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SUMMARY 

 

Background: Ovarian cancer (OC) is an invasive gynecological cancer with an overall 5-year survival rate of less 

than 45%. Endoplasmic reticulum (ER) stress plays a crucial role in regulating oncogenic events and immune-

modulatory pathways, influencing malignant progression, antitumor immunity, and treatment response. Howev-

er, the full scope of ER stress in ovarian cancer remains poorly understood and warrants further investigation.  

Methods: RNA sequencing and clinical data were sourced from the Cancer Genome Atlas (TCGA) and Gene Ex-

pression Omnibus database (GEO). ER stress-related genes associated with ovarian tumor prognosis were identi-

fied, and an ER stress risk score model was developed using LASSO regression. We utilized this ER stress risk 

score to explore differences in immune cell infiltration. Furthermore, the biological role and expression of the risk 

gene KRT8 were validated through molecular biology experiments.  

Results: We identified 573 genes related to ER stress that were differentially expressed genes (DEGs) between nor-

mal and tumor tissues. The ER stress-related risk signature (ERRS) constructed using the TCGA dataset was re-

garded as an independent and significant prognostic model for predicting cancer progression and instructing clin-

ical decisions. Additionally, KRT8 was found to be overexpressed in ovarian cancer cells and tissues. Downregula-

tion of KRT8 inhibited ovarian cancer cell proliferation and migration (in both SKOV3 and OVCAR8 cells) in 

vitro. 

Conclusions: The ER stress-related gene model we developed can be utilized to assess the prognostic risk for OC 

patients. Importantly, KRT8 was identified as a key risk gene in ovarian cancer, promoting tumor progression, 

and holds potential as a novel therapeutic target. 

(Clin. Lab. 2025;71:xx-xx. DOI: 10.7754/Clin.Lab.2025.241216) 
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INTRODUCTION 

 

Background 

Ovarian cancer (OC) is the third most common gynecol-

ogic malignancy worldwide. According to the World 

Health Organization, the global incidence of OC is esti-

mated to be 225,500 cases, and 140,200 patients will 
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succumb to this disease each year, making it the eighth 

most predominant cause of cancer-related death among 

women [1]. Most OC patients are at an advanced stage 

and lost the opportunity for surgery due to lack of effec-

tive screening tools [2]. Furthermore, emerging diag-

nosis and therapies for ovarian cancer, including molec-

ular targeting agents and immunotherapies, have im-

proved the prognosis of a subset of OC patients, but the 

response rate remains limited [3]. To improve survival 

in patients with this aggressive disease, the immunolo-

gical state of the tumor microenvironment must be de-

termined [4]. Additionally, refining predictive biomark-

ers and developing innovative treatments are crucial to 

identifying patients who will benefit from chemothera-

py, targeted therapies, or immunotherapy, enabling 

more personalized treatment. Therefore, there is a press-

ing need to develop effective tools for predicting surviv-

al and identifying new targets for OC treatment.  

To maintain ER homeostasis and ensure protein folding 

fidelity, the unfolded protein response (UPR), an adap-

tative mechanism, has emerged to improve the protein 

folding capacity of the ER and relieve the load of un-

folded or misfolded proteins [5]. However, diverse 

stressors, including hypoxia, nutrient deprivation, low 

pH, reactive oxygen species (ROS) overproduction, 

high transcription and translation rates, drugs, and radi-

ation, disturb the protein folding capacity of the ER and 

provoke a cellular state of “ER stress” [6]. As the ER 

connects directly to other organelles, including the mi-

tochondria, nucleus, and cytoskeleton, ER stress can 

globally affect biological functions in cells. In malig-

nant cells, sustained stressors in the tumor microenvi-

ronment (TME) induce persistent ER stress, which has 

been proven to drive tumor initiation, progression, and 

resistance to therapy [7].  

 

Rationale and knowledge gap 

Previous studies showed that elaiophylin-inducing ERS 

triggers paraptosis overcame drug resistance to plati-

num, taxane, or PARPi in OC [8]. In addition, ER-asso-

ciated proteins including glucose-regulated protein 

(GRP78) are increased in EOC patients and can be used 

as predictors of survival [9]. Chen et al. established an 

ER stress-associated risk signature for pancreatic cancer 

patients and it can be used to guide clinical decision 

making in the immunotherapy and predict survival [10]. 

However, the predictive role of ERS in OC has not been 

fully elucidated.  

 

Objective 

This study aimed to analyze differential ERS-related 

genes between ovarian cancer tissues and normal tissues 

and explored the biological functions and pathways as-

sociated with these DEGs. The ER stress-related risk 

signature (ERRS) was constructed using differentially 

expressed genes (DEGs) to evaluate the prognosis of 

OC patients. Additionally, we performed an association 

analysis between these key genes and immune infiltra-

tion. Quantitative polymerase chain reaction (qPCR) 

and immunohistochemistry (IHC) revealed that KRT8 

was upregulated and could regulate the migration and 

invasion of OC cells. The flow chart of this study can 

be seen in Figure S1. Our study established a model of 

ER stress-related genes for assessing the prognosis of 

OC and reveals KRT8 as a potential new therapeutic 

target. 

 

 

MATERIALS AND METHODS 

 

Data collection  

The RNA-seq data for gene expression (count and 

FPKM value) and associated clinical information were 

obtained from The Cancer Genome Atlas (TCGA) 

(https://cancergenome.nih.gov/) and the Genotype-Tis-

sue Expression (GTEx) database (http://xenabrowser. 

net/). The RNA-seq data included 515 patient samples, 

427 tumor samples, and 88 normal tissue samples 

(Table S1). In addition, the GSE26712, GSE49997, 

GSE102073, and GSE140082 datasets were obtained 

from the Gene Expression Omnibus (GEO) database 

(http://www.ncbi.nlm.nih, gov/geo/) as a validation co-

hort to verify the predictive value of the risk model. A 

list of unfolded protein response-related genes was ob-

tained from the HALLMARK and REACTOME gene 

sets of the Molecular Signatures Database. Then, 1,176 

ER stress-related genes were extracted from GeneCards 

for subsequent analysis, and genes with a relevance 

score > 5 were selected.  

