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Abstract: Objective: Juvenile Idiopathic Arthritis (JIA) is a chronic inflammatory joint disease affecting children and 

adolescents, where early diagnosis and treatment are crucial for improving prognosis. This study aimed to identify 

cuproptosis-related genes in JIA and develop a clinical predictive model. Methods: The GSE13849 dataset was retrieved from 

the GEO database to extract cuproptosis-related genes. Key JIA genes were selected using the Boruta and SVM-REF algorithms, 

followed by the construction of a clinical prediction model. The model's predictive capacity was validated using the concordance 

index (C-index), Receiver Operating Characteristic (ROC) curves, and calibration curves. Patient net benefit was evaluated 

through clinical decision curves, with internal validation conducted via Bootstrap. Results: The Boruta and SVM-REF 

algorithms identified four and five core cuproptosis-related genes, respectively, intersecting to yield three core genes (PDHA1, 

LIAS, DLAT). A clinical prediction model was established using multivariate logistic regression, exhibiting a C-index of 0.75 

and an area under the ROC curve of 0.749. Clinical decision curve analysis demonstrated the highest net clinical benefit at a 

threshold probability range of 0.15 to 0.9, ensuring no harm to other patients. Internal validation reported a C-index of 0.755 and 

an area under the ROC curve of 0.736. Conclusion: The JIA clinical prediction model, based on three cuproptosis-related genes, 

demonstrates substantial predictive diagnostic capability, contributing to the early diagnosis of JIA patients. 
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1. Introduction 

Juvenile Idiopathic Arthritis (JIA) is a chronic 

inflammatory joint disease affecting children and adolescents, 

characterized by arthritis persisting for more than six weeks. 

JIA represents the most common form of chronic arthritis in 

children and significantly impacts their quality of life and 

long-term health [1]. The exact etiology of JIA remains 

unclear, but studies indicate that genetics, environmental 

factors, and abnormal immune responses play key roles in its 

pathogenesis [2, 3]. Globally, the prevalence of JIA is 

estimated to be between 16-150 cases per 100,000 children, 

with an annual incidence rate of approximately 2-20 cases per 

100,000 children per year [4]. JIA presents with diverse 

clinical manifestations and can involve multiple systems, 

including the eyes, skin, and internal organs. Early diagnosis 

and treatment are crucial for improving prognosis. 

Cuproptosis is a novel cellular death mechanism, distinct 

from known cell death regulatory mechanisms such as 

apoptosis, ferroptosis, pyroptosis, and necroptosis. It is 

induced by copper ions and primarily depends on the 

accumulation of copper within the cell. The mechanism 

involves the direct binding of copper ions to lipoylated 

components in the tricarboxylic acid (TCA) cycle, forming 

aggregates that lead to cytotoxicity and ultimately cell death 

[5]. The function of cuproptosis in JIA remains unclear. A 

deeper understanding of cuproptosis's role in JIA could aid in 

the development of new biomarkers and therapeutic 
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approaches. 

In this study, we employed bioinformatics and machine 

learning methods to identify cuproptosis-related genes in JIA 

and developed a predictive model for its diagnosis. Our 

findings may contribute to the early diagnosis of JIA. 

2. Materials and Methods 

2.1. Data Retrieval 

Utilizing the keyword "Juvenile Idiopathic Arthritis," a 

comprehensive search of the GEO database was conducted. 

This search identified the GSE13849 dataset, comprising 59 

healthy controls and 61 JIA patients, with all samples tested 

on the GPL570 platform. For data processing, the Perl 

language was utilized to effectively merge sample data and 

re-annotate genes. This included mapping probes to genes, 

discarding non-contributing empty probes, and accurately 

selecting the median expression level for genes represented by 

multiple probes. 

2.2. Acquisition of Cuproptosis-Related Gene Expression 

Profiles 

A detailed selection of cuproptosis-related genes (NFE2L2, 

NLRP3, ATP7B, ATP7A, SLC31A1, FDX1, LIAS, LIPT1, 

LIPT2, DLD, DLAT, PDHA1, PDHB, MTF1, GLS, 

CDKN2A, DBT, GCSH, DLST) was derived from relevant 

literature. To precisely extract expression profiles for these 19 

cuproptosis-related genes, the R software package 'limma' was 

skillfully applied. 

