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Abstract
Background  The expression of 2’-5’-oligoadenylate synthetase 1 (OAS1) in lung cancer has been validated in 
numerous studies. However, the prognostic value of OAS1 expression in lung adenocarcinoma (LUAD) still remains 
unclear. This study aimed to reveal the prognostic value and associated molecular mechanisms of OAS1 expression in 
LUAD.

Methods  Gene expression data of LUAD were extracted from online databases. Gene and protein expression levels 
of OAS1 in LUAD and normal samples were revealed, followed by prognostic analysis of OAS1. Next, we conducted 
a thorough bioinformatics analysis to examine the enrichment of key functional and biological signaling pathways 
and their correlation with the abundance of immune cells. The independent prognoses, drug responses, and PPI 
networks associated with OAS1 were analyzed. OAS1 expression was evaluated in LUAD tissues and cell lines. OAS1 
was knocked down by siRNA transfection, followed by CCK8, colony formation, and wound-healing assays.

Results  Gene and protein expression levels of OAS1 in LUAD samples were significantly higher than those in normal 
samples (all P < 0.05). OAS1 stimulation were correlated with poor prognosis, lymph node metastasis, advanced tumor 
stage, immune cells, and immunomodulators. The prognostic value of OAS1 in LUAD was determined via univariate 
regression analysis. In total, 10 OAS1-associated genes were revealed via PPI analysis of OAS1, which were primarily 
enriched in functions, such as the negative regulation of viral genome replication. Transcriptional analysis revealed 
several OAS1-related interactions, including STAT3-miR-21-OAS1. STAT3 was overexpressed and miR-21 was expressed 
in LUAD cells. Upregulation of OAS1 protein was determined in LUAD tissues and cell lines. OAS1 knockdown 
significantly reduced proliferation and migration of LUAD cells.

Conclusions  OAS1 overexpression influenced survival and immune cell infiltration in patients with LUAD, which 
might be a potential prognostic gene for LUAD. Moreover, OAS1 contributed to LUAD progression by participating in 
STAT3-miR-21-OAS1 axis.
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Background
Lung adenocarcinoma (LUAD) is a malignant tumor 
belonging to a subtype of non-small cell lung cancer [1]. 
Globally, millions of people are diagnosed with LUAD, 
and the high mortality rate associated with this disease 
poses a significant challenge to patients and the health-
care system [2]. LUAD diagnosis primarily relies on imag-
ing and pathological examination; however, the accuracy 
and sensitivity of these methods are limited, particularly 
for early diagnosis [3, 4]. Therefore, the identification of 
new prognostic methods and biomarkers is vital for the 
clinical treatment of LUAD.

In LUAD, certain genes undergo mutations or aberrant 
expression, resulting in uncontrolled proliferation and 
metastasis of cancer cells [5]. Therefore, diagnostic genes 
have become a focus of research, as they can be used for 
early cancer detection, disease analysis, and guidance in 
the development of treatment plans [6, 7]. The 2’-5’-oli-
goadenylate synthetase 1 (OAS1) is a key gene involved 
in immune defense reactions [8]. It has been shown that 
OAS1 mutations primarily lead to the overall disruption 
of immune signaling pathways in human diseases, such 
as heart failure [9]. In recent years, research has demon-
strated significant upregulation of OAS1 expression in 
pancreatic tumors, potentially implicating its prognostic 
value in cancer [10]. Based on TCGA database, Song et al. 
showed that OAS1 is an important immune-related gene 
that distinguishes between high- and low-risk patients 
with LUAD, indicating a promising prognostic role of 
OAS1 in LUAD [11]. Bioinformatics research plays a cru-
cial role in elucidating the relationship between OAS1 
and human cancer [12]. Through the analysis of exten-
sive gene expression profiling data, potential mechanisms 
underlying the involvement of OAS1 in tumor develop-
ment have been elucidated [13]. Despite the significant 
potential of OAS1 in the context of LUAD, a comprehen-
sive understanding of its precise mechanisms and roles in 
the disease remains incomplete. Thus, further in-depth 
studies are required to determine the role of OAS1 in the 
prognosis and development of LUAD.

In this study, we aimed to address the prognostic value 
of OAS1 in LUAD using bioinformatics approaches. The 
integration of these findings with clinical parameters was 
used to enhance risk stratification and guide therapeutic 
decisions, which further unraveled the intricate relation-
ship between OAS1 expression and LUAD pathophysiol-
ogy. This study not only aimed to understand the role of 
OAS1 in LUAD but also provide new molecular markers 
for the clinical prognosis of LUAD.

