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A B S T R A C T   

DLAT has been recognized as a cuproptosis-related gene that is crucial for cuproptosis in earlier 
research. The study is to look at how DLAT affects individuals with low-grade glioma’s prognosis 
and immune infiltration. The Genotype-Tissue Expression (GTEx) database and the TCGA data-
base were used in this work to download RNAseq data in TPM format. DLAT was found to be 
overexpressed in LGG by comparing DLAT expression levels between LGG and normal brain 
tissue, and the expression of DLAT was verified by immunohistochemistry and semi-quantitative 
analysis. Then, the functional enrichment analysis revealed that the biological functional path-
ways and possible signal transduction pathways involved were primarily focused on extracellular 
matrix organization, transmembrane transporter complex, ion channel complex, channel activity, 
neuroactive ligand-receptor interaction, complement and coagulation cascades, and channel ac-
tivity. The level of immune cell infiltration by plasmacytoid dendritic cells and CD8 T cells was 
subsequently evaluated using single-sample gene set enrichment analysis, which showed that 
high DLAT expression was inversely connected with that level of infiltration. The link between the 
methylation and mRNA transcription of DLAT was then further investigated via the MethSurv 
database, and the results showed that DLAT’s hypomethylation status was linked to a poor 
outcome. Finally, by evaluating the prognostic value of DLAT using the Cox regression analysis 
and Kaplan-Meier technique, a column line graph was created to forecast the overall survival (OS) 
rate at 1, 3, and 5 years after LGG identification. The aforementioned results demonstrated that 
high DLAT expression significantly decreased OS and DSS, and that overexpression of DLAT in 
LGG was significantly linked with WHO grade, IDH status, primary therapy outcome, overall 
survival (OS), disease-specific survival (DSS), and progression-free interval (PFI) events. DLAT 
was discovered as a separate predictive sign of OS in the end. DLAT might thus represent a brand- 
new predictive biomarker.   
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1. Introduction 

Lung cancer, breast cancer, and brain tumors are the leading sources of high death rates, and both the growth and mortality rates of 
cancer have climbed substantially over the past few years [1,2]. Diffuse malignant glioma is an aggressive primary tumor of the central 
nervous system (CNS), accounting for about 81 % of all brain malignancies, and has a poor prognosis [3,4]. According to its patho-
logical characteristics, gliomas were classed by the World Health Organization (WHO) as WHO 1–4 in 2021. Those with WHO 2/3 
gliomas get a greater efficacy than those with WHO 4 gliomas, so the therapeutic value of LGG is relatively high [5]. Currently, the 
main treatment for LGG at WHO is still surgical resection and chemotherapy [6]. Yet, most patients miss the ideal window for surgical 
intervention because there aren’t any overt clinical symptoms. Temozolomide has been demonstrated to increase the likelihood of 
developing acquired drug resistance when used as a first-line chemotherapy treatment [7]. As a result, the current overall survival rate 
for glioma patients remains low [8]. In summary, it is crucial to uncover potential prognostic biomarkers and treatment targets for LGG 
as well as to elucidate the molecular mechanisms underlying carcinogenesis. 

