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Background: The incidence of digestive system cancers has increased significantly in recent years. Among
these, rectum adenocarcinoma (READ), which exhibits distinct features compared to colon adenocarcinoma,
has emerged as a unique subtype. Cuproptosis, a recently identified form of non-apoptotic programmed cell
death, plays a pivotal role in tumorigenesis; however, its relationship with READ and its potential effect on
prognosis remains poorly understood. This study innovatively explores the role of cuproptosis related genes
(CRGs) in READ development and identifies potential therapeutic targets.

Methods: This study used consensus clustering to classify READ samples into three distinct clusters based
on their survival status and enriched biological pathways. A cuproptosis-related score (CRS) was developed
to examine the association between cuproptosis subtypes and patient prognosis. Immune infiltration
was analyzed using multiple deconvolution algorithms to explore the immune landscape across different
cuproptosis subtypes. A principal component analysis (PCA) was conducted to construct a prognostic score
that reflects the clinical significance of cuproptosis in READ. Further investigations focused on lipoic acid
synthetase (LIAS) as a key gene with prognostic implications for READ patients.

Results: Consensus clustering of the READ samples revealed three clusters with varying survival
outcomes and distinct biological pathways. The CRS successfully predicted patient prognosis, and was
found to be correlated with overall survival (OS) and tumor characteristics. The immune infiltration analysis
revealed significant differences in immune profiles across the subtypes, with certain subtypes exhibiting
immunosuppressive characteristics. LIAS was identified as a favorable prognostic marker for READ patients,
and thus could serve as a potential therapeutic target.

Conclusions: CRGs play a critical role in the development and prognosis of READ. The established
CRS could serve as a valuable tool for predicting patient outcomes. Further, LIAS emerged as a potential

therapeutic target. Our findings may provide new avenues for targeted cancer treatment in READ.
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tumor microenvironment (TME)

Submitted Feb 12, 2025. Accepted for publication Mar 21, 2025. Published online Apr 01, 2025.
doi: 10.21037/jgo-2025-105
View this article at: https://dx.doi.org/10.21037/jgo-2025-105

© AME Publishing Company. 7 Gastrointest Oncol 2025;16(2):367-385 | https://dx.doi.org/10.21037/jgo-2025-105


https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-2025-105

368

Introduction

In recent decades, the incidence of rectum adenocarcinoma
(READ) has continued to increased, which accounted for
more than 1.9 million newly diagnosed cancer cases and
940,000 cancer-related deaths (1,2). The clinical diagnosis
of READ primarily relies on colonoscopy; however, reliable
assessment systems for evaluating the severity and prognosis
of READ remain inadequate.

Cuproptosis, a newly identified programmed cell death
whose mechanism is not apoptotic (3). This process is
mediated by the accumulation of copper ions, which
disrupt mitochondrial respiration and the tricarboxylic
acid cycle. Elevated serum copper levels have been
observed in various types of cancer, including stomach
cancer and gallbladder carcinoma (4,5). Functionally,
copper ions are the activators of receptor tyrosine kinase-
related signaling pathways, which directly or indirectly
promote tumor growth and the establishment of the
tumor microenvironment (TME) (6). These insights have
led to the exploration of novel therapeutic approaches
that leverage copper-induced cell death in tumors (7,8).
The study of the relationship between copper ions and
tumors has gone through a series of processes, including
copper overdose-induced cell death, copper ion drug-
induced tumor death, high concentrations of copper
ions being detected in cancerous tissues (as opposed
to paraneoplastic tissues), and the discovery of the
genes and pathways of copper-associated death (9-12).

Highlight box

Key findings

* A novel cuproptosis-related gene (CRG) signature was established
that can predict prognosis in rectum adenocarcinoma (READ).

* Lipoic acid synthetase (LIAS) emerged as a favorable prognostic
marker and a potential therapeutic target for READ.

What is known, and what is new?

e READ is a distinct digestive cancer subtype with unique clinical
features.

® This study showed the significant role of CRGs in READ
prognosis with a focus on immune infiltration, and the prognostic
value of LIAS.

What is the implication, and what should change now?

* Understanding the role of CRGs provides deeper insights into
READ prognosis and could improve patient stratification.

® LIAS could serve as a promising therapeutic target, offering new
opportunities for tailored treatment strategies in READ.
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In March 2022, Peter Tsvetkov and Todd R. Golub of
the Broad Institute of MIT and Harvard University
demonstrated that cuproptosis is a novel mode of cell death
that is distinct from iron death and apoptosis, in that it
relies on mitochondrial respiration and induces lipoylated
proteins and iron-sulfur cluster protein loss through the
direct binding of copper to thioctic components of the
tricarboxylic acid cycle, leading to toxic protein stress.
The results of this study were also published in the
journal Science (13). Tsvetkov et al. describe the specific
details of cuproptosis as (3): (I) excess copper enters the
cell; (I) copper ions bind to thioacylation-modifying
proteins, FDX1 being an upstream regulatory molecule
that regulates the thioacylation pathway; and (III) the
four thioacylation-modifying proteins known to date in
mammals, DBT (branched-chain a-ketoacid dehydrogenase
complex component), GCSH (glycine cleavage system
protein H), DLST (o-ketoglutarate dehydrogenase complex
component), and DLAT (pyruvate dehydrogenase complex
component), all of which are core components of the
cellular complex of important metabolic enzymes that
regulate carbon entry into the tricarboxylic acid cycle; (IV)
oligomerization of lipoic acid-modified proteins bound
to copper ions; (V) great impact on the tricarboxylic acid
cycling cycle; (VI) reduction in the level of Fe-S cluster
proteins (branched pathway); and (VII) Cu™ ion binds
FDX1 and changes to the more toxic Cu’; (VIII) the
above processes ultimately lead to cell death. This death
pathway cannot be alleviated by apoptotic caspase inhibitors
(Z-VAD-FMK and Boc-D-FMK), iron death inhibitors
(ferrostatin-1), necrotic apoptosis inhibitors (necrostatin-1)
and oxidative stress inhibitors (N-acetylcysteine). This study
found that cuproptosis has great potential for application
in cancer therapy, and that cuproptosis can be specifically
induced in tumor cells by applying a copper ionophore to
inhibit cancer (14). Cuproptosis-related genes (CRGs) have
been demonstrated prognostic and immunotherapeutic
value in multiple cancer types. CRG-based molecular
signatures have been used to predict patient prognosis in
glioma (15), cholangiocarcinoma (16), and renal cancer (17).
Despite growing evidence supporting clinical importance of
CRGs in various types of tumors (18,19), their specific role
in READ remains unclear. This study aims to investigate
the prognostic significance of CRGs in READ, and their
association with TME.

