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Recent studies indicate that Secretogranin V (SCG5) is aberrantly expressed in various cancers and 
may be linked to tumor progression and prognosis. This study aims to evaluate the potential of SCG5 
as a prognostic biomarker for non-small cell lung cancer (NSCLC). We employed a combination of 
bioinformatics analysis, Western blotting, and immunofluorescence techniques to investigate the 
role of SCG5 in NSCLC. A comprehensive analysis of TCGA and GEO pan-cancer datasets revealed 
a consistent upregulation of SCG5 across multiple cancer types. In NSCLC, SCG5 expression was 
significantly higher in tumor tissues compared to normal lung tissues (p < 0.001). Kaplan-Meier 
survival analysis demonstrated that patients with elevated SCG5 expression exhibited lower overall 
survival rates, suggesting a strong association with poor prognosis. Univariate and multivariate 
COX regression analyses, conducted on both TCGA cases and our collected patient data, confirmed 
SCG5 as an independent prognostic factor for NSCLC. Furthermore, immune infiltration analysis 
indicated a significant correlation between SCG5 expression and various immune cell subpopulations, 
underscoring its potential role as a biomarker for adverse outcomes. Western blot analysis further 
validated the elevated levels of SCG5 in NSCLC tissues and cell lines compared to their normal 
counterparts. Based on our findings, we hypothesize that SCG5 may serve as a valuable biomarker for 
predicting the prognosis of non-small cell lung cancer, thereby guiding future research in the fields of 
diagnosis, progression, therapy, and prognosis of NSCLC.
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Lung cancer is the most common form of cancer and the leading cause of cancer death, accounting for 18.0% of 
all cancer deaths1. The prognosis for lung cancer is extremely poor, with a five-year survival rate of only 10–20% 
of patients diagnosed with lung cancer in most countries2. Non-small cell lung cancer is a highly heterogeneous 
tumor that accounts for approximately 85% of all newly diagnosed lung cancers3. Although existing biomarkers 
such as epidermal growth factor receptor EGFR mutations, ALK rearrangements, and PD-L1 expression have 
significantly advanced the diagnosis and treatment of non-small cell lung cancer, they still possess certain 
limitations in predicting patient prognosis and guiding personalized therapy. Therefore, the development of new 
biomarkers is of considerable importance for the early diagnosis, evaluation of disease prognosis, and decision-
making regarding treatment for non-small cell lung cancer4. Therefore, it is crucial to investigate new NSCLC 
biomarkers in order to understand the mechanisms of NSCLC.

The SCG5 gene, also known as Secretogranin V, is situated in band 3 of region 1 on the long arm of human 
chromosome 15. Spanning approximately 55 kb in size, this gene comprises six exons5. Research suggests that the 
neuroendocrine protein 7B2, which is encoded by SCG5, functions as a molecular chaperone for the proteogen 
converting enzyme PC2. This role involves preventing the premature activation of PC2 in the regulatory secretory 
pathway6,7. Notably, abnormal expression of PC2 has been linked to the proliferation and differentiation of 
various tumor cells8. Studies on human pheochromocytoma have established a direct correlation between 
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PC2 and endocrine gland tumors. Furthermore, PC2 expression has been observed in tumors such as breast 
cancer, colon cancer, and small cell lung cancer (SCLC)9,10. SCG5 is significantly linked to the prognosis of 
various cancers. Research has shown that SCG5 exhibits substantial differences in gene expression between brain 
metastases and lymph node metastases in breast cancer patients. Patients with elevated levels of SCG5 expression 
in the primary tumor had a lower rate of distant metastasis-free survival compared to patients with lower levels 
of SCG5 expression11. In another study on cutaneous squamous cell carcinoma (cSCC), SCG5 was identified as 
a hub gene associated with cSCC metastasis. Experimental validation revealed that increased expression of the 
hub gene SCG5 has a notable negative impact on the prognosis of cSCC12.

The role of the SCG5 gene in NSCLC remains unknown. This study conducted bioinformatics analysis to 
examine the molecular profile of SCG5, analyzing its expression in various cancers using public databases. The 
research also assessed the expression pattern and prognostic significance of SCG5 in lung cancer. Furthermore, 
differential expression and immune infiltration analyses were performed, and the expression of SCG5 in NSCLC 
was validated using clinical tissues. Overall, the findings indicate that SCG5 serves as a significant biomarker for 
non-small cell lung cancer.

Materials and methods
SCG5 gene information
The location of the SCG5 gene in human chromosomes and its subcellular localization were visualized using the 
GeneCards database13. The OPENTARGET platform14was utilized to investigate the association of the SCG5 
gene with disease.

