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Background: OAS1 expression in pancreatic cancer has been confirmed by many
studies. However, the prognostic value and mechanism of OAS1 in pancreatic cancer
have not been analyzed.

Methods: The RNA-seq in pancreatic cancer were obtained by UCSC XENA and GEO
database. In addition, immunohistochemical validation and analysis were performed using
samples from the 900th hospital. The prognosis of OAS1 was evaluated by timeROC
package, Cox regression analysis, and Kaplan-Meier survival curves. Then, the main
functional and biological signaling pathways enrichment and its relationship with the
abundance of immune cells were analyzed by biocinformatics.

Results: OAS1 was highly expressed in pancreatic cancer compared with normal
pancreatic tissue. High OAS1 expression was associated with poor overall survival
(p<0.05). The OAS1 was significantly correlated to TNM staging (p=0.014). The
timeROC analysis showed that the AUC of OAS1 was 0.734 for 3-year OS. In addition,
the expression of OAS1 was significantly correlated with the abundance of a variety of
immune markers. GSEA showed that enhanced signaling pathways associated with
OAS1 include Apoptosis, Notch signaling pathway, and P53 signaling pathway.

Conclusions: OAS1 is a valuable prognostic factor in pancreatic cancer. Moreover, it
may be a potential immunotherapeutic target.

Keywords: pancreatic cancer, prognosis, OAS1, overall survival, immune infiltration

INTRODUCTION

Once pancreatic cancer has metastasized, the 5-year survival rate is as low as 2.9% (1). Early surgical
intervention is still the radical cure. However, most patients with pancreatic cancer were found late and
missed the best time for treatment. This may be related to the lack of early detection and identifiable
symptoms and signs (2). With the development of multidisciplinary therapy, patients with pancreatic
cancer can achieve better outcomes. However, the overall prognosis is still not satisfactory due to the high
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tumor-specific mortality rate. and the annual mortality and
morbidity rates are similar (3). The prognosis of pancreatic cancer
is still worthy of special attention. However, there are many factors
affecting the prognosis of patients, including not only the common
tumor size, tumor stage (4) and the presence of disseminated tumor
cells, but also the systemic inflammatory response (5), which reflects
the response of the immune system to the proliferation and survival
of tumor cells, which affects the ability of tumor cells to induce
angiogenesis and metastasis and spread. In recent years, studies on
tumor microenvironment (TME) have confirmed the key role of
immune cells in the occurrence and development of cancer.
Moreover, gene biomarkers have been widely explored in
pancreatic cancer (6).

2’,5-oligoadenylate synthetase 1 (OAS1), a member of OAS
family, has been shown to be a protein family of interferon-
induced enzymes (7). The OAS family are involved in many
intracellular functions, including induction of apoptosis,
enhancement of IFN- o signal response, gene regulation, immune
cell receptor regulation, and autophagy (8, 9). Moreover, OAS1 has
been shown to be correlated with different subcellular components,
such as mitochondria, nuclei, and rough/smooth microsomes (10,
11). It has been found that OAS1 is highly expressed in many tumors
(12). And the high expression was related to worse prognosis in breast
cancer (13). OAS1 may be associated with gastric cancer resistant to
trastuzumab (14). It has been proved that down-regulating the
expression of OASI can lead to the decrease of cell motility in vitro
(15). In addition, OAS1 may be regulated by 17B-estradiol (E2) and
play a key role in inducing apoptosis in cancer cells (16, 17). It is
closely correlated with the occurrence and progress of gastric cancer
(14), breast cancer (18), lung adenocarcinoma (19), and bladder
cancer (20). However, the relationship between OAS1 and pancreatic
cancer has not been clarified. Whether OAS1 can be used as a
prognostic indicator of pancreatic cancer is worth exploring.

Here, it is particularly important to find reliable biomarkers
related to prognosis in pancreatic cancer. We applied
bioinformatics method to analyze the relationship between
OAS1 and clinical information and overall survival (OS) of
pancreatic adenocarcinoma (PAAD). Moreover, the immune-
related database was used to analyze the relationship between
OASI and tumor microenvironment. The aim was to explore the
prognostic value of OASI in pancreatic cancer. In addition,
Function analysis and GSEA were used to further enrich the
signal pathways related to OASI.

MATERIALS AND METHODS

Ethical Statement

All patients were included in the public database only after
obtaining informed consent. Since all the research data are from
open online databases, all informed consent can be guaranteed.

Differential Expression of OAS1

UCSC XENA (https://xenabrowser.net/datapages/) is a data analysis
platform for cancer genomics, which includes data from TCGA,
ICGC, and other projects. It can provide online analysis and data

visualization. TCGA and GTEx RNAseq data in TPM format are
processed through toil (21). This study extracted data of pancreatic
adenocarcinoma (PAAD) from TCGA and corresponding normal
tissue from GTEx. The R statistical language (version 3.6.3) and the
ggplot2 package were used to analyze mRNA differential expression
and for plotting. The GSE15471 dataset in the GEO (22) database
was also used to evaluate the difference in OASI expression between
pancreatic cancer and normal tissue. The Human Protein Atlas
(https://www.proteinatlas.org/) (23) provides proteomic and
transcriptome information for a variety of human samples,
including monocytic, blood, tissue, and pathological maps. The
database was applied to obtain the protein immunohistochemistry
(IHC) of OAS1 in normal tissues and pancreatic cancer tissues.

Immunohistochemistry and
Immunofluorescence
45 cases of pancreatic cancer tissue specimens were embedded in
paraffin and cut into 4 pum sections. Next, the slides were then
dewaxed with xylene at room temperature and then hydrated with
degraded ethanol. Steam 20 minutes in sodium citrate buffer (PH
6.0) for antigen retrieval. H202 was used to inhibit endogenous
peroxidase. The polyclonal rabbit anti-OAS1 antibody (1:100, LS-
B6622, LifeSpan Biosciences) was added to the slices, incubated at
room temperature for 1 hour, and washed in PBS for 3 times. Then,
secondary antibody (PV-9001; goat anti-rabbit IgG polymer; Beijing
Zhongshan Jingiao Biotechnology Co., LTD) was added at room
temperature and incubate for 30 minutes. Finally, diaminobenzidine
(DAB) was used for 1 minute at room temperature, and the slides
were stained with hematoxylin. We used a semi-quantitative scoring
system to assess OASI protein expression. Score of 0 indicates no
positive cells, while a score of 1 indicates less than 10% positive cells,
2 indicates 11%-25% positive cells, 3 indicates 26-50% positive cells,
4 indicates 51-75% positive cells, and 5 indicates greater than 75%
positive cells. The scores of 0, 1 and 2 indicate the low expression of
OAS], while the higher the score, the higher the expression of OAS1.
The score of IHC staining was performed by two experienced
pathologists without knowing the patient’s clinical information. All
samples were taken from the 900th hospital of the People’s
Liberation Army Joint Logistics Support Force (Fujian, China).
This study was approved by the Ethics Committee of the 900th
hospital of the People’s Liberation Army Joint Logistics Support
Force and carried out in accordance with the Helsinki Declaration.
Similarly, paraffin blocks of pancreatic cancer were sectioned for
dewaxing, rehydration, and antigen retrieval. They were then
blocked with PBST containing 5% FBS for 30 min. Next, primary
antibody (1:100, LS-B6622, LifeSpan Biosciences) was dropped and
incubated at room temperature for 2 hours. Then the slides were
washed with PBST and incubated with secondary antibody (1:1000,
8889s, CST) for 2 hours at room temperature. Finally, 4, 6-
Diamidino-2-phenylindole (DAPI) (C1005, Beyotime
Biotechanology, China) was stained for 4 minutes and observed
by confocal laser scanning microscope.

