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Abstract: Objective: Through integrated bioinformatics analysis, the goal of this work was to find new, characterised N7-

methylguanosine modification-related long non-coding RNAs (m7G-IncRNAs) that might be used to predict the

prognosis of laryngeal squamous cell carcinoma (LSCC). Methods: The clinical data and LSCC gene expression data

for the current investigation were initially retrieved from the TCGA database & sanitised. Then, using co-expression

analysis of m7G-associated mRNAs & IncRNAs & differential expression analysis (DEA) among LSCC & normal

sample categories, we discovered IncRNAs that were connected to m7G. The prognosis prediction model was built for

the training category using univariate & multivariate COX regression & LASSO regression analyses, & the model’s

efficacy was checked against the test category data. In addition, we conducted DEA of prognostic m7G-IncRNAs

among LSCC & normal sample categories & compiled a list of co-expression networks & the structure of prognosis

m7G-IncRNAs. To compare the prognoses for individuals with LSCC in the high- & low-risk categories in the

prognosis prediction model, survival and risk assessments were also carried out. Finally, we created a nomogram to

accurately forecast the outcomes of LSCC patients & created receiver operating characteristic (ROC) curves to assess

the prognosis prediction model’s predictive capability. Results: Using co-expression network analysis & differential

expression analysis, we discovered 774 m7G-IncRNAs and 551 DEm7G-IncRNAs, respectively. We then constructed a
prognosis prediction model for six m7G-IncRNAs (FLG-AS1, RHOA-IT1, AC020913.3, AC027307.2, AC010973.2 and
AC010789.1), identified 32 DEPm7G-IncRNAs, analyzed the correlation between 32 DEPm7G-IncRNAs and 13

DEPm7G-mRNAs, and performed survival analyses and risk analyses of the prognosis prediction model to assess the

prognostic performance of LSCC patients. By displaying ROC curves and a nomogram, we finally checked the

prognosis prediction model's accuracy. Conclusion: By creating novel predictive IncRNA signatures for clinical

diagnosis & therapy, our findings will contribute to understanding the pathogenetic process of LSCC.

Abbreviations
m7G N7-methylguanosine modification
IncRNAs Long non-coding RNAs

m7G modification-related IncRNAs
Differentially expressed m7G-related
IncRNAs

DEPm7G-IncRNAs Differentially expressed prognostic
m7G-IncRNAs

m7G-IncRNAs
DEm7G-IncRNAs

LSCC Laryngeal squamous cell carcinoma
DEA Differential expression analysis

FC Fold change

HR Hazard ratio
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PCC Pearson correlation coefficient
ROC Receiver operating characteristic
AUC The area under the ROC curve
COAD Colon adenocarcinoma
Introduction

One of the most prevalent forms of cancers of the head and
neck is laryngeal cancer, and more than 95% of cases are
laryngeal squamous cell carcinomas (LSCC) (Dong et al,
2020). One to five percent of all tumors are laryngeal
cancers, & their mortality and morbidity are rising (Li et al,
2016; Yang et al, 2020). Hoarseness is a possible early
symptom of LSCC, but it is not specific and is often ignored
(Chen et al., 2019; Groome et al., 2003). In addition, due to
poor compliance with laryngoscopy and imaging

www.techscience.com/journal/biocell

This work is licensed under a Creative Commons Attribution 4.0 International License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly


mailto:zhaoxuyao_ent@yeah.net
https://www.techscience.com/journal/BIOCELL
https://www.techscience.com/
http://dx.doi.org/10.32604/biocell.2023.030796
https://www.techscience.com/doi/10.32604/biocell.2023.030796

1966

examinations, many patients are found to have advanced
LSCC, which greatly affects the survival prognosis and
quality of life of patients (Allegra et al., 2012; Chen et al,
2014). As a result, it is critical to find precise and sensitive
biomarkers for LSCC diagnosis and prognosis.

