
ONCOLOGY LETTERS  26:  478,  2023

Abstract. Most patients with pancreatic cancer are already in the 
late stages of the disease when they are diagnosed, and pancre‑
atic cancer is a deadly disease with a poor prognosis. With the 
advancement of research, immunotherapy has become a new 
focus in the treatment of tumors. To the best of our knowledge, 
there is currently no reliable diagnostic or prognostic marker 
for pancreatic cancer; therefore, the present study investigated 
the potential of eukaryotic translation initiation factor 2α 
kinase 2 (EIF2AK2) as a predictive and diagnostic marker for 
pancreatic cancer. Immunohistochemical staining of clinical 
samples independently verified that EIF2AK2 expression was 
significantly higher in clinically operated pancreatic cancer 
tissues than in adjacent pancreatic tissues., and EIF2AK2 
expression and differentially expressed genes (DEGs) were 
identified using downloadable RNA sequencing data from The 
Cancer Genome Atlas and Genomic Tumor Expression Atlas. 
In addition, Gene Ontology/Kyoto Encyclopedia of Genes and 
Genomes analyses and immune cell infiltration were used for 
functional enrichment analysis of EIF2AK2‑associated DEGs. 
The clinical importance of EIF2AK2 was also determined 
using Kaplan‑Meier survival, Cox regression and time‑depen‑
dent survival receiver operating characteristic curve analyses, 
and a predictive nomogram model was generated. Finally, the 
functional role of EIF2AK2 was assessed in PANC‑1 cells 
using a short hairpin RNA‑EIF2AK2 knockdown approach, 
including CCK‑8, wound healing assay, cell cycle and apop‑
tosis assays. The findings suggested that EIF2AK2 may have 

potential as a diagnostic and prognostic biomarker for patients 
with pancreatic cancer. Furthermore, EIF2AK2 may provide 
a new therapeutic target for patients with pancreatic cancer.

Introduction

Pancreatic cancer is a particularly deadly type of gastroin‑
testinal malignancy. Due to the difficulty of early diagnosis 
and the limited effectiveness of treatment with surgery, radio‑
therapy and chemotherapy, patients with pancreatic cancer 
have a poor prognosis and high mortality rate, with an overall 
survival rate of only 8% at 5 years (1). Ductal adenocarci‑
noma of the pancreas is the most common type, accounting 
for 95% of all cases of pancreatic cancer (2). Most patients 
with pancreatic cancer are diagnosed at an advanced stage, so 
only 15‑20% of patients with pancreatic cancer can undergo 
surgery. In addition, pancreatic cancer has a high rate of 
recurrence even after radical resection (3). Studies have shown 
that the malignant progression, treatment resistance and poor 
prognosis of pancreatic cancer are significantly linked to the 
immunosuppressive nature of the tumor microenvironment 
(TME) of pancreatic cancer (4‑6). Although immunotherapy 
has achieved significant results in tumors, such as breast, lung 
and ovarian cancer, immunotherapy has not been effective 
in pancreatic cancer due to the highly suppressive nature of 
the tumor immune microenvironment (7,8). Therefore, it is 
crucial to research the immunological microenvironment of 
pancreatic cancer. By focusing on its constituents and inhibi‑
tory characteristics, researchers are expected to provide new 
ideas and directions for immunotherapy of pancreatic cancer.

Over 10 cell types have been reported to routinely express 
eukaryotic translation initiation factor 2α kinase 2 (EIF2AK2) 
and it may be activated by a variety of cellular stresses, such as 
viral infections, hypoxia and nutritional shortages (9,10). The 
significance of EIF2AK2 in cancer remains controversial and 
complex. In general, EIF2AK2 is considered to have tumor 
suppressive functions (11‑14). Several studies have demon‑
strated a link between EIF2AK2 suppression or inactivation 
and poor prognosis in a variety of malignancies, including 
breast, lung and colorectal cancer  (15,16). Invasive ductal 
carcinoma cells have been shown to express higher levels of 
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EIF2AK2 compared with normal breast tissue (17). In addi‑
tion, the expression and activity levels of EIF2AK2 are linked 
to the probability of breast cancer cells spreading (18). The 
activation of EIF2AK2 by double‑stranded RNA (dsRNA) 
has also been documented to be involved in the management 
of breast cancer cell mobility (19). These results indicated 
that EIF2AK2 may have a crucial role in suppressing cancer 
metastasis. However, EIF2AK2 has also been reported to be 
associated with the proliferation and migration of hepatocel‑
lular carcinoma, and the metastasis of gastric cancer (20,21). 
Therefore, it is possible that its antitumor or oncogenic function 
of EIF2AK2 depends on the type of cancer cells. Notably, to 
the best of our knowledge, the relationship between EIF2AK2 
expression and pancreatic cancer, and its predictive value, has 
not been investigated.

The present study aimed to investigate the relationship 
between EIF2AK2 expression and survival outcomes in 
patients with pancreatic cancer using The Cancer Genome 
Atlas (TCGA), Genomic Tumor Expression Atlas (GTEx) and 
Gene Expression Omnibus (GEO) datasets. The present study 
examined whether there is a correlation between EIF2AK2 
mRNA levels and the presence of immune cells in tumors. 
The results of the present study highlight the potential impor‑
tance of EIF2AK2 in pancreatic cancer and shed light on the 
methods by which EIF2AK2 may interact with the tumor 
immune system.

Materials and methods

EIF2AK2 gene expression analysis. UCSC XENA 
(https://xenabrowser.net/datapages/) Functional Genome 
Browser, with 1098 public datasets from 91 cohorts including 
TCGA, ICGC, TARGET, GTEx and CCLE, is a next‑generation 
online data analysis and visualization platform that integrates 
analysis, visualization, and Galaxy. Therefore, the pancancer 
analysis and the prognostic outcome relied on RNA sequencing 
data from TCGA (dataset no. TCGA‑PAAD.htseq_fpkm.
tsv; 178 human PAAD tumors and 4 non‑malignant pancreas 
samples) and the GTEx (dataset no. gtex_gene_expected_
count, 167 non‑malignant pancreas samples) databases, 
both of which were available from UCSC XENA (22‑24). 
Additionally, EIF2AK2 expression data from normal and 
tumor tissues were obtained from GEO datasets (https://www.
ncbi.nlm.nih.gov/geo/) (25,26): GSE15471 (pairs of normal 
and tumor tissue samples were obtained at the time of surgery 
from resected pancreas of 36 pancreatic cancer patients) (27), 
GSE16515 (this consists of 36 tumor samples and 16 normal 
samples; a total of 52 samples; 16 samples consist of both 
tumor and normal expression data, whereas 20 samples consist 
of only tumor data) (28), GSE32676 (42 human PDAC tumors 
and 7 non‑malignant pancreas samples snap‑frozen at the time 
of surgery were chosen)(29) and GSE62165 (118 human PDAC 
tumors and 13 non‑malignant pancreas samples snap‑frozen 
at the time of surgery were chosen) (30), in order to assess 
their expression differences. UALCAN online analysis soft‑
ware (http://ualcan.path.uab.edu/index.html) was additionally 
employed to examine EIF2AK2 protein levels. Ultimately, the 
protein expression levels of EIF2AK2 in tumors and normal 
tissues were verified using The Human Protein Atlas database 
(THPA; https://www.proteinatlas.org/).

Cells and reagents. The hTERT‑HPNE, MIA PaCa‑2, PANC‑1, 
AsPC‑1 and SW1990 cell lines were purchased from The Cell 
Bank of Type Culture Collection of The Chinese Academy of 
Sciences. E.Z.N.A. Total RNA Kit Ⅰ kit was purchased from 
Omega Bio‑Tek Co., Ltd. (cat. no.: R6834‑01). Evo M‑MLV 
Reverse Transcription Premix Kit (cat. no. AG11728), SYBR 
Green Pro Taq HS Premix qPCR Kit (cat.  no.  AG11701) 
and ROX Reference Dye (cat. no. AG11703) were purchased 
from Accurate Biology Co., Ltd. LV‑EIF2AK2‑RNAi 
Lentivirus and the corresponding RNAi‑negative lenti‑
virus were purchased from Shanghai GeneChem Co., Ltd. 
(cat. no. GIEL0368481. The generation system was a second 
generation self‑inactivating lentiviral packaging system and the 
supplier of the interim cell line used (293T cells) was Shanghai 
GeneChem, Co., Ltd. The GV quantity of lentiviral plasmid 
was vector Plasmid: 20 µg, pHelper 1.0 vector plasmid: 15 µg, 
pHelper 2.0 vector plasmid: 10 µg). Anti‑EIF2AK2 (1:1,000; 
cat.  no.  18244‑1‑AP; Proteintech Group, Inc.), anti‑AKT 
(1:1,000; cat.  no. BS‑2720R; BIOSS), anti‑phosphorylated 
(p)‑AKT (1:1,000; cat. no. GTX121937; GeneTex, Inc.) and 
anti‑GAPDH (1:1,000; cat. no. ab128915; Abcam) were used 
in the present study. The 5X protein loading buffer, elec‑
trophoresis solution and Tris‑Glycine Transfer Buffer were 
purchased from Wuhan Servicebio Technology Co., Ltd. The 
PVDF membrane was purchased from Millipore Sigma.