Methods
Microarray data
TCG-LUAD RNA-seq data were downloaded from 
the UCSC Xene database [14]. The samples’ survival 

prognosis information and clinical information, including 
age, sex, and pathologic_M, pathologic_N, pathologic_T, 
neoplasm_cancer_status, and tumor_stage, were down-
loaded. Moreover, LUAD microarray datasets, including 
GSE31210 [15] and GSE68465 [16] in the GEO database, 
were acquired for the current analysis. GSE31210 con-
tains 20 normal samples (normal group) and 226 LUAD 
tumor samples (LUAD group) with prognostic informa-
tion. GSE68465 contains 19 normal samples (normal 
group) and 443 LUAD tumor samples (tumor group) with 
prognostic information. Probes that did not correspond 
to gene symbols in the annotation file were excluded 
from the expression matrix. When multiple probes cor-
responded to the same gene, the average value of these 
probes was computed to represent the expression level 
of that gene. Finally, the expression value of OAS1 was 
extracted from each dataset for subsequent analyses.

Gene and protein expression analyses of OAS1
OAS1 expression in all three datasets was analyzed using 
ggplot2 (version 3.4.0) in R [17]. The P value between the 
normal and LUAD groups was calculated using the Wil-
coxon test. The results were visualized using a violin plot. 
To confirm the differential protein expression of OAS1, 
we used the HPA database [18], which provides com-
prehensive information on protein expression in various 
human tissues and organs using transcriptomics and pro-
teomic techniques. We used the HPA database to exam-
ine the immunohistochemical levels of the OAS1 protein 
in LUAD.

Survival investigation and clinical correlation exploration
The samples in all three datasets were separated into 
two groups according to survival information and 
OAS1 expression in the tumor samples, followed by the 
Kaplan–Meier test [19]. Finally, the candidate gene with 
the log-rank test (P < 0.05) was enrolled as a prognostic 
gene for OS. Furthermore, based on the clinical charac-
teristics of tumor samples from the TCGA-LUAD data-
set, box plots of OAS1 gene expression were plotted 
among different clinical groups and significance was cal-
culated using the inter-group Wilcoxon test. Moreover, 
the tumor specimens were divided into high- and low-
expression groups using the median OAS1 expression 
value as the threshold. Finally, the correlation between 
different groups and clinical information was analyzed 
using the chi-squared test.

Enrichment analysis of OAS1
The LinkFinder algorithm in LinkedOmics was used to 
analyze OAS1-associated genes in LUAD based on the 
Pearson correlation coefficient method. TOP50 genes 
positively and negatively correlated with OAS1 expres-
sion were visualized using a heatmap. In addition, KEGG 
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and GO enrichment analyses were used to obtain a scor-
ing matrix using the GSVA algorithm (version 1.36.2) 
[20]. The most significant positive and negative correla-
tions were identified as the TOP 25 significant results 
with a threshold of adjusted P < 0.05, and redundancy was 
removed using affinity promotion and weighted set cover 
methods to obtain the final results for the bar graph 
display.

Immune cell infiltration investigation
To explore the disparities in the tumor microenvironment 
between the two risk groups, we employed CIBERSORT 
algorithms [21, 22] to estimate the infiltration levels of 22 
types of immune cells, including memory B cells, CD8 T 
cells, and M2 macrophages, in TCGA-LUAD samples. 
The results were visually presented using box plots. Fur-
thermore, we utilized the Spearman method to assess the 
correlation between immune-infiltrating cells and OAS1 
(p < 0.05) based on the cor algorithms in the R software 
(version 3.6.1). The Wilcoxon signed-rank test was used 
to detect significant differences (P values) in the immune 
cell populations between the groups. The outcomes were 
visually illustrated using Lollipop chart.

Correlation analysis between OAS1 and immune 
modulators
To determine the association between the immune sys-
tem and LUAD progression, the correlation between 
OAS1 expression and immune modulators (includ-
ing immunostimulators and immunosuppressants) was 
investigated using the TISIDB database [23]. The immu-
nostimulators and immunosuppressants that were most 
significantly correlated (including positive and negative 
correlations) with OAS1 in patients with LUAD were 
selected and visualized using scatter plots.

Independent diagnostic analysis of OAS1
The independence of the diagnosis based on clini-
cal factors and survival information (such as OS and 
OS.time) was explored using univariate and multivari-
ate Cox regression analyses with the survival package 
in R software (version 3.6.1) [24] with P < 0.05. These 
analyses aimed to determine whether OAS1 retained its 
significance after accounting for the influences of these 
variables.

Drug sensitivity analysis of OAS1
The Cancer Drug Sensitivity Genomics database was 
used to assess the sensitivity to chemotherapy drugs. 
The difference in sensitivity (IC50 value difference) for 
138 chemotherapeutic drugs, and OAS1 expression was 
quantified using the pRRophic algorithm [25]. Spear-
man’s correlation coefficient (P < 0.05) was used to deter-
mine whether the difference in the IC50 value of each 

drug was associated with the OAS1. The results were 
visualized using a scatter plot.