Long non-coding RNAs (IncRNAs) are RNAs longer
than 200 nucleotides that affect gene expression in many
stages, including post-transcriptional control (Zhang et al,
2019), epigenetic regulation, and derivative regulation. One
of the most typical base modifications in post-
transcriptional regulation (m7G) is N7-methylguanosine
(Boccaletto et al., 2022; Zhang et al., 2019). It is commonly
present in the 5'-cap region of tRNA, rRNA, and eukaryotic
mRNA and is crucial for sustaining RNA metabolism,
stability, nucleation, & protein translation (Seo ef al., 2019;
Zhang et al., 2020c). Several studies have demonstrated a
strong correlation between the emergence and development
of tumours and m7G modification-related IncRNAs (m7G-
IncRNAs) (Balzeau et al., 2017; Liu et al.,, 2019; Liu et al,
2020b; Pandolfini et al., 2019; Teng et al., 2021).

We are aware of no research on m7G-IncRNAs’ function
in LSCC at this time. We discovered unique m7G-IncRNAs in
our work that can predict how LSCC will progress. The
objective of this study was to find early sensitive LSCC
biomarkers that might be used to diagnose, treat, and
enhance the patient’s quality of life and survival prospects.

Materials and Methods

Data obtaining and cleaning from the TCGA database

The R package TCGAbiolinks (Ferrer-Bonsoms et al., 2021)
was used to obtain the LSCC gene expression data and
clinical data from the TCGA database (http://tcga-data.nci.
nih.gov) (Lee, 2016). 123 samples in total were gathered,
including 12 normal paracancerous tissues and 111 LSCC.
All data cleansing and transformation operations were then
carried out utilising Perl languages (Liu et al., 2014).

Co-expression analysis is used to identify IncRNAs linked to
m7G

To detect mRNAs or IncRNAs, a full-sample transcriptome
expression matrix was first genotyped using customised Perl
scripts and configuration files. The list of m7G-related genes
was taken from the MSigDB database (http://www.gsea-
msigdb.org/gsea/login.jsp) (Pan et al., 2021), and the relative
expression of each m7G-related gene from the LSCC gene
matrix was calculated using the R package limma (Chen
et al., 2021). Ultimately, we used Pearson’s correlation test
to identify m7G-related IncRNAs by co-expression analysis
of mRNAs and IncRNAs. The thresholds for statistical
importance were p < 0.001 and a cut-off correlation
coefficient >0.4.

Comparative investigation of the expression of m7G-related
IncRNAs

Using limma and pheatmap (Hu, 2021), we conducted
differential expression analysis (DEA) among LSCC and
normal sample categories based on the expression matrices
of m7G-related IncRNAs. The heatmap and volcano plot
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were used to display the findings of the DEA investigation.
Statistical differences were defined as [logFC (fold change)|
>1 and an adjusted p-value < 0.05.

The prognosis prediction model’s construction

We discovered differentially expressed m7G-related IncRNAs
(DEm7G-IncRNAs) by DEA analysis. First, the clinical data
for various survival periods and statuses as well as the
expression matrix of the DEm7G-IncRNAs were sorted and
combined. After that, we split up all of the samples evenly
into training and test groups. LASSO regression analysis and
univariate and multivariate COX regression analysis (Zhao
et al., 2022; Zhao et al., 2021b) were used to construct the
prognosis prediction model for the training group, While
the correctness of the model was checked using the test
category. Then, using the R packages glment, survival, and
survminer (Groeneveld et al, 2019; Zhao et al., 2021a) to
calculate a risk score for each sample, we multiplied the
relative expression of each DEm7G-IncRNA in each sample
by the risk factor and added it. The median risk score was
used to classify every individual into high- and low-risk
categories.

Prognostic m7G-IncRNAs’ differential expression study in
different groups

Then, based on the expression matrices of m7G-IncRNAs and
a list of hazard ratio (HR) values for prognosis m7G-IncRNAs,
we conducted differential expression analysis of prognostic
m7G-IncRNAs among LSCC and normal groups of samples
using the software limma and pheatmap22. Statistically *p <
0.05, **p < 0.01, or ***p <0.001.

Correlation analysis between prognostic m7G-IncRNAs and
mRNAs

Using LASSO regression analysis, univariate COX regression,
and co-expression analysis of m7G-related mRNAs and
IncRNAs, we obtained a list of co-expression networks and
forms of prognostic m7G-IncRNAs. Then, the m7G-
IncRNAs co-expression relationships among the m7G-
mRNAs were extracted using the packages ggalluvial, ggplot2
and dplyr (Awan et al., 2021; Liu et al., 2021) and the results
were displayed using a Sankey diagram (Glover et al., 2021).

