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Abstract
Objective:

To systematically investigate the pan-cancer expression, prognostic significance, i
mmune relevance, and functional role of OAS1 in cervical cancer.
Methods:

OASI1 expression, genetic alterations, prognosis, cancer stemness, RNA modificati
on, immune infiltration, and immunotherapy-related indicators were analyzed using TC
GA, GTEx, HPA, GEPIA3, SangerBox, cBioPortal, TIMER3.0, and CAMOIP database
s. GO and KEGG enrichment analyses were performed for OAS1 co-expressed genes.
In cervical cancer, OAS1 expression was validated by immunohistochemistry and West
ern blotting. Stable OAS1 knockdown and overexpression HeLa cell lines were establi
shed to evaluate migration, invasion-related phenotypes, and reactive oxygen species le
vels. Single-cell analyses were used to characterize the cell-type-specific expression an
d distribution of OASI.

Results:

OAS1 was upregulated at both mRNA and protein levels in multiple cancers, particularly
cervical cancer. Its expression was associated with tumor stage, metastasis, genetic alterations,
prognosis, cancer stemness, RNA modification-related genes, immune infiltration, TMB, MSI,
and immune checkpoint molecules in a cancer type-dependent manner. OAS1 co-expressed
genes were mainly enriched in type I interferon signaling, antiviral response, and innate
immune pathways. In cervical cancer, OAS1 was highly expressed in tumor tissues. OASI
overexpression promoted HelLa cell migration and increased ROS levels, whereas OASI
knockdown suppressed migration/invasion-related phenotypes and reduced ROS levels. Single-
cell showed that OAS1 was mainly expressed in epithelial/tumor cells and
monocyte/macrophage populations.

Conclusion:

OASI1 may serve as a diagnostic, prognostic, and immune-related biomarker across
cancers. In cervical cancer, OAS1 may promote malignant phenotypes by enhancing migration,
invasion-related behavior, and oxidative stress, suggesting its potential as a therapeutic target.
Keywords: cervical cancer; pan-cancer analysis; biomarker; OASI1; tumor immune

microenvironment



44

45
46
47
48
49
50
51

52

53

54

55

56

57

58

59
60

61

62

63

64

65

66
67
68
69
70
71
72

INTRODUCTION

Cancer is a highly complex and heterogeneous disease involving molecular alterations at
genomic, epigenomic, transcriptomic, and proteomic levels [1]. Despite recent advances in
targeted therapy and immunotherapy, cancers exhibit both shared molecular features and tumor-
specific differences in mechanisms, immune microenvironments, and therapeutic responses [2].
Systematic characterization of key molecules across cancer types is essential for understanding
tumorigenesis and optimizing precision treatment [3].

Tumor biomarkers are critical for cancer screening, diagnosis, prognosis, and treatment

prediction. While ctDNA [4], CEA, and PSA [5-6] are widely used, novel biomarkers with

broad applicability remain an important pursuit in precision oncology.

The 2'-5"-oligoadenylate synthetase (OAS) family—OAS1, OAS2, OAS3, and OASL—

are interferon-induced enzymes central to innate antiviral immunity [7]. Upon activation by

viral double-stranded RNA, OAS enzymes synthesize 2'-5'-linked oligoadenylates (2-5A),

which activate RNase L to degrade viral and host single-stranded RNA, inhibiting protein
synthesis and viral replication [8-9].

OASI, encoding multiple isoforms and widely expressed in mammalian tissues [10], has
canonical antiviral roles through the OAS/RNase L pathway. Beyond this, OAS1 binds specific

mRNAs (e.g., IFNB AU-rich elements) to extend mRNA half-life and maintain expression [11].

It also selectively preserves translation of host defense proteins and potently inhibits SARS-

CoV-2 via RNase L-dependent mechanisms [12—13].

Increasing evidence links OAS] to cancer. It may act as a tumor-promoting gene in breast

and pancreatic cancers [14—15], and its expression correlates with prognosis in multiple

malignancies. In gastric cancer, OAS] may influence outcomes via inflammation and
proliferation pathways [16]. OAS1 expression also correlates with immune checkpoint genes
and tumor mutational burden, suggesting involvement in immune microenvironment regulation
[17]. In lung adenocarcinoma, OAS1 overexpression associates with poor prognosis and
metastasis; its knockdown suppresses proliferation and migration in lung and prostate cancer
cells [18].

