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1. Abstract
1.1. Objective

This study aimed to compare the difference of interferon alpha
(IFN-a) therapeutic effect between cervical squamous cell
carcinoma (CSCC) and cervical adenocarcinoma (CA).

1.2. Methods

Data were obtained from TCGA and GEO databases. The
differentially expressed genes (DEGs) of mRNAs were screening
by Limma package of R software. The functional enrichment
analysis was performed using TCGA and GEO databases. The
anti-tumor assay in vitro using CCK8, TUNEL and Annexin V-PI
apoptosis assays.

1.3. Results

The up-regulated DEGs in CSCC were associated with response
to type | interferon, cellular response to type | interferon and type
| interferon signaling pathway (all items P<0.05) using GO and
KEGG enrichment analysis compared with CA. Furthermore,
the GSEA analysis demonstrated that hallmark interferon alpha
response (FDR=0.011, P=0.016) is differentially enriched in CSCC
compared with CA. In addition, we found that IFN-o inhibited
SiHa cells more potently than that of Hela cells in vitro, indicating
the higher p-STAT1 levels of tumor cell-intrinsic Type I interferon
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signaling pathways in SiHa cells.
1.4. Conclusion

Our findings suggest that CSCC was associated with Type |
interferon signaling compared with CA. The anti-proliferative
ability of IFN-a for CSCC cells is higher than that of CA cells.

2. Introduction

Cervical cancer is the fourth most common female malignant tumor,
with an estimated 604,000 new cases and 342,000 deaths worldwide
in 2020 [1]. At present, surgery and concurrent chemotherapy and
radiation therapy are the main treatment methods for early-stage
and locally invasive cervical cancer. Immunotherapy, including
anti-PD-L1, anti-PD-1, and anti-CTLA4, has become a promising
anti-cancer strategy that offers hope for improved cancer treatment
and survival [2-4]. However, the use of these immunotherapy
for the treatment of cervical cancer shows no satisfactory results
[5]. Thus, we need to further explore the potential tumorigenesis
mechanism of cervical cancer, and new drug targets should be
developed.Over the past decade, the molecular mechanisms of
interferons regulating effective host immunological responses to
tumor cells have proved. Type | IFNs has become an effective
therapeutic method against multiple malignancies, such as breast
cancer, melanoma, and renal carcinoma [6-8]. The three types of
interferons showed the different features of molecular mechanisms
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through physiological responses including antiviral response,
immunomodulatory or antitumor effects and autoimmunity [9].
For Type | IFNs (IFN-a, IFN-B), they can directly act on tumors
via inhibiting the proliferation of tumor and inducing apoptosis
[10,11]. The underlying mechanism may be that the Type I signaling
pathway mediates distinct downstream signal activation, such as
JAK/STAT pathway [12]. The different activation of pathways
also induces specific downstream biological effects. They also
have indirect anti-tumor activities, through priming immune cells
to regulate the function of T cells and promote clearance of tumor
cells [13].Nowadays, the treatment with IFN-a. (by itself or as part
of combination therapy) shows encouraging clinical response and
significant clinical benefit. In a large of randomized controlled
trials, IFN-a therapy in melanoma has effectively improved the
progression free survival and overall survival [14]. However,
systemic IFN-a treatment does not achieve satisfying results as an
anti-tumor modality in cervical cancer because of poor survivability
of regimes for patients [15].As we know, cervical cancer is mainly
classified into three histological types, including CSCC, CA, and
adenosquamous carcinoma. Although several research indicated
that IFN-a, can induce apoptosis of cervical cancer cells, lacking of
specific study about differences of IFN-a treatment on CSCC and
CA. Our findings suggest that CSCC was associated with Type |
interferon signaling compared with CA. The ability of inhibiting
CSCC cells proliferation is higher than that of CA cells in IFN-a
treatment. These findings motivate us to provide novel guidance
for the clinical application of IFN-qa.

