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Background: Colorectal cancer (CRC) is a common malignancy, with high incidence and high mortality 
rates. Cuproptosis, a novel form of copper-induced programmed cell death, contributes to tumor 
progression. However, whether cuproptosis-related genes (CRGs) play a role in CRC remains unclear. This 
study aims to elucidate the role of CRGs in CRC development, patient prognosis, and immune response.
Methods: We performed bioinformatics analysis of the differential expression of CRGs between CRC and 
normal tissues. Least absolute shrinkage and selection operator (LASSO), and univariate and multivariate 
Cox analyses were employed to identify risk factors, which were used to construct a risk score model. 
Patients with CRC were categorized into high- and low-risk groups based on their median risk scores. 
Receiver operating characteristic curve analysis was used to verify the predictive accuracy of the risk model. 
A nomogram was developed for CRC through univariate and multivariate Cox regression analyses. The 
chemotherapeutic drug sensitivity was compared between patients with high and low CDKN2A/DLAT 
expression using the Wilcoxon rank-sum test. Spearman’s correlation and TISIDB database analyses were 
conducted to determine relationships between CDKN2A or DLAT and immune cell infiltration.
Results: Eight of ten identified CRGs exhibited significant differential expression between CRC and 
normal tissues. Among the eight significant differential expression CRGs, CDKN2A and DLAT were 
identified as independent risk factors for predicting overall survival (OS) in CRC. Patients with CRC in the 
low-risk group had longer OS than those in the high-risk group. The risk score model had good predictive 
accuracy for OS. Based on CDKN2A, DLAT and some clinical characteristics, a prognostic nomogram 
was developed to predict OS for CRC patients and showed good predictive ability. CDKN2A and DLAT 
expressions were significantly associated with chemotherapeutic drug sensitivity and immune cell infiltration 
in CRC, and the molecular subtypes and immune subtypes differed between CDKN2A and DLAT.
Conclusions: Our research revealed the prognostic value of CRGs, particularly CDKN2A and DLAT, 
in CRC and demonstrated the relationship between CDKN2A/DLAT and immune infiltration in CRC, 
thereby contributing to the outcome evaluation of patients with CRC and identifying novel targets for CRC 
immunotherapy.
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Introduction

Colorectal cancer (CRC) is a cancer of epithelial origin 
in the large intestine, including colon adenocarcinoma 
(COAD) and rectum adenocarcinoma (READ) (1). Based on 
official statistics, the incidence and mortality rates of CRC 
ranked third among all tumors in 2020 in China and will 
be constantly increasing in the future (2). Although various 
treatment options, including radical surgery, chemotherapy, 
and radiotherapy, have been used to treat patients with 
CRC, the 5-year survival rate remains very low (3). There 
is still no reliable biomarker for CRC diagnosis, which is 
a major cause of poor CRC prognosis (4). Therefore, new 
biomarkers for improving early diagnosis and guiding the 
individualized treatment of patients are urgently needed.

Copper is a redox-active transition element in the human 
body that is primarily absorbed by the stomach and small 
intestine and excreted into the bile (5). Moreover, as a 
cofactor for many enzymes, copper is involved in many 
physiological activities, such as iron collection, intracellular 
oxidative metabolism, and the regulation of energy 
conversion (6). The imbalance in copper homeostasis 
leads to oxidative stress and abnormal autophagy, which 
can cause various copper-related diseases, such as Menkes, 
cardiovascular, neurodegenerative, obesity, and Wilson’s 
disease (7).

Copper has been identified as the significant contributor 

to the processes of angiogenesis, cell proliferation, and 
invasion in tumors (8). Many studies have shown that 
cancer patients not only exhibit elevated copper levels 
in tumor tissues but generally also display higher copper 
serum levels (9,10). Studies also have found that elevated 
copper ion levels in cancer tissues can promote angiogenesis 
and immune escape, which, in turn, promotes tumor 
growth and metastasis (11,12). In contrast, using copper 
chelators can remove excess copper ions and inhibits the 
neovascularization and the development of tumors (13).

Recently, cuproptosis, a novel cell death pathway, 
has been identified. Mechanisms of cuproptosis: copper 
is directly bound to the lipoylated components of the 
tricarboxylic acid (TCA) cycle, leading to lipoylated protein 
aggregation and subsequent iron-sulfur cluster protein 
loss that could cause proteotoxic stress and ultimately cell  
death (14). Distinct from other forms of cell death, 
cuproptosis is characterized by copper-dependent, protein 
misfolding and proteasomal insufficiency. It has been 
reported that cuproptosis participates in the development 
and progression of multiple cancers (15). However, the role 
of cuproptosis in CRC is still unknown. As cuproptosis is a 
recently identified new type of programmed cell death, its 
potential as a novel target for CRC immunotherapy remains 
unclear.