The human body uses copper in a number of metabolic activities. A recent study by Tsvetkov and colleagues identified for the first 
time a different pathway of apoptosis than that associated with oxidative stress called cuproptosis [9]. During the onset of cuproptosis, 
The lipid acyl fraction serves as a direct copper-binding agent, which causes lipidated proteins to aggregate, proteins containing the 
Fe–S cluster to disappear, and the level of 70-kDa proteins involved in heat shock to increase, resulting in proteotoxic stress that 
directly affects the cellular TCA cycle and ultimately leads to cell death [9]. In order to cure disorders caused by genetic anomalies in 
copper homeostasis, Tang et al. demonstrated that copper chelators are essential [10]. The research revealed that ferricoxigenin 1, one 
of the cuproptosis-related genes, has a significant role in tumorigenesis (FDX1). Prior research has demonstrated that several 
cuproptosis-related genes are crucial in tumorigenesis, including ferricoxigenin 1 (FDX1) [11], dihydrolipoamide dehydrogenase 
(DLD) [12], and pyruvate dehydrogenase E1 subunit alpha 1 (PDHA1) [13]. According to the findings mentioned above, cuproptosis 
could serve as a target for cancer treatment. The Warburg effect, or aerobic glycolysis, is thought to be a sign of the spread and cancer 
progression [14]. It remains unclear, though, whether increased glycolysis is a contributing factor to or a result of the development of 
cancer [15]. The glycolytic molecule pyruvate can be transformed oxidatively to acetyl coenzyme A for the TCA cycle or reductively to 
lactate for glycolysis, both of which are mediated by the pyruvate dehydrogenase complex (PDC). Pyruvate dehydrogenase (E1), 
dihydrolipoyl transacetylase (E2, DLAT), dihydrolipoyl dehydrogenase (E3), and a structural subunit are the three catalytic subunits of 
human PDC (E3 binding protein) [16]. Previous studies have shown that DLAT catalyzes the breakdown of pyruvate to acetyl co-
enzyme A, and it facilitates the TCA cycle’s metabolism by providing the TCA cycle’s raw material [17]. These results imply that DLAT 
serves numerous roles in different malignancies. The tumorigenic function of DLAT in LGG, its clinical significance, and abnormalities 
in tumor immunological expression are presently unknown owing to the heterogeneity of LGG. 

With the aid of bioinformatics, this investigation aims to explore and comprehend the connection among both DLAT expression and 
their clinicopathological and forecasting value, possible molecular mechanisms, and immunological cell infiltration. This under-
standing could aid clinicians in improving patient care and prognosis for those with low-grade gliomas. 

2. Materials and methods 

2.1. Brain tissue specimen 

The glioma and paratumor specimens were acquired form the Department of Neurosurgery, the First Affiliated Hospital of Anhui 
Medical University. A total of 20 specimens from patients with gliomas were collected, including 10 pairs of grade I gliomas and 10 
pairs of grade II. All specimens of glioma are confirmed to be primary tumors, without prior radiotherapy or chemotherapy before 
surgery. All glioma tissues were completely removed for the first time, and the prognosis was confirmed through postoperative 
pathological examination. Instantly following surgical resection, all specimens were instantly frozen in liquid nitrogen. All samples 
were taken and utilized after receiving the patient’s informed consent and approval from the First Affiliated Hospital of Anhui Medical 
University’s ethics committee (Ethics No. PJ2024-04-74). 

2.2. Data gathering and analysis for RNA sequencing 

RNAseq data in the TPM file for TCGA and GTEx handled consistently by the Toil method were obtained from UCSC XENA (https:// 
xenabrowser.net/datapages) to examine DLAT expression in pan-cancer [18]. For the study of DLAT expression in tumor tissues, 
samples from the TCGA database [19] were chosen, and for the analysis of normal tissue samples, a combination of the TCGA and 
genotypic tissue expression (GTEx) datasets were used. The Human Protein Atlas (www.proteinatlas.org) contained immunohisto-
chemical sections comparing low-grade glioma tumor tissue to normal brain tissue. 

2.3. Brain histopathologic staining and immunohistochemistry (IHC) 

Glioma specimens were made into 5-m-thick paraffin slices, and traditional paraffin-embedded sections were used for HE staining. 
Specimens were first soaked in xylene before being cleaned with alcohol (China Pharmaceutical Group Co., Ltd., Beijing, China). The 
sections were then sealed with serum and 3 % H2O2 after being decreased with 1 EDTA (Bixuan Biotechnology Co., Ltd., Shanghai, 
China). After incubated the slides with primary antibodies DLAT (DF14046) overnight at 4 ◦C. Then, secondary antibodies were 
incubated, followed by DAB (Baso Diagnostics Inc., Zhuhai, China) and hematoxylin staining. After that, neutral resin was used to seal 
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the slices (China Pharmaceutical Group Co., Ltd., Beijing, China). Proplus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA) 
and the value of integrated optical density (IOD) was assessed. Certain molecular markers abnormally expressed in glioma reported 
previously are assessed in this study, including VIM, IDH1, CD34, EMA, GFAP, P53, S100, and ATRX [20–23]. 

