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Abstract. Cervical squamous cell carcinoma (CSCC) is one
of the most common gynecological malignancies affecting
women globally. The present study aimed to develop a
predictive model based on N’-methylguanosine-related long
non-coding RNAs (IncRNAs) to evaluate risk stratification,
analyze immune infiltration and guide the selection of sensi-
tive drugs in CSCC. Pearson's correlation, univariate Cox and
Least Absolute Shrinkage and Selection Operator regression
analyses of transcriptome data from The Cancer Genome
Atlas and the Genotype-Tissue Expression database were
conducted to construct a prognostic risk prediction model for
CSCC. The stability of the model was tested before evaluating
its prognostic value in CSCC. Further analysis of enrichment,
immune infiltration and drug resistance provided directions
for clinical translation. The IncRNAs used to construct the
model were validated using reverse transcription-quantitative
PCR. The developed predictive model was stable and may hold
notable clinical translational value for immunotherapy and
drug selection in CSCC in the future.

Introduction

Cervical squamous cell carcinoma (CSCC) is one of the
most common gynecological cancer types affecting women
worldwide. The International Agency for Research on Cancer
(IARC) reported that there were 60,412 new cases of cervical
cancer in 2020, which resulted in 341,831 deaths (1). The
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high-risk human papillomavirus continues to be the primary
pathogen responsible for CSCC (2). Epigenetic modifications,
including DNA methylation, histone modification, non-coding
RNA regulation and chromatin remodeling, are closely asso-
ciated with the development of CSCC (3). However, these
mechanisms do not fully elucidate the pathogenesis of CSCC,
necessitating further exploration of treatment strategies based
on epigenetic modifications.

The most prevalent and reversible RNA alteration found
in mammals is the N®-methyladenosine (m°A) modifica-
tion (4). Other types of RNA modification, such as the
N’-methylguanosine (m’G) modification, which is mainly
defined by the creation of a ‘cap’ structure at the 5'-untrans-
lated region of mRNA, transfer RNA (tRNA), ribosomal RNA
(rRNA) and microRNA (miRNA/miR), have also received
attention recently (5,6). Methyltransferase 1 (METTLI1) and
its cofactor, WD repeat domain 4 (WDR4), together form the
METTL1/WDR4 complex, which is the most extensively
researched regulatory component of m’G modification. The
METTL1/WDR4 complex is essential for the biological roles of
m’G modification across tRNA, rRNA, miRNA and mRNA (7).
For example, METTL1 modifies the m’G modification of IRNA
in bladder cancer, regulating the ribosome during tRNA-mRNA
codon recognition (8). Furthermore, METTL1 knockdown
markedly increases the sensitivity of HeLa cells to 5-fluorouracil,
suggesting that m’G alteration is a viable target to overcome
tumor cell resistance (9). By controlling the m’G alteration of
tRNA, the METTL1/WDR4 complex increases the production
of EGFR protein in hepatocellular carcinoma, reducing the
susceptibility of liver cancer cells to Lenvatinib (10). Aberrant
m’G alteration is frequently linked to a variety of tumor
outcomes, including the promotion of bladder, liver and head
and neck cancer progression and the possible inhibition of tera-
toma progression (11,12). However, it is currently unclear how
the m’G mutation affects the development of cervical cancer.

Numerous non-coding RNA functions have been identi-
fied as high-throughput sequencing technologies have
advanced (13). Transcripts >200 nucleotides, known as long
non-coding RNAs (IncRNAs) (14), are essential for vital
biological processes at the transcriptional, translational
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and post-translational stages (15). In the field of oncology,
IncRNAs modulate the expression of target genes in tumors,
thereby altering the biological behaviors of cancer cells (16).
Previous research has demonstrated the key roles that
IncRNAs serve in cervical cancer growth, metastasis, drug
resistance, immuno-environmental changes and metabolic
reprogramming (17). Compared with proteins, IncRNAs are
highly specialized. Novel techniques for targeted therapy can
be derived from clustering tumor subtypes based on the differ-
ential expression patterns of IncRNAs (18-20). According
to an analysis of The Cancer Genome Atlas (TCGA), the
expression levels of IncRNAs are frequently dysregulated in
cancer and has the highest cancer type-specificity, followed by
pseudogenes and then protein-coding genes, which were least
subtype specific and ~18.27% of IncRNAs showed subtype
specificity, while only 10.55% of protein-coding genes were
subtype-specific (21-24). Therefore, from this perspective,
dysregulated IncRNAs hold greater specificity for tumor
diagnosis and classification compared with protein-coding
genes, which adds further importance to the identification of
specific IncRNAs as tumor biomarkers.

