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The correlation of m°A-related IncRNAs with the prognosis and immune microenvironment of cervical cancer is not yet
clear. In this study, we identified 7 m®A-related prognostic IncRNAs by Pearson correlation and univariate Cox regression
analyses based on TCGA-cervical cancer dataset. Then, patients were divided into two clusters by consensus clustering
based on the 7 m°®A-related prognostic IncRNA expression. Cluster 1 was characterized by survival and stage disadvantage,
enrichment of immunosuppressive and carcinogenic activation pathways. Besides, cluster 1 had higher immunosuppressive
factor TGFbeta and lower immune cell infiltration compared with cluster 2. According to the expression of 7 m°A-related
IncRNA, a 6-m°A-related IncRNA risk score model was established in the training set by LASSO regression analysis. The
high-risk group had worse overall survival than the low-risk group. No matter in the training or validation sets, the m®A-related
IncRNA risk score was an independent prognostic factor for overall survival. Meanwhile, we validated the independent
prognostic value of risk score in the disease-specific survival and progression-free survival by multivariate Cox analysis. The
high-risk group was characterized by higher TGFbeta and regulatory T cell and was rich in malignant pathways. Additionally,
we also detected and compared the expression levels of four m®A-related prognostic IncRNA in 9 tumor samples and 9 normal
tissues using quantitative real-time polymerase chain reaction assay. In conclusion, the novel m®A-related IncRNA risk score is a
potential prognostic predictor of cervical cancer patients. These 6 m°A-related IncRNAs might serve as key mediators of the
immune microenvironment and represent promising therapeutic targets for improving cervical cancer prognosis.

1. Introduction cervical cancer occurred in 2020 globally [1]. Among them,
about 18% of new cases and 17% deaths occurred in China
The morbidity and mortality of cervical cancer rank fourth [2]. Patients with early-stage cervical cancer have an excel-

in female malignant tumors worldwide [1]. Approximately  lent prognosis, with a 5-year survival rate of more than
604 thousand new cases and 342 thousand deaths from 90% [3]. However, patients with recurrent and/or advanced
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cervical cancer have limited treatment options and poor
prognosis, with a 5-year survival probability of 17% [4].
Several clinical features and molecular markers have been
applied to predict the prognosis of cervical cancer patients,
while these approaches are all limited to some extent. There-
fore, it is indispensable to construct a new predictive model
and identify new prognostic markers for cervical cancer.

Among more than 150 RNA modifications in eukaryotic
cells, N6-methyladenosine (m®A) modification is regarded
as the most common internal epigenetic modification in
messenger RNAs (mRNAs) and long noncoding RNAs
(IncRNAs), playing an important part in RNA splicing, deg-
radation, and translation [5]. m®A epigenetic modification, a
dynamic reversible process in mammalian cells, is regulated
by m°A methylation regulators composed of methyltransfer-
ases (“writers”), demethylases (“erasers”), and binding
proteins (“readers”). The formation of m°A methylation is
mediated by methyltransferases including METTL3/14/16,
WTAP, IRMA, ZC3H13, RBM15, RBM15B, and PCIFI,
while the methylation removal process is regulated by demethy-
lases consisting of FT'O and ALKBH3/5. RNA-binding proteins,
including YTHDC1/2, YTHDF1/2/3, HNRNPA2B1, LRPPRC,
FMR1 TRMT112, ZCCHC4, NUDT21, CPSF6, CBLLI,
SETD2, SRSF3, SRSF10, XRN1, NXF1, PRRC2A, IGF2BP1/2/
3, IGFBP3, and RBMX, play a vital role in human cancer by
binding m°A motif [6]. It has been reported that aberrant
expression of m®A methylation regulators plays an important
role in tumor occurrence, progression, and prognosis of certain
cancers [7, 8]. For example, FTO, METTL3, and YTHDF1
could promote the progression and metastasis of cervical cancer
and are potential biomarkers for the prognosis of cervical
cancer [9, 10].

IncRNAs, a type of RNAs with transcript lengths over 200
nucleotides, constitute the largest group of noncoding RNAs
in mammals and regulate about 70% of gene expression
through interactions with DNA, RNA, and proteins [11]. In
recent years, with the popularization of functional genomics
research, the role of IncRNAs in tumor has become a new
research hotspot. Aberrant IncRNA expression is related to
tumor cell growth, invasion, and metastasis, thereby affecting
the prognosis of tumors [12]. IncRNA GAS5-AS1 has been
reported to suppress the tumorigenicity and metastasis of
cervical cancer through increasing tumor suppressor GAS5
stability via interacting with ALKBH5 and decreasing
GAS5 m°A modification [13]. High expression of IncRNA
KCNMB2-AS1 is positively correlated with poor prognosis
of cervical cancer by upregulating the oncogene IGF2BP3,
which in turn increases the stability of KCNMB2-AS1 [14];
IncRNA ZFAS1 promotes the metastasis of cervical cancer
by suppressing miR-647 mediated by METLL3 [15]. Some
mC®A-related IncRNA prognostic signatures associated with
immune infiltration have been identified in gastric, colon,
and lung cancers [16-18]. However, the full role of mCA-
related IncRNAs in the prognosis and immune infiltration
of cervical cancer remains unclear.

In this study, we identified m°®A-related prognostic
IncRNAs based on TCGA-cervical cancer database and then
constructed and validated a prognostic model for cervical
cancer patients. Subsequently, we assessed the correlation
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between consensus clustering of mC®A-related prognostic
IncRNAs, m°A-related IncRNA risk score, immune cell infil-
tration, and transforming growth factor (TGF) beta expres-
sion. In addition, we explored the difference in pathways
between clustering subtypes and between risk subgroups.