Although OASI is a potential prognostic biomarker in certain cancers, pan-cancer
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analyses remain limited, and its broader biological roles and mechanisms in tumorigenesis and
immune regulation are incompletely understood. A systematic pan-cancer analysis is needed to
evaluate OAS1 expression, prognostic value, genetic/epigenetic alterations, immune infiltration
associations, and functional pathways, clarifying its general and context-dependent roles and
providing a basis for its application as a biomarker and therapeutic target.
MATERIALS AND METHODS
1. Pan-cancer analysis of OAS1

OAS1 mRNA and protein expression were analyzed using TCGA, GTEx, HPA,
GEPIA3, and SangerBox databases. Differential expression of OAS1 between tumor and
normal tissues was evaluated across multiple cancer types, and its association with clinical
stage, metastasis, age, and sex was further assessed. Protein expression and
immunohistochemical staining images were obtained from the HPA database.
2. Genetic alteration and prognostic analysis

Genetic alterations of OAS]1, including mutation frequency, mutation types, copy number
alterations, and mutation sites, were analyzed using cBioPortal, TIMER3.0, SangerBox, and
CAMOIP. The prognostic value of OAS1 was evaluated using SangerBox and GEPIA3.
Overall survival, disease-specific survival, disease-free survival, and progression-free survival
were analyzed by Cox regression and Kaplan—Meier methods.
3. Stemness, RNA modification, and functional enrichment analyses

Correlations between OAS]1 expression and cancer stemness indices or RNA
modification-related genes were analyzed using SangerBox. OAS1 co-expressed genes were
obtained from cBioPortal, and overlapping genes across representative cancer types were
identified. GO and KEGG enrichment analyses were performed to explore the biological
functions and pathways associated with OASI.
4. Immune infiltration analysis

The relationship between OAS1 expression and the tumor immune microenvironment
was analyzed using SangerBox. Correlations between OAS1 and StromalScore,
ImmuneScore, ESTIMATEScore, and multiple immune cell types, including CD4* T cells,
CDS8* T cells, B cells, neutrophils, macrophages, and dendritic cells, were evaluated using
Pearson correlation analysis.
5. Experimental validation in cervical cancer

The study protocol and the use of human cervical cancer tissue samples were reviewed

and approved by the Ethics Committee of the Second Affiliated Hospital of Dalian Medical
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University (approval no. JW2026-028-01). All procedures involving human participants and
human tissue samples were performed in accordance with the relevant institutional and
national guidelines and regulations and with the Declaration of Helsinki. Written informed
consent for participation in the study and for the collection and use of tissue samples was
obtained from all participants prior to their inclusion in the study.
6. Cell migration and ROS assays

Wound healing and Transwell assays were performed to evaluate the effects of OASI on
HeLa cell migration and invasion-related phenotypes. Reactive oxygen species levels were
detected using a ROS fluorescent probe and compared among control, OAS1 knockdown, and
OASI1 overexpression groups.
7. Single-cell analysis

Cervical cancer single-cell RNA sequencing datasets were obtained from GEO,
including GSE208653 . Data normalization, dimensionality reduction, clustering, batch
correction, and cell annotation were performed using R software.
8. statistical analysis

Statistical analyses were performed using SPSS 26.0, GraphPad Prism 9.0, R software,
ImageJ, and QuPath. Data are presented as mean + standard deviation. Student’s t-test, one-
way ANOVA, y? test, nonparametric tests, Cox regression, and Pearson correlation analysis
were used as appropriate. A two-sided P value < 0.05 was considered statistically significant.
RESULTS
1. OASI1 expression is upregulated in multiple cancer types

Based on HPA, GTEx, and TCGA database analyses, OAS1 showed the highest expression
in the esophagus among normal tissues, followed by the spleen, liver, and colon (Figure 1A).
Among tumor tissues, OAS1 expression was highest in cervical cancer, followed by head and
neck squamous cell carcinoma and colon adenocarcinoma (Figure 1B).

Using GEPIA 3.0 to compare expression between 33 tumor types and corresponding normal
tissues, OAS1 was significantly upregulated in 28 cancer types, including ACC, BLCA, and
CESC, downregulated in DLBC and KICH, and showed no significant change in MESO,
THYM, and UVM, indicating clear cancer-type specificity (Figure 1C); all cancer abbreviations
are listed in Table S1. Stratified analyses of tumor progression revealed that OAS1 expression
increased with tumor stage in the KIPAN cohort (Figure S1A); OAS1 expression was
significantly higher in M 1-stage tissues than in M0-stage tissues in KIPAN, KIRC, and other
cancers (Figure S1B); OAS1 expression increased with lymph node stage progression in LUAD,

5



139
140
141
142
143

144

PRAD, and other cancers (Figure S1C), suggesting that elevated OAS1 expression is closely

associated with tumor progression, distant metastasis, and lymph node metastasis.