Cell culture and infection. Human normal pancreatic cell 
lines (hTERT‑HPNE) and human pancreatic cancer cell lines 
(MIA PaCa‑2, PANC‑1 and SW1990) were cultured in DMEM 
(cat. no. SH30243.01; Cytiva) with 10% fetal bovine serum 
(cat. no. AB‑FBS‑0500; ABW) and the AsPC‑1 pancreatic 
cancer cell line was cultured with 1640 medium (Cytiva; 
cat. no. SH30809.01) containing 10% fetal bovine serum. All 
cell lines were grown in a 37˚C and 5% CO2 constant‑temper‑
ature incubator. The cells were digested with trypsin and 
2 ml complete medium was aspirated and mixed to make a 
single‑cell suspension. Then, 200‑300 µl single‑cell suspen‑
sion was added to a 6‑well cell culture plate and the medium 
was replenished to 2 ml. The 6‑well cell culture plate was 
removed from the constant‑temperature incubator on alternate 
days, and the cell status and density were observed under an 
inverted microscope. 

Lentiviral infections was performed when the cell conflu‑
ence was 70%. The virus was infected with the cells at a 
concentration of 3.0x109 TU/ml, and the lentiviral transfection 
reagent HiTrans G P/A was also added in 25 µl of each reagent. 
After 12h, fluorescence expression was observed under a 
biological inverted microscope (RCX41; Ningbo Sunny 
Precision Industry Co., Ltd). When the cell density reached 
90%, 4 ml of DMEM medium containing 2 µg/ml (PANC‑1; 
MOI=2) puromycin was added, and the culture continued to be 
incubated at 37˚C for 24 h. After 48 h of incubation, the expres‑
sion of the green fluorescent protein was then observed under a 
fluorescence microscope to ensure a stable infection. By using 
RT‑quantitative PCR (RT‑qPCR), highly efficient transfected 
cells were obtained for further experiments. The primers used 
for the assay were as follows: EIF2AK2 forward, 5'‑GGC​ATT​
CAG​CTC​CAC​ACT​TG‑3'and reverse, 5'‑ACA​GAC​GAG​TGA​
TAC​CAG​CG‑3'; GAPDH forward, 5'‑AGG​GCT​GCT​TTT​
AAC​TCT​GGT‑3' and reverse, 5'‑CCC​CAC​TTG​ATT​TTG​
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GAG​GGA‑3'; EIF2AK2‑RNAi (115396‑2): 5'‑GAA​GGT​GAA​
GGT​AGA​TCA​AAG‑3'; EIF2AK2‑RNAi (115397‑1): 5'‑GGA​
ATT​ACA​TAG​GCC​TTA​TCA‑3'; EIF2AK2‑RNAi (115398‑1): 
5'GAC​AGT​TTA​AAC​AGT​TCT​TCG‑3'; RNAi‑negative 
control: 5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3'.

RT‑qPCR. RT‑qPCR was used to examine the mRNA expres‑
sion levels of EIF2AK2 in pancreatic cell lines and to assess 
knockdown efficiency after infection of PANC‑1 cells for 
48 h. Total RNA was extracted from cells with E.Z.N.A. 
Total RNA Kit I and cDNA was synthesized according to 
the Evo M‑MLV Reverse Transcription Premixed Kit. qPCR 
was performed to amplify the cDNA using the Evo M‑MLV 
Reverse Transcription Premix Kit with the primers listed in 
Table SI. The following thermocycling conditions were used: 
Stage 1, 95˚C for 30 sec; Stage 2, 95˚C for 5 sec and 60˚C for 
30 sec, 40 cycles; Stage 3 (dissociation curve), 95˚C for 15 sec, 
60˚C for 1 min and 95˚C for 15 sec. Relative gene expression 
was calculated using the 2‑ΔΔCq method (31) and GAPDH was 
used as the control gene.

Western blotting. Cells were lysed by radioprecipitation with 
lysis buffer containing RIPA lysate (cat. no. G2002; Wuhan 
Servicebio Technology Co., Ltd.) and 1% phenylmethylsul‑
fonyl fluoride (MilliporeSigma) for 30 min at 4˚C. The total 
protein lysate was then collected and the concentration deter‑
mined using a BCA protein assay kit (cat. no. PC0020; Wuhan 
Servicebio Technology Co., Ltd.). Subsequently, denatured 
proteins (30 µg/lane) were separated on a 12% SDS‑PAGE gel 
and transferred to a PVDF membrane (cat. no. IRVH00010; 
MilliporeSigma). After being blocked with 5% skimmed milk 
(cat. no. D8340, Solarbio) for 1.5 h at room temperature, the 
membranes were incubated with EIF2AK2 primary anti‑
body, AKT and p‑AKT overnight at 4˚C, followed by goat 
anti‑rabbit (dilution 1:3,000; cat. no. RS0002; ImmunoWay 
Biotechnology Company) secondary antibody conjugated to 
horseradish peroxidase for 1 h at room temperature. The densi‑
ties of the specific protein bands were visualized and captured 
using Image J (National Institutes of Health, v.1.8.0).

Clinical sample collection. A total of 48 paraffin‑embedded 
tumor tissue samples and 48 paraffin‑embedded adjacent 
tissues collected between September 2020 and August 2022 
were obtained from The First Hospital of Lanzhou University 
(Gansu, China). The clinicopathological data of 48 patients 
with pancreatic cancer from the First Hospital of Lanzhou 
University were extracted, which showed a total of 23 males 
(47.9%) and 25 females (52.1%), with a mean age of 62 years and 
an age range of 37‑83 years. All patients had a postoperative 
pathological diagnosis of pancreatic ductal cell carcinoma, and 
none received chemotherapy or radiation therapy. All patients 
provided written informed consent and the present study was 
approved by the Ethics Committee of the First Hospital of 
Lanzhou University (approval no. LDYYLL2023‑304).

Immunohistochemical staining. Pathological specimens 
(paraffin‑embedded sections on glass slides) were collected, 
and underwent dewaxing, hydration (dewaxing and hydra‑
tion of paraffin sections: Xylene I and II for 25 min each, 
different gradients of ethanol 100, 95, 90, 85, 80, 70% for 

10 min each) and antigen retrieval (sodium citrate at 95˚C 
twice for 5 min each, followed by 3 washes with PBS for 
5 min each). Subsequently, 3% hydrogen peroxide was incu‑
bated for 15 min followed by dropwise closure with normal 
goat serum and incubation at 37˚C for 30 min. The sections 
were incubated with EIF2AK2 primary antibody (1:100, 
cat.  no.  18244‑1‑AP; Proteintech Group, Inc.) overnight 
at 4˚C. Then the sections were incubated with the EIF2AK2 
secondary antibody (1:100, cat. no. 18244‑1‑AP; Proteintech 
Group, Inc.) at 37˚C for 30 min, followed by the addition of 
a tertiary antibody (horseradish peroxidase labelled strepta‑
vidin working solution, cat. no. SP‑9001; Broad Spectrum.) 
and incubation at 37˚C for 30 min. DAB (1:20) color devel‑
opment was carried out for 8 min and observed under the 
microscope. Hematoxylin re‑staining was carried out at 
room temperature for 60 sec, followed by gradient alcohol 
dehydration (70% for 5 min, 80% for 5 min, 85% for 5 min, 
90% for 5  min, 95% for 10  min, and 100% for 10  min). 
Finally, the slices were cleared with xylene (xylene I and II 
for 25  min each) before being sealed with neutral resin. 
The results were observed and analyzed: Three fields were 
randomly selected under the fluorescence microscope (Leica 
DM2500; Leica Microsystems GmbH) and the images were 
analyzed by Image‑Pro Plus software (Media Cybernetics, 
Inc. v.6.0). SP Kit (Broad Spectrum, cat. no. SP‑9001) and 
DAB Substrate kit (cat. no. ZLI‑9018) were purchased from 
OriGene Technologies, Inc. Hematoxylin (cat. no. G1080), 
neutral gum (cat.  no. G8590) and 0.01 M sodium citrate 
buffer (cat. no. C1010) were purchased from Beijing Solarbio 
Science & Technology Co., Ltd. 