Survival analyses and risk analyses among high- and low-risk
groups

Using the R packages survival and survminer (Groeneveld
et al., 2019; Zhao et al, 2021a), survival studies were
conducted to assess the prognosis of individuals with LSCC
in high- and low-risk categories in the prognosis prediction
model. Applying the Kaplan-Meier survival curve (Awan
et al, 2021; Liu et al, 2021), outcomes are displayed. To
determine the risk score, survival status, and expression of
prognostic m7G-IncRNAs in the prognosis prediction
model, prognostic risk analysis was carried out.

Prognosis prediction model receiver operating characteristic
(ROC) curve analyses

The prognosis prediction model was then put to the test
using ROC curves (Lu et al., 2021) created using the R
packages survival, survminer, and time ROC (Fang et al,
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2021; Groeneveld et al., 2019; Zhao et al., 2021a). The ROC
curves of 1-year, 3-year, & 5-year survival rates and clinical
features were plotted after reading and combining the
survival time, risk score, survival status, and clinical
characteristics.

Construction and validation of the prognostic nomogram

We created a nomogram (Wu ef al., 2022) that included all
clinical features, such as age, sex, TNM stage, and risk
score, in order to predict LSCC patient outcomes
quantitatively using the R packages survival, regplot, and
rms (Zhang et al., 2020b; Zhang et al., 2018). The next step
was to assess each clinical trait variable separately. To
represent the 1 year, 3 year, and 5 year overall survival, the
scores were finally included.

Results

Detection of IncRNAs associated with m7G

First, 56,461 transcriptome gene expression matrices were
downloaded and sorted from the TCGA database. Then,
based on the MSigDB database and LSCC gene matrix,
mRNAs associated with m7G were retrieved using the R
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network analysis, 774 coexpressed m7G-related IncRNAs
were discovered. IncRNAs were chosen if the Pearson
correlation coefficient (PCC) was >0.4 or 0.4 and the p-
value was <0.001. A positive correlation was defined as a
PCC > 0.4 and a negative correlation as a PCC < —-0.4. In
Suppl. Table S1 (m7GLncExp.txt & net.network.txt), the
expression matrix and co-expression relationships of
IncRNAs associated to m7G are described in detail. The
results are represented by a co-expression network diagram
(Fig. 1).

Detection of m7G-related IncRNAs with varied expression in
several groups

774 m7G-related IncRNAs were discovered using co-
expression network analysis. Then, to identify 551 DEm7G-
IncRNAs, we conducted a differential expression study of
these m7G-IncRNAs among the LSCC and normal
categories. In Suppl. Table S2 (diffLncExp.txt), the matrix of
the DEm7G-IncRNAs is shown. A heatmap (Fig. 2A) and a
volcano plot (Fig. 2B) were used to display the results.

The m7G-IncRNA prognosis prediction model
32 m7G-IncRNAs that affected the prognosis of LSCC

programming language. Finally, utilising co-expression individuals were identified by univariate Cox regression
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FIGURE 2. The heatmap (A) and volcano plot (B) of the DEm7G-IncRNAs. Red, up-regulated IncRNAs; blue or green, down-regulated
IncRNAs. Cut-off criteria: [logFC| = 1.0 and adj. p < 0.05 (-log10(FDR) < 1.30).

analysis of the train category (Fig. 3A). 13 m7G-IncRNAs with
significantly different expression were chosen using cross-
validation and LASSO regression for the Cox model
development. (Figs. 3B and 3C). Additionally, a final
prognostic model formula for the six m7G-IncRNAs was
obtained using the optimization procedure (see Table 1).
The results of the risk score in all/Train/Test groups are

shown in Suppl. Table S3 (risk.all.txt, risk.test.txt, and risk.
train.txt).

