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Background: Cervical cancer (CC) is the fourth most common cancer among
women worldwide. As part of the brisk cross-talk between the host and the
tumor, prognosis can be affected through inflammatory responses or the tumor
microenvironment. However, further exploration of the inflammatory response-
related genes that have prognostic value, microenvironment infiltration, and
chemotherapeutic therapies in CC is needed.

Methods: The clinical data and mRNA expression profiles of CC patients were
downloaded from a public database for this study. In the TCGA cohort, a
multigene prognostic signature was constructed by least absolute shrinkage
and selection operator (LASSO) and Cox analyses. CC patients from the GEO
cohort were used for validation. K‒M analysis was used to compare overall
survival (OS) between the high- and low-risk groups. Univariate and
multivariate Cox analyses were applied to determine the independent
predictors of OS. The immune cell infiltration and immune-related functional
score were calculated by single-sample gene set enrichment analysis (GSEA).
Immunohistochemistry was utilized to validate the protein expression of
prognostic genes in CC tissues.

Results: A genetic signature model associated with the inflammatory response
was built by LASSO Cox regression analysis. Patients in the high-risk group had a
significantly lower OS rate. The predictive ability of the prognostic genes was
evaluated bymeans of receiver operating characteristic (ROC) curve analysis. The
risk score was confirmed to be an independent predictor of OS by univariate and
multivariate Cox analyses. The immune status differed between the high-risk and
low-risk groups, and the cancer-related pathways were enriched in the high-risk
group according to functional analysis. The risk score was significantly related to
tumor stage and immune infiltration type. The expression levels of five prognostic
genes (LCK, GCH1, TNFRSF9, ITGA5, and SLC7A1) were positively related to
sensitivity to antitumor drugs. Additionally, the expression of prognostic genes
was significantly different between CC tissues and myoma patient cervix (non-
tumorous) tissues in the separate sample cohort.
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Conclusion: A model consisting of 5 inflammation-related genes can be used to
predict prognosis and influence immune status in CC patients. Furthermore, the
inhibition or enhancement of these genes may become a novel alternative therapy.
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1 Introduction

At present, CC is the most common malignant tumor of the
female genital tract, with a high incidence at 40–59 years of age and a
trend toward younger patients (Li et al., 2017; Sung et al., 2021).
Globally, more than 500,000 women are diagnosed with CC, and at
least 300,000 deaths are attributed to this disease every year (Cohen
et al., 2019). Persistent infection with high-risk human
papillomavirus (HPV) types 16 and 18 is a major factor in the
development of cervical cancer. Cervical cancer and intraepithelial
lesions are closely related to the activation of the inflammatory
cascade and immune system (Yuan et al., 2021).

In recent years, an increasing number of studies have shown that
inflammation can promote the occurrence and development of
cancer (Armstrong et al., 2018; Nella Prevete et al., 2018; Sohrab
et al., 2023). Tumor cells can promote the migration of many types
of white blood cells to the tumor site by releasing a variety of
cytokines and chemokines, including neutrophils, lymphocytes,
macrophages, mast cells and dendritic cells. On the one hand,
interferons, a key component of inflammation, which secreted by
immune cells activate tumor-associated macrophages; on the other
hand, they can promote cancer development by producing
angiogenesis-related growth factors (Franciosi et al., 2022). Types
of inflammation in cancer: different timing and inducers. Cancer-
associated inflammation can precede carcinogenesis in form of
autoimmunity or infection, can be induced by malignant cells or
can be triggered by anti-cancer therapy (Greten and Grivennikov,
2019). Various cell intrinsic, host dependent or environmental
factors can cause tumor-associated inflammation in different
tumor types. Various Source/Stimulus: inactivation of tumor
suppressors, loss of barrier function/commensal microorganisms,
oncogene activation environment obesity and pollutants,
carcinogenic microbes, hypoxia and cell death (Greten and
Grivennikov, 2019). Persistent HPV infection allows the immune
system to recognize it, which promotes different inflammatory
responses that can contribute to the development of CC.
Through cervicovaginal metabolic profiling, it can decipher the
complex interplay between microbiota, HPV, inflammation and
CC (Ilhan et al., 2019). Nevertheless, the association between
genes related to the inflammatory response and the prognosis of
CC patients remains unclear.

In this study, the mRNA expression profiles of CC patients and
corresponding clinical data were downloaded from public databases.
We then constructed prognostic biomarkers related to inflammatory
responses for differentially expressed genes (DEGs) in the TCGA
cohort and verified the reliability and stability of the model through
the GEO cohort. We further performed functional enrichment
analysis to explore the underlying mechanism involved. In
addition, we analyzed the relationship between immune invasion

type and prognostic gene expression. Furthermore, we investigated
the relationship between the expression of prognostic genes related
to tumor stemness and chemotherapy resistance. Finally, the
differences in the expression of prognostic genes between CC and
cervical fibroid (non-tumorous) tissues were verified via
experiments.