Prognostic Value of OAS1
Extract the RNAseq data and clinical data from the TCGA-PAAD
project, and eliminate the data with missing clinical information.
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According to the median value of OAS], they were divided into two
groups: high expression group and low expression group. We used
Kaplan-Meier survival curves to compare survival differences, and
to study the relationship between OASI expression level and clinical
outcome. Then using the survminer and survival package for
statistical analysis of survival data. In addition, the independent
prognostic factors were determined by Cox regression analysis.
Using timeROC package to draw receiver operating characteristic
(ROC) curve to evaluate the accuracy of OAS1 in survival
prediction. OS is defined as the time between first diagnosis and
death or the last observation point. Disease specific survival (DSS)
was defined as the period from the date of diagnosis of pancreatic
cancer to the recorded date of death due to pancreatic cancer.
Progression free interval (PFI) is defined as the time between the
start of follow-up and the first appearance of progression (24).

Immune Infiltration Analysis and

Gene Alterations

TIMER (https://cistrome.shinyapps.io/timer/) was applied to analyze
the relationship between gene expression and immune infiltrate or
abundance online (25). In this work, TIMER data was used to identify
the relationship between the expression of OAS1 and immune cells
infiltration in pancreatic cancer. Furthermore, TISIDB (http://cis.hku.
hk/TISIDB/) (26) was conducted to analyze the relationship between
abundance of tumor-infiltrating lymphocytes (TILs) and expression
of OASI. Then for genetic changes of OAS1 gene, the data of
cBioPortal (http://www.cbioportal.org/) (27) database were inquired,
and the relationship between genetic alterations and clinical outcome,
including OS and DFS, was obtained.

Functional Analysis and PPI

Network Construction

The top 100 genes with the strongest correlation with OAS1 were
found by using GEIPIA (http://gepia.cancer-pku.cn/index.html) (28)
database and cBioportal database respectively, and the intersection
was taken. Then, GO and KEGG (29) enrichment analysis of OAS1
related genes was carried out by using functional annotation tool in
DAVID (https://david.ncifcrf.gov/) (30) database. In the process of
GO and KEGG enrichment analysis, false discovery rate (FDR) < 0.5
or P<0.05 was used as the screening condition. In addition, the
protein-protein interaction (PPI) network of OAS1-related genes was
constructed in STRING (https://string-db.org/) (31) database and
visualized in Cytoscape software (Version 3.7.1).

Gene Set Enrichment Analysis(GSEA)

GSEA is executed using GSEA software (version 4.0.3).
Biological pathways associated with OAS1 were detected by
gene enrichment analysis (GSEA). All the genetic data
analyzed were obtained from TCGA database.

RESULTS
Elevated Expression of OAS1 in PAAD

We preliminarily evaluated the transcription levels of OASI in
different human tumors by analyzing TCGA and GTEx RNA-seq

data using the UCSC XENA database. OAS1 was highly
expressed in 29 kinds of tumors including PAAD. It is
interesting to note that OAS1 was only found to be
significantly lower expressed in the tissues of kidney
chromophobe (KICH) and Thymoma (THYM) than in the
respective control tissues (Figure 1A). These results suggest
that OASI is abnormally high expressed in most tumors. Then
we compared OAS1 mRNA expression in 179 pancreatic cancer
tissues and 171 normal tissues. The expression of OAS1 mRNA
in PAAD tissue was significantly higher than that in normal
pancreatic tissue (p<0.001, Figure 1B). In addition, we further
analyzed the expression level of OAS1 in pancreatic cancer tissue
using GEO data (GSE15471), and found that OAS] mRNA in
tumors was also significantly higher than that in normal tissue
(p<0.001, Figure 1C). Overall, these results suggest that elevated
expression of OAS1 in PAAD than in normal tissues.

We compared the protein expression of OASI1 between
normal pancreatic tissue and pancreatic cancer tissue by HPA.
As shown in Figures 1D, E, immunohistochemical staining also
indicated OAS1 was upregulated in pancreatic cancer tissue.

OAS1 and the Clinicopathological Features
in the Patients From the 900th Hospital

A total of 45 cases of pancreatic cancer samples from the 900th
hospital of the People’s Liberation Army Joint Logistics Support
Force were collected. There were 14 females and 31 males. Mean age
was 59.22 years (range 41-82). According to semi-quantitative
scoring system, 45 cases of pancreatic cancer were divided into
high expression group (n=23) and low expression group (n=22).
The median overall survival was 21.0 months and 23.0 months for
patients with high and low OASI expression, respectively. And the
mean value of overall survival was 21.12 months and 25.18 months
for patients with high and low OAS1 expression, respectively. As
shown in Figures 1F, G, OAS1 expression was divided into high
and low groups, and it was mainly expressed in the cytoplasm of
pancreatic cancer cells. The immunofluorescence results showed
that OAS1 was mainly observed in cytoplasm (Figure 1H).
Furthermore, Kaplan-Meier survival curves showed that the high
expression of OAS1 was related to the poor OS (p=0.020) in patients
with pancreatic cancer (Figure 2A).

Survival Analysis

RNAseq data and clinical data from the TCGA-PAAD project were
obtained for analysis. Samples are grouped according to the median
value of OAS1 and then to study the correlation between the
expression of OASI and the prognosis of patients with pancreatic
cancer. Then we summarize the basic clinical features of the patient
in Table 1. Of the 178 patients, 176 underwent surgery, including
Whipple, total pancreatectomy, distal pancreatectomy, and other
method. And postoperative residual tumors status can be obtained
in 164 cases. Only one patient received neoadjuvant therapy. 118
out of the 178 patients received chemotherapy. The patients were
treated with drugs, including “Gemcitabine”, “Xeloda”, “5-FU”,
“Tarceva”, “Capecitabine”, “Irinotecan”. “Oxaliplatin”,
“Leucovorin”, “Abraxane”, “Cisplatin”, “Docetaxel”
“cyclophosphamide”, and “gemzar”. In addition, 45 of the 178
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patients received radiation therapy. The median survival time in
individuals with low OASI expression was 23.4 years in comparison
with the median survival time of 17.2 years in high OAS1
expression. Moreover, Kaplan-Meier survival curves showed that
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FIGURE 1 | The expression of OAS1 (A) OAS1 expression in different types of cancers (‘P < 0.05, **P <0.01, **P < 0.001). (B) OAS1 expression in pancreatic
cancer and normal pancreatic tissue base on TCGA-PAAD. (C) OAS1 expression in pancreatic cancer and normal tissue base on GSE15471 of GEO. (D, E) The
protein levels of OAS1 between normal pancreatic tissue and pancreatic cancer tissue based on HPA. (F, G) Representative Images of low (F) /High (G) protein
expression of OAS1 in 45 patients with PAAD (original magnification:X400). (H) Localization of OAS1 (red) was observed by immunofluorescence confocal
microscopy. The nuclei were stained (blue) with DAPI. Representative pictures are displayed.

