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Abstract: Gliomas, particularly glioblastoma multiforme (GBM), represent the most prevalent primary intracranial 
malignancies, characterized by high invasiveness, aggressive proliferation, and poor clinical outcomes. Recent stud-
ies have highlighted the critical role of tumor microenvironment interactions and cellular stress responses, includ-
ing endoplasmic reticulum (ER) stress, in modulating glioma progression. While ER stress can induce autophagy 
and apoptosis, glioma cells exhibit remarkable plasticity, adapting to stress conditions and exploiting them to pro-
mote survival and self-renewal, thereby contributing to therapeutic resistance. In this study, we established an 
individualized ER stress risk score using glioma transcriptomic data, demonstrating its association with adverse 
prognosis, aggressive molecular subtypes, and pro-tumorigenic biological functions. Through systematic screening, 
we identified DERL3 as a core effector gene mediating ER stress adaptation. Functional validation revealed that 
DERL3 drove glioma proliferation and invasion by binding to and stabilizing Heterogeneous nuclear ribonucleo-
protein A2/B1 (HNRNPA2B1), consequently activating the NF-κB signaling pathway. These findings elucidate the 
DERL3-HNRNPA2B1-NF-κB axis as a critical mechanistic link between ER stress adaptation and glioma malignancy. 
Targeting this axis may offer novel therapeutic strategies to overcome treatment resistance, providing significant 
translational potential for improving glioma management. This study advances our understanding of stress re-
sponse mechanisms in tumorigenesis and underscores the clinical relevance of ER stress-related pathways in preci-
sion oncology.
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Introduction

Glioma represents the most prevalent primary 
brain tumor and is associated with the highest 
rates of intracranial disability and mortality 
among central nervous system (CNS) malignan-
cies [1, 2]. Glioblastoma multiforme (GBM), the 
most aggressive glioma subtype, exhibits a 
median survival of merely 14.6 months despite 
intensive multimodal therapy, including surgi-
cal resection, radiotherapy and chemotherapy 
[3, 4]. This dismal prognosis is a direct con- 

sequence of GBM’s hallmark features: exten-
sive invasiveness, relentless proliferation, and 
remarkable microenvironmental adaptability. 
Recent studies have demonstrated that various 
extrinsic signals or therapeutic interventions 
frequently induce a high-stress state in tumor 
cells [5]. While such stress conditions can trig-
ger tumor cell autophagy and apoptosis, there-
by exerting antitumor effects, glioma cells like 
many other malignancies rapidly develop thera-
peutic resistance [6]. This adaptive response 
primarily results from their intrinsic plasticity 
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and capacity to transform stress signals into 
drivers of self-renewal. Therefore, elucidating 
the key signaling targets and mechanisms  
that govern this adaptive response is of para-
mount importance for understanding glioma 
pathogenesis and developing novel therapeutic 
strategies.

Accumulating evidence implicates endoplasmic 
reticulum (ER) stress activation in the patho-
genesis and progression of malignant tumors 
[7, 8]. Multiple factors can induce ER stress, 
including radiotherapy, chemotherapy, oxida-
tive stress, nutrient deprivation, and inflamma-
tory responses [9]. Upon ER stress activation, 
tumor cells rapidly initiate adaptive protective 
mechanisms, notably the unfolded protein 
response (UPR). Emerging research indicates 
that UPR can activate the HIF1α signaling  
pathway, a well-established mediator of tumor 
cell proliferation, invasion, migration, angiogen-
esis, and glycolytic metabolism. In triple-nega-
tive breast cancer, IRE1α facilitates formation 
of XBP1-HIF1α transcriptional complexes that 
recruit RNA polymerase II to regulate HIF1α tar-
get genes, thereby promoting cancer cell prolif-
eration and invasion [10]. Jiang et al. further 
demonstrated that IRE1α activation induces 
IκB phosphorylation and degradation through 
interaction with tumor necrosis factor receptor 
eLF2α, subsequently activating NF-κB signaling 
[11].

Current therapeutic strategies increasingly tar-
get ER stress or modulate associated pathways 
to influence tumor progression. For instance, 
ER stress-induced exosomal miR-27a-3p pro-
motes breast cancer immune escape by regu-
lating PD-L1 expression in macrophages [12]. 
The ER stress mediator ERO1 triggers cancer 
metastasis by activating angiogenesis under 
hypoxia [13]. In lung adenocarcinoma, p62 
induces autophagy-mediated upregulation of 
NRF2 and ATF6, driving tumor progression [14]. 
However, the mechanisms through which ER 
stress influences glioma pathogenesis remain 
poorly understood. Systematic analysis of ER 
stress status in gliomas and identification of 
relevant molecular markers therefore carry 
substantial scientific and clinical significance.

While the derlin family protein DERL3, a key 
component of the ER-associated degradation 
(ERAD) machinery, has been implicated in the 
progression of cancers such as lung adenocar-
cinoma and breast cancer [15, 16], its specific 
role, regulatory mechanisms, and clinical sig-

nificance in glioblastoma have remained largely 
unexplored. Our work is the first to identify 
DERL3 as a core effector within the ER stress 
network in GBM, to delineate its specific regula-
tion by the ATF6 branch of the UPR, and to 
uncover the novel DERL3-HNRNPA2B1-NF-κB 
axis as a critical link between ER stress adapta-
tion and glioma malignancy.