To the best of our knowledge, research on IncRNAs linked
to the m’G modification in CSCC has not yet been conducted.
Therefore, the aim of the present study was to identify
m’G-related IncRNAs and build prognostic, immune infiltra-
tion and drug-sensitivity models around them, which may
be valuable for CSCC genotyping, diagnosis and prognostic
evaluation in the future.

Materials and methods

Datasets. Transcriptome data and clinical features of patients
with CSCC and normal individuals were retrieved from TCGA
(https://portal.gdc.cancer.gov/) and Genotype-Tissue Expression
(GTEX; https:/www.genome.gov/Funded-Programs-Projects/
Genotype-Tissue-Expression-Project; GTEx_Analysis_
2017-06-05_v8_RNASeQCv1.1.9_gene_reads.gct.gz) databases
and a dataset of 260 samples, which included 248 cancerous
tissues and 12 normal tissues or adjacent non-cancerous tissues.
Furthermore, 35 m’G-related genes were gathered from the Gene
Set Enrichment Analysis (GSEA; https://www.gsea-msigdb.
org/gsea/index jsp) website and relevant published literature (25).

The present research was not subject to ethical committee
review as all data was obtained from publicly accessible
databases.

Identification of m’G-related IncRNAs. Gene annotation
probes for the expression matrix were downloaded from
GENCODE (https://www.gencodegenes.org/). Differential
analysis was performed using the ‘limma’ package (RStudio;
Posit Software, PBC) to obtain differentially expressed
m’G-related genes and IncRNAs, with the criteria of llog,[fold
change (FC)]I>2 and false discovery rate (FDR) <0.05. The
differentially expressed genes (DEGs) underwent Pearson's
correlation coefficient analysis (1?) and IncRNAs meeting
the criteria of IcoefficientsI>0.4 and P<0.05 were defined as
m’G-related IncRNAs.

Development of a prediction model based on m’G-related
IncRNAs. Integration of m’G-related IncRNAs along with

survival durations and statuses, among other clinical data
was conducted. Univariate Cox analysis was conducted
using the ‘Survival’ package (RStudio; Posit Software, PBC).
Least Absolute Shrinkage and Selection Operator (LASSO)
regression analysis was performed using the ‘glmnet’ package
(RStudio; Posit Software, PBC), culminating in a predic-
tive model after 10-fold cross-validation. The formula was
as follows:

Risk score = 2 Coefi x Expi
i=0
The survival correlation regression coefficient was denoted by
Coefi. The expression value of each m’G-related IncRNA was
denoted by Expi.

Application of the prediction model in CSCC prognosis.
The ‘Survival’ package was employed to generate the overall
survival (OS) curve for CSCC. The ‘pROC’ package facili-
tated the appraisal of clinicopathological characteristics and
prognostic implications through the computation of the area
under the curve (AUC) and utilizing the ‘rms’ package, a
nomogram was constructed and calibration curves were
plotted to gauge the predictive efficacy of the model across the
aggregate sample.

GSEA and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis. The ‘msigdbr’ package
(RStudio; Posit Software, PBC) was utilized for GSEA, with
minimum and maximum values of gene expression profiles
set at 10 and 500 respectively, and 1,000 resampling iterations
conducted. An FDR <0.25 and P<0.05 were considered to
indicate statistical significance. Pathway enrichment analysis
was performed using the ‘clusterProfiler’ package in conjunc-
tion with KEGG analysis (http://www.genome.jp/kegg/).
Visualization was achieved through the use of the ‘ggplot2’
package (RStudio; Posit Software, PBC).

Immune feature analysis. The ‘CIBERSORT’ package
(RStudio; Posit Software, PBC) was used to integrate transcrip-
tomic data with the expression of immune cell marker genes,
which yielded an infiltrative distribution score of immune
cells within tumor tissues. Employing 1,000 permutations of
the default matrix to ascertain P-values for each specimen,
the infiltration of immune cells in the cohort was evaluated,
with P<0.05 considered statistically significant. The ‘ggplot2’
and ‘barplot’ packages (Posit Software, PBC) were utilized to
visually represent the data.

Drug sensitivity evaluation. The ‘pRRophetic’ package
(RStudio; Posit Software, PBC) was used to evaluate the treat-
ment efficacy for patients with CSCC in high- and low-risk
subgroups based on the ICy,. Subsequently, data visualiza-
tion was performed using R packages such as ‘ggplot2’ and
‘barplot’ (Posit Software, PBC).