Cell Counting Kit‑8 (CCK‑8) assay. After trypsin digestion 
of the cells, 100 µl (~2x103  cells/100 µl) cell suspension 
was added to each well of a 96‑well plate. The plates were 
incubated in a 37˚C incubator for 3‑4 h until the cells were 
fully attached to the plates. After incubation at  37˚C for 
12, 24, 48 and 72 h, 10 µl of CCK‑8 solution (cat. no. CA1210; 
Beijing Solarbio Science & Technology Co., Ltd.) was added 
to each well and incubated for a further 3 h. Absorbance 
at 450 nm was measured with a spectrophotometer (Epoch; 
BioTek Instruments, Inc.). 

Wound‑healing assay. When the cell density of the 6‑well 
plate reached ~90%, the state of the cells was observed using 
an inverted microscope (RCX41; Ningbo Sunny Precision 
Industry Co., Ltd). The cells were then scratched using a 
100‑µl pipette tip, were washed three times with PBS to 
remove the scratched cells and incubated at 37˚C in a 5% 
CO2 incubator with 1% serum‑containing medium  (32). 
Images of the experimental and control groups were captured 
at 0 and 24 h. Image‑Pro Plus 6.0 (Media Cybernetics) was 
used for assessing the relative width of the wound. Wound 
healing area was calculated as Final width/Initial width. 

Flow cytometric analysis of the cell cycle and apoptosis. To 
assess apoptosis, PANC‑1 cells were collected after 48 h of 
infection. PANC‑1 cells were washed with PBS, followed by 
suspension in 1.5 ml centrifuge tube, centrifuged at 100 x g at 
room temperature for 5 min. After centrifugation, cells were 
washed with 1 ml PBS, resuspended with 100 µl 1X binding 
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buffer, and filtered through a 70 µm cell sieve. PE staining 
solution (5 µl) was added and incubated at room temperature 
for 5 min, then 7‑AAD staining solution (10 µl) added and 
incubated at room temperature for 20 min. Finally, the apop‑
tosis rate (percentage of early apoptotic + late apoptotic cells) 
was examined using flow cytometry (CytoFLEX; Beckman 
Coulter, Inc.) and analysis with CytExpert software v.2.4 
(Beckman Coulter, Inc.). Annexin‑V PE/7‑AAD/Apoptosis 
Detection Kit (cat. no. CA1030) was purchased from Beijing 
Solarbio Science & Technology Co., Ltd.

To assess the cell cycle, following infection PANC‑1 cells 
were washed with PBS to collect cell suspension in 1.5 ml 
centrifuge tube, centrifuged at 100 x g at room temperature 

for 5 min. Cells were collected by adding 1 ml PBS to be 
washed again, and 500 µl 70% ethanol was added to fix the 
cells at room temperature for 2 h. Centrifugation was carried 
out at 100 x g at room temperature for 5 min. PBS (1 ml) 
was added to wash off the residual fixation solution. RNase 
A solution (100 µl) was added to resuspend the cells at 37˚C 
for 30 min. PI staining solution (400 µl) was added, mixed 
well and incubated at 4˚C in the dark for 30 min. Finally, the 
cell cycle was detected with a flow cytometer (CytoFLEX, 
Beckman Coulter, Inc.) and analyzed with CytExpert software 
v.2.4 (Beckman Coulter, Inc.). DNA Content Quantitation 
Assay (Cell Cycle; cat. no.: CA1510) purchased from Beijing 
Solarbio Science & Technology Co., Ltd.

Figure 1. EIF2AK2 expression levels based on The Cancer Genome Atlas and Genomic Tumor Expression Atlas. (A) Expression levels of EIF2AK2 were 
different in various cancer tissues compared with those in their corresponding normal tissues. (B) Compared with in normal tissues, the expression levels 
of EIF2AK2 were significantly increased in pancreatic carcinoma tissues. (C) Association between EIF2AK2 and clinical manifestation; higher EIF2AK2 
expression was associated with higher histological grade. There was no statistically significant difference in EIF2AK2 mRNA expression levels between 
the (D) T stage, (E) N stage and (F) pathological stage groups. *P<0.05, **P<0.01, ***P<0.001, EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; 
ns, not significant; TPM, transcripts per million.
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Prognostic analysis. First, survival studies of overall survival 
(OS) and disease‑specific survival (DSS) were performed to 
elucidate the prognostic value of EIF2AK2. In TCGA dataset, 
RNA sequencing data and accompanying clinical data were 
gathered and visualized using receiver operating characteristic 
(ROC) and Kaplan‑Meier curves. Pancreatic cancer patients 
were categorized into low‑risk and high‑risk groups based 
on the median expression of EIF2AK2. P‑values and hazard 
ratios (HR) and 95% confidence intervals (CI) were derived 
by log‑rank test and univariate Cox proportional hazards 
regression. The association between EIF2AK2 expression, 
and OS and DSS rates in patients with pancreatic carcinoma 
from TCGA database was also assessed using univariate and 
multivariate regression models. Finally, a personalized nomo‑
gram was drawn up to predict the OS and DSS of patients 
with malignant neoplasms of the pancreas, which comprises 
calibration plots and critical clinical data.

Functional enrichment analysis. The differential expression 
of EIF2AK2 in pancreatic cancer data in the TCGA database 
was assessed using the limma package (https://bioconductor.
org/packages/release/bioc/html/limma.html, v.4.3). To account 

for false‑positive results, adjusted P‑values were used. Adjusted 
P<0.05 and |log2 (fold change)|>1 were established as criteria 
for distinguishing differentially expressed genes (DEGs). The 
results of this analysis were analyzed using the ClusterProfiler 
package (https://bioconductor.org/packages/clusterProfiler/; 
v.3.14.3) for Gene Ontology (GO) and the Kyoto Encyclopedia 
of Genes and Genomes (KEGG) to further determine the 
crucial biological functions of EIF2AK2.

Gene set enrichment analysis (GSEA). To examine functional 
and pathway differences between the EIF2AK2 high and 
low expression groups  (33), GSEA analyses of GSE15471 
in the GEO database were performed using ClusterProfiler. 
According to the median expression of EIF2AK2, samples 
were classified as high or low EIF2AK2 levels. The gene sets 
were sorted 1,000 times for each analysis to obtain more accu‑
rate results. Adjusted P‑values <0.05 and FDR values <0.25 
were considered statistically significant.

Immune cell infiltration and immune checkpoints correlated 
with EIF2AK2. TIMER (https://cistrome.shinyapps.io/timer/; 
v.2.0) was used to examine the correlation of EIF2AK2 

Figure 2. Aberrant expression of EIF2AK2 based on the Gene Expression Omnibus database. EIF2AK2 mRNA levels in pancreatic carcinoma tissues and 
normal tissues in the (A) GSE15471, (B) GSE16515, (C) GSE32676 and (D) GSE62165 datasets. *P<0.05, ****P<0.0001. EIF2AK2, eukaryotic translation 
initiation factor 2α kinase 2 tissues.
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expression with immune cell infiltration and immune cell 
biomarkers. Immunological infiltration analysis of EIF2AK2 
was performed by single‑sample gene set enrichment analysis 
(ssGSEA) using the GSVA (https://github.com/rcastelo/GSVA; 
v.4.3) package in R. A total of 24 infiltrating immune cells 
were analyzed for correlation with EIF2AK2. Finally, the asso‑
ciation between EIF2AK2 expression and pancreatic cancer 
immune checkpoints was evaluated. P<0.05 was considered to 
indicate a statistically significant difference.

