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Background: There have been limited treatment therapies for lung squamous cell
carcinoma (LUSC). MBA-related genes may be the next therapeutic targets for LUSC. In
this study, we explored the prognostic role and mutational characteristics of m6A-related
genes in LUSC.

Methods: LUSC gene expression data, mutational data, and corresponding clinical
information were extracted from The Cancer Genome Atlas database. Differentially
expressed genes (DEGs) were identified, and the mutation characteristics of LUSC
patients were explored. Then, mBA-related genes were extracted and the correlations
among the genes were detected. Finally, the prognostic roles of the genes were
investigated and the nomogram model was developed. Besides, the protein—
protein interaction (PPl) network was used to explore the potential interactions
among the genes.

Results: In total, there are 551 LUSC samples enrolled in our study, containing 502
LUSC tumor samples and 49 adjacent normal LUSC samples, respectively. There
were 2970 upregulated DEGs and 1806 downregulated DEGs were further explored.
IGF2BP1 and RBM15 had significant co-occurrence frequency (p < 0.05). Besides,
METTL14 and ZC3H13 or YTHDF3 also had significant co-occurrence frequency (o <
0.05). All the m6A-related genes represent the positive correlation. WTAP was identified
as a prognostic gene in the TCGA database while YTHDC1 and YTHDF1 were identified
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Guetal m6A Related Genes in LUSC
as prognostic genes. In multivariate Cox analysis, YTHDF1, age, pN stage, pTNM stage,
and smoking were all identified as significant prognostic factors for OS.

Conclusion: We investigated the expression patterns and mutational characteristics of

LUSC patients and identified three potential independent prognostic m6A-related genes

(WTAP, YTHDC1, and YTHDF1) for OS in LUSC patients.

Keywords: m6A, prognosis, lung squamous cell carcinoma, RNA methylation, nomogram
INTRODUCTION MATERIALS AND METHODS

Lung cancer is one of the main causes of cancer-related deaths
worldwide, with an approximate 5 year overall survival rate
of 16-20% (Gu et al.,, 2017, 2018a,b, 2020a). Non-small cell
lung cancer (NSCLC) accounts for four-fifths of all lung cancer
types (Gu et al,, 2016, 2018a; Chen et al, 2020). Of these,
lung squamous cell carcinoma (LUSC) and lung adenocarcinoma
(LUAD) account for the vast majority, reaching about 55 and
30% of all NSCLCs, respectively (Gu et al., 2016). In recent years,
there have been many targeted therapies for LUAD, whereas the
targeted schemes for LUSC are still limited (Yuan et al., 2017).

N6-Methyladenosine (m6A) RNA modification is defined as
an adenosine methylation at the N6 position, identifying as
the most abundant mRNA modification, widely discovered in a
vast number of eukaryotic species, including yeast, mammals,
insects, plants, and certain viruses (Beemon and Keith, 1977;
Levis and Penman, 1978; Aloni et al., 1979; Nichols, 1979;
Schafer, 1982; Clancy et al., 2002). Besides, m6A modifications
exist on almost all types of coding and non-coding RNAs and
dynamically regulate their relevant molecular processes and
physiological and pathological functions (Gu et al., 2020b).
According to the characteristics of m6A proteins, they are divided
as “writer;” “eraser; and “reader” proteins, which dynamically
regulate tumor-related pathological and physiological functions
(Gu et al., 2020b). Many previous researches have proved the
effects of N6-methyladenosine (m6A) RNA modification and
its ability to regulate and coordinate related gene expression,
whose level will profoundly affect cancer characteristics (Gu et al.,
2020b; Shen et al., 2020; Wei et al., 2020). For example, in
lung cancer, METTL3 acts as an oncogene, which increases the
growth, survival, and invasion of lung adenocarcinoma cells (Lin
etal.,, 2016). This phenomenon suggests that m6A modifications
and related genes may play important roles in tumor inhibition
or tumorigenesis, which means that m6A modifications or
m6A-related genes may be the next tumor therapeutic targets,
especially for LUSC (Pei et al., 2020).