Differential and correlated expression analysis
Differential expression of the SCG5 gene across various cancer types was demonstrated using the TIMER 
database15 (http://timer.cistrome.org/). The analyses were conducted in R version 3.6.3 to investigate differences 
in SCG5 expression at the mRNA level in different disease states (tumor or normal). The results were visualized 
through box plots and paired sample line plots. Microarray datasets (GSE19804, GSE118370, GSE27262, 
GSE33532) were acquired from the Gene Expression Omnibus (GEO) database to identify genes implicated in 
NSCLC development. The GSE19804 dataset comprises 120 samples (T = 60, N = 60). The GSE118370 dataset 
contains 12 samples (T = 6, N = 6). The GSE27262 dataset includes 50 samples (T = 25, N = 25). The GSE33532 
dataset is composed of 100 samples (T = 80, N = 20; these samples are derived from four distinct sites of a single 
primary tumor and their matched distant normal lung tissues from 20 patients). More detailed information 
can be found in the Supplementary Information. Differentially expressed genes (DEGs) were illustrated using 
volcano plots, and relevant genes were identified from the dataset and displayed as heat maps.

Kaplan-Meier survival analysis
The Kaplan-Meier curve16 (https://kmplot.com/analysis/), also known as the survival curve, is a widely used 
method in survival analysis to assess the impact of a single factor on survival rates. To enhance the assessment 
of how SCG5 gene expression influences overall survival (OS) and post-progression survival (PPS) in patients 
with non-small cell lung cancer, which encompasses both lung adenocarcinoma (LUAD) and lung squamous 
carcinoma (LUSC), we conducted an online analysis of the GSE and TCGA datasets using resources available 
on this site (data for the GSE and TCGA were sourced from the KM online analysis platform). Kaplan-Meier 
survival curves were generated using the survminer package in the R programming language, and the significance 
of differences in survival rates was evaluated employing the Log-rank test.

Correlation expression analysis and tumor immune infiltration analysis
The protein-protein interaction (PPI) network for SCG5 was established using data sourced from the STRING 
database17 (http://string-db.org) (Version: 12.0). Interactions with PPI scores exceeding − 0.40 were selected for 
visualization purposes. Immune infiltration analysis was performed using the single sample GSEA (ssGSEA) 
algorithm in the R package GSVA (v3.6). The final results showed the difference in 24 immune cell infiltration 
scores between the high and low SCG5 expression groups by comparing boxplots between groups.

Univariate and multivariate COX regression analyses
The relationship between clinicopathological characteristics and prognosis was analyzed through univariate and 
multivariate COX regression analyses to identify the independent impact of each variable on patient prognosis. 
Patient data from the TCGA database were utilized, with a study sample consisting of 1026 patients. Variables 
included in the analysis were pathological T stage, high and low SCG5 expression, pathological M stage, primary 
treatment outcome, sex, age, tumor location, tumor type, and number of pack-years of smoking. To further 
validate the independent prognostic role of SCG5 in patients with NSCLC, we collected clinical samples from 95 
NSCLC patients. We then conducted univariate and multivariate COX regression analyses on the collected data 
and plotted Kaplan-Meier survival curves.

Nomogram construction
To further evaluate individual patients, we developed a prognostic nomogram statistical prediction model 
using the clinical data and results of COX regression analysis. Each variable’s impact on survival prognosis was 
quantified as a score in the nomogram, with a corresponding score interval for each variable. These scores were 
then summed to provide a total score, which was utilized to predict patient survival at one, three, and five years 
through the nomogram.
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Plotting the ROC curve
Differential RNA-Seq levels of the SCG5 gene were employed as a biomarker to differentiate lung cancer tissue 
from healthy lung tissue. The performance of SCG5 expression in distinguishing lung cancer tissue from normal 
lung tissue was evaluated using ROC curves generated with the pROC package in R software.

Cell culture
The human lung cancer cell lines A549(ATCC number : CCL-185 ), H1975(ATCC number : CRL-5908 ), 
H23(ATCC number : CCL-185), H1299(ATCC number : CRL-5803 ), H460(ATCC number : HTB-177), and 
4006(ATCC number : CRL-5800 ) utilized in the study were sourced from Procell, China. A549, H1975, H1299, 
H23 and 4006 cells were maintained at 37 °C in a 5% CO2 incubator with humidification. The culture medium 
consisted of 45 ml RMPI-1640 basal medium (Procell, China), supplemented with 5 ml 10% fetal bovine serum 
(Procell, China) and 1 ml penicillin-streptomycin solution (NCMbiotech, China).

Human normal lung epithelial cells BEAS-2B were procured from Procell, China. These cells were maintained 
at 37 °C in a humidified incubator with 5% CO2. The culture medium consisted of 45 ml of DMEM high-sugar 
basal medium (Procell, China), supplemented with 5 ml of 10% fetal bovine serum (Procell, China), and 1 ml 
of penicillin-streptomycin solution (NCMbiotech, China). Cell passaging was carried out using 0.25% Trypsin-
EDTA (NCMbiotech, China) when cells reached 80% confluency.