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR) (26). Human cervical cancer cell lines (SiHa and
HeLa cells) and the human cervical epithelial cell line H8
(cat. no. BFN607200572) were obtained from the Shanghai
Cell Bank (http://www.bluefcell.com). Cels were cultured in
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Table I. Primer sequences for reverse transcription-quantitative PCR.

Gene

Sequence (5'-3")

Family with sequence similarity 13 member A AS.1
Family with sequence similarity 27 member E3 AS1
Fibroblast growth factor 13 AS1

Long intergenic non-protein coding RNA 1089
RBAK downstream neighbor

Solute carrier family 8 member A1 AS1

[(-actin

F: CAAATATGGGTAAGGAGG

R: GTTTAGAACTATGAGGGACT

F: CACTTGAGAAACAGACCGTATTGT
R: CTAGGATCAAGATGAACACACTGC
F: AAGAATGGCGGGGGCATTTA

R: CCCCTCCCCCATACTCTTCA

F: TTTTGCCTACCCAACCCTGG

R: CCTGCCGTTGACAGAAGGAA

F: TGGCTGTATTGATGGGGCTG

R: ACAGGGAAAGCCCCATGTTC

F: GCATATGTTGATGAGCAGGCA

R: AGACTCAGTGACAGGGCTCA

F: AGCGAGCATCCCCCAAAGTT

R: GGGCACGAAGGCTCATCATT

F, forward; R, reverse; AS1, antisense RNA 1.

1640 medium (containing 10% FBS and 1% streptomycin), at
37°C and 5% CO,, in a humidified incubator with saturated
humidity. RT-qPCR was conducted to validate the expres-
sion levels of the identified m’G-related IncRNAs. TRIzol®
(cat. no. 262307; Thermo Fisher Scientific, Inc.) was used
to extract total cellular RNA. Subsequently, total RNA was
reverse-transcribed using the PrimeScript™ RT reagent
kit (cat. no. RRO37A; Takara Bio, Inc.). The thermocycling
conditions used were as follows: 37°C for 15 min, 85°C for
5 sec and 4°C indefinitely. Amplification was performed using
TB Green™ Premix Ex Taq™ II (cat. no. RR820A; Takara
Bio, Inc.) on an ABI 7,500 detection system (Thermo Fisher
Scientific, Inc.). The thermocycling conditions used were as
follows: 95°C for 30 sec; 40 cycles of 95°C for 5 sec, 60°C
for 34 sec; and 95°C for 15 sec, 60°C for 1 min and a final
extension of 95°C for 15 sec. B-actin was used as the internal
reference and the relative expression levels of the target genes
were calculated using the 2244 method (26). Primer sequences
are listed in Table I.

Statistical analysis. Data analysis was primarily conducted
using R (version 4.3.2; Posit Software, PBC). LncRNAs
closely associated with m’G-related genes were defined as
m’G-related IncRNAs based on Pearson's correlation coef-
ficient analysis (r?), with the criteria of |Pearson RI>0.6 and
P<0.05.The present study employed univariate Cox regres-
sion, LASSO regression, log-rank test, receiver operating
characteristic and principal component analysis (PCA)
analysis, with unpaired t-tests used for comparisons between
high- and low-risk groups. All experiments were repeated
three times. One-way ANOVA was used for the analysis of
IncRNAs in multiple group comparisons at different tumor
staging, while Dunnett's post hoc test after one-way ANOVA
was used for the analysis of IncRNAs between different cell
lines. Data are presented as the mean + SD. P<0.05 was
considered to indicate a statistically significant difference.

Results

Identification of 16 m’G-related IncRNAs in CSCC. In the
present study, data from 260 samples were collected from the
TCGA and GTEx databases, comprising 248 tumor samples
and 12 control samples. PCA demonstrated a distinct separa-
tion between the groups (Fig. 1A). Integrating data from GSEA
database and prior literature (27), 35 m’G-related genes were
included (Table SI). Consequently, 16 m’G-related IncRNAs
for CSCC were identified (Fig. 1B), with 8 upregulated
DEGs (NUDT1, NCBP3, WDR4, NCBP2, NCBP1, NUDTS,
METTLI and NUDT7) and 8 downregulated DEGs (EIF4Al,
NUDT3, NUDT4, LSM1, NUDT10, SNUPN, EIF4E and
NUDTI16; P<0.05). IncRNA information was extracted from
TCGA and GTEx databases and 1,382 differentially expressed
IncRNAs (DELs) were obtained based on the criteria of
llog2(FC)I>2 and P<0.05 (Table SII). Heatmaps were gener-
ated to display the top 20 upregulated and downregulated
DELs (Fig. 1C). Correlation analysis of the DEGs and DELs
was performed to identify m’G-related IncRNAs. Pearson's
correlation analysis was used to identify 203 DELs that were
significantly correlated (P<0.05) with m’G-related IncRNAs
(Table SIII; Fig. 1D and E).