In this study, we systematically analyzed ER 
stress-related signatures in glioma, establish-
ing a robust association between ER stress 
activation and aggressive molecular subtypes 
and poor patient prognosis. Through functional 
genomics and experimental validation, we pin-
pointed DERL3 as a central mediator of ER 
stress-driven oncogenicity. We further demon-
strate that DERL3 exerts its pro-tumorigenic 
effects by binding to and stabilizing the RNA-
binding protein HNRNPA2B1, leading to the 
consequential activation of the NF-κB pathway. 
These findings not only position DERL3 as  
a promising prognostic biomarker and thera-
peutic target but also provide a novel mecha-
nistic framework for how ER stress fuels GBM 
aggressiveness.

Materials and methods

Ethics statement

The experimental protocol received approval 
from the Ethics Committee of Shenyang Red 
Cross Hospital. All animal studies were per-
formed in compliance with the guidelines set 
forth by the Shenyang Red Cross Hospital 
Animal Care and Use Committee and were fur-
ther approved by the Institutional Review Board 
of Shenyang Red Cross Hospital.

Clinical specimens

For Western blot analysis, 26 surgically resect-
ed glioma specimens (4 non-tumor controls, 8 
WHO grade II, 7 grade III, and 7 grade V) were 
obtained between January 2018 and October 
2020. Immunohistochemical (IHC) studies uti-
lized 61 specimens (6 non-tumor, 10 grade II, 
24 grade III, and 31 grade IV) collected from 
February 2014 to October 2020.

Cell culture models

Human glioma cell lines (U87, U251, LN229) 
were obtained from the Chinese Academy of 
Sciences Cell Bank (Shanghai, China). Normal 
human astrocytes (NHA) were kindly provided 
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by Prof. Jiang Tao (Beijing Neurosurgical Ins- 
titute). Primary glioblastoma stem-like cells 
(GSC21, GSC40) were established in our labo-
ratory from fresh surgical specimens under 
approved protocols.

RNA isolation and qRT-PCR

Total RNA was extracted using TRIzol reagent 
(Takara) following manufacturer’s protocol. 
RNA purity and concentration were determined 
spectrophotometrically (NanoDrop). cDNA syn-
thesis was performed using PrimeScript RT 
Master Mix (Takara). Quantitative PCR utilized 
SYBR Green Master Mix (Takara) on a Quant- 
Studio system with cycling conditions: 95°C for 
30 s, followed by 40 cycles of 95°C for 5 sec 
and 60°C for 30 sec. Relative mRNA expres-
sion was calculated via the 2-ΔΔCt method using 
18S rRNA as endogenous control.

Protein blotting

Protein lysates were quantified by BCA assay. 
For immunoblotting, 20 μg protein/lane was 
separated by 10% SDS-PAGE and transferred 
to PVDF membranes. After blocking with 5% 
non-fat milk, membranes were incubated with 
primary antibodies (4°C overnight) followed by 
HRP-conjugated secondary antibodies (1 h, 
RT). Signals were developed using ECL sub-
strate and quantified by ImageJ.

Immunohistochemistry (IHC)

Formalin-fixed paraffin sections underwent an- 
tigen retrieval in citrate buffer (pH 6.0), endog-
enous peroxidase blocking (3% H2O2), and 
serum blocking. Primary antibodies were app- 
lied overnight at 4°C. Detection used biotin-
streptavidin-HRP system with DAB chromogen. 
Sections were counterstained with hematoxy-
lin, dehydrated, and mounted.

Endoplasmic reticulum stress activation and 
inhibition experiments

The U87 and LN229 cells were seeded at a 
density of 500,000 cells per well in a six-well 
plate. When the cell density reached 70%, the 
experimental group was treated with 1 μM 
endoplasmic reticulum stress activator Thap- 
sigargin (tartrazine), while the control group 
received PBS. After 48 hours, the expression of 
target proteins was detected. The experimental 
group was also treated with 2 mM endoplasmic 

reticulum stress inhibitor Tauroursodeoxychola- 
te Sodium (sodium taurocholate), and the con-
trol group received PBS. After 48 hours, the 
expression of target proteins was detected 
again.

Cell proliferation assay

After 60 hours of cell transfection, the cells 
were seeded at a density of 1000 per well into 
a 96-well plate, with a total volume of 100 μl 
per well. The plates were cultured for 5 days 
under conditions of 37°C and 5% CO2. At the 
same time on days 0, 1, 2, 3, 4, and 5, 20 ul 
MTS solution (Promega) was added to each well 
and incubated at 37°C for 3 hours. The optical 
density (OD) values of each well were measured 
using an Molecular Devices (Spectramax M5) 
spectrophotometer at 490 nm to assess the 
proliferation capability of the cells.

Detection of cell invasion, migration and cell 
cloning ability

The invasive and migratory abilities of cells 
were detected using a 24-well plate and Trans- 
well chambers. Cells (5*104 for the migration 
test; 1*105 for the invasion test) were seeded 
in the upper chamber with a medium contain-
ing 0.2% FBS (the invasion chamber was coat-
ed with 80 μl of a 1:8 diluted matrix gel). The 
lower chamber was filled with a medium con-
taining 20% fetal bovine serum. After culturing 
for 16 h and 24 h, respectively, the cells were 
washed with PBS, fixed with 4% paraformalde-
hyde, and stained with 0.1% crystal violet. 
Under 100× magnification, the number of cells 
was counted in five random areas. In the cell 
clonal experiment, 2000 cells were seeded in  
a 6-well plate. Two weeks later, the cells were 
fixed with methanol and then stained with 0.1% 
crystal violet, and the number of visible colo-
nies was counted. In the overexpression group, 
the invasive and migratory abilities were en- 
hanced.