Statistical methods. R (https://www.r‑project.org/; v.3.6.3) and 
SPSS (IBM Corp.; v.23.0.) were used to perform statistical 
analysis. Experimental data from three replicates are presented 
as the mean ± standard deviation. Comparisons between two 
groups were made using paired two‑tailed Student's t‑test, and 
comparisons between multiple groups were made using one‑way 
ANOVA with Dunnett's post‑hoc test. Pearson χ2 test was 
used to analyze the association between EIF2AK2 expression 
levels and clinicopathological characteristics. Cox regression 
and Kaplan‑Meier analyses were used to evaluate prognostic 
factors. Multi‑factorial Cox analysis was used to compare the 
effect of EIF2AK2 expression and other clinical characteristics 

on survival. Median EIF2AK2 expression was used as the 
cut‑off value. In addition, ROC analysis was performed using 
the pROC package (ht tps://www.rdocumentat ion.

Figure 3. Analysis of EIF2AK2 protein expression using the UALCAN database. (A) Protein expression analysis of EIF2AK2. (B) Protein expression levels of 
EIF2AK2 were compared in different TNM stages. (C) Protein expression levels of EIF2AK2 were compared in different tumor grades. (D) Protein expression 
levels of EIF2AK2 were compared between the sexes. **P<0.01, ***P<0.001, ****P<0.0001vs. the respective control. EIF2AK2, eukaryotic translation initiation 
factor 2α kinase 2; NS, no significance. CPTAC, Clinical Proteomic Tumor Analysis Consortium.

Figure 4. Representative immunohistochemistry images and detailed infor‑
mation on the expression of eukaryotic translation initiation factor 2α kinase 
2 in pancreatic carcinoma tissues and normal tissues based on The Human 
Protein Atlas database. 
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org/packages/pROC/versions/1.17.0.1; v.1.17.0.1) to assess the 
effectiveness of EIF2AK2 transcript expression in differen‑
tiating between pancreatic cancer and healthy samples. Area 
under the curve (AUC) values were calculated between 0.5‑1.0, 
indicating an identification capacity of 50‑100%. Spearman's 
test was used to analyze the correlation between EIF2AK2 
expression levels and immune cell infiltration. P<0.05 was 
considered to indicate a statistically significant difference in 
all tests.

Results

EIF2AK2 expression is elevated in pancreatic cancer. The 
results of pancancer analysis of EIF2AK2 revealed that the 
mRNA expression levels of EIF2AK2 were increased in 
adrenocortical carcinoma, bladder urothelial carcinoma, 
breast invasive carcinoma, cholangiocarcinoma, colon adeno‑
carcinoma/rectal adenocarcinoma, esophageal carcinoma, 
glioblastoma multiforme, liver hepatocellular carcinoma, lung 

Figure 5. EIF2AK2 is upregulated in pancreatic carcinoma. (A) mRNA level and (B) protein expression of EIF2AK2 using reverse transcription‑quantitative 
PCR and western blotting, respectively. **P<0.01, ***P<0.001 vs. HPNE. (C and D) Low and high expression of EIF2AK2 in differently differentiated pancreatic 
cancer tissues and adjacent tumour tissues. **P<0.01 vs. adjacent tissue; Scale bar, 50 µm; EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; poorly, 
poorly differentiated pancreatic tumour tissue; moderately, moderately differentiated pancreatic tumour tissue; highly, highly differentiated pancreatic tumour 
tissue.
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squamous cell carcinoma, rectal adenocarcinoma, thyroid 
carcinoma, lung adenocarcinoma, prostate adenocarcinoma 
and pancreatic adenocarcinoma (Fig. 1A). After removing the 
samples with zero expression value, combined with pancre‑
atic cancer samples from the TCGA database and normal 
pancreatic tissue samples from the GTEx database, the results 
showed that the expression level of EIF2AK2 was significantly 
elevated in pancreatic cancer tissues when compared to normal 
pancreatic tissues (tumor: 3.21±0.85, normal: 1.20±0.55, 
P<0.0001; Fig. 1B). Further analysis indicated statistically 
significant differences in EIF2AK2 expression between histo‑
logical grades (P<0.05), but not between T, N or pathological 
stages (P>0.05; Fig. 1C‑F).

The higher expression of EIF2AK2 in pancreatic tumor 
tissues compared with normal pancreatic tissues was verified 
in the GSE15471, GSE16515, GSE32676 and GSE62165 data‑
sets. (P<0.05; Fig. 2). In addition, the expression of EIF2AK2 
was analyzed in the UALCAN online tumor database website, 
where high EIF2AK2 expression was associated with gene 

expression, tumor grade, stage and gender in patients with 
pancreatic cancer (Fig. 3). Subsequently, THPA database was 
used to verify EIF2AK2 expression in pancreatic cancer and 
normal tissues. The expression levels of EIF2AK2 in pancre‑
atic cancer tissues were substantially higher compared with 
those in normal tissues (Fig. 4).

To validate EIF2AK2 expression in pancreatic cancer cells 
in vitro, normal pancreatic cells were compared with four 
distinct pancreatic cancer cell lines. RT‑qPCR and western 
blotting results indicated that the pancreatic cancer cell 
lines had significantly higher mRNA and protein expression 
levels of EIF2AK2 compared with those in normal pancre‑
atic cells (Fig. 5A and B). To further examine the expression 
characteristics of EIF2AK2 in pancreatic carcinoma, immuno‑
histochemical staining of pancreatic tumor tissues and adjacent 
normal tissues from 48 patients was performed. Notably, 
EIF2AK2 was revealed to be localized in the nucleus. The 
results showed that EIF2AK2 was weakly positive in paracan‑
cerous tissues, but was highly expressed in pancreatic cancer 

Figure 6. Prognostic analysis of EIF2AK2 expression on overall survival in pancreatic carcinoma. (A) Survival curve of EIF2AK2 expression. (B) Receiver 
operating characteristic curve of EIF2AK2 expression. (C) EIF2AK2 expression distribution, survival status and heatmap of the EIF2AK2 expression profiles. 
EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; 1, dead; 0, alive; AUC, area under the curve; TPR, True positive fraction; FPR, False positive 
fraction.
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tissues (Fig. 5C). Furthermore, as shown in Fig. 5D, EIF2AK2 
expression was considerably higher in highly, moderately and 
poorly differentiated pancreatic cancer compared with that 
in adjacent pancreatic tissues. These findings indicated that 
EIF2AK2 may be highly expressed in pancreatic cancer.

Prognostic relevance of EIF2AK2. To predict the relationship 
between EIF2AK2 expression level and survival in patients 
with pancreatic cancer, the link between EIF2AK2 expres‑
sion and the prognosis of patients with pancreatic cancer was 
evaluated. Notably, the expression of EIF2AK2 was substan‑
tially linked with OS in patients with pancreatic cancer. Based 
on median EIF2AK2 expression, patients were separated into 
high expression and low expression groups. Combining the risk 
profile and survival status, it was found that the fatality rate was 
considerably greater in the EIF2AK2 high‑expression group 
compared with that in the low‑expression group. Considering 
the risk profile and survival together, the mortality rate in the 

EIF2AK2 high‑expression group was significantly higher than 
that in the low‑expression group (Fig. 6A). High expression 
of EIF2AK2 was substantially linked with a poor prognosis, 
based on the Kaplan‑Meier survival analysis (HR=1.98, 95% 
CI=1.29‑3.03, P=0.002; Fig. 6B). To observe the predictive 
value of EIF2AK2 mRNA expression in prognosis, EIF2AK2 
expression was assessed using ROC curves to distinguish 
between EIF2AK2‑high and EIF2AK2‑low patients. It was 
determined that evaluating the area under the curve (AUC) 
under the ROC curve to estimate the risk of patients with 
pancreatic cancer at 1, 3 and 5 years was the most effective 
measure (1‑year AUC, 0.591; 3‑year AUC, 0.711; 5‑year AUC, 
0.682) (Fig. 6C).