Here, we analyzed the differential expression of 
cuproptosis-related genes (CRGs) between CRC and 
normal tissues through bioinformatics analysis and explored 
the relationship between CRGs, prognosis, and immune 
infiltration in CRC, aiming to offer novel ideas for the 
diagnosis and prognosis of CRC. We present this article in 
accordance with the TRIPOD reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-24-
546/rc).

Methods

Data sources

RNA sequencing (RNA-seq) and clinical data of patients 
with CRC were downloaded from The Cancer Genome 
Atla (TCGA)-COAD/READ (https://portal.gdc.cancer.
gov/, accessed on June 18, 2022). Overall, 698 samples were 
collected from patients with CRC, including 647 tumor and 
51 normal samples. Patients without survival information 
were excluded. Transcripts per million (TPM) were used for 
normalizing RNA-seq data.

The GSE21510 and GSE41328 datasets were acquired 
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from the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/) and were used to 
validate CDKN2A and DLAT expression. The GSE21510 
dataset contained 19 and 25 homogenized cancer and 
homogenized normal tissues, respectively, and the 
GSE41328 dataset contained 10 cancer tissues paired with 
10 normal tissues.

CRGs (LIPT1, CDKN2A, GLS, FDX1, MTF1, PDHA1, 
DLAT, LIAS, PDHB, and DLD) were identified in a 
previous study (14).

The protein expression levels of CDKN2A and DLAT in 
cancerous and paracancerous tissues were obtained from the 
Human Protein Atlas database (https://www.proteinatlas.org/).

Differential expression analysis, validation, and genetic 
alterations analysis

Using the package “limma” in R, differential expressions of 
CRGs between tumor and normal samples were identified 
according to thresholds of P<0.05 and |log2FC (fold 
change)|≥1.

Two datasets, GSE21510 and GSE41328, were obtained 
from GEO for validation. Box plots were generated to 
compare CDKN2A and DLAT expression in the two datasets 
using the R package “ggplot2”. Using the Human Protein 
Atlas database, CDKN2A and DLAT protein expression 
levels were compared between cancerous and para-
cancerous tissues.

Somatic mutation data of patients with CRC were 
downloaded from the TCGA database, and changes in 
the genetic variations of CRGs were assessed using the R 
package “mafools”.

Functional analysis and protein-protein interaction (PPI) 
network based on CRGs

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analyses of CRGs were 
performed using the R package “clusterProfiler”. The PPI 
network analysis of the CRGs was performed using the 
GENEMANIA website (16).

Constructing the prognostic signature of CRGs

First, LASSO regression analysis was performed to narrow 
the gene range among the 10 CRGs. Then, univariate 
and multivariate Cox regression analyses were performed 
to identify CRGs related to prognosis and construct a 

prognostic signature. According to the prognostic signature, 
the risk score values of patients with CRC were calculated 
as follows: risk score = ∑(Expi ∗ Coefi), where Expi and 
Coefi represent the expression levels of identified CRGs and 
their regression coefficients derived from the multivariate 
Cox regression model, respectively. Patients with CRC 
were categorized into low- and high-risk groups based on 
the median risk score. The “survival” R package was used to 
compare overall survival (OS) between low- and high-risk 
groups. Time-dependent receiver operating characteristic 
(ROC) curves were plotted to evaluate the accuracy of the 
risk model in OS prediction. Additionally, the “survival” R 
package was used to compare OS between patients with low 
and high expressions of CDKN2A or DLAT.

Associations between the expression of CDKN2A and 
DLAT and different clinical characteristics or prognosis 
(OS) in different clinical subgroups

The “survival” R package was performed to evaluate the 
correlation between CDKN2A and DLAT expression and 
prognosis (OS) in different clinical subgroups of CRC. The 
box plots were adopted to compare the CDKN2A or DLAT 
expressions in patients with CRC with different clinical 
characteristics using the “ggplot2” package in R.

Drug sensitivity analysis

The “pRRophetic” package was used to analyze the drug 
sensitive prediction based on the Genomics of Drug 
Sensitivity in Cancer (GDSC) database. The samples’ half-
maximal inhibitory concentration (IC50) was estimated by 
ridge regression, and the difference drug sensitivity between 
patients with high and low CDKN2A/DLAT expression 
were compared using the Wilcox test.

Nomogram construction and assessment

Using the “rms” package in R, a nomogram for patients 
with CRC was constructed by combining the CDKN2A and 
DLAT data with some clinical characteristics. Calibration 
cures were used to assess the predictive ability of the 
nomograms.