Immuno-coimmunoprecipitation (Co-IP) experi-
ment

Take 1*107 cells and use the IP-specific lysis 
buffer as instructed to lyse the cells. Then, 
after lysis on a 4°C rotor for 3 hours, centrifuge 
to collect the supernatant. Add A/G magnetic 
beads to the rotor and incubate for 10 minutes 
before collecting the supernatant again to pre-
vent non-specific protein binding. In a new EP 
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tube, take 30 μl of protein as the Input group 
for this experiment, then add 300 μl of protein 
along with the corresponding IP antibodies as 
the IP group. Another tube should be added 
with IgG antibodies as the control. The above 
antigen-antibody complexes are incubated 
overnight in a 4-degree rotor. The next day, add 
magnetic beads to the antigen-antibody com-
plexes, mix at room temperature, and incubate 
on a rotor for 120 minutes. Collect the antigen-
antibody complexes using a magnetic force 
frame, add 1× loading buffer of heat, denature 
the protein, and proceed with Western Blot 
detection.

Protein stability test

After 48 h of cell transfection, wash with PBS; 
to investigate the protein degradation rate 
under different treatment conditions, add 20 
mM Cycloheximide (CHX) to each group to in- 
hibit protein synthesis in cells, and detect the 
expression of target proteins at 0 h, 3 h, 6 h, 
and 9 h. To further explore the protein degrada-
tion pathway, add 20 uM proteasome inhibitor 
MG132 or 20 uM lysosome inhibitor Chloro- 
quine (CQ) simultaneously with CHX, and detect 
the expression of target proteins at 0 h, 3 h, 6 
h, and 9 h.

Animal studies

Male BALB/c nude mice aged 4 to 6 weeks 
were purchased from Beijing Vital River Labo- 
ratory Animal Technology. All mice were housed 
under specific pathogen-free (SPF) conditions. 
The mice were maintained on a 12-hour light/
dark cycle, with the temperature and humidity 
of the rearing environment set at 18-22°C  
and 50-60%, respectively. When humane end-
points were reached (neurological deficits, 
≥20% weight loss, or marked lethargy), mice 
were sacrificed by intraperitoneal injection of 
sodium pentobarbital (150 mg/kg). This over-
dose rapidly induced deep anesthesia, uncon-
sciousness, and respiratory arrest; death was 
confirmed by loss of corneal/pedal reflexes and 
cessation of heartbeat.

Intra-cerebral transplantation of nude rats

Using a stereotactic instrument, 5*105 U87 
cells with different treatment factors were 
injected into the substantia nigra of the right 
brain of nude mice, with a vertical depth of 3 

mm. When neurofunctional symptoms appear- 
ed in tumor-bearing mice, euthanasia was per-
formed simultaneously on different groups of 
mice, and the brain tissue was fixed and embed-
ded, followed by HE staining and immunohisto-
chemical staining; the above experiment was 
repeated to investigate survival differences un- 
der different conditions.

Bioinformatics analysis

The clinical expression profiles and molecular 
data required for the study were obtained from 
three publicly available and shareable data 
sources: the American Cancer Genome Atlas 
(The Cancer Genome Atlas, TCGA), the Interna- 
tional Neuroglial Gene Atlas Database (Chinese 
Glioma Genome Atlas, CGGA), GlioVis glioma 
data platform. The gene sets related to endo-
plasmic reticulum stress were selected from 
the GSEA website-(http://www.gseamsigdb.
org/gsea/ msigdb/search.jsp), activated endo-
plasmic reticulum stress genes set [18]: GO_
REF: 0000058; inhibited endoplasmic reticu-
lum stress genes set [19]: GO_REF: 0000058. 
Using the CGGA RNA-seq, TCGA RNA-seq, CGGA 
microarray glioma expression profile and clini-
cal data, univariate COX regression was applied 
to identify endoplasmic reticulum stress-relat-
ed genes with prognostic significance. The ssG-
SEA algorithm was used to weight and screen 
out the relevant gene expression levels and 
clinical prognosis data from the database, cal-
culating the endoplasmic reticulum risk score 
for each sample. The CGGA database’s clinical 
prognosis and molecular subtype data were uti-
lized to demonstrate the correlation between 
endoplasmic reticulum risk scores and various 
molecular subtypes, grades, and prognoses.

Statistical analysis

Using GraphPad Prism 8 (GraphPad Software 
Inc, La Jolla, CA) and R language (version 3.6.1; 
R packages: pheatmap, corrplot) for statistical 
data analysis and plotting. A one-way COX 
regression was performed using R; the ROC 
curve was plotted using Medcalc19.0.7 (www.
medcalc.org); survival analysis was conducted 
using the Kaplan-Meier method with log-rank 
tests; KEGG enrichment analysis was used  
to identify relevant signaling pathways. The 
results are presented as means ± standard 
error of mean (SEM). For multiple-group com-
parisons, one-way analysis of variance (ANOVA) 
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was applied, followed by appropriate post-hoc 
tests based on experimental design: Tukey’s 
honest significant difference (HSD) test for 
pairwise comparisons among all groups, Bon- 
ferroni’s test for planned comparisons, or 
Dunnett’s test for comparisons against a con-
trol group. * means P<0.05, ** means P<0.01, 
*** means P<0.001, **** means P<0.0001.

