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Lung Cancer Patients
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Abstract

Background: A substantial association has been established between
diabetes and an elevated risk of lung cancer. This study aimed to
elucidate the prognosis and characterize alterations in the immune
microenvironment linked to the protein kinase C substrate 80K-H
(PRKCSH) gene in the context of diabetic lung cancer.

Methods: The expression profile of receptor for advanced glyca-
tion end products (RAGE) genes in lung adenocarcinoma (LUAD)
and diabetic cohorts was analyzed utilizing data from The Cancer
Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO).
The methodological framework included single-sample gene set en-
richment analysis (ssGSEA), hallmark pathway enrichment analysis,
Pearson’s correlation, and Wilcoxon tests, employing data from the
Cancer Single Cell State Atlas (CancerSEA), tracking tumor immu-
nophenotype (TIP) meta-server, and the Genomics of Drug Sensitiv-
ity in Cancer (GDSC) platform. PRKCSH-targeting small interfer-
ing RNA (siRNA) was synthesized and transfected into A549 cells.
Functional validation of PRKCSH was conducted using real-time
quantitative polymerase chain reaction (RT-qPCR), Western blotting,
methylthiazolyldiphenyl-tetrazolium bromide (MTT) assays and flow
cytometry.

Results: The analysis identified five RAGE genes with dysregulated
expression in both diabetic and LUAD conditions, which were sig-
nificantly associated with the activation of signaling pathways and

Manuscript submitted December 28, 2025, accepted February 6, 2026
Published online March 5, 2026

#Department of Endocrinology, The Fifth People’s Hospital of Shenyang City,
Shenyang, Liaoning, China

bDepartment of Endocrinology, Second Affiliated Hospital of Harbin Medical
University, Harbin, Heilongjiang, China

“Department of Rehabilitation, The Second Affiliated Hospital of Liaoning
University of Traditional Chinese Medicine, Liaoning, Shenyang, China
dDepartment of Rehabilitation Medicine, Shaoxing Hospital of Traditional
Chinese Medicine, Shaoxing, Zhejiang, China

¢Corresponding Author: Hong Qiao, Department of Endocrinology, Sec-
ond Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang
150000, China. Email: wow0343617818@163.com

doi: https://doi.org/10.14740/wjon2663
World Journal of Oncology
1920-4531 (print), 1920-454X (online)

patterns of immune cell enrichment in diabetes. PRKCSH has been
identified as an independent prognostic marker in LUAD, with as-
sociations with key biological processes such as cell cycle regulation,
genomic instability responses, inflammatory mediation, and stem cell
characteristics. Comprehensive pathway analysis revealed inverse re-
lationships between PRKCSH expression and immune-related molec-
ular mechanisms. Detailed immune profiling indicated reduced infil-
tration levels of various immune cell populations in association with
clevated PRKCSH expression. Notably, increased PRKCSH activity
in LUAD was linked to enhanced enzymatic pathway responses and
greater therapeutic sensitivity to specific enzyme inhibitors. Experi-
mental validation via gene silencing demonstrated that suppression
of PRKCSH effectively reduced malignant cell proliferation while
promoting apoptotic mechanisms in lung cancer models.

Conclusions: This extensive investigation positioned PRKCSH as a
critical prognostic biomarker and a promising therapeutic target for
personalized immunotherapeutic strategies in the management of
LUAD.

Keywords: Lung cancer; Diabetes; RAGE; PRKCSH; Prognosis;
Immune cell infiltration; Bioinformatics analysis

Introduction

Lung malignancies constitute the primary contributor to global
cancer mortality rates [1]. In recent decades, the incidence of
lung adenocarcinoma (LUAD) has surpassed that of squamous
cell carcinoma, establishing it as the most prevalent form of lung
cancer worldwide. Currently, LUAD accounts for 50% of all di-
agnosed lung malignancies, and exhibits a continuous upward
trend. Surgical resection remains the standard treatment for pa-
tients with stage I and II non-small cell lung cancer (NSCLC)
[2]. Furthermore, novel therapeutic approaches, including
chemotherapy, immunotherapy, and targeted therapies against
driver mutations, are employed for patients who are not suit-
able for surgery [3—8]. Clinicians are increasingly encountering
patients presenting with pulmonary nodules or confirmed lung
carcinoma who are also diagnosed with concurrent diabetes
mellitus and hyperglycemic conditions [9]. As the most wide-
spread metabolic disorder globally, diabetes affects over 400
million individuals and has been declared a global health crisis
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[10]. Recent reports from the American Diabetes Association
(ADA) reports rank this endocrine disorder as the fourth leading
cause of mortality in the United States [11]. The Chinese popu-
lation exhibits a notably high susceptibility, with a prevalence
rate of 9.1%, contributing to significant public health challenges
[12]. Recent evidence highlights a complex interaction between
the pathophysiology of diabetes and oncogenesis across various
cancer types. Specific studies have demonstrated measurable as-
sociations between diabetic status and an increased susceptibil-
ity to lung cancer development [13]. Contemporary epidemio-
logical analyses and clinical observations consistently identify
the comorbidity of diabetes and lung malignancies within pa-
tient cohorts, revealing both elevated cancer incidence rates and
increased mortality metrics [14]. Comparative survival analyses
indicate significantly reduced overall survival (OS) durations
and cancer-specific survival rates among diabetic lung cancer
patients compared to their non-diabetic counterparts. This find-
ing suggests that diabetes may serve as an independent predictor
of outcomes in lung cancer cases [15].