PPI network investigation
Using the STING database (version 11.0, species: Homo 
sapiens), we extracted information on OAS1-associated 
protein interactions, revealing relationships among these 
proteins based on a score threshold (medium confi-
dence) of 0.4. Subsequently, a network was constructed 
using Cytoscape (version 3.6.1) [26]. Additionally, we 
conducted GO and KEGG pathway enrichment analy-
ses using the DAVID tool [27]. In the present study, the 
GO functions and KEGG pathways enriched with OAS1 
and its associated proteins were investigated. P < 0.05 was 
considered as thresholds.

The transcription regulatory network prediction
The transcription factors (TFs) that regulated OAS1 were 
investigated using the online software TRRUST (version 
2). Then, the miRWalk 3.0 software [28] was selected as 
default databases for miRNA-OAS1 interaction scan-
ning (binding probability ≥ 0.95; binding site position: 
3UTR). Finally, common miRNA-mRNA interactions 
in databases, including miRDB (http://www.mirdb.org/) 
[29] and miRWalk 3.0, were enrolled for further investi-
gation. The transcriptional regulatory network, includ-
ing miRNA-OAS1 and TF-OAS1 interactions, was 
constructed using Cytoscape software (version: 3.4.0) 
[30].

Patients and tissue collection
Patients with LUAD were recruited from a hospital. Par-
ticipants who did not present with chronic disorders and 
did not receive anti-tumor treatments were included. 
Tumor tissues and adjacent normal controls were col-
lected from patients undergoing surgery. All participants 
provided written informed consent before commence-
ment of the study. This study was approved by the Ethics 
Committee of our hospital (No.202211) and was con-
ducted in accordance with the Declaration of Helsinki 
guidelines. This study was registered in Chictr.org.cn 
(https://www.chictr.org.cn/) with Clinical Trial Number 
of ChiCTR2400085823.

Immunohistochemical staining
The lung tissues were fixed in 4% paraformaldehyde 
and embedded in paraffin. The consecutive tissue sec-
tions at 4  μm were prepared. After deparaffinization 
and rehydration, sections were blocked with skim milk. 
CD68 immunostaining was used for M1 macrophages as 
described in the previous study [31]. The antibodies used 
in immunostaining included OAS1 rabbit monoclonal 
antibody (1:500, Abcam), CD68 rabbit monoclonal anti-
body (1:500, Abcam), and goat anti-rabbit IgG secondary 
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antibodies (1:800, Abcam). Finally, the proteins were 
visualized using diaminobenzidine and hematoxylin 
staining. ImageJ software was used for quantitative analy-
sis. The protein expression of OAS1 was evaluated using 
a 0–4 scoring scale based on the area of positive stain-
ing and staining intensity [10]. A score of 0, 1, 2 indi-
cated low expression, while a higher score indicated high 
expression.

RT-qPCR assay
Four human LUAD cell lines (A549, NCI-H78, NCI-
H102, and BL2195) and a normal bronchial epithelial 
cell line, BEAS-2B, were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). 
We utilized a combination of Roswell Park Memorial 
Institute (RPMI) 1640 medium and fetal bovine serum, 
both sourced from Hyclone in the USA, with a final 
concentration of 10% fetal bovine serum for cell culture 
experiments, and cultured at 37 ˚C with 5% CO2. Total 
RNA was isolated from LUAD cell lines and normal con-
trol cells using TRIZOL reagent (Invitrogen, USA), and 
reverse transcription was conducted using the RevertAid 
First Strand cDNA Synthesis Kit (Thermo Fisher Scien-
tific). PCR was performed on an ABI7500 (Applied Bio-
systems, U.S.A.) with GAPDH as the internal reference. 
The primers were synthesized by Sangon Biotech (Shang-
hai, China). Information for all sequences is shown in 
Table  1. The PCR program were as follows: 95  °C for 
4  min, 40 cycles of 95  °C for 30  s, and 50  °C for 30s. 
The relative expression was calculated using the 2 −ΔΔCt 
method [32].

Western blot
The protein expression of OAS1 in LUAD cell lines was 
detected using western blot analysis. Briefly, proteins 
were extracted from A549 and NCI-78 cells and from 
normal controls. Proteins were separated via sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and 
transferred onto PVDF members. After the membranes 

were treated with 10% fetal calf serum, the proteins in 
each group were incubated with OAS1 rabbit monoclo-
nal primary antibody (1:1000, Abcam), followed by goat 
anti-rabbit IgG secondary antibody (1:5000, Abcam). 
Finally, ECL reagent was used for staining, and the pro-
teins were quantitatively analyzed using ImageJ software.