Results

DERL3 as a core ER stress-related gene as-
sociated with poor prognosis in GBM

To identify prognostic ER stress-related genes, 
we analyzed 81 genes from the GESA database 
using univariate COX regression in the CGGA 
dataset. Seven genes showed significant sur-
vival associations (P<0.0001), with PPP1R15A, 
FCGR2B, EDEM1, DERL3, and OS9 as risk fac-
tors (HR>1), and UBXN1 and UBQLN1 as pro-
tective (HR<1). An ER stress risk score derived 
from these genes correlated with aggressive 
glioma subtypes (e.g., mesenchymal, IDH-wild- 
type) and higher WHO grades (Figures 1A and 
S1A). High-risk patients had worse survival 
(Figure 1B). Multivariate analysis identified 
DERL3 as an independent prognostic marker, 
validated by ROC curves in CGGA and TCGA 
datasets (Figure S1B-F). Elevated DERL3 ex- 
pression predicted poorer survival across 
grades, especially in GBM (Figure S2A-F), and 
stratified outcomes by MGMT and IDH status 
(Figure S2G-L). DERL3 increased with tumor 
grade (Figure S3A-C) and was highest in mes-
enchymal GBM and IDH-wildtype tumors (Figure 
S3D-I). Histopathological validation via immu-
nohistochemistry corroborated these findings, 
demonstrating a progressive upregulation of 
DERL3 with increasing tumor grade (Figure 1C). 
Additional mRNA and protein-level analyses in 
glioma tissues further confirmed that DERL3 
expression escalates with advancing malignan-
cy (Figure 1D-F).

DERL3 promotes malignant progression of 
GBM cells

To assess the expression profile of DERL3 in 
glioma cells, we analyzed its mRNA and protein 
levels in human glioma cell lines (U87, U251, 
LN229), primary glioma stem-like cells (GSC21, 
GSC40), and normal human astrocytes (NHA). 
Notably, DERL3 expression was significantly 

elevated in glioma cell lines compared to NHA, 
with particularly high levels observed in LN229 
and U87 cells (Figure 2A). To investigate the 
functional role of DERL3 in glioma progression, 
we established stable DERL3-knockdown mod-
els in U87 and LN229 cells using lentiviral 
shRNA constructs. Quantitative PCR and We- 
stern blotting confirmed efficient DERL3 silenc-
ing at both transcriptional and translational lev-
els (Figure 2B).

Functional assays revealed that DERL3 knock-
down markedly suppressed glioma cell prolif-
eration. MTS assays demonstrated a signifi-
cant reduction in cell viability over time in 
DERL3-depleted U87 and LN229 cells com-
pared to controls (Figure 2C). Consistent with 
this, colony formation assays indicated impair- 
ed clonogenic capacity upon DERL3 suppres-
sion (Figure 2D). To evaluate the impact of 
DERL3 on glioma cell motility, we performed 
Transwell migration and Matrigel invasion as- 
says. DERL3 knockdown resulted in a sub- 
stantial decrease in both migratory and inva-
sive capacities, as evidenced by reduced cell 
penetration through the membrane pores and 
Matrigel matrix (Figure 2E, 2F). To further vali-
date these findings, we generated DERL3-
overexpressing U87 and LN229 cells via plas-
mid transfection (Figure S4A, S4B). Functional 
assays demonstrated that DERL3 overexpres-
sion significantly enhanced glioma cell migra-
tion and invasion compared to vector controls 
(Figure S4C, S4D). Collectively, these data indi-
cate that DERL3 plays a critical role in promot-
ing glioma cell proliferation, migration, and in- 
vasion, underscoring its potential as a key driv-
er of GBM malignancy.

ATF6-mediated DERL3 regulation drives GBM 
malignancy through ER stress activation

Our initial findings established DERL3 as an ER 
stress-responsive gene contributing to glioma 
malignancy. To investigate the regulatory me- 
chanism, we pharmacologically modulated ER 
stress in U87 and LN229 cells. Treatment with 
thapsigargin, an ER stress inducer, significantly 
upregulated both classical ER stress markers 
(ATF6 and BiP) and DERL3 expression (Figure 
3A). Conversely, the ER stress inhibitor taurour-
sodeoxycholate sodium (TUDCA) suppressed 
ATF6, BiP and DERL3 levels (Figure 3A). To 
identify the specific ER stress pathway govern-
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ing DERL3 expression, we performed compre-
hensive correlation analysis in the CGGA glioma 
dataset. Among the three major ER stress 
branches (PERK-eIF2α-ATF4, ATF6, and IRE1-
XBP1 pathways), DERL3 showed the strongest 
positive correlation with ATF6 (Figure S4E). 
Subsequent experimental validation confirmed 
this regulatory relationship: ATF6 knockdown 
markedly decreased DERL3 protein levels (Fi- 
gure 3B), while DERL3 silencing had no recipro-
cal effect on ATF6 expression (Figure 3C), dem-
onstrating unidirectional regulation of DERL3 
by ATF6.

Functional characterization revealed that ER 
stress activation significantly enhanced the 
proliferative, migratory and invasive capacities 
of glioma cells (Figure 3D-F). Importantly, this 
pro-tumorigenic effect was substantially atten-
uated in DERL3-knockdown cells (Figure 3D-F), 
indicating that DERL3 mediates the malignan-
cy-promoting effects of ER stress in glioma. 
These findings establish the ATF6-DERL3 axis 
as a critical mechanistic link between ER stress 
and GBM progression, suggesting that target-
ing this pathway may represent a novel thera-
peutic strategy for GBM treatment.

