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A B S T R A C T   

Cysteine and serine-rich nuclear protein 1 (CSRNP1) has shown prognostic significance in various 
cancers, but its role in non-small cell lung cancer (NSCLC) remains elusive. We investigated 
CSRNP1 expression in NSCLC cases using bioinformatics tools from the GEO public repository and 
validated our findings through RT-qPCR in tumor and adjacent normal tissues. KEGG and GO 
enrichment analyses were employed to unveil the significant deregulation in signaling pathways. 
Additionally, clinical significance of CSRNP1 in NSCLC was determined through receiver oper-
ating curve (ROC) analysis, and its impact on survival was assessed using Kaplan-Meier analysis. 
To explore the functional impact of CSRNP1, we silenced its expression in NSCLC cells and 
assessed the effects on cell viability, migration, and invasion using MTT, Transwell, and wound- 
healing assays, respectively. Additionally, we investigated the influence of CSRNP1 silencing on 
the phosphorylation patterns of critical signaling proteins such as p53, p-Akt, and p-MDM2. Our 
results demonstrated significantly lower CSRNP1 expression in NSCLC tumor tissues (P < 0.01). 
ROC analysis indicated that NSCLC patients with high CSRNP1 expression exhibited extended 
overall survival and disease-free survival. Furthermore, CSRNP1 silencing promoted NSCLC cells 
viability, migration, and invasion (P < 0.05). Mechanistically, CSRNP1 silencing led to increased 
phosphorylation of AKT and MDM2, along with a concurrent reduction in p53 protein expression, 
suggesting its impact on NSCLC through deregulated cell cycle processes. In conclusion, our study 
underscores the significance of CSRNP1 in NSCLC pathogenesis, offering insights for targeted 
therapeutic interventions of NSCLC.   

1. Introduction 

World health organization classified Non-small cell lung cancer (NSCLC) into three main types including adenocarcinoma, squa-
mous cell carcinoma, and large cell carcinoma [1]. This categorization is pivotal for understanding the histological diversity of NSCLC, 
which collectively constitutes nearly 85% of all lung cancer cases [2–5]. The clinical presentation of NSCLC often involves symptoms 
such as cough, hemoptysis, dyspepsia, and chest discomfort [6]. In the past few years, there have been notable progressions in 
discovering prognostic and diagnostic biomarkers for NSCLC. Additionally, research has been conducted on diverse therapeutic 
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strategies, such as targeted therapy, chemotherapy, immunotherapy, and radiotherapy [7,8]. Nevertheless, the prognosis for advanced 
NSCLC patients remains bleak, as the disease is often diagnosed at advanced stages (III or IV according to AJCC staging), rendering 
radical treatment unattainable in approximate 75% of cases [9]. Furthermore, despite the availability of these therapies, drug resis-
tance is an inevitable challenge [10–14], and pursuit of novel therapeutic targets, identification of new targeted genes and pathways, 
development of effective therapeutics, and discovery of biomarkers are crucial priorities for advancing the comprehensive treatment of 
NSCLC. 

The cysteine-serine-rich-nuclear protein (CSRNP) family, comprising CSRNP1, CSRNP2, and CSRNP3, holds notable biological 
significance [15,16]. These nuclear proteins, along with their associated transcription factors, demonstrate evolutionary conservation 
[17]. Specifically, DNA methylation at key sites, such as Cg19538674 for CSRNP1, Cg07772537 for CSRNP2, and Cg07811002 for 
CSRNP3, emerges as a critical factor impacting the overall survival of patients with clear cell renal cell carcinoma [15]. Gene 
expression analysis from GEO datasets highlights aberrant expression of CSRNP2 in obese individuals compared to controls [18], while 
CSRNP3 exhibits low methylation levels in lung tissues [19]. 