the prognostic value of OAS1 in pancreatic cancer (Figure 2B). The
results indicated that the high expression of OAS1 was significantly
correlated with the shorter OS of PAAD (HR 1.60, 95%CI,1.06-
2.242; p=0.027). But we observed no significant relationship
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FIGURE 2 | (A, B) Kaplan-Meier survival curves for OAS1, and high expression of OAS1 has short overall survival in PAAD. The time-dependent ROC to assess the
accuracy of OAS1 in predicting OS (C), DSS (D), and PFI (E) at 1 and 3 years. The relationships between OAS1 mRNA expression and clinical pathological
characteristics. OAST mMRNA expression was differentially expressed in different TNM stages (F), grades (G), gender (H), T stages (I), and N stages (J). There was
no difference in ages or M stages (K, L).

between OASI expression and disease-free survival (p=0.17). The
timeROC analysis showed that the AUC of OAS1 was 0.646 and
0.734 for 1- and 3-year OS, respectively (Figure 2C). The AUC for
1- and 3-year DSS were 0.618 and 0.717, respectively (Figure 2D),

and the AUC for 1- and 3-year PFI were 0.577and 0.721,
respectively (Figure 2E). These results showed the moderate
predict performance of OAS1 and which is limited to 3-year OS,
DSS, and PFIL.
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TABLE 1 | Baseline characteristics for patients with pancreatic cancer from TCGA.

Characteristic

n
T stage, n (%)

N stage, n (%)

M stage, n (%)

Pathologic stage, n (%)

Gender, n (%)

Race, n (%)

Age, n (%)

Residual tumor, n (%)

Chemotherapy
Radiation therapy, n (%)

Histologic grade, n (%)

Anatomic neoplasm subdivision, n (%)
Smoker, n (%)

Alcohol history, n (%)

History of diabetes, n (%)

History of chronic pancreatitis, n (%)
OS event, n (%)

DSS event, n (%)

PFl event, n (%)

Levels Overall
178

T 7 (4%)
T2 24 (13.6%)
T3 142 (80.7%)
T4 3(1.7%)
NO 50 (28.9%)
N1 128 (71.1%)
N2 0
MO 79 (94%)
M1 5 (6%)
Stage | 21 (12%)
Stage Il 146 (83.4%)
Stage Il 3(1.7%)
Stage IV 5 (2.9%)
Female 80 (44.9%)
Male 98 (55.1%)
Asian 11 (6.3%)
Black or African American 6 (3.4%)
White 157 (90.2%)
<=65 93 (562.2%)
>65 85 (47.8%)
RO 107 (65.2%)
R1 52 (31.7%)
R2 5(3.1%)
No/unkown 60 (33.7%)
Yes 118 (66.3%)
No 118 (72.4%)
Yes 45 (27.6%)
G1 31 (17.6%)
G2 95 (54%)
G3 48 (27.3%)
G4 2 (1.1%)
Head of Pancreas 139 (78.1%)
Other 39 (21.9%)
No 65 (45.1%)
Yes 79 (54.9%)
No 65 (39.2%)
Yes 101 (60.8%)
No 108 (74%)
Yes 38 (26%)
No 128 (90.8%)
Yes 13 (9.2%)
Alive 86 (48.3%)
Dead 92 (51.7%)
Alive 100 (58.1%)
Dead 72 (41.9%)
Alive 74 (41.6%)
Dead 104 (58.4%)

Correlation Between OAS1 Expression and
Clinicopathological Parameters

We obtained clinical data from the TCGA-PAAD project and
studied the relationship between OASI and clinicopathological
features, which is helpful to reveal the role of OAS1 in the
progression of PAAD. As shown in Figures 2F-L, OAS1 mRNA
expression was differentially expressed in different grades
(p<0.001), gender (p=0.049), T stages (p=0.015), N stages
(p=0.024), and TNM stages (p=0.001). There was no difference
in age or M stage. Moreover, the Cox regression analysis was
applied to analyze the prognostic factors. As shown in Table 2,
the univariate analysis indicated that high OAS1 expression was

correlated with the poorer OS (HR 1.545, 95%CI: 1.021-2.338,
p=0.040). Other clinical parameters including T stage (HR 2.023,
95%CI: 1.072-3.816, p=0.030), and N stage (HR 2.154, 95%CI:
1.282-3.618, p=0.004) were also associated with the poorer
overall survival. Multivariate analysis showed that only N
staging (HR 1.870, 95%CI:1.079-3.240, p=0.026) was
independently associated with OS.

Gene Alterations in OAS1 and Survival

We analyzed the gene alterations of OAS1 and their relationship
with OS and DFS. As shown in Figure 3A, 10 of the 178 sequenced
patients (5.62%) had gene alterations. In addition, the patient of
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TABLE 2 | Univariate/multivariate Cox regression analysis.

Univariate analysis

Multivariate analysis

Characteristics Total (N) HR (95% Cl) P value HR (95% Cl) P value
Gender (Male vs. Female) 178 0.809 (0.537-1.219) 0.311
Age (>65 vs. <=65) 178 1.290 (0.854-1.948) 0.227
Smoker (No vs. Yes) 144 0.921 (0.582-1.456) 0.724
History of diabetes (No vs. Yes) 146 1.078 (0.619-1.878) 0.790
T stage (T3&T4 vs. T1&T2) 176 2.023 (1.072-3.816) 0.030 1.261 (0.651-2.442) 0.492
N stage (N1 vs. NO) 173 2.154 (1.282-3.618) 0.004 1.870 (1.079-3.240) 0.026
M stage (M1 vs. MO) 84 0.756 (0.181-3.157) 0.701
OAST1 (High vs. Low) 178 1.545 (1.021-2.338) 0.040 1.174 (0.768-1.795) 0.458

Bold values means that the P value < 0.05 were considered statistically significant.

altered group received a shorter OS (p<0.01; Figure 3B) and DFS
(p<0.01; Figure 3C) than that of unaltered group. These results
suggest that gene alteration of OAS1 may also significantly affect
the prognosis of patients with pancreatic cancer.

OAS1 and Immune Cell Infiltration

TIMER database was used to investigate the correlation between
the expression of OASI and immune cell infiltration in patients
with PAAD. OAS1 expression had correlations with neutrophil
(cor=0.302, p<0.001) and dendritic cell (cor=0.185, p<0.05)
(Figure 3D). It highlights the key role of OAS1 in tumor
immune infiltrating cells, neutrophils, and dendritic cells.