Figure 1. Endoplasmic reticulum stress, mediated by DERL3, drives malignant progression in glioma. A. Expression 
patterns and clinical relevance of the seven constitutive risk score genes in the CGGA database. B. Survival analy-
sis comparing high- vs. low-ERS risk groups in the three databases. C. Immunohistochemical staining of DERL3 in 
glioma tissues (grades II-IV) (DERL3 antibody for IHC, abcam: ab78233; magnification: Upper for 10X and Lower 
for 20X). D, E. Protein levels of DERL3 across glioma grades (II-IV) (DERL3 antibody for WB, Santa cruz: sc-390289; 
β-actin antibody, CST: 3700) (n=3, one-way ANOVA). F. mRNA expression of DERL3 in glioma grades II-IV (n=3, one-
way ANOVA).
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Figure 2. Knockdown of DERL3 suppresses malignant phenotypes in GBM. A. Protein expression and mRNA expres-
sion of DERL3 across different cell lines. B. Validation of DERL3 knockdown efficiency in U87 and LN229 cells (n=3, 
one-way ANOVA). C. Proliferation curves of U87 and LN229 cells after DERL3 knockdown (n=3, two-way repeated-
measures ANOVA). D. Colony formation ability of U87 and LN229 cells upon DERL3 knockdown (n=3, one-way 
ANOVA). E, F. Effects of DERL3 knockdown on invasion and migration in U87 and LN229 cells (n=3, one-way ANOVA; 
Magnification: 10X).
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DERL3 promotes GBM malignancy by activat-
ing the NF-κB signaling pathway

KEGG pathway enrichment analysis revealed 
significant enrichment of differentially express- 
ed genes between DERL3-high and DERL3-low 

expression groups in the NF-κB signaling path-
way (Figure 4A). Subsequent western blot vali-
dation demonstrated that DERL3 knockdown 
resulted in marked downregulation of phos-
phorylated NF-κB protein levels, while total 
NF-κB expression remained unaltered (Figure 

Figure 3. Protein expression and malignant behavior detection of various molecules in GBM cells under endoplas-
mic reticulum stress and inhibition states. A. The protein expression of various related genes in U87 and LN229 
cells under different treatment factors of endoplasmic reticulum stress activators and inhibitors (ATF6 antibody, 
CST: 65880; BIP antibody, CST: C50B12). B. ATF6 could regulate DERL3 expression in U87 and LN229 cells. C. ATF6 
could not be regulated by DERL3 in U87 and LN229 cells. D, E. Detection of cell migration and invasion after knock-
ing down DERL3 and administering endoplasmic reticulum stress activator (n=3, one-way ANOVA; Magnification: 
10X). F. Detection of cell proliferation ability after knocking down DERL3 and administering endoplasmic reticulum 
stress activator (n=3, two-way repeated-measures ANOVA).
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Figure 4. DERL3 promotes GBM cell invasion via NF-κB signaling pathway regulation. A. KEGG pathway analysis of 
differentially expressed genes associated with DERL3 in the CGGA GBM database. B. Western blot analysis of NF-κB 
pathway activity following DERL3 knockdown in LN229 and U87 cells (NF-κB antibody, CST: 8242; p-NF-κB antibody, 
CST: 3033). C. Western blot validation of NF-κB activation upon DERL3 overexpression and treatment with varying 
BAY (NF-κB inhibitor) concentrations in U87 and LN229 cells. D. Impact of DERL3 overexpression ± BAY on glioma 
cell proliferation (n=3, two-way repeated-measures ANOVA). E, F. Effects of DERL3 overexpression ± BAY on glioma 
cell migration and invasion (n=3, one-way ANOVA; Magnification: 10X).
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4B). To further elucidate the functional involve-
ment of DERL3 in glioma progression via NF-κB 
signaling, we performed pharmacological inhi-
bition experiments using the specific NF-κB 
inhibitor BAY 11-7082. Dose-response analysis 
in DERL3-overexpressing cells showed that  
10 μM BAY 11-7082 effectively suppressed 
NF-κB protein expression (Figure 4C). Notably, 
this treatment abrogated the pro-malignant 
effects mediated by DERL3 overexpression, as 
evidenced by significant attenuation of glioma 
cell aggressiveness (Figure 4D-F). These find-
ings collectively demonstrate that DERL3 pro-
motes glioma malignancy through activation of 
the NF-κB signaling pathway.

DERL3 interacts with HNRNPA2B1 and regu-
lates its protein stability

To further elucidate the molecular mechanisms 
underlying DERL3-mediated promotion of glio-
ma malignancy, we sought to identify potential 
binding partners of DERL3. Immunoprecipita- 
tion (IP) coupled with mass spectrometry analy-
sis revealed HNRNPA2B1 as a putative inter-
acting protein of DERL3, a finding subsequent- 
ly validated by co-immunoprecipitation (Co-IP) 
assays (Figure 5A). Intriguingly, knockdown of 
DERL3 led to a marked reduction in HNRNP- 
A2B1 protein levels (Figure 5B), whereas its 
mRNA expression remained unchanged (Figure 
5C), suggesting post-transcriptional regulation 
of HNRNPA2B1 by DERL3.

To determine whether DERL3 stabilizes HN- 
RNPA2B1 through direct binding, we performed 
cycloheximide (CHX) chase assays to assess 
HNRNPA2B1 protein turnover. Notably, DERL3 
depletion significantly accelerated HNRNPA2B1 
degradation (Figure 5D), supporting a role for 
DERL3 in maintaining HNRNPA2B1 stability. 
Further investigation into the degradation me- 
chanism revealed that the proteasome inhibitor 
MG132, but not the lysosome inhibitor chloro-
quine (CQ), attenuated HNRNPA2B1 degrada-
tion (Figure 5E, 5F), indicating that HNRNPA2B1 
turnover is primarily mediated by the ubiquitin-
proteasome pathway.