CSRNP1, characterized by a 3.2 kb transcript, demonstrates ubiquitous expression across human tissues, with lung exhibiting the 
highest abundance [20]. Its potential role as a tumor suppressor is underscored by frequent downregulation in various cancers, 
including lung cancer [20]. CSRNP1 has been explored as a prognostic biomarker in diverse cancers, such as prostate, kidney, and liver 
cancers, emphasizing its pivotal prognostic value [15,21–24]. Notably, CSRNP1 emerges as a gene associated with neutrophil dif-
ferentiation, proving predictive of total survival time in NSCLC patients [25] and has been identified as a prognostic biomarker in lung 
squamous cell carcinoma patients [26]. While CSRNP1’s impact on neural progenitor cell proliferation and survival reduction is 
established [27], its inhibition suppresses apoptosis in cementoblasts [28], and it exhibits a pro-apoptotic effect in cardiomyocytes 
[29]. Intriguingly, the role of CSRNP1 in NSCLC remained unexplored. Leveraging integrative bioinformatics analysis, we sought to 
unravel the potential implications of CSRNP1 in NSCLC. Concurrently, we conducted knockdown experiments to elucidate the 
functional role of CSRNP1 in NSCLC cells. 

The main goal of this study was to clarify the biological mechanisms involving CSRNP1 in NSCLC. Our investigation aimed to 
address a significant gap in our understanding of the role of CSRNP1 in NSCLC. Through this research, we aim to advance our 
knowledge of NSCLC pathogenesis, ultimately contributing to improving patient outcomes. 

2. Materials and methods 

2.1. Bioinformatics analysis 

We employed the versatile ASSISTANT for Clinical Bioinformatics platform (https://www.aclbi.com/static/index.html#/) and this 
web-based tool facilitated a comprehensive suite of bioinformatics analyses, encompassing the generation of diverse visual outputs, 
including box plots, principal component analysis (PCA) biplots, volcano maps, heatmaps, Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis, and Gene Ontology (GO) analysis. Data processing and visualization were executed using R v4.0.3 software, 
enhancing the interpretability of results. Microarray data from the GSE40275 dataset (https://www.ncbi.nlm.nih.gov/geo/query/acc. 
cgi?acc=GSE40275) were sourced, with raw data acquired in MINiML format. The limma package within the R software facilitated the 
exploration of differentially expressed mRNA, and careful consideration of adjusted P-values was undertaken to rectify potential false- 
positive outcomes inherent in GEO datasets. To gain deeper insights into mRNA’s role in carcinogenesis, we utilized the ClusterProfiler 
package (version: 3.18.0) within the R software. This package enabled a comprehensive analysis of Gene Ontology (GO) functions 
associated with potential targets and KEGG pathways, providing a nuanced understanding of the molecular mechanisms at play. The 
resulting findings were succinctly presented using the heatmap package, contributing to a visually informative representation of the 

Table 1 
Clinicopathologic characteristics of 30 NSCLC patients.  

Serial number Characteristics Number (%) 

1 Gender    
Female 11 36.7  
Male 19 63.3 

2 Age (years)    
>60 17 56.7  
≤60 13 43.3 

3 Histology    
Squamous 13 43.3  
Adenocarcinoma 17 56.7 

4 Tumor size    
>3 cm 12 40  
≤3 cm 18 60 

5 TNM stage    
I-II 22 73.3  
III-IV 8 26.7 

6 Smoking history    
yes 20 66.7  
no 10 33.3  
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intricate relationships within the dataset. 

2.2. Patients 

Thirty patients with NSCLC were enrolled from June 2019 to August 2021 at the Affiliated Huai’an No.1 People’s Hospital of 
Nanjing Medical University. The clinicopathologic characteristics of these NSCLC patients are provided in Table 1. 

The study was approved by the Ethics Committee of Affiliated Huai’an No.1 People’s Hospital of Nanjing Medical University and 
conducted in the light of the guidelines of the Declaration of Helsinki. All patients had signed informed consents before study. 