2 Materials and methods

2.1 Collecting and processing microarray
data (TCGA-CESC cohort and GEO-
GSE44001 cohort)

Transcriptome RNA-seq data of 306 CESC cases and the
matching clinical-pathological data were downloaded from the
TCGA CESC dataset (https://portal.gdc.cancer.gov/repository).
We obtained the matrix files of GSE44001 with another 300 CC
samples from the Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/gds). Following the publication
guidelines of TCGA and GEO and the data access policy, the
data were published publicly from TCGA and GEO. Using the
Molecular Signatures database, we identified 200 inflammatory
response-related genes (Supplementary Table S1).

2.2 Construction and validation of genetic
biomarkers associated with predictive
inflammatory responses

DEGs between non-tumor tissues and tumor tissues in the
TCGA cohort were identified by the “LIMMA” package with a |
log fold change (FC)| > 1 and a false discovery rate (FDR) < 0.05.
The prognostic value of inflammatory response-related genes was
explored by univariate Cox analysis. To minimize the risk of
overfitting, we built a prognostic model by conjugating LASSO
(Simon et al., 2011) using the TCGA and GSE44001 datasets. In
TCGA, the dependent variable was the status and overall survival of
patients, and the independent variable in regression was the
candidate prognostic DEGs. The risk score was calculated for the
genes related to the inflammatory response and their regression
coefficients. Patients were divided into low-risk and high-risk groups
using the median risk score as the standard. In the constructed
model, t-distributed stochastic neighbor embedding (t-SNE)
analysis and principal component analysis (PCA) were performed
with the “ggplot2” and “Rtsne” R packages to determine the
distribution of different groups according to the expression levels
of genes. The “survminer” R package was used to analyze OS among
the high- and low-risk groups. The predictive value of prognostic
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genes was evaluated by time-dependent ROC curve analysis of the
“time ROC” and “survival” R packages. In addition, the independent
prognostic value of the 5 genes was explored by univariate and
multivariate Cox analyses.

2.3 Functional enrichment analysis

To compare the DEGs between the low- and high-risk groups,
gene set enrichment analysis (GSEA) was employed in Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses. Among
the high- and low-risk groups, the activities of 13 immune-related
pathways and infiltration scores of 16 immune cells were computed
by single-sample GSEA (ssGSEA).

2.4 Tumor microenvironment (TME) analysis

In different tumor tissues, the immune score and stromal score
were used to analyze the infiltration degree of immune cells and
stromal cells (Yoshihara et al., 2013). The relationship between those
scores and the risk score was verified by Spearman correlation. Two-
way ANOVA was utilized to test the associations between immune
infiltration subtypes and risk scores. The Spearman correlation test
was utilized to analyze the relationship between tumor stemness and
the risk score.

2.5 Chemosensitivity analysis

The “Compound activity” and “RNA-seq” data were
downloaded from the CellMiner interface (https://discover.nci.
nih.gov/cellminer), the NCI-60 database, which includes
9 different types of tumors that contain 60 different cancer cell
lines. Correlation analysis was performed for the efficacy of
314 drugs approved by the FDA (Supplementary Table S2). The
relationship between drug sensitivity and prognostic gene
expression was explored by Pearson correlation analysis.

2.6 Patient and tissue samples

Thirty-five paraffin-embedded CC specimens and thirty-three
uterine normal cervical tissues were obtained at The Second
Affiliated Hospital of Fujian Medical University (Fujian, China)
from January 2018 to December 2018. The main treatment for all
patients was hysterectomy resection. This research was approved by
the Research Ethics Committee of The Second Affiliated Hospital of
Fujian Medical University prior to the study.

2.7 Immunohistochemistry (IHC)

IHC staining was performed as previously described (Chen et al.,
2016). The primary antibodies used were anti-GTP (Bioss, Beijing),
anti-LCK (Immunoway, United States), anti-ITGA5 (Immunoway,
United States) and anti-TNFRSF9 (Abmart, Shanghai). The
proportions of GTP, LCK, ITGA5 and TNFRSF9 staining

intensity were scored as follows: tan = 3; brownish yellow = 2;
light yellow = 1; or negative = 0. The staining scope was scored as
follows: more than 2/3 = 3; between 1/3 and 2/3 = 2; or less than 1/
3 = 1. The final IHC scores for GTP, LCK, ITGA5 and
TNFRSF9 expression were calculated by multiplying the two
scores. The slides with scores of <3 or ≥3 were classified into
high- and low-expression groups, respectively. In our study, the
histopathological diagnosis was established by two pathologists
specializing in gynecologic oncology.