Sources of human tissue specimens
This study analyzed 95 cases of non-small cell lung cancer admitted to Yancheng Third People’s Hospital (The Sixth 
Affiliated Hospital of Nantong University) from June 2014 to June 2022. The research parameters encompassed 
basic patient information (age, gender), clinical characteristics (smoking history, tumor location, pathological 
type), staging indicators (pathological T stage, pathological M stage, TNM staging, histological staging, lymph 
node metastasis status), treatment outcomes (initial treatment effect), molecular features (SCG5 gene expression 
level) and samples from peritumor and tumor tissue. Regarding sample processing, surgically removed tissue 
samples were promptly placed in ice boxes. Following aseptic sampling procedures, two preservation methods 
were employed: samples for Western blot detection were stored in a liquid nitrogen environment, while samples 
for immunohistochemical analysis were fixed with 10% formalin, made into 5 μm thick frozen sections, and 
ultimately preserved at -80 °C. The inclusion criteria were as follows: (1) histopathologically confirmed NSCLC; 
(2) age range from 18 to 90 years; (3) surgical indication without neoadjuvant radiotherapy; (4) no significant 
surgical contraindications; (5) exclusion of endocrine and metabolic diseases; (6) no history of mental illness. 
All subjects completed more than five years of follow-up. This study was approved by the Ethics Committee of 
the Third People’s Hospital of Yancheng City (Affiliated Hospital 6 of Nantong University) (Ethical Approval No: 
LS2023-46), and written informed consent was obtained from all participating patients.

Western blot
Proteins were initially extracted from the cells, washed twice with PBS (Procell, China), and then treated with 
RIPA lysate (Servicebio, China) and PMSF solution (Beyotime, China) in a ratio of 100:1. The mixture was 
resuspended on ice for 30  min. The pre-cooled centrifuge (15  min, 4  °C, 14,000  rpm) was used to separate 
the lysed and fragmented cells, retaining the supernatant for protein quantification analysis. Protein samples 
containing 50 µg were then separated by SDS-PAGE and transferred to PVDF membranes. Following blocking 
with 5% skimmed milk for two hours, the membranes were rinsed with TBST and incubated overnight at 4 °C with 
primary antibodies (Proteintech, China). Subsequently, the membranes were rinsed with TBST and incubated 
with a secondary antibody for one hour at room temperature in the absence of light. Immunoblotting was carried 
out using an enhanced chemiluminescence kit (NCMbiotech, China) and a fully automated chemiluminescence 
image analysis system (Tanon-5200Multi, China) was utilized. The SCG5 antibody (Proteintech, Cat No. 10761-
1-AP) was diluted to a ratio of 1:1000, while GAPDH (Proteintech, Cat No. 10494-1-AP) was diluted to 1:10000 
and served as the reference protein for standardizing protein expression levels.

Immunohistochemistry and Immunofluorescence
Paraffin was removed using xylene, followed by hydration through a series of alcohol concentration gradients. 
Next, the sections were treated with a 3% hydrogen peroxide solution to inhibit endogenous peroxidase activity 
and embedded in 5% BSA. Subsequently, the sections were incubated overnight at 4 °C with a dilution of primary 
antibody (rabbit polyclonal antibody, dilution of 1:500, Proteintech, China), washed with PBST solution, and 
underwent secondary antibody incubation for 30 min at 37  °C. After another wash with PBST solution, the 
sections were stained with DAB. Dropwise addition of DAB color development solution was done for 2 min, 
followed by rinsing with distilled water. The sections were then restained with hematoxylin for 3 min, rinsed 
with PBS until satisfactory staining was achieved, dehydrated, and embedded in neutral resin. Finally, the 
sections were observed and photographed under a microscope.

A549 cells were cultured in 12-well plates and processed for cell slides. The medium was aspirated and rinsed 
with a PBS solution. The cells were fixed with 4% paraformaldehyde for 10 min at room temperature, followed by 
three washes with ice-cold PBS solution. Subsequently, the cells were incubated with PBS containing 0.1-0.25% 
Triton X-100 for 10 min and washed three times with PBS solution. Following this, the cells were treated with 
5% BSA for 30 min at room temperature, then incubated with a primary antibody dilution (rabbit polyclonal 
antibody, dilution of 1:500, Proteintech, China) at 4 °C overnight. After three PBS washes, the cells were exposed 
to a fluorescence-labeled secondary antibody dilution for 1 h at room temperature in the dark. The cells were 
then washed three times with PBS for 5  min each under light protection. Subsequent to staining the nuclei 
with DAPI for 5 min in the dark, the cells were washed with PBS. Finally, the coverslips were sealed with a 
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drop of anti-fluorescence quenching sealer, and the images were examined and captured using a fluorescence 
microscope.