2.3. Cell culture and transfection 

BEAS-2B (Control), A549, H1650, Calu-1, NCI–H292, and NCI–H23 cell lines, sourced from the American Type Culture Collection 
(ATCC, USA), were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS, Gibko, USA), and Penicillin. The 
cells were grown in a 12-well plate at 37 ◦C with 5% CO2 and harvested upon reaching 80% confluency. For the specific silencing of 
CSRNP1, three small interfering RNA (Si)-CSRNP1 plasmids and a Si-negative control (Si-NC) plasmid were obtained from Gene-
Pharma (Shanghai, China) and transfected into the cells using Lipofectamine 300 (Invitrogen, USA) for a 48-h period. The RNA oligo 
sequences for Si-CSRNP1 plasmids and Si-NC plasmid are detailed as follows in Table 2. 

2.4. RT-qPCR 

Total RNA in the tissues specimens were isolated by TRIzol reagent after transfection. Afterwards, RNA was reverse transcribed to 
cDNA through the reverse transcript kit (Beyotime Biotechnology, Shanghai, China). Routine reaction steps of PCR were conducted. 
Each sample was run in triplicate according to the above three steps, and the data were quantitatively analyzed according to the 2- 

△△CT method. The RT primers used were following: CSRNP1 5′-F: AGGCGCCAGAGGCACCATGGAC-3′, R: 5′- 
CATCCTGTGCGTTGGCTGCC-3′, GAPDH, F: 5′-GAAGGTGAAGGTCGGAGTC-3′, R: 5′-GAAGATGGTGATGGGATTT-3’. 

2.5. Microculture Tetrazolium (MTT) 

Cells after transfection were cultivated in plates of 96-well (#FCP963, Beyotime, Shanghai, China) at density of 5 × 103 cells/well. 
10 μL MTT solution (Beyotime, China) was supplemented into cells for 4 h of incubation. The optical density (OD) value at 570 nm was 
assessed via a microplate reader (Spectramax 190, Molecular Devices, San Jose, CA, USA). 

2.6. Wound scratch assays 

Calu-1 and NCI–H292 cells after transfection were plated into the plate of 6 wells and cultivated until reaching 80% confluence. 
Next, a sterile pipette (200 μL) tip was used for creating scratch. Subsequently, cells were washed to clear off the dislodged cells. After 
48 h, the pictures of the wound healing to access the cells migration ability images were acquired using a light microscope (Leica). The 
wound healing rate is determined by the formula: (wound width at 0 h - wound width at 48 h) divided by the wound width at 0 h. 

2.7. Transwell assay 

Matrigel was covered on the transwell chamber (Corning, China), and 2 × 104 cells were incubated in serum-free medium in the 
upper chamber. The bottom chamber was supplemented with 500 μL medium containing 10% FBS. After 48 h, cells remaining in the 
upper chamber were removed, and cells in the bottom chamber were stained with crystal violet as described previously [30]. Number 
of stained cells was observed under a light microscope (Leica). 

2.8. Western blots 

Cells were lysed by RIPA assay buffer (Beyotime, China). Protein was parted by SDS-PAGE, followed by transferring onto PVDF 
membranes (Millipore, China). The membranes were sealed with skim milk (5%) and incubated with primary antibodies CSRNP1 (LS- 
C346243, lsbio, USA, 1:1000), p-Akt (9271, CST, 1:800), Akt (NB100-56749, Novus Biologicals, 1:300), p-MDM2 (3521, CST, 1:1000), 
MDM2 (ab259265, Abcam, 1:1500), p53 (MA1-12549, ThermoFisher scientific, 1:150), CDK1 (ab245318, Abcam, 1:2000), Cyclin B 

Table 2 
Sequences of small interfering RNA (Si)-CSRNP1 plasmids and a Si-negative control (Si-NC).  