2.8 Statistical analysis

We utilized R software to conduct (v.4.1.3) all the statistical
analyses. We used the Wilcoxon test, chi-squared test,
Mann–Whitney U test, Kaplan‒Meier test, univariate and
multivariate Cox, Spearman or Pearson correlation analysis as
described above. Differences with p < 0.05 were considered
statistically significant for all the statistical analyses.

3 Result

3.1 Study procedure

The analysis procedure used is shown in Figure 1. The
transcriptome RNA-seq data were downloaded from the TCGA
database. We identified DEGs with prognostic value between
306 CESE and inflammatory response-related genes. Next,
LASSO-Cox regression was used to select the candidate genes,
which composed a risk model, and then further verified in
GSE44001. The risk model for further survival and functional
analysis. Finally, the prognostic gene expression profile was
verified by IHC.

3.2 Identification of inflammation-related
DEGs in TCGA

Sixty-three inflammation-related DEGs were identified
between CC tissues and paracancerous normal tissues
(Supplementary Table S3). Forty-eight genes related to
prognosis were differentially expressed between tumor and
paracancerous tissues (Figure 2A). Ten inflammation-related
prognostic DEGs were identified between CC tissues and
paracancerous normal tissues (Figures 2B, C). Univariate Cox
analysis demonstrated that 10 of these genes were associated with
OS, and the retention of 10 inflammatory response-related genes
as prognostic indicators had a hazard ratio of 1.530 for ITGA5
(95% CI = 1.284–1.825, p < 0.001; Figure 2D). The correlations
between these prognostic genes are shown in Figure 2E.

3.3 Construction and validation of a
prognostic risk model in the TCGA cohort

By LASSO Cox regression analysis, we identified the
expression profiles of the 10 genes mentioned above, and we
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generated a 5-gene prognostic model (Figure 3A). The
prognostic risk score for each gene was calculated as follows:
risk score = 0.389*expression level of ITGA5 + 0.217*expression
level of SLC7A1-0.136*expression level of GCH1-
0.063*expression level of LCK - 0.572*expression level of
TNFRSF9 (Figure 3B). According to the median cutoff value,
patients in the TCGA cohort were divided into two groups
(Figure 3C). According to the PCA plot and t-SNE analysis,
patients in different risk groups were separated in two different

directions (Figures 3D, E). The scatter chart showed that
patients at low risk were more likely to live longer than those
at high risk (Figure 3F). In addition, the Kaplan‒Meier curve
indicated that patients in the low-risk group had a significantly
better OS than did those in the high-risk group (Figure 3G, p <
0.001). Then, we used time-dependent ROC curves to assess the
prognostic ability of the risk score for survival prediction, and
the area under the curve (AUC) reached 0.773 at 1 year, 0.811 at
2 years, and 0.738 at 3 years (Figure 3H).

FIGURE 1
Analysis workflow of this study.
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3.4 Validation of the 5-gene signature
in GSE44001

To verify the stability of the prognostic model built by the TCGA
cohort, patients in GSE44001 were categorized into two groups based on
the median value from the TCGA cohort: high-risk and low-risk groups
(Figure 4A). The distribution of patients in the two subgroups was
confirmed by PCA and t-distributed stochastic neighbor embedding
(t-SNE) (Figures 4B, C). Similarly, patients in the low-risk group were
more likely to live longer (Figure 4D) and have a longer survival time
than were those in the high-risk group (Figure 4E).

3.5 Independent prognostic value and
clinical features of the 5-gene signature
risk score

To assess whether the risk score was an independent prognostic
factor, we employed univariate and multivariate Cox analyses to
analyze OS. According to the univariate Cox analysis, the risk score
was significantly correlated with OS in the TCGA cohort (HR =
3.645, 95% CI = 1.586–8.378, p = 0.002) (Figure 5A). After
correcting for other confounding variables, multivariate Cox
analysis indicated that the risk score remained an independent

FIGURE 2
Identification of prognosis-related genes associated with inflammation response in the TCGA cohort. (A) Forest plots showing the results of
prognosis-related genes by univariate cox analysis. High-risk genes represented by red bars, low-risk genes represented by blue bars. (B) Venn plot
showing 10 prognosis-related DEGs shared between CC tissues and paracancerous tissues. (C) The heatmap plots showed that the 10 overlapping DEGs
between CC tissues and paracancerous tissues. Column name of heatmap is the gene name, and row name is the ID of samples which not shown in
plot. The colors from red to blue represent expression level from high to low in the heatmaps. (D) Forest plots showing the results of the association
between 10 overlapping gene expression and OS. High-risk genes represented by red bars, low-risk genes represented by blue bars. (E) The correlation
network of candidate genes. Red indicating positive correlation and blue indicating negative correlation. The darker the color, the more significant the
correlation.
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FIGURE 3
Prognostic analysis of the 5-gene signaturemodel in the TCGA cohort. (A)Cross-validation in LASSO-Cox regression. (B) LASSO-Cox regression. (C)
The distribution andmedian value of the risk scores. (D) PCA plot. (E) t-SNE analysis. (F) The distribution ofOS status. (G) Kaplan-Meier curves for OS in the
low- and high-risk groups. (H) AUC time-dependent ROC curves for OS.