Using the consensus clustering, we categorized READ
samples into three distinct subtypes. By examining the
overlap of differentially expressed genes (DEGs) among
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these clusters, we developed the cuproptosis-related score
(CRS) as an effective means for assessing the prognosis of
READ patients. Further comparisons were made between
high- and low-CRS groups to assess the differences in
the immune status and mutation landscape. Lipoic acid
synthetase (LIAS) was identified as a favorable CRG and
was found to be closely correlated with the tumor-related
signaling pathways and tumor immune landscape.

This study provides new insights into the role of
cuproptosis in READ and highlights LIAS as a potential
therapeutic target, offering novel strategies for precision
oncology. We present this article in accordance with the
TRIPOD and MDAR reporting checklists (available at
https://jgo.amegroups.com/article/view/10.21037/jgo-
2025-105/rc).

Methods
Data acquisition and processing

The Cancer Genome Atlas-rectum adenocarcinoma
(TCGA-READ) dataset provided the necessary data for this
study. This dataset included RNA-sequencing data, clinical
data, and somatic mutation data. Samples with missed
clinical messages were deleted, and the batch effects were
eliminated. A total of 10 CRGs summarized in a previous
study were identified (3). The Wilcoxon method was used
to filter the differentially expressed CRGs. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Identification of cuproptosis clusters

The R package ConsensusClusterPlus was used to perform
the unsupervised clustering based on the 10 CRGs. The R
package ConsensusClusterPlus was installed via Bioconductor
using BiocManager::install(“ConsensusClusterPlus”).
The package is developed by Wilkerson MD and Hayes
DN and is available at Bioconductor. The determination
of the number of clusters was based on the results
obtained from the consensus clustering calculation (20).
Moreover, the prognosis of each cuproptosis cluster was
calculated using the Kaplan-Meier method. The principal
component analysis (PCA) was performed using the
R package pcaMethods. The R package pcaMethods was
installed via Bioconductor using BiocManager::install
(“pcaMethods”).

© AME Publishing Company.
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Evaluation of the biological function and immune
landscape

Using the R packages Gene Set Variation Analysis (GSVA),
clusterProfiler and enrichplot, we performed the enrichment
analysis of the DEGs. The R packages GSVA, clusterProfiler
and enrichplot were available from Comprehensive R
Archive Network (CRAN) (https://cran.r-project.org/). The
reference gene set for this analysis was obtained from the
Molecular Signatures Database (MSigDB) (21).

Immune cell infiltration was estimated based on
multiple algorism and results from the Tracking Tumor
Immunophenotype (TIP) website, an online website for the
analysis of tumor immunophenotype, which analyses anti-
cancer immune status across seven steps (steps 1-7) through
the tumor immune cycle (22,23). Moreover, the single sample
Gene Set Enrichment Analysis (ssGSEA) method was used
based on the gene markers from the research of Charoentong
et al. (24). Additionally, the overall condition of the TME was
assessed using the ESTIMATE algorithm (25).

Establishment of the prognostic score

To better evaluate the prognosis of each patient, the CRS
was established as follows: (I) the overlapping DEGs
between each cuproptosis cluster were identified; (II) using
a Cox regression model, genes with a prognostic value
were selected for further investigation. Based on these
selected genes, the PCA method was used, and the CRS
was calculated as follows (26): CRS = PC1' + PC2', where i
represents the included CRG.

The performance of the prognostic score was evaluated
using univariate and multivariate Cox regression analyses.
The univariate analysis identified significant predictors
of survival, which were then included in the multivariate
model to assess their independent contributions.

Identification of genetic alterations and drug sensitivity
analysis

The R package maftools was used to generate waterfall plots
of single nucleotide variants in TCGA-READ dataset.
The R package maftools was available from CRAN. A
further analysis was conducted to examine variations in the
expression of the tumor mutational burden (TMB) among
the different subgroups. Kaplan-Meier curves were used to
assess differences in survival between the mutation and the
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CRS combination, and to further evaluate the association
between the mutation and the CRS. For the analysis of
targeted therapeutic drugs (27), the R package pRRopbhetic
was employed to predict the half-maximal inhibitory
concentration (IC50) values of lapatinib, nilotinib,
parthenolide, and rapamycin, which are commonly
investigated for their potential therapeutic effects in READ.
The R package pRRopbetic was installed via Bioconductor
using BiocManager:install (“pRRophetic”).