OAS1 knockdown
Small interfering RNA (siRNA) targeting OAS1 and 
the corresponding control (siNC) were synthesized by 
Shanghai GeneChem Co., Ltd. A549 cells were seeded 
onto 24-well plates and cultured overnight. When the 
cells attained 30% confluence, si-OAS1 and siNC were 
transferred into the cells using Lipofectamine 2000. After 
24  h of transfection, the cells were collected and the 
transfection efficiency was determined using RT-qPCR.

Cell viability detection
Changes in cell viability following OAS1 knockdown 
were detected using a CCK8 assay kit (Solarbio, Beijing, 
China). Cell suspension (100 µL/well) was plated on a 
96-well plate and incubated for 24  h, 48  h, and 72  h at 
37℃ in an incubator with 5% CO2. Next, 10 µL CCK8 
solution was added in each cell culture and maintained 
for 2  h. Finally, the absorbance value (OD) at 450  nm 
was measured with the implementation of a microplate 
reader.

Colony formation assay
Cells at logarithmic phase were digested with 0.25% tryp-
sin to prepare a single-cell suspension. Next, the cells 
were seeded in 6-well plates (700 cells/well) and cultured 
in complete medium with 10% fetal calf serum. After 10 d 
of cell culture, 1% crystal violet was used for colony stain-
ing. The cell colonies were observed and captured under 
an inverted light microscope equipped with a camera.

Statistical analysis
GraphPad prism 8.0 was employed for statistical analy-
sis and graphs making. The data were expressed as 
mean ± standard deviation (SD). The between group and 
multiple group comparison were conducted using t test 
and one-way ANOVA method, respectively. A difference 
of p < 0.05 was considered statistically significant.

Results
Expression analysis of OAS1
The gene expression values of OAS1 were extracted 
from TCGA-LUAD (Fig.  1A), GSE31210 (Fig.  1B), and 
GSE68465 datasets (Fig. 1C). OAS1 expression was dra-
matically increased in the tumor group compared to that 
in the normal group in all three datasets, incorporating 
sample grouping information. Moreover, the results of 
protein immunostaining for OAS1 in LUAD (Fig.  1D) 

Table 1  The detail information for all primers used in current 
study
Primer Sequence(5’-3’)
OAS1-F ​A​C​C​T​G​A​G​A​A​G​G​C​A​G​C​T​C​A​C​G​A​A​A​C
OAS1-R ​C​A​G​G​G​A​G​G​A​A​G​C​A​G​G​A​G​G​T​C​T​C​A​C
STAT3-F ​C​A​C​C​A​A​G​C​G​A​G​G​A​C​T​G​A​G​C​A​T
STAT3-R ​G​C​C​A​G​A​C​C​C​A​G​A​A​G​G​A​G​A​A​G​C
miR-21-F ​A​C​A​C​T​C​C​A​G​C​T​G​G​G​T​A​G​C​T​T​A​T​C​A​G​A​C​T​G​A
miR-21-R ​G​T​G​T​C​G​T​G​G​A​G​T​C​G​G​C​A​A TTC
GAPDH-F ​C​A​A​G​G​T​C​A​T​C​C​A​T​G​A​C​A​A​C​T​T​C​G
GAPDH-R ​G​T​C​C​A​C​C​A​C​C​C​T​G​T​T​G​C​T​G​T​A​G
U6-F ​G​C​G​C​G​T​C​G​T​G​A​A​G​C​G​T​T​C
U6-R ​G​T​G​C​A​G​G​G​T​C​C​G​A​G​G​T
Notes: OAS1, 2’-5’-Oligoadenylate Synthetase 1; GAPDH, Glyceraldehyde 
3-phosphate dehydrogenase
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and normal lung tissues (Fig.  1E) indicated that OAS1 
protein in LUAD was elevated when compared to that in 
the normal lung tissue.

Survival and clinical correlation analysis of OAS1
Based on survival confirmation, all samples were assigned 
to two different groups based on the median score of 
OAS1 expression in TCGA-LUAD (Fig.  2A), GSE31210 
(Fig.  2B), and GSE68465 (Fig.  2C). Compared with 
the low-expression group, survival in the high-expres-
sion group was worse in all three datasets. Moreover, 
expression analysis of OAS1 among the different clini-
cal characteristics of tumor samples from TCGA-LUAD 
dataset showed that pathologic_N (Fig. 2D), tumor_stage 
(Fig.  2E), and neoplasm_cancer_status (Fig.  2F) were 
closely associated with OAS1 expression (Supplementary 
Fig. 1). The significance between different OAS1 expres-
sion groups and clinical factors determined using the chi-
square test is listed in Supplementary Table 1. The results 
showed that pathologic N, pathologic T, and tumor 
stage were significantly related to OAS1 expression (all 
P < 0.05).