In addition, the relationship between EIF2AK2 expres‑
sion and DSS in patients with pancreatic cancer was 
analyzed. Considering the risk profile and survival together, 
the mortality rate in the EIF2AK2 high‑expression group 
was significantly higher than that in the low‑expression 

Figure 7. Prognostic analysis of EIF2AK2 expression on disease‑specific survival in pancreatic carcinoma. (A) Survival curve of EIF2AK2 expression. 
(B) Receiver operating characteristic curve of EIF2AK2 expression. (C) EIF2AK2 expression distribution, survival status and heatmap of the EIF2AK2 
expression profiles. EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; 1, dead; 0, alive; AUC, area under the curve; TPR, True positive fraction; 
FPR, False positive fraction.
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group (Fig. 7A). The assessment of the connection between 
EIF2AK2 expression and DSS illustrated that EIF2AK2 
expression not only affected the DSS of patients with pancre‑
atic cancer (HR=1.94, 95% CI=1.20‑3.12, P=0.007; Fig. 7B) 
but also predicted overall risk (1‑year AUC, 0.618; 3‑years 
AUC, 0.702; 5‑year AUC,=0.704; Fig. 7C. Taken together, 
these consistent OS and DSS outcomes strongly indicated 
that the EIF2AK2 gene is related to the prognosis of patients 
with pancreatic cancer. 

In addition, as shown in Table  I, the univariate Cox 
analysis revealed that high EIF2AK2 levels, and high T, N and 
pathological stages were associated with OS (P<0.05). In the 
multivariate Cox analysis, N stage and EIF2AK2 expression 
represented independent components associated with OS in 
patients with pancreatic cancer. Similarly, as shown in Table II, 
the univariate Cox analysis revealed that high EIF2AK2 
levels, and high T, N and pathological stages were associated 
with DSS events (P<0.05). In the multivariate Cox analysis, 
only N stage was an independent factor associated with DSS 
in patients with pancreatic cancer.

Through the integration of clinicopathological factors 
(including T stage, N stage, pathological stage and EIF2AK2 
expression), a nomogram model was generated from the 
results of the OS and DSS analyses, which can be employed 
to accurately measure the survival probabilities at 1‑, 3‑ and 
5‑years in clinical settings (Fig. 8).

Functional inference of EIF2AK2. To further confirm the 
putative biological roles of the EIF2AK24 gene, a functional 
enrichment analysis was performed using TCGA transcrip‑
tome data. Based on the degree of EIF2AK2 expression, 
pancreatic cancer samples were categorized as EIF2AK2high 
or EIF2AK2low. Next, the DEGs analyzed in the EIF2AK2high 
and EIF2AK2low groups were identified using the following 
criteria: |log2FC|>1, adjusted P<0.05. A total of 1,318 genes 
exhibited different expression levels, 209 upregulated genes 
and 1,109 downregulated genes, as indicated by the volcano 
plot (Fig. 9A). These degrees were analyzed using a heatmap 
for hierarchical clustering (Fig. 9B). To determine the possible 
function of EIF2AK2, a range of enrichment analyses were 
performed, including GO and KEGG. The GO enrichment 
analysis included three main functions, namely, biological 
process, cellular components, and molecular functions. The 
biological process mainly included fat digestion and absorp‑
tion, Pancreatic secretion, protein digestion and absorption, 
salivary secretion, digestion antimicrobial humoral response, 
response to food. Molecular functions mainly included antigen 
binding, receptor ligand activity, immunoglobulin receptor 
binding, humoral immune response, humoral immune 
response mediated by circulating immunoglobulin, serine 
hydrolase activity, serine‑type peptidase activity, serine‑type 
endopeptidase activity. Cellular components mainly included 
immunoglobulin complex, external side of plasma membrane, 

Table I. Association of EIF2AK2 expression and other clinicopathological factors with OS calculated via univariate and multi‑
variate Cox regression analyses.

	 Univariate analysis	 Multivariate analysis
	---------------------------------------------------------------------------------	-------------------------------------------------------------------------------- 
Characteristic	 N	 HR (95% CI)	 P‑value	 N	 HR (95% CI)	 P‑value

T stage	 176		  0.03	 176		  0.249
  T1 and T2	 31	 Reference		  31	 Reference
  T3 and T4	 145	 2.023 (1.072‑3.816)		  145	 1.798 (0.663‑4.877)
N stage	 173		  0.004	 173		  0.04
  N0	 50	 Reference		  50	 Reference	
  N1	 123	 2.154 (1.282‑3.618)		  123	 1.969 (1.033‑3.753)
Pathological stage	 175		  0.037	 175		  0.307
  Stage Ⅰ	 21	 Reference		  21	 Reference	
  Stage Ⅱ, Stage Ⅲ and Stage Ⅳ	 154	 2.291 (1.051‑4.997)		  154	 0.491 (0.125‑1.926)
Sex	 178		  0.311
  Female	 80	 Reference
  Male	 98	 0.809 (0.537‑1.219)
Age	 178		  0.227	
  ≤65 years	 93	 Reference
  >65 years	 85	 1.290 (0.854‑1.948)
Histological grade	 176		  0.052
  G1 and G2	 126	 Reference
  G3 and G4	 50	 1.538 (0.996‑2.376)
EIF2AK2	 178		  0.002	 178		  0.042
  Low	 89	 Reference		  89	 Reference
  High	 89	 1.981 (1.294‑3.032)		  89	 1.585 (1.017‑2.470)

EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; OS, overall survival; HR, hazard ratio; CI, confidence interval. 
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immunoglobulin complex, circulating, neuron projection 
membrane, dendrite membrane, AMPA glutamate receptor 
complex. KEGG analysis demonstrated that EIF2AK2 
might regulate the process of complement activation, clas‑
sical pathway. Obviously, GO and the KEGG results can be 
concluded to provide a new direction for tumor immuno‑
therapy research (Fig. 9C and D). Fig. 9E shows the GSEA of 
all genes significantly coexpressed with EIF2AK2. Notably, 
the functions of these genes significantly coexpressed with 
EIF2AK2 were mainly enriched in the cell cycle, degradation 
of extracellular matrix, complement system and activation of 
extracellular goblet B cells by Sarscov2.

Association between EIF2AK2 expression and biomarkers 
of immune cells. To investigate the relevance of EIF2AK2 
in the tumor immune microenvironment, correlations were 
established between EIF2AK2 expression and immune cell 
biomarkers. As listed in Table III, EIF2AK2 was positively 
correlated with B‑cell biomarkers (CD19, CD20 and CD38), 
CD8+ T‑cell biomarkers (CD8A and CD8B), other T‑cell 
subsets [follicular helper T cells, T helper (Th)1, Th2, Th9, 
Th17, Th22 and regulatory T cells (Tregs)], M1 macrophage 
biomarkers (IRF5 and PTGS2), M2 macrophage biomarkers 
(CD115), tumor‑associated macrophage (TAM) biomarkers 
(PDCD1LG2, CD80, CD40 and TLR7), natural killer cell 
biomarkers (CD7 and XCL1), neutrophil biomarkers (ITGAM 

and FUT4) and dendritic cell (DC) biomarkers (CD1C and 
ITGAX) in pancreatic cancer. These findings indicated the 
existence of a direct relationship between EIF2AK2 and 
immune cell invasion.

Immune infiltration analysis. The correlation of EIF2AK2 
expression with immune cell infiltration into the microenviron‑
ment of pancreatic cancer tumors was quantified by ssGSEA, 
as calculated by Spearman correlation analysis. EIF2AK2 
expression was weakly associated with the StromalScore, 
ImmuneScore and the ESTIMATE score (Fig.  10B‑D). 
Notably, EIF2AK2 was correlated with activated DCs (aDCs), 
T cells, CD4+ T‑cell subsets (Th1 cells, Th2 cells, Tregs, 
Th17 cells, follicular helper T cells), CD8+ T cells, γδ T cells, 
memory T‑cell subsets [central memory T (Tcm) cells, effec‑
tive memory T cells], T helper cells, B cells, macrophages, 
eosinophils, mast cells, neutrophils, DCs, immature DCs, 
plasmacytoid DCs (pDCs), natural killer (NK) cells, NK cell 
subsets (NK CD56dim cells and NK CD56bright cells) and 
cytotoxic cells (Fig. 10A).

Relationship between EIF2AK2 expression and immune 
checkpoints. To determine the relationship between EIF2AK2 
expression and immune cell, the interactions between 
EIF2AK2 and chemokines and chemokine receptors were 
studied. It was revealed that there was a significant correlation 

Table II. Association of EIF2AK2 expression and other clinicopathological factors with DSS in pancreatic cancer calculated via 
univariate and multivariate Cox regression analyses.