Analysis of the correlation with immune infiltration

Infiltration levels of 24 types of immune cells were 
estimated using single sample gene set enrichment analysis 
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(ssGSEA) in the R package “GSVA.” Spearman’s analysis 
was performed to explore the correlation between CDKN2A 
or DLAT and the 24 immune infiltrating cells, and the 
differences in the level of immune infiltration between the 
high and low CDKN2A or DLAT expression groups were 
evaluated using the Wilcoxon rank sum test (17).

The TISIDB database (http://cis.hku.hk/TISIDB) was 
used to investigate the association between CDKN2A or 
DLAT expression and molecular or immune subtypes of 
CRC (18).

The Kaplan–Meier plotter (http://kmplot.com) was used 
to draw survival curves for patients with CRC with different 
expressions of CDKNA2 or DLAT based on different 
immune cell subgroups (19).

Potential immune checkpoint blockade (ICB) response 
was predicted with tumour immune dysfunction and 
exclusion (TIDE) algorithm (20).

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Statistical analysis

R software (version 4.2.1) was used for all statistical 
analyses. Comparative analysis between two groups was 
performed using the independent-sample t-test, Wilcoxon 
rank-sum test or Welch t-test. Statistical significance was set 
at P<0.05, and the significance levels were set as *, P<0.05, 
**, P<0.01, ***, P<0.001, and ns: not significant.

Results

Differential expression and genetic alterations of CRGs in 
CRC

We cataloged the ten genes that were closely associated 
with cuproptosis, including PDHA1, GLS, FDX1, LIAS, 
LIPT1, DLAT, DLD, MTF1, CDKN2A, and PDHB (14). 
As illustrated in Figure 1A, eight of the 10 CRGs were 
differentially expressed between CRC and normal tissues. 
Among these differentially expressed genes, four (CDKN2A, 
GLS, LIPT1, and PDHA1) were upregulated, whereas four 
(FDX1, DLD, DLAT and MTF1) were downregulated 
in CRC. We investigated the correlation between the 
expression of 10 CRGs, which showed a high correlation 
(Figure 1B). For example, DLAT was strongly and positively 

associated with DLD (Figure 1C).
Using the TCGA database, we assessed the somatic 

mutations of 10 CRGs in CRC. Only 38 of the 399 samples 
(9.52%) demonstrated genetic variations, and in the primarily 
mutated genes, LIAS, DLD, LIPT1, DLAT, and MTF1, the 
frequency was only 2% (Figure 1D). Regarding the mutation 
classification, missense mutations were the most frequent. 
Single nucleotide polymorphisms were the most prevalent 
variant type, and C>T [43] was ranked at the top of the single 
nucleotide variant (SNV) classes (Figure 1E).

Functional enrichment and PPI network analysis of CRGs 
in CRC

GO enrichment analysis showed that the ten CRGs 
were primarily involved in acetyl-CoA biosynthesis from 
pyruvate, protein lipoylation, and TCA cycle (Figure 2A).

KEGG pathway enrichment analysis revealed that the 
ten CRGs were mainly implicated in the citrate cycle 
(TCA cycle), carbon metabolism, pyruvate metabolism, 
biosynthesis of cofactors, and HIF-1 signaling pathway 
(Figure 2B).

PPI network analysis was performed to investigate the 
functional interactions of CRGs, indicating that PDHA1, 
PDHB, DLAT, and DLD were hub genes (Figure 2C).

Construction of the prognostic risk model of CRGs in CRC

To further investigate the association between CRGs and 
CRC prognosis, we performed least absolute shrinkage and 
selection operator (LASSO), univariate, and multivariate 
Cox regression analyses of CRGs for OS. CDKN2A and 
DLAT were identified as the prognostic CRGs related to 
OS (Figure 3A,3B; Table 1). According to the results of 
OS analysis, CDKN2A and DLAT were selected for the 
follow-up analysis. Subsequently, based on CDKN2A and 
DLAT, a prognostic risk score model was established, 
and the risk score was calculated as follows: risk score = 
0.159×CDKN2A+(−0.374)×DLAT. Risk score distributions, 
survival status, survival time, and CDKN2A and DLAT 
expression patterns are shown in Figure 3C. After calculating 
the risk score for each patient with CRC using the above 
formula, we found that patients with low risk scores had 
better OS (Figure 3D). Time-dependent ROC curve analysis 
showed that this risk score model had good prediction 
accuracy, with area under the curve values of 0.637, 0.652, 
and 0.687 at 1, 3, and 5 years, respectively (Figure 3E). 
We also observed that patients with low CDKN2A or high 

http://cis.hku.hk/TISIDB
http://kmplot.com


Translational Cancer Research, Vol 13, No 9 September 2024 4559

© AME Publishing Company.   Transl Cancer Res 2024;13(9):4555-4573 | https://dx.doi.org/10.21037/tcr-24-546