FIGURE 4
Validation of the 5-Gene Signature in the GSE44001, (A) The distribution andmedian value of the risk scores. (B) PCA plot. (C) t-SNE analysis. (D) The
distribution of OS status. (E) Kaplan-Meier curves for OS in the low- and high-risk groups.
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predictor of OS (HR = 3.271, 95% CI = 1.552–6.895; p = 0.002)
(Figure 5B). Analysis of the correlation between the risk score and
the clinical characteristics of CC patients indicated that the risk score
was not related to age or tumor grade (Figures 5C, D), and the risk
score was significantly greater in patients with tumor stages III-IV
(p < 0.05) than in those with tumor stages I-II (Figure 5E).

3.6 Analysis of immune status and the tumor
microenvironment

To further explore the relationship between immune status and
the risk score, we quantified the enrichment scores of multiple
immune cell subpopulations and related immune cell functions and
pathways by ssGSEA. In the TCGA cohort, we detected that the
levels of antigen-presenting genes, including aDCs, iDCs, pDCs,
APC co-inhibition, APC co-stimulation, and HLA and MHC class I
genes, significantly decreased in the high-risk group (all adjusted p <
0.05, Figures 6A, B).

To understand the association between the risk score and
immune components, we tested the correlation between immune
infiltrates and the risk score. In human solid tumors, six types of
immune infiltrates, namely, wound healing (C1), INF-g dominant
(C2), inflammatory (C3), lymphocyte depleted (C4),
immunologically quiet (C5) and TGF-b dominant (C6), are
recognized, which correspond to tumor promotion and tumor
suppression, respectively (Tamborero et al., 2018a), No patient
samples belonged to immune subtype Models C5 and C6 in CC.
With respect to the TCGA-CESC data, we analyzed the immune

infiltration of CC patients and correlated it with the risk score. The
results indicated that a low risk score was significantly associated
with C4, while a high risk score was significantly associated with C1
(Figure 6C). DNA stemness scores based on DNA methylation
patterns (DNAss) and RNA stemness scores (RNAs) based on
mRNA expression can be used to assess tumor stemness (Malta
et al., 2018). The results showed that the risk score was significantly
negatively correlated with RNAss (p = 0.0016) but not significantly
associated with DNAss (Figure 6D). To estimate the tumor immune
microenvironment, the immune score and stromal score were used.
The results indicated that the risk score was significantly negatively
correlated with the immune score (p < 0.001) but not significantly
associated with the stromal score (Figure 6E).

In cancer immune evasion, PD-1/PD-L1 are key immune
regulators. The expression level of PD-1/PD-L1 is a vital
indicator for individualized targeted immunotherapy. The
expression levels of PD-1/PD-L1 were significantly lower in
the high-risk group than in the low-risk group (Figures 7A,
B), and the expression level of PD-1/PD-L1 was negatively
correlated with the risk score (Figures 7E, F). EGFR
overexpression is associated with tumor metastasis, invasion
and poor prognosis. The expression level of EGFR was
significantly greater in the high-risk group than in the low-
risk group (Figure 7C), and the expression level of EGFR was
positively correlated with the risk score (Figure 7G). The
MRP1 gene, which encodes a tumor drug resistance gene, was
expressed at lower levels in the low-risk group than in the high-
risk group (Figure 7D). Additionally, the expression of MRP1 was
significantly positively related to the risk score (Figure 7H).

FIGURE 5
OS-related factors were screened, and the risk score divided by clinical characteristics in different groups. (A) Univariate Cox regression analyses
screen OS-related factors. (B)Multivariate Cox regression analysis screen OS-related factors. (C–E) The risk score in different groups divided by clinical
characteristics (chi-squared test). (C) Age. (D) Tumor Grade. (E) Tumor Stage.
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3.7 Pathway analysis

To compare the low-risk and high-risk groups, we applied GSEA
to perform KEGG pathway enrichment analysis. KEGG pathway

enrichment analysis revealed that 5 KEGG pathways were enriched
in the high-risk and low-risk groups with an FDR (false discovery
rate) < 0.05 (Figure 8). The results revealed several pathways related
to the inflammatory response, such as ECM receptor interaction,

FIGURE 6
Immune status between different risk groups and the association between tumor microenvironment and risk score. (A) The scores of 16 immune
cells were showed in boxplots by Wilcoxon text. (B) The 13 immune-related functions were showed in boxplots by Wilcoxon test. (C) Comparison of the
risk score in different immune infiltration subtypes by Wilcoxon text. (D) The connection between risk score and DNAss, RNAss by Spearman correlation
analysis. (E) The connection between risk score and ImmuneScore, StromalScore by Spearman correlation analysis. p values were showed as: ns, not
significant; *p < 0.05; **p < 0.01; ***p < 0.001.

