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Abstract

Background and Aims: Hepatocellular carcinoma (HCC) is a common malignancy with a high
recurrence and mortality rate. Cuproptosis is a new type of programmed cell death involved in tumor
cells' proliferation, growth, angiogenesis, and metastasis. Therefore, this study aims to investigate the
relationship between the expression of cuproptosis-related genes (CRGs) and the prognosis in HCC,
establish a prognosis-related nomogram model, and analyze the association of CRGs with the immune
cell infiltration in HCC.

Methods: Differential expression analysis of CRGs in the TCGA database was performed using the R
language "limma" package; the "clusterProfiler" package was used for GO and KEGG analysis; the
prognostic CRGs were screened by univariate Cox regression analysis; the prognostic scoring model
based on CRGs for HCC was constructed by Lasso-Cox regression analysis; the "ggsurvplot" package
drew the Kaplan-Meier survival curve draws using overall survival (OS) as the outcome variable; the
"survival ROC" package created the ROC curve for assessing the accuracy of the prognostic score; the
nomogram and the calibration curves were drawn by the 'regplot' and 'rms' packages; the associations
between the expression of CRGs and the abundance of six immune cells were analyzed using the TIMER
database.

Results: Among the 19 CRGs, there were 16 differentially expressed ones in HCC tissue compared with
normal tissue (up-regulation: PDHB, PDHA1, MTF1, LIPT1, LIPT2, LIAS, GLS, DLD, DLST, DLAT,
CDKN2A, and ATP7A; down-regulation: SLC31A1, GCSH, DBT, and NLRP3), and NLRP 2 had the
highest mutation frequency of 12%. GO, and KEGG analyses showed that CRGs were enriched in
signaling pathways such as the tricarboxylic acid cycle, carbon metabolism, pyruvate metabolism,
glycolysis/gluconeogenesis, and platinum drug resistance. Three CRGs (CDKN2A, GLS, and DLAT)
that affected the OS were screened by univariate Cox regression analysis and LASSO Cox regression
analysis for the construction of the prognostic model, and the prognostic score was constructed using
regression coefficient: risk score=0.22xDLAT (expression level) + 0.11xCDKN2A (expression level) +
0.03xGLS (expression level). The Kaplan-Meier curve analysis showed that the HCC patients with high-
risk scores had a poor prognosis (P<0.05), and the model prediction performance was evaluated by the
time-dependent ROC curve of the risk model, and the AUC at 1, 3, and 5 years was 0.741,0.657 and
0.633, respectively. The nomogram was constructed by incorporating age, sex, T stage, N stage, M stage,
pathological classification, CDKN2A, GLS, and DLAT. The calibration map showed good consistency
between the nomogram prediction and the actual observation. There were positive correlations of GLS,
DLAT, and CDKN2A with HCC immune cell infiltration and a significant correlation with immune
checkpoints PDCD 1, CD274, and HAVCR2 (all P<0.05). Further analysis indicated that the higher
CDKN2A, GLS, and DLAT expression in HCC tissue, the later the Barcelona pathological stage, the
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worse the histological grade in patients (all P<0.05).

Conclusion: Gene signatures associated with cuproptosis can be used as potential prognostic predictors

for HCC patients and may provide new insights into the treatment of HCC.
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Figure 1 Expression and genetic alteration of CRGs in HCC  A-B: Expressions of 19 CRGs in HCC and normal tissues; C-D:
Correlations between the expression of CRGs; E: Mutation frequencies of 19 CRGs in HCC
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Table 1 Functional enrichment analysis of GO and KEGG for CRGs
. TEXS IV I %

ENLS D filiids b L MIE P
BP G0:0006099 tricarboxylic acid cycle 5/19 6.39e-08
BP G0:0006101 citrate metabolic process 5/19 6.39¢-08
BP G0:0006084 acetyl-CoA metabolic process 5/19 6.39¢-08
BP G0:0072350 tricarboxylic acid metabolic process 5/19 6.39¢-08
BP G0:0006086 acetyl-CoA biosynthetic process from pyruvate 4/19 2.04e-07
€ G0:0005759 mitochondrial matrix 12/19 5.20e-14
CcC G0:1990204 oxidoreductase complex 7/19 1.58e-10
€ G0:0045240 dihydrolipoyl dehydrogenase complex 3/19 1.74e-06
cC G0:0045239 tricarboxylic acid cycle enzyme complex 3/19 2.88¢-06
Cic G0:0005770 late endosome 3/19 0.015
MF G0:0016620  oxidoreductase activity, acting on the aldehyde or oxo group of donors, NAD or NADP as acceptor 4/19 3.60e-06
MF G0:0016903 oxidoreductase activity, acting on the aldehyde or oxo group of donors 4/19 4.22¢-06
MF G0:0016746 transferase activity, transferring acyl groups 5/19 1.36e-04
MF G0O:0046915 transition metal ion transmembrane transporter activity 3/19 1.36e-04
MF G0:0016747 transferase activity, transferring acyl groups other than amino-acyl groups 4/19 0.001
KEGG hsa00020 citrate cycle(TCA cycle) 5/17 1.44e-07
KEGG hsa01200 carbon metabolism 6/17 2.23e-06
KEGG hsa00620 pyruvate metabolism 4/17 1.69¢-05
KEGG hsa00010 glycolysis/gluconeogenesis 4/17 1.14e-04
KEGG hsa01524 platinum drug resistance 4/17 1.28e-04

#&2 CRGsHEEZE Cox @S T
Table 2 Univariate Cox regression analysis of the CRGs
FFAE 1% (n) HR(95% CI) P
SLC31AT (i ws. ) 373 0.728(0.515~1.029) 0.072
PDHB (ffvs. ) 373 1.280(0.907~1.807) 0.160
PDHAT (i vs. ) 373 1.467(1.036~2.077) 0.031
LIPT1 (ffvs. ) 373 1.268(0.897~1.792) 0.179
DLD(flkvs. i) 373 1.064(0.754~1.501) 0.726
DLST(ffws. =) 373 1.505(1.063~2.131) 0.021
DBT(flKus. ) 373 0.845(0.598~1.193) 0.339
LIAS(fius. &) 373 1.165(0.825~1.645) 0.385
FDX1(ffKws. ) 373 0.806(0.571~1.138) 0.221
DLAT(fivs. &) 373 1.689(1.191~2.396) 0.003
GCSH(fiKws. 55) 373 1.181(0.834~1.673) 0.348
ATPTA(fifvs. ) 373 1.432(1.013~2.024) 0.042
ATP7B(fGs. ) 373 0.807(0.571~1.142) 0.226
CDKN2A (ffvs. 1) 373 1.790(1.262~2.538) 0.001
GLS(fifws. &) 373 1.592(1.124~2.255) 0.009
LIPT2({ vs. ) 373 1.105(0.783~1.560) 0.570
MTF1 (K vs. ) 373 1.292(0.914~1.826) 0.147
NFE2L2 (% vs. 1) 373 1.171(0.827~1.658) 0.375
NLRP3({vs. ) 373 1.252(0.886~1.771) 0.203
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Figure 3 Prognostic model construction of CRGs in the TCGA-HCC cohort
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