Identification of differential expression prognostic m7G-
IncRNAs between groups

By comparing and analyzing the m7G-IncRNAs expression
profile of the two groups (LSCC group vs. normal group),
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p value Hazard ratio

(A) DDN-AS1 0.047 0.024(0.001-0.959)
AL355385.1 0.018 0.029(0.002-0.541)
LINC02693 0.009 0.153(0.037-0.630)
RHOA-IT1 0.031 0.007(0.001-0.635)
CARMAL 0012  30.638(2.105-445.978)
AL161645.1 0.040 2.350(1.040-5.311)
AC012640.2 0.025 3.155(1.153-8.633)
AFAP1-AS1 0.036 0.707(0.511-0.978)
AL158166.1 0023  3.960(1.208-12.979)
AC091729.2 0.030 0.017(0.001-0.680)
AC104031.1 0.027 1.980(1.079-3.635)
FLG-AS1 0004  10.740(2.118-54.452)
AC132872.3 0.016 0.112(0.019-0.666)
AC020913.3 0.011 0.040(0.003-0.484)
LINCO1775 0.049 0.147(0.022-0.991)
AC092143.3 0.038 0.004(0.001-0.745)
AC121764.1 0015  8.163(1.503-44.324)
AC116914.2 0.015 0.161(0.037-0.705)
LINCO1063 0.002 3.044(1.495-6.198)
MCM3AP-AS1  0.028 0.036(0.002-0.697)
AC027307.2 0.010 0.280(0.107-0.736)
AL139246.4 0.045 0.166(0.028-0.964)
DLGAP1-AS2 0.046 1.752(1.010-3.038)
AL158166.2 0050  26.175(1.001-684.505)
SNHG12 0.033 0.490(0.254-0.945)
AC010973.2 0.034 0.058(0.004-0.806)
AL031600.1 0.008 0.076(0.011-0.517)
AC061992.2 0.044 3.195(1.029-9.920)
AC010789.1 0.014 0.430(0.219-0.841)
HOTAIR 0023  5.643(1.269-25.082)
AC114730.3 0.039 0.054(0.003-0.862)
TMEM44-AS1 0.005 2.488(1.315-4.710)
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FIGURE 3. A forest plot of univariate (A) Cox regression analysis of 32 prognosis-related m7G-IncRNAs of LSCC patients in the Train group.
Green or red square represents low or high hazard ratio (HR) value, blue solid lines represent 95% confidence intervals. Selecting the optimal
adjustment parameter by the LASSO screening process (B) and cross validation (C).

we identified 32 differentially
m7G-IncRNAs (DEPm7G-IncRNAs).
visualized using a heat map (Fig. 4).

expressed  prognostic
The results were

The correlation between DEPm7G-mRNAs and DEPm7G-
IncRNAs

Correlation analysis between the mRNAs and IncRNAs
revealed that 32 DEPm7G-IncRNAs had positive

co-expression relationships with 13 DEPm7G-mRNAs. All
association findings are shown in the Sankey diagram (Fig. 5).

Survival analyses and risk analyses of the prognosis prediction
model

We created survival curves by comparing the disparity in
survival prognosis among the high-risk and low-risk
categories in the Train or Test category of the prognosis
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TABLE 1

Prognostic coefficient profiles of the six m7G-IncRNAs

m7G-IncRNAs (Expf) Coef ()
RHOA-IT1 —6.253083555
FLG-AS1 5.262800009
AC020913.3 -3.869393656
AC027307.2 —-1.125649078
AC010973.2 —4.224139172
AC010789.1 —-0.780779228

Note: Calculation formula: Risk score = f1 x Exp p1 + B2 x Exp f2 + ...... +Bi
x Exp Bi.

prediction model. Patients with LSCC in the high-risk group
had substantially lower survival than those in the low-risk
category, as shown in Figs. 6A and 6B (p-value < 0.05). To
evaluate the prognosis performance of those with LSCC in
both categories, we also conducted prognostic risk
assessments. The risk score of the high-risk category was
considerably greater than that of the low-risk category in
both the training and test categories (p-value < 0.05) (Figs.
6C and 6D). patients” average survival time reduced and the
number of fatalities rose as the risk score rose (Figs. 6E and
6F). From Figs. 6G and 6H, it is clear that RHOA-ITI,
AC020913.3, AC027307.2, AC010973.2 and AC010789.1 were
low-risk m7G-mRNAs, while FLG-ASI was a high-risk
m7G-mRNA. The aforementioned findings show that the
prognosis prediction model was able to distinguish between
both prognostic categories’ survival rates with accuracy.

ZHAOXU YAO et al.