Figure 1 Expression and genetic alterations of CRGs in CRC. Comparison of the expression of 10 CRGs in CRC and normal tissues based 
on TCGA (A). Correlations between the expression of 10 CRGs (B). Correlation between the expression of DLAT and DLD (C). Mutation 
frequency of 10 CRGs in 399 TCGA (D) CRC samples. Mutation classification of 10 CRGs in CRC (E). *, P<0.05, **, P<0.01, ***, P<0.001. 
ns, not significant; CRC, colorectal cancer; CRGs, cuproptosis-related genes; TCGA, The Cancer Genome Atlas.
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Figure 2 GO, KEGG, and PPI analysis of CRGs in CRC. GO analysis (A). KEGG analysis (B). PPI analysis (C). BP, biological process; 
CC, cellular component; MF, molecular function; CRC, colorectal cancer; CRGs, cuproptosis-related genes; GO, Gene Ontology; KEGG 
Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction.
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DLAT expression exhibited better OS (Figure 3F,3G).

CDKN2A and DLAT are associated with the progression 
of CRC

To clarify whether CDKN2A and DLAT would influence 
CRC progression, we analyzed the expressions of CDKN2A 
and DLAT in CRC with different clinical characteristics. 
As shown in Figure 4A-4C, Table S1, CDKN2A expression 
was significantly higher in the N1/N2 stage, pathologic 
stage III/IV, and lymphatic invasion than in the N0 stage, 
pathologic stage I/II, and no lymphatic invasion. However, 

DLAT expression was significantly lower in the N1/N2 
stage, pathologic stage III/IV, and lymphatic invasion  
(Figure 4D-4F, Table S2).

Prognostic value of CDKN2A and DLAT in different 
clinical subgroups of CRC

We examined the association between CDKN2A or DLAT 
expression and the prognosis (OS) of patients with CRC 
in different clinical subgroups. As shown in Figure 5A-5D, 
a low expression of CDKN2A was correlated with better 
OS in some clinical subgroups, including the T4 stage, M1 

https://cdn.amegroups.cn/static/public/TCR-24-546-Supplementary.pdf
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Figure 3 Construction of the prognostic risk model of CRGs in CRC. CRGs screened using the LASSO cox regression analysis (A,B). 
Distribution of the risk score, survival time, survival status, and expressions of CDKN2A and DLAT in the TCGA database (C). Kaplan-
Meier survival analysis of the high- and low-risk groups (D). Time-dependent ROC curves for predicting 1-, 3-, and 5-year survival rates (E). 
Kaplan-Meier survival analysis of CDKN2A (F) or DLAT (G) expressions in OS. CRC, colorectal cancer; CRGs, cuproptosis-related genes; 
LASSO, least absolute shrinkage and selection operator; TCGA, The Cancer Genome Atlas; HR, hazard ratio; CI, confidence interval; OS, 
overall survival; ROC, receiver operating characteristic; TPR, true positive rate; FPR, false positive rate.

Table 1 Association results for CRGs derived from univariate and multivariate cox regression analyses

Genes
Univariate analysis Multivariate analysis 

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

CDKN2A 1.58 1.12–2.25 0.01 1.53 1.08–2.17 0.02

DLAT 0.58 0.40–0.82 0.002 0.6 0.42–0.85 0.004

CRGs, cuproptosis-related genes; CI, confidence interval.
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Figure 4 Associations between CDKN2A and DLAT and the progression of CRC. For CDKN2A, the N stage (A), pathologic stage (B), and 
lymphatic invasion (C). For DLAT, the N stage (D), pathologic stage (E), and lymphatic invasion (F). *, P<0.05, **, P<0.01, ***, P<0.001. 
TPM, transcripts per million; CRC, colorectal cancer.
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stage, pathologic stage IV, and age >65 years subgroups. 
However, a high expression of DLAT was associated with 
better OS in the T3, M0, N2, pathologic stage II, and age 
>65 years subgroups (Figure 5E-5I).