2. Materials and Methods

2.1. Acquisition of Transcriptional and Clinical Data. The
RNA sequencing data (FPKM type) of 306 cervical cancer
samples and 3 normal tissues were downloaded from The
Cancer Genome Atlas (TCGA, https://portal.gdc.cancer
.gov/) database. The corresponding clinical data such as
age, grade, Federation of Gynecology and Obstetrics (FIGO)
stage, survival status, overall survival (OS), progression-free
survival (PFS), and disease-specific survival (DSS) were
obtained from UCSC Xena (https://xenabrowser.net/). All
data were downloaded on June 7, 2021. A total of 273 cervi-
cal cancer patients were enrolled into the survival analysis
based on the following inclusion criteria. Inclusion criteria
were as follows: (1) pathologically confirmed cervical cancer,
(2) available information on OS time and survival status, and
(3) OS time>30 days. The 273 patients were further
randomly assigned into a training set (137 patients) and a
validation set (136 patients) at a 1:1 ratio through using
the caret package.

2.2. Identification of m°A-Related Prognostic IncRNAs. We
extracted IncRNA and mRNA expression data according to
the human genome annotation data. Pearson correlation
coefficients between the expression levels of 36 m®A methyl-
ation regulators (METTL3/14/16, WTAP, IRMA, ZC3H13,
RBM15, RBM15B, PCIF1, FTO, ALKBH3/5, YTHDC1/2,
YTHDF1/2/3, HNRNPA2B1, LRPPRC, FMR1 TRMT112,
ZCCHC4, NUDT21, CPSF6, CBLL1, SETD2, SRSF3,
SRSF10, XRN1, NXF1, PRRC2A, IGF2BP1/2/3, IGFBP3,
and RBMX) and IncRNAs were calculated to determine their
coexpression relationship. The IncRNAs with |Pearson
coefficient | >0.40 and P value < 0.001 were considered as
m°A-related IncRNAs. Univariate Cox regression analysis
was then performed to identify prognostic IncRNAs. The
m°A-related IncRNAs with P value < 0.05 were regarded as
m°®A-related prognostic IncRNAs.

2.3. Bioinformatic Analysis. To functionally analyze the
biological properties of m®A-related prognostic IncRNAs in
cervical cancer, we utilized the “ConsensusClusterPlus”
package (http://www.bioconductor.org/, resampling rate of
80% and 1000 iterations) to divide patients into different
clustering subtypes. Gene set variation analysis (GSVA) was
performed to explore the difference of pathways between
different subgroups by using the “GSVA” package. The “c2.
cp.kegg.v7.4.symbols” gene sets were downloaded from
MSigDB database for running GSVA. Adjusted P value
< 0.05 was regarded as significant. Single-sample gene-set
enrichment analysis (ssGSEA) algorithm was used to quan-
tify the relative infiltration levels of tumor microenvironment
immune cells. The gene set for marking 23 immune cell types
was acquired from the published study [19]. Least absolute
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shrinkage and selection operator (LASSO) regression model
was used to construct a prognostic risk model through select-
ing the optimal penalty parameter associated with the mini-
mum 10-fold cross-validation in the training set. The
coefficients obtained from the LASSO regression model were
used to yield the following risk score formula:

Risk score= )" Coef; * Exp,,

where Coef; is the coefficient and Exp, means the expres-
sion of m®A-related IncRNAs. The risk score of each patient
was calculated based on this equation. The median risk score
in the training cohort was defined as a cutoff point to divide
patients into the high- and low-risk groups, respectively.

2.4. Sample Collection. A total of 9 cervical cancer samples
and 9 normal cervical tissue samples were collected by a
gynecologic oncologist in the Gynecology Department of
Shanxi Province Cancer Hospital in June 2021. Tumor
tissues were taken from newly diagnosed patients with FIGO
stage I/II cervical cancer who had not received any treat-
ment. Normal cervical tissues were obtained from patients
with hysteromyoma. Fresh tissue was placed into a tube
containing 1 mL of RNAStore fluid (DP451, Tiangen Biotech
Co., Ltd., Beijing, China) within 1 minute after leaving from
the human body. The tube was then stored at 4°C for 24
hours. Subsequently, the RNAStore fluid was discarded and
the tissue was frozen with liquid nitrogen and then stored
at -80°C. All participants provided their written informed
consent, and ethical approval was obtained from the Shanxi
Province Cancer Hospital Science Research Ethics Commit-
tee (No. SJJ202105).

2.5. Quantitative Real-Time Polymerase Chain Reaction.
To validate the expression levels of m°A-related prognostic
IncRNAs in tumor samples and normal tissues, we per-
formed quantitative real-time polymerase chain reaction
(qQRT-PCR) assay. Total RNA were isolated from 18 sam-
ples using RNA TRIzol reagent (Tiangen Biotech Co.,
Ltd., Beijing, China, #DP451). Then, cDNA synthesis was
performed by using PrimeScript™ RT Master Mix (Takara
Biomedical Technology Co., Ltd., Beijing, China, #RR036Q).
Real-time PCR was conducted with TB Green Premix Ex
Taq (Takara Biomedical Technology Co., Ltd., Beijing,
China, #RR820A). Relative expression of IncRNAs was
normalized to GAPDH and calculated by using 2-AACt
method. Primer sequences used in our study are as
follows: RPP38-DT-F: 5'-CCATCGGAGTCGCTGCAAA
GTC-3', RPP38-DT-R: 5'-AGGAGGAGGCTCATTAGGT
CAGAAG-3'; AC0242704-F: 5 -TCATGAGCCACGAA
GTCAAGC-3', AC024270.4-R: 5 -AGCCTTAAGTCTCA
GGTCCTC-3'; AC008124.1-F: 5'-TGCCAACGACTTCT
ACCACCT-3', AC008124.1-R: 5'-AGTCACCTCAGCTT
TCCGTTC-3'; and AC025176.1-F: 5'-CTTCAACTGGC
TTCCTTGCTT-3', AC025176.1-R: 5'-ACAGGAAACTC
CTTCGTCACA-3".