Recently, studies on the prognostic role of m6A genes have
emerged, including LUAD (Zhang Y. et al., 2020), renal cell
carcinoma (Gao et al.,, 2020), cervical cancer (Yang et al., 2020),
colorectal cancer (Sun et al., 2020), and breast cancer (Wei
et al., 2020). However, few research focus on LUSC. Herein,
we explored the m6A-related genes and the m6A gene-related
mutations using The Cancer Genome Atlas (TCGA) databases,
attempting to unearth the underlying molecular mechanisms of
LUSC tumorigenesis and progression, and then helping develop
new and effective targeted therapy regimens.

Data Source

LUSC gene expression data, mutational data, and corresponding
clinical information were obtained from the TCGA database'.
All the data were available online and defined as open-access. In
total, there are 551 LUSC samples were enrolled in our study,
containing 502 LUSC tumor samples and 49 adjacent normal
LUSC samples, respectively. We conducted the study with the
TCGA publication guidelines.

Differentially Expressed Gene (DEG)

Identification

Firstly, 49 LUSC tumor samples and the corresponding 49
adjacent normal LUSC samples were selected. Second, the
Ensembl database® was used for identifying the gene IDs. Then,
principal component analysis (PCA) was performed to confirm
the heterogeneity of the two groups. The PCA graph was
obtained. Finally, differentially expressed mRNAs were obtained
utilizing the package of “edge R” with absolute log fold change
(FC) > 2 and the false discovery rate (FDR)-adjusted P <
0.05 by R software (Version 4.0.3) (Gu et al, 2020d). After
obtaining the lists of DEGs, the volcano map and corresponding
heat map were drawn.

m6A Gene Extraction

The m6A-related genes are derived from Gu’s review (Gu et al,,
2020b) on RNA m6A modification in cancers, including “writer”
proteins (METTL3, METTL5, METTL14, METTL16, ZC3H13,
RBM15, WTAP, KIAA1429), “reader” proteins (YTHDFI,
YTHDE2, YTHDE3, YTHDCI, YTHDC2, HNRNPC, IGF2BP1,
IGF2BP2, IGF2BP3), and “eraser” proteins (FTO, ALKBHS5).

Mutational Analyses

The LUSC mutational data were also downloaded from the
TCGA database, with samples’ clinical information. In order to
identify the somatic mutations of LUSC patients, we analyzed
the mutational data and visualized the data using the R package
“maftools.” Besides, we further explored the somatic interactions
among the m6A genes, along with the status of single-nucleotide
polymorphism (SNP) and hypermutated genomic regions (Shi
et al., 2018a,b; Zhang L. et al., 2020).

Thttps://portal.gdc.cancer.gov/

2www.ensembl.org/
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Survival Analysis and Subtyping

All the mRNA expressions of m6A-related genes were calculated,
and patients were separated by the median expression level of
each gene (highly expressed group and lowly expressed group).
The Kaplan-Meier (KM) survival analyses were used to compare
the survival difference between lowly and highly expressed
groups based on each m6A-related gene group, with log-rank test.
Besides, all the m6A-related genes were validated using Kaplan-
Meier Plotter’. Then, the univariate and multivariate Cox
analyses were performed to predict the prognostic significance
for overall survival (OS). R package “ConsensusClusterPlus” was
used for consistency analysis, and the maximum number of
clusters is 6. Besides, four-fifths of the total sample is drawn
100 times, clusterAlg = “hc,” innerLinkage=“ward D2.” Clustering
heat maps were then drawn by R package “pheatmap.” The gene
expression heat map retains genes with SD > 0.1. If the number
of input genes is more than 1,000, it will extract the top 25% genes
after sorting the SD.

Nomogram for Predicting OS

After obtaining prognostic mé6A-related genes in multivariate
Cox analysis, all the prognostic genes and relevant clinical
characteristics were included for the nomogram modeling, with
1, 2, 3, and 5 survival prediction scores. Then, the calibration
curves for each year were also drawn.

Protein-Protein Interaction (PPI) Network
After identifying the key prognostic m6A-related genes, STRING
database* was used for exploring the interactions among the
genes (Gu et al., 2020c).

RESULTS

In total, there are 551 LUSC samples enrolled in our study,
containing 502 LUSC tumor samples and 49 adjacent normal
LUSC samples, respectively. The baseline characteristics of the
patients were listed (Supplementary Table 1). After matching
the paired normal samples for tumor samples, 49 LUSC pairs
were finally obtained. The PCA graph showed the significant
difference between LUSC tumor and adjacent normal LUSC
samples (Figure 1A). There were 2970 upregulated DEGs and
1806 downregulated DEGs further explored (Figure 1B). The
heat map of DEGs in the 49 paired samples were also drawn
(Figure 1C). Besides, the m6A-related genes were extracted from
all the 551 LUSC samples; the expressed patterns are shown in
Figure 1D.