The receptor for advanced glycation end products (RAGE)
functions as a transmembrane protein that engages with advanced
glycation end products (AGEs), which are molecular byprod-
ucts formed through non-enzymatic reactions between reducing
sugars and biological macromolecules such as proteins, lipids,
and nucleic acids [16]. The accumulation of AGEs within cel-
lular and tissue matrices is recognized as a significant biomarker
for aging and various chronic pathological conditions. Chronic
diseases such as diabetes mellitus and cancer exemplify these
pathological states. Emerging research suggests that the interac-
tion between AGEs and RAGE induces oxidative stress, thereby
triggering pathways associated with cellular proliferation, an-
giogenesis, and inflammatory responses. This molecular inter-
action is considered pivotal in both the initiation and progres-
sion of several malignancies, notably lung cancer, as reported in
reference [17]. Postnatally, the expression of RAGE is markedly
reduced across most organ systems, with the notable exception
of lung tissue. Under typical physiological conditions in adults,
the pulmonary epithelium exhibits consistently high expression
levels of the receptor, in stark contrast to other bodily tissues,
where RAGE expression is minimal or undetectable [18-21].
The expression profile of this receptor undergoes significant
changes during inflammatory pathologies, with elevated levels
observed across various cell types in conditions such as diabetic
complications, cardiovascular disorders, neoplastic processes,
and neurodegenerative diseases [22]. Interestingly, pulmonary
malignancies display an opposite regulatory pattern, with clini-
cal studies reporting significant downregulation of RAGE in
non-small cell lung carcinomas and glandular pulmonary neo-
plasms [23-25]. Experimental models indicate that artificially
induced overexpression of RAGE in malignant pulmonary cells
inhibits cell proliferation and restricts tumor growth [23, 26].
These mechanistic insights suggest that the elevated levels of
AGE:s in diabetic patients and the subsequent activation of the
RAGE pathway may partially explain their increased suscepti-
bility to lung malignancies, as discussed in study [27].

Protein kinase C substrate 80K-H (PRKCSH), which
functions as a RAGE on cell surfaces, plays pivotal roles in
various biological contexts. This protein is a critical compo-
nent of the endoplasmic reticulum’s quality control system

for N-glycosylation, where it is involved in the identification
and degradation of misfolded proteins [28]. As the B-subunit
(GlulIB) of glucosidase II, PRKCSH’s biological importance
is derived from its interactions with diverse molecular partners
and its involvement in essential cellular progresses, particu-
larly those related to protein homeostasis. Empirical evidence
underscores its regulatory role in cellular activation, directed
cell migration, and secretory pathways [29]. In pathological
contexts, aberrant expression patterns of PRKCSH are associ-
ated with disease pathogenesis, notably in cancer. Studies have
shown increased PRKCSH expression in lung cancer, with
functional analyses indicating its significant impact on patient
survival and tumor progression [30, 31].

This study employs computational biology techniques
to examine the clinical significance of PRKCSH in patients
with diabetic lung cancer, integrating multi-source genomic
data from reputable repositories such as the Gene Expression
Omnibus (GEO) and The Cancer Genome Atlas (TCGA). By
conducting comprehensive gene expression profiling and eval-
uating survival patterns, the methodology demonstrates an en-
hanced ability to identify molecular signatures with diagnostic
and prognostic relevance [32, 33]. The primary objective of
the study is to identify genetic variations specific to diabetic
lung cancer cohorts and assess their implications for tumor
development and clinical outcomes. These findings not only
establish the potential of PRKCSH as a predictive biomarker
but also lay the groundwork for exploring targeted therapeutic
strategies in this patient population.

Materials and Methods

Data acquisition and preprocessing

To investigate differentially expressed genes (DEGs) associ-
ated with diabetes, genomic data were retrieved from the GEO
repository [34]. The analysis utilized the GSE15932 dataset,
generated using Affymetrix Human Genome U133 Plus 2.0
Array technology, which included 16 peripheral blood samples
(comprising eight diabetic patients and eight non-diabetic con-
trols). After standardizing and applying a log2 transformation to
the data, the R package “limma” was utilized to identify DEGs
between groups, adhering to established thresholds of log fold-
change (FC) > 0.5 and P < 0.05. Information on the advanced
glycosylation end product receptor gene was retrieved from the
Gene Set Enrichment Analysis (GSEA) database. For the LUAD
analysis, complementary RNA-seq data comprised 516 carci-
noma tissue samples and 59 adjacent tissue specimens from the
TCGA-LUAD dataset, supplemented by 578 normal lung tissue
profiles from the GTEx database. These datasets were integrated
for a comprehensive analysis. To address inter-batch variability,
batch correction for the TCGA-LUAD dataset was performed
using the “combat” function from the R package “sva”.

Correlation analysis with the pathways and immune cells

Pathway activation and immune cell infiltration patterns in
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diabetic specimens were quantified using single-sample gene
set enrichment analysis (ssGSEA) implemented in the GSVA
package [35]. Intergroup pathway score comparisons were con-
ducted using the Wilcoxon rank-sum test, with results visual-
ized using the “pheatmap” R package. The Hallmark gene col-
lection (Supplementary Material 1, wjon.elmerpub.com) and
the immune cell signature database (Supplementary Material
2, wjon.elmerpub.com) were utilized as reference sets for path-
way and immune profiling, respectively. To elucidate the bio-
logical relevance of DEGs in the pathophysiology of diabetes,
Pearson’s correlation analysis was employed to assess the asso-
ciations between the expression levels of five prioritized DEGs
and molecular pathway activities across eight diabetic cases.