2.6. Statistical Analysis. Statistical tests were conducted by R
version 4.0.4. Wilcoxon rank sum test was applied to com-
pare the quantitative data such as m®A-related prognostic

TasLe 1: Identification of m®A-related prognostic IncRNAs in
cervical cancer.

m®A-related prognostic IncRNAs HR (95% CI) P value
AC024270.4 0.048 (0.004, 0.581)  0.017
AC099850.4 1.042 (1.007, 1.079)  0.018
AC025176.1 0.806 (0.659, 0.984)  0.034
AC008124.1 0.628 (0.422, 0.935)  0.022
AL109811.2 0.801 (0.672, 0.954)  0.013
AC015922.2 1.088 (1.022, 1.159)  0.009
RPP38-DT 0.068 (0.005, 0.838)  0.036

mC®A: N6-methyladenosine; IncRNAs: long noncoding RNAs; HR: hazard
ratio; CI: confidence interval.

IncRNAs, TGFbeta, and risk score between subgroups.
Chi-square test was used to examine the difference between
the training set and the validation set. The Kaplan-Meier
method was used to draw survival curves, and log-rank test
was performed to compare the survival difference between
groups. Pearson correlation test was used for assessing the
correlations between m®A-related prognostic IncRNAs and
TGFbeta. The predictive accuracy of m°A-related IncRNA
risk score for 3- and 5-year OS was evaluated using the
receiver operating characteristic (ROC) curves and the area
under the ROC curve (AUC). Univariate and multivariate
Cox regression models were then used to analyze and
validate the independent prognostic value of m®A-related
IncRNA risk score.

3. Results

3.1. Identification of mC°A-Related IncRNAs in Cervical
Cancer. We extracted the expression levels of 36 m°A RNA
methylation regulatory genes and a total of 14086 IncRNAs
from TCGA-cervical cancer dataset. Of the 14086 IncRNAs,
116 positively or negatively correlated with m°A regulatory
genes (|Pearson correlation coefficient | >0.40 and P value
< 0.001) were regarded as m®A-related IncRNAs. Among
the 116 m°A-related IncRNAs, 7 were associated with the
survival of patients and were considered as mC®A-related
prognostic IncRNAs (P value < 0.05, Table 1). The analysis
results showed that AC024270.4, AC025176.1, AC008124.1,
AL109811.2, and RPP38-DT were positively associated
with OS and may be protective factors for the prognosis
of patients with HR < 1. Nevertheless, AC015922.2 and
AC099850.4 were inversely related to OS and might be risky
prognostic biomarkers with HR > 1. Thus, these 7 m°®A-
related prognostic IncRNAs may play an important role in
the prognosis of cervical cancer.

3.2. Expression of m°A-Related Prognostic IncRNAs in
Cervical Cancer. We compared the expression profiles of
7 m®A-related prognostic IncRNAs between cervical cancer
samples and normal tissues to explore their potential biolog-
ical function in the occurrence of cervical cancer. The expres-
sion levels of AC099850.4, RPP38-DT, and AC025176.1 in
tumor samples were remarkably higher compared with nor-
mal tissues, while the levels of AC024270.4, AC008124.1,
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FIGURE 1: Expression profiles of 7 m°A-related prognostic IncRNAs between cervical cancer samples and normal tissues (*P < 0.05; **P

<0.01). m°A: N6-methyladenosine; IncRNAs: long noncoding RNAs.

AL109811.2, and AC015922.2 in normal tissues were signifi-
cantly higher than those in cancer samples (Figure 1). These
results indicated that the 7 m°A-related prognostic IncRNAs
may also possess potential biological roles in the initiation of
cervical cancer.

3.3. Consensus Clustering for m°A-Related Prognostic
IncRNAs and Association with Survival and Clinical
Characteristics of Cervical Cancer Patients. We constructed
a consensus cluster consisting of 7 m®A-related prognostic
IncRNAs through using the “ConsensusClusterPlus” pack-
age. The cumulative distribution function (CDF) and the
area under the CDF curve of consensus clustering varied
from k=2 to 9 as shown in Figures 2(a) and 2(b). The clus-
tering stability of k =2 was optimal between k=2 and 9. A
total of 273 cervical cancer patients were clustered into two
clustering subtypes: cluster 2 (n=209) and cluster 1 (n=
64) (Figure 2(c)). Furthermore, we compared the OS
between two clusters and found that patients in cluster 2
had notably longer OS than patients in cluster 1 (P value =
0.043, Figure 2(d)). Furthermore, we explored the associa-
tion between clustering subgroups and clinicopathological
features of patients (Figure 2(e)). Cluster 1 had significantly
more patients with advanced stage than cluster 2. However,
no significant difference was observed in age and pathologi-
cal grade between the two clustering subtypes.