 

Multiomics analysis of ER stress-related genes  

We adjusted for batch effects in the expression data and 

determined differentially expressed genes (DEGs) relat-

ed to ER stress in ovarian cancer and normal tissues by 

the R software “DESeq2” package (∣log2 (FC) ∣= 0.5 

and p < 0.05). A heatmap and volcano plot reflecting 

the difference in the expression of each differentially 

expressed ER stress-related gene between normal and 

tumor tissues were generated with the “pheatmap” and 

“ggplot2” packages in R. Principal component analysis 

(PCA) conducted with the “ggbiplot” package was used 

to verify the accuracy of the classifications. We down-

loaded the mutation and copy number variation (CNV) 

data of ovarian cancer patients and constructed waterfall 

plots with the “maftools” package. Kaplan-Meier curve 

analysis via the “survival” package was used to com-

pare the survival possibility between the mutation group 

and the wild-type group. 

 

Construction and verification of the ER stress-

related risk signature (ERRS) 

In the training cohort, univariate Cox regression analy-

sis was conducted using the “survival” package in R to 

screen for ER stress-related genes with significant prog-

nostic value (p < 0.05). Kaplan-Meier curve analysis via 

the “survival” and “survminer” packages was used to 

compare the survival possibility between patients with 

high and low expression of the differentially expressed 
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ER stress-related genes. The ERRS for predicting the 

prognosis of OC patients was constructed through Cox 

and least absolute shrinkage and selection operator 

(LASSO) regression analyses by using the “glmnet” 

software package in the R language. According to the 

penalty parameter (λ) determined by “cv.glmnet”, we 

reconstructed a model and screened ER-related genes. 

 

Risk score = ∑ (𝑪𝒐𝒆𝒇𝒊 × 𝑬𝒙𝒑𝒊)
𝑵
𝒊=𝟏  

Expi is the expression value of the ER stress-related 

genes, and Coefi is the corresponding regression coeffi-

cient calculated by Cox analysis. The TCGA data were 

used as the training cohort, and the GSE26712, 

GSE49997, GSE102073, and GSE140082 cohorts were 

used as the validation cohorts. Patients in the two data-

bases were divided into high- and low-risk groups ac-

cording to the median risk score for follow-up evalua-

tion.  

 

Survival analysis 

We used the “ggsurvival” package in R to construct a 

Kaplan-Meier survival curve to assess the difference in 

survival between the high- and low-risk groups. The re-

ceiver operating characteristic (ROC) curve and the area 

under the curve (AUC) were used to assess the ability of 

the genetic and clinical factors to predict survival at 1, 

3, and 5 years. Additionally, the “pheatmap” package in 

R was used to construct the risk map. In the survival 

analysis, p-values < 0.05 were considered to indicate 

statistical significance and were used for subsequent 

analysis. 

 

Construction of the predictive nomogram 

The nomogram shows the probability of clinical events 

through simple graphs of statistical prediction models to 

form a personalized prediction model. The risk score, 

stage, grade, neoplasm status, and age were combined 

to develop a nomogram using the “survival” and “reg-

plot” packages in the R language. Calibration curves 

and receiver operating characteristic (ROC) curves were 

generated to evaluate the ability of the nomogram to 

predict the one-, two-, and three-year survival probabili-

ty of ovarian cancer patients. The bootstrap resampling 

method was used to evaluate the discrimination ability 

of the nomogram. 

 

Analysis of the association between the ERRS and 

immunity in OC patients 

The analytical method CIBERSORT (https://cibersort. 

stanford.edu/) can be used to characterize the cell com-

position of a mixed cell population. We applied CIBER-

SORT to estimate the relative abundance of TIME-infil-

trating immune cells between the high- and low-risk 

score groups. To further investigate the potential associ-

ation between TIME-related ER stress and clinical im-

munotherapy efficacy, we analyzed the expression of 

immune checkpoint genes in the high- and low-risk 

score groups. Immune checkpoint gene information was 

acquired from previous literature [11]. A boxplot was 

generated to compare the levels of immune cell infiltra-

tion, immune scores, and differentially expressed im-

mune checkpoint genes.  

 

Cell culture and specimen collection  

A human normal ovarian epithelial cell line (IOSE-80) 

and ovarian cancer cell lines (HOC-7, A2780, SKOV3, 

OVCAR8, HEYA8, and CAOV3) were purchased from 

EK-Bioscience (Shanghai, China). HOC-7, A2780 

OVCAR8 cells were maintained in RPMI 1640 (Hyc-

lone, Cytiva, UT, USA) supplemented with 10% fetal 

bovine serum (FBS) at 5% CO2 at 37°C. SKOV3 was 

cultured in McCoy's 5a (Hyclone, Cytiva, UT, USA) 

medium and 10% FBS. HEYA8 and CAOV3 were cul-

tured in DMEM medium (Hyclone, Cytiva, UT, USA). 

SiRNA against KRT8 was provided by RIBORIO 

(Guangzhou, China). Si-NC was used as a negative con-

trol. Transfection was performed with CP Transfection 

Kit (RIBORIO, Guangzhou, China) according to the 

manufacturer's instructions. The siRNA targeting se-

quences against KRT8 in this study were as follows: 

si#1: GTGGAGAGCTGGCCATTAA,  

si#2: TCACCGCAGTTACGGTCAA,  

si#3 CTCGAAGCAACATGGACAA.  

 

Immunohistochemistry  

All tissues were frozen in liquid nitrogen within 30 min-

utes after resection and stored at -80℃. Tumor tissues 

were fixed in 10% formalin, embedded after dehydra-

tion. Slides were incubated with KRT8 antibody (1:500, 

proteintech, Wuhan, China). This study was approved 

by the Medical Ethics Committee of the First Affiliated 

Hospital of the University of Science and Technology 

of China.  