Sequence SiRNA Type Guide Strand Passenger Strand 

si-CSRNP1#1 CSRNP1-targeted 5′-AGAAUUGUUUGAAAACCAGGA-3′ 5′-CUGGUUUUCAAACAAUUCUCU-3′ 
si-CSRNP1#2 CSRNP1-targeted 5′-AAACAUUAGCAAACAAAGGGU-3′ 5′-CCUUUGUUUGCUAAUGUUUAA-3′ 
si-CSRNP1#3 CSRNP1-targeted 5′-AUGGAAUAAAUUAUAGUUCUG-3′ 5′-GAACUAUAAUUUAUUCCAUUU-3′ 
si-NC Negative control 5′-UUCUCCGAACGUGUCACGUTT-3′ 5′-ACGUGACACGUUCGGAGAATT-3′  
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Fig. 1. Screening of the DEGs in NSCLC patients and healthy controls. (A) Boxplot illustrating the normalized gene expression data from the GEO 
database (GSE124272). Each row represents a sample, and columns represent the corresponding gene expression values within the samples. (B) PCA showed 
that DEGs can disting anduish NSCLC patients from healthy controls in GSE40275 gene chip. (C) Volcano plot is representing the dysregulated expression of 
genes including CSRNP1. (D) The heatmap visually represents the differential gene expression between two groups, highlighting both up-regulated (red part) 
and down-regulated (blue part) genes. Notably, CSRNP1 stands out as a downregulated gene, suggesting its potential role in the observed expression patterns. 
(E) CSRNP1 expression in two groups of participants using GEO database by box plots. G1: healthy group; G2: NSCLC group. ****p < 0.0001. 
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(ab181593, Abcam, 1:2000) and GAPDH (ab181602, Abcam, USA, 1:1500) overnight at 4 ◦C, followed by treating with HRP- 
conjugated goat anti-rabbit secondary antibody (ASPEN Biotechnology, #AS1107, 1:1500) and goat anti-mouse secondary anti-
body (Invitrogen, #62–6520, 1:2000) for 1 h. Furthermore, the brands were examined by an ECL reagent (Thermo Scientific Pierce, 
USA). 

2.9. Statistical analysis 

Statistical analyses were performed using GraphPad Prism software. Data was presented as mean ± standard deviation. The in-
dependent two-sample t-test was used to compare means between two groups, while one-way analysis of variance (ANOVA) was used 
to assess the differences among multiple groups. The clinical significance of CSRNP1 expression in peripheral blood samples was 
evaluated using receiver operating curve (ROC) analysis. ROC curves, generated by plotting true positive rate against false positive 
rate, elucidate the sensitivity-specificity relationship, providing insights into the diagnostic utility of CSRNP1 expression. Kaplan- 
Meier survival curves, analyzed with the Mantel-Cox test, depicted CSRNP1 expression-related overall survival (OS) and disease- 
free survival (DFS). High or low expression levels were determined based on the median expression value of CSRNP1 in NSCLC tissues. 

3. Results 

3.1. Screening of genes in NSCLC patients and healthy control group 

We first aimed to identify differentially expressed genes (DEGs) in individuals with NSCLC compared to a normal control group. We 

Fig. 2. GO and KEGG pathways enrichment analysis. (A) Visualization of the top 20 significant KEGG pathways enriched by the targeted genes 
in NSCLC, presented individually for up- and down-regulated patterns. The abscissa denotes the gene ratio, while the enriched pathways are dis-
played along the ordinate. (B) Illustration of the topmost GO enrichment pathways of targeted genes in NSCLC, presented in a similar manner. 
Colors denote the significance of differential enrichment, and the size of the circles reflects the number of genes; a larger circle indicates a greater 
number of genes. 

Z. Xu et al.                                                                                                                                                                                                              
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utilized the bioinformatics tool ASSISTANT for Clinical Bioinformatics to analyze data within the GSE40275 dataset. We detected 
abnormal gene expression of CSRNP1 using various analytical methods, including box plots, PCA biplots, volcano maps, and heatmap 
analysis (Fig. 1A–D). he application of PCA to gene expression data from the GSE40275 dataset unveiled a clear separation between 
NSCLC patients and healthy controls (Fig. 1B). The differentially expressed genes (DEGs) identified through PCA exhibited a robust 
capability to discriminate between the two groups. This observation emphasizes the potential utility of these DEGs as reliable bio-
markers for distinguishing NSCLC patients from healthy individual, offering valuable insights into the molecular signatures associated 
with the disease. Interestingly, the volcano biplots and heatmap revealed 1965 up-regulated genes and 2289 down-regulated genes 
(Fig. 1C and D). Among the 4254 up/down-regulated genes, CSRNP1 emerged as novel and was selected for further analysis based on 
its log fold change (FC) and significance values (p < 0.0001) between NSCLC (logFC: 1.7 ± 0.736) and healthy (logFC: 0.68 ± 0.514) 
groups. Notably, we observed a significant downregulation of CSRNP1 in NSCLC patients compared to healthy controls (Fig. 1E, P <
0.0001). This finding highlights the potential relevance of CSRNP1 as a molecular marker in distinguishing between individuals with 
NSCLC and healthy individuals. 