We also evaluated the relations between OAS1 expression and
tumor-infiltrating lymphocytes (TILs) in the TISIDB database
(Figures 3E, F). The expression of OAS1 was associated with
activated CD4 T cell (rho=0.21, p<0.01), central memory CD8 T
cell (rho=0.199, p<0.01), central memory CD4 T cell (rho=0.285,
p<0.001), effector memory CD4 T cell (rtho=-0.149, p<0.05), Type
17 T helper cell (rho=0.237, p<0.01), Type 2 T helper cell
(rho=0.154, p<0.05), CD56bright natural killer cell (rho=0.365,
p<0.001), CD56dim natural killer cell (rho=0.401, p<0.001),
activated dendritic cell (rho=0.229, p<0.01), and eosinophil (rho=-
0.202, p<0.01). Those results revealed that OAS1 may play a specific
role in the immune infiltration of pancreatic cancer.

Functional Analysis and PPl Network
Construction

Using cBioPortal and GEPIA database to find the top 100 genes
with the strongest correlation with OAS1, and taking the
intersection, 67 related genes can be obtained (Figure 4A).
Then the 67 genes were analyzed by GO enrichment analysis
including BP, CC, and MF (Supplementary table 1). GO-MF
analysis showed that the related genes were most enriched by
protein binding, ATP binding, and double-stranded RNA
binding. Then visualize all the GO analysis results, as shown in
Figure 4B. We also analyzed the related genes by KEGG
enrichment analysis. In KEGG analysis, Cytosolic DNA-
sensing pathway, RIG-I-like receptor signaling pathway, and
Herpes simplex infection were enriched (Figure 4C). RIG-I-
like receptor signaling pathway has been confirmed to be
involved in the occurrence and development of tumors. The
enrichment of the Herpes simplex infection suggests that the
tumor may simulate immune mechanisms following viral

infection. Finally, the interaction between these proteins is
shown in Figure 4D.

GSEA Identifies OAS1-Related Signaling
Pathways in Pancreatic Cancer

To explore the potential molecular function of OASI in
pancreatic cancer, we conducted GSEA between low and high
expression samples to predict OAS1-related signaling pathways.
A total of 131 out of 178 gene sets are upregulated in the group of
high OAS1 expression, and 47 out of 178 gene sets are
upregulated in the group of low OASI expression. But only 20
signaling pathways were significantly enriched at NOM P < 0.05
(Table 3). Inhibitory signaling pathways associated with OASI
include “Neuroactive ligand receptor interaction” and “Glycine
serine and threonine metabolism”. Enhanced signaling pathways
associated with OAS1 include “Apoptosis”, “Cytosolic and
sensing pathway”, “Glycerophospholipid metabolism”, “Notch
signaling pathway”, and “P53 signaling pathway”. The results of
the GSEA are summarized in Figure 4E.

DISCUSSION

With the application of high-throughput sequencing, more and
more studies have been conducted on the prognostic value of
differential genes in pancreatic cancer in recent years. Song et al.
found that the pyrolysis-related gene CASP4 can lead to the
progression of pancreatic cancer by promoting fatty acid
synthesis and accumulation (32). Other markers, such as AQPS5,
CDC25C, and TMEM170B, have been proved to be associated
with the prognosis of pancreatic cancer (33-35). A specific single
gene, or a group of genes, can predict the prognosis of the tumor in
a corresponding way. The prediction model based on MCOLN],
PKD1, TRPC3, and TPRC7 can also predict the prognosis of
pancreatic cancer (36). Zhang et al. found that most of the 21
immune-related prognostic genes of pancreatic cancer, including
OASI, were up-regulated in pancreatic cancer. OASL, as the most
significant positive correlation with the expression of OAS1, was
conformed that the high expression of OASL was also associated
with poor OS in pancreatic cancer. This further speculates that
OASI is related to the prognosis of pancreatic cancer (37).

In this study, OAS] mRNA was significantly upregulated in
patients with pancreatic cancer. Kaplan-Meier survival curve and
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FIGURE 3 | Genetic alterations and immune infiltration. (A) Genetic alterations of OAS1 in patients with pancreatic cancer. The patient of altered group received a
shorter OS (B) and DFS (C) than that of unaltered group. (D) OAS1 expression had correlations with neutrophil and dendritic cell. (E) correlations of OAS1
expression with TILs across human cancers. (F) The expression of OAS1 was associated with activated CD4 T cell, central memory CD8 T cell, central memory CD4
T cell, effector memory CD4 T cell, Type 17 T helper cell, Type 2 T helper cell, CD56bright natural killer cell, CD56dim natural killer cell, activated dendritic cell, and

univariate analysis showed that elevated OAS1 was associated with
shorter OS. In addition, OAS1 has moderate predictive value in OS,
DSS, and PFI at 3 years. The AUC of OAS1 was 0.734, 0.718, and
0.721 for 3-year OS, DSS, and PFI, respectively. Although the AUC
was lower than that reported of PSMD6 (AUC=0.887) (38), it is
higher than that of EIF4Gl (AUC=0.696) for 3-year OS (39).
Furthermore, it has been reported that the gene prediction model

performed well in predicting OS (AUC=0.680) and DSS
(AUC=0.739) (36). Another model based on five prognostic
molecules had AUC values of 0.72 and 0.67 at l-and 2-years,
respectively (40). Previous studies have reported the predictive value
of a risk score constructed by combining OAS1 with 20 other
prognostic genes in pancreatic cancer, and ROC evaluation showed
good predictive value (AUC=0.833) (37).
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related signaling pathways in pancreatic cancer.

Hence, OASI could be a biomarker for poor prognosis of
patients with pancreatic cancer. In addition, it was found that
OAS1 may play a key role in the immune infiltration of
pancreatic cancer. Therefore, this study suggests that OAS1
may serve as a new prognostic biomarker for pancreatic cancer.

Recent studies have shown that elevated OASI1 is associated
with short survival in many cancers, and it is an important
biomarker of poor prognosis (13). Our study also found high
expression of OASI in pancreatic cancer, consistent with those
reports of abnormal expression of OAS1 in various cancers (13,
41). In breast cancer, elevated OASI is associated with poor
prognosis. Qu et al. found that OAS1 is one of the high-risk genes
for bladder cancer (42). Mandal et al. confirmed that the SNP of
OASI rs2660 was associated with prostate cancer (43). Hence,
OAS1 may play a carcinogenic or tumor suppressor role,
affecting the development of cancers. However, the prognostic
value of OASI in pancreatic cancer has not been studied. We
speculate that OAS1 may be involved in the development of
pancreatic cancer. Kaplan-Meier survival curves and univariate
analysis were applied, the survival time of pancreatic cancer
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FIGURE 4 | Functional analysis and GSEA. (A) Venn plot showed overlapping genes in GEPIA and cBioPortal databases. (B, C) The 67 OAS1-related genes were
analyzed by GO (B) and KEGG (C) enrichment analysis. (D) A PPI network of 67 OAS1-related genes was constructed and visualized. (E) GSEA identifies OAS1 -

protein binding
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single-stranded RNA binding I

response to interferon-gamma M
response to interferon-alpha I

patients with high OAS1 expression was shorter than that of
patients with low OAS1 expression. Therefore, we could
speculate that OAS1 can be an important biomarker for poor
prognosis of pancreatic cancer.