3.4. Association of TGFbeta with m6A-Related Prognostic
IncRNAs. To explore the involvement of immune suppres-
sor TGFbeta with m°A-related prognostic IncRNAs, we
assessed its expression levels in two clustering subtypes
and its correlation with 7 m®A-related prognostic IncRNAs.
As expected, the expression level of TGFbeta was markedly
higher in cluster 1 with poor prognosis compared with

cluster 2 (Figure 3(a)). Additionally, TGFbeta was positively
correlated with AC099850.4, but negatively associated
with AC024270.4, AC025176.1, AC008124.1, AL109811.2,
ACO015922.2, AC000068.1, and RPP38-DT (Figure 3(b)).
Most of the 7 m®A-related prognostic IncRNAs were pos-
itively correlated except that AC099850.4 was inversely
related to AL109811.2.

3.5. Immune Cell Infiltration and Pathway Enrichment
Analyses in Different Consensus Clustering Subtypes. To
explore the association of m°A-related prognostic IncRNAs
with tumor immune microenvironment, we compared the
immune cell infiltrates between two clustering subtypes.
Cluster 2 with better prognosis exhibited higher levels of
immune cells such as activated B cell, activated CD8 T cell,
and eosinophils (Figure 4(a)). Next, we performed GSVA to
explore the biological behaviors of two clustering subtypes.
Cluster 2 was associated with hallmark pathways such as
cardiac muscle contraction, arachidonic acid metabolism,
oxidative phosphorylation, and histidine catabolism
(Figure 4(b)). Cluster 1 was significantly enriched in path-
ways such as gap junction, focal adhesion, TGFbeta signal-
ing pathway, Wnt signaling pathway, ubiquitin-mediated
proteolysis, cell cycle, and pathways in cancer. These results
indicated that the two clustering subtypes might have
markedly different immune landscape.

3.6. Establishment of m°A-Related IncRNA Risk Score. We
further explored the role of 7 mC®A-related prognostic
IncRNAs in the OS by using LASSO regression model. The
baseline characteristics, including age, grade, and FIGO
stage, were not significantly different between the training
and validation sets (all P values > 0.05 Supplementary
Table 1). A risk score model was constructed in the training



Disease Markers

Delta area

L 0

5 Consensus CDF

5]

9 0.5 1.0

8

3 i 0.8 1

g 0.4 4

< —

I 0.3 4 0.6

= o

it a

° o4

%0 0.2 4

0.

5

g o1 y 02 1

k= T—~o0—__

< o

& I — 0.0

T T T T T T T T T T T T T T
2 3 4 5 6 7 8 9 0.0 0.2 0.4 0.6 0.8 1.0
K Consensus index
= 2 o6
o3 m 7
o 4 m 8
=5 m 9
(a) (b)

Consensus matrix k = 2

1.00
0.75
fl
-
=}
2
B 050 —mmmmmm oo
= I —
E ! Ly
1 1
=1 I 1
w 1 I
1 1
0.25 | ! !
p=0.043 1 1
1 1
1 1
1 1
1 1
0.00 ! !
T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (Years)
ol .
Number at risk
|2 8
gﬁlusterl 6452311611 7 6 6 6 5 5 4 3 1 1 0 0 0 0 0 0
G Cluster2 4 209175110 75 50 37 29 21 17 14 11 9 8 4 3 2 2 2 0 0 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (Years)

Cluster
—+— Clusterl
—— Cluster2

(© (d)

FiGure 2: Continued.



6 Disease Markers

| T I I MM} Stegee

(IR ER R RN ETEAL Grade
O L 1 =
I Cluster 3

‘ ‘ ’ ‘ ‘ AC099850.4
AC015922.2

AC025176.1 0

————— —
—

| AL109811.2

AC024270.4

RPP38-DT

Stage*

. Stage I-1I
I stage mi-1v
Age

. <=60
.>60

‘\ “ acoosi2a1 [ s

Grade
B
| JEeE

Cluster

. Clusterl
. Cluster2

(e)

FiGurE 2: Different survival and clinicopathological characteristics in cluster 1/2 subtypes constructed based on 7 m®A-related prognostic
IncRNAs. (a) CDF for k=2 to 9. (b) Relative change in area under the CDF curve for k=2 to 9. (c) Consensus clustering matrix for k =
2. (d) Kaplan-Meier curves of OS in cluster 1/2. (¢) Heat map and clinicopathological features in cluster 1/2 (*P <0.05). mCA: N6-
methyladenosine; IncRNAs: long noncoding RNAs; CDF: cumulative distribution function; OS: overall survival.

75 A
=
L
g
2 50 -
L)
<
k3]
&
G
2 251
04
Clusterl Cluster2
Cluster
Eed Clusterl
$ Cluster2
()

AC024270.4
AC099850.4
AC025176.1
AC008124.1
AL109811.2
AC015922.2
RPP38-DT

*
*
*
*
*
*

hu]
[
R
=9
[©)
[_4
TGFbeta B
0.8
AC024270.4 . *
AC099850.4 . * * B 0.4
t 0.2
AC025176.1 * . o
0
AC008124.1 % .
t-0.2

AL109811.2 . % 04
AC015922.2 . B -0.6
-0.8

RPP38-DT

0.6

*
*
*

(®)

FIGURE 3: Associations of TGFbeta with m°®A-related prognostic IncRNAs. (a) Expression of TGFbeta in cluster 1/2 subtypes (***P < 0.001).
(b) Relationship between TGFbeta and m°®A-related prognostic IncRNAs. m®A: N6-methyladenosine; IncRNAs: long noncoding RNAs.



