shorter patient survival time and was also an independ-
ent predictive factor for overall survival in  HCC45, which was in line with our findings. Knocking down GIHCG 
dramatically suppressed HCC cell growth, proliferation, and metastasis in vitro and in vivo, and was predicted 
to be a novel target for HCC  treatment46. Moreover, a high level of GIHCG expression was also a biomarker for 
Lapatinib  resistance47. GIHCG has also been shown to be involved in the development of a variety of tumors 
including  breast48,  ovarian49,  cervical50,  esophageal51,  colorectal52, and  gastric53 cancers. In this study, we found 
that the expression of AC138904.1, AC099329.2, and DNMBP-AS1 was significantly changed before and after 
drug treatment in both HerpG2 and MHCC-97H cells in the constructed Cuproptosis cell model and might be 
involved in the development of HCC through the mechanism of Cuproptosis, and further studies are needed 
to confirm this result.

There is no doubt that our study has certain limitations. First, individual variations in HCC patients may 
influence our Cuproptosis-related lncRNA signature, which has only been evaluated in the TCGA dataset. Future 

Figure 9.  The predictive significance of the Cuproptosis-associated lncRNA signature was verified in the 
nomogram model. (A) Nomogram combining the six Cuproptosis-associated lncRNA signatures. (B) 
Calibration plots of 1-, 2-, and 3-year survival probabilities.

Figure 10.  qRT-PCR assay of the lncRNAs expression levels in the constructed Cuproptosis cell model. (A) In 
HerpG2 cells, (B) In MHCC-97H cells.
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external and practical testing will be required to establish if it can be applied to clinical patients. Furthermore, 
we have only a limited understanding of the signaling pathways involved in Cuproptosis-related lncRNAs; how-
ever, the specific molecular mechanisms of the six lncRNAs in HCC, as well as their interactions with TME and 
Cuproptosis, remain unknown, and their roles must be investigated in vivo and in vitro using GSEA results as 
a guide in the future.

Figure 11.  Functional enrichment analysis of lncRNAs. (A) AC099329.2. (B) AC138904.1. (C) DNMBP-AS1.
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Conclusions
Therefore, we created a prognostic six-lncRNA profile linked with Cuproptosis to predict immunotherapy treat-
ment response, which may bring new insights into the molecular pathways underlying HCC formation and 
progression (Supplementary Information).

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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