An important feature of PAAD microenvironment is its
dense immunosuppressive stroma, which limits the infiltration
of immune cells and therapeutic drug (44). Pancreatic ductal
adenocarcinoma tumor cells usually account for only a small part
of the tumor. Also, there are heterogeneous cell groups in TME,
including immune cells, cancer-related fibroblasts (45),
endothelial cells and neurons. As shown in Figure 1, OASI
was also expressed in the stroma, especially in tumors with high
expression of OAS1. But it is not clear what type of cell in the
stroma is expressed. The dense stroma breaks down the tumor
vascular system, limiting the delivery of nutrients and drugs (46,
47). This may also promote the insensitivity of pancreatic cancer
to chemotherapy. Immune infiltration analysis revealed that
OASI expression was associated with neutrophils and dendritic
cells. This is consistent with previous findings that neutrophils
are the predominant immune infiltrating cell type associated
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TABLE 3 | Enrichment plots by GSEA.

Name

KEGG_PROTEASOME
KEGG_BASE_EXCISION_REPAIR
KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION
KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY
KEGG_NOTCH_SIGNALING_PATHWAY
KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY

KEGG_GLYCOSPHINGOLIPID_BIOSYNTHESIS_LACTO_AND_NEOLACTO_SERIES

KEGG_DRUG_METABOLISM_OTHER_ENZYMES
KEGG_P53_SIGNALING_PATHWAY
KEGG_PORPHYRIN_AND_CHLOROPHYLL_METABOLISM
KEGG_GLYCEROPHOSPHOLIPID_METABOLISM
KEGG_APOPTOSIS
KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS
KEGG_SPLICEOSOME

KEGG_ENDOCYTOSIS
KEGG_ARGININE_AND_PROLINE_METABOLISM
KEGG_PYRIMIDINE_METABOLISM
KEGG_RETINOL_METABOLISM
KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION
KEGG_GLYCINE_SERINE_AND_THREONINE_METABOLISM

with the OAS family (13). Neutrophils are involved in tumor
metastasis through PI3K-Akt, cytokines (48), and circulating
tumor cells-neutrophils cluster pattern (49). Furthermore, in our
study, OAS1 was found to be associated with the expression of a
variety of tumor-infiltrating immune cells, which is consistent
with a recent study (50). These results indicated a possible
correlation between OASI and immune infiltration in
pancreatic cancer. Nevertheless, further studies are needed
to verify.

Extensive DNA damage can lead to excessive synthesis of PAR,
leading to energy depletion and/or activation of PAR-dependent
programmed cell death pathways leading to cell death (12). And the
high expression of OAS1 in cancer cells prevents cell death by
inhibiting PAR synthesis and promotes their ability to survive DNA
damage. Our study found that many OASl1-related pathways are
involved in the development and progression of cancer. Those
include the notch signaling pathway, and the P53 signaling pathway.
However, OASI is not directly involved in these two pathways, and
the specific mechanisms by which OAS1 affects these pathways
remain unclear. The specific mechanism of OASI in the pathway
needs to be verified in experiments. Although more and more
studies have been conducted on OAS1, the OAS family has been
neglected as drug targets, but their role in drug targets still has a lot
of room for development. Recent studies have found that Asp75,
Tyr230 and GIn229 residues in OAS1 interact with each other (51),
which provided value for the development of OAS1 inhibitors.

In addition, the KEGG analysis found that RIG-I-like receptor
signaling pathway was enriched. Interestingly, in another study, it
was also found that LGALS as the prognostic marker of pancreatic
cancer was also enriched in RIG-I-like receptor signaling pathway
and Cytosolic DNA-sensing pathway (52). A previous study has
found that up-regulation of RIG-I-like receptor signaling pathway
can promotes migration and invasion of non-small cell lung cancer
(53). However, the mechanism of this pathway in pancreatic cancer
has not been elucidated. Following viral infection, researchers have

SIZE ES NES NOM p-val FDR g-val
46 0.753654 1.784794 0.001930502 0.2470178
35 0.74339 1.922512 0.001945525 0.06864582
56 0.61267 1.743762 0.002 0.2529717
70 0.538909 1.685073 0.008316008 0.22338139
47 0.538491 1.704543 0.010288066 0.2797902
54 0.550796 1.691296 0.012320329 0.25508887
26 0.518956 1.5693648 0.014314928 0.3099594
51 0.527769 1.681207 0.017045455 0.31012228
68 0.5621419 1.658908 0.022044089 0.24438126
40 0.526058 1.662143 0.023166023 0.32484913
77 0.438724 1.651786 0.023952097 0.3020833
87 0.502444 1.526006 0.026262626 0.2956351
96 0.505976 1.5698625 0.034 0.37282383
127 0.564458 1.5698448 0.038240917 0.33185923
181 0.426483 1.490546 0.03846154 0.30282775
54 0.440407 1.475367 0.03960396 0.29238334
98 0.499027 1.565153 0.040462427 0.31966165
64 0.49851 1.493813 0.04423077 0.31135574
271 -0.48356 -1.71054 0.001992032 0.3879316
31 -0.57781 -1.6636 0.016632017 0.30423322

discovered that tumor cells mimic innate immunity pathways (54).
Activation of viral RNA recognition molecules (RIG-I and MDA5)
in tumor cells induced immunogenic cell death (55, 56). Radiation
and chemotherapy activate the RIG-I-like receptor pathway, which
activates RIG-, resulting in the physiologic responses to radio-/
chemotherapy as an antiviral program (57).

Several limitations in our study should be noted. First, the
sample size of pancreatic cancer in TCGA database are
significantly smaller than those of other types of cancer, and some
clinical data are missing, so it is necessary to expand the sample size
for verification. Second, the mechanism of OASI in the
development of pancreatic cancer was not explored in this study.
the current findings identified significant characteristics associated
with OAS1 prognosis only by exploring the hypothesized
mechanisms. Although the possible mechanism of OAS1 can be
preliminarily determined by the analysis of GO, KEGG and GSEA,
it still needs further experiments to verify. This is of certain concern,
as significant functional and physiological validations would be
needed to propel that impressive dataset to the level of relevant
biological insight. Finally, our study initially considers that OAS1
may be a potential therapeutic target, but this needs to be confirmed
by further experiments.

In conclusion, the high expression of OASI is associated with
poor prognosis of pancreatic cancer. OASI is a valuable prognostic
factor in pancreatic cancer. Its close relationship with immune
infiltration revealed that OAS1 may also be a potential therapeutic
target, but further experimental confirmation is needed.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 944194


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Luetal

Prognosis of OAS1 in Pancreatic Cancer

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the 900th hospital of the
People’s Liberation Army Joint Logistics Support Force. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

Study concept and design, all. Acquisition of data, LL, HW, JF, and
DL. Analysis and interpretation of data, LL, HW, JF, BL, and JZ.
Drafting of the manuscript, LL and HW. Contributed to study
supervision and critical revision of the manuscript, all. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was supported by grants from Startup Fund for
scientific research, Fujian Medical University (Grant number:

REFERENCES

. Owens DK, Davidson KW, Krist AH, Barry M]J, Cabana M, Caughey AB, et al.
Screening for Pancreatic Cancer: Us Preventive Services Task Force
Reaffirmation Recommendation Statement. JAMA (2019) 322(5):438-44.
doi: 10.1001/jama.2019.10232
2. Wolfgang CL, Herman JM, Laheru DA, Klein AP, Erdek MA, Fishman EK,
et al. Recent Progress in Pancreatic Cancer. CA Cancer ] Clin (2013) 63
(5):318-48. doi: 10.3322/caac.21190