Prognostic value analysis of PRKCSH

The prognostic significance of PRKCSH in LUAD cases was
evaluated through survival analysis using the Kaplan—Meier
method, accompanied by log-rank testing. The study focused
on two critical endpoints: OS and disease-specific survival
(DSS). Statistical analyses were conducted using the “surviv-
al” and “survminer” R packages, while graphical representa-
tions were generated using “ggplot2”. Prognostic assessments
quantified risk using hazard ratios (HRs) and 95% confidence
intervals (Cls) for the DEGs. Additionally, multivariate Cox
regression modeling was performed on both the TCGA-LU-
AD and GEO-derived GSE26939 datasets to complement the
analysis. In this study, comprehensive survival modeling was
conducted, incorporating clinical parameters such as patient
age, sex, tumor staging (T/N/M classification), histological
differentiation, and PRKCSH expression levels, to identify
independent prognostic indicators for OS and DSS outcomes.

Analysis related to tumor phenotype

The Cancer Single Cell State Atlas (CancerSEA) [36] was uti-
lized to investigate the association between PRKCSH expres-
sion and the biological mechanisms of LUAD. This resource
offers an extensive map of single-cell functional states across
various malignancies, documenting 14 cellular processes, in-
cluding stem-like properties, invasive capacity, metastatic po-
tential, proliferative activity, epithelial-mesenchymal transition,
vascular formation, programmed cell death, cell cycle, cellular
differentiation, genomic instability, DNA repair, hypoxia, in-
flammatory response, and quiescence, derived from 41,900 in-
dividual tumor cells across 25 cancer subtypes. For the TCGA-
LUAD, GSE26939, and GSE6345 datasets, the GSVA’s z-score
metric in R [37] was employed to quantify the activation levels
of functional pathway. Subsequent normalization of scores via
scaling facilitated a systematic evaluation of gene-pathway cor-
relations employing Pearson’s statistical method.

Analysis of anticancer immune response

To further investigate the potential roles of PRKCSH across

various stages of antitumor immunity, the tracking tumor immu-
nophenotype (TIP) analytical platform was utilized. The cancer-
immune cycle comprises seven distinct biological processes: ne-
oantigen release, antigen processing and presentation, immune
cell stimulation, lymphocyte migration, tumor infiltration, T
cell-mediated recognition, and malignant cell elimination [38].
The TIP meta-server integrates the ssGSEA and CIBERSORT
algorithms to systematically evaluate and visualize immune ac-
tivation patterns throughout these stages using transcriptomic
data. Complementing this approach, the EaSIeR computational
framework implemented through the “easier” package in R,
was employed to predict the efficacy of immune checkpoint
inhibitors, taking a holistic view of the tumor microenviron-
ment (TME) [39]. Higher EaSIeR scores were associated with
improved efficacy of immune checkpoint blockade (ICB) treat-
ment. Pathway enrichment analysis, incorporating Kyoto Ency-
clopedia of Genes and Genomes (KEGG) and Hallmark gene
sets, were conducted for LUAD samples.

Drug sensitivity analysis

To investigate the association between PRKCSH expression
and chemotherapeutic response, we conducted an extensive
study utilizing datasets from the Genomics of Drug Sensitivity
in Cancer (GDSC) and the Connectivity Map (cMAP). Our
analytical approach employed the “pRRophetic” R package,
which integrated statistical significance and effect size to as-
sess drug sensitivity.

Cell culture and treatment

A549 human lung carcinoma cells (C6053) were sourced from
Beyotime (Shanghai, China). These cells were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) (C0891, Beyotime)
supplemented with 10% fetal bovine serum (C0232, Beyotime)
and 1% antibiotic mixture (ST488S, Beyotime) under standard
conditions (37 °C, 5% carbon dioxide (CO,)). Gene silencing
was performed using Lipofectamine 3000 (L3000001, Invit-
rogen, USA) to transfect PRKCSH-targeting small interfering
RNA (siRNA, GenePharma, Shanghai) and non-targeting con-
trols. Following a 48-h post-transfection incubation period, sub-
sequent experimental analyses were conducted.

Real-time quantitative polymerase chain reaction (RT-qP-
CR)

The messenger RNA (mRNA) expression levels of PRKCSH
in cellular samples were assessed utilizing RT-qPCR method-
ologies. Total RNA was isolated from A549 cells employing
the TRIzol reagent (15596018, Invitrogen), and subsequently
reverse transcribed into cDNA using the Bio-Rad ScripTM
cDNA Synthesis Kit (1708890, Bio-Rad, Hercules, CA, USA),
in accordance with the manufacturer’s instructions. Amplifica-
tion reactions were performed in 20-uL volumes, comprising 1
puL of complementary DNA (cDNA) template, 1 pL each of 10
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puM forward and reverse primers, 10 pL of 2 x SYBR Green
PCR Mastermix (SR1110, Solarbio, Beijing, China), and 8 uL.
of DEPC-treated water, and were processed using Bio-Rad CFX
Manager software. Primer sequences were as follows: PRK-
CSH-F 5'-GGCGTCTCCCTCACCAATCATC-3', PRKCSH-R
5-TCTCCTCCCGTGCCTTCTTCCAGT-3', GAPDH-F 5'-AT-
CATCCCTGCCTCTACTGG-3',and GAPDH-R 5'-TGGGTGT
CGCTGTTGAAGTC-3".