2.4. Analysis of differentially expressed genes 

According to the mean DLAT expression value, patients with low-grade gliomas in the TCGA were divided into two groups: an 
elevated DLAT team and a decreased DLAT team. Differentially expressed gene (DEG) analysis was carried out among the two cate-
gories using the R program DESeq2, adjusted for p-value <0.05 [24], with |log2-fold-change (FC)|>1 designated to be the DEG cri-
terion. Using Spearman’s association analysis, the relationships among the top 10 DEGs and DLAT gene expression were evaluated. 

Fig. 1. Expression levels of DLAT in different types of tumors and low-grade gliomas. (A) Expression in different types of tumors compared to 
normal tissues in TCGA and GTEx databases, (B) expression in low-grade gliomas and non-matching normal tissues in TCGA and GTEx databases, (C) 
Histological staining of DLAT in normal brain t issue and glioma, (D) ROC curves used to classify DLAT versus normal brain tissues in TCGA 
database. ROC curves for classification. Scale bar = 20 μm * p < 0.05, ** p < 0.01, *** p < 0.001. 

Fig. 2. Histological staining and immunohistochemistry and semi-quantitative analysis results of DLAT and Ki67 in paratumor and glioma. (A) 
Histological staining and immunohistochemistry of DLAT and Ki67 in paratumor and glioma; (B–C) Semi-quantitative analysis results of DLAT and 
Ki67. Scale bar = 20 μm. Scale bar = 50 μm ** p < 0.01, *** p < 0.001. 
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2.5. Analysis of functional enrichment 

R package GOplot (version 1.0.2) [25] was used to investigate DEG using functional enrichment analysis, which included Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis and gene ontology (GO). The R package cluster profiler was used to perform gene 
set enrichment analysis (GSEA) [26]. Enrichment functions or pathways with adjusted p-values <0.05 and false discovery rates (FDR) 
< 0.25 were regarded as significant. 

2.6. Immune infiltration analysis 

Previous studies have shown that pDC and CD8+ T cells play a critical role in the immunotherapy of cancer [27,28]. To thoroughly 
describe tumor-immune interactions in low-grade gliomas, a single-sample GSEA approach of the R new software GSVA (version 3.6) 
[29] was utilized. Utilizing gene expression profiling database, we investigated the connection among DLAT expression and inflam-
matory cells infiltration in the work. Wilcoxon rank sum and Spearman rank correlation tests were used to determine p-values in order 
to investigate the link between DLAT levels and the quantity of immune cells infiltrating malignancies. 

2.7. Deoxyribonucleic acid methylation analysis 

To investigate the potential mechanisms of DLAT on low-grade gliomas, an online program (MethSurv database [30]) was 
employed to evaluate the relationship among both the methylation levels and DLAT mRNA transcription based on multivariate sur-
vival analysis of DNA methylation data and the prognosis of DLAT methylation levels. 

2.8. Survival analysis 

The average DLAT’s expression served as the threshold for the Kaplan-Meyer technique and log-rank test used in the survival 
analysis. Clinical factors’ effects on patient outcomes were evaluated using univariate and multivariate Cox regression models. The 
multivariate Cox regression analysis used the prognostic variable p < 0.1 from the univariate Cox regression analysis. The ggplot2 R 
software was used to display forest maps. 

2.9. Building and evaluating nomograms 

In a multivariate Cox analysis, column line plots determined by specific prognostic variables were made to determine the overall 
survival chance. The outcomes of the column line plots were then evaluated using the calibration plots, as well as the discriminations of 
the column line plots were quantified using the consistency index. (C index). Through the R software, column line plots as well as 
calibration plots were produced. The temporal ROC software program was used to evaluate prediction accuracy using time-dependent 
subject operating characteristic (ROC) curves. 