Drug sensitivity analysis between patients with high and 
low CDKN2A/DLAT expression in CRC

Due to that chemotherapy is a common treatment for 
CRC, we analyzed the sensitivity for commonly used 
chemotherapeutic agent between patients with high and 
low CDKN2A/DLAT expression in CRC. The results 
showed that the IC50 of 5-fluorouracil and gemcitabine was 
lower in patients with low CDKN2A expression than high 
CDKN2A expression (Figures 6A,6B). However, the IC50 
of mitomycin C, doxorubicin, and paclitaxel showed no 
significant difference between patients with low CDKN2A 
expression and high CDKN2A expression (Figure 6C-6E). In 
addition, the IC50 of camptothecin, paclitaxel, gemcitabine, 
cisplatin, mitomycin c, 5-fluorouracil, and doxorubicin 
was lower in patients with high DLAT  expression  
(Figure 6F-6L).

Nomogram development for CRC

We developed a nomogram to predict the individual survival 
rates of patients with CRC. The univariate and multivariate 
Cox regression analyses showed that CDKN2A, DLAT, and 
several clinical characteristics (age, pathological stage, and 
N, M stage) were independent prognostic predictors of OS 
(P<0.05) (Figure 7A,7B). Based on the result of multivariate 
Cox regression, a prognostic nomogram was constructed for 
predicting the 1-, 3-, and 5-year OS for patients with CRC 
(Figure 7C). The calibration curves revealed an optimal 
agreement between the nomogram’s prediction and actual 
observations (Figure 7D-7F).

Validation of differential expression of CDKN2A and 
DLAT in CRC

To confirm the differential expression of CDKN2A and 
DLAT between CRC and normal tissues, two validation-
independent datasets (GSE21510 and GSE41328) were 
collected. GSE21510 included 19 and 25 homogenized 
CRC and homogenized normal tissues, respectively, 
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Figure 5 Correlations between CDKN2A and DLAT and OS in different clinical subgroups of CRC. For CDKN2A, the T4 stage (A), M1 
stage (B), pathologic stage IV (C), and age >65 years (D). For DLAT, the T3 stage (E), M0 stage (F), N2 stage (G), pathologic stage II (H), 
and age >65 (I). CI, confidence interval; OS, overall survival; CRC, colorectal cancer.

whereas GSE41328 included 10 CRC and paired normal 
tissues. In both GEO datasets, CDKN2A mRNA levels were 
significantly higher in CRC tissues than in normal tissues 
(Figure 8A,8B, Table S3), whereas DLAT mRNA levels were 
markedly lower (Figure 8C,8D, Table S3).

Next, we compared CDKN2A and DLAT protein levels 
in CRC and normal tissues using the Human Protein 
Atlas database. CDKN2A protein levels were significantly 
increased in CRC tissues compared with normal tissues, 
whereas DLAT protein levels were dramatically reduced 

(Figure 8E,8F).

Relationship between CDKN2A or DLAT and immune 
cell infiltration in CRC

First, the infiltration of 24 immune cells in CRC was 
estimated by the ssGSEA method. Subsequently, we 
investigated the associations between CDKN2A or DLAT 
expression and the infiltration of 24 immune cells using 
Spearman’s analysis. As shown in Figure 9A, the expression 
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Figure 6 Correlation analysis between the CDKN2A/DLAT expression and drug sensitivity. IC50 of 5-fluorouracil (A), gemcitabine (B), 
mitomycin C (C), doxorubicin (D), and paclitaxel (E) in patients with different CDKN2A expression. IC50 of camptothecin (F), paclitaxel 
(G), gemcitabine (H), cisplatin (I), mitomycin C (J), 5-fluorouracil (K), and doxorubicin (L) in patients with different DLAT expression. *, 
P<0.05; **, P<0.01, ***; P<0.001; ns, not significant; CRC, colorectal cancer.
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Figure 7 Nomogram development and validation for CRC. Forest plots of univariate (A) and multivariate Cox regression analyses (B) for 
the OS. Nomogram model to predict the 1-, 3-, and 5-year OS in CRC patients (C). The calibration plots for the nomogram at 1-, 3-, and 
5-year (D-F). OS, overall survival; CRC, colorectal cancer.
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of CDKN2A was positively correlated with the infiltration 
of NK cells, iDCs, NK CD56bright cells, regulatory T cells 
(Treg), and dendritic cells (DCs), but negatively associated 
with the infiltration of T helper cells, Tcm cells, and Th2 
cells. Meanwhile, the expression of DLAT was positively 
correlated with T helper cells, Th2 cells, Tcm cells, 
macrophages, and aDCs and negatively associated with NK 
CD56bright cells, NK cells, and pDC cells (Figure 9B).