Western blotting

Total proteins were extracted from tumor cells using radio im-
munoprecipitation assay (RIPA) lysis buffer (20101ES60,
YEASEN, Shanghai, China). Protein quantification was con-
ducted with the bicinchoninic acid (BCA) Protein Assay Kit
(20201ES76, YEASEN), followed by the separation of 20
png samples via 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) electrophoresis. The sepa-
rated proteins were then transferred to polyvinylidene fluoride
(PVDF) membranes (36126ES03, YEASEN) using standard
electroblotting techniques. The membranes were subjected to
blocking with a bovine serum albumin (BSA) solution for 60
min at ambient temperature, followed by overnight incubation at
4 °C with primary antibodies: PRKCSH (dilution 1:10,000, PAS-
21398, Invitrogen) and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (dilution 1:5,000, MAS5-15738, Invitrogen).
After three washes with tris-buffered saline containing Tween
(TBST) washes, the membranes were incubated with horserad-
ish peroxidase (HRP)-conjugated goat anti-rabbit IgG second-
ary antibodies (dilution 1:10,000, 31402, Invitrogen) for 60 min
at room temperature. Protein visualization was conducted using
the BeyoECL Plus kit (PO018S, Beyotime), and the quantitative
analysis of band intensities was performed using Image-ProPlus
software (Media Cybernetics, Inc., Rockville, MD, USA).

Methylthiazolyldiphenyl-tetrazolium bromide (MTT)
analysis

A549 cells were harvested 48 h post-transfection, and seeded
into 96-well plates at a density of 5 x 10* cells per well, main-
tained under 5% CO, at 37 °C. After a 24-h incubation, 10 pL
of MTT reagent (C0009S, Beyotime) was added to each well
for a 4-h incubation. Following the removal of the supernatant,
100 pL of dimethyl sulfoxide (ST038, Beyotime) was added to
dissolve the formazan crystals. Optical density measurements
were performed at a wavelength of 570 nm using a microplate
reader (Thermo Fisher Scientific, Waltham, MA, USA).

Flow cytometry

Apoptosis in A549 cells was assessed via flow cytometry us-
ing the Annexin V-fluorescein isothiocyanate (FITC) Apoptosis
Detection Kit (CA1020, Solarbio). Following washing with ice-
cold phosphate-buffered saline (PBS, P1020, Solarbio), the cells
were resuspended in 1 mL of binding buffer and subsequently

stained with FITC-annexin V and propidium iodide (PI) for 5
min under light-protected conditions. Quantification of cellular
apoptosis was conducted using a FACScan flow cytometer (BD
Biosciences, NJ, USA), with data analysis performed using BD
CellQuest Pro software (version 5.1, BD Biosciences).

Statistical analysis

All statistical analyses were executed using R software, em-
ploying the DESeq2 and “limma” packages for differential
expression analysis of TCGA and GEO datasets, respectively.
Wilcoxon rank-sum tests were utilized to evaluate differences
in DEG expression patterns between malignant and adjacent
normal tissues. Survival outcomes in patients with LUAD
were depicted using Kaplan—Meier survival curves, and dif-
ferences between groups were evaluated via log-rank tests.
Independent prognostic factors were determined using both
univariate and multivariate Cox proportional hazards regres-
sion models. Pearson’s correlation coefficients were employed
to calculate correlations. Graphical representations were pro-
duced using R software (version 4.2.0) and associated online
platforms. Statistical significance was established at P < 0.05
for all experimental analyses.

Institutional Review Board approval was not applicable
to this study, and ethical compliance with human and animal
studies was not applicable.

Results

Selection of potential target genes

To identify potential target genes, the “limma” package in the R
programming environment was utilized for differential expres-
sion analysis of the GSE15932 dataset from the GEO repository.
By applying selection criteria of logFC > 0.5 and P <0.05, a total
of 3,533 candidate genes were identified within the GSE15932
dataset. Simultaneously, 13 genes related to advanced glyco-
sylation end product receptors were extracted from the GSEA
database. Venn diagram analysis identified five overlapping
DEGs (S100412, advanced glycosylation end-product-specific
receptor (AGER), PRKCSH, mitogen-activated protein kinase 3
(MAPK3), and galectin-3 (LGALS3)) (Fig. 1a). The compara-
tive expression analysis revealed significantly elevated levels of
these DEGs in diabetic samples relative to control samples, as
depicted in the box plots (Fig. 1b—f). Subsequent analysis ex-
amined the expression profiles of these genes among LUAD
tissues, adjacent non-cancerous tissues, and normal pulmonary
specimens. In LUAD tissues, the expression of PRKCSH was
significantly higher compared to adjacent normal lung tissues,
whereas other markers exhibited opposite trends (Fig. 1g).

Analysis of pathway and immune cell enrichment in dia-
betes

Utilizing the reference gene set, pathway enrichment scores
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were calculated and compared across different groups (Fig. 2a).
Diabetic specimens showed increased activity in pathways relat-
ed to apoptosis, myogenesis, apical junction, phosphoinositide-3
kinase/protein kinase-B/mammalian target of rapamycin (PI3K/
AKT/mTOR) signaling, coagulation, along with downregulated
KRAS signaling. In contrast, reduced scores were observed for
pathway associated with the G2M checkpoint, unfolded protein
response, E2F targets, fatty acid metabolism, and heme metabo-
lism (Fig. 2a). Comparative pathway activation patterns among
the groups were visually represented through hierarchical clus-

tering in the heatmap (Fig. 2b).

Building upon the reference gene set, immune cell enrich-
ment scores were calculated for each diabetic specimen, fol-
lowed by a comparative analysis between groups (Fig. 3a). The
analysis indicated that diabetic samples exhibited significantly
elevated levels of myeloid-derived suppressor cells (MDSCs)
and plasmacytoid dendritic cells (DC). In contrast, there were
notable reductions in immature DC, type 17 T helper cell, type
2 T helper cells, and effector memory CD4 T cell (Fig. 3a). The
distinct pathway enrichment patterns between the groups were
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illustrated using a heatmap (Fig. 3b).