DERL3 activates NF-κB signaling through 
HNRNPA2B1-dependent mechanisms

To investigate the functional relationship be- 
tween DERL3 and HNRNPA2B1 in NF-κB pa- 

thway activation, we first established stable 
HNRNPA2B1-knockdown models in LN229 and 
U87 glioma cell lines. Western blot analysis 
demonstrated that HNRNPA2B1 depletion sig-
nificantly reduced phosphorylated NF-κB (p-NF-
κB) protein levels (Figure 6A), while functional 
assays revealed substantial impairment of 
malignant phenotypes. MTS proliferation as- 
says showed time-dependent attenuation of 
cell viability in HNRNPA2B1-deficient cells com-
pared to controls (Figure 6B). Furthermore, 
transwell migration and invasion assays ex- 
hibited markedly reduced migratory and inva-
sive capacities in HNRNPA2B1-depleted cells 
(Figure 6C, 6D), collectively indicating that 
HNRNPA2B1 knockdown attenuates the prolif-
erative and metastatic potential of glioma cells.

To delineate the hierarchical relationship be- 
tween DERL3 and HNRNPA2B1 in glioma pro-
gression, we performed rescue experiments by 
overexpressing DERL3 in both HNRNPA2B1-
knockdown and control cells. While DERL3 
overexpression significantly enhanced prolifer-
ative, migratory and invasive capacities in con-
trol cells (Figure S5A-F), these oncogenic eff- 
ects were completely abrogated in HNRNPA2B1-
deficient backgrounds. These results demon-
strate that HNRNPA2B1 serves as an essen- 
tial downstream effector mediating DERL3-
dependent activation of NF-κB signaling and 
subsequent promotion of glioma malignancy.

DERL3 knockdown suppresses GBM progres-
sion in an intracranial xenograft model

To validate the tumorigenic role of DERL3 in 
vivo, we established an orthotopic xenograft 
model by intracranially implanting U87 glioma 
cells into nude mice. Histopathological exami-
nation (H&E staining) of brain sections harvest-
ed 31 days post-implantation revealed signifi-
cantly reduced tumor volumes in DERL3-kno- 
ckdown groups compared to controls (Figure 
S6A, S6B). Importantly, Kaplan-Meier survival 
analysis demonstrated markedly prolonged 
survival in mice bearing DERL3-deficient tu- 
mors (Figure 6E). Immunohistochemical analy-
sis confirmed successful DERL3 knockdown 
(Figure 6F) and revealed concomitant reduc-
tion in Ki67 proliferation index (Figure 6F), indi-
cating decreased tumor cell proliferation. The- 
se in vivo findings collectively demonstrate that 
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DERL3 depletion effectively attenuates glio-
blastoma growth and improves host survival, 
further supporting its critical role in glioma 
progression.

Discussion

Gliomas, particularly GBMs, represent the most 
aggressive and lethal primary brain tumors, 

Figure 5. DERL3 maintains its stability by binding to HNRNPA2B1. A. The CO-IP experiment confirmed the binding re-
lationship between DERL3 and HNRNPA2B1 in LN229 and U87 cell lines (HNRNPA2B1 antibody, PTG: 14813-1-AP). 
B. Western detection showed that DERL3 can regulate HNRNPA2B1 in U87 and LN229 cell lines. C. Knocking down 
DERL3 did not significantly alter the mRNA expression of HNRNPA2B1 (n=3, unpaired t-test). D-F. The degradation 
rate and degradation curve of HNRNPA2B1 protein in the DERL3 knockdown group and control group were plotted 
after the addition of CHX, CHX+MG132, and CHX+CQ (n=3, unpaired t-test).
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Figure 6. Knockdown of HNRNPA2B1 and DERL3 inhibits malignant progression of GBM. A. In U87 and LN299 cell 
line, HNRNPA2B1 can regulate the NF-κB signaling pathway. B. Changes in cell migration and invasion after knock-
ing down HNRNPA2B1 in U87 and LN229 cell lines (n=3, two-way repeated-measures ANOVA). C, D. Cell prolifera-
tion before and after knocking down HNRNPA2B1 in U87 and LN229 cell lines (n=3, one-way ANOVA; Magnification: 
10X). E. The survival of mice in DERL3 knockdown group was significantly prolonged (survival analysis, n=80; log-
rank). F. IHC staining of DERL3 and Ki67 in DERL3 control group and knockdown group (Magnification: 40X).
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characterized by high mortality rates, signifi-
cant disability, and substantial economic bur-
dens on healthcare systems globally [17]. The 
intrinsic plasticity of glioma cells enables rapid 
adaptation to microenvironmental stressors, 
contributing to therapeutic resistance and dis-
ease recurrence [18]. Recent advances have 
highlighted the pivotal role of ER stress in 
tumorigenesis, where it modulates autophagy, 
oxidative stress, and inflammatory responses 
via the UPR pathway [19, 20]. While ER stress 
has been implicated in various malignancies, 
its specific contributions to GBM pathogenesis 
remain underexplored. This study aims to char-
acterize ER stress-related molecular signatures 
in GBMs and evaluate their clinical and thera-
peutic relevance, with a focus on the derlin 
family protein DERL3 as a potential prognostic 
marker and therapeutic target.