In addition, the enrichment scores of aDCs and Th2 cells 
was significantly higher in the CDKN2A high expression 
group than in the CDKN2A low expression group. But 
the enrichment scores of CD8 T cells, eosinophils, iDC, 
neutrophils, NK cells, Th17 cells, mast cells, and DCs was 
significantly higher in the CDKN2A low expression group 
than in the CDKN2A high expression group (Figure 9C). 
At the same time, the enrichment scores of Macrophages, 
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Figure 8 Differential expression analysis of CDKN2A and DLAT in CRC. Box plots of CDKN2A and DLAT expressions in GSE21510 
(A,B) and GSE41328 (C,D). Immunohistochemistry staining for CDKN2A (E) and DLAT (F) in the Human Protein Atlas database (https://
www.proteinatlas.org/). Image credit goes to the Human Protein Atlas. The link to individual normal and tumor tissues of each protein 
are provided for CDKN2A (https://www.proteinatlas.org/ENSG00000147889-CDKN2A/tissue/colon#img; https://www.proteinatlas.org/
ENSG00000147889-CDKN2A/pathology/colorectal+cancer#img), DLAT (https://www.proteinatlas.org/ENSG00000150768-DLAT/
tissue/colon#img; https://www.proteinatlas.org/ENSG00000150768-DLAT/pathology/colorectal+cancer#img), respectively. Scale bar:  
100 μm. *, P<0.05; ***, P<0.001. CRC, colorectal cancer; GEO, Gene Expression Omnibus.
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E F

CDKN2A DLAT

T helper cells, Th2 cells, aDCs, and Tcm were markedly 
higher in the DLAT high expression group than those in the 
low expression group, while the enrichment scores of NK 
CD56bright cells, NK cells, and pDC cells were markedly 
lower (Figure 9D).

Association between CDKN2A or DLAT and immune or 
molecular subtypes in CRC

We examined the association of molecular and immune 
subtypes with CDKN2A or DLAT using the TISIDB 
database to understand the correlation between CDKN2A 
or DLAT and the immune components of CRC. CDKN2A 
and DLAT expressions were dramatically correlated with 
different immune subtypes (C1: wound healing, C2: IFN-
gamma-dominant, C3: inflammatory, C4: lymphocyte-
depleted, and C6: TGF-b-dominant) (Figure 10A-10D). 
Regarding COAD, CDKN2A was most expressed in the 
immune subtype of C6 among the five different immune 
subtypes, whereas the expression of DLAT was highest 

in the immune subtype of C2. For READ, CDKN2A 
and DLAT showed the highest expression in the immune 
subtypes C3 and C2, respectively.

The expression of CDKN2A and DLAT differed in 
the various molecular subtypes (Figure 10E-10H). For 
COAD, CDKN2A and DLAT were both highest expressed 
in the HM-SNV molecular subtype among four different 
molecular subtypes. For READ, CDKN2A was highest 
expressed in the HM-indel molecular subtype, whereas 
DLAT expression was highest in the HM-SNV molecular 
subtype among four different molecular subtypes.

Prognostic values of CDKN2A and DLAT in CRC based 
on immune cells

We demonstrated that CDKN2A and DLAT expression 
levels were related to immune infiltration in CRC, and 
these two genes were also associated with CRC prognosis. 
Thus, we hypothesized that CDKN2A and DLAT affect 
CRC prognosis partly due to immune infiltration.

https://www.proteinatlas.org/ENSG00000147889-CDKN2A/pathology/colorectal+cancer#img),
https://www.proteinatlas.org/ENSG00000147889-CDKN2A/pathology/colorectal+cancer#img),
https://www.proteinatlas.org/ENSG00000150768-DLAT/pathology/colorectal+cancer#img),
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Figure 9 Relationship of CDKN2A or DLAT and immune cell infiltration in patients with CRC. Lollipop graphs of correlations between 
CDKN2A (A) or DLAT (B) and infiltration of 24 immune cells. Comparison of immune infiltration levels of immune cells between the high- 
and low-CDKN2A (C) or DLAT (D) expression groups. *, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant; DC, dendritic cell; aDC, 
activated dendritic cell; iDC, interdigitating dendritic cell; pDC, plasmacytoid dendritic cell; CRC, colorectal cancer; ssGSEA, single sample 
gene set enrichment analysis.
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D

Therefore, based on CDKN2A and DLAT expression 
levels in READ, we performed a prognosis (OS) analysis 
in the related immune cell subgroups using the Kaplan-
Meier plotter. We found that low expression of CDKN2A 
in decreased B cells, enriched eosinophils, and decreased 
mesenchymal stem cells was correlated with a better 
prognosis (Figure 11A-11C). Meanwhile, a high expression 
of DLAT was associated with a better prognosis in enriched 
B, enriched CD8+ T, decreased mesenchymal stem, 
enriched natural killer T, and decreased regulatory T cells, 
respectively (Figure 11D-11H).