3. Methods
3.1. Data acquisition and Analysis

The TCGA-CESC RNA-seq and clinical data were downloaded
from the UCSC Xena platform (https://xenabrowser.net/datapages/)
and Genotype-Tissue Expression (GTEX) cervical RNA-Seq data,
as normal tissue samples, were downloaded from the GTEX Portal.
The cervical cancer gene expression data comprising the GSE7803
(Platform: GPL96), GSE9750 (Platform: GPL96), GSE63514
(Platform: GPL570) and GSE138080 (Platform: GPL4133)
datasets were downloaded from GEO (https://www.ncbi.nlm.
nih. gov/geo/). The Limma package (3.42.2) of R software was
used to screen the differential expression of MRNAs (threshlolds:
p-adj <0.05, [log2(fold change)/>1). The XIANTAO (https://
www.xiantaozi.com) and ASSISTANT for Clinical Bioinformatic
(wwww.aclbi.com) platform was used to data analysis and produce
the figures.

3.2. Functional Enrichment Analysis

To further confirm the underlying function of differential genes,
the Gene Ontology (GO) functional enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis were conducted. To better uncover the
biological functions of differential genes, ClusterProfiler package
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(3.14.3) in R was employed to analyze the GO function of
potential targets and enrich the KEGG pathway. “p.adj < 0.05”
was considered statistically significant. All analysis was finished
in XIANTAO online website.

3.3. Gene Set Enrichment Analysis (GSEA)

A ranked gene set enrichment analysis was performed using the R
package ClusterProfiler. For the RNA sequencing data, the ranked
gene lists were constructed from all expressed genes, in which the
ranking value was calculated as-sign[(log2FC)*log(p.adj)] and
all expressed genes were analyzed using the Hallmarks and c2.cp.
v7.2.symbols.gmt datasets. Gene sets with “False discovery rate
(FDR)<0.25 and p.adjust<0.05” were regarded as significant. All
analysis was finished in XIANTAO online website.

3.4. Cell Cultures

Human cervical cancer cell line (HeLa and SiHa) were obtained
from the Cell Bank, Type Culture Collection,Chinese Academy
of Sciences (CBTCCCAS). HelLa were cultured in high-glucose
(4.5g/1) Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco)
supplemented with 10% heat-inactivated fetal bovine serum
(Gibco), 1% penicillin and streptomycin (Sigma) at 37°C in 5%
CO2. SiHa were cultured in Minimum Essential Medium (MEM)
(Gibco) supplemented with 10% heat-inactivated fetal bovine
serum (Gibco), 1% penicillin and streptomycin (Sigma) and 1%
L-Glutamine (Solarbio) at 37°C in 5% CO2.

3.5. Cell Viability Assay

Hel a or SiHa cells were seeded in a 96-well plate with a density of
5000 per well and treated with 1, 10, 100, 1000, 10000 and 100000
IU/ml IFN-a for 48 hours. After replacing the culture medium
with a fresh medium, Cell Counting Kit-8 (CCK8) (Promega)
was added, and the cells were incubated at 37°C for 1 hour. The
absorbance at 450nm was assessed using a SpectraMax M3 plate
reader.

3.6. Annexin V-PI Apoptosis Analysis

HelLa or SiHa cells were seeded in a 6-well plate with a density
of 150,000 per well and treated with 1000 1U/ml IFN-a for 48
hours. After treatment, all of the adherent and floating cervical
cancer cells were collected and gently washed them tiwce with
PBS (Gibco) before resuspending them in 200 uL of binding buffer
from an apoptosis analysis Kit (Solarbio). After incubating with
Annexin V-FITC an propidium iodide (PI) in test tubes, the cells
were subjected to flow cytometry analysis.

3.7. TUNEL Staining Assay

HelLa or SiHa cells were seeded in a 6-well plate with a density
of 150,000 per well and treated with 1000 1U/ml IFN-a for 48
hours. After treatment, TUNEL staining was utilized to evaluate
the apoptosis in cervical cancer cells by using the DeadEnd™
Colorimetric TUNEL System (Promega). The cells were incubated
with proteinase-K for 15min. After being washed with PBS, the
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cells were incubated with TUNEL reaction mixture for 1 h at
37°C. The nuclei of the cells were stained with PI (Solarbio) and
observed using a fluorescence microscope (ZEISS).

3.8. Western Blotting

Protein extraction was performed using RIPA reagent (Solarbio).
Lysis protein was collected and NanoDrop2000 system (Thermo
Scientific) was adopted to adjust protein concentrations. All
primary antibodies (Proteintech) were used at 1:1000 ratio and
incubated at 4°C overnight, and secondary antibodies (Proteintech)
were used at 1:5000 ratio and incubated at room temperature for 1
h. Images were collected using the Imaging System (Tanon 5200
Multi) with ECL and analyzed by ImageJ.