Evaluating the prognosis prediction model’s accuracy

To assess the prognostic prediction model’s accuracy, ROC
curves and nomograms were created. Fig. 7A demonstrates
that the 1-year, 3-year, and 5-year survival rates had
corresponding areas under the ROC curves (AUC) of 0.780,
0.792, and 0.747. In the prognostic model, risk, an
independent prognosis predictor, had a higher AUC value
(AUC = 0.747) than the other clinical prognostic indicators,
as seen in Fig. 7B. Based on these seven clinical
characteristics, a nomogram was also created. The 1-, 3-,
and 5-year survival rates were 93.4%, 46.4%, and 36.0%,
correspondingly, after evaluating each prognostic factor for
an individual who was chosen at random (Fig. 7C). The
aforementioned findings demonstrate that our model has a
high level of predictive accuracy for forecasting the
prognosis of LSCC individuals.

Discussion

The majority of laryngeal carcinomas, which are malignant
tumours of the neck and head area, are LSCCs. Because
there are few effective therapeutic targets and prognostic
indicators, treating LSCC is still difficult, and patient
survival is low. Using co-expression network analysis, we
found 774 m7G- IncRNAs in the current study. Next, we
identified 551 DEm7G-IncRNAs wusing a differential
expression analysis. We then constructed a prognosis
prediction model for six m7G-IncRNAs (FLG-AS1, RHOA
-IT1, AC020913.3, AC027307.2, AC010973.2 and
AC010789.1), identified 32 DEPm7G-IncRNAs, analyzed the
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FIGURE 4. The heatmap of the DEPm7G-IncRNAs. Red, up-regulated IncRNAs; blue, down-regulated lncRNAs. Cut-off criteria: [logFC| > 1.0
and *p-value < 0.05, **p-value < 0.01 or ***p-value < 0.001.
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FIGURE 5. Sankey diagram direct
shown the relationship between
DEPm7G-mRNAs and DEPm7G-
IncRNAs. The blocks on the left
represent the DEPm7G-mRNAs, the
middle blocks indicate DEPm7G-
IncRNAs, and the blocks on the

DEPm7G-mRNAs DEPm7G-IncRNAs

(A) Risk == High risk == Low risk
2
E
Q2
[
Q
2
<4
3
%]
o 1 2 3 4 5 6 7 8 9 10 11 12
Time(years)
<% Highrisk127 15 3 0 0 0 0 O O O O 0 O
Clowrsk{ 28 23 11 8 5 5 3 3 2 2 2 1 0
0o 1 2 3 4 5 6 7 8 9 10 11 12
Time(years)
o 4 ; Tesesessseee
® High risk H .
@ - ® Low Risk '
o : K
§ e |
3 E
8 <+ ' .
oc ' .
H .00
L BT
O | ecesccccccccccccoe eoe® E
T T T T
0 10 20 30 40 50
Patients (increasing risk socre)
o
& 0 ;
o _| ® Dead . :
2 7 | e Alve '
£ oq e ;
g © ° 5
= . H
g ¥ o ® . °
= ® L)
(23] ° ® | °
o % o e o o'.. ...? 00® ... o..,..... ..t.o
T T T T T T
0 10 20 30 40 50

Patients (increasing risk socre)

FIGURE 6. (Continued)

right represent the significant

Regulation correlations.

Risk = High risk == Low risk

(B)

1.00
2 o
K
a
[
a8 050
2
<4
@ 025
0.00
01234567 8 91011121314151617 181920
Time(years)
5 Highrisk{ 282013107 4 3 21 0 0 0 00 0 0 0 0 0 0 O
C Lowrisk{ 271914117 5 54 2211111111000
01234567 8 91011121314151617 181920
Time(years)
o Teseeesssseees
® High risk 1 .
© - ® Low Risk : .
' .
° i
g 7 :
.
3 < o
o .
~
o
T T T T T T
0 10 20 30 40 50
Patients (increasing risk socre)
*
. w ]® Dgad :
£ T | e Alve :
2 :
o 2 - H
_g - ° ! ° .
T b . Poe
E 0 - ° : ° °
L L]
5 e o .. .. ..:...0' .... o
° o © o0, ° .’.o : oo, % oo * oy ©
T T T T T T
0 10 20 30 40 50

Patients (increasing risk socre)



1972

(G)

IIIIIIIIIIIIII III
LI IIII II

AC010789.1

ZHAOXU YAO et al.