Disease Markers 7

1.00 { **ns **kns ns ns *¥kns * ns * ck kX kkkpg ns ns ¥ ns ns ns  ¥¥ ns

Rl AT

0.004 o
SOLPPIIPIIEE IS PP DS
PR Y S SEV T T S SIS
O IFTILFFTFT LY & T IS F I G
FEIFHFFIF Fs ¥ F T FFSEES
&‘@*@bbs@"&& .@I’D@b 4"\,&' b,bqo&y\"\(\".\"
YLELOLE L & & Y FIY e
FEFTSTS & < & TS LS
Y YE &S S £ TS
A od @‘Qo)b /\’& ‘§'§°’
QQ"’ O <
Cluster
EF Clusterl
£ Cluster2
@)
Cluster

KEGG_ARACHIDONIC_ACID_METABOLISM )
\ ' KEGG_DRUG_METABOLISM_CYTOCHROME_P450
KEGG_METABOLISM_OF_XENOBIOTICS_BY_CYTOCHROME_P450
|| || | | KEGG_HISTIDINE_METABOLISM

1IH ||

\ !
|‘
I H | I { |

Ww

I||
|
\' I‘I H ‘\
l |

KEGG_GLUTATHIONE_METABOLISM
Il
\} |’ | N
E \‘ h ||
= il

KEGG_OXIDATIVE_PHOSPHORYLATION

KEGG_PARKINSONS_DISEASE

KEGG_NON_HOMOLOGOUS_END_JOINING

KEGG_RNA_DEGRADATION

KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS

KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION

KEGG_OOCYTE_MEIOSIS

KEGG_CELL_CYCLE

KEGG_FOCAL_ADHESION

KEGG_ECM_RECEPTOR_INTERACTION
KEGG_THYROID_CANCER

" KEGG_ADHERENS_JUNCTION

1'.5"

KEGG_REGULATION_OF_ACTIN_CYTOSKELETON
KEGG_AXON_GUIDANCE

KEGG_GAP_JUNCTION -1
KEGG_TGF_BETA_SIGNALING_PATHWAY
KEGG_WNT_SIGNALING_PATHWAY
KEGG_DORSO_VENTRAL_AXIS_FORMATION
KEGG_SMALL_CELL_LUNG_CANCER

KEGG_PATHWAYS_IN_CANCER

KEGG_GLIOMA

KEGG_RENAL_CELL_CARCINOMA

’I"I

‘ ‘
|

‘ [N || ||}

\ | ‘
— | I | I Wl KEGG_CHRONIC_MYELOID_LEUKEMIA -2
” | KEGG_ERBB_SIGNALING_PATHWAY
Cluster
Clusterl
Cluster2

|

()

FIGURE 4: Tumor immune microenvironment characteristics in cluster 1/2 subtypes. (a) The abundance of immune infiltrating cells
(*P<0.05; **P < 0.01; ***P < 0.001). (b) Heat map and the activation states of biological pathways. m®A: N6-methyladenosine; IncRNAs:
long noncoding RNAs.



Disease Markers

-1 i _
g +
i
N i
N 5
O i i
! ! )
i L |
O : {
: :
{
!
© n B
W, :
O t {
{ Y
I i
O ! 1, IA_1
| i
I i
NI Rl T t—
F ,
O | ,W
F \,
O - ”, |
| L
I f | |
| |
> |
f
/
N
.‘
~ o W ©
|
I
™ ﬁ
~ -
~ -
T T T T T T
o % a < © ©
= =] =] =] o o
= = — —

9OURTASD POOYT[AYI] [eNIed

Log(\)

wna

0.0

-0.5

T

<

—
|

SJUANLYIa0)

-1.5

=2.0

Log lambda

FiGure 5: Continued.



Disease Markers

0123 456 7 8 91011121314151617 18 19 20

faa)
(=3
<
(=}
[
a
(=3 wn (=4 L (=3
S & @ o S
— (=} (=} (=} (=}
Ayqqeqouad Tearang

Time (Years)

322 1000O0O0O0O0
64311111000
10 11 12 13 14 15 16 17 18 19 20

5
9
9

LN OO o0

F

F<

el

F o

Fo—

68 58 32 20 13 10 8
69 64 43 28 19 14 11

Fo

5

Time (Years)

Risk score

—+— High

—+— Low

(0

0.025

p=

1.00 -

T
n
N
(=}

0.75 ~
0.50 -

Aymqeqoad [earaing

0.00 ~

0123456 7 8 91011121314151617 1819 20

Time (Years)

[s=le) 3

(=l g

Henp

<Henp

O <t

83 6233201

:I 28 8
Low { 534333231712 8

High

L
%5
£ 3

0123456 7 8 91011121314 1516 17 1819 20

Time (Years)

Risk score

—— High

—+— Low

(d)

FiGgure 5: Continued.



10

Survival time (Years)

Risk score

i LJ
8- |
_ |
| .
4 i 4
| /
— |
0-Le mm—— T
T T T T T T T T
0 20 40 60 80 100 120 140
Patients (Increasing risk score)
@ High risk
® Low Risk
® ]
I e
o e®e e © : ° [ ] ® ®
- g .’ ° ° : ) ®
S ® o, o 0%0
Co g0 % 3 w X °
° e o .9_*'0‘ Supp N
I I I I I I
0 20 40 60 80 100 120 140
Patients (Increasing risk score)
® Dead
o Alive
Type
| || || | AC024270.4
5
I I cossssos
I | | | | | AC025176.1
0
= AC008124.1

Type
High

Low

| | I Acorsszez

| RPP38-DT

(e)

FiGure 5: Continued.