3.9. Statistical Analysis
All statistical analyses were performed using the R statistical
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package (R version 3.6.3) unless otherwise stated. The differences
between the two independent groups were analyzed using Student’s
t test (unpaired, two-tailed).

4, Results

4.1. TCGA Analysis: Identification of DEGs Between CESC
and Normal Samples

A total of 2,526 upregulated and 3,099 downregulated DEGs were
identified from 253 Cervical squamous cell carcinoma (CSCC)
samples compared with 22 normal samples. Meanwhile, 3,043
upregulated and 2,526 downregulated DEGs were identified
from 53 cervical adenocarcinoma (CA) samples in comparison
to 22 normal samples. The heat map and volcano plot of each
gene expression profile data was shown in (Figure 1). These
results suggested that the DEGs may have a crucial role in the
tumorigenesis and progression of both CSCC and CA.
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Figure 1: Gene expression profile data in CESC samples and normal ones. (A) Heatmap of differential gene expression in TCGA datasets (CSCC
vsNormal). (B) Volcano plots of differential gene expression in TCGA datasets (CSCC vsNormal). (C) Heatmap of differential gene expression in
TCGA datasets (CA vsNormal). (D) Volcano plots of differential gene expression in TCGA datasets (CA vsNormal). CSCC: cervical squamous cell

carcinoma; CA:cervical adenocarcinoma.
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4.2. TCGA analysis: Enrichment Analyses

To explore the functions of these DEGs, GO functions analysis
results showed that the upregulated genes in CSCC were
related to cellular response to type | interferon, type | interferon
signaling and response to type | interferon (Figure 2). Similarly,
the upregulated DEGs were also enriched in cellular response
to type I interferon, type | interferon signaling and response to
type | interferon terms for BP (Figure 2). To provide additional

Research Article

evidence that type | interferon as a key component, we tested
the significant molecular pathways using GSEA analysis. As
expected, the results indicated that whether CSCC or CA, both
of which was predominantly associated with hallmark interferon
alpha response, reactome interferon on alpha beta signaling and
reactome interferon signaling (Figure 2). We thus considered
that type | interferon associated pathway was necessary for the
progression of cervical cancer.

1T TN O T ORI

Figure 2: Enrichment analyses of DEGs in CESC. (A) GO and KEGG analysis for upregulated DEGs between CSCC and normal. (B-D) The Interferon
related pathways of GSEA results across the CSCC. (E) GO and KEGG analysis for upregulated DEGs between CA and normal. (F-G) The Interferon

related pathways of GSEA results across the CA.

4.3. GEO Analysis: Identification of DEGs Between CESC and
Normal Samples

Furthermore, we examined the GEO database and excavated the
data from four mRNA expression profile datasets (GSE7803,
GSE9750, GSE63514 and GSE138080). The details of each GEO
dataset were given in (Table 1). A total of 380 upregulated and 353
Table 1:Details of the GSE datasets.

downregulated DEGs were identified in GSE7803 dataset. The
406 upregulated and 1200 downregulated DEGs were identified
in GSE9750 dataset. From the GSE63514 dataset, we found that
a total of 1804 upregulated and 1052 downregulated DEGs. In
GSE138080 dataset, the 502 upregulated and 668 downregulated
DEGs were discovered (Figure 3).

Accession Numbers GSE7803 GSE9750 GSE63514 GSE138080
. . Affymetrix Human Agilent-014850 Whole
Platform Gg]%r:egll);g:n;?pa Gggﬁgegllégxn;??a Genome U133 Plus 2.0 Human Genome Microarray
Y Y Array 4x44K GA112F
Samples
T cervical squamous cell cervical squamous cell cervical squamous cell cervical squamous cell
umor carcinomas : 21 carcinomas : 33 carcinomas : 28 carcinomas : 10
Normal cervical epithelium : 10 cervical epithelium : 24 cervical epithelium : 24 cervical epithelium : 10
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Figure 3: Gene expression profile data in GEO datasets. (A, C, E, G) The heatmap of top20 DEGs in GEO datasets (GSE7803, GSE9750, GSE63514
and GSE13808). (B, D, F, H) Volcano plots of differential gene expression in GEO datasets (GSE7803, GSE9750, GSE63514 and GSE 13808).