Enrichment analysis of OAS1-associated genes
The OAS1-associated genes in LUAD were investigated 
in this study (Supplementary Fig.  2). The heat maps 
for the TOP50 genes that were positively and nega-
tively correlated with OAS1 are shown in Fig.  3A and 
B, respectively. Moreover, gene set enrichment analy-
sis showed that the TOP 25 genes that were positively 
and negatively correlated with OAS1 mainly assembled 
in GO functions, such as response to type I interferon 
(BP, GO:0034340) (Fig.  3C), peptidase complex (CC, 
GO:0000793) (Fig. 3D), and double-stranded RNA bind-
ing (MF, GO:0003725) (Fig. 3E). These genes were mainly 
enriched in the measles (hsa05162) and cGMP-PKG sig-
naling pathways (hsa04022) (Fig. 3F).

Immune-associated analysis of OAS1
All samples were separated into an overexpression 
(H-OAS1) group and a low-expression (L-OAS1) group, 
based on the expression values of OAS1 in the tumor 
samples. Compared with the L-OAS1 group, the per-
centages of plasma cells and CD4 memory resting T 
cells were dramatically decreased in the H-OAS1 group 
(all P < 0.05), whereas activated CD4 memory T cells, T 
cell gamma delta, macrophages M0, macrophages M1, 
and activated dendritic cells were significantly increased 

Fig. 1  The OAS1 gene and associated protein expression in normal lung samples and Lung Adenocarcinoma (LUAD) samples. (A), the violin chart 
showed the expression of OAS1 between normal samples and LUAD samples from TCGA-LUAD dataset. (B), the violin chart showed the expression of 
OAS1 between normal samples and LUAD samples from GSE31210 dataset. (C), the violin chart showed the expression of OAS1 between normal samples 
and LUAD samples from GSE68465 dataset. (E), the protein immunostaining of OAS1 in LUAD. (F), the protein immunostaining of OAS1 in normal Lung 
tissues
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in the H-OAS1 group (all P < 0.05) (Fig. 4A). These find-
ings indicated distinct immune cell profiles associated 
with the different groups. Spearman software was used 
to evaluate the correlation between OAS1 expression and 
the number of immune-infiltrating cells. According to the 
lollipop chart (Fig. 4B), the expression of OAS1 exhibited 
a statistically significant positive correlation with acti-
vated dendritic cells, macrophages M0, T cells gamma 
delta, T cells CD4 memory activated, and macrophages 
M1. Conversely, it demonstrated a negative correlation 
with CD4 memory T cell resetting, dendritic cell reset-
ting, monocytes, plasma cells, and activated mast cells 
(all p < 0.05). Based on the TISIDB database, the correla-
tion between OAS1 and immune modulators, including 
immunostimulants (Fig.  4C) and immunosuppressants 
(Fig.  4D), was further investigated. The results showed 
that the two immunostimulants, RAET1E (Fig.  4E) and 
IL6R (Fig.  4F), were significantly correlated with OAS1 
expression. Two immunosuppressants, LGALS9 (Fig. 4G) 
and ADORA2A (Fig. 4H), showed the strongest correla-
tion with OAS1 expression.

Independent prognostic analysis
Prognostic analysis based on OAS1 and six clinical fac-
tors revealed by univariate Cox regression showed that 
OAS1, pathologicM, pathologicN, pathologicT, and 
tumor stage were closely related to survival. Multivariate 
Cox regression analysis based on OAS1 and the four clin-
ical factors (pathologic_M, pathologic_N, pathologic_T 
and tumor stage) revealed that OAS1 and tumor stage 
were the independent prognostic factors for LUAD (Sup-
plementary Table 2).

Drug and PPI analysis of OAS1
Based on the TCGA-LUAD dataset, the IC50 values of 
the drugs associated with OAS1 expression were deter-
mined. The results showed a close association between 
the IC50 values of the 80 drugs and OAS1 expression (all 
P < 0.05). Paclitaxel exhibited an inverse correlation with 
OAS1 expression (Fig.  5A), whereas imatinib displayed 
a positive correlation with OAS1 expression (Fig.  5B). 
A PPI network was established using 11 nodes, includ-
ing OAS1 and associated 10 proteins (Fig.  5C). These 
node genes were mainly assembled in GO-BP functions, 
such as negative regulation of viral genome replication 