Disease Markers



Disease Markers

11

[]
4 — i
i
L 3
: | 4
@ 2 — | [J
= : —_
o [ I : — =
| & I
07 T T T T T T T
0 20 40 60 80 100 120 140
Patients (Increasing risk score)
® High risk
® Lowrisk
i T ®
g - o | °
é o ® : o
g 10— | o *
= L ) o ® | . ® °
= h ° o
£ 5 ® oo e ® ® . [/ o Vo o
: O L ey e :
3 o0 o . oof". : w
0 20 40 60 80 100 120 140
Patients (Increasing risk score)
® Dead
® Alive
6 | |||| | | ACO24270.4
4 | | | |I |I| |AC0998504
2
| | AC025176.1
0
AC008124.1
-2
4 I (oo
P I | " RPP38-DT
Type
High
Low

®

FIGURE 5: Establishment of m®A-related IncRNA risk score. (a) Partial likelihood deviance for tuning the parameter selection in LASSO
regression model. (b) LASSO coefficient profiles. Kaplan-Meier curves of OS in the (c) training cohort and (d) validation cohort.
Distribution of risk score, OS, and survival status and heat map of risk score in the (e) training set and (f) validation set. mCA: N6-
methyladenosine; IncRNA: long noncoding RNA; LASSO: least absolute shrinkage and selection operator; OS: overall survival.

set. As shown in Figures 5(a) and 5(b), 6 mCA-related
IncRNAs were identified according to the minimum lambda
criteria. The risk score of each patient was calculated using
the coefficients (Table 2) and expression levels of 6 m°A-
related IncRNA signatures. Then, the median risk score in
the training cohort was used as a cutoff point to divide
patients into the high- and low-risk groups.

No matter in the training (P value = 0.003, Figure 5(c))
or validation (P value = 0.025, Figure 5(d)) sets, the high-
risk group had worse OS than the low-risk group. The distri-
bution of risk score, OS, and expression profiles of 6 m°A-
related IncRNA signatures in the training and validation sets
is displayed in Figures 5(e) and 5(f), respectively. The OS in

the low-risk group was evidently longer than that in the
high-risk group. The heat map results demonstrated that
the expression levels of AC099850.4 and AC015922.2 were
upregulated in the high-risk group as prognostic risky
factors, while AC024270.4, AC008124.1, AC025176.1, and
RPP38-DT were downregulated in the high-risk group as
prognostic protective factors. In order to assess the prognos-
tic accuracy of risk score, we performed 3- and 5-year ROC
analyses and found that the 3-year and 5-year AUC values in
the training group were 0.754 (Figure 6(a)) and 0.748
(Figure 6(b)), respectively; in the validation group, the 3-
year and 5-year AUC values were 0.726 (Figure 6(c))
and 0.708 (Figure 6(d)). These AUC values indicated that
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TasLE 2: Coefficients of 6 m°A-related IncRNA signatures.

Gene Coeflicients

AC024270.4 -0.896960755
AC099850.4 0.046185879
AC025176.1 -0.167161103
AC008124.1 -0.064495077
AC015922.2 0.101961902
RPP38-DT -1.770669581

m®A-related IncRNA risk score had a good discrimination
performance in cervical cancer prognosis. Further stratified
survival analysis results displayed that the OS time in the
low-risk group was significantly longer than that in the
high-risk group, no matter for patients with age <60 years,
grade 1/2, or stage I/IT (Figure 6(e)). Although no signifi-
cant survival difference was displayed between the high-
risk group and the low-risk group in patients with age >
60 years, grade 3/4, or stage III/IV, a better prognostic
tendency was observed in the high-risk group.

3.7. Independent Prognostic Value of m°A-Related IncRNA
Risk Score in the OS of Cervical Cancer Patients. In order
to ascertain whether m°A-related IncRNA risk score was
an independent predictor for the OS in cervical cancer, we
performed univariate and multivariate Cox regression anal-
yses in the training and validation groups, respectively. In
the training cohort, univariate Cox analysis results showed
that age over 60 years and high-risk score were risk factors
for the prognosis of cervical cancer patients (Figure 7(a)).
In the validation cohort, univariate Cox analysis results
displayed that advanced stage and high-risk score were risk
factors for cervical cancer prognosis (Figure 7(b)). In the
multivariate Cox analysis, risk score was still a risky factor
for poor prognosis in both the training cohort (HR =1.54,
P value < 0.001, Figure 7(c)) and the validation set
(HR =1.94, P value = 0.012, Figure 7(d)). Our analysis results
suggested that m®A-related IncRNA risk score was an inde-
pendent predictor for the OS in cervical cancer patients.

3.8. Validation of Independent Prognostic Value of m°A-
Related IncRNA Risk Score. In view of the significance of
PES and DSS in tumor prognosis, we further explored the
prognostic value of m®A-related IncRNA risk score in the
PES and DSS of cervical cancer patients. Patients with
high-risk score had dramatically worse PFS (P value =
0.002, Figure 8(a)) and DSS (P value < 0.001, Figure 8(b))
in comparison with those with low-risk score. No matter
in the univariate (Figures 8(c) and 8(d)) or multivariate
(Figures 8(e) and 8(f)) Cox analyses, risk score was signifi-
cantly associated with PFS and DSS. The progression risk
in patients with high-risk score was 2.77 times as high as that
in patients with low-risk score. The risk of cervical cancer-
specific death in patients with high-risk score was 1.46 times
higher than that in patients with low-risk score. The above
results indicated again that m°A-related IncRNA risk score
had good prognostic value in cervical cancer.