3. Moore A, Donahue T. Pancreatic Cancer. JAMA (2019) 322(14):1426.
doi: 10.1001/jama.2019.14699

4. Effenberger KE, Schroeder C, Hanssen A, Wolter S, Eulenburg C, Tachezy M,
et al. Improved Risk Stratification by Circulating Tumor Cell Counts in
Pancreatic Cancer. Clin Cancer Res (2018) 24(12):2844-50. doi: 10.1158/
1078-0432.Ccr-18-0120

5. Vakkila J, Lotze MT. Inflammation and Necrosis Promote Tumour Growth.
Nat Rev Immunol (2004) 4(8):641-8. doi: 10.1038/nril415

6. Tang H, Jiang L, Stolzenberg-Solomon RZ, Arslan AA, Beane Freeman LE,
Bracci PM, et al. Genome-Wide Gene-Diabetes and Gene-Obesity Interaction
Scan in 8,255 Cases and 11,900 Controls From Panscan and Panc4 Consortia.
Cancer epidemiol Biomarkers Prev (2020) 29(9):1784-91. doi: 10.1158/1055-
9965.Epi-20-0275

7. Sarkar SN, Ghosh A, Wang HW, Sung SS, Sen GC. The Nature of the
Catalytic Domain of 2'-5'-Oligoadenylate Synthetases. J Biol Chem (1999) 274
(36):25535-42. doi: 10.1074/jbc.274.36.25535

8. Justesen J, Hartmann R, Kjeldgaard NO. Gene Structure and Function of the
2'-5'-Oligoadenylate Synthetase Family. Cell Mol Life Sci (2000) 57(11):1593—
612. doi: 10.1007/pl00000644

9. Rebouillat D, Hovanessian AG. The Human 2',5'-Oligoadenylate Synthetase
Family: Interferon-Induced Proteins With Unique Enzymatic Properties.
J Interferon Cytokine Res (1999) 19(4):295-308. doi: 10.1089/107999
099313992

10. Hovanessian AG, Laurent AG, Chebath ], Galabru ], Robert N, Svab J.
Identification of 69-Kd and 100-Kd Forms of 2-5a Synthetase in Interferon-
Treated Human Cells by Specific Monoclonal Antibodies. EMBO ] (1987) 6
(5):1273-80. doi: 10.1002/j.1460-2075.1987.tb02364.x
11. Chebath J, Benech P, Hovanessian A, Galabru ], Revel M. Four Different

Forms of Interferon-Induced 2',5'-Oligo(a) Synthetase Identified by
Immunoblotting in Human Cells. ] Biol Chem (1987) 262(8):3852-7.

12. Kondratova AA, Cheon H, Dong B, Holvey-Bates EG, Hasipek M, Taran I,

et al. Suppressing Parylation by 2',5'-Oligoadenylate Synthetase 1 Inhibits

—

2019QH1285), the 900th hospital of the Joint Logistics Support
Force Fund (Grant Number:2020Z12), the 900th hospital of the
Joint Logistics Support Force Fund (Grant Number:2020Q02),
and Guiding Project of Social Development of Fujian Province
(Grant Number: 2021Y0062).

ACKNOWLEDGMENTS

The authors thank the contributors to GEO, TCGA, and other
public databases for sharing open access PAAD expression
profile data sets and gene-related information.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
944194/full#supplementary-material

DNA Damage-Induced Cell Death. EMBO ] (2020) 39(11):e101573.
doi: 10.15252/embj.2019101573

13. Zhang Y, Yu C. Prognostic Characterization of Oasl/Oas2/Oas3/Oasl in
Breast Cancer. BMC Cancer (2020) 20(1):575. doi: 10.1186/s12885-020-
07034-6

14. Yu C, Xue P, Zhang L, Pan R, Cai Z, He Z, et al. Prediction of Key Genes and
Pathways Involved in Trastuzumab-Resistant Gastric Cancer. World ] Surg
Oncol (2018) 16(1):174. doi: 10.1186/s12957-018-1475-6

15. Marino N, Collins JW, Shen C, Caplen NJ, Merchant AS, Gékmen-Polar Y,
et al. Identification and Validation of Genes With Expression Patterns Inverse
to Multiple Metastasis Suppressor Genes in Breast Cancer Cell Lines. Clin Exp
Metastasis (2014) 31(7):771-86. doi: 10.1007/s10585-014-9667-0

16. Smekens M, Dumont JE, Degeyter A, Galand P. Effect of Estrogen
Administration on Rat Liver 2-5a Synthetase Activity. Biochim Biophys
Acta (1986) 887(3):341-4. doi: 10.1016/0167-4889(86)90164-3

17. Silvestro L, Viano I, Giubertoni M, Compagnoni G, Dianzani C, Di Carlo F,
et al. Induction of 2'-5' Oligoadenylate Synthetase by 17 Beta-Oestradiol in a
Human Breast Cancer Cell Line. Pharmacol Res (1989) 21(1):99-100.
doi: 10.1016/1043-6618(89)90132-1

18. LuD, DiS§, Zhuo S, Zhou L, Bai R, Ma T, et al. The Long Noncoding Rna Tincr
Promotes Breast Cancer Cell Proliferation and Migration by Regulating Oas1.
Cell Death Discovery (2021) 7(1):41. doi: 10.1038/s41420-021-00419-x

19. Song C, Guo Z, Yu D, Wang Y, Wang Q, Dong Z, et al. A Prognostic
Nomogram Combining Immune-Related Gene Signature and Clinical Factors
Predicts Survival in Patients With Lung Adenocarcinoma. Front Oncol (2020)
10:1300. doi: 10.3389/fonc.2020.01300

20. Qiu H, Hu X, He C, Yu B, Li Y, Li J. Identification and Validation of an
Individualized Prognostic Signature of Bladder Cancer Based on Seven
Immune Related Genes. Front Genet (2020) 11:12. doi: 10.3389/
fgene.2020.00012

21. Vivian ], Rao AA, Nothaft FA, Ketchum C, Armstrong J, Novak A, et al. Toil
Enables Reproducible, Open Source, Big Biomedical Data Analyses. Nat
Biotechnol (2017) 35(4):314-6. doi: 10.1038/nbt.3772

22. Edgar R, Domrachev M, Lash AE. Gene Expression Omnibus: Ncbi Gene
Expression and Hybridization Array Data Repository. Nucleic Acids Res
(2002) 30(1):207-10. doi: 10.1093/nar/30.1.207

23. Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A,
et al. Proteomics. Tissue-Based Map of the Human Proteome. Sci (New York
NY) (2015) 347(6220):1260419. doi: 10.1126/science.1260419

24. Murakami R, Hirai T, Nakamura H, Furusawa M, Nakaguchi Y, Uetani H, et al.
Recurrence Patterns of Glioblastoma Treated With Postoperative Radiation