Fig. 3. Immunochemical staining of brain tissues. Including immunochemical staining of VIM, IDH1, CD34, EMA, GFAP, P53, S100, ATRX in glioma 
(Positive control PC, and Negative control NC). Scale bar = 20 μm. 
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2.10. Statistical analysis 

R (version 3.6.3)9 was used to conduct all statistical studies. The Wilcoxon rank sum test along with the paired samples t-test was 
each used to determine the statistically significant level of DLAT expression in separated and matched tissues, respectively. The 
correlation among medical characteristics and DLAT overexpression was evaluated using the Wilcoxon rank sum test and the Logit 
model test. Each test had a two-sided p-value of 0.05 or below and was statically important [31,32]. 

3. Results 

3.1. Elevated expression levels of DLAT in low-grade gliomas 

DLAT expression in 33 tumors was analyzed using data downloaded from TCGA and GTEx. Fig. 1A demonstrates that DLAT was 
substantially expressed in the majority of malignancies, such as esophageal cancer (ESCA), diffuse large b-cell lymphoma (DLBC), 
cholangiocarcinoma (CHOL), and breast invasive carcinoma (BRCA). In Fig. 1B, compared to normal brain tissue, low-grade glioma 
samples showed considerably increased levels of DLAT expression (p < 0.001). Histological staining of DLAT in normal brain tissue 
and glioma (Fig. 1C). Also, the ROC curve in Fig. 1D demonstrated good discrimination between low-grade glioma tissues and normal 
tissues, with Shadows below the curve (AUC) of 0.837 (95 % confidence interval [CI] = 0.817–0.857). 

In addition, the histopathologic morphology of glioma was found to be significantly different from that of its paraneoplastic tissue 
by HE staining. Immunohistochemical staining showed that glioma tissues were positive compared with the paracancerous tissues, 
indicating that DLAT is expected to be a novel prognostic marker for glioma (Fig. 2A). Immunohistochemical semi-quantitative 

Table 1 
Clinicopathological characteristics of DLAT low and high expression groups.  

Characteristic Low expression of DLAT High expression of DLAT p 

n 255 255  
WHO grade, n (%)   <0.001 
G2 123 (27.2 %) 93 (20.5 %)  
G3 92 (20.3 %) 145 (32 %)  
IDH status, n (%)   0.004 
WT 34 (6.7 %) 60 (11.8 %)  
Mut 220 (43.4 %) 193 (38.1 %)  
1p/19q codeletion, n (%)   0.396 
codel 79 (15.5 %) 89 (17.5 %)  
non-codel 176 (34.5 %) 166 (32.5 %)  
Primary therapy outcome, n (%)   <0.001 
PD 36 (8.2 %) 65 (14.8 %)  
SD 62 (14.1 %) 81 (18.4 %)  
PR 38 (8.6 %) 24 (5.5 %)  
CR 78 (17.7 %) 56 (12.7 %)  
Gender, n (%)   0.656 
Female 111 (21.8 %) 117 (22.9 %)  
Male 144 (28.2 %) 138 (27.1 %)  
Race, n (%)   0.477 
Asian 3 (0.6 %) 5 (1 %)  
Black or African American 8 (1.6 %) 13 (2.6 %)  
White 237 (47.5 %) 233 (46.7 %)  
Age, n (%)   0.330 
<¼40 132 (25.9 %) 120 (23.5 %)  
>40 123 (24.1 %) 135 (26.5 %)  
Histological type, n (%)   0.155 
Astrocytoma 97 (19 %) 95 (18.6 %)  
Oligoastrocytoma 72 (14.1 %) 56 (11 %)  
Oligodendroglioma 86 (16.9 %) 104 (20.4 %)  
Laterality, n (%)   0.582 
Left 128 (25.3 %) 120 (23.8 %)  
Midline 2 (0.4 %) 4 (0.8 %)  
Right 123 (24.4 %) 128 (25.3 %)  
OS event, n (%)   0.002 
Alive 208 (40.8 %) 177 (34.7 %)  
Dead 47 (9.2 %) 78 (15.3 %)  
DSS event, n (%)   0.014 
Alive 208 (41.4 %) 181 (36.1 %)  
Dead 45 (9 %) 68 (13.5 %)  
PFI event, n (%)   0.055 
Alive 170 (33.3 %) 148 (29 %)  
Dead 85 (16.7 %) 107 (21 %)  
Age, median (IQR) 39 (31, 52) 42 (33.5, 54) 0.046  
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analysis of DLAT and tumor marker Ki67 in paraneoplastic and glioma tissues was then performed (Fig. 2B，2C), which showed that 
DLAT and Ki67 were significant in gliomas compared to paraneoplastic tissues. Further, immunohistochemistry of common tumor 
markers in gliomas was also analyzed (Fig. 3). 