Disease Markers

3.9. Correlation of m°A-Related IncRNA Risk Score with
Clustering Subtypes, Clinical Characteristics, and TGFbeta
Expression of Cervical Cancer Patients. Subsequently, we
compared the difference in consensus clustering, clinical
characteristics, and TGFbeta expression between the high-
risk and low-risk groups. As shown in Figure 9(a), the
high-risk group was preferentially associated with cluster 1.
However, no significant difference in age, stage, and grade
was observed between the high-risk and low-risk groups.
In addition, we found that the expression level of TGFbeta
of the high-risk group was markedly higher compared with
that of the low-risk group Figure 9(b).

3.10. Immune Cell Infiltration and Pathway Enrichment
Analyses in the High-Risk and Low-Risk Groups. To explore
the immune infiltration and biological behaviors of m°A-
related IncRNA risk score, we performed ssGSEA and GSVA
in the high-risk and low-risk groups. The ssGSEA results
showed that the high-risk group had markedly higher regu-
latory T cell expression relative to the low-risk group
(Figure 10(a)). The GSVA results displayed that the high-
risk group was characterized by enrichment of virus-associ-
ated, stromal, and malignant pathways such as pathogenic
Escherichia coli infection, gap junction, focal adhesion, ErbB
signaling pathway, TGFbeta signaling pathway, Wnt signal-
ing pathway, and pathways in cancer (Figure 10(b)). The
above results indicated again that the 6 m°A-related
IncRNAs used in calculating risk score were involved in
the malignant process and immune cell infiltration of cervi-
cal cancer.

3.11. Validation of the Expression Levels of Four m6A-
Related IncRNAs in Cervical Cancer Samples. To validate
the expression levels of m®A-related IncRNAs in cervical
cancer samples, we detected four m°A-related prognostic
IncRNAs in 9 tumor tissues and 9 normal samples by using
qRT-PCR assay. Our results showed that the expression
levels of AC024270.4 and AC008124.1 were relatively lower
in cervical cancer samples than normal tissues, while
AC025176.1 was upregulated in tumor tissues (Figure 11).
No significant difference was observed in RPP38-DT expres-
sion between two groups.

4. Discussion

Cervical cancer ranks fourth in cancer-related deaths in
women globally, posing a serious threat to female health
[1]. It is urgent to find new biomarkers to better predict
the prognosis of cervical cancer and develop personalized
treatment plans. Some m®A methylation regulators and
IncRNAs have been reported to be closely associated with
the progression of cervical cancer [9, 10, 13-15]. However,
hitherto, no study has sought to construct a prognostic
model based on m®A-related IncRNAs. In this study, we
explored the predictive value of m®A-related IncRNAs in
the prognosis of cervical cancer by combination of these
two perspectives. In addition, we explored the association
of m®A-related IncRNAs with tumor microenvironment
immune infiltration. Finally, qRT-PCR was used to detect
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F1GURE 6: The ROC curves and stratified survival Kaplan-Meier curves of m®A-related IncRNA risk score in OS prediction. The (a) 3-year
and (b) 5-year ROC curves in the training set. The (c) 3-year and (d) 5-year ROC curves in the validation set. (e) Stratified survival Kaplan-
Meier curves. m®A: N6-methyladenosine; IncRNAs: long noncoding RNAs; OS: overall survival; ROC: receiver operating characteristic.

the expression levels of four mC®A-related prognostic
IncRNAs between cervical cancer tissues and normal tissues.

Based on TCGA-cervical cancer data, we identified 7
m°A-related prognostic IncRNAs by using Pearson correla-
tion analysis and univariate Cox regression analysis. All the

7 m°A-related IncRNAs had significantly different expres-
sion levels between cervical cancer samples and normal tis-
sues. Then, we divided cervical cancer patients into two
clustering subtypes (cluster 1 and cluster 2) according to
the expression of 7 m®A-related prognostic IncRNAs. As
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pvalue Hazard ratio
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Stage 0.008 2.886 (1.317-6.327)
Risk score  0.016 1.721 (1.105-2.680)

pvalue Hazard ratio
Age 0.239  1.715(0.699-4.208)
Grade 0.956  0.980 (0.490-1.961)
Stage 0.634  1.244(0.507-3.055)

Risk score < 0.001  1.536 (1.266-1.863)

pvalue Hazard ratio
Age 0.489  1.360 (0.570-3.246)
Grade 0.282  0.567 (0.202-1.594)
Stage 0.015  2.705(1.217-6.014)
Risk score  0.012  1.939 (1.160-3.242)

(d)
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FIGURE 7: Univariate and multivariate Cox regression analyses of cervical cancer patients based on risk score and clinicopathological
features. Univariate Cox regression analyses in the (a) training cohort and in the (b) validation cohort. Multivariate Cox regression

analyses in the (¢) training cohort and in the (d) validation cohort.