 

Western blot  

RIPA buffer (Beyotime, Shanghai, China) was used for 

protein extraction. The protein concentration was mea-

sured using a BCA protein assay kit (Beyotime, Shang-

hai, China). Forty micrograms of protein were separated 

via SDS‒PAGE and transferred onto PVDF mem-

branes, which were subsequently blocked with 5% non-

fat milk and incubated with relevant primary antibodies 

at 4°C overnight. Horseradish peroxidase-conjugated 

secondary antibodies were used to detect the primary 

antibodies. An enhanced chemiluminescence (ECL) de-

tection system (Thermo Scientific, Waltham, MA, 

USA) was used to image the protein bands, and a semi-

quantitative analysis was conducted using ImageJ soft-

ware. The primary antibodies used were those against 

GAPDH (1:10,000, ZSGB-BIO, Beijing, China). 

 

Total RNA extraction and quantitative real-time 

PCR  

Total RNA was extracted from cells or plasma using 

TRIZOL reagent (Invitrogen, Waltham, MA, USA). 

The RNA was reverse-transcribed into cDNA using a 

PrimeScript RT Reagent Kit (Beyotime, Shanghai, Chi-

na). qPCR was performed using SYBR Green qPCR 
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Master Mix (Beyotime, Shanghai, China) on a ftc-

3000p PCR instrument (fungyn biotechinc, Canada). 

cDNA was synthesized from total RNA (0.5 μg) at 

48°C for 30 minutes and at 95°C for 10 minutes. cDNA 

(1 μg) was subjected to polymerase chain reaction 

(PCR) for 45 cycles of 94°C for 45 seconds, 56°C for 

30 seconds, and 72°C for 30 seconds. The primers used 

for quantitative reverse transcription-PCR are summa-

rized in Table 1. The data were analyzed using the 2-

ΔΔCT method.  

 

Cell viability assay 

SKOV3 and OVCAR8 cells were seeded on a 96-well 

plate at a density of 2 × 103 cells/well. Cell viability 

was measured using a Cell Counting Kit (CCK-8) 

(BestBio, Shanghai, China) following the manufac-

turer’s instructions. Cell viability was determined at 450 

nm using a microplate reader (TECAN Group Ltd, 

Switzerland).  

 

Colony formation assay 

A colony formation assay was used to evaluate the clo-

nogenic ability of the ovarian cancer cells. A single-cell 

suspension of cells was trypsinized at a density of 1 × 

103 and was seeded on 6-well plates. Afterward, the 

cells were maintained in RIPM 1640 supplemented with 

10% FBS (Gibco) for approximately 2 weeks. The visi-

ble colonies were fixed in 4% paraformaldehyde for 4 

hours at 37°C and stained with 0.5% crystal violet 

(Beyotime, China) for 2 hours at 37°C. The colonies 

were counted under a light microscope (Olympus Corp). 

 

Wound healing assay 

Cell migration was detected by a wound healing assay 

as previously described. Cells were seeded on six-well 

plates. Pipette tips were used to create a clean cross on 

the well, and the cell debris was removed with PBS. 

Then, the solution was added, and the cells were cul-

tured for 48 hours. The scratch images were observed 

by a microscope at × 40 magnification. The healing area 

was calculated by ImageJ analysis software.  

 

Transwell assays 

OVCAR8 and SKOV3 cells suspended in 200 μL of se-

rum-free medium were seeded in transwell chambers. 

When appropriate cells were filtered to the bottom of 

the chamber, the cells were fixed with 4% paraformal-

dehyde and stained with crystal violet. Five random 

fields per group were photographed under an optical mi-

croscope, and the number of cells was counted. 

 

Statistical analysis 

All the data were processed in the R programming en-

vironment (version 4.0.3) and GraphPad Prism (version 

9.0). The present study conducted statistical analyses, 

and Wilcoxon signed-rank tests were used to detect dif-

ferences in immune cells and immune checkpoint mole-

cules between the high- and low-risk populations. p < 

0.05 was considered to indicate statistical significance. 

RESULTS 

 

Dysregulated expression of ER stress-related genes 

in ovarian cancer 

First, we acquired the TCGA (427 ovarian cancer) and 

the GTEx (88 normal tissues) cohorts to investigate the 

expression of ER-related genes. In addition, we down-

loaded the hallmark and REACTOME gene sets from 

the Molecular Signatures Database (MSigDB) and iden-

tified unfolded protein response (UPR)-related genes. 

We screened 1,176 genes with a relevance score > 5 

that correlated with endoplasmic reticulum stress and 

the unfolded protein response from the GeneCards data-

base. In the pooled dataset, 573 ER-related genes were 

found to be significantly differentially expressed, in-

cluding 357 upregulated and 216 downregulated genes 

(Table S2). The final DEGs were visualized by a volca-

no map (Figure 1A) and heatmap (Figure 1B). Copy 

number variation (CNV) is a genomic structural varia-

tion induced by a number of copies of a particular DNA 

segment [12]. The CNV signature is closely related to 

gene mutations in high-grade serous ovarian cancer 

(HGSOC) and can be used to predict overall survival 

(OS) and the prognosis of patients during chemotherapy 

treatment [13]. Therefore, we acquired mutation data 

for ovarian cancer patients and performed waterfall 

mapping for ER-related gene mutations (Figure 1C). 

TP53 and TTN mutations were found in 66% and 42%, 

respectively. Missense and nonsense mutations account 

for the majority of TP53 mutations, while multihit and 

nonsense mutations often occur in TTN. Next, we 

analyzed CNVs in the patients. The results showed that 

MAP3K4 and PLG CNVs occurred in 3% of the ovari-

an cancer patients, and most of the CNVs were amplifi-

cation and deletion mutations (Figure 1D).  

 

ER genes screened by univariate Cox regression 

analysis 

We identified 32 ER genes with significant prognostic 

value (p < 0.05) among the DEGs by univariate Cox re-

gression analysis (Table S3). The samples were divided 

into a high-expression group and a low-expression 

group according to the expression of the ER genes. Fur-

thermore, we evaluated the correlations between ER 

stress-related genes and patient prognosis in the TCGA 

cohort. Kaplan-Meier survival analysis revealed that 

survival probability was significantly different in the 

high- or low-gene (TRIB3, MAP2K6, CNR1, GUCY 

2D, EZH2 and ANXA2) expression groups (Figure S2). 