Statistical analysis
We conducted a differential analysis of gene expression data utilizing the DESeq2 software package. This 
package employs a negative binomial distribution model to identify significantly differentially expressed genes 
while normalizing the sequencing depth across samples. To minimize false-positive results arising from the 
analysis of numerous gene differences, we applied the Benjamini-Hochberg method to correct all p-values for 
the false discovery rate (FDR). Only genes with an FDR of less than 0.05 were deemed statistically significantly 
different. Quantitative data were obtained by analyzing the grayscale values of the Western blot bands using 
Image J software. The grayscale values of the target protein and the internal reference protein were subsequently 
processed using GraphPad Prism software for statistical analysis.

To evaluate the relationship between SCG5 gene expression and patient prognosis, we conducted univariate 
and multivariate COX proportional hazards regression analyses. Additionally, Kaplan-Meier survival curves 
and Log-rank tests were employed to assess the differences in survival between patients with high and low SCG5 
gene expression. The hazard ratio (HR) and its 95% confidence interval (CI) were utilized to quantify the impact 
of SCG5 gene expression on patient survival. All statistical analyses were carried out using R software, with a 
significance threshold set at p < 0.05.

Measurements in this study were presented as mean ± SD (standard deviation of the mean). Statistical 
significance between groups was assessed using Student’s t-test, with significance levels defined as: *P < 0.05; 
**P < 0.01; ***P < 0.001.

Results
SCG5 localization and associated disease networks
To investigate the functional characteristics and pathological relevance of the SCG5 gene, we performed a 
systematic search of the GeneCards database. The results show that the 7B2 protein, as the encoded product of 
SCG5, has a tissue-specific distribution and is mainly located in the extracellular matrix and nuclear regions. 
At the same time, its expression was also detected in cytoskeletal components (Fig. 1A). From the perspective 
of genomic localization, this gene was confirmed to be located on human chromosome 15 (Fig. 1B). Based on 
the gene-disease network construction and analysis, SCG5 shows significant associations with various types of 
diseases, covering the spectrum of hereditary/familial/congenital diseases, digestive system diseases, and various 
malignant tumors (Fig. 1C).

Fig. 1.  SCG5 localization and associated disease networks. (A) Subcellular localization of the protein 7B2 
encoded by the SCG5 gene in the GeneCards database; (B) Chromosomal localization of the SCG5 gene in the 
GeneCards database; (C) SCG5 gene-disease interaction network in the Open Targets platform.
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Bioinformatics analysis shows that SCG5 is highly expressed in lung cancer cells and tumor 
tissue
We conducted a pan-cancer analysis of SCG5 expression across multiple cancer types. Utilizing the online 
analysis data from the TIMER database, we observed that SCG5 generally exhibited an upward trend in various 
cancers, including invasive breast cancer, colon cancer, head and neck squamous cell carcinoma, and lung 
adenocarcinoma (Fig. 2A-B-C). Further analysis revealed that the expression level of SCG5 in these cancers was 
significantly higher than in normal tissues, suggesting that SCG5 may play a crucial role in cancer occurrence 
and development. By validating the data from the GTE database, we further examined the expression status 
of SCG5, which confirmed its high expression levels across multiple cancers (Fig. 2F). This finding aligns with 
the results from paired sample comparisons (Fig. 2E), further indicating the potential of SCG5 as a biomarker. 
Additionally, volcano plot analysis identified differentially expressed genes in lung cancer tissues, showing that 
SCG5 expression was up-regulated to a notable extent in these tissues (Fig. 2G). The heatmap illustrated the top 
20 differentially expressed genes between normal lung tissues and lung cancer tissues, highlighting a significant 
difference in SCG5 expression between these two tissue types, particularly the relatively high levels in lung 
cancer tissues, which further supports the biological significance of SCG5 in lung cancer (Fig. 2D).

PPI network analysis and immune cell infiltration analysis of the SCG5 gene
Utilizing the STRING database, the protein-protein interaction network was built, identifying the ten chaperone 
proteins with the highest predicted scores, which are listed as follows: Based on their STRING scores (Fig. 3A), 
the top ten chaperone proteins include: PCSK2 (0.983), SCG3 (0.925), CHGB (0.893), SCG2 (0.865), CHGA 
(0.800), PCSK1 (0.786), GREM1 (0.761), FMN1 (0.739), PCSK1N (0.693), and CPE (0.610). These proteins 
exhibit a significant correlation with SCG5 in the STRING database, suggesting they may hold crucial roles in 
the regulation and function of SCG5. Further experimental investigations are necessary to confirm the biological 
relevance of these interactions. Additionally, we analyzed the correlation between infiltration scores of 24 
immune cells and SCG5 gene expression in lung cancer patients from the TCGA database. Our findings revealed 
a significant positive correlation between SCG5 expression in lung cancer and the infiltration of various immune 
cells, including CD8 T cells and Treg cells (Fig. 3B). By constructing a PPI network, we identified the interaction 
relationships between SCG5 and other proteins. Concurrently, we conducted an immune infiltration analysis to 
evaluate the correlation between the expression level of SCG5 and the degree of immune cell subset infiltration 
in lung cancer patients. This multi-dimensional analytical approach not only facilitates the exploration of the 
interaction mechanisms of SCG5 with other key proteins at the molecular level but also suggests that SCG5 
may play a crucial role in the tumor microenvironment by modulating the infiltration patterns of immune cells, 
thereby influencing tumor progression.