3.2. Pathways effected in NSCLC patients 

To elucidate the significant biological implications of key potential mRNAs and pathways, we conducted KEGG signaling pathway 
analysis. Additionally, gene ontology analysis was employed to unveil the potential targets of these mRNAs. The top 20 KEGG 
pathways, based on the upregulated or downregulated genes in NSCLC and healthy groups, were identified (Fig. 2A, P < 0.05). 
Similarly, the GO database was utilized to identify the top 20 significantly enriched pathways associated with the upregulated or 
downregulated genes (Fig. 2B, P < 0.05). Notably, the analysis from both pathways revealed a prominent enrichment of down-
regulated genes in cell cycle-related pathways, particularly associated with the G2/M phase transition. Overall, our analysis highlights 
a significant enrichment of downregulated genes in NSCLC, particularly impacting cell cycle-related pathways and the G2/M phase 

Fig. 3. The validation of CSRNP1 expression and Survival analyses of CSRNP1 in NSCLC patients. (A) The box plot represented the overall 
expression of CSRNP1 in NSCLC patients between adjacent tissue and tumor samples by RT-qPCR. Independent two-sample t-test was used. ***p <
0.001 vs normal. (B) The clinical significance of CSRNP1 in NSCLC patients was evaluated by ROC curve. (C–D) The survival graph represented 
association of high/low expression of CSRNP1 with overall survival (C) and disease-free survival (D) of NSCLC patients. Red: Higher expression, 
Black: Lower expression. 

Z. Xu et al.                                                                                                                                                                                                              
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transition. 

3.3. Validation of clinical significance of CSRNP1 in NSCLC patients 

After investigating the pathways effected in NSCLC patients, we next aimed to validate expression of CSRNP1, explore its clinical 
implications, and assess prognostic value of CSRNP1. For this purpose, we conducted RT-qPCR analysis, ROC, and survival analysis. 
Our findings revealed a significant downregulation of CSRNP1 expression in NSCLC tumor tissues compared to healthy controls 
(Fig. 3A, t = 6.2, P < 0.001). The ROC curve for CSRNP1 demonstrated an impressive Area Under the Curve (AUC) of 0.8783 (95% CI 
= 0.7902–0.9664, P < 0.05), underscoring its potential as a biomarker for distinguishing NSCLC patients and healthy controls 
(Fig. 3B). This highlights both the validated downregulation of CSRNP1 in NSCLC and its promising clinical significance as a diagnostic 
indicator. We conducted additional survival analysis to further illuminate CSRNP1’s role in NSCLC. Higher CSRNP1 expression, in 
comparison to lower levels, significantly correlated with increased overall survival in NSCLC patients, supported by Kaplan-Meier 
survival analysis (Fig. 3C, P < 0.05 = 0.0176). Moreover, heightened CSRNP1 expression was associated with a greater proportion 
of disease-free survival (Fig. 3D, P < 0.050356). Collectively, our survival analyses underscore potential of CSRNP1 as a favorable 
prognostic marker for NSCLC patients. 