Establishment of a prediction model based on m’G-related
IncRNAs. A univariate Cox analysis of 204 m’G-related
IncRNAs and survival data was conducted, where 22 IncRNAs
with independent predictive efficacy were identified and
shown in a forest plot (Fig. 2A). Following LASSO regression
analysis, 6 significant m’G-related IncRNAs were identified:
Family with sequence similarity 13 member A antisense RNA
1 (FAM13A.AS1), family with sequence similarity 27 member
E3 (FAM27ES3), fibroblast growth factor 13 antisense RNA 1
(FGF13.AS1), long intergenic non-protein coding RNA 1089
(LINCO01089), RBAK downstream neighbor (RBAKDN)
and solute carrier family 8 member Al antisense RNA 1
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Figure 1. Identification of m’G-related IncRNAs in cervical squamous cell carcinoma. (A) Principal component analysis clustering all selected samples, with
tumor tissue samples in red and samples from the healthy control group in blue. (B) Heatmap of 16 m’G-associated DEGs, with higher expression in red and
lower expression in blue. (C) Heatmap of DELSs showcasing the top 20 DELs, with higher expression in red and lower expression in blue. (D) Correlation heatmap
of DEGs and DELSs, with positive correlations in red and negative correlations in blue. (E) Sankey diagram showing the 204 DELSs significantly correlated with
the m’G genes. DEG, differentially expressed gene; IncRNA, long non-coding RNA; DEL, differentially expressed IncRNAs; m’G, N’-methylguanosine; Dim1,
dimension 1 formed after data dimensionality reduction; Dim2, dimension 2 formed after data dimensionality reduction.

(SLC8A1.ASI; Fig. 2B). The predictive model was constructed
with the following formula: Risk score=(3.24 x FAMI13A.
AS1) + (-3.07 x FAM27E3) + (2.94 x FGF13.AS1) + (-3.49 x
LINCO01089) + (3.23 x RBAKDN) + (2.86 x SLC8A1.AS1).
Sample risk scores were calculated using this formula and
samples were grouped into high- and low-risk groups according
to the median score of 1.181 (Fig. 2C). The OS of patients was
analyzed using Kaplan-Meier analysis and survival curves
were plotted. The outcome demonstrated that the prognosis of
the low-risk group significantly improved compared with that
of the high-risk group (P<0.0001; Fig. 2D).

Comparison of clinical characteristics between groups.
One-way ANOVA indicated no significant differences in
age, TNM or International Federation of Gynecology and
Obstetrics (FIGO) staging between the groups (Fig. 3A).
To further examine potential associations between clinical
factors and m’G-related IncRNAs, one-way ANOVA was

used. Significant differences were observed in the expression
levels of LINC01089, FAMI13A.AS1, FAM27E3, and FAM13.
ASI across different T stages (P<0.05), with the expression
levels of FAM13A.ASI also showing significant differences
across different N stages (P<0.05) and the expression levels of
LINC01089, FAM13.AS1 and RBAKDN showing significant
differences across different M stages (P<0.05). Additionally,
FAMI13A.AS1 and FAMI3.AS1 expression exhibited
significant differences across different FIGO stages (P<0.05;
Fig. 3B-E). Based on these findings, it was evident that
FAMI13A.AS1 and FAM13.ASI exhibited notable differences
across various clinical parameters, underscoring their pivotal
roles as principal predictive biomarkers.

Prediction model serves as an independent risk factor for the
prognosis of CSCC. To validate whether the risk prediction
model serves as an independent prognostic factor for cervical
cancer, univariate and multivariate Cox regression analyses
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Figure 2. Establishment of a predictive model based on m’G-related IncRNAs. (A) Forest plot illustrating the univariate Cox analysis used to identify
22 m’G-related IncRNAs with independent prognostic prediction capabilities. The results are expressed using hazard ratios (95% CI). (B) Least Absolute
Shrinkage and Selection Operator regression plot. Binomial deviances are expressed as mean + SD. (C) Scatter plot and risk heatmap. The optimal cut-off
value was determined to be 0.12, which distinguished the high-risk group (red) from the low-risk group (blue). (D) Kaplan-Meier survival curves. The
green curve represents the low-risk group, whereas the orange curve represents the high-risk group. The survival rate of the high-risk group was found to
be lower compared to that of the low-risk group. m’G, N’-methylguanosine; IncRNA, long non-coding RNA; ASI, antisense RNA 1; FAM13A.AS1, family
with sequence similarity 13 member A AS.1; FAM27E3, family with sequence similarity 27 member E3 ASI; FGF13.ASl, fibroblast growth factor 13 ASI;
LINCO01089, long intergenic non-protein coding RNA 1089; RBAKDN, RBAK downstream neighbor; SLC8A1.AS1 solute carrier family 8 member A1 ASI.