Nomogram construction

Nomograms predicting the 1-, 3-, and 4-year overall
survival (OS) rates of READ patients were constructed
using the R packages rgplot, survival, and rms (28).
Nomograms predicting the 1-, 3-, and 4-year OS rates of
READ patients were constructed using the R packages 7zs,
survival and regplot, all of which are freely available from
CRAN at https://cran.r-project.org. Calibration curves for
the nomograms were also created using the rms package.
These packages are developed and maintained by the R
Core Team and other contributors under the GNU General
Public License.

Cell culture and assay validation

The HCT116 and RKO cell lines of human colorectal
cancer were acquired from GeneChem in Shanghai,
China. These cell lines were cultivated in Dulbecco’s
modified Eagle’s medium with 10% fetal bovine serum at
a temperature of 37 °C in an atmosphere containing 5%
carbon dioxide. The HCT116 cells and RKO cells were
transfected with the control plasmid and overexpression
plasmid of LIAS. The proliferation activity of the colorectal
cancer cells was assessed by Cell Counting Kit 8 (CCK-8)
and clone formation assays. The migration ability of the
colorectal cancer cells was evaluated by Transwell assay.

Statistical analysis

The statistical analyses were performed using R software
(version 4.1.2), a free software environment for statistical
computing and graphics developed by the R Core Team.
The software is available at https://www.r-project.org.
All statistical tests were two-sided. A P value <0.05 or
a Spearman correlation coefficient >0.2 was considered
statistically significant unless otherwise noted. In abbreviated
representation, * represents P<0.05, ** represents P<0.01,
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and *** represents P<0.001.

Results
Identification of cuproptosis clusters in READ

Figure 14 shows the unsupervised consensus clustering
results based on the expression of the 10 CRGs. Figure 1B
shows the expression signatures of the 10 CRGs, together
with the corresponding clinical features. To validate the
clustering results, a Kaplan-Meier plot was generated that
revealed significant differences in prognosis among the
cuproptosis clusters (Figure 1C). The PCA plot showed
the fine effectiveness of differentiation (Figure 1D).
Cuproptosis type (CT) 1 and CT3 exhibited similar prognostic
features. The CT1 cluster was enriched in multiple metabolic
pathways, including the glyoxylate and dicarboxylate
metabolism pathways, and pyruvate metabolism and arginine
and proline metabolism pathways, indicating abrupt metabolic
changes in CT'1 (Figure 1E). Compared with the CT1 cluster,
the CT2 cluster had elevated complement and coagulation
cascades (Figure 1F). The CT2 cluster was also enriched in
the activated notch signaling pathway, mammalian target of
rapamycin (mTOR) signaling pathway, and tumor protein
53 (P53) signaling pathway, which revealed that proliferative
activity was elevated in CT2 (Figure 1G). These differences
in biological pathways ultimately resulted in the CT?2 cluster
showing the worst survival.

Establishment of the cuproptosis-related prognostic model

To assess the predictive significance of cuproptosis in
READ, we created a PCA model called the CRS using
the overlapping genes among the three cuproptosis
clusters. The patients were divided into high- and low-
CRS groups based on a moderate cut-off value. Figure
2A4 shows the Kaplan-Meier survival curve, which
revealed that patients in the high-CRS group had better
OS than those in the low-CRS group. The low-CRS
group comprised a larger proportion of CT1 samples
and all the CT?2 samples, and the survival of this group
was significantly worse than that of the high-CRS group
(Figure 2B). Figure 2C shows the clinical parameters and
expression patterns of the encapsulated genes for each
sample, while Figure 2D shows the distribution of the
CRS and survival time. Following both the univariate and
multivariate Cox analyses, the CRS was found to be an
independent protective factor associated with READ prognosis
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Figure 1 NMF clustering of the READ samples based on the 10 CRGs. (A) NMF clustering results (rank =3). (B) Heatmap illustrating
the expression patterns together with the clinical status of the READ samples. (C) Kaplan-Meier plot showing the prognostic effect of the

clustering results. (D) PCA plot validating the clustering results. (E-G) The results of the KEGG pathway enrichment analysis between

each CT cluster. CT, cuproptosis type; CRGs, cuproptosis-related genes; KEGG, Kyoto Encyclopedia of Genes and Genomes; NME, non-

negative matrix factorization; PCA, principal component analysis; PC, principal component; READ, rectum adenocarcinoma.

in comparison to other conventional prognostic factors (all
P<0.05, hazard ratio <1, Figure 2E,2F). Although the M
and N stages are well-recognized prognostic factors in
colorectal cancer, they did not reach statistical significance
in our multivariate analysis. This suggests that CRS may
capture key tumor characteristics, including metabolic
and molecular features, which provide complementary or
even superior prognostic value compared to traditional
clinicopathological factors. Therefore, CRS could serve as a
more comprehensive prognostic indicator in READ.

Comparison of the immune landscape between the bigh-
and low-CRS groups

Multiple methods were used to estimate the infiltration or
proportion of immune cells (Figure 3A4). Specifically, the
CRS exhibited a positive correlation with the estimated
B cells, macrophages, and T helper cells, but a negative
correlation with regulatory T cells (Tregs) (Figure 3B).
The low-CRS group exhibited a notable increase in the
infiltration of Tregs, myeloid-derived suppressor cells
(MDSCs), and macrophages, which were recognized as

© AME Publishing Company.

significant immunosuppressive elements in the TME
(Figure 3C). Additionally, the low-CRS group had a
significantly higher ImmuneScore and ESTIMATEScore,
indicating more immune cells and tumor cell infiltration
(Figure 3D). The ssGSEA results showed that the low-
CRS group had a higher level of immune checkpoint
signatures, and increased cytolytic activity, and human
leukocyte antigen molecules compared to the high-CRS
group (Figure 3E). Moreover, the results from the tumor
infiltrating lymphocyte (TIL) website indicated a higher
infiltration of T helper cells in the high-CRS group, and
a higher infiltration of Tregs and MDSCs in the low-CRS
group (Figure 3F). Together, these results showed that the
immune regulatory cells, including the Tregs and MDSCs,
were increased in the low-CRS group, which may lead to
the anergy of immune effector cells.