3.2. Association of DLAT expression with clinicopathological variables 

According to Table 1 and Fig. 4, overexpressed of DLAT was linked to WHO grade (G3 vs. G2, p < 0.001), IDH status (WT vs. MUT, 
p < 0.001), primary therapy outcome (PD&SD vs. PR&CR, p < 0.001), overall survival (OS) (p < 0.001), disease-specific survival (DSS) 
events (p < 0.001), and progression-free interval (PFI) events (p < 0.05). 

As for the clinical and pathological distinctions among both the DLAT elevated and decreased expression groups, univariate logistic 
regression showed several, which include WHO grade (ratio [OR] = 2.040, 95 % CI = 1.413–2.957, p < 0.001), Primary therapy 
outcome (OR = 0.460, 95 % CI = 0.315–0.669, p < 0.001) and IDH status (OR = 0.495, 95 % CI = 0.311–0.777, p = 0.003) (Table 2). 

Fig. 4. Associations between DLAT expression and clinicopathological characteristics. Data are shown for (A) WHO grade; (B) IDH status; (C) 1p/ 
19q codeletion; (D) Primary therapy outcome; (E) Gender; (F) Race; (G) Age; (H) Histological type; (I) Laterality; (J) OS event; (K) DSS event; (L) PFI 
event. *p < 0.05, **p < 0.01, ***p < 0.001. 

Table 2 
Association of DLAT expression with clinicopathological characteristics of patients.  

Characteristics Total(N) Odds Ratio (OR) P value 

WHO grade (G3 vs. G2) 467 2.040 (1.413–2.957) <0.001 
1p/19q codeletion (non-codel vs. codel) 528 0.827 (0.573–1.190) 0.307 
Primary therapy outcome (PR&CR vs. PD&SD) 458 0.460 (0.315–0.669) <0.001 
IDH status (Mut vs. WT) 525 0.495 (0.311–0.777) 0.003 
Gender (Male vs. Female) 528 0.898 (0.637–1.266) 0.541 
Race (White vs. Asian&Black or African American) 517 0.659 (0.303–1.383) 0.276 
Age (>40 vs. ≤ 40) 528 1.164 (0.827–1.638) 0.384 
Histological type (Oligoastrocytoma&Oligodendroglioma vs. Astrocytoma) 528 1.050 (0.737–1.496) 0.787 
Laterality (Right vs. Left&Midline) 523 1.156 (0.821–1.631) 0.406  
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3.3. Low-grade gliomas’ DEG identification and functional enrichment evaluation 

Fig. 5A and Supplementary Table 1 revealed that across the groups with both elevated and decreased DLAT expression, 818 genes 
met the criteria of |log2(FC)|>1 and p.adj <0.05, with 474 upregulated DEGs and 344 downregulated DEGs; then, the top ten genes 
(including PAX3, POSTN, TRIM48, AC027612.1 HOXA10-AS, GPR139, PITX2, HOXA6, CCDC140, TRPM8) were related to DLAT as 
shown in Fig. 5B. Further enrichment analysis of DEG was performed. Fig. 5C and Supplementary Table 2 revealed the extracellular 
matrix organization, transmembrane transporter complex, ion channel complex, and channel activity were among the GOs that DEG 
was enriched in, according to an examination of biological processes, cellular makeup, and molecular activities. Moreover, KEGG 
pathway research revealed that important approaches for DEGs enrichment encompassed neuroactive ligand-receptor interaction, 
protein digestion and absorption, ECM-receptor interaction, complement and coagulation cascades, etc (Fig. 5D and Supplementary 
Table 3). After this, GSEA comparison of the groups with both elevated and decreased DLAT expression revealed greater significant 
immune-related biological processes in decreased DLAT expression group, indicating that excessive DLAT level results in a diminished 
immune phenotype in low-grade gliomas (Fig. 6A–D). 