expected, cluster 1 with poor prognosis was preferentially
associated with advanced clinical stage and had higher
TGPFbeta relative to cluster 2. TGFbeta was a tumor suppres-
sor at the early stage of carcinogenesis inducing apoptosis of
premalignant cells, while it acts as a tumor promoter at later
stage, promoting tumor growth and metastasis by stimulat-
ing epithelial-mesenchymal transition, tumor angiogenesis,

and cancer-associated fibroblasts [20]. TGFbeta, the most
prominent immunosuppressive cytokine in tumor microen-
vironment, also plays an important role in tumor immune
evasion and poor response to antitumor immunotherapy
by inhibiting the generation and function of effector
immune cells and promoting the expansion of regulatory T
cells [21]. Elevated TGFbeta promotes the growth, invasion,
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F1GURE 8: The independent prognostic value of mCA-related IncRNA risk score in the DSS and PES. (a) Kaplan-Meier curves of PFS. (b)
Kaplan-Meier curves of DSS. Univariate Cox regression analyses in the (c) PFS and (d) DSS. Multivariate Cox regression analyses in the
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survival.

and migration of cervical cancer cells, suggesting poor prog-
nosis [22]. In addition, we found that TGFbeta was positively
correlated with potential risky prognostic factor AC099850.4,
but negatively correlated with potential protective prognostic
factors AC024270.4, AC025176.1, AC008124.1, AL109811.2,
and RPP38-DT. Tumor immune microenvironment is com-

plex and heterogeneous, which affects tumor progression
and therapeutic effect [23, 24]. Cluster 2 with better progno-
sis exhibited higher levels of effector immune cells such as
activated B cell and activated CD8 T cell, as well as enrich-
ment of pathways such as arachidonic acid metabolism, oxi-
dative phosphorylation, and histidine catabolism. Mediators
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released from the arachidonic acid metabolic pathway play
a vital role in maintaining normal function of the immune
system [25]. Mitochondrial oxidative phosphorylation plays
important roles in maintaining the proliferation of T cells

and inhibiting T cell exhaustion [26]. Cluster 1 was associ-
ated with immunosuppressive and tumorigenic activation
pathways such as TGFbeta signaling pathway, Wnt signal-
ing pathway, ubiquitin-mediated proteolysis, and pathways
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FIGURE 11: Relative expression levels of m®A-related prognostic IncRNAs in cervical cancer tissues and normal cervical tissues.

in cancer. TGFbeta signaling inhibits the normal function of
immunity system, promoting tumor grow, metastasis, and
immune evasion [21, 27]. Wnt signaling promotes tumor
immune escape and limits antitumor immunotherapy
response in several cancers including cervical cancer [28].
Ubiquitin-mediated proteolysis is closely associated with
multiple biological processes including cell growth, differen-
tiation, immune regulation, and inflammatory response
[29]. These results indicated that mC®A-related IncRNAs
were involved in the prognosis and immune cell infiltration
of cervical cancer patients.

Subsequently, we identified 6 out of 7 m6A-related prog-
nostic IncRNAs to construct a risk score model for predict-
ing the outcomes of patients. Whether in the training set
or in the validation set, patients in the high-risk group had
shorter OS time in comparison with those in the low-risk
group. Consistent with results from univariate Cox regres-
sion analysis, AC024270.4, AC008124.1, AC025176.1, and
RPP38-DT were protective biomarkers for the prognosis of
cervical cancer, while AC015922.2 and AC099850.4 were
risky biomarkers. Meanwhile, the m°A-related risk score
was an independent prognostic factor of OS in cervical can-
cer patients. We also validated the independent prognostic
value of m®A-related risk score in the PFS and DSS. In brief,
the m®A-related risk score can accurately predict the prog-
nosis of patients with cervical cancer. Previous studies about
the 6 m°A-related IncRNAs were few. AC015922.2 was a
prognostic risk marker in our study, but a prognostic protec-
tive biomarker in clear cell renal cell carcinoma [30].
AC099850.4 may be involved in the progression of ovarian
cancer through IncRNA-miRNA-mRNA competing triplets
[31]. More research about the 6 m®A-related IncRNAs is
needed in the future.

Next, we found the high-risk group had significantly
higher TGFbeta levels than the low-risk group. TGFbeta is

an important immunosuppressive factor, predicting poor
prognosis of cervical cancer [32]. In view of the vital roles
of tumor immune microenvironment in tumor prognosis
[33], we compared immune cell infiltration between two dif-
ferent risk score groups. The high-risk group had higher
abundance of regulatory T cell, a type of immunosuppressive
T cell, which can be expanded by TGFbeta [21]. Addition-
ally, the high-risk group was associated with pathways such
as TGFbeta signaling pathway, Wnt signaling pathway, ErbB
signaling pathway, and pathways in cancer. It is known that
TGFbeta signaling and Wnt signaling can promote tumor
immune evasion and metastasis and are potential antitumor
therapeutic targets [34, 35]. ErbB signaling and Wnt signal-
ing play a carcinogenic role and promote tumor progression
in many cancer types [35, 36]. Consistent with the prognos-
tic protective role of AC024270.4 and AC008124.1, their
expression levels in cervical cancer were significantly lower
than those in normal cervix. However, AC025176.1 was
markedly upregulated in tumor tissues than in normal
tissues. We speculate that AC025176.1 might play different
roles in premalignant cells and cancer cells of cervical
cancer.

Despite some positive results, there are still some lim-
itations in our study. First, our analysis results were based
on TCGA database. More clinical cohorts should be used
to validate the prognostic value of identified m°A-related
IncRNAs. Second, we only performed preliminary expres-
sion and mechanism studies on mC®A-related prognostic
IncRNAs. Their full biological mechanism remains to be
further explored using in vitro and in vivo experiments.

5. Conclusions

In summary, our study systematically analyzed the expres-
sion, prognostic value, and impact on immune infiltration
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of m®A-related IncRNAs in cervical cancer. These findings
provided some clues for future studies about m°®A-related
IncRNAs as promising therapeutic targets for cervical
cancer.
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