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 944194


https://www.frontiersin.org/articles/10.3389/fonc.2022.944194/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.944194/full#supplementary-material
https://doi.org/10.1001/jama.2019.10232
https://doi.org/10.3322/caac.21190
https://doi.org/10.1001/jama.2019.14699
https://doi.org/10.1158/1078-0432.Ccr-18-0120
https://doi.org/10.1158/1078-0432.Ccr-18-0120
https://doi.org/10.1038/nri1415
https://doi.org/10.1158/1055-9965.Epi-20-0275
https://doi.org/10.1158/1055-9965.Epi-20-0275
https://doi.org/10.1074/jbc.274.36.25535
https://doi.org/10.1007/pl00000644
https://doi.org/10.1089/107999099313992
https://doi.org/10.1089/107999099313992
https://doi.org/10.1002/j.1460-2075.1987.tb02364.x
https://doi.org/10.15252/embj.2019101573
https://doi.org/10.1186/s12885-020-07034-6
https://doi.org/10.1186/s12885-020-07034-6
https://doi.org/10.1186/s12957-018-1475-6
https://doi.org/10.1007/s10585-014-9667-0
https://doi.org/10.1016/0167-4889(86)90164-3
https://doi.org/10.1016/1043-6618(89)90132-1
https://doi.org/10.1038/s41420-021-00419-x
https://doi.org/10.3389/fonc.2020.01300
https://doi.org/10.3389/fgene.2020.00012
https://doi.org/10.3389/fgene.2020.00012
https://doi.org/10.1038/nbt.3772
https://doi.org/10.1093/nar/30.1.207
https://doi.org/10.1126/science.1260419
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Luetal

Prognosis of OAS1 in Pancreatic Cancer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Therapy: Relationship Between Extent of Resection and Progression-Free Interval.
Japanese ] Radiol (2012) 30(3):193-7. doi: 10.1007/s11604-011-0031-x

Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. Timer: A Web Server for
Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res
(2017) 77(21):€108-¢10. doi: 10.1158/0008-5472.Can-17-0307

Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, et al. Tisidb: An
Integrated Repository Portal for Tumor-Immune System Interactions. Bioinf
(Oxford England) (2019) 35(20):4200-2. doi: 10.1093/bioinformatics/btz210

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using
the Cbioportal. Sci Signaling (2013) 6(269):pl1. doi: 10.1126/scisignal.2004088
Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. Gepia: A Web Server for Cancer
and Normal Gene Expression Profiling and Interactive Analyses. Nucleic
Acids Res (2017) 45(W1):W98-w102. doi: 10.1093/nar/gkx247

Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M. Kegg:
Integrating Viruses and Cellular Organisms. Nucleic Acids Res (2021) 49(D1):
D545-d51. doi: 10.1093/nar/gkaa970

Huang da W, Sherman BT, Lempicki RA. Bioinformatics Enrichment Tools:
Paths Toward the Comprehensive Functional Analysis of Large Gene Lists.
Nucleic Acids Res (2009) 37(1):1-13. doi: 10.1093/nar/gkn923

Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The
String Database in 2021: Customizable Protein-Protein Networks, and
Functional Characterization of User-Uploaded Gene/Measurement Sets.
Nucleic Acids Res (2021) 49(D1):D605-d12. doi: 10.1093/nar/gkaal074

Song W, Liu Z, Wang K, Tan K, Zhao A, Li X, et al. Pyroptosis-Related Genes
Regulate Proliferation and Invasion of Pancreatic Cancer and Serve as the
Prognostic Signature for Modeling Patient Survival. Discover Oncol (2022) 13
(1):39. doi: 10.1007/s12672-022-00495-0

Chen G, Song H, Yang Z, Du T, Zheng Y, Lu Z, et al. Aqp5 Is a Novel
Prognostic Biomarker in Pancreatic Adenocarcinoma. Front Oncol (2022)
12:890193. doi: 10.3389/fonc.2022.890193

Zhou C, Wang L, Hu W, Tang L, Zhang P, Gao Y, et al. Cdc25¢ Is a Prognostic
Biomarker and Correlated With Mitochondrial Homeostasis in Pancreatic
Adenocarcinoma. Bioengineered (2022) 13(5):13089-107. doi: 10.1080/
21655979.2022.2078940

Zhang Z, Shang ], Dai Z, Yao Y, Shi Y, Zhong D, et al. Transmembrane
Protein 170b Is a Prognostic Biomarker and Associated With Immune
Infiltrates in Pancreatic Adenocarcinoma. Front Genet (2022) 13:848391.
doi: 10.3389/fgene.2022.848391

Shi W, Li C, Wartmann T, Kahlert C, Du R, Perrakis A, et al. Sensory Ion
Channel Candidates Inform on the Clinical Course of Pancreatic Cancer and
Present Potential Targets for Repurposing of Fda-Approved Agents.
] personalized Med (2022) 12(3):478-91. doi: 10.3390/jpm12030478

Zhang C, Zou Y, Zhu Y, Liu Y, Feng H, Niu F, et al. Three Immune-Related
Prognostic Mrnas as Therapeutic Targets for Pancreatic Cancer. Front Med
(Lausanne) (2021) 8:649326. doi: 10.3389/fmed.2021.649326

Zhou C, Li H, Han X, Pang H, Wu M, Tang Y, et al. Prognostic Value and
Molecular Mechanisms of Proteasome 26s Subunit, Non-Atpase Family
Genes for Pancreatic Ductal Adenocarcinoma Patients After
Pancreaticoduodenectomy. ] Invest Surg Off ] Acad Surg Res (2022) 35
(2):330-46. doi: 10.1080/08941939.2020.1863527

Goh TS, Ha M, Lee ]S, Jeong DC, Jung ES, Han ME, et al. Prognostic
Significance of Eif4gl in Patients With Pancreatic Ductal Adenocarcinoma.
OncoTar Ther (2019) 12:2853-9. doi: 10.2147/0tt.5202101

Guo JC, Zhang P, Zhou L, You L, Liu QF, Zhang ZG, et al. Prognostic and
Predictive Value of a Five-Molecule Panel in Resected Pancreatic Ductal
Adenocarcinoma: A Multicentre Study. EBioMedicine (2020) 55:102767.
doi: 10.1016/j.ebiom.2020.102767

Luo Y, Chen L, Zhou Q, Xiong Y, Wang G, Liu X, et al. Identification of a
Prognostic Gene Signature Based on an Immunogenomic Landscape Analysis of
Bladder Cancer. J Cell Mol Med (2020) 24(22):13370-82. doi: 10.1111/jcmm.15960
Qu G, Liu Z, Yang G, Xu Y, Xiang M, Tang C. Development of a Prognostic
Index and Screening of Prognosis Related Genes Based on an
Immunogenomic Landscape Analysis of Bladder Cancer. Aging (Albany
NY) (2021) 13(8):12099-112. doi: 10.18632/aging.202917

Mandal S, Abebe F, Chaudhary J. 2'-5' Oligoadenylate Synthetase 1
Polymorphism Is Associated With Prostate Cancer. Cancer (2011) 117
(24):5509-18. doi: 10.1002/cncr.26219

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Encarnacion-Rosado J, Kimmelman AC. Harnessing Metabolic Dependencies
in Pancreatic Cancers. Nat Rev Gastroenterol Hepatol (2021) 18(7):482-92.
doi: 10.1038/s41575-021-00431-7