3.4. Relation of methylation with DLAT level 

We further looked at the relationship among both DLAT overexpression and methylation statuses through the use of a free tools to 
define the likely pathways of DLAT upregulation in cells of low-grade glioma. Fig. 7A demonstrates that the majority of methylation 
locations in DLAT Gene sequences remained hypermethylated for low-grade gliomas, and the level of methylation was linked with the 
prognosis of the patient (i.e., overall survival was lower in patients with low DLAT methylation levels than in sufferings with high 
DLAT methylation levels). Last but not least, a number of methylation sites—including cg16687867, cg17213552, and 
cg27191019—indicated a dismal outlook (Fig. 7B–D). 

Fig. 5. DLAT-associated differentially expressed genes (DEG) and functional enrichment analysis of DLAT in low-grade gliomas using GO and 
KEGG. (A) Volcano plot. Blue and red dots indicate significantly down- and up-regulated DEGs, respectively. (B) Heat map of DLAT expression 
correlation with the top 10 DEGs. (C) GO enrichment analysis of DEGs. (D) KEGG enrichment analysis of DEGs. * p < 0.05, ** p < 0.01, *** p 
< 0.001. 
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Fig. 6. Gene set enrichment analysis of DEG. (A) GSEA analysis of the Hall marker gene set deposited in MSigDB. (B) GSEA analysis of bp of gene 
sets downloaded from MSigDB. (C) GSEA analysis of cc of gene sets downloaded from MSigDB. (D) GSEA analysis of mf of the gene set of the gene 
book system downloaded from MSigDB. 

Fig. 7. DNA methylation level of DLAT and its impact on the prognosis of patients with low-grade glioma. (A) Correlation between DLAT mRNA 
expression levels and methylation levels. (B–D) Kaplan-Meier survival curves of several methylation sites of DLAT. 
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3.5. Relation of immune invasion and DLAT expression 

In Fig. 8A, the degree of immunological cellular invasion by pDC (r = − 0.468, p < 0.001) and CD8 T cells (r = − 0.178, p < 0.001) 
was strongly adversely connected (r = − 0.210, p < 0.001) with DLAT expression. Additionally, in Fig. 8B–E, pDC and CD8 T cell 
enrichment values were considerably reduced in the DLAT elevated expression team than in the DLAT decreased expression team (both 
<0.001). 

3.6. Significance of DLAT for LGG patients’ prognosis 

The correlation across DLAT protein and the outlook of LGG sufferers was computed using the Kaplan-Meier technique. Sufferers 
were split into groups with elevated and decreased DLAT expression based on the median DLAT expression, which served as the 
threshold number. In comparison to the lower DLAT translation team, the prognosis for both OS and DSS was markedly worse in the 
higher DLAT translation team (OS: risk ratio [HR] = 1.49, 95 % CI = 1.05–2.12, p = 0.024; DSS: HR = 1.47, 95 % CI = 1.02–2.11, p =
0.04) (Fig. 9A and B). 

As shown in Fig. 10, the prognosis of high DLAT expression in LGG patients with either OS or DSS had a poor prognosis in several 
subgroups, including (non-codel, Astrocytoma and Oligoastrocytoma, WT and MUT, age >40 years and Left and Right) (all p < 0.05), 
while the G2 and G3 subgroups had a poorer prognosis in OS only. 