Western blot and immunohistochemistry showed that SCG5 was highly expressed in lung 
cancer cells and tumor tissue
To validate the favorable results observed in the bioinformatics analysis, we examined the expression levels 
of SCG5 in human NSCLC tissues and NSCLC cell lines. Western blot analysis was employed to assess the 
expression levels of SCG5 across various lung cancer cell lines. The results demonstrated that SCG5 was 
expressed at significantly higher levels in these cell lines compared to the human normal lung epithelial BEAS-
2B cells (Fig. 4A-B). Following this, the expression and localization of SCG5 in A549 cells were investigated using 
immunofluorescence imaging, which revealed a predominant localization of SCG5 in the nucleus (Fig.  4C), 
corroborating the findings presented in Fig.  1. Furthermore, the expression of SCG5 in NSCLC tissues and 
adjacent normal lung tissues was evaluated through immunohistochemistry, indicating a higher expression of 
SCG5 in NSCLC compared to normal tissues (Fig. 4D). Additionally, protein samples from six pairs of NSCLC 
tissues and adjacent normal tissues were collected and analyzed via western blot to further confirm the elevated 
expression of SCG5 in lung cancer tissues (Fig. 4E-F). In summary, the experimental findings support the idea 
that SCG5 expression is elevated in human NSCLC tissues compared to normal tissues. This observation aligns 
with the results derived from the bioinformatics analysis.

ROC curve and prognostic analysis of the SCG5 gene
Using the Kaplan-Meier (KM) online tool, we conducted an analysis of the association between SCG5 
expression levels in microarray data (203889_at) and patient survival outcomes, which include overall survival 
and post-progression survival, among individuals diagnosed with lung adenocarcinoma and lung squamous 
cell carcinoma. The findings revealed that patients exhibiting higher SCG5 expression levels experienced 
significantly reduced overall survival and post-progression survival in comparison to those demonstrating lower 
SCG5 levels (Fig. 5A/B). Notably, in the cohort with LUSC, increased SCG5 expression was linked to diminished 
overall survival, implying that SCG5 might influence survival outcomes in patients with LUSC. However, it is 
noteworthy that after disease progression, we did not observe any statistically significant differences in survival 
between patients categorized as having high versus low SCG5 expression (Fig.  5C/D). This indicates that 
although SCG5 expression may affect overall survival in LUSC patients, it does not appear to impact survival 
once the disease has advanced.

Additionally, the levels of differential RNA-Seq for SCG5 were utilized as a biomarker for differentiating 
normal lung tissue from lung cancer tissue. The analysis of the ROC curve demonstrated an area under the 
curve (AUC) value of 0.850 (95% CI: 0.811–0.890), suggesting that the expression levels of SCG5 can effectively 
separate normal lung tissue from lung cancer tissue (Fig.  5E). To improve the clinical usage of SCG5 as a 
prognostic biomarker for NSCLC, we created a prognostic nomogram model that includes SCG5 expression 
levels, pathological stage, and several other clinicopathological characteristics. This model synthesizes results 
from univariate and multivariate COX regression analyses, quantifying how each variable contributes to 
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Fig. 2.  Comparison of SCG5 gene expression levels in normal and tumor tissues. (A–C) TIMER database 
showing SCG5 expression in pan-cancerous tissues; (D) Heatmap visualization of differential gene expression 
levels in normal lung tissue versus lung cancer tissue; (E, F) Differential expression of SCG5 in NSCLC and its 
paired adjacent tissue; (G) Volcano plot of differentially expressed genes.
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predicting survival rates at one, three, and five years. Key factors represented in the nomogram include SCG5 
expression, tumor stage (T, N, M), age, smoking history, tumor type (either adenocarcinoma or squamous 
cell carcinoma), and tumor location (Fig. 5G). These results underscore the promise of SCG5 as a prognostic 
indicator for NSCLC patients, highlighting the necessity of tracking SCG5 expression within clinical settings to 
inform treatment approaches and enhance patient outcomes.