2.3. Identification of HUB Genes 

In an innovative approach, the cuproptosis-related gene 

expression profiles obtained in step 2.2 were meticulously 

screened for potential key JIA genes using the Boruta 

algorithm and SVM-REF. To ensure robust analysis, the 

Boruta algorithm was configured with a doTrace parameter of 

2 and a maximum iteration limit of 60. Similarly, the 

SVM-REF algorithm was optimally set with a radial basis 

function kernel "CV" and cross-validated 5 times. The 

integration of results from both methods facilitated the 

identification of core cuproptosis-related genes in JIA. 

2.4. Model Construction and Validation 

Leveraging the HUB Genes obtained in step 2.3, a 

predictive model was meticulously developed using 

multivariate logistic regression, coupled with the construction 

of nomograms. To ascertain the clinical utility of the 

predictive model, decision curve analysis methodically 

assessed the net benefit at different threshold probabilities. 

Furthermore, the performance of the predictive model was 

rigorously evaluated by measuring the C-index, ROC curves, 

and calibration curves. 

2.5. Internal Validation 

For rigorous testing, 70% of the data was strategically 

selected for internal validation. Undergoing internal validation 

with 1000 Bootstrap resamples, the model's robustness was 

confirmed by calculating the adjusted C-index. Additionally, 

the model's performance on the internal validation dataset was 

comprehensively assessed using the ROC curve. 

3. Results 

3.1. HUB Genes 

Four HUB genes (PDHA1, DBT, LIAS, DLAT) were 

conclusively identified using the Boruta algorithm. 

Simultaneously, the SVM-REF algorithm pinpointed five 

HUB Genes (PDHA1, LIAS, DLAT, LIPT1, PDHB). An 

intersection of these results highlighted three critical HUB 

Genes (PDHA1, LIAS, DLAT) as pivotal in JIA (Figure 1). 
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Figure 1. Key Gene Selection (A. Boruta B. SVM-REF). 

 

Figure 2. Clinical Prediction Model Nomogram. 

3.2. Clinical Prediction Model Results 

Utilizing the three identified HUB genes, a clinical 

prediction model was expertly constructed using multivariate 

logistic regression and effectively visualized with nomograms 

(Figure 2). The model's C-index stood at 0.75. The ROC curve 

demonstrated an area under the curve of 0.749 (Figure 3A), 

while the calibration curve exhibited good consistency (Figure 

3B). Decision curve analysis revealed the highest net clinical 

benefit within a threshold probability range of 0.15 to 0.9, 

ensuring minimal risk to other patients (Figure 4). 

 



 International Journal of Genetics and Genomics 2023; 11(4): 133-138 136 

 

  

Figure 3. Predictive Model ROC Curve and Calibration curve (A: Area under the ROC curve is 0.749. B: The dashed line represents the ideal model, and the 

solid line represents the actual performance of the nomogram. The closer the proximity of the solid line to the dashed line, the more robust the predictive power 

of the model.) 

 

Figure 4. Clinical Decision Curve. 

 

Figure 5. ROC Curve of Internal Validation Data Set. 

3.3. Internal Validation 

Internal validation conducted with 70% of the data revealed 

an internal validation set C-index of 0.755. The ROC curve 

further displayed an area under the curve of 0.736, 

corroborating the model's efficacy (Figure 5). 

4. Discussion 

The challenge of early diagnosis in Juvenile Idiopathic 

Arthritis (JIA) often stems from the need to differentiate it 

from various conditions such as infections, malignancies, and 

other auto-inflammatory or autoimmune diseases [6-8]. 

Therefore, the identification of specific biomarkers that can 

distinctly differentiate JIA and its differential diagnoses, 

potentially connected to the disease's pathogenesis, is vital for 

its early diagnosis. In recent years, significant advancements 

have been made in the study of biomarkers. For instance, 

research by Rosina et al. has indicated that certain biomarkers 

can predict disease activity, clinical remission, relapse, and 

drug response in JIA [9]. Additionally, Nziza et al. identified 

specific miRNA biomarkers, such as synovial fluid miRNA, 

which accurately differentiate between JIA and septic arthritis 

[10]. Souma et al.'s research suggests that serum levels of 

interleukin-18 may serve as a useful biomarker for the early 

diagnosis of JIA [11]. Moreover, advancements in ultrasound 

and magnetic resonance imaging techniques have provided 

more precise tools for the early diagnosis and assessment of 

disease activity in JIA [12]. 

Recent advances in machine learning within the medical 

field have been significant, with numerous studies 

highlighting its critical role in disease biomarker identification 

and prognosis evaluation [13, 14]. In JIA research, machine 

learning has been instrumental in developing predictive 

models for distinguishing JIA subtypes and predicting disease 

progression [15]. These models have also been effectively 

used in evaluating patient responses to JIA treatments. By 
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analyzing the variations in clinical data and biomarker levels 

before and after treatment, these models can anticipate patient 

reactions to specific medications, thereby enhancing clinical 

decision-making and optimizing treatment strategies [16]. 