The survival probability in the group with low MAP 

2K6 (HR = 0.741) or GUCY2D (HR = 0.657) expres-

sion was much lower than that in the group with high 

MAP2K6 expression, while patients with low TRIB3, 

CNR1, EZH2, and ANX2 expression tended to have a 

better prognosis. In addition, the expression of the six 

genes was also assessed. The expression levels of 

TRIB3, MAP2K6, GUCY2D, EZH2, and ANXA2 in 

ovarian cancer tissues were much lower than those in 

adjacent tissues. Conversely, CNR1 expression was  
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Table 1. Overview of primers in this study. 

 

Gene Forward primer sequence (5′-3′) Reverse primer sequence (5′-3′) 

CEBPG AATACGACAGCAGATGGCGA GGGTCTTTGAGTCATGGAAATG 

NSDHL GTGGGAAGGCATTTCACATCA TAGCAGGAGGGCCAGGTAGT 

PPP1R11 TACTTCCTAGACTTTGATTTCTCCG GTGGTGGTATGGATTTGACTGAT 

KRT8 TTGTGAAGAAGATCGAGACACGT GTTCCCAGTGCTACCCTGCAT 

 

 

 

 
Table 2. Induction of the six differentially expressed ERS-related genes with prognosis value in ovarian cancer (OC). 

 

Gene Gene name Functions in OC Reference 

EZH2 
enhancer of zeste 2 polycomb 

repressive complex 2 subunit 

EZH2 upregulates IDH2 transcription to enhance TCA cycle 

activity, promoting metabolic reprogramming and 

facilitating ovarian cancer growth. It promotes cell 

proliferation and invasion, inhibits cell apoptosis,  

and enhances angiogenesis. 

[32] 

[33] 

KRT8 keratin 8 

It regulates FAS-induced cell apoptosis in human ovarian 

granulosa cell tumors. It is related to stress states caused by 

oxidative imbalance and pro-inflammatory lipid signaling 

[34] 

[35] 

NSDHL 
NAD(P) dependent steroid 

dehydrogenase-like 
none none 

POLR2L 
RNA polymerase II, I, and III 

subunit L 
none none 

PPP1R11 
protein phosphatase 1 regulatory 

inhibitor subunit 11 
none none 

TRIB3 tribbles pseudokinase 3 
it activates the MEK-ERK signaling pathway to  

promote tumor progression 
[36] 

 

 

 

 

higher in tumor tissues (Figure S2).  

Establishing and evaluating the ER stress risk signature 

Based on the results of univariate regression analysis, 

eight ER stress-related genes, GUCY2D, NPC2, CDK5, 

ANXA2, TRIB3, PML, TGM5, and EZH2, were used 

to construct a forest plot (Figure 2A). A total of 32 ER 

stress-related genes were used to construct a LASSO re-

gression model, and the penalty parameter (λ) value of 

the training cohort was seven, as determined by “cv. 

glmnet” (Figure 2B). Finally, seven ER stress-related 

genes were used to construct the prognostic model. The 

risk score was calculated as (0.293*CEBPG exp) + 

(0.463*EZH2 exp) + (0.274*KRT8 exp) + (0.299*NSD 

HL exp) - (0.263*POLR2L exp) + (0.304*PPP1R11 

exp) + (0.331*TRIB3 exp). Induction of the six differ-

entially expressed ERS-related genes with prognosis in 

ovarian cancer OC were summarized in Table 2. Pa-

tients in the training cohort and testing cohort were sep-

arated into high- and low-risk groups according to the 

median risk score (median (fp) = 1.026694). Further-

more, the expression of ER-related genes was signifi-

cantly different between the high- and low-risk score 

groups (p < 0.01; Figure 4G), as indicated by the heat-

map (Figure 2C). Finally, a receiver operating charac-

teristic (ROC) curve was used to evaluate the predictive 

role of risk scores on survival, and the area under the 

curve (AUC) values for 1-, 3-, and 5-year survival pre-

diction for patients with an ERRS were 0.6045, 0.6288, 

and 0.6460, respectively (Figure 3D). These results 

showed that the prognostic model based on these ER-re-

lated genes has potential value in the prediction of ovar-

ian cancer prognosis. This finding was further validated 

in the testing cohort. With respect to the GSE26712 

dataset, the area under the curve (AUC) values for 1, 3, 

and 5 years were 0.5723, 0.5914, and 0.6297, respec-

tively (Figure S3). Kaplan-Meier analysis revealed that 

survival probability was significantly different between 

the high- and low-risk score groups (p < 0.01). With in-

creasing risk score, the survival probability of patients 

in the testing cohort gradually decreased (Figure S3). 

Furthermore, in the GSE102073 dataset, the area under 

the curve (AUC) values for 1-, 3-, and 5-year survival 

were 0.6248, 0.6429, and 0.6276, respectively, and 

there was a notable difference in survival probability 

between the two risk groups (Figure S3).  
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Figure 1. Identification of differently expressed ER-related genes between OC and normal samples.  
 

A - Volcano plot of differentially expressed ER-related genes. The x-axis represents log2Foldchange, and the y-axis represents -log10padj. B – 

Heatmap of differentially expressed ER-related genes. C - Genomic-level variations and the impact of mutations on prognosis in ER-related 

genes. D - Waterfall plot of mutations in ER-related genes. 

 

 

 

 

Relationships between the ERRS score and clinical 

characteristics in OC patients 

To further integrate clinical information to achieve mul-

tivariate survival analysis, we collected all the clinical 

information of ovarian cancer patients in the TCGA and 

GEO databases (Table S4). Patients with high or low 

risk scores were divided into different clinical factors 

according to age (< 60 and > 60), stage (III and IV), and 

neoplasm status (yes and no) (Figure S4). The results 

showed that patients with high-risk scores had a notably 

lower survival probability than did those with low-risk 

scores in every subgroup (p < 0.05). In addition, by 

combining clinical factors, changes in the ERRS score 

during the development of cancer were analyzed. As 

shown in the boxplots (Figure S4), we calculated risk 

scores in different subgroups according to age, histolo-



ER Stress Signature and KRT8 in Ovarian Cancer 

Clin. Lab. 12/2025 7 

 

 

 
 

 
 

Figure 2. Construction of machine learning-based endoplasmic reticulum stress risk scoring model (ERRS) and prognostic 

performance analysis.  
 