Fig. 2  The OAS1 expression related to survival and clinical characteristics. (A), K-M analysis revealed the correlation between OAS1 expression and sur-
vival of LUAD patients based on TCGA-LUAD dataset. (B), K-M analysis revealed the correlation between OAS1 expression and survival of LUAD patients 
based on GSE31210 dataset. (C), K-M analysis revealed the correlation between OAS1 expression and survival of LUAD patients based on GSE68465 data-
set. (D), the expression of OAS1 was significantly correlated with pathologic_N based on TCGA-LUAD dataset. (E), the expression of OAS1 was significantly 
correlated with tumor_stage based on TCGA-LUAD dataset. (F), the expression of OAS1 was significantly correlated with neoplasm_cancer_statusbased 
on TCGA-LUAD dataset. The top number in D-F represented P value
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Fig. 3  The TOP 50 OAS1 related genes and associated GSEA enrichment analysis. (A), the heat map showed TOP 50 genes that positively correlated with 
OAS1. (B), the heat map showed TOP 50 genes that negatively correlated with OAS1. (C), the TOP 25 GO-BP functions assembled by that OAS1 related 
positively and negatively genes respectively. (D), the TOP 25 GO-CC functions assembled by that OAS1 related positively and negatively genes respec-
tively. (E), the TOP 25 GO-MF functions assembled by that OAS1 related positively and negatively genes respectively. (F), the TOP 25 KEGG pathways 
enriched by that OAS1 related positively and negatively genes respectively
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(GO:0045071; Genes: RNASEL, RSAD2, OAS1, OAS2, 
OAS3, MX1, ISG15, and IFIT1) (Fig.  5D) and KEGG 
pathways, including Hepatitis C (hsa05160; RNASEL, 
RSAD2, OAS1, STAT1, OAS2, OAS3, MX1, and IFIT1) 
(Fig. 5E).

Transcription regulation analysis
TFs and miRNAs associated with OAS1 were predicted 
in this study. The result showed that a total of 1 TF 
(TF signal transducer and activator of transcription 3 
[STAT3]), 34 miRNAs, OAS1 as well as TF-miRNA-gene 

interactions, such as STAT3-miR-21-OAS1, were finally 
investigated. The transcriptional regulatory network is 
shown in Fig. 6.

OAS1 expression in patients with LUAD
Ten patients with LUAD were included in this study. 
Immunohistochemical staining revealed that the protein 
expression of OAS1 was higher in LUAD tissues than in 
the corresponding normal tissues (p < 0.05). Differential 
OAS1 expression levels are shown in Fig. 7A. As shown 
in Fig. 7B, the number of CD68 positive M1 macrophages 

Fig. 4  Immune associated analysis for OAS1 in current study. (A), the immune cell infiltration analysis based on immune cells and OAS1 expression: 
L-OAS1, low expression group of OAS1; H-OAS1, high expression group of OAS1; *, P < 0.05; **, P < 0.01; ***, P < 0.001. (B), Spearman correlation lollipop 
map revealed the correlation between 22 immune cell infiltration and OAS1 gene expression. (C), correlation heatmap between OAS1 and immunestimu-
lators: X-axis represented different types of cancer, while Y-axis represented the gene symbol of immunestimulators. (D), correlation heatmap between 
OAS1 and immunosuppressants: X-axis represented different types of cancer, while Y-axis represented the gene symbol of immunosuppressants. (E), the 
correlation between immunestimulators RAET1E and OAS1 expression. (F), the correlation between immunestimulators IL6R and OAS1 expression. (G), 
the correlation between immunosuppressants LGALS9 and OAS1 expression. (H), the correlation between immunosuppressants ADORA2A and OAS1 
expression
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was obviously higher in the OAS1 high-expression group 
than in the low-expression group, indicating high infiltra-
tion of M1 macrophages in the OAS1 high-expression 
group.

Role of OAS1 expression in LUAD cell lines
The relative mRNA expression of OAS1 in the four 
LUAD cell lines and in normal cells (control) was inves-
tigated using RT-qPCR. The results showed that the 
expression of OAS1 in all four cell lines (A549, NCI-
H78, NCI-H102, and BL2195) was significantly higher 
than that in the controls (all P < 0.05). OAS1 expression 
in the verification analysis was in accordance with the 
findings of this bioinformatics study, confirming the reli-
ability of our results. A bar chart depicting OAS1 expres-
sion in the cell lines and the control group is presented in 
Fig.  8A. Western blotting verified the overexpression of 
OAS1 in A549 and NCI-H78 LUAD cell lines compared 
to that in the controls (Fig. 8B). To determine the role of 
OAS1 in LUAD, OAS1 expression was knocked down 
using siRNA. The high transfection efficiency is shown in 
Fig. 8C. CCK8 assay showed that the viability of si-OAS1-
transfected cells was significantly lower than that of the 
control cells (p < 0.05). The colony formation assay sug-
gested that the ability of A549 cells to form colonies was 

significantly suppressed in the si-OAS1 group (p < 0.05; 
Fig. 8D). In addition, OAS1 knockdown effectively inhib-
ited the migration of A549 cells (P < 0.05; Fig. 8E). These 
results indicate that aberrantly high OAS1 expression 
contributes to LUAD tumorigenesis.