CRS subgroups bad significant clinical implications and
unique mutation landscapes

We also investigated the association between the CRS
and the clinical stages of READ. Notably, the CRS was
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significantly lower in the advanced-stage samples and
metastasis samples, and steadily decreased in patients with
advanced T and N stages (Figure 44). Further, the low-CRS
group had a significantly greater percentage of patients with
advanced READ (all P<0.05, Figure 4B). In terms of patient
prognosis, for patients with T34, N1-2, and stage III-IV
clinical status, the high-CRS group had significantly better
OS than the low-CRS group (Figure 4C). To facilitate a
clear comparison between early-stage and advanced-stage
colorectal cancer, we grouped stage III and IV together,
following a common approach. This classification highlights
overall prognostic differences between low-risk and high-
risk groups, providing a clearer understanding of survival
trends. The decrease in the number of patients at risk over
time in survival analysis is an expected outcome in long-
term follow-up studies due to disease progression, loss
to follow-up, or censored cases. Despite this, our follow-
up period aligns with similar studies, and the observed
trends support our findings. The unexpectedly good
prognosis of the high-CRS group in M1 patients is likely
due to the small sample size rather than factors such as

© AME Publishing Company.

radical metastasis resection rates or insufficient follow-up.
Figure S1A,S1B shows the overall mutation landscape of
the high- and low-CRS groups, respectively. The low-CRS
group had a reduced TMB compared to the high-CRS
group (Figure S1C). Additionally, the PCA results showed
that the TMB was positively correlated with the CRS
(R=0.26, P=0.0014, Figure S1D). Patients with a higher
TMB had better OS than those with a lower TMB (P<0.001,
Figure S1E). Together, the CRS and TMB could be used to
predict patient prognosis (P<0.001, Figure S1F).

LIAS was the bub gene of CRGs in READ
To identify the hub CRGs in READ, we conducted further

investigations to determine their predictive significance
and association with immune markers. Of the 10 CRGs,
seven (CDKN2A4, DLAT, DLD, FDX1, GLS, PDHAI,
and PDHB) displayed increased expression in tumor
tissues. Conversely, LIAS displayed decreased expression
(Figure S2A). Moreover, the low-LIAS expression group
had significantly worse survival compared to high-LIAS
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Figure 3 Distinct immune landscapes between the high- and low-CRS subgroups. (A) Heatmap illustrating the estimated immune cell
infiltration using multiple methods. (B) Correlation between the CRS and the estimated immune signatures. (C) Comparison of Tregs,
MDSCs, and macrophages in the high- and low-CRS subgroups. (D) Comparison of the ESTIMATE results between the two subgroups. (E)
Comparison of the ssGSEA results between the two subgroups. (F) Comparison of the TIP results between the two subgroups. *, P<0.05;
**, P<0.01; ***, P<0.001. APC, antigen-presenting cell; CCR, C-C chemokine receptor; CRS, cuproptosis-related score; HLA, human
leukocyte antigen; IFN, interferon; MDSC, myeloid-derived suppressor cell; MHC, major histocompatibility complex; NK, natural killer;
ns, not significant; ssGSEA, single sample Gene Set Enrichment Analysis; TIP, Tracking Tumor Immunophenotype; Th, T helper cell.

group (Figure S2B-S2K). To evaluate the individual role
of LIAS in human cancers, a pancancer expression analysis
was conducted. As Figure 5A shows, LIAS was differentially
expressed in 10 other cancer types (P<0.05). In half of the
10 types of cancers, LIAS was highly expressed in tumor

tissues compared to normal tissues, including bile duct
cancer (CHOL), liver cancer (LIHC), lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LUSC), and

© AME Publishing Company.

stomach cancer (STAD). In the remaining five cancer
types, LIAS was lowly expressed in tumor tissues compared
with normal tissues, including breast cancer (BRCA), kidney
chromophobe (KICH), kidney clear cell carcinoma (KIRC),
thyroid cancer (THCA), esophageal cancer (ESCA) and
endometrial cancer (UCES). Further, the immunofluorescent
staining of the human cell line showed that LIAS was mainly
localized to the nucleoplasm (Figure 5B,5C).
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Figure 4 Clinical differences between the high- and low-CRS subgroups. (A) Comparison of the CRS between distinct clinical stages, T

stages, M stages, and N stages. (B) Proportion of patients with different clinical features in the low- and high-CRS subgroups. (C) Kaplan-
Meier plots showing the prognostic effect of the CRS in the stratified clinical subgroups. *, P<0.05; **, P<0.01. Chisq, Chi-squared; CRS,

cuproptosis-related score.