FIGURE 7
The comparison of the expression levels of PD-L1, PD-1, EGFR and MRP1 between different risk groups and association between the expression
levels of PD-L1, PD-1, EGFR, MRP1 and risk score by spearman correlation analysis. (A, E) PD-L1. (B, F) PD-1. (C, G) EGFR. (D, H) MRP1.
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glycosaminoglycan biosynthesis-chondroitin sulfate, and
hypertrophic cardiomyopathy (HCM). The KEGG pathways also
included focal adhesion, which is correlated with cancer processes.

3.8 Prognosis-related genes expression and
chemo-sensitivity of cancer cells

In the NCI-60 cell line, we inspected the expression of
prognosis-related genes and analyzed the associations between
drug sensitivity and their expression levels. The findings showed
that prognosis-related genes were linked to the sensitivity to some
chemotherapy drugs (p < 0.01) (Figure 9, Supplementary Table S4).
For instance, increased expression of LCK, ITGA5, CGH1 and
TNFRSF9 was associated with increased drug sensitivity of cancer
cells to ribavirin, nelarabine, zalcitabine, bleomycin, asparaginase,
dexrazoxane, palbociclib, etc.

3.9 Identification of the differences in the
expression of prognosis-related genes
between CC tissues and normal
cervical tissues

To inspect the differences in the expression of the five prognostic
genes (LCK, ITGA5, CGH1, TNFRSF9 and SLC7A1) between CC
tissues and normal cervical tissues, IHC was used to analyze protein
expression. IHC revealed that the prognostic genes TNFRSF9 and
LCK were expressed at low levels in CC tissues (Figures 10A, B),
while ITGA5 and SLC7A1 were highly expressed in CC tissues
(Figures 10D, E, p < 0.0001). The expression of GTP was not

significantly different between CC tissues and normal cervical
tissues (Figure 10C).

4 Discussion

With the advent of gene sequencing and targeted therapies,
targeted drugs for CC (other than surgery) have emerged. Because
there are few validated biomarkers, we are often unable to predict
treatment effects for CC. Previous studies have shown that CC
biomarkers, including exosomes (Ran et al., 2022), microRNAs
(Laengsri et al., 2018), and DNA and RNA molecules (Volkova
et al., 2021) are associated with CC diagnosis, therapy, and
prognosis. Nevertheless, the lack of reported evidence indicates
that the inflammatory response-related gene signature has not
been established as a prognostic marker for CC. Previous studies
have suggested that the m6A-related gene signature, ferroptosis-
related gene signature, immune-related gene signature and
hypoxia-related gene signature predict 3-year OS for CC
patients with AUCs of 0.702, 0.734, 0.785 and 0.716,
respectively (Yang et al., 2021; Lu et al., 2022; Qin et al., 2022;
Wang et al., 2022), which are similar to our findings. Apart from
achieving high accuracy in predicting CC prognosis, the
inflammatory response-related gene signature developed in our
study possesses additional benefits in comparison to the
aforementioned gene signatures. As an illustration, tumor drug
resistance genes and immune checkpoint genes can be classified
into two distinct groups based on high or low expression levels.
Furthermore, the risk score derived from this signature has been
determined to be significantly correlated with resistance to several
chemotherapeutic drugs.

FIGURE 8
Gene set enrichment analysis of KEGG pathways.
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Our research focused on analyzing the expression of 200 genes
associated with the inflammatory response in CC tissues and their
correlation with overall survival (OS) using data from The Cancer
Genome Atlas (TCGA) cohort. After screening, 63 DEGs were
identified, among which 10 DEGs were found to have a
significant association with OS in univariate Cox analysis. To
construct a prognostic model, we used LASSO regression analysis
to select 5 inflammatory response-related genes. This model was
further validated using data from GSE44001. Patients were grouped
into high- and low-risk groups based on the median risk score. Our
analysis revealed that patients in the high-risk group had a more
advanced TNM stage and shorter OS. Through both univariate and
multivariate analyses, the risk score was also found to be an
independent predictor of OS.

In this study, we developed a prognostic model comprising
five genes (ITGA5, LCK, GCH1, TNFRSF9 and SLC7A1) that are
linked to the inflammatory response. ITGA5 and SLC7A1 were
found to be overexpressed in CC tumor tissues and were
associated with a worse prognosis, except for LCK,
GCH1 and TNFRSF9. Integrins are transmembrane receptors
that are composed of two subunits, known as alpha (α) and beta
(β) subunits; they form a family of approximately 24 different
subtypes of α and β (Hynes, 2002). These receptors are involved
in various cellular processes, such as cell adhesion, both between
cells and between cells and the extracellular matrix.