Relationship between CDKN2A/DLAT expression and 
immunotherapy

The TIDE algorithm was used to predict the effects of 

immunotherapy. The higher the TIDE score, the greater 
the likelihood of immune escape and the less effective 
the Immune checkpoint inhibitors treatment. Our results 
demonstrated that TIDE score was higher in CDKN2A 
high expression group than those in the low expression 
group (Figure 12A). But TIDE score between DLAT high 
and low expression group had no significance (Figure 12B).

Discussion

CRC is one of the most common malignancies, with poor 
efficacy and poor prognosis (21). However, clinically useful 
biomarkers for CRC prognosis that are essential for CRC 
treatment are currently lacking (22). Cuproptosis is a new 
form of copper-dependent, oxidative stress-independent, 
and mito-chondrial induced cell death, and has been 
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Figure 10 The expression of CDKN2A and DLAT in immune or molecular subtypes in CRC based on TISIDB. CDKN2A and DLAT 
expression in different immune subtypes in COAD (A,B) and READ (C,D). CDKN2A and DLAT expression in different molecular subtypes 
in COAD (E,F) and READ (G,H). CPM, counts per million; COAD, colon adenocarcinoma; CRC, colorectal cancer; READ, rectum 
adenocarcinoma.
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revealed to be involved in the development of malignant 
cancers (23). However, the specific role of cuproptosis in 
CRC is still unknown. Here, we comprehensively analyzed 
CRGs’ role in the development and prognosis of CRC.

We investigated the expression signatures and genetic 
alterations of the 10 CRGs in CRC tissues. Subsequently, 
CDKN2A and DLAT were identified as independent risk 
factors for OS and selected for further analysis. Based on 
CDKN2A and DLAT, a new risk score model and prognostic 
nomogram were constructed to predict the prognosis of 
patients with CRC. Further analysis of TME-related cells, 
and immune cell infiltration revealed that CDKN2A and 
DLAT affected CRC prognosis via tumor immunity.

Emerging research has revealed that cuproptosis 
participates in the development and treatment of cancers 
and that an imbalance of copper homeostasis leads to 
cancer cell growth and migration (24). In our research, we 
observed that most CRGs were differentially expressed 
between CRC and normal tissues. CRG mutations have 
been identified in up to 9.52% of CRC samples. These 
results indicated that cuproptosis may serve a major role in 

CRC and that targeting the cuproptosis-activating pathway 
is a potential specific target for CRC.

In further analysis, DLAT and CDKN2A were identified 
as independent risk factors for OS in patients with CRC, 
and a risk score model comprising these two genes was 
constructed. We confirmed that the risk score model has 
excellent predictive performance. CDKN2A is a well-
known cell cycle inhibitor involved in regulating cell cycle-
formed clusters (25). Increased CDKN2A expression has 
been strongly associated with the development of multiple 
tumors (26). CDKN2A promotes CRC metastasis by 
inducing epithelial-mesenchymal transition (27). A previous 
study demonstrated that high expression of CDKN2A was 
associated with poorer outcomes in patients with CRC 
(28). Consequently, CDKN2A expression can be used as a 
prognostic marker for CRC (29). In this study, CDKN2A 
was highly expressed in tumor tissues in CRC, and CRC 
patients with higher CDKN2A expression had worse 
prognosis, higher tumor stages, and poorer drug sensitivity. 
These findings suggest that CDKN2A may promoted 
tumor malignancy, development, and drug resistance in 
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Figure 11 Comparison of Kaplan-Meier survival curves of high and low CDKN2A or DLAT expression levels in READ based on immune 
cell subgroups. Correlations between CDKN2A expression levels and prognosis of READ in various immune cells subgroup (A-C). 
Correlations between DLAT expression levels and prognosis of READ in different immune cells subgroup (D-H). HR, hazard ratio; CI, 
confidence interval; READ, rectum adenocarcinoma.