A - The forest plot of univariate analysis. B - Lasso regression model and optimal λ value. C - Expression levels of ER-related genes in high and 

low-risk groups of ovarian cancer. D - Kaplan-Meier survival curves for high and low-risk groups and prognostic model for 1-, 3-, and 5-year 

survival rates. 

 

 

 

 

gic grade, lymphatic invasion, immune subtype, and 

stage. In the training cohort, the risk scores for these 

clinical characteristics were not significantly different 

between the high- and low-risk score groups (Figure 

S4). However, in the test cohort, the risk score for the 

immune type was notably different (p < 0.01) from that 

for other subtypes, such as the mesenchymal type. Fur-

thermore, patients aged > 60 years had a greater risk 

score than those aged <60 years (p < 0.05). These ana-

lyses showed that ERRS score is closely associated with 

clinical characteristics.  

 

Independent prognostic value of the ERRS 

In addition to the ER stress risk score, clinical factors 

such as age, histologic grade, stage, and lymphatic in-

vasion are also prognostic factors for ovarian cancer. 

Thus, to determine whether the ERRS is an independent 

predictive model that can improve the prediction of the 

prognosis of ovarian cancer patients, we used a training 

cohort and testing cohort to perform multivariate Cox 

regression analysis. The results showed that the prog-

nostic risk model was independent of clinical factors, 

including age, histologic grade, lymphatic invasion, and 

stage, in the training cohort (Figure 3A). In the testing 

cohort, the ERRS score was independent of age and 

stage (Figure 3A). Next, we established a nomogram to 

predict 1-, 2-, and 3-year survival probabilities in the 

TCGA dataset by integrating the ERRS score and clini-

cal factors (Figure 3B). These signatures were assigned 

points according to their risk contribution to survival 

probability. To further evaluate the predictive efficacy 

of the risk score and clinical characteristics, we applied 

a multi-indicator ROC curve analysis, and the results 

showed that our risk model (AUC = 0.641) was superior 

to age (AUC = 0.568), grade (AUC = 0.517), lymphatic 

invasion (AUC = 0.5), and stage (AUC = 0.528; Figure 

3C). The calibration curves showed a remarkable con-

sensus between the actual and nomogram-predicted sur-
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Figure 3. Verification that endoplasmic reticulum stress risk scores are an independent prognostic factor for cancer.  
 

A - Univariate and multivariate Cox regression analysis of risk score and clinical factors in the training cohorts. Univariate and multivariate 

Cox regression analysis of risk score and clinical factors in the validation cohorts. B - Nomogram model based on risk model and clinical fea-

tures, ** - p < 0.01, *** - p < 0.001. C - Predictive efficacy of the nomogram compared with clinical factors through ROC curves. D - Calibra-

tion plots showing the association of the predicted 1-, 3-, and 5-year OS with actual survival duration. 
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Figure 4. Immune landscape analysis and prediction treatment efficacy of ERRS in OC.  
 

A - Differences in cell infiltration proportions between high and low-risk groups of ER-related genes (* - p < 0.05, ** - p < 0.01). Differences in 

expression of immune checkpoint markers between high and low-risk groups of ER-related genes (**** - p < 0.0001, ** - p < 0.01, * - p < 0.05). 

B - D - Comparation of risk scores between the standard group and the bevacizumab treatment group. 
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Figure 5. The expression of KRT8 in OC cell lines and tissues and verification of its overexpression and knockdown in UCEC 

cell lines.  
 

A - Boxplot of KRT8 expression in normal and ovarian cancer tissues from TCGA. B - KRT8 mRNA expression in IOSE 80 and OV cell lines, 

including OVCAR8, HOC-7, ES2, A2780, CAOV3, and SKOV3. C - The expression of KRT8 in clinical samples (including normal ovary tis-

sue, n = 5, primary tumor, n = 5, and metastatic tumor, n = 5). Immunohistochemistry (IHC) stain of KRT8 in clinical samples. D - Detection 

of the relative silencing levels of KRT8 in OVCAR8 and SKOV3 cells by qPCR. The transfection efficiency of KRT8 siRNA was determined by 

Western blot, obtained by ImageJ software. Data shown represent the mean ± SD (*** - p < 0.001, ** - p < 0.01, * - p < 0.05). 
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Figure 6. The biological function of KRT8 in OC cells.  
 

A - Colon formation assays between control and KRT8 knockdown in SKOV3 and OVCAR8 cells. B - CCK8 assays were used to assess the ef-

fect of KRT8 knockdown on cell proliferation in SKOV3 and OVCAR8 cells. C - Wound healing assay in si-KRT8 and control cells. The 

wound healing process was monitored for 24 hours and observed under microscopy. D - Invasion and migration assays in si-KRT8 and control 

cells. Data shown represent the mean ± SD (*** - p < 0.001, ** - p < 0.01, * - p < 0.05). 
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vival probabilities in terms of the 1-, 2-, and 3-year sur-

vival of ovarian cancer patients (Figure 3D). These re-

sults indicated that the ERRS constructed using the 

TCGA dataset is an independent and significant prog-

nostic model for predicting cancer progression and in-

structing clinical decisions.  