Univariate and multivariate COX regression analysis
To assess the potential independent prognostic value of SCG5 for pathological features related to lung cancer 
prognosis, we conducted univariate and multivariate COX regression analyses using patient data from the 
TCGA database. Our findings revealed a significant association between patient prognosis and variables such 
as tumor stage, presence of distant metastases, as well as high SCG5 expression and age (p < 0.05). Conversely, 
factors such as gender, tumor location, tumor type, and years of smoking did not show a significant association 
with prognosis (p > 0.05) (Table 1). After conducting a multivariate COX regression analysis, we were unable to 
establish a significant correlation between SCG5 and OS (Table 1). To mitigate the effects of data heterogeneity 
and potential errors in the initial data quality of the database, we re-collected clinical data from 95 patients 
with non-small cell lung cancer at our hospital and performed univariate and multivariate COX regression 
analyses again (Tables 2 and 3). The results indicated a significant difference in overall survival between the 
high and low expression groups of the SCG5 gene in both univariate and multivariate analyses. In the univariate 
analysis, high SCG5 expression was associated with a poorer prognosis (HR = 0.318, 95% CI: 0.163–0.621, 
P = 0.001). Furthermore, after controlling for other clinical covariates, the multivariate analysis continued to 
demonstrate that high SCG5 expression was significantly linked to a poorer prognosis (HR = 0.387, 95% CI: 
0.155–0.967, P = 0.042). Additionally, Kaplan-Meier survival curves illustrated that the survival rate of the SCG5 
low-expression group was significantly higher than that of the high-expression group, with a hazard ratio of 
0.3240 (95% CI: 0.1791–0.5860, p = 0.0004)(Fig. 5F). These findings support the potential of the SCG5 gene as 
an independent prognostic factor.

Discussion
Non-small cell lung cancer is the most prevalent type of lung cancer, representing approximately 85% of all 
cases3. NSCLC has shown resistance to traditional radiotherapy and chemotherapy treatments18,19. With 
ongoing research into cancer development mechanisms, targeted therapies based on biomarkers have emerged 
as the primary treatment approach for advanced NSCLC patients. To enhance the efficacy of treatment and the 
overall quality of life for NSCLC patients, the exploration of new biomarkers is crucial for understanding the 
mechanisms underlying NSCLC development and improving the accuracy of early diagnosis and prognostic 
evaluation20.

In recent years, the SCG5 gene has been identified as playing a role in the development and progression of 
various cancers, such as small cell lung cancer21, squamous cell carcinoma of the skin12, and gastrointestinal tract 
tumors22. SCG5 functions as a molecular chaperone for the proteogen convertase PC2 and plays a role in the 
processing and maturation of various proteins6,7. It has been postulated that the functional relationship between 
SCG5 and PC2 suggests that their gene expressions may be coordinately regulated. The proximal promoter 
regions of these two genes contain binding sites for cAMP response element (CRE), specificity protein 1 (SP1), 

Fig. 3.  SCG5 gene network analysis with its expression in immune cell subpopulations. (A) Protein–protein 
interaction network analysis of SCG5-related genes; (B) Intergroup comparison boxplot showing the 
differences in the above 24 immune cell infiltration scores between SCG5 high/low expression groups.

 

Scientific Reports |        (2025) 15:16589 7| https://doi.org/10.1038/s41598-025-00747-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 4.  Western blot and immunohistochemistry showed that SCG5 was highly expressed in lung cancer 
cells and tumor tissues. (A, B) Western blot for the expression of SCG5 protein in various lung cancer 
cell lines and normal human lung epithelial cells (data are the results of three independent biological 
experiments); (C) immunofluorescence assay for the expression and localization of SCG5 in A549 cells; (D) 
immunohistochemistry assay for the expression of SCG5 in tumor tissues from non-small cell lung cancer 
patients and adjacent normal lung tissues; (E, F) Western blotting was employed to analyze SCG5 expression in 
protein samples extracted from six pairs of human lung cancer tissues and their adjacent normal tissues (data 
are the results of three independent biological experiments).
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Fig. 5.  ROC curves and survival prediction analysis of the SCG5 gene. (A, B) Analyzed the KM database to 
study the prognostic association of SCG5 expression with overall survival and post-progression survival in 
patients with LUAD; (C, D) Analyzed the KM database to study the prognostic association of SCG5 expression 
with overall survival and post-progression survival in patients with LUSC; (E) ROC curves; (F) Kaplan-Meier 
survival analysis of NSCLC patients with different SCG5 expression levels in immunohistochemistry; (G) 
Nomogram of predicted 1-3- and 5-year survival rates of lung cancer patients.
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AP1, and AP2, yet they lack other apparent regulatory elements23,24. In an animal model of insulin-induced 
hypoglycemic shock, a significant decrease in mRNA levels of SCG5 and PC2 was observed after 6 h. However, 
over an extended period (up to 72 h), SCG5 mRNA levels continued to decline, while PC2 mRNA levels increased 
significantly and remained elevated. This differential expression may be linked to the reduced conversion of 
proPC2 to PC2, indicating that the downregulation of SCG5 may serve as a cellular mechanism that limits 
PC2 activity25.Co-transfection of SCG5-PC2 gene in human hepatocellular carcinoma cell line HepG2, mouse 
melanoma cell line B16, mouse breast carcinoma cell line 4T1, human lung carcinoma cell line A549, human 
breast carcinoma cell line MCF-7 and mouse mast cell tumor cell line P815 showed that with the increase of 
PC2 gene dose, these tumor cells inhibited their proliferation to different degrees and exhibited apoptosis26. In 
addition, SCG5 may be involved in pancreatic cancer metastasis through the interaction of the PPAR pathway, 
PI3K-Akt pathway and ECM receptor27. In the study of cutaneous squamous cell carcinoma (cSCC), SCG5 was 
identified as one of the hub genes associated with cSCC metastasis, and its high expression was correlated with 
cSCC invasion and migration12. It was also found that two important transcription factors, MYC and SPI1, 
may affect the signaling pathways associated with cSCC by targeting the expression of the hub genes. MYC, 
as a proto-oncogene, is involved in the transcriptional regulation of a variety of genes, including cell cycle, cell 
growth and cell metabolism28,29. In NSCLC, SPI1 induces SNHG6 up-regulation and regulates NSCLC cellular 
processes through the SNHG6/Mir-485-3p/VPS45 axis to exert oncogenic effects30.Despite this, the relationship 
between SCG5 and non-small cell lung cancer remains unclear in existing studies. Hence, our study aims to 
explore the potential cancer-promoting impact of SCG5 on NSCLC through bioinformatic analysis.