LIAS was involved in a variety of cancers and immune-
related signaling pathways

The GSEA method was employed to examine differences
in the pathways enriched by the DEGs between the
samples with high and low LIAS expression. The findings
from the HALLMARK pathway enrichment analysis
indicated that the genes regulated by LIAS were linked
to the regulation of different processes and functions

© AME Publishing Company.

related to tumors, including increased activity in pathways
such as the myelocytomatosis oncogene (myc) signaling
pathway, E2F transcription factor (E2F) signaling pathway,
and mTOR signaling pathway, and reduced activity in
pathways such as the interleukin-6 (IL-6)-Janus kinase
(JAK)-signal transducer and activator of transcription 3
(STAT3) signaling pathway and the Kirsten rat sarcoma

viral oncogene homolog (Kras) signaling pathway
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Figure 5 Identification of the expression of LIAS in pancancer and protein expression in READ. (A) The messenger RNA expression levels

of LIAS among the tumor types in TCGA cohorts. (B,C) The LIAS protein was mostly located in the nucleoplasm and mitochondria as

validated by immunofluorescence.

The Cancer Genome Atlas; TPM, transcripts per million.

(Figure 6A). In relation to the Kyoto Encyclopedia of Genes
and Genomes (KEGG) and Gene Ontology (GO) pathways,
the decreased expression of LIAS also enhanced immune-
associated signaling pathways, including the B cell receptor
signaling pathway, immunoglobulin receptor binding, and
primary immunodeficiency (Figure 6B,6C). Conversely, the
significant overexpression of LIAS primarily enriched the
signaling pathways related to the synthesis and transport
of amino acids and proteins, such as ribosome biogenesis,
aminoacyl transfer RNA biosynthesis, and protein export
(Figure 6D,6E).

Additionally, we examined the infiltration of immune
cells in the high- and low-LIAS expression subtypes
using six different algorithms (TIMER, CIBERSORT,
MCPCOUNTER, XCELL, QUANTISEQ and EPIC),
and compared the results (Figure 74). In our findings, we
observed a negative correlation between LIAS expression
and the abundance of various immune cells infiltrating the
system, including important immunosuppressive cells like
"Tregs and M2 macrophages (Figure 7B-7L). Conversely, we
observed a positive correlation between LIAS expression
and the abundance of infiltrating cluster of differentiation

(CD)8" T cells (Figure 7M). Further, LIAS expression

© AME Publishing Company.

*, P<0.05; **, P<0.01; ***, P<0.001. LIAS, lipoic acid synthetase; READ, rectum adenocarcinoma; TCGA,

was negatively correlated with the immune score, stromal
score, and microenvironment score (Figure 7N-7P). These
findings suggest that LIAS could have a distinct function in
immune infiltration, and could serve as a predictor for the
immunotherapy response in READ.

LIAS was associated with the FBXW7 mutation in READ

We examined the effect of LIAS on genomic alterations
(Figure 84-8D). We observed a positive correlation between
LIAS and epigenetically regulated (EREG)-mRNA
stemness index (mRNAsi) (R=0.367, P<0.001, Figure 8A4),
microsatellite instability-high (MSI) (R=0.264, P=0.001,
Figure §C), and mRNAsi (R=0.422, P<0.001, Figure §D).
Conversely, no significant correlation was observed between
the TMB and LIAS (Figure §C). Additionally, our study
revealed the mutation patterns associated with LIAS in
READ (Figure 8E-8G). Specifically, the prevalence of
FBXW7 mutations was higher in patients with elevated
LIAS expression (Figure 8G). In terms of methylation of
READ, it can be found that the degree of LIAS methylation
is inversely proportional to the degree of expression and is
statistically significant (Figure 8H). In terms of the clinical
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Figure 6 Exploring the variances in the biological pathways among the high- and low-CRS subgroups. (A) Hallmark pathway analysis

revealed the enriched pathways according to the DEGs between the subgroups. (B,C) GO pathways showing negative (B) or positive

(C) correlation with the DEGs between the subgroups, respectively. (D,E) KEGG pathways showing negative (D) or positive (E) correlation
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correlations, the patients with FBXW?7 mutations exhibited
potentially better clinical characteristics than those with the
wild-type patients (Figure 94). The GSEA results showed
that the FBXW7-mutation patients displayed increased
activity in the E2F target, mTORCI signaling, oxidative
phosphorylation, and G2M checkpoints, but decreased

© AME Publishing Company.

activity in reactive oxygen species, ultraviolet (UV)
response, early estrogen response, transforming growth
factor-beta signaling, bile acid metabolism, xenobiotic
metabolism, and epithelial mesenchymal transition (Figure
9B). In addition, we created a protein-protein interaction
(PPI) network using the DEGs between FBXW?7-mutation

7 Gastrointest Oncol 2025;16(2):367-385 | https://dx.doi.org/10.21037/jgo-2025-105



Journal of Gastrointestinal Oncology, Vol 16, No 2 April 2025 377

A i ) B B _A C _A D _A

IWI III) iy IIT II III LIl IIIlSCEII nalve CIEERSOHT Low
Teell CD&+ CIEIE SORT
aive_CIBER:
m / ory activated_CIBERSORT
I
delta_Cl

1B 1
em
T el fanoutar helper_ CIBERSORT
|| I KceII resﬂng CIBERSORT Methods
I I I I
I Il III

Spearman
R=-0.308

0201 Spearman °  Spearman
N R=-0.258 .294
P<0.001

o
o
e P<0.001

; 0.15
0.15 0189

0.10 q* °

00544 *
® 1 ." % o L
000 o

0.104

ry_Cl
NIII Im ‘II l M, IM’BceII plasma clssnsom LIAS 0.20
| 1IN
i ILII [l 1 $ \IW II Il'rcsu CDA+ memnry resting GIBERSORT
I w T el rsgulalory (Tregs) GIBERSORT —1 -2 0.104
K cell activated CIBERSORT

lonocyte_CIBERSORT -2 CIBERSORT
Macmphage MO_CIBERSORT | 59
T

T cell CD4+_TIMER
Endothelial cell XCELL

0,05 . 0.054°,

T cell regulatory (Tregs)_CIBERSORT

12_ CIBERSORT MCPCOUNTER 0.004
iyeloid dendritic cell resting_CIBERSORT QUANTISEQ T
i Myelod dendric cal aiaied. CIBERSORT TIER

cell activated_CIBERSORT -

IIII“IIIIII“II ‘*II IHIIIII IIIE I' ‘i Masl ceII resnngJ:IEEFISOF(T | Ee:=m
A1 BT eu«mpnn CIBERSORT
I‘I
I