were conducted using age, TNM stage, FIGO stage and model
scores as covariates and the prognostic outcomes as the inde-
pendent variable. The results demonstrated that the hazard ratio
(HR) of the model score was 1.10 (P<0.001; Fig. 4A and B),
suggesting that the model score could be considered an
independent prognostic risk factor for CSCC. Furthermore, a
nomogram was constructed to evaluate the predictive efficiency
of each factor (Fig. 4C). The calibration curves plotted demon-
strated the normogram-predicted probability, indicating good
model calibration and reliability of the predictive performance
(Fig. 4D). Compared with age or TNM staging, the model score
achieves a higher AUC value (AUC=0.91) (Fig. 4E). Based on
the prognostic times assessed using the model, the AUC for

1-, 3- and 5-year survival was 0.8, 0.91 and 0.85, respectively
(Fig. 4F), which indicated a commendable predictive perfor-
mance. These results suggested that the risk prediction model,
based on m’G-related IncRNAs, exhibited high sensitivity and
specificity in forecasting the prognosis of CSCC.

GSEA and KEGG enrichment analysis. To elucidate the
enrichment processes of DEGs, GSEA was conducted. The
analysis indicated disparities in immunological processes such
as the defense response to bacteria (enrichment score=1.943;
P=0.005), innate immune response (enrichment score=1.668;
P=0.037) and humoral immune response (enrichment
score=1.646; P=0.045) between groups (Fig. SA-D). Further
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Figure 3. Comparison of clinical characteristics among different groups. (A) Heatmap of age, TNM stage and FIGO stage. (B) Box plot of T-stage stratification.
(C) Box plot of N-stage stratification. (D) Box plot of M-stage stratification. (E) Box plot of FIGO stage stratification. "P<0.05, “P<0.01 and ““P<0.001. The
relative expression levels of IncRNAs are expressed as mean + SD. FIGO, International Federation of Gynecology and Obstetrics; AS1, antisense RNA 1;
FAMI13A.AS1, family with sequence similarity 13 member A AS.1; FAM27E3, family with sequence similarity 27 member E3 AS1; FGF13.AS1, fibroblast
growth factor 13 AS1; LINCO01089, long intergenic non-protein coding RNA 1089; RBAKDN, RBAK downstream neighbor; SLC8A1.AS1 solute carrier

family 8 member Al ASI.

exploration through KEGG analysis highlighted pathways
of interest, including transcriptional misregulation in cancer,
Ras, Ras-related protein 1 (Rapl) and calcium (Fig. SE and F).

Immune infiltration landscape. The results of GSEA suggested
that the progression of CSCC was linked to anomalies in

immune responses, particularly innate and humoral immune
reactions. Utilizing the ‘CIBERSORT"’ algorithm, the tumor
immune microenvironment was compared between high- and
low-risk groups. Given the absence of CD4 naive T cells in any
group, the distribution differences of the remaining 21 types of
immune cells were examined. Heatmaps and percentage plots
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probability.

demonstrated distinct distributions of immune cells between
the groups (Fig. 6A and B). Specifically, mast activated cells

exhibited a significantly increased infiltration in the high-risk
group (P<0.05), whereas mast resting cells, T regulatory cells,
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Figure 6. Immune cell infiltration landscape of two groups. (A) Heatmap illustrating the proportions of 21 immune cell types among subgroups. (B) Bar
chart depicting the infiltration levels of 21 immune cell types among subgroups. (C) Comparative analysis of the proportion of 21 immune cell types among
subgroups, with the high-risk group shown in green and the low-risk group shown in orange. The estimated proportions of various immune cells are expressed

as mean = SD. "P<0.05; “P<0.01; “"P<0.001. ns, not significant.

T follicular cells and CD8* T cells showed significantly higher
infiltration in the low-risk group (P<0.01, P<0.001, P<0.05 and
P<0.01, respectively; Fig. 6C).