In mutational data, 89 patients contained the mutational
mo6A-related genes in 492 LUSC patients. The top 10 mutational
mo6A-related genes were KIAA1429 (3%), ZC3H13 (2%), FTO
(2%), YTHDC2 (2%), RBM15 (2%), IGF2BP1 (2%), HNRNPC
(1%), YTHDF1 (1%), YTHDE3 (1%), and METTL16 (1%),
respectively (Figure 2A). Furthermore, the somatic interactions
among the m6A genes were detected (Figure 2B). We

3https://kmplot.com/analysis/
“https://string-db.org/

found that IGF2BP1 and RBM15 had significant co-occurrence
frequency (p < 0.05). Besides, METTL14 and ZC3H13 or
YTHDE3 also had significant co-occurrence frequency (p <
0.05). The status of single-nucleotide polymorphism (SNP)
and hypermutated genomic regions was also investigated;
C>A and C>T were the major two types of mutations, and
the convention rates in each samples were also shown in
the stacking bar chart (Figure 2C). A rainfall plot showed
hypermutated genomic regions according to different SNP
mutational types (Figure 2D).

The major m6A-related genes were utilized to explore the
relationships among these genes by a correlation analysis.
All the m6A-related genes represent the positive correlation
(Figure 3). In subtyping analyses, we selected k = 3 as the
cutoff value to develop subtyping groups (Figure 4). Then,
we explored the prognostic roles of each m6A-related gene
by KM curves with the log-rank test. WTAP (log-rank p =
0.012, HR = 0.703, 95% CI = 0.535-0.925) was identified as a
prognostic gene in the TCGA database while YTHDC1 (log-
rank p = 0.046, HR = 0.79, 95% CI = 0.62-1) and YTHDF1
(log-rank p = 0.037, HR = 0.78, 95% CI = 0.61-0.99) were
identified as prognostic genes in microarray samples using KM
Plotter (Figure 5).

In univariate Cox proportional hazard regression, only the
pTNM stage (p = 0.0060, HR = 1.258, 95% CI = 1.068-1.482)
was identified as a significant prognostic factor for OS while in
multivariate Cox proportional hazards regression, YTHDF1 (p =
0.0117, HR =2.473,95% CI = 1.223-5.001), age (p = 0.0159, HR =
0.957, 95% CI = 0.923-0.992), pN stage (p = 0.0099, HR = 0.491,
95% CI =0.286-0.843), pTNM stage (p = 0.0209, HR = 1.619, 95%
CI = 1.076-2.437), and smoking (p = 0.0220, HR = 0.171, 95% CI
=0.038-0.775) were all identified as significant prognostic factors
for OS. Afterward, we built a nomogram for LUSC patients using
YTHDEF]I, age, pN stage, and smoking, with the c index as 0.67 (p
< 0.001, 95% CI 0.589-1) (Figure 6).

After obtaining the three prognostic m6A-related genes, the
representative immunohistochemical images (Supplementary
Figure 1) and PPI network (Supplementary Figure 2) were
explored. Besides, for YTHDF]1, the box plot (Supplementary
Figure 3) and stage plot (Supplementary Figure 4) were
further investigated.

DISCUSSION

There is limited treatment strategy for LUSC, and the prognosis
of LUSC patients remains gloomy. In recent years, targeted
therapies and immunotherapy are emerging and shed some
light on tumor treatment. Many biomarkers, including
specific genes, mMRNA/IncRNA/miRNA signatures, and
DNA methylation markers, have been identified and used
in clinic (Gu and Chen, 2020; Jiao and Yang, 2020). RNA
m6A modifications and m6A-related genes were verified as
credible markers for different diseases (Gu et al., 2020b). In
this article, we explored the prognostic role of m6A-related
genes and the mutational status of LUSC patients using
the TCGA database, which suggest that WTAP, YTHDCI,
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FIGURE 1 | Differentially expressed genes (DEGs) in patients with lung squamous cell carcinoma (LUSC). (A) Principal component analysis (PCA) for tumor and
normal tissues. (B) DEGs between tumor and normal tissues. (C) Heat map for DEGs in paired samples. (D) The expression of m6A-related genes in total LUSC

patients in TCGA database.