Fig. 4. Expression of CSRNP1 in control and cancer cell lines. (A, B) Western blots and qPCR showed differential protein expressions and mRNA of 
CSRNP1 in five NSCLC cell lines and control cell line (BEAS-2B). Western blots have been provided as supplementary material.One-way ANOVA was 
conducted. ***P < 0.001 vs control. (C–F) Calu-1 and NCI–H292 demonstrated lower expression of CSRNP1 after silencing with Si-CSRNP1 (1#,2#,3#) 
compared with Si-NC and control groups. All experiments were repeated in triplicate with sample size n = 3 for robustness and reliability. One-way ANOVA 
was conducted. *P < 0.05, **P < 0.01, ***P < 0.001 vs si-NC. 

Z. Xu et al.                                                                                                                                                                                                              
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3.4. Expression of CSRNP1 in NSCLC cell lines 

Following the validation of clinical significance of CSRNP1 in NSCLC patients, we explored protein and CSRNP1 mRNA expression 
in NSCLC cancerous cell lines (Calu-1, A549, H1650, NCI–H292, NCI–H23) and the BEAS-2 control cell line. Our results demonstrated 
a significant down-regulation of CSRNP1 in NSCLC cells at both protein (Fig. 4A, F = 30.3, P < 0.001) and mRNA levels (Fig. 4B, F =
116.8, P < 0.001). Calu-1 and NCI–H292 exhibited higher CSRNP1 expression, leading us to conduct subsequent experiments on these 
two cell lines. Silencing CSRNP1 in these cells significantly reduced CSRNP1 protein (Calu-1: F = 46.1, P < 0.001; NCI–H292: F = 15.8, 
P < 0.001) and mRNA expression (Calu-1: F = 256.2, P < 0.001; NCI–H292: F = 193.7, P < 0.001) in the Si-CSRNP1 groups (#1, #2, 
#3) as depicted in Fig. 4C–F (P < 0.05). Notably, siRNA-2 exhibited superior efficacy among the tested siRNAs, prompting its selection 
for subsequent experiments. Overall, our in vitro investigations revealed a significant downregulation of CSRNP1 in various NSCLC cell 
lines as compared to control cell line. 

3.5. Effects of CSRNP1 silencing on migration, invasion, and cell viability in Calu-1 and NCI–H292 cells 

The impact of CSRNP1 silencing on Calu-1 and NCI–H292 cell migration, invasion, and viability were subsequently assessed. The 
wound-healing assay provides a cost-effective and straightforward method for investigating directional cell migration in vitro [31]. 
The transwell invasion assay, widely employed to assess the invasive response of endothelial cells and stands out for its high detection 
sensitivity [32]. The wound-healing assay demonstrated increased wound closure in Calu-1 (F = 18.5, P < 0.001) and NCI–H292 (F =
16.5, P < 0.001) cells in the Si-CSRNP1 group compared to Si-NC, indicating enhanced migration capacity in Si-CSRNP1 cells (Fig. 5A 
and B, P < 0.05). Transwell assay revealed elevated invasion in Si-CSRNP1 Calu-1 (F = 12.4, P < 0.001) and NCI–H292 cells (F = 13.9, 
P < 0.001) compared to Si-NC, signifying accelerated invasion (Fig. 5C,D, P < 0.05). MTT assay showed increased viability in 
CSRNP1-silenced Calu-1 (F = 10.2, P < 0.001) and NCI–H292 (F = 11.1, P < 0.001) cells, suggesting a vital role in NSCLC malignancy 
(Fig. 5E, P < 0.05). Overall, these findings indicate that downregulation of CSRNP1 in NSCLC cells not only promotes migration and 
invasion but also significantly increases cell viability, suggesting a crucial role in the malignancy of these cells. 

Fig. 5. The biological mechanism of CSRNP1 silencing in Calu-1 and NCI–H292 cells. (A, B) A wound-healing assay was performed to evaluate 
the migratory ability of Calu-1 and NCI–H292 cells after transfection with Si-CSRNP1 and Si-NC. (C, D) Transwell assay was performed on Calu-1 
and NCI–H292 cells and showed invasion capability of cells. (E) MTT assay showed the cell viability of siRNAs transfected cells. Independent two- 
sample t-test was used. ***P < 0.001 vs Si-NC. 