Expression of STAT3 and miR-21 in LUAD cells
With respect to the STAT3-miR-21-OAS1 interaction 
identified in the transcriptional regulation network, the 
expression levels of STAT3 and miR-21 were determined 
in LUAD cells. The results showed that STAT3 was over-
expressed, while miR-21 was downregulated in A549 
cells compared to that in the normal bronchial epithelial 
cell line BEAS-2B (p < 0.05, Fig. 9).

Discussion
LUAD is the most frequent subtype of lung cancer, with 
a poor survival rate due to a limited understanding of its 
pathological mechanism and prognosis. Although OAS1 
has proven to be valuable for the prognosis of various 
human cancers, research on its role in LUAD is rare. The 
present analysis revealed that the expression of OAS1 
in LUAD samples was dramatically higher than that in 
normal samples. OAS1 upregulation is associated with 
poor prognosis, lymph node metastasis, and advanced 

Fig. 5  Drug and PPI network analysis for OAS1. (A), Scatter plot of correlation between IC50 and OAS1 expression in Paclitaxel. (B), Scatter plot of cor-
relation between IC50 and OAS1 expression in Imatinib. (C), the PPI network constructed by OAS1 and associated proteins: the node represented genes, 
while the line between two nodes represented interactions. (D), the significant GO-BP functions assembled by OAS1 and associated genes: the bigger 
the nod, the more genes assembled in certain function; the redder the color, the smaller the P value. (E), the significant KEGG pathways enriched by OAS1 
and associated genes: the bigger the nod, the more genes enriched in certain pathway; the redder the color, the smaller the P value
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tumor stage. Simultaneously, elevated OAS1 expression 
was positively correlated with immune cells (e.g., macro-
phages M0 and M1) and immunomodulators (e.g., IL6R). 
The prognostic value of OAS1 in LUAD was determined 
via univariate regression analysis. In total, 10 genes asso-
ciated with OAS1 were revealed via PPI analysis, which 
were mainly enriched in functions, such as the negative 
regulation of viral genome replication. Transcriptional 
analysis revealed several OAS1-related interactions, 
including STAT3-miR-21-OAS1. Finally, qPCR analysis 
validated the expression of OAS1, confirming its consis-
tency with the bioinformatics results.

Therefore, more reliable predictors for adequately 
characterizing the prognosis of human cancers, includ-
ing LUAD, are essential [33]. A previous study identified 
a prognostic biomarker based on gene expression that 

enhanced the comprehension of LUAD prognostica-
tion [34]. In fact, the overexpression of certain genes is 
closely related to poor survival in human cancers, pro-
viding new insights for identifying prognostic genes [35]. 
The prognostic value of OAS1 for clinical intervention 
in breast cancer has already been proven as a gene that 
plays a vital role in antiviral immunity [36]. In a previous 
prognostic marker investigation, Lu et al. demonstrated 
that OAS1 exhibited higher expression levels in pancre-
atic cancer cells than in normal cells [10]. Furthermore, 
OAS1 overexpression was closely related to poor overall 
survival and advanced tumor stage, suggesting that OAS1 
could serve as a valuable prognostic factor for cancer. 
Clinical characteristics, such as tumor stage and survival 
time, are commonly used to identify potential gene bio-
markers for the clinical prognosis of lung cancer [37]. It 

Fig. 6  The regulatory network constructed by OAS1 and associated transcription factor (TF) and miRNA. The pink triangle represented miRNA; the purple 
diamond represented TF; the red circle represented OAS1; the gray arrow line indicated miRNA targeting OAS1, while the yellow T-shaped line indicated 
TF regulating OAS1.
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has been shown that chemokine (C-C motif ) ligand 19 
(CCL19) has been linked to lymph node metastasis and 
an unfavorable prognosis in individuals with small cell 
lung cancer. Its expression promotes tumor progres-
sion and metastasis [38]. Importantly, the role of OAS1 
in the survival and prognosis of human cancer may be 
closely related to its relationship with immune cells. Yu 
et al. indicated the downregulation of the macrophage 
M1-related gene OAS1 in bladder urothelial carcinoma 
cell lines, which proved that OAS1 affected the devel-
opment, activity, and immune response of immune cells 
by acting on them and can be further used for disease 
prognosis [39]. Interleukin-6 receptor (IL6R), an immu-
nostimulant gene involved in the development of human 
cancer, can activate immune cells and increase their 
activity, making it easy for them to recognize and attack 
cancer cells, ultimately leading to better disease con-
trol and longer survival [40]. In the current study, either 
OAS1 gene or protein was upregulated in patients with 
LUAD when compared to normal individuals. RT-qPCR 
confirmed OAS1 overexpression in LUAD cells. Impor-
tantly, OAS1 was correlated with poor prognosis, lymph 