4.4. GSE analysis: Enrichment Analyses

We are further to discuss the functions of DEGs, GO function
analysis results indicated that the upregulated genes in CSCC were
related to cellular response to type | interferon, type | interferon

signaling and response to type | interferon in four GEO detasets
(Figure 4). Furthermore, we evaluated the significant molecular
pathways by GSEA analysis (Figure 5). This result was consistent
with previous results.

Figure 4: GO and KEGG analysis of upregulated DEGs. (A-D) GO and KEGG analysis for upregulated DEGs between CSCC and normal from GEO
datasets (GSE7803, GSE9750, GSE63514 and GSE13808). BP:biological process; MF:molecular function.
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Figure 5: The results of GSEA analysis. (A-D) The significant pathways of GSEA results across the CESC and normal from GEO datasets.

4.5. ldentification of DEG between CSCC and CA

We used TCGA datasets to identify the DEGs between CSCC and
CA. Atotal of 601 upregulated and 943 downregulated DEGs were
identified from 253 CSCC samples compared with 53 AC samples
(Figure 6). Then we explored the potential function of upregulated
genes, GO enrichment analysis of biological process annotations
showed that the upregulated genes were positively associated

with several tumor-promoting properties, including response to
type | interferon, cellular response to type | interferon and type
I interferon signaling pathway (Figure 6). Interestingly, we also
found that the upregulated genes were related to Cytokine-cytokine
receptor interaction in KEGG pathway analysis. Moreover, the
similar results were obtained in GSEA analysis, such as hallmark
interferon alpha response (Figure 6).
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Figure 6: Identification of DEG and Enrichment analyses between CSCC and CA. (A) Heatmap of differential gene expression in TCGA datasets
(CSCC vsCA). (B) Volcano plots of differential gene expression in TCGA datasets (CSCC vsCA). (C) GO and KEGG analysis for upregulated DEGs.
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4.6. Antitumor Activity Both in Vitro

We performed CCK8 assay to determine the 1C50 values of IFN-a.
on two cervical cancer cell subtypes (SiHa and Hela). Our results
indicated that IFN-o inhibits cervical cancer cell growth in a dose-
dependent manner. The viability of SiHa and Hela after treatment
with various doses (1, 10, 100, 1000, 10000, and 100000 1U) of
IFN-a for 48h was evaluated using the CCK8 assay (Figure 7). We
calculated 1C50 values based on CCK8 assay results, revealing that
the 1C50 of SiHa cells was 34,105 1U, while the IC50 of Hela cells
was 103,850 IU. Notably, our fundings indicate that SiHa cells are
more sensitive to IFN-a than Hela cells. We next examined whether
IFN pathway associated-proteins have changes in mobility under
exogenous stimulation of IFN-a. We tested various intracellular
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proteins (STAT1, STAT3, p-STATL, and p-STAT3) that are key
downstream components of signaling cascades. We found that
higher levels of p-STAT1 and p-STATS3 protein expression in SiHa
cells compared to Hela cells, indicating that the IFN-a pathway
activation level in SiHa cells is stronger than that in Hela cells
(Figure 7). Meanwhile, the function of p-STAT1 covers up the
function of p-STAT3. We also considered the apoptosis of Hela
and SiHa cells that was observed by flow cytormetry and TUNEL
assays. The Annexin V-PI apoptosis assay exhibited that apoptoic
cells in SiHa cells are significantly higher than that in Hela cells
(Figure 7). Consistently, a similar pattern of cell apoptosis was
detected by TUNEL assays in SiHa cells. Hence, the differences
of IFN-a treatment were explained by the cross-talk of tumor cell-
intrinsic pathways.
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Figure 7: The antitumor effects of IFNa in vitro. (A) SiHa or Helacells were treated with IFNo. for 48 h, and cell viability was analyzed by CCK-8 assay.
(B) Annexin V/PI apoptoic analysis in Hela and SiHa cells treated with IFNa (1000 1U/ml). (C-D) The protein levels of STAT1, p-STAT1, STAT3 and
p-STAT3 in Hela and SiHa cells treated with IFNa for 48 h measured by western blotting (upper panel). The grey values of the images were calculated
using ImageJ. (E) TUNEL analysis of apoptotic Hela and SiHa cells following treatment with I[FNa (1000 IU/ml).
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5. Discussion