Subsequently, we explored the associations between the
expression patterns of five selected DEGs and molecular path-

way activities across eight diabetic specimens using Pearson’s
correlation analysis. In terms of molecular pathway interac-
tions, AGER expression was positively correlated with the
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ment metrics across experimental groups. (b) Heatmap illustrating group-specific variations in immune cell activation levels.

activation of Wnt/B-catenin signaling activation, upregulated tional activity of LGALS3 was positively correlated with
ultraviolet (UV) response mechanisms, and reactive oxygen Notch signaling transduction, while exhibiting an inverse re-
species pathways in diabetic samples (Fig. 4a). The transcrip- lationship with androgen-responsive pathways (Fig. 4a). The
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Figure 4. Interconnection analysis of biological pathways, immune cell populations, and gene expression characteristics. (a) A
pathway—gene expression correlation network mapping. (b) An interaction matrix between immune cell composition and gene

expression.

expression of MAPK3 showed positive correlations with myo-
genic differentiation processes and hedgehog signaling cas-
cades, but revealed negative associations with downregulated
UV responses, mitochondrial oxidative metabolism, myc-reg-
ulated targets (v1), cell cycle G2/M checkpoints, lipid me-
tabolism pathways, E2F-mediated transcriptional programs,
and transplant rejection mechanisms (Fig. 4a). The expression
patterns of PRKCSH were positively correlated with muscle
development pathways, yet inversely related to peroxisomal
functions, energy metabolism via oxidative phosphorylation,
and interleukin 2/signal transducer and activator of transcrip-
tion 5 (IL2/STATS) signaling networks. In diabetic specimens,
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the expression of SI00A 12 demonstrated positive correlations
with pancreatic B-cell function and hedgehog signaling path-
ways, while showing inverse relationships with suppressed
UV response, mitochondrial energy metabolism, myc target
activation, cell cycle progression (G2M phase), lipid oxidation
processes, E2F-regulated genes, and genomic stability mecha-
nisms (Fig. 4a). The transcriptional activity of the protein
demonstrated significant associations with various biological
pathways. Specifically, it was found to enhance developmental
signaling cascades while attenuating pathways related to stress
response pathways, proliferative markers, metabolic regu-
lators, and DNA damage repair systems in pancreatic tissue
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analyses (Fig. 4a).

An analysis of immune cell proportions indicated that
AGER expression was positively correlated with T follicular
helper cells, immature DCs, and CD56 bright natural killer
cells in diabetic samples. Conversely, a negative correlation
was observed between AGER expression levels and natural
killer cells (Fig. 4b). In the case of LGALS3, expression levels
showed a significant inverse relationship with type 17 T helper
cells and mast cells within the diabetic cohort (Fig. 4b). Fur-
thermore, MAPK3 expression was positively associated with
macrophages, while exhibiting negative correlations with type
2 T helper cells, central memory CD4 T cells, and activated
CD8 T cells in diabetic specimens (Fig. 4b). The expression of
PRKCSH demonstrated negative correlations with various im-
mune cell types in diabetic samples, including type 2 T helper
cells, effector memory CD4 T cells, central memory CD4 T
cells, activated CD8 T cells, and activated CD4 T cells (Fig.
4b). Conversely, S1I00A12 expression levels showed a posi-
tive correlation with macrophage presence within the diabetic
sample group (Fig. 4b).

Prognostic value of PRKCSH in LUAD patients

Due to the similar expression patterns of PRKCSH observed
across five candidate DEGs in both diabetes and LUAD con-
texts, this gene was selected for further single-gene analy-
sis. To evaluate the prognostic significance of PRKCSH in
LUAD, the Kaplan—Meier survival analysis was initially uti-
lized employed using clinical data from the TCGA-LUAD
cohort. Patients were stratified into PRKCSH-high and PRK-
CSH-low groups based on threshold values derived from the
Youden index. The analytical results indicated significantly
reduced OS and DSS durations in patients with high PRK-
CSH expression, whereas those with low expression exhib-
ited more favorable clinical outcomes (Fig. 5a, b). Subse-
quent multivariate Cox regression analysis further confirmed
PRKCSH as an independent predictor of OS and DSS in
LUAD cases. Initial univariate analysis identified PRKCSH
expression levels, patient age, and biological sex as signifi-
cant correlates of survival. Subsequent multivariate analysis
confirmed the independent prognostic value of PRKCSH ex-
pression. In the analysis of GSE26939 cohort, LUAD cases
demonstrated elevated HRs greater than 1, indicating their
significance as prognostic factors (Fig. 5¢). Multivariate Cox
regression modeling further validated PRKCSH as an inde-
pendent prognostic indicator for LUAD, retaining statistical
significance even after adjustment for conventional clinical
parameters (Fig. 5¢).

Analysis related to tumor phenotype

Pearson correlation analysis of gene expression z-scores and
GSVA scores across 14 tumor-related states revealed dis-
tinct pathway associations in different LUAD datasets. In the
TCGA-LUAD cohort (Fig. 6a), PRKCSH was significantly
positive correlated with proliferative pathways, including cell

cycle regulation and DNA damage/repair mechanisms, while
exhibiting inverse relationships with differentiation processes,
inflammatory responses, cellular quiescence, and stemness
characteristics. The analysis of the GSE26939 dataset (Fig. 6b)
substantiates a robust association between PRKCSH and DNA
maintenance pathways, specifically those involved in damage
and repair, while also revealing negative correlations with in-
flammatory signaling and quiescent cellular states. Similarly,
the examination of the GSE63459 cohort (Fig. 6¢) highlights
PRKCSH’s positive involvement in cell cycle progression and
DNA damage response pathways.