CRC. As CDKN2A is a well-known cell cycle inhibitor, it 
is possible that CDKN2A dysregulation may disrupt the 
normal cell cycle control and oncogenic pathways, leading 
to uncontrolled growth and aggressiveness of CRC. Further 
studies are needed to unravel the underlying mechanisms 
by which CDKN2A promotes CRC progression. The DLAT 

protein is the E2 subunit of the pyruvate dehydrogenase 
complex involved in the catabolic glucose pathway and 
functions as a protein acetyltransferase (30). DLAT is 
closely related to gastric cancer progression and may be 
a viable drug target (31). Previous studies have reported 
that DLAT correlates with COAD prognosis (32,33). The 
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Figure 12 Comparison of TIDE score of high and low CDKN2A or DLAT expression in CRC. Comparison of TIDE score between 
CDKN2A high expression group and low expression group (A). Comparison of TIDE score between DLAT high expression group and low 
expression group (B). **, P<0.01; ns, not significant; TIDE, tumour immune dysfunction and exclusion.
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DLAT-associated pathway may be a therapeutic target for 
non-small cell lung cancer (34). Moreover, the DLAT can 
be utilized to predict the outcomes of patients with clear-
cell renal cell carcinoma (35). Our study indicated that 
DLAT was lowly expressed in CRC, and lower expression 
of DLAT predicted a worse prognosis, higher tumor stages, 
and worse drug sensitivity for patients with CRC. These 
results suggested that DLAT exerted an inhibitory effect 
on CRC progression. Since DLAT is a key component 
of the pyruvate dehydrogenase complex (PDC), which 
plays a crucial role in glucose metabolism and energy 
production (30), so the low expression of DLAT in CRC 
may influence the normal metabolic processes, leading 
to tumor development. Restoration of DLAT expression 
or modulation of DLAT-related metabolic pathways 
could potentially inhibit tumor development and enhance 
treatment response.

A nomogram is a map of prognostic prediction based on 
various independent risk factors and is widely used to predict 
malignant tumor prognosis (36). The nomogram contains 
more detailed clinical information than the standard tumor-
node-metastasis staging system and can provide more 
accurate estimates of patient survival probability (37). To the 
best of our knowledge, no previous study has reported the 
use of CDKN2A and DLAT in predicting CRC prognosis. 
Here, we first identified CDKN2A, DLAT, and some clinical 
characteristics as independent prognostic factors for OS. 
Then, based on these independent prognostic factors, a 

prognostic nomogram was established for predicting OS. 
The calibration curve demonstrated the good prediction 
ability of the prognostic nomogram. Overall, the developed 
nomogram provides a new and more effective approach to 
help clinicians better evaluate the outcomes of patients with 
CRC and select individualizing therapy, which may improve 
clinical outcomes.

Numerous studies have revealed that infiltrating immune 
cells in the TME are closely linked to malignant tumor 
prognosis (38-40). Several studies have demonstrated loss or 
inactivation of CDKN2A has been associated with reduced 
infiltration of immune cells into the tumor microenvironment 
(41,42). At the same time, DLAT expression has been 
observed to positively correlate with increased infiltration 
of immune cells, and can potentially promote immune cells 
recruitment through the modulation of chemokines like 
CXCL9 and CXCL10, which are critical for immune cell 
trafficking (43). In the present study, CDKN2A upregulation 
was associated with decreased infiltration of many immune 
cells, such as CD8 T cells, NK cells, DCs, and so on, which 
played important roles in tumor immunity. The reduction 
infiltration of these immune cells suggested a compromised 
antitumor immune response. So increased CDKN2A 
expression may result in reduced immune cell infiltration 
and compromised tumor immunity. In contrast, DLAT 
upregulation was associated with enhanced infiltration of 
Macrophages, T helper cells, Th2 cells, aDCs, and Tcm 
cells, which indicated a more active immune response against 
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the tumor. Thus, the upregulation of DLAT expression may 
promote the recruitment and activation of immune cells, 
leading to a more favorable immune microenvironment for 
tumor control.

However, our study also has some limitations. First, 
our data were derived from public databases and lacked 
verification using large-scale, real-world data. Second, we 
only used the TCGA dataset to construct and validate the 
CRC prognostic model and lacked external cohorts from 
other public databases to validate the model. Finally, the 
correlation between CRGs and the TME was verified using 
bioinformatic analysis, which requires further experimental 
validation.

Overall, we comprehensively investigated the expression 
features, relationships, and mutational landscapes of 
the CRGs in CRC. CDKN2A  and DLAT  may play 
important roles in the development and prognosis of 
CRC. The prognostic risk model based on CDKN2A and 
DLAT presented excellent performance in predicting 
OS. CDKN2A and DLAT expressions were significantly 
associated with immune cell infiltration. Thus, our study 
provides novel insights into personalized prognostication 
and therapy for patients with CRC.

Conclusions

In conclusion, we comprehensively analyzed CRGs’ roles 
in CRC. CDKN2A and DLAT play important roles in CRC 
progression and outcomes and affect its prognosis through 
tumor immunity. Therefore, CDKN2A and DLAT may 
serve as novel biomarkers for predicting prognosis and new 
targets for immunotherapy in CRC.
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