In recent years, it has been reported that IFN-o. can induce apoptosis
of cervical cancer cells. Unfortunately, there have no study to
compare the difference of IFN-a therapeutic effect on CSCC
and CA. Our research revealed that the different effects of IFN-a
treatment between CSCC and CA. Importantly, these findings
motivated us to provide novel guidance for the clinical application
of IFN-o. Nowadays, the type I interferon signaling played an
important role in the occurrence and development of cancer.16 We
found that type | interferon signaling was associated with cervical
cancer (whether squamous cell carcinoma or adenocarcinoma)
through GO and KEGG enrichment analyses. Furthermore, we
further demonstrated the relationship between cervical cancer and
type | interferon related signaling pathway via GSEA analysis.
These results showed that the type | interferon signaling may be
the key factor in progression of cervical cancer. At present, several
studies have supported this view. Joseph M Gozgit et.al revealed
that Inhibition of PARP7 lead to tumor regression in mouse lung
cancer model, and induced tumor-specific adaptive immune
memory depending on type | IFN signaling in tumor cells [17].
Liufu Deng et.al indicated that the radiation-mediated antitumor
immunity by cytosolic DNA sensor cyclic GMP-AMP (cGAMP)
synthase (cGAS) and STING pathway relied on type | IFN to
exert its effect [18]. Another study demonstrated that IFN-a can
upregulate PD-1 expression in CD8+ T cells via IFN-a-IFNAR1-
JAK1-STATS3 signaling pathway in hepatocellular carcinoma [19].
Our findings illustrate the importance of type I interferon signaling
in regulating anti-tumor effect for cancer. Thus, it may be that type
| interferon signaling relate to the progression of cervical cancer.In
our study, we were further to evaluate the difference between CSCC
and CA. We identify the 601 upregulated DEGs, and explored the
potential function of upregulated genes through GO enrichment
analysis and GSEA analysis. The results of GO analysis indicated
that upregulated DEGs were involved in interferon-related
signaling pathway, and interferon alpha response are differentially
enriched in CSCC group via GSEA analysis. Furthermore, anti-
proliferation assays in Hela and SiHa cells demonstrated that
IFN-a can repress proliferation of cervical cancer cells [20].
Nowadays, many previous studies indicated that IFN-a. can induce
apoptosis of cervical cancer cells and inhibit cervical cancer
cells proliferation [20]. Found that the combination of IFN-a and
TNFo on ME-180 human cervical cancer cells showed synergistic
anticancer effects via STAT1-dependent pathway [21]. The other
study also demonstrated that IFN-a can promote apoptosis of
cervical cancer by activating intrinsic mitochondrial pathway and
caspase-4-related endoplasmic reticulum stress-induced pathway
[22]. However, these results did not investigate the difference of
IFN-a therapeutic effect in different histological types of cervical
cancer.Interestingly, our research found that the difference of
IFN-a therapeutic effect between Hela and SiHa cells, representing
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adenocarcinoma and squamous cell carcinoma respectively,
incubated with the same concentration of IFN-o. We guessed that
the expression difference of IFN-a receptor in different cervical
cancer cells may be an important factor in tumor response to
IFN-o treatment. Reza F Saidi et.al indicated that IFN-a combined
with gemcitabine in treating human pancreatic cancer on nude
mice showed good therapeutic effect. This process was more
prominent in MiaPaCa-2 cells that express the IFN-a receptors
[23]. Moreover, another study also illustrated that Interferon tau
can induce antiproliferative effect and apoptosis of BMK-16/myc
cells in comparison with SiHa cells. These results were consistent
with our result. Additionally, the difference of distinct biological
behavior in respond to IFN-o needs to be investigated. The other
possible key factor may be explained in a cross-talk of different
pathways in tumor cells. In the tumor microenvironment, JAK/
STATS3 signaling acts to drive the proliferation, angiogenesis,
immunosuppression, and metastasis, while strongly suppressing
the antitumor immune response [24,25]. On the contrary, JAK/
STAT1/STAT2 pathway can promote the apoptosis, Chemokine
secretion, immune activation [26,27]. Yong Li et.al found that the
activation of ITGB3-c-SRC-STAT3 pathway can affect STAT1
activation to cause resistance to IFN-a-induced apoptosis in
melanoma tumor-repopulating cells [28]. Therefore, the differences
of IFN-a treatment were also explained by the cross-talk of tumor
cell-intrinsic pathways.