Additionally, integrins play important roles in cytoskeletal
organization, cell migration, proliferation, and survival
through their involvement in signal transduction pathways
(Schnittert et al., 2018). Numerous studies have shown that
the overexpression of ITGA5 is linked to unfavorable
outcomes in various types of tumors, including triple-negative
breast cancer (Xiao et al., 2018), ovarian cancer (Gong et al.,
2016), colorectal cancer (Yu et al., 2019) and lung cancer (Zheng
et al., 2016). Zhou et al. (2022) have identified five potential
biomarkers—ITGA5, TGFB1, PLAU, PLAUR, and
SERPINE1—for the prognosis and diagnosis of HPV-related
head and neck squamous cell carcinoma (HNSCC). Moreover,
these biomarker candidates are particularly implicated in the
process of epithelial-mesenchymal transition (EMT). EMT is a
cancer-specific biological phenomenon characterized by the loss
of cellular adhesion and polarity in epithelial cells, resulting in a
transition from a stationary epithelial phenotype to a migratory
and invasive mesenchymal phenotype. Therefore, ITGA5 might
be involve in loss of cellular adhesion and polarity in epithelial
cell. Elevated levels of ITGA5 were notably associated with
increased risk concerning both OS and advanced stage among
CC. The genes differentially expressed in association with
ITGA5 were linked to angiogenesis, as evidenced by IHC
revealing a positive correlation between ITGA5 expression
and microvascular density in CC tissues (Xu et al., 2023). The

FIGURE 9
Scatter plot of relationship between prognostic gene expression and drug sensitivity by spearman correlation analysis.
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above findings resemble to ours, but further in vivo and in vitro
functional experiments are still needed to validate the role
of ITGA5 in CC.

LCK, also referred to as lymphocyte-specific protein tyrosine
kinase (Rohrs et al., 2016), belongs to the Src family of nonreceptor
protein tyrosine kinases. Lck has been detected in several solid

FIGURE 10
IHC confirmed the difference of the prognostic gene expression betweenCC and normal cervical tissues. (A) TNFRSF. (B) LCK. (C)GTP. (D) ITGA5. (E)
SLC7A1. Representative images (×40 and ×200) of IHC staining in 35 CC and 33 normal cervical patients (high expression vs low expression). Scale bars
are shown. *p < 0.05. ****p < 0.0001. ns, not significant. Values were calculated by chi-square tests.
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tumor types, such as colon cancer (Janikowska et al., 2018), breast
cancer (Santpere et al., 2018), and lung carcinoma (Mahabeleshwar
and Kundu, 2003). These findings support the hypothesis that Lck
may possess oncogenic properties, suggesting its potential as a
diagnostic biomarker and therapeutic target for solid tumors.
Hauck et al. (2012) presented a novel T-cell immunodeficiency
caused by a defect in the LCK gene, emphasizing the crucial role of
Lck in the development and responses of human T cells.
Furthermore, abnormalities in the TCR signaling cascade
frequently led to aberrant T-cell differentiation and impaired
functions, thereby posing a significant risk factor for
inflammation and autoimmunity. Similarly, Lui et al. (2024)
reported that a partial defect in human LCK leads to T-cell
immunodeficiency accompanied by inflammation in the
intestines. The induction of inflammatory cell death by CD4+

T cells is a mechanism by which immune-evasive tumors are
controlled (Kruse et al., 2023). Li et al. (2016) identified a novel
mutation in the LCK gene in a family exhibiting T-cell defects,
atypical EV, virus-induced malignancy and HPV infection. This
finding provides new perspectives on host defence mechanisms
against HPV. Currently, there is still no research on LCK in CC.
Our research revealed that LCK is classified as low risk according to
the risk model. Based on research on LCK in other types of tumors,
we speculate that LCK may be associated with immune evasion in
the inflammation-related cervical cancer risk model. Further
validation through IHC suggested that there was no significant
difference in the expression of GTP between the normal cervix
and CC tissues. To confirm these findings, it may be necessary to
increase the sample size for verification.

TNFRSF9, also known as 4-1BB, is reportedly expressed in both
mouse and human tumor-infiltrating regulatory T cells (TI-Tregs)
(Buchan et al., 2018). TNFRSF9 has also been identified as a marker
for activating tumor-reactive Tregs (Guo et al., 2018). However, in
contrast to our expectations, the expression of TNFRSF9 was found
to be greater in CC tumor tissues than in myoma patient cervix
(nontumorous) tissues, as validated by IHC. This finding seems to be
consistent with the notion that high expression of TNFRSF9 in
cancer indicates poor survival. The explanation for this discrepancy
is that all the samples used for research were from non-Asian
individuals in the TCGA study, while in our IHC validation, all
our samples were from Asian individuals. This difference in sample
populations may lead to variations in the expression and
mechanisms of TNFRSF9 in different racial groups of CC
patients. However, the specific mechanisms underlying its unique
actions remain to be elucidated.