 

Immune landscape differences between the high- 

and low-risk score groups of OC patients  

ER stress perturbs protein-folding homeostasis in im-

mune cells and orchestrates diverse immunomodulatory 

mechanisms that induce immunosuppression [14]. Pre-

vious studies report that ERS and IRE1α-XBP1 arm in 

T cells regulate anti-tumor function of standard treat-

ments and current immunotherapies. In addition, XBP1 

upregulation decreased intratumoral T cells infiltration 

by isolating from human OC cells [15]. In the analysis 

of the associations between ERRS and clinical factors, 

the immunophenotype was significantly different (p < 

0.01) from that of the other subtypes. However, the 

ability of the ER stress risk score model to evaluate the 

immune microenvironment needs to be further investi-

gated. Here, we estimated the difference in immune cell 

infiltration between the high- and low-risk score groups 

by CIBERSORT. A summary of the results for OC pa-

tients from the TCGA database is shown in a boxplot 

(Figure 4A). These results showed that immune cells 

exhibited significantly different infiltration between the 

high- and low-risk score groups and that ER stress was 

an impactive factor in the TIME. Next, we further ex-

amined the expression of immune checkpoint molecules 

in the low- and high-risk score groups. The expression 

levels of seven genes (PVR, CEACAM1, CD276, 

BTM2A1, CD274, and IDO1) were significantly lower 

in the high-risk group than in the low-risk group (Figure 

4A). Thus, OC patients with high ER stress risk scores 

may have an immunosuppressive TME. 

To validate the ability of the ERRS to predict treatment 

efficacy, we performed Kaplan-Meier and ROC ana-

lyses of the external dataset GSE140082. As shown in 

Figure 4B-D, patients with high-risk scores had a lower 

survival probability than those with low-risk scores. Al-

though risk scores between two groups treated with 

bevacizumab and standard had no statistic difference, 

the AUC value of ERRS of 1-, 2-, and 3-year were         

0.6201, 0.591, and 0.6529, which showed a significant 

predictive value in OC patients.  

 

Verification of KRT8 expression in tissues and cells 

KRT8 was more highly expressed in ovarian cancer tis-

sues according to the TCGA and GTEx mRNA data 

(Figure 5A). Next, the mRNA and protein expression of 

KRT8 in normal ovarian IOSE cells and ovarian cancer 

cells (A2780, HOC-7, SKOV3, OVCAR8, ES2, OV 

CAR3, HEYA8, and CAOV3) was assessed (Figure 

5B). KRT8 expression in cancer cells was greater than 

that in normal ovarian cells (p < 0.05). The increase in 

KRT8 expression in human ovarian cancer tissues, in-

cluding 10 pairs of ovarian cancer tumor tissues and 

normal tissues, was further validated by IHC analysis 

(Figure 5C). The expression of KRT8 was examined in 

5 pairs of OC and epithelial normal ovary tissues by q-

PCR. Our results indicated that KRT8 was predomi-

nantly observed in the cytoplasm of OC cells and was 

more strongly stained than KRT8 in normal ovarian epi-

thelium tissues (Figure 5). KRT8 mRNA expression in 

primary tissues was 7.55 times greater than that in nor-

mal ovarian epithelium, and in metastatic tissues, it was 

10.76 times greater (Figure 5C). 

 

KRT8 promotes ovarian cancer development 

In Figure 5, the KRT8 mRNA levels in SKOV3 and 

OVCAR8 cells were 164 and 2.64 times greater, respec-

tively, than those in IOSE80 cells. To further investi-

gate the function of KRT8 in EOC, we examined the ef-

fects of KRT8 silencing in the OVCAR8 and SKOV3 

cell lines using KRT8 siRNA (si-KRT8) and a negative 

control (si-NC). Compared with those in the si-NC 

group, the KRT8 mRNA in SKOV3 and OVCAR8 cells 

was strongly suppressed; the KRT8 mRNA level was 

reduced by 90% in SKOV3 cells and by 91% in 

OVCAR8 cells (p < 0.05). The KRT8 protein level de-

creased after 48 hours of transfection (Figure 5D). The 

number and volume of colonies formed by the two cell 

lines decreased after KRT8 gene knockdown (Figure 

6A). CCK8 assays indicated that inhibition of KRT8 

might markedly increase the proliferation of OC cells 

(Figure 6B). Next, healing and transwell experiments 

showed that KRT8 knockdown decreased the migration 

and invasion ability of OC cells (Figure 6C - D). These 

results indicated that KRT8 promotes malignant pro-

gression in OC in vitro. 

 

 

DISCUSSION 

 

OC is an aggressive disease associated with extremely 

poor survival. ER stress has been demonstrated to gov-

ern multiple pro-tumoral attributes in the cancer cell 

while dynamically reprogramming the function of in-

nate and adaptive immune cells. Constitutively active 

ER stress responses enable malignant cell adaptation to 

oncogenic and environmental challenges while orches-

trating diverse immunomodulatory mechanisms that 

promote malignant progression. Recent studies have un-

covered that ER stress responses further impede the de-

velopment of protective anti-cancer immunity by ma-

nipulating the function of myeloid cells in the tumor mi-

croenvironment. Specifically, ER stress has been shown 

to promote the release and cell surface translocation of 

calreticulin - a key damage-associated molecular pattern 

that facilitates immunogenic cell death (ICD) and en-

hances anti-tumor immune responses[16]. These studies 

showed that ERS is closely related to drug resistance in 

OC. 

Various factors in the tumor microenvironment induce 

or block apoptosis in ovarian cancer cells through endo-

plasmic reticulum stress (ERS). Low glucose and met-
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formin can trigger the activation of the ASK1-JNK sig-

naling pathway related to ERS, thereby promoting cell 

apoptosis [17]. Changes in the expression of multiple 

genes in tumors regulate the sensitivity of tumor cells to 

chemotherapy drugs by activating downstream ERS sig-

naling pathways. Coactivator-associated arginine meth-

yltransferase 1 (CARM1) amplification is found in 20% 

of high-grade serous ovarian cancer (HGSOC). HGSOC 

expressing CARM1 is highly sensitive to the inhibition 

of IRE1α/XBP1s, and inhibiting this ER stress down-

stream pathway can enhance the anti-cancer effects of 

immune checkpoint inhibitors. The use of ER stress in-

hibitors to block the IRE1α/XBP1s pathway, either 

alone or in combination with immune checkpoint inhib-

itors, is a promising treatment strategy for ovarian can-

cer with overexpression of CARM1. The expression 

level of CARM1 is expected to serve as a biomarker to 

predict the therapeutic effect of IRE1α/XBP1s inhibi-

tors in ovarian cancer [18]. Moreover, SWI/SNF com-

ponent ARID1A is mutated in over 50% of ovarian 

clear cell carcinoma (OCCC). Studies have shown that 

ARID1A transcriptionally represses the ER stress re-

sponse IRE1α-XBP1 axis, and OCCC with ARID1A 

mutations are sensitive to the inhibition of the IRE1α-

XBP1 pathway. The activation of ARID1A is associ-

ated with the response to IRE1α-XBP1 pathway inhibi-

tion. These studies define the IRE1α-XBP1 axis of ER 

stress response as a target vulnerability in ARID1A-mu-

tant OCCC, revealing a promising therapeutic approach 

for treating ovarian cancer with ARID1A mutations. 