Immunohistochemistry results from the HPA database confirmed that OASI1 protein was

significantly overexpressed in 15 cancer types (Figure 2), consistent with the mRNA expression
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Figure 1. Pan-cancer OAS1 expression.

(A) OAS1 mRNA in HPA/GTEx normal tissues. (B) OAS1 mRNA in TCGA tumors via HPA. (C)

GEPIA3 tumor—normal comparison across 33 cancers; red/blue, up-/downregulated.
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Figure 2. HPA THC of OASI protein in corresponding normal and cancer tissues; brown, OAS]1 staining.

2. OAS1 genetic alterations are associated with the development and progression of
multiple cancers

Pan-cancer database analyses revealed that OAS1 harbors genetic alterations across
multiple cancer types. The highest mutation frequency was observed in lung cancer, followed
by non-melanoma skin cancer, medulloblastoma, and UCEC (Figure 3A). TIMER 3.0 analysis
further validated that UCEC had the highest proportion of OAS1 mutations, followed by SKCM,
READ, KICH, and other cancers (Figure 3B).

SangerBox analysis demonstrated that missense mutations were the predominant type of
OAS1 mutation in tumors (Figure 3C), with mutation sites predominantly enriched in the C-
terminal OAS1_C functional domain, while the N-terminal domain harbored fewer mutations
(Figure 3D). The R361 site was identified as a core mutational hotspot; mutations at this site
may alter OAS1 protein function and hold potential research and biomarker value. Additionally,
high-frequency OAS1 amplification was observed in medulloblastoma and endometrioid
carcinoma, while high-frequency deep deletion occurred in ovarian cancer (Figure 3A).
Correlation analyses across multiple cancer types confirmed that increased OAS1 copy number
was significantly associated with elevated mRNA expression in various tumors (Figure 3E),
indicating that copy number variation is an important genetic mechanism underlying OASI1
upregulation. In summary, OAS1 genetic alterations are widely involved in the development
and progression of multiple cancers and are closely associated with tumor molecular

heterogeneity.
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Figure 3. Pan-cancer genomic alterations of OASI.
(A—E) Alteration frequency, mutation type and domain, and variant expression from cBioPortal,

TIMER3.0, and SangerBox.

3. OASI expression is correlated with prognosis in multiple tumor types

SangerBox forest plots showed that high OAS1 expression was significantly associated with
shorter overall survival in 10 cancer types, including GBMLGG, LGG, and PAAD (Figure 4A);
however, it was associated with reduced mortality risk in 5 cancer types such as BLCA, SKCM,
and MESO, demonstrating pronounced cancer-type specificity (Figure 4B).

Survival curves generated by GEPIA 3.0 validated that high OASI1 expression indicated
poor overall survival prognosis in ACC, LGG, LIHC, and other tumors (Figure 4B).
Multidimensional prognostic analyses confirmed that elevated OAS1 expression significantly
increased the disease-specific mortality risk (Figure S2A), recurrence-free risk (Figure S2B),

and disease progression risk (Figure S2C) in certain tumor types.
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Figure 4. Pan-cancer association between OAS1 expression and overall survival.
(A) Forest plot showing univariate Cox associations between OAS1 expression and overall surviv
al across cancer types. (B) Pan-cancer survival summary and representative Kaplan—Meier curves
generated using GEPIA3.0.

4. OAS1 is associated with cancer stemness and RNA modifications in multiple cancers

Using six classical stemness indices, we analyzed the correlation between OAS1 and tumor
stemness. The results revealed significant cancer-type specificity: high OAS1 expression
enhanced cancer stem cell characteristics in some tumors, while it suppressed stemness
phenotypes in others (Figure 5A-F), suggesting that its regulatory role depends on the tumor
molecular background.