Clinical translational value of prediction models. To further
appraise the clinical applicability and the potential for future
clinical translation of the predictive model, the differences
in drug sensitivity between groups were analyzed. GSEA
and KEGG pathway enrichment analysis results suggested a
connection between cervical cancer and abnormalities in tran-
scriptional dysregulation, Ras signaling and other cell cycle
proteins. The analysis of drug sensitivity differences demon-
strated varying tendencies in the response to drug treatments
among different CSCC groups. The high-risk group exhibited
a significantly improved responsiveness to the cyclopamine

(P<0.05; Fig. 7A), while the low-risk group exhibited higher
sensitivity to the Wnt signaling pathway inhibitor FH535, the
cell cycle inhibitor vinorelbine, the protein phosphatase 1
(PP1) inhibitor SalubriOl, the serine/threonine protein kinase
inhibitor CP-466722 and the tyrosine kinase receptor inhibitor
crizotinib (Fig. 7B-F).

Validation of model-constructing IncRNAs through RT-qPCR.
Through analysis of the risk prediction model in terms of
clinical data, immune infiltration and drug sensitivity, its
substantial applicability in the context of CSCC was discerned.
To ascertain the precision and reliability of the IncRNAs
implicated in constructing the model, the aforementioned 6
IncRNAs were evaluated using RT-qPCR analysis in H8, SiHa
and HeLa cervical cancer cell lines. The expression levels


https://www.spandidos-publications.com/10.3892/ol.2025.15087

10 ZHANG et al: A PREDICTIVE MODEL BASED ON M’G-RELATED LNCRNAS IN CSCC

A Cyclopamine B FH535 C Vinorelbine
P=0.036 P=0.034 81 P=0.032
5 -
7 -
4 -
6 -
85- 3
Q > > 0 o0-
4 -
—4 -
3 - v
High-risk Low-risk High-risk Low-risk High-risk Low-risk
D Salubrio1 E CP466722 = Crizotinib
P =0.034 8- P =0.05 6- P=0.056
20 -
6- 4l
15 -
o 4 ) o
¢ S S 2
10 - -
( )
2=
- O -
5 J
0 -
0 1 1 1 1 1 _2 L 1 1
High-risk Low-risk High-risk Low-risk High-risk Low-risk
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verified using RT-qPCR aligned with the expression trends of
IncRNAs in the datasets, thereby affirming the high caliber
and efficacy of RNA-seq data from TCGA and GTEx data-
bases. This corroboration further reiterated the stability of the
prognostic model (Fig. 8).

Discussion

CSCC represents a global public health challenge, with a partic-
ularly onerous burden in numerous low- and middle-income
countries (28). An IARC study conducted by Singh et al (28)
compiled incidence and mortality rates of cervical cancer for
a decade. Their findings indicated that by 2020, there were an

estimated 604,127 cases of cervical cancer worldwide, with
341,831 fatalities (28). Squamous cell carcinoma remains the
most prevalent histological type of cervical cancer, accounting
for 75-80% of cases, followed by adenocarcinoma, which
accounts for 20-25% of cases (29).

Epigenetics refers to alterations in gene expression without
modifying the genetic sequence itself (30). Epigenetic modifi-
cation mechanisms are intimately linked to the development
of cervical cancer, with IncRNAs offering advantages for
diagnostic and therapeutic applications, rendering them prom-
ising targets. A previous study reported a close association
between IncRNA dysregulation and the pathological processes
underlying cervical intraepithelial neoplasia (31). Hu ef al (32)
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reported that MIR210HG was upregulated in cervical
cancer cells, promoting proliferation and migration through
hypoxia-inducible factor la. The IncRNA DINO activates
the dormant tumor suppressor TP53 via the ATM/checkpoint
kinase 2 signaling pathway, thereby inhibiting cervical cancer
cell activity (33). In terms of treatment, IncRNAs can influ-
ence the sensitivity of cervical cancer to chemoradiotherapy.
Zhao et al (34) found that LINC00958 could downregulate
the radiosensitivity of cervical cancer cells by upregulating
ribonucleotide reductase regulatory subunit M2.

RNA methylation modifications represent one of the pivotal
post-transcriptional regulatory mechanisms (35). Analysis of
public databases by Ji et al (36) indicated that various m°A
methylation modification-associated proteins are upregulated,
such as programmed cell death ligand 1, in cervical cancer
tissues, contributing to carcinogenesis and correlating with
elevated programmed death-ligand 1 expression. At present,
the m’G methylation modification regulatory proteins
METTL1 and WDR4, which have garnered considerable
research attention, are recognized for their role in modulating
the course of various tumors (8,12,37-40). However, IncRNAs
associated with m’G have yet to be reported in the pathogenesis
of cervical cancer. Consequently, the present study focused on
the potential of m’G-related IncRNAs to serve as biomarkers
in cervical cancer, which elucidated their role and offered
diagnostic and therapeutic insights, as well as the identifica-
tion of prospective targets for intervention.