	 Univariate analysis	 Multivariate analysis
	---------------------------------------------------------------------------------	-------------------------------------------------------------------------------- 
Characteristic	 N	 HR (95% CI)	 P‑value	 N	 HR (95% CI)	 P‑value

T stage	 170		  0.008	 170		  0.1
  T1 and T2	 30	 Reference		  30	 Reference
  T3 and T4	 140	 3.119 (1.346‑7.229)		  140	 3.210 (0.800‑12.875)	
N stage	 167		  0.001	 167		  0.024
  N0	 48	 Reference		  48	 Reference
  N1	 119	 2.746 (1.473‑5.121)		  119	 2.368 (1.120‑5.004)	
Pathological stage	 169		  0.023	 169		  0.297
  Stage Ⅰ	 20	 Reference		  20	 Reference
  Stage Ⅱ, Stage Ⅲ and Stage Ⅳ	 149	 3.249 (1.175‑8.979)		  149	 0.379 (0.061‑2.347)	
Sex	 172		  0.227			 
  Female	 76	 Reference
  Male	 96	 0.715 (0.473‑1.194)
Age	 172		  0.784			 
  ≤65 years	 92	 Reference
  >65 years	 80	 1.067 (0.670‑1.701)				  
Histological grade	 170		  0.053			 
  G1 and G2	 122	 Reference
  G3 and G4	 48	 1.616 (0.994‑2.628)				  
EIF2AK2	 172		  0.007	 172		  0.157
  Low	 86	 Reference		  86	 Reference
  High	 86	 1.935 (1.202‑3.115)		  86	 1.425 (0.872‑2.329)	

EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; DSS, disease‑specific survival; HR, hazard ratio; CI, confidence interval.
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between the expression of EIF2AK2 and immune cell‑asso‑
ciated chemokines, as well as chemokine receptors, such as 
CTLA4 (rs=0.311, P<0.001), HAVCR2 (rs=0.423, P<0.001), 
LAG3 (rs=0.207, P=0.006), PDCD1 (rs=0.221, P=0.003), 
CD274 (rs=0.601, P ≤0.001), PDCD1LG2 (rs=0.501, P <0.001) 
and TIGIT (rs=0.341, P<0.001) (Fig. 11). Since the expres‑
sion of these chemokines and chemokine receptors appears 
to be correlated with EIF2AK2 expression, it is possible that 
high EIF2AK2 expression is implicated in the migration of 
immune cells to the tumor microenvironment. Spearman 
correlation analysis showed that LAG3 and PDCD1 were 
weakly correlated with EIF2AK2 and the others were moder‑
ately correlated with it.

EIF2AK2 knockdown inhibits the migration and proliferation 
of PANC‑1 cells. The present study revealed that EIF2AK2 
was upregulated in pancreatic cancer and that it was nega‑
tively associated with the survival of patients with pancreatic 
cancer; however, the role of EIF2AK2 in pancreatic carci‑
nogenesis requires further investigation. Three EIF2AK2 
shRNA knockdown vectors were constructed and transfected 
into PANC‑1 cells. The effect of lentiviral infection is shown 
in Fig. S1A. RT‑qPCR results showed that sh‑EIF2AK2‑397 
(Shanghai GeneChem Co., Ltd. cat. no. 115397‑1) was more 
efficient than sh‑EIF2AK2‑396 (Shanghai GeneChem Co., 
Ltd. cat.  no.  115396‑2) and sh‑EIF2AK2‑398 (Shanghai 
GeneChem Co., Ltd. cat. no. 115398‑1) (Fig. S1B). Therefore, 

Figure 8. A prognostic predictive model of EIF2AK2 in pancreatic carcinoma. (A) Nomogram for predicting the probability of 1‑, 3‑, 5‑year OS. (B) Calibration 
plot of the nomogram for predicting the probability of OS at 1, 3 and 5 years. (C) Nomogram for predicting the probability of 1‑,3‑, 5‑year DSS. (D) Calibration 
plot of the nomogram for predicting the probability of DSS at 1, 3 and 5 years. EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; OS, overall 
survival; DSS, disease‑specific survival.
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subsequent in vitro cellular experiments were performed using 
sh‑EIF2AK2‑397. To investigate whether EIF2AK2 affects 
the proliferation and migration of PANC‑1 cells, CCK‑8 
and wound‑healing assays were performed. As shown in 
Fig. 12A and B, the knockdown of EIF2AK2 markedly dimin‑
ished PANC‑1 cell proliferation and migration. These results 

confirm that EIF2AK2 promotes PANC‑1 cell proliferation and 
migration 

Effect of EIF2AK2 knockdown on PANC‑1 cell cycle progres‑
sion and apoptosis. The present study further assessed the 
effect of EIF2AK2 expression on apoptosis and cell cycle 

Figure 9. A total of 1,318 DEGs were identified as being statistically significant between EIF2AK2 high‑expression and low‑expression groups. (A) Volcano 
plot of DEGs, including 209 upregulated and 1,109 downregulated genes. Normalized expression levels were shown in descending order from blue to red. 
(B) Heatmap of the 10 DEGs, including five upregulated genes and five downregulated genes. The x‑axis represents the samples, while the y‑axis denotes the 
DEGs. Blue and red represent downregulated and upregulated genes, respectively. **P<0.01, ***P<0.001 vs. EIF2AK2. The X‑axis represents the samples, while 
the Y‑axis denotes the differentially expressed RNAs. Blue and red tones represented down‑regulated and up‑regulated genes, respectively. (C) KEGG enrich‑
ment and GO enrichment analysis of EIF2AK2 coexpressed upregulated DEGs. (D) KEGG enrichment and GO enrichment analysis of EIF2AK2 coexpressed 
downregulated DEGs. (E) Enrichment plots from the gene set enrichment analysis. DEGs, differentially expressed genes; EIF2AK2, eukaryotic translation 
initiation factor 2α kinase 2; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology.
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Table III. Correlation analysis between EIF2AK2 expression and immune cell markers.

Immune cell	 Biomarker	 Spearman's rs value	 P‑value

TAM	 PDCD1LG2	 0.510	 <0.001
	 CD80	 0.490	 <0.001
	 CD40	 0.296	 <0.001
	 TLR7	 0.394	 <0.001
Natural killer cell	 CD7	 0.159	 0.034
	 KIR3DL1	 ‑0.040	 0.593
	 XCL1	 0.265	 <0.001
Neutrophil	 CD11b (ITGAM)	 0.366	 <0.001
	 CD15 (FUT4)	 0.326	 <0.001
	 CD66b (CEACAM8)	 0.185	 0.013
Dendritic cell	 CD1C	 0.201	 0.007
	 CD11c (ITGAX)	 0.243	 0.001
	 CD141 (THBD)	 0.339	 <0.001
M1 macrophage	 COX2 (PTGS2)	 0.424	 <0.001
	 INOS (NOS2)	 0.207	 0.006
	 IRF5	 0.285	 <0.001
M2 macrophage	 ARG1	 0.014	 0.851
	 CD206 (MRC1)	 0.353	 <0.001
	 CD115 (CSF1R)	 0.373	 <0.001
B cell	 CD19	 0.180	 0.017
	 CD20 (KRT20)	 0.185	 0.014
	 CD38	 0.363	 <0.001
CD8+ T cell	 CD8A	 0.323	 <0.001
	 CD8B	 0.301	 <0.001
Tfh	 BCL6	 0.468	 <0.001
	 ICOS	 0.359	 <0.001
	 CXCR5	 0.180	 0.016
Th1	 T‑bet (TBX21)	 0.191	 0.011
	 STAT1	 0.809	 <0.001
	 STAT4	 0.230	 0.002
	 IL12RB2	 0.130	 0.085
	 WSX1 (IL27RA)	 0.274	 <0.001
	 IFN‑γ (IFNG)	 0.265	 <0.001
	 TNF‑a (TNF)	 0.173	 0.021
Th2	 CCR3	 0.364	 <0.001
	 GATA3	 0.296	 <0.001
	 STAT5A	 0.391	 <0.001
	 STAT6	 0.484	 <0.001
Th9	 IRF4	 0.296	 <0.001
	 PU.1 (SPI1)	 0.204	 0.006
	 TGFBR2	 0.583	 <0.001
Th17	 IL‑17A	 0.128	 0.089
	 IL‑21R	 0.356	 <0.001
	 IL‑23R	 0.202	 0.007
	 STAT3	 0.597	 <0.001
Th22	 AHR	 0.614	 <0.001
	 CCR10	 ‑0.051	 0.496
Treg	 CCR8	 0.480	 <0.001
	 CD25 (IL2RA)	 0.429	 <0.001
	 FOXP3	 0.335	 <0.001

EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; TAM, tumor‑associated macrophage; Treg, regulatory T cell, Tfh, follicular 
helper T cell; Th, T helper cell.
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progression in PANC‑1 cells. As shown in Fig.  13, the 
apoptotic rate was significantly higher in the sh‑EIF2AK2 
group compared with that in the control and NC groups. 
Furthermore, the effect of EIF2AK2 knockdown on the 
cell cycle progression of PANC‑1 cells indicated that low 
EIF2AK2 expression in PANC‑1 cells could inhibit the cell 
cycle transition from G1 to S phase and blocked it in G2/M 
phase (Fig. 14).