node metastasis, advanced tumor stage, and the expres-
sion of immune cells, such as macrophages M1. This 
finding is consistent with those of previous studies and 
supports the role of OAS1 in the development and activ-
ity of immune cells. Thus, the results of the current anal-
ysis indicate that the expression of OAS1 might influence 
survival and immune cell expression in patients, making 
it a potential prognostic gene for LUAD. These results 
help explain the relationship between high OAS1 expres-
sion and unfavorable LUAD prognosis, providing new 
clues for the development of immunotherapy strategies.

Lung cancer exhibits both distinct and shared dysreg-
ulated genes and transcription factors that coexist and 
interact synergistically within a cohesive transcriptional 
regulatory network, potentially influencing vital pathways 
related to the acquisition of cancer hallmarks [41]. It has 
been proven that the TF-miRNA-mRNA regulatory rela-
tionship contributes to the prognosis of human cancers, 
including hepatocellular carcinoma, which may shed 
light on possible molecular mechanisms [42]. STAT3 
plays a pivotal role in modulating the immune response 
against tumors. It exhibits extensive hyperactivity in 

Fig. 7  Immunohistochemical staining of OAS1 expression. (A), immunohistochemical staining of OAS1 in high and low expression group. (B), CD68 stain-
ing for M1 macrophage in tumor tissues of OAS1 high and low expression group *p < 0.05
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Fig. 8  OAS1 knockdown suppressed A549 cell viability. (A), the expression of OAS1 in normal bronchial epithelial tissue cells (control) and four LUAD 
cell lines A549, NCI-H78, NCI-H102 and BL2195. (B), western blot for the expression of OAS1 in A549, NCI-H78 cell lines. (C), the transfection efficiency 
of si-OAS1 in A549 cells. (D), cell viability after si-OAS1 transfection. (E), colony formation assay after OAS1 knockdown. *p < 0.05, **p < 0.01, ***p < 0.001
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both malignant and non-malignant cells present within 
the tumor microenvironment and plays a significant role 
in suppressing the expression of key immune activation 
regulators while fostering the generation of immuno-
suppressive factors [43]. The close relationship between 
STAT3 and lung cancer has been widely explored because 
it participates in the entire process of tumor occurrence 
and lung cancer development [44]. Zhao et al. demon-
strated that cisplatin resistance in human LUAD cells can 
be achieved by modulating the miRNA/STAT3 axis [45]. 
MiR-21 is frequently regarded as a cancer-related miRNA 
because of its association with unregulated cell prolifera-
tion, resistance to apoptosis, and invasion and metasta-
sis of lung cancer [46]. A previous study has established 
that miR-21, a potent therapeutic target for solid malig-
nancies characterized by heightened STAT3 activity, 
plays a role in mediating the progression of inflamma-
tion-associated gastric cancer [47]. LUAD-derived exo-
somal miR-21 promotes osteoclastogenesis, indicating 
its potential as a therapeutic target for bone metastasis 
[48]. Yang et al. showed that the suppression of miR-
21 contributes to osteoblast cell apoptosis through the 
upregulation of OAS1, which indicates the important 
role of the miR-21-OAS1 relationship in the progression 
of human disease [49]. Compelling evidence has shown 
that STAT3 is aberrantly activated in lung cancer [50, 
51]. Our data showed that STAT3 was overexpressed in 
LUAD cells, which is consistent with the results of pre-
vious studies. In the present study, OAS1 was found to 
be vital for LUAD development. Our data showed that 
OAS1 knockdown impeded the proliferation and migra-
tion of LUAD cells, indicating the potential of OAS1 as 
a therapeutic target. Interestingly, transcriptional analy-
sis revealed several OAS1-related interactions, including 

STAT3-miR-21-OAS1, which deserve further investiga-
tion. Thus, we speculate that OAS1 might contribute to 
the progression of LUAD by participating in the STAT3-
miR-21-OAS1 axis, which warrants further analysis.

Conclusion
In conclusion, the upregulation of OAS1 might influence 
patient survival and immune cell expression, making it 
a potential prognostic gene for LUAD. Moreover, OAS1 
contributed to the progression of LUAD by participating 
in the STAT3-miR-21-OAS1 axis.
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