Samples included in the present study were sourced from
TCGA and GTEx databases, where PCA demonstrated a clear
distinction between tumor and normal tissues. Drawing from
the GSEA database and extant literature, 35 m’G methyla-
tion regulatory genes were identified. Following differential

analysis of these genes and IncRNAs, Pearson's correlation
analysis yielded 204 m’G-related IncRNAs. Univariate Cox
regression analysis and LASSO regression analysis identified
six m’'G-related IncRNAs (FAM13A.AS1, FAM27E3, FGF13.
ASI1, LINC01089, RBAKDN and SLC8A1.AS1). Qiu et al (41)
observed reduced FAM13A-ASI1 expression and elevated levels
of miRNA-205-3p in cervical cancer tissues and cell lines (SiHa
and HeLa). Upregulation of FAM13A-ASI expression was found
to inhibit the proliferation, migration and invasion of SiHa and
HeLa cells, while concurrently increasing apoptosis (41). In
renal cancer, IncRNA FAMI13A-AS1 can foster the onset of the
disease through the FAM13A-AS1/miR-141-3p/NIMA related
kinase 6 axis (42). Bioinformatics studies have identified
IncRNA FAMI13A-ASI as a prognostic and drug resistance
marker in tumors such as neuroblastoma (43) and glioma (44).
Although empirical validation is pending, these findings pave
the way for future research directions. Previous studies have
reported that LINCO01089 exerts a key protective effect in a
variety of tumors, such as non-small lung cancer (45-48).
The predominant mechanisms are largely associated with the
competing endogenous RNA network, principally involving
pathways such as the LINC01089/miR-27a-3p/tet methylcyto-
sine dioxygenase 1 (45), LINC01089/miR-152-3p/PTEN (46),
LINCO01089/miR-27b-3p/HOXA10 (47) and LINCO01089/
miR-27a/secreted frizzled related protein 1 (48) pathways.
Among these, the relationship between LINC01089 and
miR-27a has been extensively investigated. Li et al (49)
reported that the LINC01089/miR-27a-3p/BTG axis serves a
pivotal role in inhibiting the progression of cervical cancer.
Investigations have determined that RBAKDN is principally
involved in developmental processes (50). Qin er al (51) also
identified RBAKDN as an immunologically relevant biomarker
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characteristic of predicting early-stage CSCC. SLC8A1.ASl1 is
closely associated with the biological processes of glioma (52),
thyroid carcinoma (53) and oral squamous cell carcinoma (54).
FAM27E3 and FGF13.ASI are still devoid of fundamental
research and are primarily utilized in the construction
of predictive models. Subsequent validation experiments
indicated that, with the exception of a notable decrease in
LINCO1089 expression, the remaining IncRNAs exhibited
a notable increase in cervical cancer cell lines. This finding
converges with the outcomes of the aforementioned studies,
which indirectly corroborate the results of the present study.
The predictive model constructed based on m’G-related
IncRNAs and clinical data was evaluated and Kaplan-Meier
analysis demonstrated that the low-risk group had a signifi-
cantly improved survival prognosis compared with the
high-risk group. Although no significant differences were
observed between the groups in terms of age, tumor stage or
FIGO stage, individual IncRNAs exhibited significant dispari-
ties in cervical cancer TNM and FIGO stages, particularly
FAMI13A.AS1 and LINCO01089. This suggested that IncRNAs
may be key prognostic indicators, meriting focused attention in
future foundational research on cervical cancer. Furthermore,
the present study evaluated whether the risk score from the
predictive model was an independent prognostic factor for
cervical cancer. The HR for the risk prediction model score
was 1.10, indicating that the risk prediction model score could
serve as an independent prognostic risk factor for cervical
cancer. In summary, the model exhibited high sensitivity and
specificity in forecasting the prognosis of CSCC, offering
valuable theoretical evidence for future clinical applications.
Given the robustness of the present predictive model, it
was imperative to assess its clinical translational potential.
GSEA demonstrated that the progression of cervical cancer
in the high-risk group was closely associated with immune
dysregulation. This led to the conjecture that the onset of
cervical cancer is closely associated with aberrations in
immune responses. Activated mast cells exhibited higher infil-
tration in the high-risk group, while resting mast cells showed
higher infiltration in the low-risk group. Studies have found
that activated mast cells in tumor tissues can promote tumor
angiogenesis and invasion by releasing classic pro-angiogenic
factors (VEGTF, fibroblast growth factor 2, platelet-derived
growth factor and IL-6), non-classic pro-angiogenic factors
(for example, tryptase and chymase) and various matrix
metalloproteinases (55,56). The T regulatory cells (Tregs)
were higher in the low-risk group. While an increased number
of intratumoral Tregs is generally associated with poor
prognosis in most cancer types, such as breast cancer, lung
cancer, ovarian cancer and hepatocellular carcinoma, elevated
Tregs are linked to favorable prognosis in cancer types such
as colorectal cancer, estrogen receptor-negative breast cancer,
esophageal squamous cell carcinoma and ovarian cancer (57).
This discrepancy is primarily due to the phenotypic and
functional heterogeneity of Tregs in tumor tissues and studies
associating Tregs with favorable prognosis are often conducted
in the context of chronic inflammation (57,58). Follicular T
cells and CD8* T cells showed higher infiltration in the low-risk
group compared with the high-risk group. Notably, CD8* T
cells are key immune defense cells and their exhaustion is
often associated with tumor malignancy (59). In conclusion,