Analysis of anticancer immune response

Hallmarks-GSEA analysis indicated a negative correlation
between PRKCSH expression and immune-related pathways
in LUAD, particularly those involving tumor necrosis factor-
a-nuclear factor-kB (TNFo/NF«kB) signaling, interferon (o/y)
responses, inflammatory regulation, interleukin 6-Janus ki-
nase-signal transducer and activator of transcription 3 (IL6-
JAK-STAT3) signaling, IL2-STATS signaling, and comple-
ment activation pathways (Fig. 7a). Stratification of LUAD
patients based on median PRKCSH expression levels revealed
that the low-expression subgroup maintained significant as-
sociations with immune cell infiltration patterns, thereby re-
inforcing its immunomodulatory role (Fig. 7b). In LUAD,
Spearman’s correlation coefficients demonstrated an inverse
relationship between PRKCSH and immune cell trafficking
(step 4), while showing positive associations with multiple
phases of the cancer immunity cycle (Fig. 8a). Subsequent
stratification based on median PRKCSH expression levels fa-
cilitated a comparative analysis between subgroups. Elevated
PRKCSH expression was associated with the functionality of
key components of the immune microenvironment, particular-
ly in parameters such as chemokine signaling, cytotoxic T-cell
responses (CYT), interferon-y production, and inflammatory
T-cell activity (Fig 8b—e).

Analysis of drug sensitivity

Spearman’s rank correlation coefficients between gene expres-
sion profiles and pharmacological responses from the GDSC
datasets revealed that increased PRKCSH expression was
linked to enhanced responsiveness to enzyme inhibitors. This
was particularly evident for compounds such as fluvastatin,
SID 26681509, and simvastatin, which demonstrated the most
pronounced inverse relationships with half-maximal inhibitory
concentration (IC,,) values (Fig. 9).

Knockdown of PRKCSH inhibited the cell viability and
promoted the apoptosis of lung cancer cells

Considering the elevated PRKCSH expression observed in
LUAD tissues, we suppressed PRKCSH levels in A549 cell
lines to explore its functional significance in the pathogenesis
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Figure 5. Prognostic significance of PRKCSH expression in LUAD cases. (a) Kaplan—Meier curves indicated reduced overall
survival in LUAD patients with elevated PRKCSH expression. (b) Disease-specific survival analysis reveals poorer outcomes in
cohorts with high PRKCSH expression. (c) Multivariate Cox regression models identify PRKCSH as an independent prognostic
indicator within the TCGA-LUAD and GSE26939 cohorts. PRKCSH: protein kinase C substrate 80K-H; LUAD: lung adenocarci-
noma; TCGA: The Cancer Genome Atlas; HR: hazard ratio.

of lung cancer. Following siRNA-mediated PRKCSH trans-
fection, quantitative PCR and immunoblot analyses revealed
significant reductions in both PRKCSH transcript abundance
and protein levels (Fig. 10a, b). Genetic silencing of PRKCSH
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significantly impaired cellular proliferation capacity while
simultaneously enhancing mechanisms of programmed cell
death, as demonstrated by viability assays and analysis of apo-
ptotic marker (Fig. 11a—c).

https://wjon.elmerpub.com



Li etal World ] Oncol. 2026;17(2):157-177

a Angiogenesis Apoptosis Cell Cycle Differentiation DNA damage DNA repair EMT

3
1)
3
o
°
D
g ] p ol [
. .

z R=0.018,p=0.77 R=0.12, p=0.0051 R=-0.11,p=0011 R=0.14, p=0.0016 R=0.12, p=0.0064 R=-0.035, p=0.43
E Hypoxia Inflammation Invasion Metastasis Proliferation Quiescence Stemness
a8 44
£ .
8
o
c 2
7}
2
13
2
G 0

=

.
-4-{ R=-0.024,p=0.59 R=-0.15, p =0.00053 R=0.0021, p=0.96 R=-0.065,p=0.14 R=-0.022, p=0.62 R=-027,p=56-10 R=-0.11,p=0012
T T T T T T T T T T T T T T T T
=] 0 2 =2 0 2 ] 0 2 =2 0 2 =2 0 2 =2 0 2 -2 o] 2
b PRKCSH (zscore)
Angiogenesis Apoptosis Cell Cycle Differentiation DNA damage DNA repair EMT
4|
2
° 0 —_—————
Q
@
o
w21
il
3
z—ﬂ, R=-015p=0.12 R=-0.012,p=09 R=0.17,p=0.077 R=-014,p=014 R=0.3,p=0.0013 R=025 p=0.008 R=-002, p=083
E Hypoxia Inflammation Invasion Metastasis Proliferation Quiescence Stemness
S 4
E
q
o L
L2 2 . ES . 5. L
§1 " ::' o 38 .
g T U
o 0 __'ﬁ—.—.—
. .
o 'l" ] ‘:'v. i .
=21 oy
-4-| R=007,p=046 R=-021,p=0025 R=0.0085, p=0.95 R=-0.074, p=043 R=0.026,p=0.79 R=-028, p=0.0025 R=0.15,p=011
T T T T T T T T T T T T T T T T T
<2 0 2 =2 0 2 =2 o 2 =2 0 2 =2 0 2 =2 0 2 =2 0 2
PRKCSH (zscore)
c Angiogenesis Apoptosis Cell Cycle Differentiation DNA damage DNA repair EMT

B
o
2
o
»
o
3
x -4-{ R=0.097, p=06 R=0.19,p=0:3 R=0.36,p=0.043 R=022,p=022 R =0.45, p=0.0089 R=032 p=007 R=-0014, p=094
E Hypoxia Inflammation Invasion Metastasis Prolfferation Quiescence Stemness
o 4-
£
3
o
s 2 - e
9 o 3% . v ° . * .
5 o0 Lt 3 \
| ————
2 Cept ® ¢ %
" . . .
= = . = .
.
-4-| R=0.025,p=089 R=-0.21,p=0.25 R=-0.087,p=064 R=-011,p=057 R=031p=0.081 R=-022 p=022 R=-0.11,p=053
T T T T T T T T T T T T T T T
=2 0 2 =2 0 z =2 0 2 =2 0 2 =2 0 2 =2 0 2