RNA modification is an important mode of epitranscriptomic regulation. We further
analyzed the correlation between OAS1 and m'A, m*C, and m®A modification enzymes. OAS1
was positively correlated with the expression of RNA modification enzymes in the vast majority

of tumors, with a negative correlation observed only in DLBC (Figure 5G).
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Figure 5. OASI1 correlation with stemness, RNA modifications

(A-F) Cancer stemness index radar plots; (G)RNA modification gene correlation heatmap

5. Enrichment analysis of OAS1 co-expressed genes across multiple tumors

We selected six tumor types characterized by high OAS1 expression, prominent stemness
features, and poor prognosis, and screened their co-expressed genes for enrichment analysis.
Venn diagram analysis identified five overlapping co-expressed genes: OAS2, ISG15, IFI44,
IF16, and OAS3 (Figure 6A). A heatmap confirmed that these genes were generally highly
expressed across multiple cancer types (Figure 6B), synergistically contributing to tumor
progression.

GO enrichment analysis revealed that the co-expressed genes were mainly enriched in type
I interferon signaling pathways, antiviral responses, immune responses, etc., and were localized
in the cytoplasm and nucleoplasm, with functions such as oligoadenylate synthetase activity
and RNA binding (Figures 6C). KEGG analysis showed that the genes were primarily involved
in viral infection and innate immune-related pathways (Figure 6D-G), indicating that OASI
and its co-expressed genes play a core role in regulating tumor innate immunity and the immune
microenvironment. Additionally, OAS1 expression exhibited population differences, being

significantly associated with patient age and sex in certain cancer types (Figures S3A, S3B).
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es.
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unction; (G) KEGG pathway enrichment analysis[19-20].

6. OAS1 is associated with immune cell infiltration in multiple cancers

We analyzed the association between OASI and tumor microenvironment scores. The
results showed that OAS1 expression was significantly positively correlated with stromal score,
immune score, and ESTIMATE score in the majority of tumors, promoting stromal remodeling
and immune infiltration; in a few cancer types, negative correlations were observed,
demonstrating cancer-type specificity (Figure 7A-C).

Immune infiltration analysis indicated that high OAS1 expression was positively correlated
with the infiltration levels of various immune cells, including B cells, T cells, and macrophages,
in most tumors, activating the tumor immune microenvironment; only in a small number of
cancer types did it suppress immune infiltration and participate in constructing an

immunosuppressive microenvironment (Figure 7D).
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Figure 7. Association of OAS1 expression with the tumor immune microenvironment.
(A-C) Immune/stromal score radar plots; (D) Immune cell infiltration correlation heatmap. Red i
ndicates p<0.05. Data: SangerBox, GEPIA3.0.

7. OAS1 is associated with immunotherapy-related indicators and immune checkpoint
molecules

To explore the relationship between OAS1 and immunotherapy, we analyzed its correlation
with TMB, MSI, NEO, and immune checkpoint genes. The results showed that OAS1 was
positively correlated with TMB and MSI in some renal cancers, potentially enhancing tumor
immunogenicity, whereas negative correlations were found in other tumors, reflecting cancer-
type differences; no significant correlation was observed between OAS1 and NEO in any cancer
type (Figure 8A-C).

Immune gene analysis revealed that OAS1 was simultaneously positively correlated with
inhibitory checkpoint genes such as PDCD1 and CTLA4, as well as immune activation genes

like CXCL10 and IFNA, across multiple cancer types (Figure 8D), suggesting that tumors with
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249  high OASI expression exhibit features of abundant immune infiltration but with concurrent

250  upregulation of immunosuppressive signals.
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Figure 8.Pan-cancer immune correlations of OAS1
(A-C) OASI correlation with tumor immunogenicity (TMB, MSI, NEO) ; (D) immune checkpoints
across cancers .

251

252 8. Single-cell transcriptomic analysis reveals the cellular origin and expression
253 characteristics of OASI1 in cervical cancer

254 Based on cervical cancer single-cell transcriptomic data, we characterized OAS1 expression
255  atthe cellular level. Clustering analysis of samples from two cervical squamous cell carcinomas