findings from the present study may provide insights for future
cervical cancer immunotherapy strategies.

Drawing from the results of KEGG analysis, the present
study further examined the differences in drug sensi-
tivity between the two groups, which demonstrated that
dysregulated transcription, Ras, Rapl and calcium signaling
pathways, among others, were implicated in the progression
of high-risk group cervical cancer. The high-risk group exhib-
ited significantly increased responsiveness to the cell cycle
inhibitor cyclopamine, whereas the low-risk group exhibited
significantly decreased sensitivity to a range of inhibitors,
including the Wnt signaling pathway inhibitor FH535, the
cell cycle inhibitor vinorelbine, the PP1 inhibitor SalubriOl,
the serine/threonine-protein kinase inhibitor CP-466722 and
the tyrosine kinase receptor inhibitor crizotinib. Cyclopamine
and vinorelbine are quintessential cell cycle inhibitory drugs,
while crizotinib, a tyrosine kinase receptor inhibitor, has been
noted for its relevance due to the upregulation of tyrosine
kinase receptors in cervical cancer (60). Crizotinib serves as a
potential targeted therapy for cervical cancer (61). CP-466722
hinders ATM kinase activity induced by ionizing radiation
and this inhibition is rapidly and fully reversible (62). FH535
acts as a small molecule inhibitor of Wnt/B-catenin signaling
and concurrently antagonizes both PPARY and 6, impeding the
aggregation of glutamate receptor interacting protein 1 with
[-catenin (63). SalubriO1, a PP1 inhibitor, fortifies cells against
endoplasmic reticulum stress across various model systems,
synergizing markedly with proteasome inhibitors and, to
some extent, amplifying apoptosis (64). Notably, vinorelbine
has reached a mature stage of clinical application for cervical
cancer and is one of the key drugs in chemotherapy regimens
for this disease (65). Foundational research on the tyrosine
kinase receptor inhibitor crizotinib has demonstrated anti-
cancer activity in cervical cancer cells through the induction
of apoptosis (66). Furthermore, the serine/threonine protein
kinase inhibitor CP-466722 is known to augment cancer
cell sensitivity to radiotherapy, a modality on which cervical
cancer treatment is reliant (67). The remaining drugs have not
yet been investigated in the context of cervical cancer, under-
scoring the potential of this predictive model to serve as a key
guide in future clinical applications. Overall, the risk model
constructed in the present study had notable clinical value. If
patients with CSCC can be risk stratified using m’G-related
IncRNAs before treatment, it could potentially guide clinicians
in making informed choices of therapeutic drugs in the future.

While the stability of the current risk model was corrobo-
rated from multiple perspectives, the present study may still
harbor limitations. Since the transcriptome expression data
and clinical information of the present study subjects were
downloaded from the TCGA and GTEx databases, the differ-
ence in the number of normal and tumor tissues is a potential
limitation of the present study, which may have introduced
bias in the statistical analysis of the results. Therefore, further
validation through expanded sample sizes in subsequent basic
and clinical studies is needed. Additionally, the IncRNAs
have only been detected in vitro, lacking confirmation
through in vivo studies and mechanistic experiments. The
present study identified m7G-related IncRNAs and developed
prognostic, immune infiltration and drug-sensitivity models,
contributing to CSCC genotyping, diagnosis and prognosis.
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In future studies, the complex and potential molecular regula-
tory mechanisms involved should be explored. Additionally,
experiments interfering with the identified IncRNAs in vitro
to observe their effects on tumor biological behavior should
be performed in addition to the sequencing of cervical cancer
tissues prior to treatment to distinguish between high-risk and
low-risk groups for clinical drug trials and validation of drug
resistance mechanisms through in vitro experiments.
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