In Fig. 9C and Supplementary Table 4, to find prognostic markers, multivariate as well as univariate Cox regression tests seemed 
used. IDH status, the outcome of primary therapy (adjusted HR = 4.636, 95 % CI = 2.173–9.890, p < 0.001), and age (adjusted HR =
2.235, 95 % CI = 1.289–3.875, p = 0.004) were all independently associated with OS in LGG patients, according to the results of the 
multifactorial assessment. In the same way, Supplementary Figure 1 and Supplementary Table 5s demonstrated that IDH status, 
primary therapy outcome, and age were all predictors of DSS: adjusted HR = 2.301, 95 % CI = 1.304–4.061, p = 0.004, and IDH status, 
adjusted HR = 0.189, 95 % CI = 0.105–0.341, p < 0.001. 

3.7. Nomogram graph construction and validation on the basis of variable independence 

T Column line plots according to separate OS parameters in Fig. 11A were created to forecast the outcome of LGG sufferers. More 
total scores were linked to a worse prognosis on the column line graphs. Moreover, calibration curves were applied to evaluate how 
well the column line graphs predicted outcomes (Fig. 11B–D). The column line plot’s bootstrap-corrected C index, which measures the 
model’s prediction accuracy for OS in LGG patients, was 0.720 (95 % CI = 0.605–0.834). Moreover, ROC curves were employed to 
evaluate the DLAT expression’s capacity for discrimination (Supplementary Figure 2). These results suggest that the column line plot is 
appropriate. 

Fig. 8. Correlation of DLAT expression with the level of LGG immune infiltration. (A) Correlation of DLAT expression with the relative abundance of 
24 immune cells. The size of the points corresponds to the absolute Spearman’s correlation coefficient values. (B–C) Comparison of immune 
infiltration levels of immune cells (including pDC and CD8+ T cells) in the DLAT high expression group and low expression group. (D–E) Correlation 
between the relative enrichment scores of immune cells (including pDC and CD8+ T cells) and DLAT expression. 
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4. Discussion 

Among the most prevalent primary tumors, glioma can be clinically challenging to treat and frequently has a bad prognosis [33]. In 
contrast, low-grade gliomas account for approximately one-fifth of all gliomas, so we pay particular attention to the development of 
low-grade gliomas [34,35]. The microenvironment of LGG tumors has been found to be regulated by two cell types, immune cells and 
stromal cells. Finding more precise biomarkers to identify early carcinogenesis and track tumor progression using these two cell types 
is therefore crucial from a therapeutic standpoint [36,37]. 

Cuproptosis is a distinct form of apoptosis from oxidative stress-related apoptosis, in which the accumulation of lipid acylated 
proteins adversely impairs cells’ ability to complete their TCA cycle and ultimately results in cell death [9]. The glycolytic molecule 
pyruvate, which is processed by the pyruvate dehydrogenase complex (PDC), can be oxidatively transformed to acetyl coenzyme A for 
the TCA cycle. While dihydrolipoyl transacetylase (DLAT) is an important component of PDC [38], therefore, DLAT may become a 
novel therapeutic target for LGG prognosis. 

Although LGG is heterogeneous, existing pathology signals (such Ki67 and grading) for prognosis prediction contain drawbacks. 
Hence, finding new biomarkers is essential to improving tailored care and prognosis prediction. Within that research, the TCGA and 
GTEx databases were used to assess the DLAT expression in LGG. It was discovered that DLAT was overexpressed in LGG. Previous 
studies have confirmed that DLAT expression is also increased in several types of cancer, including cholangiocarcinoma [39], Colo-
rectal Cancer [40], Stomach Cancer [17], and pancreatic cancer [41], in agreement with our pan-cancer studies’ findings. 

Fig. 9. Prognostic values of DLAT expression in LGG patients assessed by the Kaplan-Meier method. Overall survival (A) and disease-specific 
survival (B) of patients with high DLAT expression versus low DLAT expression in LGG. (C) Forest plot of overall survival based on multivariate 
Cox analysis. 
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According to further investigation, elevated DLAT expression was linked to adverse clinicopathological traits like WHO grade, IDH 
status, primary therapy outcome, OS, DSS, and PFI. Furthermore, our analysis’s findings indicate that DLAT overexpression is a distinct 
prognostic biomarker for bad OS and DSS in LGG sufferers. Previous research has indicated that the presence of DLAT may serve as a 
potential prognostic marker for a decreased prognosis in patients with a particular type of solid tumor, such as colorectal cancer [42], 
Pancreatic Cancer [43], Lung adenocarcinoma [12], Endometrial cancer [44]. These findings imply that DLAT may be a desirable new 
molecular target for potent cancer treatment. 