Accumulating evidence underscores the invo- 
lvement of ER stress in cancer progression, 
where it orchestrates adaptive mechanisms 
that promote tumor survival and aggressive-
ness [21]. In gliomas, ER stress activation has 
been linked to poor prognosis, yet its detailed 
molecular landscape and clinical implications 
are poorly defined. To address this gap, we 
curated a comprehensive gene set associated 
with ER stress and computed individualized  
ER stress risk scores for glioma patients. Our 
analysis revealed a progressive increase in ER 
stress risk scores with ascending glioma grade, 
correlating with significantly shorter overall sur-
vival in high-risk cohorts. Further stratification 
demonstrated that patients with elevated ER 
stress scores frequently harbored IDH1 wild-
type status and stromal molecular subtypes, 
both of which are hallmarks of aggressive glio-
ma biology. These findings suggest that ER 
stress activation may drive malignant pheno-
types in gliomas, particularly in tumors with 
complex metabolic and microenvironmental 
dysregulation. The association between ER 
stress and adverse molecular features under-
scores its potential as a prognostic biomarker 
and therapeutic vulnerability in glioma.

To identify key ER stress-related regulators,  
we performed univariate and multivariate Cox 
regression analyses on glioma clinical datas-
ets, pinpointing DERL3 as a gene of indepen-
dent prognostic significance. Located at chro-
mosome 22q11.23, DERL3 encodes a 235- 
amino acid protein that oligomerizes with other 

derlin family members (e.g., DERL1/2) and 
localizes to the ER membrane. As a component 
of the ER-associated degradation (ERAD) ma- 
chinery, DERL3 facilitates the clearance of mis-
folded glycoproteins, thereby maintaining ER 
homeostasis under stress conditions [22, 23]. 
Prior studies implicate DERL3 in cancer pro-
gression: its knockdown suppresses prolifera-
tion and metastasis in lung adenocarcinoma 
[15], while its overexpression enhances inva-
siveness in breast cancer [16]. However, its role 
in glioma remained unexplored. Here, we dem-
onstrate that DERL3 expression escalates with 
glioma grade, peaking in GBMs, and is predic-
tive of poor patient outcomes. Immunohisto- 
chemical and molecular analyses confirmed 
DERL3 overexpression in high-grade gliomas, 
positioning it as a robust biomarker for tumor 
aggressiveness. These results establish DERL3 
as a critical mediator of ER stress responses in 
glioma pathogenesis.

The oncogenic functions of DERL3 were experi-
mentally validated using loss- and gain-of-func-
tion models. Silencing DERL3 in GBM cell lines 
attenuated proliferation, migration, and inva-
sion, whereas its overexpression exacerbated 
these malignant traits. In vivo, intracranial 
xenografts with DERL3 knockdown exhibited 
slower tumor growth and prolonged survival  
in murine models, reinforcing its pro-tumorigen-
ic role. Mechanistically, DERL3’s effects were 
linked to its interaction with HNRNPA2B1, a 
RNA-binding protein implicated in mRNA stabil-
ity and splicing. We found that DERL3 stabilizes 
HNRNPA2B1, thereby activating the NF-κB sig-
naling pathway - a known driver of glioma pro-
gression. This axis underscores DERL3’s capac-
ity to integrate ER stress with transcription- 
al programs that fuel tumor aggressiveness. 
Our work is the first to delineate the DERL3-
HNRNPA2B1-NF-κB pathway in gliomas, offer-
ing a novel mechanistic framework for ER 
stress-mediated adaptation.

The plasticity of GBM cells under stress neces-
sitates innovative therapeutic strategies that 
disrupt adaptive survival mechanisms. Our 
identification of the DERL3-HNRNPA2B1-NF-κB 
axis provides a actionable target for interven-
tion. Precedents in other cancers support  
this approach: ER stress inhibitors and NF- 
κB antagonists have shown efficacy in preclini-
cal models. Given DERL3’s overexpression in 
GBMs, small-molecule inhibitors or RNA-based 
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therapeutics targeting DERL3 could mitigate  
its oncogenic effects. Furthermore, combining 
DERL3 inhibition with standard therapies may 
circumvent resistance rooted in ER stress 
adaptation. Future studies should prioritize 
high-throughput screening for DERL3-specific 
compounds and evaluate their efficacy in ortho-
topic glioma models. The translational poten-
tial of this axis is underscored by the clinical 
availability of NF-κB inhibitors, which could be 
repurposed for GBM therapy.

Our further research will focus on the impact  
of ER stress inducers on DERL3 expression. 
Tunicamycin, a nucleoside antibiotic that inhib-
its N-linked glycosylation, disrupts protein fold-
ing and thereby induces endoplasmic reticulum 
(ER) stress, activating the three major unfolded 
protein response (UPR) pathways: IRE1, PERK, 
and ATF6. Under such stress, the IRE1 pathway 
mediates the unconventional splicing of XBP1 
mRNA into its active form (XBP1s), which in turn 
upregulates the transcription of ER-associated 
degradation (ERAD) genes such as DERL3. This 
enhances the clearance of misfolded proteins 
and promotes restoration of ER homeostasis 
[24-28]. Thapsigargin, an inhibitor of the ER cal-
cium pump SERCA, depletes ER calcium stores 
and disrupts calcium homeostasis, triggering  
a global UPR. This comprehensive activation 
involves coordinated actions of the IRE1, PERK, 
and ATF6 pathways. Specifically, PERK phos-
phorylates eIF2α to attenuate global protein 
synthesis, thereby reducing the protein-folding 
burden and improving cellular adaptability to 
folding stress. Moreover, downstream PERK 
effectors ATF4 and CHOP may indirectly upreg-
ulate DERL3 expression, further enhancing 
ERAD activity to counteract proteostatic stress 
[25, 29, 30]. Future studies should focus on 
elucidating the crosstalk between these UPR 
branches and their temporal coordination in 
different stress contexts, which may reveal 
novel therapeutic strategies for diseases linked 
to ER dysfunction.