Ho WJ, Jaffee EM, Zheng L. The Tumour Microenvironment in Pancreatic
Cancer - Clinical Challenges and Opportunities. Nat Rev Clin Oncol (2020) 17
(9):527-40. doi: 10.1038/s41571-020-0363-5

Guillaumond F, Bidaut G, Ouaissi M, Servais S, Gouirand V, Olivares O, et al.
Cholesterol Uptake Disruption, in Association With Chemotherapy, Is a
Promising Combined Metabolic Therapy for Pancreatic Adenocarcinoma. Proc
Natl Acad Sci US.A. (2015) 112(8):2473-8. doi: 10.1073/pnas.1421601112
Guillaumond F, Leca J, Olivares O, Lavaut MN, Vidal N, Berthezéne P, et al.
Strengthened Glycolysis Under Hypoxia Supports Tumor Symbiosis and
Hexosamine Biosynthesis in Pancreatic Adenocarcinoma. Proc Natl Acad
Sci U.S.A. (2013) 110(10):3919-24. doi: 10.1073/pnas.1219555110

Zhou SL, Dai Z, Zhou Z], Chen Q, Wang Z, Xiao YS, et al. Cxcl5 Contributes
to Tumor Metastasis and Recurrence of Intrahepatic Cholangiocarcinoma by
Recruiting Infiltrative Intratumoral Neutrophils. Carcinogenesis (2014) 35
(3):597-605. doi: 10.1093/carcin/bgt397

Szczerba BM, Castro-Giner F, Vetter M, Krol I, Gkountela S, Landin J, et al.
Neutrophils Escort Circulating Tumour Cells to Enable Cell Cycle
Progression. Nature (2019) 566(7745):553-7. doi: 10.1038/s41586-019-0915-y
Gonzalez KJ, Moncada-Giraldo DM, Gutierrez JB. In Silico Identification of
Potential Inhibitors Against Human 2'-5'- Oligoadenylate Synthetase (Oas)
Proteins. Comput Biol Chem (2020) 85:107211. doi: 10.1016/
j.compbiolchem.2020.107211

Fan Y, Li T, Xu L, Kuang T. Comprehensive Analysis of Immunoinhibitors
Identifies Lgals9 and Tgfbr1 as Potential Prognostic Biomarkers for Pancreatic
Cancer. Comput Math Methods Med (2020) 2020:6138039. doi: 10.1155/2020/
6138039

Tang XD, Zhang DD, Jia L, Ji W, Zhao YS. Lncrna Afapl-Asl Promotes
Migration and Invasion of Non-Small Cell Lung Cancer Via Up-Regulating
Irf7 and the Rig-I-Like Receptor Signaling Pathway. Cell Physiol (2018) 50
(1):179-95. doi: 10.1159/000493967

Matsumura T, Hida S, Kitazawa M, Fujii C, Kobayashi A, Takeoka M, et al.
Fascinl Suppresses Rig-I-Like Receptor Signaling and Interferon-B
Production by Associating With Ixb Kinase € (Ikke) in Colon Cancer. J Biol
Chem (2018) 293(17):6326-36. doi: 10.1074/jbc.M117.819201

Jiang LJ, Zhang NN, Ding F, Li XY, Chen L, Zhang HX, et al. Ra-Inducible Gene-I
Induction Augments Statl Activation to Inhibit Leukemia Cell Proliferation. Proc
Natl Acad Sci US.A. (2011) 108(5):1897-902. doi: 10.1073/pnas.1019059108
Besch R, Poeck H, Hohenauer T, Senft D, Hicker G, Berking C, et al.
Proapoptotic Signaling Induced by Rig-I and Mda-5 Results in Type I
Interferon-Independent Apoptosis in Human Melanoma Cells. J Clin Invest
(2009) 119(8):2399-411. doi: 10.1172/jci37155

Ranoa DR, Parekh AD, Pitroda SP, Huang X, Darga T, Wong AC, et al.
Cancer Therapies Activate Rig-I-Like Receptor Pathway Through
Endogenous Non-Coding Rnas. Oncotarget (2016) 7(18):26496-515.
doi: 10.18632/oncotarget.8420

Zhang C, Zou Y, Zhu Y, Liu Y, Feng H, Niu F, et al. Three Immune-Related
Prognostic Mrnas as Therapeutic Targets for Pancreatic Cancer. Front Med
(Lausanne) (2021) 8:649326. doi: 10.3389/fmed.2021.649326

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Lu, Wang, Fang, Zheng, Liu, Xia and Li. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 944194


https://doi.org/10.1007/s11604-011-0031-x
https://doi.org/10.1158/0008-5472.Can-17-0307
https://doi.org/10.1093/bioinformatics/btz210
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1093/nar/gkaa970
https://doi.org/10.1093/nar/gkn923
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1007/s12672-022-00495-0
https://doi.org/10.3389/fonc.2022.890193
https://doi.org/10.1080/21655979.2022.2078940
https://doi.org/10.1080/21655979.2022.2078940
https://doi.org/10.3389/fgene.2022.848391
https://doi.org/10.3390/jpm12030478
https://doi.org/10.3389/fmed.2021.649326
https://doi.org/10.1080/08941939.2020.1863527
https://doi.org/10.2147/ott.S202101
https://doi.org/10.1016/j.ebiom.2020.102767
https://doi.org/10.1111/jcmm.15960
https://doi.org/10.18632/aging.202917
https://doi.org/10.1002/cncr.26219
https://doi.org/10.1038/s41575-021-00431-7
https://doi.org/10.1038/s41571-020-0363-5
https://doi.org/10.1073/pnas.1421601112
https://doi.org/10.1073/pnas.1219555110
https://doi.org/10.1093/carcin/bgt397
https://doi.org/10.1038/s41586-019-0915-y
https://doi.org/10.1016/j.compbiolchem.2020.107211
https://doi.org/10.1016/j.compbiolchem.2020.107211
https://doi.org/10.1155/2020/6138039
https://doi.org/10.1155/2020/6138039
https://doi.org/10.1159/000493967
https://doi.org/10.1074/jbc.M117.819201
https://doi.org/10.1073/pnas.1019059108
https://doi.org/10.1172/jci37155
https://doi.org/10.18632/oncotarget.8420
https://doi.org/10.3389/fmed.2021.649326
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Overexpression of OAS1 Is Correlated With Poor Prognosis in&#146;Pancreatic Cancer
	Introduction
	Materials and Methods
	Ethical Statement
	Differential Expression of OAS1
	Immunohistochemistry and Immunofluorescence
	Prognostic Value of OAS1
	Immune Infiltration Analysis and Gene Alterations
	Functional Analysis and PPI Network Construction
	Gene Set Enrichment Analysis(GSEA)

	Results
	Elevated Expression of OAS1 in PAAD
	OAS1 and the Clinicopathological Features in the Patients From the 900th Hospital
	Survival Analysis
	Correlation Between OAS1 Expression and Clinicopathological Parameters
	Gene Alterations in OAS1 and Survival
	OAS1 and Immune Cell Infiltration
	Functional Analysis and PPI Network Construction
	GSEA Identifies OAS1-Related Signaling Pathways in Pancreatic Cancer

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