The biological processes and signaling pathways of DLAT were further examined to investigate potential DLAT processes in LGG. 
GSEA enrichment analysis showed that pathways such as glycolysis, hypoxia, immune response-regulating signaling pathway, 
lymphocyte control, and neuron to neuron communication were mainly enriched in the group that had elevated DLAT transcription. 
The richness of DLAT-related biological processes in LGG may be enhanced by our findings, which still need more experimental 
validation. 

A frequent epigenetic mechanism that often inhibits gene expression is DNA methylation [45]. The MethSurv database was utilized 
to explore the link among DLAT mRNA transcription and methylation levels, and the prognosis of DLAT methylation levels was 
examined. The outcomes suggested that DLAT overexpression and its DNA hypomethylation may be linked. And the poor prognosis of 
LGG patients was linked to the hypomethylation level of DLAT. It implies that DNA methylation may be crucial to the emergence of 
LGG. 

The tumor cell microenvironment is generally regarded as having greater clinical significance for prognostic assessment of cancer 
identification because studies have shown that the majority of the expression of genes in tumor cells is affected by the cancerous cell 
microenvironment [35]. It has been shown that immune cells that infiltrate tumors have prognostic value, and this value depends on 
the type, density, and position of immune cells [46]. Infecting immune cells have also been demonstrated to forecast the effectiveness 
of immune checkpoint inhibition (ICI) therapy and neoadjuvant chemotherapy [47,48]. Gene expression profiling database and 
ssGSEA method of the R software package were used to investigate the association among both DLAT expression and immune cell 
infiltration. It was discovered that the degree of immunological cell infiltration of pDC and CD8 T cells had a strong negative link to 
DLAT expression. The enlargement values of pDC and CD8 T cells in the DLAT overexpression team were considerably lower than those 
in the decreased expression team, according to further analysis. Our findings imply that DLAT excessive expression could affect LGG 
prognosis and development by controlling the quantity of invading immune cells. 

Fig. 10. Kaplan-Meier method to evaluate the prognostic value of DLAT expression in different subgroups of LGG patients. (A–F) OS survival curves 
of G2 and G3, non-codel, Astrocytoma and Oligoastrocytoma, WT and MUT, age >40 years and Left and Right subgroups between patients with high 
and low DLAT-expressing LGG. (G–K) DSS survival curves between high- and low-DLAT-expressing LGG patients with non-codel, Astrocytoma and 
Oligoastrocytoma, WT and MUT, age >40 years and Left and Right subgroups. 
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There remain a few drawbacks to our current work, despite the fact that it sheds fresh light on the connection among both DLAT 
expression and the prognosis of sufferers with low-grade gliomas. First off, because all data utilized for the study’s bioinformatics 
analyses were retrieved directly from public sources, we failed to collect key crucial medical evidence, like the patients’ chemotherapy 
regimens; second, the sample size of the control group differed significantly from that of the tumor group, so much farther study relies 
on to an equitable split of large samples is required; third, To clarify the biochemical processes and possible procedures of DLAT in 
LGG, more research and rigorous experimental validation are needed for both in vitro as well as in vivo. 

As a result, our article’s findings indicate that severe clinical characteristics and adverse immune infiltration are strongly correlated 
with DLAT overexpression, which acts as an intrinsic bad predictive marker in LGG. The outcomes imply that DLAT may be employed 
as an innovative predictive biomarker to assess the prognosis of an individual. To confirm the process by which DLAT regulates LGG 
carcinogenesis and progression, more study is necessary. 
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Fig. 11. Column plots and calibration curves predicting one-, three-, and five-year overall survival in patients with LGG. (A) Column line plots 
predicting one, three and five overall survival in LGG patients. (B–D) Calibration curves of predicted one-year, three-year and five-year overall 
survival nomograms for LGG patients. 
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