Our study systematically investigates the role and clinical significance of SCG5 in NSCLC through 
bioinformatics analysis, experimental validation, and clinical data evaluation. Our findings indicate that the 
expression level of SCG5 in NSCLC tissues and cell lines is significantly higher than that in normal controls, 
suggesting its potential involvement in the onset and progression of NSCLC. Kaplan-Meier survival analysis 
further revealed that the overall survival rate of patients with high SCG5 expression was significantly lower 
than that of the low-expression group. Additionally, univariate and multivariate COX regression analyses 
confirmed the potential of SCG5 as an independent prognostic factor in NSCLC patients. The results of ROC 
curve analysis demonstrated that the AUC for SCG5 was 0.850, indicating high sensitivity and specificity in 
differentiating NSCLC from normal tissue. Notably, the Nomogram model proposed in our study offers a reliable 
tool for individualized patient prognosis assessment based on SCG5 expression levels, pathological stage, and 
fundamental patient characteristics. This model holds potential for clinical application, as it integrates multiple 

Characteristics Total (N)

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Pathologic T stage 1023 < 0.001

 T1 290 Reference Reference

 T2 574 1.399 (1.092–1.793) 0.008 1.242 (0.877–1.757) 0.222

 T3 117 2.270 (1.622–3.177) < 0.001 2.003 (1.246–3.220) 0.004

 T4 42 2.764 (1.769–4.318) < 0.001 1.859 (0.958–3.607) 0.067

SCG5 1026 0.032

 Low 510 Reference Reference

 High 516 1.241 (1.018–1.511) 0.032 1.047 (0.790–1.387) 0.750

Pathologic M stage 796 0.001

 M0 764 Reference Reference

 M1 32 2.287 (1.451–3.605) < 0.001 2.150 (1.216–3.800) 0.008

Primary therapy outcome 799 < 0.001

Gender 1026 0.117

 Female 413 Reference

 Male 613 1.176 (0.959–1.443) 0.119

Age 1010 0.022

 ≤ 65 447 Reference Reference

 > 65 563 1.264 (1.033–1.547) 0.023 1.126 (0.856–1.479) 0.396

Location 419 0.553

 Central lung 207 Reference

 Peripheral lung 212 1.095 (0.812–1.477) 0.553

Neoplasm type 1026 0.230

 Adenocarcinoma 530 Reference

 Squamous cell carcinoma 496 1.129 (0.926–1.375) 0.230

Number pack years smoked 784 0.446

 < 40 316 Reference

 ≥ 40 468 1.094 (0.867–1.381) 0.447

Table 1.  Univariate and multivariate regression analyses in NSCLC patients.
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Characteristic

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

SCG5 expression
Low vs. High 0.318 0.163–0.621 0.001* 0.387 0.155–0967 0.042*

Gender
Male vs. female 0.538 0.288–1.004 0.051

Age (years)
≤ 60 vs. > 60 0.867 0.460–1.636 0.660

Smoke 0.771 0.423–1.407 0.397

 SI<400

 SI ≥ 400

T 0.221 0.098–0.496 <0.001** 0.407 0.168–0.983 0.046*

 T1T2

 T3T4

N 0.190 0.101–0.358 <0.001** 0.454 0.210–0.982 0.045*

 N0

 N1N2N3

M 0.133 0.070–0.249 <0.001**

 M0

 M1

TNM stage
I/II vs. III/VI 0.049 0.020–0.119 < 0.001** 0.142 0.043–0.474 0.001*

Histology stage
Well vs. poorly 0.121 0.056–0.263 < 0.001** 0.261 0.094–0.724 0.010*

Table 3.  Univariate and multivariate analysis of prognostic factors of 5-year overall survival in NSCLC 
patients. HR hazard ratio, CI confidence interval. *P < 0.05, **P < 0.001.