=2 0 2
PRKCSH (zscore)

Figure 6. Pathway association studies of PRKCSH expression patterns. (a—c) Significant correlations between PRKCSH levels
and key oncogenic processes, including cell cycle regulation, genomic stability mechanisms, cellular differentiation, inflamma-
tory responses, and stem cell characteristics, across the TCGA-LUAD, GSE26939, and GSE63459 datasets. PRKCSH: protein
kinase C substrate 80K-H; LUAD: lung adenocarcinoma; TCGA: The Cancer Genome Atlas.
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Figure 7. Immune microenvironment in relation to PRKCSH expression in LUAD. (a) GSEA pathway enrichment analysis us-
ing data from the TCGA-LUAD dataset. (b) Comparative immune cell infiltration patterns between subgroups with high and low
PRKCSH expressions. PRKCSH: protein kinase C substrate 80K-H; LUAD: lung adenocarcinoma; GSEA: Gene Set Enrichment

Analysis; TCGA: The Cancer Genome Atlas.
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Figure 7. (continued) Immune microenvironment in relation to PRKCSH expression in LUAD. (a) GSEA pathway enrichment
analysis using data from the TCGA-LUAD dataset. (b) Comparative immune cell infiltration patterns between subgroups with
high and low PRKCSH expressions. PRKCSH: protein kinase C substrate 80K-H; LUAD: lung adenocarcinoma; GSEA: Gene

Set Enrichment Analysis; TCGA: The Cancer Genome Atlas.

Discussion

This study utilized computational biology approaches to identi-
fy genes associated with the RAGE that are aberrantly expressed
in the context of diabetic complications and the pathogenesis of
LUAD. Our analysis identified molecular intersections between
these two diseases, with a particular emphasis on PRKCSH—
a critical RAGE-related gene exhibiting elevated expression
levels in LUAD tissues and correlating with poor patient out-
comes. The oncogenic properties of PRKCSH appeared to be
associated with dysregulation in essential cellular processes,

Articles © The authors | Journal compilation © World | Oncol and Elmer Press Inc™

including the maintenance of genomic stability, inflammatory
responses, and cellular differentiation states. Comprehensive
pathway analysis using Hallmarks-GSEA revealed significant
suppression of immune regulatory mechanisms in tumors with
high PRKCSH expression. Characterization of the TME indi-
cated reduced infiltration of various immune cell subtypes in
LUAD cases with overexpression of PRKCSH. Paradoxically,
increased expression of PRKCSH was associated with en-
hanced activation of immune-related signaling pathways and
improved therapeutic responses to specific enzymatic inhibi-
tors. Experimental validation using gene-silencing approaches
demonstrated that PRKCSH knockdown effectively inhibited
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Figure 8. Role of PRKCSH in tumor immune regulation within LUAD. (a) The spearman correlation between the TIP score and
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malignant cellular behaviors in vitro models.

Pathway enrichment analysis revealed that diabetic sam-
ples exhibited a significantly higher proportion of pathways
related to apoptosis, myogenesis, apical junction, PI3K/AKT/
mTOR signaling, coagulation, and downregulated KRAS sign-
aling. Conversely, these samples showed a significantly lower

proportion of pathways involved in the G2M checkpoint, un-
folded protein response, E2F targets, fatty acid metabolism,
and heme metabolism. Apoptosis is critically implicated in the
progression of type 2 diabetes, with B-cell apoptosis being a
hallmark of the disease in both animal models [40] and hu-
mans [41, 42]. The PI3K/Akt/mTOR pathway plays a crucial
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role in regulating cell growth, cellular aging, apoptosis, glu-
cose, protein, and lipid metabolisms [43, 44]. Dysregulation
of the PI3K/AKT/mTOR pathway is associated with various
diseases, including diabetes [45]. Reduced activation of PI3K/
AKT/mTOR signaling has been shown to prevent the onset of
diabetes mellitus [46]. Epidemiological research has demon-
strated that individuals with type 2 diabetes frequently exhibit
elevated levels of triglycerides and fatty acids [47-49]. Fur-
thermore, fatty acids play a critical role in various aspects of
the diabetic process, including insulin resistance, diacylglyc-
erol biosynthesis, triglyceride accumulation, gluconeogenesis,
endoplasmic reticulum stress, apoptosis, oxidative stress, and
inflammation [50].

Additionally, analysis of immune cell enrichment scores
revealed that diabetic samples had significantly higher pro-
portions of MDSC and plasmacytoid DC, while exhibiting
notably lower proportions of immature DC, type 17 T helper
cell, type 2 T helper cells, and effector memory CD4 T cell.
MDSCs have emerged as promising regulators of autoreactiv-
ity via innate immune pathways [51]. MDSC-based cellular
immunotherapies represent a promising frontier in the treat-
ment of type 1 diabetes mellitus, aiming not only to suppress
immune responses but also to re-educate the immune system,
thereby advancing towards durable, antigen-specific toler-
ance without compromising overall immune function [52].
DCs are specialized antigen-presenting cells that are pivotal
in orchestrating immune responses by bridging innate and
adaptive immunity. Dysregulation of DC function has been
implicated in the pathogenesis of diabetes [53]. Consequently,
DC-based immunomodulatory strategies warrant further in-
vestigation in diabetes research [54]. It is well established that
naive CD4" T cells can differentiate into various T helper cell
lineages, including Thl, Th2, Th17, and regulatory T (Treg)
cells [55]. Th17 cells are crucial for the recruitment of neutro-
phils and macrophages, mediate inflammatory responses to
infectious agents, and play a role in immunity against bacte-
rial and fungal infections, as well as in the pathogenesis of
autoimmune and metabolic diseases [56, 57]. The induction
of Th17 cells is significantly elevated in individuals or animal
models with diabetes [57, 58]. Th17 cells are implicated in the
insulin-sensitizing effect, inflammation, and other processes
during diabetes [59]. Th2 cells are integral in mediating both
anti-inflammatory and pro-inflammatory immune responses,
which are linked to glucose homeostasis, lipid profiles, and
insulin resistance in diabetes [60].