256  and one cervical adenocarcinoma identified 15 cell subpopulations (Figure 9A). Cell annotation
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and UMAP visualization showed that OAS1 was predominantly highly expressed in cervical
tumor epithelial cells, with high expression also observed in monocytes/macrophages (Figure
9B). OAS1-positive cells were mainly enriched in the monocyte/macrophage population, with
a small portion distributed in tumor epithelial cells (Figure 9C-D). In summary, OASI acts on
both cervical tumor cells and immune cells, participating in malignant regulation and immune

microenvironment remodeling.
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Figure 9. cervical cancer transcriptomic characteristics of OAS1
(A) UMAP visualization of the single-cell transcriptomic landscape, with cells colored according to
unsupervised clusters. (B) Feature plot showing the distribution and expression intensity of OAS1 across
the major cell populations.(C) Violin plot comparing OAS1 expression levels among epithelial cells,
smooth muscle cells, macrophages, and T cells.
(D) UMAP and t-SNE visualizations showing the distribution of OAS1-positive [OAS1(+)] and OASI-
negative [OAS1(—)] cells across the single-cell landscape

9. OASI1 is highly expressed in human cervical cancer tissues, and OAS1 knockdown and
overexpression HeL.a cell lines were successfully established

Based on the pan-cancer analysis, we validated the expression characteristics of OAS1 in
cervical cancer. Immunohistochemistry results showed that OAS1 staining intensity was
significantly higher in cervical cancer tissues than in adjacent normal tissues (Figures 10A-B);
Western blotting confirmed that OAS1 protein expression was significantly upregulated in
cervical cancer tissues (Figures 10C-D).

For functional experiments, we established stable OAS1 knockdown and overexpression
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272 cell lines in HeLa cells. Western blotting verified the successful construction of the cell models
273 (Figures 10E-F), and GFP fluorescence detection confirmed good lentiviral transduction

274  efficiency (Figure 10G), providing reliable models for subsequent in vitro functional studies.
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To investigate the regulatory role of OAS1 in the malignant phenotype of cervical cancer
cells, we performed functional experiments. Wound healing assays showed that OASI1
overexpression significantly enhanced the migration ability of HeLa cells, whereas knockdown
inhibited cell migration (Figures 11A,-B). Transwell assays confirmed that OAS1 knockdown
significantly suppressed the migration and invasion abilities of HeLa cells (Figures 11C-D),
demonstrating that OAS]1 positively regulates the invasive and metastatic capacity of cervical
cancer cells.

ROS-mediated oxidative stress is involved in malignant tumor progression. ROS detection
results showed that OAS1 knockdown reduced ROS levels in HelLa cells, whereas OASI1
overexpression significantly increased intracellular ROS levels and enhanced the oxidative
stress response (Figures 11E-F). In conclusion, OAS1 can mediate malignant biological

behaviors such as migration and invasion in cervical cancer cells by regulating oxidative stress

levels.
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Figure 11. OAS1 promotes cell migration, invasion, and ROS generation in vitro.
(A-B) Wound-healing assay; (C—D) Transwell migration and invasion; (E-F) ROS detection by flow

cytometry in HeLa cells with OAS1 knockdown or overexpression.

DISCUSSION

Cervical cancer is one of the most common gynecological malignancies. Although HPV
vaccination and screening strategies have been continuously improved, high-risk HPV infection
remains prevalent, and the incidence of cervical cancer has shown a trend toward younger age
in recent years [21-22]. A considerable proportion of patients are still diagnosed at intermediate
or advanced stages, and the prognosis of patients with recurrent or advanced disease remains
unsatisfactory. In recent years, immunotherapy and targeted therapy have achieved certain
advances; however, therapeutic efficacy varies markedly among individuals. Therefore, further
elucidation of the molecular mechanisms underlying cervical cancer initiation and progression,
as well as the identification of novel diagnostic, prognostic, and therapeutic targets, remains of
great significance [23-24].

OASI is an important member of the 2'-5'-oligoadenylate synthetase family. The human
OAS family mainly includes OAS1, OAS2, OAS3, and OASL. OASI is a typical interferon-
inducible gene and one of the interferon-stimulated genes, playing a key role in innate immunity
and antiviral responses. OAS1 can be induced by type I interferons and, upon recognition of
viral double-stranded RNA, catalyzes ATP to generate 2'-5'-oligoadenylates. These molecules
subsequently activate RNase L, promoting the degradation of viral RNA and partial cellular
RNA, thereby inhibiting viral replication and enhancing host antiviral responses. In addition to
its classical antiviral function, OAS1 may also participate in cellular growth, apoptosis,
differentiation, and gene expression regulation [25]. Therefore, aberrant OAS1 expression may
not only reflect activation of interferon signaling or antiviral immune status, but may also be
associated with tumor cell proliferation, cell death, stress responses, and remodeling of the
tumor immune microenvironment [26-27].