Z. Xu et al.                                                                                                                                                                                                              
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3.6. CSRNP1 silencing promoted the activation of the Akt/MDM2/p53 pathway 

Given that downregulated genes in NSCLC were predominantly enriched in cell cycle-related pathways and associated with the G2/ 
M phase transition (Fig. 2), we explored the impact of silencing CSRNP1 in Calu-1 cells on downregulated signaling pathways of cell 
cycle. The Akt/MDM2/p53 pathway is reported to be involved in the regulation of cell growth and cell cycle in lung cancer [33]. Key 
proteins in the G2/M phase transition, including CDK1 and Cyclin B, were specifically targeted for investigation [34]. Consequently, 
protein levels of p-AKT, AKT, p-MDM2, MDM2, p53, CDK1, and Cyclin B were assessed. The results from Western blot analysis revealed 
a significant increase in the protein expression of p-Akt/Akt, p-MDM2/MDM2, CDK1, and Cyclin B, accompanied by a decrease in p53 
expression in CSRNP1-silenced Calu-1 cells compared to the blank or Si-NC group (Fig. 6A and B). These findings suggest that the 
knockdown of CSRNP1 promotes the activation of the Akt/MDM2/p53 signaling pathway in vitro. 

4. Discussion 

For a decade, extensive studies have demonstrated that lung cancer incidence is notably soaring, with huge influence on the health 
and life of patients [35,36]. It is the second most frequently diagnosed cancer in both males and females and has the highest mortality 
in both sexes [37]. Compared to other common cancers, patients with lung cancer have the highest risk of malignancy-associated 
suicide [38]. 

NSCLC is the most common kind of lung cancer characterized by high-rise incidence and accounts for 85% of all lung cancer cases 
[39,40]. For patients at early-stage disease, NSCLC poses a significant clinical challenge with a propensity for distant metastasis and 
early relapse [41]. NSCLC has a 5-year survival rate of 65% in localized disease and 9% in metastatic disease [42]. Due to high disease 
burden, it is critical to find new molecules and associated pathways involved in pathogenesis of NSCLC to curb the disease. 

Fig. 6. Activation of the Akt/MDM2/p53 pathway in CSRNP1-silenced Calu-1 cells. (A, B) Western blot was performed to detect the protein 
expression of p-Akt, Akt, p-MDM2, MDM2, p53, CDK1, and Cyclin B in Calu-1 cells (Uncropped blots have been provided as supplementary ma-
terial). One-way ANOVA was conducted. *P < 0.05, **P < 0.01. All experiments were repeated in triplicate with sample size n = 3 for robustness 
and reliability. 

Z. Xu et al.                                                                                                                                                                                                              
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Interestingly, in the last two decades, significant gains have been made in understanding the genetic mutations and underlying bio-
molecular mechanisms, however still the disease burden is still high. 

CSRNP1 has been suggested as an immediate early gene [43] that is linked to a special AGAGTG sequence and comprised of 
cysteine and serine-rich based domains. In articular chondrocytes, CSRNP1 serves as transcriptional regulator and upregulates the 
expression of matrix metalloproteinases [44]. Importantly, expression of CSRNP1 could be highly induced by IL-2 in mouse T lym-
phocytes in an in vivo model [16]. TCGA cohort indicated that CSRNP1 is downregulated in tumor tissues, but interestingly its 
down-regulation predicts a better prognosis in NSCLC patients [25]. Study by Wang Z et al. has proposed a seven gene prognostic 
signature in lung squamous cell carcinoma, and CSRNP1 was included as a prognostic biomarker [26]. CSRNP1 gene is a prognostic 
biomarker for clear cell renal cell carcinoma, and high expression of CSRNP1 is correlated with enhanced immune response and 
improved survival outcomes [15]. Meanwhile, CSRNP1 upregulation is reported to disrupt cell-cycle progression by downregulating 
the activity of Cdk1 and promotes apoptosis through a JNK-dependent manner [45]. These findings might facilitate our understanding 
of the role of CSRNP1 in the progression of various types of diseases. However, its precise role in patients with NSCLC requires 
investigation. In this study, we used systematic bioinformatics tool to show that CSRNP1 could be an important prognostic factor for 
NSCLC, and its downregulation in tumor tissue of NSCLC patients was confirmed. Moreover, our study revealed that CSRNP1 protein 
was valuable in differentiating tumor and adjacent tissues of NSCLC significantly with an AUC of 0.8783, and higher expression of 
CSRNP1 was related with longer OS and DFS in NSCLC patients, consistent with a previous study [25]. Therefore, CSRNP1 protein 
could serve as a novel biomarker for diagnosing NSCLC patients and predicting their survival. 