This study establishes ER stress as a hallmark 
of GBM aggressiveness and nominates DERL3 
as a central effector of this pathway. By inte-
grating bioinformatics with functional assays, 
we delineated the prognostic relevance of 
DERL3 and its role in sustaining GBM malig-
nancy via HNRNPA2B1-NF-κB signaling. while 
we validated DERL3’s expression and prognos-
tic value using multiple public datasets (TCGA, 

CGGA) and our own IHC cohort, future valida-
tion in larger, multi-institutional patient cohorts 
or tissue microarrays would further strengthen 
the clinical applicability of our findings. These 
findings advance the understanding of ER 
stress in glioma biology and provide a ra- 
tionale for targeting the DERL3-HNRNPA2B1-
NF-κB axis. Future work will focus on develop-
ing DERL3-targeted therapies and testing their 
efficacy in preclinical models, with the ultimate 
goal of clinical translation. Unraveling the inter-
play between ER stress and GBM adaptation 
will be pivotal for overcoming therapeutic resis-
tance and improving patient outcomes.

Conclusion

In conclusion, this study establishes ER stress 
as a hallmark of GBM aggressiveness and no- 
minates DERL3 as a central effector of this 
pathway. By integrating comprehensive bioin-
formatics analyses with rigorous functional vali-
dation, we have delineated the prognostic rele-
vance of DERL3 and uncovered its pivotal  
role in sustaining GBM malignancy. Our work is 
the first to elucidate a novel ATF6-DERL3-
HNRNPA2B1-NF-κB signaling axis, providing a 
mechanistic link through which ER stress adap-
tation is translated into pro-tumorigenic out-
comes. These findings not only advance our 
understanding of ER stress in glioma biology 
but also provide a compelling rationale for tar-
geting the DERL3-HNRNPA2B1-NF-κB axis as a 
promising therapeutic strategy. Future efforts 
will focus on developing DERL3-targeted agents 
and evaluating their efficacy, alone or in combi-
nation with standard therapies, in preclinical 
models, with the ultimate goal of overcoming 
therapeutic resistance and improving patient 
outcomes in this devastating disease.
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Figure S1. DERL3 as a predictive biomarker for endoplasmic reticulum stress risk in glioma. A. Association between 
endoplasmic reticulum stress (ERS) risk scores and glioma grade across three independent databases (one-way 
ANOVA). B. Multivariate Cox analysis of endoplasmic reticulum stress-related genes in CGGA microarray datebase 
grade gliomas. C. Multivariate Cox analysis of endoplasmic reticulum stress-related genes in CGGA microarray date-
base GBM. D. The predictive ability of DERL3 on endoplasmic reticulum risk score in CGGA microarray datebase. 
E. The predictive ability of DERL3 in CGGA RNA sequencing datebase for endoplasmic reticulum risk score. F. The 
predictive ability of TCGA RNA database DERL3 for endoplasmic reticulum stress risk score.
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Figure S2. The impact of DERL3 expression on the prognosis of glioma patients. A-C. In CGGA and TCGA databases for all grades of gliomas, the group with high 
expression of DERL3 had a shorter survival time than the group with low expression. D-F. In CGGA and TCGA databases of GBM, the group with high expression 
of DERL3 had a shorter survival time than the group with low expression. G, H. Survival curves of high and low endoplasmic reticulum stress risk scores in MGMT 
promoter state stratified survival analysis in CGGA microarray database. I, J. Survival curves of high and low endoplasmic reticulum stress risk scores in stratified 
survival analysis based on IDH status in CGGA microarray database. K, L. Survival curves of high and low endoplasmic reticulum stress risk scores in age stratified 
survival analysis in CGGA microarray database.
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Figure S3. The expression of DERL3 in different subtypes of gliomas. A-C. The expression level of DERL3 changes with the increase of glioma grade in CGGA and 
TCGA databases (one-way ANOVA). D-I. The expression levels of DERL3 in glioma or GBM different status or subtypes (one-way ANOVA).
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Figure S4. Overexpression of DERL3 effectively promotes malignant behavioral changes in GBM. A, B. Efficiency 
detection of DERL3 overexpression in U87 and LN229 cells (n=3, unpaired t-test). C, D. Overexpression of DERL3 in 
U87 and LN229 cells leads to changes in invasion and migration ability (n=3, unpaired t-test; Magnification: 10X). 
E. The correlation between DERL3 and classical endoplasmic reticulum stress-related pathway markers.
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Figure S5. Knocking down HNRNPA2B1 could restore the malignant biological behavior of glioma cells caused by 
DERL3. A, B. In U87 and LN229 cell lines, DERL3 was overexpressed in siNC and siHNRNPA2B1, respectively, and 
NF-κB protein expression was detected. C, D. In U87 and LN229 cell lines, after knocking down HNRNPA2B1 and 
overexpressing DERL3 in the control group, cell proliferation ability was detected (n=3, two-way repeated-measures 
ANOVA). E, F. In the U87 and LN229 cell lines, after knocking down HNRNPA2B1 and overexpressing DERL3 in the 
control group, the invasion and migration ability of cells were detected (n=3, one-way ANOVA; Magnification: 10X).
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Figure S6. DERL3 silencing decreases intracranial tumor burden in situ. A, B. HE shows that knocking down DERL3 
reduces the volume of intracranial tumors in situ (n=3, unpaired t-test; Magnification: 10X).