Copper, an essential trace element, plays a crucial role in 

various biological processes, such as energy metabolism, 

antioxidant defense, and cellular signaling. In the TCA cycle, 

copper ions are vital cofactors for several enzymes. For 

instance, enzymes like cytochrome c oxidase require copper 

for their activity. Copper ions also participate in redox 

reactions within the electron transport chain, forming key 

components of electron transfer [17]. Recent studies have 

shown that intermediates and derivatives of the TCA cycle are 

extremely important in activating both innate and adaptive 

immune cells and in synthesizing pro-inflammatory mediators 

[18]. TCA cycle metabolites like succinate regulate 

inflammation and tissue repair by inhibiting inflammatory 

genes and promoting antioxidant gene expression [19]. 

Furthermore, succinate modulates inflammation by directly 

modifying cysteine sites on proteins involved in 

inflammasomes, signaling, transcription, and cell death [20]. 

Another TCA cycle intermediate, enolase, acts as a cell death 

inhibitor, influencing inflammation by converting GSDMD 

cysteine into S-(2-succinyl)-cysteine [21]. The pathology of 

JIA, characterized by synovial inflammation, involves an 

imbalance between pro-inflammatory effector cells and 

anti-inflammatory regulatory cells. Thus, regulating 

inflammation is a critical aspect of JIA treatment. In JIA, 

copper ions may regulate inflammation by inducing 

cuproptosis through the TCA cycle, thereby affecting the 

disease's progression. 

This study developed a clinical predictive model for JIA 

diagnosis, identifying three cuproptosis-related genes as 

potential key contributors to JIA pathogenesis. The model's 

effectiveness in differentiating between normal individuals 

and JIA patients is evidenced by several indicators, such as 

ROC and calibration curves. Currently, these three genes are 

relatively underexplored in JIA, with most research focusing 

on oncology. For example, the Pyruvate Dehydrogenase E1 

Component Subunit Alpha (PDHA1) is a crucial gene in 

cuproptosis, primarily involved in altering glucose 

metabolism in cancer cells. As a part of the pyruvate 

dehydrogenase complex, PDHA1 is essential for cellular 

metabolic processes. Studies indicate abnormal PDHA1 

expression in most cancer types, correlating its expression 

levels with prognosis in cancers like lung adenocarcinoma, 

renal clear cell carcinoma, and gastric adenocarcinoma. 

PDHA1 also regulates mitochondrial signaling pathways, 

including oxidative phosphorylation, cellular respiration, and 

electron transport activities [22]. The Dihydrolipoamide 

S-Acetyltransferase (DLAT) gene, associated with 

cuproptosis, is notably upregulated in liver cancer tissues. 

Elevated DLAT expression is an independent prognostic 

factor for reduced overall survival in Hepatocellular 

Carcinoma (HCC). DLAT's roles encompass cellular 

metabolism, tumor progression, and immune regulation, with 

its expression levels linked to immune cell infiltration and 

checkpoint levels in HCC. Moreover, HCCs with high DLAT 

expression are predicted to be more responsive to sorafenib 

treatment [23]. LIAS, a component of the lipoic acid pathway 

that includes genes like FDX1, LIPT1, LIAS, and DLD, plays 

a significant role in cellular processes associated with 

cuproptosis. Suppressing LIAS expression results in reduced 

liver alpha-lipoic acid levels and increased tissue oxidative 

stress [24]. In summary, based on existing research, it is 

postulated that these three cuproptosis-related genes influence 

inflammatory pathways through metabolic pathways, playing 

a role in JIA pathogenesis. However, further in-depth research 

is required to understand the mechanisms of cuproptosis in 

JIA. 

5. Conclusion 

This study, utilizing machine learning and bioinformatics 

methods, identified three core genes associated with 

cuproptosis in JIA and developed a predictive model for these 

cuproptosis-related genes. The model exhibits high accuracy, 

providing a new approach for the early diagnosis of JIA. This 

holds significant importance for the early diagnosis and 

treatment of JIA, indicating that cuproptosis may play a 

crucial role in its pathogenesis. However, the study has 

limitations, as it did not confirm the expression levels of 

PDHA1, LIAS, and DLAT in JIA patients, nor did it delve 

into their specific mechanisms of action. Further experimental 

validation is required.. 
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