‘, 'I“ III 1 PS1EEE.ene E A F

0.00 4

G _A

Spearman
.226

P0004

O
Macrophage EPIC 0.04 4 Spearman Spearrgz;g 204
P<0.001
T cell_ MCPCOUNTER 0.03 4 0.10
T cell CD8+_MCPCOUNTER

Il epotasiiy score MCPGOUNTER

204

0.02 4

B cell_EPIC
°

B M P
Monocyte MCPCOUNTER
COUNTER

Endothelial cell_EPIC

Endothelial cell_ MCPCOUNTER

‘ Exiatheral ser £PIC
I‘ e || |II [ unchavaclenzsd cell_EPIC ° P<0.001
II' M IIII il
| I"‘ il
I 0.054s e
o L)
lII ‘m”l‘ L I MCPC J .'." .' ° s 2l es °
|I LI Ill |I I Encommaral ol MCPCOUNTER W q o
I I I ” B cel_LQUANTISEQ 0.00 {°&°% o0 P >
| N EI Im I || H Macvophage M1_QUANTISEQ T T T T T e
(L) Macrophags C’AA?NQUANTISEQ 10 15 20 25 30 10 15 20 25 30
lNe\mophlI QUANTISEQ LIAS LIAS
NK cell_Q
III T II]I AW Uneharacterized cen QUANTISEQ S 3
m B cell_TIMER 0.05 4 pearman pearman
‘“I' l““ IIII II Tl T4 TIMER R=-0.275 2 R=-0.310)
|

JLiLi e
il Myelmd dendntlc call MC MCPCOUNTER 0.01 4
|
TISEQ
I“ M
II I 1T cell cm+ (non-reguiatory) QUANTISEQ
|
II IIII il II IIII I i 1TceIl auiciony (e QUANTISEO H _A | - J
eloid dendritic cell GUANTI
P<0.001 o P<0.001
0.04 4 °
s
II [ Myslold et ool LTIMER

0.06 4

i Neutm hil TIM

=4
o
2

0.03 4

i

=
_.== = ——
===

———
= ——=

|||I I||||III| ||I|III ’ll Myelm)t(l dEeLnfntlc cell activated XCELL
i [ III IIIIIIIIIII‘II‘II

[I] TceII CD4+ msmury XCELL
r I‘I]I L
effector memory_XCELL

il
‘"“h W IIIIIII“III h CIass samched memory B ceII_xCEELII_.
I I‘

D+ naive
II ceII Inun regulatory) XCELL

Macrophage_EPIC
°
S
8

T cell MCPCOUNTER

ntral memor
f m u +e foctor msmory XCELL
IHI TceII cns* naive) XCELL

Macrophage M2_QUANTISEQ

0004

ceII CD8+ csmmI memory_ XCELL

i

Il Common Iymphold progenitor_XC
weloid progenitor XCELL

I il IIl IIII I]IMyeIolddendmvcceII XCEL

I ] ol coll XCEL

i

[

I yIII III ft I

~

ety monbcyte progenitor XCELL
Hematupolellc stem cell_XCELL

Macrophage 9 XGELL
Macrophage M2 XCELL
Mast cel XCELL

030
II

I
‘III IIIHII I I

0.251

Neutrophi XCELL
III I ‘ IMTceu NK XCELL

I I l I ‘ Plasmacytoid dsndrmc cell XCELL

I IIII II I i IIBceII Dlasma

n I‘ I II“! )I T ool BB g(%EEL .

T cell NK_XCELL
Monocyte_ MCPCOUNTER
T cell CD8+_TIMER
o o
SN
o 3

0.104

T cell CD4+ Th2_ XCELL.

T cell regulatory (Tregs) XCELL Y
1” I w IIII il I[ immune Score SGELL 10 15 20 25 30
5 K k . . .

il III IIII III IIIIIImlcroenvnronmemscore)(CELL LIAS

—%_

_A (@)

z

0.20 4
Spearman 2 ° * Spearman | |
B R=-0.222 B S 04 .335
o 03 P=0.004 | Z 0154 :I P<u 001
5 o
X | 2 g 03+ ° |
£ 02 | £ 0.10 £
2 8 "E’ 0.2 -
o
5 04 E 005 g
E -1 2 Z 014
@ 5
£ 8
0.00 5
004 S 00
T T T T T T T T T T
1.0 15 2.0 25 3.0 1.0 15 2.0 25 3.0 10 15 2.0 25 3.0
LiAS LIAS LiAS

Figure 7 The correlation between LIAS expression and immune signatures. (A) Summary of the estimated infiltration of immune cells
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and wild-type patients (Figure 9C). enabling the estimation of survival probabilities in cancer
patients (29). To this end, we first analyzed the differences
in LIAS expression in different clinical subgroups. The

Diagnostic value of LIAS, and drug concentration o . . .
s f ’ J results showed significant differences in LIAS expression

diction in READ .. . .
prediction i across clinical subgroups. LIAS expression was relatively

Nomograms serve as robust predictive models in oncology, low in the subgroups of patients with more advanced T,
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Figure 9 Biological difference between the FBXW7-mutation and wild-type patients. (A) Clinical difference between the FBXW?7-mutation
and wild-type patients. (B) GSEA analysis based on hallmark gene sets between the FBXW7-mutation and wild-type patients. (C) A PPI
network was constructed based on the DEGs between the FBXW7-mutation and wild-type patients. DEGs, differentially expressed genes;

GSEA, Gene Set Enrichment Analysis; Mut, mutation; NES, Normalized Enrichment Score; PP, protein-protein interaction.