In this study, we systematically evaluated the expression characteristics, genetic alterations,
prognostic value, cancer stemness, RNA modifications, immune infiltration, and
immunotherapy-related significance of OAS1 across multiple cancer types based on multi-
database pan-cancer analyses. We further explored its potential role in cervical cancer. The
results showed that OAS1 was upregulated at both the mRNA and protein levels in multiple

cancers, and its expression was closely associated with tumor stage, metastasis, genetic
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alterations, poor prognosis, cancer stemness, RNA modification-related genes, and immune
microenvironment features. HPA protein staining further supported the elevated expression
trend of OAS1 in various tumor tissues. However, its expression patterns and prognostic
implications were not completely consistent across different cancer types, suggesting that the
biological role of OAS1 may be cancer type-dependent.

Clinical correlation analysis showed that OAS1 expression was associated with tumor
stage, distant metastasis, and lymph node metastasis in certain cancers, suggesting its potential
value as a disease progression-related biomarker. Genetic alteration analysis revealed that
OASI1 exhibited mutations, amplifications, deletions, and copy number variations in multiple
cancers. Missense mutations were the predominant mutation type, and some mutation sites were
located within the OAS1 C functional domain. In addition, increased OAS1 copy number was
associated with elevated mRNA expression, indicating that genomic alterations may represent
one of the important mechanisms underlying OAS1 dysregulation. Prognostic analysis showed
that high OAS1 expression was associated with poorer survival in GBMLGG, LGG, PAAD,
ACC, LUAD, LIHC, and UVM, whereas in BLCA, SKCM, MESO, and ALL, high OAS1
expression appeared to be associated with a lower risk of death. These findings indicate that the
prognostic value of OAS1 should be interpreted in the context of specific cancer types,
molecular subtypes, and immune backgrounds.

Functional enrichment analysis demonstrated that OAS1 and its co-expressed genes were
mainly enriched in immune-related processes, including type I interferon signaling, antiviral
response, innate immune response, cytokine-mediated signaling, the NOD-like receptor
signaling pathway, and the RIG-I-like receptor signaling pathway. Co-expressed genes such as
OAS2, OAS3, ISG15, IF144, and IF16 were closely related to interferon responses or antiviral
immunity, suggesting that OAS1 may function within a co-expression network centered on
interferon signaling and innate immune activation. Immune infiltration analysis further showed
that OAS1 was associated with ImmuneScore, StromalScore, ESTIMATEScore, and the
infiltration levels of multiple immune cell types. In particular, OAS1 expression was correlated
with the infiltration of B cells, CD4" T cells, CD8" T cells, macrophages, dendritic cells, and
neutrophils. Meanwhile, OAS1 was also associated with TMB, MSI, and immune checkpoint-
related molecules such as PDCD1, CTLA4, and TIGIT, suggesting that OAS1 may reflect a
tumor microenvironment characterized by concurrent immune activation and immune
suppression.

In cervical cancer, IHC and Western blotting further confirmed that OAS1 was highly
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expressed in tumor tissues. In vitro experiments showed that OAS1 overexpression promoted
the migration of HeLa cells and increased ROS levels, whereas OAS1 knockdown suppressed
migration- and invasion-related phenotypes and reduced ROS levels. These findings suggest
that OAS1 may participate in the malignant progression of cervical cancer by regulating
oxidative stress. Single-cell transcriptomic analysis further revealed that OAS1 was highly
expressed not only in epithelial/tumor cells but also enriched in monocyte/macrophage
populations. This suggests that OAS1 may be involved in both tumor cell-intrinsic malignant
behavior and immune microenvironment regulation, serving as an important molecule linking
tumor cell migration and invasion, oxidative stress, and immune cell state alterations.

This study has several limitations. First, the pan-cancer analysis was mainly based on
public databases, and the results were primarily correlative. Second, the sample size for clinical
validation in cervical cancer was limited, and the in vitro functional experiments were mainly
performed in HeLa cells; therefore, further validation in larger clinical cohorts, additional
cervical cancer cell lines, and in vivo models is needed. Finally, the precise mechanisms by
which OASI regulates ROS levels and the immune microenvironment remain to be clarified
through rescue experiments, ROS scavenger intervention, transcriptome sequencing, and
pathway inhibition assays. In summary, OAS1 may serve as a potential diagnostic, prognostic,
and immune microenvironment-related biomarker in multiple cancers. In cervical cancer,
OAS1 may contribute to tumor progression by enhancing cell migration, invasion, and

oxidative stress, providing a theoretical basis for its potential role as a therapeutic target.