6. Conclusion

Our research first reported that CSCC was enriched in Type |
interferon signaling compared with CA. The ability of inhibiting
CSCC cells proliferation is higher than that of CA cells in IFN-a
treatment. These findings motivate us to provide novel guidance
for the clinical application of IFN-q.

7. Funding Support

This work was supported by the Beijing JST Research Funding
[ZR-202215].

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Je-
mal A. Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Coun-
tries. CA Cancer J Clin. 2021;71(3):209-249.

2. Chen D, Menon H, Verma V, Guo C, Ramapriyan R, Barsoumian
H. Response and outcomes after anti-CTLA4 versus anti-PD1 com-
bined with stereotactic body radiation therapy for metastatic non-
small cell lung cancer: retrospective analysis of two single-institu-
tion prospective trials. J Immunother Cancer. 2020;8(1):e000492.

3. Duffy AG, Ulahannan SV, Makorova-Rusher O, Rahma O, Wede-
meyer H, Pratt D. Tremelimumab in combination with ablation
in patients with advanced hepatocellular carcinoma. J Hepatol.
2017;66(3):545-551.



Volume 8 Issue 5 -2025

10.

11.

12.

13.

14.

15.

16.

Hogan SA, Courtier A, Cheng PF, Jaberg-Bentele NF, Goldinger SM.
Peripheral Blood TCR Repertoire Profiling May Facilitate Patient
Stratification for Immunotherapy against Melanoma. Cancer Immu-
nol Res. 2019;7(1):77-85.

Santin AD, Deng W, Frumovitz M, Buza N, Bellone S, Huh W. Phase
I evaluation of nivolumab in the treatment of persistent or recur-
rent cervical cancer (NCT02257528/NRG-GY002). Gynecol Oncol.
2020;157(1):161-166.

Sparano JA, Wadler S, Liebes L, Robert NJ, Schwartz EL, Dutcher
JP. Phase I trial of cyclophosphamide, doxorubicin, and 5-fluoroura-
cil plus interferon-alpha 2b in patients with advanced breast cancer.
Cancer Res. 1993;53(15):3509-3512.

Bottomley A, Coens C, Suciu S, Santinami M, Kruit W, Testori A.
Adjuvant therapy with pegylated interferon alfa-2b versus obser-
vation in resected stage |11 melanoma: a phase 11l randomized con-
trolled trial of health-related quality of life and symptoms by the
European Organisation for Research and Treatment of Cancer Mela-
noma. J Clin Oncol. 2009;27(18):2916-2923.

Escudier B, Pluzanska A, Koralewski P, Ravaud A, Bracarda S,
Szczylik C. Bevacizumab plus interferon alfa-2a for treatment of
metastatic renal cell carcinoma: a randomised, double-blind phase
I trial. Lancet. 2007;370(9605):2103-2111.

Lazear HM, Schoggins JW, Diamond MS. Shared and Distinct Func-
tions of Type I and Type Il1 Interferons. Immunity. 2019;50(4):907-
923.

Schubert C, Allhoff M, Tillmann S, Maié T, Costa IG, Lipka DB. Dif-
ferential roles of STAT1 and STAT?2 in the sensitivity of JAK2V617F-
vs. BCR-ABL-positive cells to interferon alpha. J Hematol Oncol.
2019;12(1):36.

Nakashima A, Kumakura S, Mishima S, Ishikura H, Kobayashi
S. IFN-alpha enhances TNF-alpha-induced apoptosis through
down-regulation of c-Myc protein expression in HL-60 cells. J Exp
Clin Cancer Res. 2005;24(3):447-456.

Mazewski C, Perez RE, Fish EN, Platanias LC. Type I Interferon (IF-
N)-Regulated Activation of Canonical and Non-Canonical Signaling
Pathways. Front Immunol. 2020;11:606456.

Wu J, Dobbs N, Yang K, Yan N. Interferon-Independent Activities of
Mammalian STING Mediate Antiviral Response and Tumor Immune
Evasion. Immunity. 2020;53(1):115-126.e5.