Activation of the AKT signaling pathway by EIF2AK2. To 
elucidate the relationship between EIF2AK2 and pancreatic 
cancer development, the expression of AKT and p‑AKT in 
cells following knockdown of EIF2AK2 was determined by 
western blotting. The results showed that the p‑AKT/AKT 
ratio was decreased following knockdown of EIF2AK2 
(Fig. 15). This finding suggested that EIF2AK2 may activate 
the AKT signaling pathway in vitro.

Discussion

EIF2AK2 is a serine/threonine kinase that is normally acti‑
vated by dsRNA. In addition to dsRNA, EIF2AK2 can be 
activated by other non‑self RNAs (34). EIF2AK2 was origi‑
nally associated with cellular innate immunity; dsRNA binds 
dsRBM1 and 2 (two dsRNA binding motifs of EIF2AK2) 
with high affinity (KD=~4 nM) to induce conformational 
changes upon viral invasion, resulting in the release of a kinase 
domain from dsRBM2 leading to apoptosis in virus‑infected 
cells (35). In addition, EIF2AK2 was considered to be a tumor 
suppressor based on its proapoptotic activity. The first experi‑
mental evidence of EIF2AK2 tumor‑suppressing activity 
was provided by a catalytically inactivated EIF2AK2 mutant 
that inhibited endogenous EIF2AK2 activity in a dominantly 
negative manner (36). Its low expression level is considered 
to be associated with cancer phenotypes, such as active cell 

Figure 10. Expression of EIF2AK2 is associated with immune infiltration in the tumor microenvironment. (A) Correlation diagram of 24 infiltrating immune 
cells. (B) StromalScore, (C) ImmuneScore and (D) ESTIMATEScore in clusters in pancreatic cancer tissues and normal tissues. EIF2AK2, eukaryotic transla‑
tion initiation factor 2α kinase 2; TPM, transcripts per million.
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proliferation, poor pathological differentiation or poor patient 
prognosis, including in head and neck squamous cell carci‑
noma, breast cancer, hepatocellular carcinoma, colon cancer, 
bile duct cancer and primary lung cancer (37‑42). Conversely, 
EIF2AK2 is elevated in other cancer cell subsets relative to 
the corresponding normal cells or tissues, and is associated 
with tumor aggressiveness or poor patient prognosis, including 
breast cancer cell lines, melanoma cells, colon cancer, thyroid 
cancer, hepatocellular carcinoma, bile duct cancer, acute 
myeloid leukemia and lung adenocarcinoma (17,40,42‑46). In 
addition, EIF2AK2 expression shows a mixed pro‑tumor and 
antitumor profile in a number of clinical specimens. Examples 
of these include breast cancer, cholangiocarcinoma and hepa‑
tocellular carcinoma samples (47). 

Given the limited research conducted on the EIF2AK2 
gene in cancer, to identify its biological activities and relevant 
regulatory mechanisms in pancreatic cancer, the present study 
carried out comprehensive and integrative bioinformatics 
research. Based on public databases and clinical samples, 
the first attempt to validate the expression of EIF2AK2 in 
pancreatic cancer tissues and its prognostic value revealed 
that EIF2AK2 expression was elevated in pancreatic cancer 
tissues compared with that in normal tissues, and that high 
expression was strongly associated with poorer OS and DSS in 
pancreatic cancer. Notably, the most clinically relevant finding 
was that high EIF2AK2 expression was associated with poor 
OS. Multivariate Cox regression analysis revealed that high 
EIF2AK2 expression was another independent prognostic 
factor in addition to N stage. Nomogram prediction modelling 

Figure 11. Correlation of EIF2AK2A expression with immune checkpoints. (A) The moderate correlation of EIF2AK2 expression with CTLA4. (B) The 
moderate correlation of EIF2AK2 expression with HAVCR2. (C) The weak correlation of EIF2AK2 expression with LAG3. (D) The weak correlation of 
EIF2AK2 expression with PDCD1. (E) The moderate correlation of EIF2AK2 expression with CD274. (F) The moderate correlation of EIF2AK2 expression 
with PDCD1LG2. (G) The moderate correlation of EIF2AK2 expression with TIGIT. EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; CTLA4, 
cytotoxic T lymphocyte‑associated antigen‑4; HAVCR2, Human Hepatitis A virus cellular receptor 2; LAG3, Lymphocyte activation gene 3 protein; PDCD1, 
Programmed cell death protein 1; CD274(also known as PD‑1), programmed cell death protein 1; PDCD1LG2, Human Programmed cell death 1 ligand 2; 
TIGIT, T cell immunoreceptor with Ig and ITIM domains.

Figure 12. Knockdown of EIF2AK2 reduced the proliferation and migra‑
tion of PANC‑1 cells. (A) Cell Counting Kit‑8 detection of cell proliferation. 
(B) Wound‑healing assay to detect cell migration (magnification, x100). 
*P<0.05, **P<0.01 vs. Control and NC. EIF2AK2, eukaryotic translation 
initiation factor 2α kinase 2; ns, not significant; NC, negative control; Si, 
small interfering.
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further confirmed the predictive role of EIF2AK2 expres‑
sion in prognosis. These findings suggested that it could be a 
potentially valuable diagnostic and prognostic biomarker for 
pancreatic cancer.

Patients with pancreatic cancer have a poor prognosis, 
and the standard treatment combines surgery with chemo‑
therapy and radiation therapy. During the past several years, 
immunotherapy has transformed the paradigm for cancer 
treatment, gaining recognition as a potential technique for 
treating certain malignancies  (48). With the emergence 
of immunotherapy, several clinical studies have appeared 
to verify the efficacy of immunotherapy  (49‑51). These 
experiments explore the use of cellular transfer, immune 
checkpoint inhibitors (ICIs), cancer vaccines, and combina‑
tions of chemoradiotherapy and other molecular therapeutic 
approaches  (52). Notably, due to their broad applicability 
across a broad spectrum of tumor types and excellent clinical 
response when treatment is successful, ICIs, a novel treatment 
approach comprised of anti‑programmed cell death protein‑1 
(PD‑1) and anti‑programmed cell death protein ligand 1 
(PD‑L1) antibody treatments, have assumed the lead in the 
area of cancer immunotherapy (53,54). The majority of these 
experiments, however, have had uniformly poor outcomes. 
Pancreatic cancer is a tumor with low immunogenicity, which 
is attributable to a low tumor mutational burden. In light of 
this, it remains of the utmost importance to identify a poten‑
tial biomarker of immune infiltration that may also predict 
the prognosis of a patient, as well as to determine potential 
molecular pathways that drive immunotherapeutic responses. 
In recent years, the incorporation of immunotherapy into the 
treatment of a number of solid tumors has led to a renais‑
sance in oncology treatment (55). 