Supplementary Materials

Table S1. Abbreviations for Cancers

Abbreviation Name
ACC Adrenocortical carcinoma
ALL Acute Lymphoblastic Leukemia
BLCA Bladder Urothelial Carcinoma
BRCA Breast invasive carcinoma
Cervical squamous cell carcinoma and endo
CESC . .
cervical adenocarcinoma
CHOL Cholangiocarcinoma
COAD Colon adenocarcinoma
COADREAD Eﬂ(;lon adenocarcinoma/Rectum adenocarcino
DLBC Lymphoid Neoplasm Diffuse Large B-cell L
ymphoma
ESCA Esophageal carcinoma
GBM Glioblastoma multiforme
GBMLGG Glioma
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379

HNSC
KICH
KIPAN
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO
NB

ov
PAAD
PCPG
PRAD
READ
SARC
SKCM
SKCM-M
SKCM-P
STAD
STES
TGCT
THCA
THYM
UCEC
UCS
UVM

Head and Neck squamous cell carcinoma
Kidney Chromophobe

Pan-kidney cohort (KICH + KIRC + KIRP)
Kidney renal clear cell carcinoma
Kidney renal papillary cell carcinoma
Acute Myeloid Leukemia

Brain Lower Grade Glioma

Liver hepatocellular carcinoma

Lung adenocarcinoma

Lung squamous cell carcinoma
Mesothelioma

Neuroblastoma

Ovarian serous cystadenocarcinoma
Pancreatic adenocarcinoma
Pheochromocytoma and Paraganglioma
Prostate adenocarcinoma

Rectum adenocarcinoma

Sarcoma

Skin Cutaneous Melanoma

Metastatic Skin Cutaneous Melanoma
Primary Skin Cutaneous Melanoma
Stomach adenocarcinoma

Stomach and Esophageal carcinoma
Testicular Germ Cell Tumors

Thyroid carcinoma

Thymoma

Uterine Corpus Endometrial Carcinoma
Uterine Carcinosarcoma

Uveal Melanoma
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Figure S1. Expression Analysis of OAS1 Across Multiple Cancers According to Tumor Stag
e, Metastasis Status, and Lymph Node Infiltration

(A) Boxplots showing OAS1 expression levels in different cancers stratified by tumor stage (I-I
V). Each box represents the median and distribution of OAS1 expression within a specific stage
for each cancer type.

(B) Boxplots depicting the association between OAS1 expression and metastasis status (MO vs.

M1) across multiple cancers. MO (no distant metastasis) is shown in red, and M1 (presence of

distant metastasis) is shown in blue.

(C) Boxplots illustrating OAS1 expression levels in multiple cancers according to lymph node inf
iltration (NO-N3).

All analyses were based on data obtained from the SangerBox database. Statistical significance o

f OASI1 expression differences is indicated by asterisks.
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Figure S2. Correlation Analysis Between OAS1 Expression and Survival Prognosis Across D
ifferent Cancers

(A) Forest plot showing the association between OAS1 expression and disease-specific survival
(DSS) in multiple cancers. Hazard ratios (HRs) and 95% confidence intervals (Cls) are presente
d. An HR > 1 indicates that high OAS1 expression is associated with poorer patient survival.
(B) Forest plot depicting the correlation between OASI expression and disease-free survival (DF
S), showing log,-transformed HRs [Log2(HR)] and 95% Cls for each cancer type. (C) Forest pl
ot illustrating the association between OAS1 expression and progression-free survival (PFS), with
corresponding logy-transformed HRs [Log2(HR)] indicated.All analyses were conducted using the
SangerBox online platform.
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Figure S3. Correlation Analysis Between OAS1 Expression and Patient Age or Sex Acr
oss Multiple Cancers

(A) Bar plots showing Pearson correlation coefficients between OAS1 expression and patient age
across various cancers. Each bar represents the strength of the correlation, with red color shade
s indicating different p-values (darker colors correspond to more statistically significant difference
s). (B) Boxplots comparing OAS1 expression levels between male and female patients across mu
Itiple cancers. Blue-gray boxes represent male patients, and light orange boxes represent female

patients. Statistical significance of sex-based differences is indicated by asterisks (*P < 0.05). Ea
ch box displays the median OAS1 expression and distribution for the corresponding cancer type.
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