HENNEEEENENESNENENDENNENNDISNENNENENERENERENERERRERERENE Risk Risk
. . = = ™
high
RHOA-IT1
2
FLG-AS1 °
-2
AC020913.3
4
‘ AC027307.2
| i AC010973.2
AC010783.1

FIGURE 6. The surv1val curve of hlgh— (red) and low-risk (blue) patients in Train (A) and Test (B) groups. Abscissa, survival time; Ordinate,
survival probability. The tables below the curves showed the number of LSCC patients survived over time in the high- and low-risk patients.
The risk curve plots in Train (C) and Test (D) groups. Abscissa: Patients risk scores ranked from low to high (The abscissa was the same in Figs.
3C-3H); Ordinate: risk score. Red dots: high-risk patients, blue dots: low-risk patients. The risk scatter plots in Train (E) and Test (F) groups.
Ordinate: survival time. Red dots: patients dead, blue dots: patients alive. The risk heatmaps of DEPm7G-IncRNAs in Train (G) and Test (H)
groups. Red squares: up-regulated IncRNAs; blue squares: down-regulated IncRNAs.
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FIGURE 7. ROC curves (A and B) of
the prognosis prediction model. The
different colored curves indicate
different survival rates (-year) or

clinical parameters, AUC: area
under curve. Abscissa: 1-Specificity
(false positive rate), ordinate:

Sensitivity (true positive rate). A
nomogram (C) based on 7 clinical
variables (Risk, Age, Gender, Grade,
T, N, and Stage). **p-value < 0.01,
***p-value < 0.001.
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DEPm7G-mRNAs, and performed survival analyses and risk
analyses of the prognosis prediction model to assess the
prognostic performance of LSCC patients. By displaying
ROC curves and a nomogram, we finally checked the
prognosis prediction model’s accuracy.

It has been noted recently that there are strong links
between the prognosis of cancer individuals and the
differential expression of m7G-IncRNAs. A multicenter
investigation of 58 instances of esophageal squamous cell
carcinoma was carried out in China (Zhang et al., 2020a). A
prognostic prediction model based on three IncRNAs
(SCATI1, PRKAG2-AS1, and FLG-AS1) was created through
thorough bioinformatic research, and the model’s accuracy
was confirmed utilising internal and external cohorts. Li
et al. (2020) performed Cox and LASSO regression analysis
established seven IncRNA  (including AC027307.2)
signatures to calculate the risk score of colon
adenocarcinoma (COAD) and carried out clinical sample
verification, It showed the clinical prognostic value of the
risk scoring methodology. Zhou et al. (2020) identified that
AC027307.2 was prognostic autophagy-related IncRNAs,
which may be molecular biomarkers and therapeutic targets
for COAD patients. Liu et al. (2020a) identified the
characteristics of IncRNAs using a multivariate Cox analysis
model and found that AC010973.2 was meaningfully
correlated with the rate of survival of COAD individuals.
Nucleic acid sequence alignment and literature searches
revealed that the AC010973.2 homologous host gene has a
high association with COAD. These findings offer fresh
information that will help clarify COAD's pathophysiology
going forward. On 197 differentially expressed genomic
instability-associated IncRNAs in the TCGA-STAD dataset,
Sun et al. (2021) conducted hierarchical clustering and Cox
regression analysis. In order to establish IncRNAs linked
with genomic instability, six IncRNAs (AC010789.1 et al.)
with distinct prognostic significance were discovered. This
offers a potentially novel way to look for tumour markers
connected to genomic instability.

We discovered m7G-IncRNAs that were closely
associated with the prognosis for individuals with LSCC
using thorough bioinformatics studies. To evaluate the
prognostic performance of individuals suffering from LSCC,
we built a prognosis prediction model for six m7G-
IncRNAs, performed co-expression network analysis and
correlation analysis, survival analysis, and risk analysis of
the model, and further confirmed the precision of the model
by plotting ROC curves and a nomogram. By creating novel
predictive IncRNA signatures for clinical evaluation and
treatment, our findings will contribute to understanding the
pathogenetic process of LSCC. However, there were also
some limitations in the present investigation, including the
paucity of additional studies on various clinical subtypes of
laryngeal cancer and the fact that the precise molecular
pathways have not been fully clarified. For this study’s
findings to be considered legitimate, experimental
verification is preferred.
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