N, and M stages, greater ages, and lymphatic invasion
(Figure 10A-10E). Further, we created a nomogram
that combined clinical factors and LIAS to estimate the
survival chances of patients at 1, 3, and 4 years. The
findings indicated that the prognosis prediction, which
took into account the level of LIAS expression along with
conventional clinical factors such as the pathological T,
N, M stages, age, and lymphatic invasion, demonstrated
a consistently reliable predictive value (Figure 10F10G).
Moreover, the expression of LIAS could also be used to
predict drug sensitivity. As Figure 10H-10K shows, the
estimated IC50 scores for lapatinib and parthenolide
were lower in the low-LIAS group, implying heightened
sensitivity to these agents among individuals with this
subtype of READ. Conversely, patients in the high-LIAS
group exhibited heightened sensitivity to nilotinib and
rapamycin. These results suggest that LIAS expression

© AME Publishing Company.

levels could be used to guide personalized immunotherapy
regimens. Patients with low LIAS expression, who exhibit
an immunosuppressive environment, may benefit from
combination strategies such as immune checkpoint
inhibitors (ICIs) combined with mTOR inhibitors (e.g.,
rapamycin) or metabolic reprogramming therapies targeting
oxidative phosphorylation and amino acid metabolism.
High-LIAS patients may respond better to ICIs alone or in
combination with targeted therapies such as nilotinib.

LIAS overexpression inhibited the proliferation and
migration abilities of colovectal cancer cells in vitro

To evaluate the tumor-related effect of LIAS in vitro,
HCT116 and RKO cells were stably transfected with a
plasmid expressing LIAS, while cells transfected with a
scrambled vector were used as a negative control. Using the
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patient. (H-K) Comparison of the estimated IC50 values for four chemotherapeutic medications in TCGA-READ dataset, examining the

differences between the LIAS subgroups. *, P<0.05. IC50, half maximum inhibitory concentration; LIAS, lipoic acid synthetase; READ,

rectum adenocarcinoma; TCGA, The Cancer Genome Atlas; TPM, transcripts per million.
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plasmid, LIAS was successfully overexpressed in the two
colorectal cancer cell lines (Figure 11A). Subsequently, the
effect of LIAS on READ cell proliferation was examined.
The CCK-8 assay revealed a significant reduction in
the proliferation ability of the HCT116 and RKO cells
following the overexpression of LIAS (Figure 11B,11C).
These findings were further substantiated by clone
assays conducted in both the HCT116 and RKO cells
(Figure 11D), indicating that LIAS effectively inhibited the
proliferation of READ cells iz vitro. Additionally, Transwell
assays were performed to assess the effect of LIAS on the
migration and invasion abilities of READ cells. The results
showed that LIAS inhibited the malignancy of READ
cells, as evidenced by the decreased migration and invasion
abilities in the HCT116 and RKO cells following LIAS
overexpression (Figure 11E).

© AME Publishing Company.

Discussion

The role of copper-induced cell death, or cuproptosis,
has gained increasing attention in recent years. Copper,
an essential metal ion for cellular metabolism, becomes
cytotoxic when accumulated beyond physiological level,
leading to cell death. Dysregulation of copper homeostasis
has been implicated in various diseases (30,31). While
apoptosis and the autophagy pathway are well established
mechanisms of copper-induced cytotoxicity (32), emerging
evidence suggests that cuproptosis plays a distinct role in the
proliferation, metastasis and angiogenesis of cancer cells (33).
Studies have shown that serum copper ion levels are
notably elevated in cancer patients compared to healthy
individuals, including those with lung cancer, prostate
cancer, breast cancer, gallbladder carcinoma, stomach
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cancer, and thyroid cancer. Additionally, higher copper
ion levels have been detected in the gallbladder tissue of
patients with gallbladder cancer. Furthermore, in lung
cancer patients, elevated serum copper ion concentrations
have been correlated with more advanced clinical stages
and poorer clinical prognosis (34,35). Although CRGs have
been recognized as prognostic marker in multiple cancers,
their significance in READ remained unclear. This study
aimed to elucidate the role of CRGs in READ prognosis
and TME.

Based on the expression patterns of the 10 CRGs and
unsupervised clustering, the READ samples were stratified
into three clusters exhibiting distinct expression profiles,
each associated with significantly varied prognoses. Notably,
the CT2 showed the worst survival outcomes, which may
be cluster, which was attributed to elevated expression
of CDKN2A, a key regulator of cell cycle arrest and
senescence. The functional pathway enrichment analysis
revealed that CT2 has enriched in tumor promoting
pathway, including the notch signaling pathway, the mTOR
signaling pathway, and the P53 signaling pathway as well as
dysregulated metabolic pathway activity, such as pyruvate
metabolism, the citrate cycle, and glutathione metabolism.
These findings suggest that cuproptosis heterogeneity
contributes to differences in tumor progression and
prognosis.