 

Characteristics Number

Expression of SCG5

P valueaLow (N = 42) High (N = 53)

Age 0.418

 < 60 32 16 16

 ≥ 60 63 26 37

Gender 0.153

 Female 42 22 20

 Male 53 20 33

Smoke 0.676

 SI < 400 61 26 35

 SI ≥ 400 34 16 18

T 0.005*

 T1T2 38 23 14

 T3T4 57 19 39

N 0.019*

 N0 60 32 28

 N1N2N3 35 10 25

M 0.023*

 M0 76 38 38

 M1 19 4 15

TNM stage 0.001*

 I and II 53 33 20

 III and IV 42 9 33

Histology stage 0.048*

 Well 48 26 22

 Poorly 47 16 31

Table 2.  Relationship between SCG5 expression and clinicopathologic features of NSCLC patients. *P < 0.05. 
aChi-square test.
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factors to predict patient survival rates at 1, 3, and 5 years, thereby aiding in the development of personalized 
treatment strategies.

The tumor microenvironment (TME) is closely associated with tumorigenesis and metastasis31–33. T cells, 
including CD4 + T cells and CD8 + T cells, play a key role in the TME34,35. Immunotherapy is currently an 
important treatment for cancer and has made remarkable clinical progress. T cell-mediated immunotherapy 
plays an important role36. By immune infiltration analysis, we found that the expression of SCG5 in lung cancer 
was significantly and positively correlated with the infiltration of various immune cells. This result suggests 
that SCG5 may play an important role in the NSCLC tumor microenvironment and tumor immunoregulatory 
mechanism. In the subsequent phase of our research, we will quantify immune cell infiltration in tumor tissue 
using immunohistochemistry, flow cytometry, and single-cell RNA sequencing. This will allow us to assess the 
correlation between SCG5 gene expression and immune cell distribution. Additionally, we will investigate the 
regulatory effects of SCG5 on immune checkpoints, such as PD-1 and PD-L1, through RT-qPCR and Western 
blot analyses to explore its role in immune evasion. The methods outlined above may elucidate the potential 
regulatory role of SCG5 in tumor immunity. Consequently, targeted therapy against SCG5 could represent a 
promising avenue for immunotherapy in NSCLC.

Despite the preliminary results of our study, which reveal the potential role of SCG5 in NSCLC, our study still 
has some limitations. As mentioned above, SCG5 is closely related to the secretory function of neuroendocrine 
cells, and we speculate whether it also affects the biological behavior of NSCLC through a similar mechanism. 
Therefore, in the future, we will combine cellular and animal experiments to investigate the specific mechanism 
of SCG5 in NSCLC. For example, we can use knockdown or overexpression experiments to study the effects of 
SCG5 on tumor cell proliferation, invasion and migration. In addition, the present study was mainly based on 
the bioinformatics analysis of SCG5 gene and some simple cell line experiments, and did not explore the specific 
molecular mechanism between SCG5 and NSCLC through in vivo and in vitro experiments. In the future, we 
will investigate the signaling pathways and targets of SCG5, and use proteomics, genomics, metabolomics and 
other methods to comprehensively reveal the functional network of SCG5 on NSCLC. We will continue to search 
for molecules that specifically inhibit the activity of SCG5 using high-throughput screening and computer-
aided drug design, and then use molecular docking to search for possible binding sites between small molecule 
drugs and SCG5. Transgenic mice may also be generated using gene editing techniques such as CRISPR/Cas9 
to observe the effects of specifically silencing or inhibiting the expression of the SCG5 gene in mice and to study 
its in vivo and in vitro regulatory mechanisms in NSCLC. Finally, we will collect more information from large 
samples of NSCLC patients and compare it with our experimental results based on database analyses to better 
assess the potential of SCG5 as a prognostic marker for NSCLC.

Conclusions
Our findings indicate that SCG5 expression is significantly elevated in non-small cell lung cancer tissues 
compared to normal lung tissues. Furthermore, higher SCG5 levels correlate with poorer overall survival in 
patients. In conclusion, this research provides a reliable foundation for the utilization of SCG5 as a biomarker 
in the diagnosis and prognosis of NSCLC, while also highlighting avenues for future investigations into SCG5.

Data availability
The datasets generated during the present study are available for download from the Gene Expression Omni-
bus (GEO) database, accessible via the following accession numbers: GSE19804, GSE118370, GSE27262, and 
GSE33532.
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