Despite significant advancements in conventional treat-
ment modalities such as surgical intervention, radiation thera-
py, and cytotoxic drugs, their therapeutic efficacy remains sub-
optimal [61]. Recent research has identified immunotherapy as
a transformative approach in oncology, with immune check-
point inhibitors emerging as a groundbreaking strategy that
shows considerable promise in significantly improving long-
term survival outcomes [62, 63]. PRKCSH plays a crucial role
in modulating immune responses and facilitating immune es-
cape mechanisms within TME [64]. Investigating the potential
of PRKCSH as an innovative immune checkpoint target is of
substantial clinical importance. Our analysis demonstrated that
elevated levels of PRKCSH expression were associated with
poorer clinical outcomes in cases of pulmonary carcinoma,

aligning with previous research findings [31]. These observa-
tions provide evidence for PRKCSH’s dual potential as both a
diagnostic biomarker and a therapeutic target, underscoring its
critical involvement in oncogenesis, disease progression, and
immunomodulatory pathways.

The TME is characterized by three fundamental immu-
nological features: pathogen elimination, immunoregulatory
equilibrium, and escape mechanisms [65, 66]. This complex
system functions through the coordinated actions of diverse
immune cell populations encompassing both adaptive and in-
nate immunity. Within the adaptive immune components, T
lymphocytes play pivotal regulatory roles, particularly CD4*
helper T cells, which activate cytotoxic CD8* T lymphocytes
and natural killer cells via cytokine signaling, and CD8" T
cells, which recognize malignant cells through major histo-
compatibility complex class I (MHC I)-mediated mechanisms
[67]. Our study identified that PRKCSH maintains consistent
correlations with the infiltration levels of these immune cells,
emphasizing its role in modulating immune surveillance and
evasion mechanisms. Pathway analysis further revealed in-
verse links between PRKCSH expression and immunological
signaling pathways, underscoring its multifaceted impact on
immune regulation within the TME.

This study elucidates the multifaceted role of PRKCSH in
modulating immunotherapeutic responses and pharmacologi-
cal susceptibility within LUAD. Analyses utilizing the cancer
immunity cycle framework indicate that PRKCSH exerts in-
hibitory effects on immune cell migration while simultane-
ously promoting subsequent immunological processes, such
as lymphocyte activation and tumor cell eradication. These
seemingly contradictory findings suggest that PRKCSH dif-
ferentially regulates distinct phases of the immune response.
Supporting this hypothesis, reduced expression of PRKCSH is
associated with enhanced functionality of key immune effec-
tors, including CD8" T cells, tumor-associated leukocytes, and
pro-inflammatory T-cell subsets, which may optimize the ef-
ficacy of ICB therapies. Pharmacogenomic evaluations further
revealed increased therapeutic responsiveness to enzymatic
modulators—specifically fluvastatin, SID 26681509, and sim-
vastatin—in tumors with high PRKCSH expression. Collec-
tively, these results identify PRKCSH as a dual regulator of
antitumor immunity and chemotherapeutic effectiveness.

While our findings underscore the critical biological roles
and clinical significance of PRKCSH, three primary limita-
tions warrant consideration. First, our experimental validation
was confined to examining PRKCSH’s effects on cellular via-
bility and apoptotic pathways specifically in lung cancer, indi-
cating a need for further research into its functions across other
carcinogenic mechanisms. Second, the analysis of PRKCSH
in this study was primarily based on the TCGA-LUAD data-
set, and the A549 cell line was selected for in vitro experi-
mental validation. However, the examination of only a single
type of human lung cancer cell line may have introduced bias
into the results. Therefore, future studies should incorporate
multiple lung cancer cell lines for both in vitro and in vivo
validation. Third, comprehensive investigations are neces-
sary to elucidate PRKCSH’s specific contributions to resist-
ance mechanisms against statin-based therapies, including
fluvastatin, SID 26681509, and simvastatin. Fourth, although
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computational models were employed to predict therapeutic
responses to chemotherapeutic and immunotherapeutic inter-
ventions, subsequent clinical trials are essential to validate
the clinical applicability of this chemotherapy resistance-
associated biomarker profile. Fifth, the potential target genes
analyzed in this study, including PRKCSH, were initially
screened using the GSE15932 dataset, which comprises data
from eight diabetic patients and eight non-diabetic controls,
as well as advanced glycosylation end product receptor-re-
lated genes obtained from the GSEA database. Analysis rel-
evant to PRKCSH were conducted and validated using lung
cancer databases such as TCGA-LUAD, GSE26939, and
GSE63459, which may suggest a significant role for PRK-
CSH in the context of comorbidities. However, preliminary
analyses of PRKCSH might be more appropriately con-
ducted using diabetic databases, lung cancer databases, and
advanced glycosylation end product receptor-related genes
datasets. Therefore, further screening and analysis of the pa-
tient population are necessary to enhance the generalizability
of the findings in this study.

Supplementary Material

Suppl 1. The reference sets used for the pathway analysis.

Suppl 2. The reference sets used for the immune cell signature
analysis.
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