"To enhance the prognostic precision, we established the
CRS using PCA-based model. CRS effectively stratified
READ patients into high- and low-risk groups with higher
CRS associated with better OS. Notably, CRS demonstrated
a strong inverse correlation with tumor progression, as
lower CRS values were observed in patients with advanced
clinical stages. Furthermore, when combined with TMB,
CRS provided an even more robust prognostic prediction.
These findings highlight the potential clinical utility of CRS
in risk stratification and personalized treatment planning
for READ patients.

Our study also identified LIAS as a key CRG with
significant prognostic value. LIAS plays a crucial role
in mitochondrial metabolism by regulating protein
lipoylation, which is essential for key metabolic enzymes in
the T'CA cycle. In cuproptosis, a copper-induced form of
regulated cell death, LIAS loss confers resistance to copper
toxicity, highlighting its role in linking mitochondrial
function to cellular stress responses. Disruption of LIAS
impairs Fe-S cluster protein integrity and alters metabolic
homeostasis, which can influence tumor progression by
modulating energy production, oxidative stress, and immune

© AME Publishing Company.
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microenvironment interactions. Given its involvement in
metabolic reprogramming, LIAS may serve as both a tumor
vulnerability and a potential therapeutic target in cancers
where cuproptosis-related pathways are dysregulated (36).
LIAS expression was notably decreased in the READ tissue
compared with the normal tissue, and low LIAS expression
was significantly associated with a poor survival, which
suggests that LIAS may play a protective role in READ.
Cai et al. conducted a pancancer study to explore the role of
LIAS, and found that high LIAS predicted better OS and
disease-free survival (DFS) in 92 READ samples (37), which
is consistent with our results based on 158 READ samples.

LIAS has been implicated in the synthesis of
mitochondria-associated metabolic enzymes, and has
been found to play a role in energy metabolism and the
antioxidant response (38). Over the past decade, research has
focused on the effects of LIAS mutations on mitochondrial
energy-consuming metabolism, which can lead to complex
metabolic disorders (39). However, its potential mechanisms
and biological functions in cancer remain insufficiently
explored. As our study showed, the LIAS-associated genes
in the READ samples were predominantly enriched in the
tumor-associated signaling pathways, including the myc,
mTOR-related, and IL-6-JAK-STAT pathways. Burr ez al.
showed that the disruption of LIAS led to the accumulation
of 2-oxoglutarate and the subsequent production of L-2-
hydroxyglutarate (L-2-HG). In the presence of oxygen,
L-2-HG had the ability to stabilize hypoxia inducible
factor-1a (HIF-1a) by blocking prolyl hydroxylation,
resulting in the initiation of subsequent responses by
HIF-1a (40). LIAS deficiency in individuals with impaired
lipoic acid synthesis may trigger HIF-1a activation, which
may serve as a defensive reaction against metabolic disorders.
This phenomenon could potentially account for the reduced
LIAS expression observed in certain cancer cells like renal
clear cell carcinoma cells, where the involvement of HIF and
VHL genes is crucial for tumor development (37).

In addition, in the low-LIAS subgroup, there were
more infiltrated Tregs, MDSCs, and macrophages, which
were considered the main immunosuppressive cells in the
TME. Conversely, the high-LIAS subgroup exhibited an
increased presence of immune effector cells such as CD8" T
cells. These findings underscore the potential significance
of LIAS in shaping the immune landscape in the TME.
Our results also revealed a possible correlation between
LIAS expression and the FBXW7 mutation. Interestingly,
the FBXW7-mutant colorectal cancer patients had better
DES than the FBXW7 wild-type patients. Additionally, the
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FBXW?7 mutation has been shown to be correlated with
shorter DFS in lung squamous cell carcinoma, ovarian
plasmacytoma, and bladder urothelial carcinoma (41). Such
findings suggest that the FBXW?7 mutation plays a special
role in colorectal cancer. Our results also provide further
evidence of the possible protective role of the FBXW7
mutation in READ.

The atypical manifestation of genes (29) could facilitate
cancer diagnosis and prognosis prediction. In this study,
the nomogram analysis indicated that LIAS expression
combined with classical clinicopathological features
had significant diagnostic value for READ patients, and
could effectively predict the 1-, 3-, and 4-year survival
probabilities of individuals. Interestingly, we also found
differences in the predicted concentrations of commonly
prescribed drugs among different LIAS expression
subgroups, which suggests that LIAS also has value in
predicting drug sensitivity.

Finally, to substantiate the biological function of
LIAS in READ cells, we conducted LIAS overexpression
experiments in two colorectal cancer cell lines (HCT116
and RKO). Our findings revealed that heightened LIAS
expression led to a significant reduction in the growth
potential of both the HCT116 and RKO cell lines.
Additionally, Transwell assays revealed a notable decrease
in the migratory ability of the colorectal tumor cells.
Consequently, our results suggest that LIAS plays a role in
inhibiting the progression of READ, shedding light on its
potential biological significance in READ pathogenesis.

This study highlighted the potential prognostic value of
CRGs in READ; however, it had several limitations. First,
the sample size was relatively small, and further research
needs to be conducted to assess the generalizability and
reliability of the model. Second, the specific mechanisms of
LIAS and its associated pathways in READ require further
investigation to fully elucidate their biological functions.

Conclusions

This study highlights the prognostic significance of CRGs
in READ, establishing CSR as a novel prognostic tool.
Furthermore, LISA emerged as a key tumor suppressor
and potential immunotherapy target. By integrating CRS
and LIAS-based biomarkers, clinicians may improve
risk stratification and optimize personalized treatment.
Strategies for READ patients. Future research should focus
on validating these findings in larger cohorts and functional
in vivo studies to facilitate clinical translation.

© AME Publishing Company.
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