GCH1, the initial enzyme in the de novo BH4 synthesis pathway,
is recognized for its expression in activated T cells (Chen et al.,
2011). There are reports of GCH1 exhibiting high expression in
some tumors, such as hepatocellular carcinoma (Zhong et al., 2021),
esophageal squamous cell carcinoma (Gao et al., 2016), and gastric
cancer (Liu et al., 2022), and its association with tumor progression,
metastasis, and poor prognosis. Contrary to the previously
mentioned findings suggesting that GCH1 is an oncogene, Zhong
et al. (2021) proposed that GCH1 may actually inhibit the
proliferation of HCC cells by promoting the accumulation of
intracellular BH4. Our findings indicated that GCH1 is similarly
downregulated in tumor tissues. These observations highlight the
fact that the effects of GCH1 on tumorigenesis can vary in different

types of cancer. But there have been no reports on the research of
CGH1 in CC. Therefore, further studies are necessary to elucidate
the role of GCH1 in other cancer types to gain a better
understanding of its significance in cancer.

Solute carrier family 7 (SLC7) refers to a collection of membrane
channel proteins that are categorized into two families, namely,
L-type amino acid transporters (LATs) and cationic amino acid
transporters (CATs). Recent investigations have demonstrated the
association of SLC7A1 with tumor development in breast, epithelial
ovarian and liver cancer (Abdelmagid et al., 2011; He et al., 2020;
You et al., 2022). In hepatoblastoma (HB), SLC7A1, acting as a
substrate of the tumor suppressor gene SPOP, modulates the
progression of HB through the regulation of arginine
metabolism, thereby offering a novel therapeutic target for HB
(He et al., 2020). Our research demonstrated that SLC7A1 is
highly expressed in the risk model of CC and is associated with
prognosis in cervical cancer patients. The research on SLC7A1 in CC
has yet to be reported. Therefore, further studies are necessary to
validate the role of SCL7A1 in CC to gain a better understanding of
its significance.

To further elucidate the relationship between immune
components and the risk score, we examined the effect of the
risk score on immune infiltration patterns. Notably, we found a
significant correlation between high-risk score and C1, while a low-
risk score was strongly associated with C4, suggesting that
C1 promotes tumorigenesis and progression, while C4 serves as a
protective factor. This discovery is consistent with previous studies,
which have shown that high cytotoxicity can inhibit tumor growth
and progression (Tamborero et al., 2018b). Additionally, we
observed that high risk score was strongly associated with stage
III-IV tumors, indicating a clear relationship between a high risk
score and poor prognosis.

Nevertheless, the impact of these genes on the prognosis of CC
patients through the inflammatory response remains unclear due to
limited research on these genes. GSEA revealed significant
enrichment of tumor-related signaling pathways, including ECM
receptor interaction, Focal adhesion, and Glycosaminoglycan
Biosynthesis Chondroitin Sulfate (Lin et al., 2022; Zhang et al.,
2022; Sun et al., 2023). ECM receptor interactions and focal
adhesion have been linked to CC and may serve as potential
therapeutic targets (Chen et al., 2023; Xu et al., 2023).

Immunotherapies for cancer that target immune checkpoints,
such as anti-PD-1/L1 antibodies and CTLA4, have demonstrated
clinical efficacy across multiple cancer types (Pardoll, 2012).
However, a significant number of cancer patients still do not
respond to checkpoint inhibition therapies, with response rates
ranging from 15% to 50% (Wu et al., 2021), which can be
attributed to the complex nature of tumors, which can be
classified into four subtypes based on the immune score: immune
hot, altered-excluded, altered-immunosuppressed and immune cold
(Galon and Bruni, 2019). Solid tumors are often considered “cold
tumors,” characterized by a low immunoscore, limited
immunogenicity, and adjuvanticity, resulting in insufficient T-cell
infiltration. Moreover, immunosuppression in the tumor
microenvironment (TME) poses significant challenges to effective
therapy (Galon and Bruni, 2019). In our research, we observed that
the expression levels of PD-1 and PD-L1 were lower in the high-risk
group than in the high-risk group. Moreover, the risk score was
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negatively associated with the expression of PD-1 and PD-L1; this
indicates that the prognostic model developed in our study can
predict low expression levels of immune checkpoint molecules. Our
study also revealed decreased activity of Th1 cells, Th2 cells, Thf
cells, and Treg cells; T-cell costimulation; and T-cell coinhibition in
the high-risk group. These findings indicate that this risk model is
associated with immune escape, potentially leading to attenuation of
antitumor immunity. Furthermore, the prognostic risk model also
revealed whether immunotherapy should be added to the CC.
Therefore, there is an urgent need for novel immunotherapeutic
strategies to effectively treat cancer and immune cold-
induced tumors.