The angiotensin II receptor type 1 (AGTR1) is involved 

in peritoneal metastasis of epithelial ovarian cancer 

(EOC), and its expression is negatively correlated with 

the prognosis of EOC. Activation of AGTR1 through 

SCD1-induced lipid desaturation weakens ER stress in 

cells. Cancer therapies such as radiation, chemotherapy, 

and targeted therapies can induce ER stress in cells, af-

fecting their sensitivity to treatment. ERS may regulate 

autophagy through the mTOR and Beclin-1 pathways, 

leading to reduced sensitivity of SKOV3 cells to cis-

platin. ER stress in tumor cells could be a potential tar-

get for improving chemotherapy efficacy and reducing 

tumor resistance [19]. Doxorubicin-induced ERS regu-

lates the calcium mesh protein on the surface of ovarian 

cancer cells, releasing "eat me" signals to activate anti-

tumor adaptive immunity. ER stress is involved in regu-

lating anti-tumor immune responses in ovarian cancer. 

In ovarian cancer samples with elevated XBP1 expres-

sion, T cell infiltration is reduced. Additionally, the 

mRNA expression of interferon gamma (IFNγ), which 

participates in immune responses, is also lower in these 

patients. Advanced ovarian cancer patients often have 

large amounts of ascites, which suppresses T cell glu-

cose uptake, thereby activating the IRE1α-XBP1 path-

way. The activation of this pathway can inhibit mito-

chondrial activity and IFNγ production. Mechanistical-

ly, XBP1 can reduce the abundance of glutamine trans-

porters, limiting the influx of glutamine in T cells under 

glucose deprivation conditions. Glutamine is essential 

for mitochondrial respiration, and inhibiting the activa-

tion of the IRE1α-XBP1 pathway can reverse this phe-

nomenon and promote mitochondrial respiration in T 

cells from ascitic fluid. Therefore, ovarian cancer mice 

lacking XBP1 in T cells show stronger anti-tumor im-

munity. Controlling ER stress or targeting IRE1α-XBP1 

signaling may enhance the metabolic adaptability and 

anti-tumor ability of T cells in cancer patients [15]. 

Moreover, the tumor suppressor candidate 3 (TUSC3) 

gene, which is located in the endoplasmic reticulum, is 

deleted in epithelial tumors, triggering ER stress and in-

ducing epithelial-to-mesenchymal transition features in 

OC cells. Previous studies have shown that XBP1, a 

component of the unfolded protein response (UPR) sig-

naling pathway, is upregulated in OC cell lines [20]. 

Silencing XBP1 significantly inhibits cell proliferation 

and enhances the sensitivity of OC cells to oxidative 

stress by increasing intracellular ROS levels. Inhibition 

of the IRE1α/XBP1s branch, either alone or combined 

with immune checkpoint blockade, offers a treatment 

strategy for various cancer types, including OC, with 

coactivation of coactivator-associated factor-related 

CARM1 overexpression. Additionally, inhibition of the 

IRE1α/XBP1 pathway alone or in combination with his-

tone deacetylase 6 (HDAC6) inhibitors is an urgently 

needed therapeutic strategy for ARID1A-mutant OC 

[21]. Therefore, targeting UPR components or regulat-

ing ER stress by manipulating factors associated with 

ERS signaling is a promising research direction for 

ovarian cancer treatment. 

 

Key findings 

In this study, we present two principal findings. Firstly, 

a new ovarian cancer prognosis model based on endo-

plasmic reticulum stress gene set was introduced. Sec-

ondly, we have confirmed the expression of key genes 

from the model in ovarian cancer patients and cell lines 

and evaluated their effects on ovarian cancer cell func-

tion in vitro. 

 

Strengths and limitations 

This study developed a prognostic model based on a 

gene set associated with endoplasmic reticulum stress, 

utilizing six differentially expressed gene clusters to 

predict survival in ovarian cancer patients. Our multi-

metric ROC curve analysis revealed that this risk model 

(AUC = 0.641) outperforms age (AUC = 0.568), grade 

(AUC = 0.517), lymphatic invasion (AUC = 0.500), and 

staging (AUC = 0.528), highlighting its innovative na-

ture. Additionally, we found that KRT8 is overexpres-

sed in ovarian cancer, and its downregulation in in vitro 

cell lines suppresses proliferation and migration, offer-

ing promising biomarkers for early detection and novel 

therapeutic targets. 

However, there remain several limitations in our re-

search. Firstly, the ERRS should be further validated in 

a large database to promote clinical application. Al-

though we found KRT8 is related to ovarian cancer, un-

derlying mechanisms still need further investigation. 
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The clinical sample size should be increased to enhance 

the validity of the study. Furthermore, the impact of 

KRT8 on EMT can be further investigated to determine 

whether it promotes the progression of ovarian cancer 

and whether overexpression of KRT8 is involved in me-

diating ovarian cancer's response to platinum-based 

drugs.  

 

Comparison with similar research 

In recent years, the rapid advancement of artificial intel-

ligence has significantly enhanced the use of neural net-

work-based machine learning techniques for predicting 

cancer heterogeneity and molecular features. Various 

prognostic models have been developed, focusing on as-

pects such as ovarian cancer metastasis to the omentum, 

autophagy, and ferroptosis. Despite their potential, these 

models have limitations, including suboptimal perfor-

mance on external datasets and a lack of foundational 

and clinical validation [22]. Additionally, the integra-

tion of single-cell sequencing data with machine learn-

ing has led to the development of sophisticated prog-

nostic models that accurately predict the heterogeneity 

of the ovarian cancer tumor microenvironment [22]. 