The present work explored the biological functions of CSRNP1 in NSCLC cells by transfecting Si-CSRNP1 plasmids. Herein, 
knockdown of CSRNP1 promoted NSCLC cell proliferation, migration, as well as invasion. Thus, CSRNP1 may not only act in the 
biological mechanism of NSCLC but also work as a promising therapeutic target of NSCLC. 

Interestingly, GO and KEGG pathways indicated several deregulated pathways especially cell cycle and DNA replication pathways. 
We proceeded to investigate the protein levels of p-Akt, p53, p-MDM2, CDK1, and Cyclin B, which are involved in various cellular 
processes, including cell cycle regulation [46–48]. The Akt pathway is implicated in the progression of NSCLC [49,50]. P53 is a tumor 
suppressor and plays critical role in cell cycle arrest [51–54]. Akt inhibits p53 expression by phosphorylating and facilitating the 
nuclear translocation of oncogene MDM2 [55–57]. MDM2 inhibits p53-mediated senescence and promotes tumorigenesis [58]. 
Interestingly, Akt enhances MDM2-mediated ubiquitination and degradation of p53 [59–61]. Previous studies have also revealed that 
this signaling pathway participates in the regulation of cancer cell growth, cell cycle arrest, and cell apoptosis in lung cancer [33,62]. 
In our study, we observed a significant increase in the levels of p-Akt/Akt, p-MDM2, CDK1, and Cyclin B in CSRNP1-silenced NSCLC 
cells, accompanied by a concomitant decrease in p53 levels. These findings suggest that the tumor suppressor CSRNP1 may play a dual 
role by modulating the Akt/MDM2/p53 pathway in NSCLC. A previous study also suggests that CSRNP1 is associated with the Akt 
pathway [63], yet the precise mechanism remains elusive. Considering role of CSRNP1 as a transcriptional factor for MMP1 [44], and 
the known role of MMP-1 in targeting the Akt pathway to enhance cell survival and inhibit apoptosis [64], it is plausible that CSRNP1 
might regulate the Akt pathway, thereby impacting NSCLC progression through MMP1 modulation. This presents a potential avenue 
for future research. 

Nevertheless, this study has some limitations. The initial screening of CSRNP1 using the GEO online database may introduce 
potential bias in microarray results or sample selection. Additionally, further investigations involving a larger cohort are warranted to 
validate our findings. Furthermore, our assessment of CSRNP1 was confined to tissue samples and NSCLC cell lines but lacked vali-
dation of long-term effects of CSRNP1 expression in patients. Future studies incorporating animal models will be performed to 
elucidate the in vivo role of CSRNP1 in NSCLC progression. These steps are crucial for a comprehensive understanding of CSRNP1’s 
potential as a therapeutic target and its relevance in the clinical management of NSCLC. 

In conclusion, our study utilized bioinformatics tools to unveil the downregulation of CSRNP1 in NSCLC, which was subsequently 
validated in a cohort of 30 patients. We elucidated the clinical significance of CSRNP1 in NSCLC, and established its relevance to 
diagnosis and survival in NSCLC. Given the close association of NSCLC tumorigenesis and metastasis with cell proliferation, migration, 
and invasion [65], our findings further underscored that siRNA-induced CSRNP1 silencing exerts a promoting effect on NSCLC cell 
proliferation, migration, and invasion. This suggests that CSRNP1 not only serves as a diagnostic and prognostic biomarker for NSCLC 
but also holds therapeutic potential as a clinical target for this cancer. 
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