In this study, the inflammatory response genes (ITGA5, LCK,
GCH1, TNFRSF9 and SLC7A1) play different role in immune tumor
microenvironment. Targeting ITGA5 in fibroblasts through
alternation of extracellular matrix (ECM) deposition can
improving colorectal cancer response to PD-L1 blockade (Lu
et al., 2023). In glioma, ITGA5 was implicated in immune-related
processes, distinct typical genomic alterations and key oncogenic
pathways. Remarkably, ITGA5 was observed to influence the
immune cell infiltration and immune microenvironment in
gliomas, with higher levels of immune cell infiltration associated
with elevated ITGA5 expression (Li et al., 2022). SLC7A1-mediated
arginine uptake as a potential therapeutic vulnerability in non-small
cell lung cancer (Gai et al., 2024). LCK regulates the initiation of
T-cell development, T-cell homeostasis and TCR signaling. LCK
activity can improve the efficacy of chimeric antigen receptors
(CARs) and to potentiate T-cell responses in cancer
immunotherapy (Bommhardt et al., 2019). LCK expression in the
nucleus is induced and activated by DNA damage. Disruption of
LCK expression prevents the stabilisation of RAD51, BRCA1 and
BRCA2 protein expression, thereby inhibiting HR-mediated DNA
repair, including inhibition of RAD51 foci formation and
enhancement of γH2AX foci formation. In contrast, LCK
overexpression leads to an increase in RAD51 and
BRCA1 expression and an increase in HR DNA damage repair
(Dey et al., 2023). CD137 (TNFRSF9, 4-1BB) modulates the
infiltration of exhausted CD8+ T cells (Tex) in tumors expressing
PD1, Lag-3, and Tim-3 inhibitory receptors. Through Tox-
dependent chromatin remodeling and the RelA and cRel
canonical NF-κB subunits, TCR-independent CD137 signaling
promotes the proliferation and terminal differentiation of Tex
precursor cells. Additionally, incorporating 4-1BB as a
costimulatory domain in chimeric antigen receptor T (CAR-T)
cells enhances T cell proliferation and survival while mitigating
T cell exhaustion (Pichler et al., 2023). With ligand binding by 4-
1BB, the nuclear factor-kappa B signaling pathway is activated,
which results in transcription of corresponding genes such as
interleukin-2 and interferon-γ, as well as the induction of T cell
proliferation and antiapoptotic signals (Shen et al., 2023). GTP
controls the function of Rac1, a guanine nucleotide-binding
protein, leading to the dephosphorylation of serine 323 on Abl-
interactor 1 (Abi-1) by protein phosphatase 5 (PP5). The
dephosphorylated Abi-1, a protein with no previous known role
in DNA repair activation, promotes nonhomologous end joining
(Zhou et al., 2024). However, further research is needed to
investigate the immunomodulatory role of these inflammatory
genes in the tumor microenvironment of CC.

Based on the NCI-60 cell line data, we observed that the
upregulation of certain prognostic genes is linked to increased
sensitivity to several FDA-approved chemotherapeutic drugs,
such as nelarabine, zalcitabine, bleomycin, dexrazoxane and
palbociclib. The MRP family comprises 13 members, among
which MRP1 to MRP9 are the primary transporters responsible
for multidrug resistance, as they actively eliminate anticancer drugs
from cancer cells (Chen and Tiwari, 2011). Consequently, the
observed association between the risk score and the expression of
drug resistance genes, such as MRP1 and MRP2, suggests that
targeting drug resistance genes in tumors could be a viable
therapeutic approach for high-risk patients. These discoveries
emphasize the potential of harnessing specific prognostic genes as
therapeutic targets, aiming to overcome drug resistance or augment
drug responsiveness.

5 Conclusion

In summary, in this study we established a novel prognostic
model comprising five genes associated with the inflammatory
response. This signature demonstrated independent prognostic
value for overall survival in both the TCGA and
GSE44001 validation cohorts. Additionally, functional analysis,
analysis of the tumor microenvironment, and determination of
drug sensitivity were applied to further support the validity of
the model. These findings offer valuable insights into prognostic
prediction for CC. However, the specific underlying mechanisms
linking inflammatory response-related genes and tumor immunity
in CC remain unclear and necessitate further investigation. Overall,
our research significantly contributes to the understanding of the
roles of these genes in tumor development, particularly in relation to
immune escape, the immune response, the tumor
microenvironment, and drug resistance. This knowledge is crucial
for the advancement of personalized therapies.
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