Previous studies have identified endoplasmic reticulum 

(ER) stress as a novel characteristic of the tumor micro-

environment. This stress triggers the activation of vari-

ous downstream signaling proteins and leads to the ac-

cumulation of misfolded proteins, offering promising 

opportunities for non-invasive early diagnosis and prog-

nostic evaluation of cancer. For instance, Chen et al. es-

tablished an ER stress-related risk model for pancreatic 

cancer, which assists in guiding clinical decisions for 

immunotherapy and predicting patient survival rates 

[10]. However, no ER stress-related prognostic models 

have yet been developed for ovarian cancer. Our study 

addresses this critical gap. 

 

Explanation of findings 

In the present study, we identified 32 ER stress-related 

DEGs between normal and tumor tissues by differential 

expression analysis and univariate Cox analysis. Next, 

seven ER stress-related genes were used to construct a 

prognostic risk model via the LASSO repression model, 

which can reflect the TIME and prognostic characteris-

tics of ovarian cancer patients and has a favorable abili-

ty to predict the prognosis of ovarian cancer patients in 

the GEO cohort. According to the risk scores, patients 

in the validation cohort were assigned to high-risk or 

low-risk groups. The results showed that patients in the 

high-risk score groups usually had a poor prognosis. In 

addition, when combined with clinical factors (age, 

stage, histologic grade, and lymphatic invasion), we 

confirmed that the risk score was a dependent prog-

nostic factor. A nomogram based on clinical factors was 

subsequently constructed to predict survival probability 

and tumor progression in OC patients. The calibration 

curve and receiver operating characteristic (ROC) curve 

showed that the predicted results from the nomogram 

were in good agreement with the actual results, which 

indicates that the nomogram can be used to guide clini-

cal practice.  

KRT8, a type II basic intermediate filament (IF) protein, 

is the key component of cytoskeleton and involved in 

many cellular processes, including mitosis, differentia-

tion, and apoptosis [23]. KRT8 expression has been 

found to be upregulated in obvious cancers, and its high 

expression can promote the cell progression and metas-

tasis of cancer cells [24]. Genomic and transcriptomic 

analysis of > 5,000 patients demonstrated that KRT8 

mutation and copy number amplification are frequently 

evident in epithelial-derived cancers. Previous studies 

showed that KRT8 expression is closely correlated with 

advanced T stage, N stage, and pathologic stage in lung 

adenocarcinoma (LUAD) [25]. KRT8/KRT18 ratio is a 

novel biomarker to predict recurrence in hepatocellular 

carcinoma patients [26]. These studies indicate that ele-

vated KRT8 expression has potential to be a diagnostic 

and prognostic cancer biomarker in epithelial cancers. 

KRT8 is more than a biomarker and structural cytoskel-

etal protein. KRT8 protein binds to annexin A2, a pro-

tein known to mediate apoptosis as well as the redox 

pathway [27]. Loss of keratin 8/18 can regulate onco-

genic potential by controlling various signaling path-

ways, including TMS1-NF-κB signaling and MARCKS 

L1-Paxillin1-Rac axis, in skin squamous cell carcino-

mas (SCC) [28]. EMT is a biologic phenomenon that 

can alter the state of cells along a phenotypic spectrum 

and cause transcriptional rewiring to produce distinct 

tumor cell subpopulations [29]. In lung cancer, the high 

expression of KRT8 regulates cell migration, invasion, 

and EMT by NF-kB signaling, contributing to cancer 

progression [25]. Cisplatin can upregulate KRT8 ex-

pression and modulate mesenchymal status of CAFs to 

inhibit lung cancer cell metastasis [30]. A previous 

study found that KRT5 mRNA expression was consis-

tently higher in chemotherapy-resistant OC cells [31]. 

These results suggest that KRT8 may also be involved 

in mediating the response of OC cells to cisplatin.  

Although KRT8 has been studied in obvious malignan-

cies, the expression and possible role of KRT8 in OC 

remain unknown. In our study, the hazard ratio of 

KRT8 is more than 1, indicating KRT8 is a risk gene 

for tumor. KRT8 mRNA and protein levels were higher 

in OC tissues than in normal tissues. In addition, the 

knock-down of KRT8 by siRNA inhibited proliferation 

and migration of human ovarian cancer cells. These re-

sults indicated that KRT8 may exert its function by 

modulating cell migration and invasion in OC.  

 

Implications and actions needed 

This study employed machine learning algorithms to 

develop a prognostic model for ovarian cancer based on 

endoplasmic reticulum stress, addressing some of the 

challenges in diagnosing and predicting outcomes for 

this cancer type. This model offers valuable insights for 

diagnosis and prognosis. Future research should focus 

on validating its efficacy with extensive clinical data, 

further exploring the role of ER stress and key genes in 
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ovarian cancer progression. Single-cell technologies 

enable detailed cell classification and comparison, un-

covering information missed in traditional tissue-level 

sequencing and providing more accurate and compre-

hensive insights. Meanwhile, spatial transcriptomics can 

address the loss of spatial context in single-cell studies, 

revealing temporal and spatial dynamics during devel-

opment or tumor formation. Combining single-cell spa-

tial data with advanced AI algorithms holds promise for 

becoming a crucial tool in future medical diagnostics. 

 

 

CONCLUSION 

 

In summary, endoplasmic reticulum stress-related risk 

signature was validated to have excellent power when 

used to predict survival and therapy response of ovarian 

cancer. Furthermore, a comprehensive analysis was 

conducted to explore the significant relationships be-

tween endoplasmic reticulum stress patterns and the tu-

mor immune microenvironment, including immune cell 

infiltration and the expression of immune checkpoint 

genes. Our findings identified KRT8 expression in OV 

metastasis as higher than in primary tumor. KRT8 par-

ticipated in ovarian cancer metastasis and presents as a 

potential therapeutic target for highly-malignant OV. 
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