Tarhini AA, Lee SJ, Hodi FS, Rao UNM, Cohen GI, Hamid O. Phase
111 Study of Adjuvant Ipilimumab (3 or 10 mg/kg) Versus High-Dose
Interferon Alfa-2b for Resected High-Risk Melanoma: North Ameri-
can Intergroup E1609. J Clin Oncol. 2020;38(6):567-575.

Basu P, Jenson AB, Majhi T, Choudhury P, Mandal R, Banerjee D.
Phase 2 Randomized Controlled Trial of Radiation Therapy Plus
Concurrent Interferon-Alpha and Retinoic Acid Versus Cisplatin
for Stage Il Cervical Carcinoma. Int J Radiat Oncol Biol Phys.
2016;94(1):102-110.

Ivashkiv LB, Donlin LT. Regulation of type | interferon responses.
Nat Rev Immunol. 2014;14(1):36-49.

United Prime Publications., https:/clinicsofoncology.org/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Research Article

Gozgit JM, Vasbinder MM, Abo RP, Kunii K, Kuplast-Barr KG, Gui
B. PARP7 negatively regulates the type | interferon response in can-
cer cells and its inhibition triggers antitumor immunity. Cancer Cell.
2021;39(9):1214-1226.e10.

Deng L, Liang H, Xu M, Yang X, Burnette B, Arina A, Li XD.
STING-Dependent Cytosolic DNA Sensing Promotes Radiation-In-
duced Type | Interferon-Dependent Antitumor Immunity in Immu-
nogenic Tumors. Immunity. 2014;41(5):843-852.

Zhu'Y, Chen M, Xu D, Li TE, Zhang Z, Li JH. The combination of
PD-1 blockade with interferon-a has a synergistic effect on hepato-
cellular carcinoma. Cell Mol Immunol. 2022;19(6):726-737.

Li S, Yang LJ, Wang P, He YJ, Huang JM, Liu HW. Dietary api-
genin potentiates the inhibitory effect of interferon-a on cancer cell
viability through inhibition of 26S proteasome-mediated interferon
receptor degradation. Food Nutr Res. 2016;60:31288.

Suk K, Chang I, Kim YH, Kim S, Kim JY, Kim H. Interferon gam-
ma (IFNgamma) and tumor necrosis factor alpha synergism in ME-
180 cervical cancer cell apoptosis and necrosis. IFNgamma inhibits
cytoprotective NF-kappa B through STAT1/IRF-1 pathways. J Biol
Chem. 2001;276(16):13153-13159.

Shi WY, Cao C, Liu L. Interferon a Induces the Apoptosis of Cer-
vical Cancer HeLa Cells by Activating both the Intrinsic Mitochon-
drial Pathway and Endoplasmic Reticulum Stress-Induced Pathway.
Int J Mol Sci. 2016;17(11):1832.

Saidi RF, Williams F, Ng J, Danquah G, Mittal VK, ReMine SG,
Jacobs MJ. Interferon receptors and the caspase cascade regulate
the antitumor effects of interferons on human pancreatic cancer cell
lines. Am J Surg. 2006;191(3):358-363.

Johnson DE, O’Keefe RA, Grandis JR. Targeting the IL-6/
JAK/STAT3 signalling axis in cancer. Nat Rev Clin Oncol.
2018;15(4):234-248.

Shen M, Xu Z, Xu W, Jiang K, Zhang F, Ding Q, Xu Z. Inhibition
of ATM reverses EMT and decreases metastatic potential of cispla-
tin-resistant lung cancer cells through JAK/STAT3/PD-L1 pathway.
J Exp Clin Cancer Res. 2019;38(1):149.

Shou P, Chen Q, Jiang J, Xu C, Zhang J, Zheng C, Jiang M. Type
| interferons exert anti-tumor effect via reversing immunosup-
pression mediated by mesenchymal stromal cells. Oncogene.
2016;35(46):5953-5962.

Verhoeven Y, Tilborghs S, Jacobs J, De Waele J, Quatannens D,
Deben C. The potential and controversy of targeting STAT family
members in cancer. Semin Cancer Biol. 2020;60:41-56.

LiY, SongY, LiP, Li M, Wang H, Xu T. Downregulation of RIG-I
mediated by ITGB3/c-SRC/STATS3 signaling confers resistance to
interferon-a-induced apoptosis in tumor-repopulating cells of mela-
noma. J Immunother Cancer. 2020;8(1):e000111.