Taking into account the potential oncogenic role of 
EIF2AK2 in pancreatic cancer, the present study assessed 
the relationship of EIF2AK2 with PD‑1 (PDCD1), PD‑L1 

(CD274), PD‑L2 (PDCD1LG2), CTLA4, LAG3, HAVCR2 
and TIGIT. The use of monoclonal antibodies to inhibit 
CTLA4, PD‑1 and PD‑L1, thereby targeting immune check‑
point molecules, has led to a paradigm shift in the treatment 
of melanoma, lung, kidney, uroepithelial, head and neck 
cancer, and other malignancies (56). CTLA4 is an inhibitory 
receptor that regulates the initial phase of T‑cell activation 
by competitively inhibiting the binding of B7 ligands to the 
costimulatory receptor CD28, preventing immune overacti‑
vation. PD‑1 protein is another T‑cell coinhibitory receptor 
with a more unique biological function than CTLA4; it 
binds PD‑L1 and PD‑L2 ligands, and blocks the activity 
of T‑cell peripheral tissues. PD‑L1 is the primary PD‑1 
ligand upregulated and detected in a variety of solid cancer 
types, including pancreatic, esophageal, gastric, colon, lung 
and breast cancer  (57). A single phase II study, in which 
patients with locally advanced or metastatic pancreatic 
cancer were treated with ipilimumab monotherapy, revealed 
that of the 27 patients included, 74% had received prior 
gemcitabine‑based chemotherapy (chemotherapy followed 
by immunotherapy can avoid damage to lymphocytes, 
improve immunity and enhance the advantages of chemo‑
therapy and immunotherapy.). No responders were observed 
according to the assessment criteria, but a delayed response 
was reported in one subject whose initial progression was 
followed by regression of the primary tumor and metastases. 
The patient had significant new lesions in the mesentery 
of the small intestine after 9 months on Ipilimumab and 
eventually succumbed due to progression of liver metas‑
tases. The median OS was 4.5 months  (58). Regarding 
PD‑1/PD‑L1 inhibitor monotherapy, Brahmer  et  al  (59) 
tested the anti‑PD‑1 antibody BMS‑936559 in a phase I 
trial involving 207 patients with different types of advanced 
cancer. Preliminary results from another randomized 
phase II trial were obtained from 65 patients with meta‑
static pancreatic cancer who had failed first‑line 5‑FU or 
gemcitabine therapy. Patients were randomized to receive 
durvalumab monotherapy or durvalumab in combina‑
tion with tremelimumab. The median OS was 3.6 and 3.1 
months, with disease control rates (60) (defined as stable 
disease + partial response + complete response) of 6 and 
9%, respectively (59). Therefore, the relationship between 
EIF2AK2 and immune checkpoints was also assessed in the 
present study. In addition, antagonizing the CD155/TIGIT 
axis or LAG3 can induce profound antitumor responses as 
demonstrated by in vitro experiments (61,62). The aforemen‑
tioned findings indicated that tumor immune escape may 
be involved in the EIF2AK2‑mediated pancreatic cancer 
progression. In addition to monotherapy, combination 
therapy with immunosuppressants or with other antitumor 
agents is rapidly emerging. This phenomenon is due to the 
fact that single‑agent checkpoint inhibitors have shown 
disappointingly limited activity in pancreatic cancer. The 
few studies of combination therapy have shown promise in 
terms of response (63‑66). Patients with pancreatic cancer 
treated with checkpoint inhibitors have not shown improved 
response rates or OS. However, immunotherapy and its 
impact are topics of interest and possible ways to improve 
the prognosis of pancreatic cancer (67). This area of research 
includes both targeted therapies and antitumor vaccination.

Figure 13. Analysis of PANC‑1 cell apoptosis by flow cytometry. (A) Control 
(Normal PANC‑1 cells). (B)  NC (negative control). (C)  sh‑EIF2AK2. 
(D) sh‑EIF2AK2 could promotes cell apoptosis. *P<0.05 vs. Control and NC. 
EIF2AK2, eukaryotic translation initiation factor 2α kinase 2; NC, negative 
control; si, small interfering; sh, short hairpin.

https://www.spandidos-publications.com/10.3892/ol.2023.14066
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Cancer‑associated f ibroblasts, tumor‑infiltrating 
immune cells, endothelial cells and neurons are only a 
few of the nontumor components that comprise the tumor 

microenvironment (68). Additionally, numerous extracellular 
matrix components play a vital role in the creation of an 
energetic TME with complex interactions between different 
internal components that promote tumor growth and treatment 
resistance (69). With the development of checkpoint inhibitor 
immunotherapy, tumor immunotherapy has evolved from an 
adjuvant therapy to an essential therapeutic strategy (70). 
The results of the present study indicated a link between 
EIF2AK2 expression and tumor‑infiltrating immune cells in 
the TME. In addition, EIF2AK2 expression was associated 
with the StromalScore, ImmuneScore and the ESTIMATE 
score. EIF2AK2 was also revealed to be positively corre‑
lated with various immune cells, including aDCs, Th 
cells, Tcm cells, Th1/Th2 cells, macrophages and pDCs. 
DCs are antigen‑presenting cells that serve crucial roles 
in the establishment of adaptive and advanced immunity. 
aDCs can present antigens in vivo or in vitro by a variety 
of mechanisms, including an antibody‑conjugated antigen 

Figure 15. Effects of EIF2AK2 on the expression of AKT was detected by 
western blotting. *P<0.05 vs. Control and NC. EIF2AK2, eukaryotic transla‑
tion initiation factor 2α kinase 2; NC, negative control; sh, short hairpin; 
p, phosphorylated.

Figure 14. Analysis of PANC‑1 cell cycle progression by flow cytometry. Cell cycle progression in the (A) control group, (B) NC group and (C) sh‑EIF2AK2 
group. (D) sh‑EIF2AK2 could inhibit the cell cycle transition from G1 to S phase, and induced cell cycle arrest in G2/M phase. *P<0.05, **P<0.01 vs. Control 
and NC. NC, negative control; Sh, short hairpin.
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unique to aDCs and tumor‑specific antigen capture. A 
substantial number of aDCs can travel to the region of the 
tumor and remain there for an extended period of time, hence 
augmenting the antitumor immune response (71,72). Since 
both Th1 and Th2 cells secrete cytokines to promote their 
own proliferation and inhibit the proliferation of the other, 
Th1 and Th2 cells are normally in a somewhat balanced state 
within the body (73). However, when the body has functional 
problems, the balance is frequently skewed to one side, a 
condition known as ‘Th1/Th2 drift’. Once the equilibrium 
between Th1 cells and Th2 cells is disrupted, the dynamic 
equilibrium of the human cytokine network is likely to be 
compromised, leading to the emergence and development of 
numerous illnesses (74). 

Based on the analysis of the enrichment results, it can be 
concluded that knockdown of the EIF2AK2 gene reduces the 
proliferation and migration of PANC‑1 cells, and can promote 
their apoptosis and inhibit the cell cycle. The experimental 
results that knockdown of EIF2AK2 promotes apoptosis 
in PANC‑1 cells are clearly inconsistent with the findings 
reported above in the literature (36). Therefore it is neces‑
sary to review the basic principles of the EIF2AK2 pathway. 
When EIF2AK2 is activated, two representative downstream 
branches are stimulated: Pro‑proliferative NF‑κB (pro‑tumor 
effect) and pro‑apoptotic eIF2α (tumor suppressor effect). 
In addition to these two pathways, EIF2AK2 has several 
other downstream pathways, including PI3K, p38, p53 and 
PP2A (75). AKT, a PI3K downstream regulator, can phos‑
phorylate target proteins through multiple downstream 
pathways and thus exert apoptosis‑inhibiting effects  (76). 
The present experimental results indicated that EIF2AK2 
knockdown reduced p‑AKT/AKT expression but increased 
apoptosis in PANC‑1 cells. Therefore, whether EIF2AK2 has 
a biological function in promoting or inhibiting apoptosis in 
pancreatic tumor cells needs further investigation.

Unfortunately, there are some limitations in the present 
study. For example, the specific molecular pathway of 
EIF2AK2‑mediated proliferation and migration remains to 
be elucidated. The function of EIF2AK2 in vivo is also not 
yet clear. We aim to conduct relevant in vivo studies in the 
future to address these deficiencies, such as colony forma‑
tion, spheroid formation and tumorigenesis assays. However, 
the present study confirmed that EIF2AK2 is upregulated in 
pancreatic cancer and can effectively distinguish the degree 
of differentiation in patients with pancreatic cancer.

In conclusion, the present study demonstrated that 
EIF2AK2 may play a prognostic role and could be associated 
with immune infiltration in pancreatic cancer. As a direct 
consequence, EIF2AK2 has potential as a novel prognostic 
marker and as a prospective biomarker of new immunothera‑
peutic strategies.
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