1806down gene 2970up gene

change

— Type
e I | B
[0 w12
| METTLS
| HNRNPC
METTLIS -2
| ALKBHS®
yivoer 4
| REM1S
YTHOF2
FTo
| KIAA1429
YTHOF3
| | METTLY
YmHoc2
PNIES
METTLIS
YmHoct

and YTHDFI act as promising prognostic factors and
biomarker for LUSC.

In survival analyses, we found that WTAP (log-rank p =0.012,
HR = 0.703, 95% CI = 0.535-0.925) were identified as a
prognostic gene in the TCGA database while YTHDCI1 (log-
rank p =0.046, HR = 0.79, 95% CI = 0.62-1) and YTHDF1
(log-rank p = 0.037, HR = 0.78, 95% CI = 0.61-0.99) were
identified as prognostic genes in microarray samples using KM
Plotter. For WTAP, WT1-associated protein, the accumulation
of METTL3 and METTLI14 requires WTAP, which can bind
to the METTL3/METTL14 complex. Besides, WTAP helps
recruit optimal substrate and localize the METTL3/METTL14
complex (Zhong et al., 2008; Ping et al., 2014). Yu et al. (2019)
demonstrated that, in high-grade serous ovarian carcinoma,
WTAP is highly expressed and the higher expression of
WTAP is associated with poor survival. After validation
in SKOV3 and 3AO cell lines, they found that WTAP
may act as a prognostic factor for patients with high-
grade serous ovarian carcinoma. YTHDCI, YTH domain-
containing proteins 1, regulates the process of mRNA splicing
by recruiting and combining serine/arginine-rich splicing
factor 3 (SRSF3) in the cell nucleus (Xiao et al., 2016).
Moreover, YTHDCI assists in mRNA exportation from the
nucleus to the cytoplasm (Roundtree et al., 2017). In bladder
urothelial carcinoma (BLCA), a study screened and validated
9 RNA-binding proteins for prognostic model establishment
using the TCGA database and found that YTHDCI is
important for oncogenesis, development, and metastasis in

BLCA (Guo et al, 2020). YTHDFI, the YT521-B homology
(YTH) domain family protein 1, is reported to recruit
translation initiation factors for facilitating translation (Wang
et al, 2015). YTHDF1 also has a controversial role in
NSCLC; Shi et al. (2019) showed that lack of YTHDF1
inhibits lung adenocarcinoma cell proliferation and tumor
formation in xenograft by affecting the translational efficiency
of cyclin D1, CDK4, and CDK2 and a high expression
level of YTHDF1 is relevant to better prognosis, which is
similar to our results.

There are many differences between LUSC and LUAD in
mo6A-related gene expression patterns. Therefore, there also
exist some differences in the significant m6A-related genes
for patient outcomes. In LUAD, Zhang Y. et al. (2020)
demonstrated that METTL3, YTHDF1, and YTHDEF2 were
identified as prognostic genes and associated with better relapse-
free survival (RFS) and OS. Li et al. (2020) analyzed the
TCGA database combined with the Genotype-Tissue Expression
(GTEx) database and calculated the prognostic signature-
based risk scores of RBM15, HNRNPC, and KIAA1429.
They found that the three m6A-related genes not only have
strong associations with clinicopathological features and clinical
prognosis of LUAD but also act as significant prognostic
factors for LUAD. Similarly, Li and Zhan (2020) investigated
the m6A-related gene signature for predictive, preventive,
and personalized medicine using 511 LUAD samples, 502
LUSC samples, and 109 normal samples obtained from the
TCGA database; they found in the whole NSCLC cohort that

Frontiers in Cell and Developmental Biology | www.frontiersin.org

March 2021 | Volume 9 | Article 661792


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Guetal m6A Related Genes in LUSC

Altered in 89 (18.09%) of 492 samples. B
2300

[FE " -|||-I-IJ--.I.-.Hn]--.i-!u.l-.n.u.l-llll...l_l.-._ﬁu

YTHDF3

merTLis |
YTHDC1 s
wiap
YTHDF2 s
METTL14
ALKBHS -
METTL3 aemes . s
WETTLS F—
vital_status s p
gender
= Nonsense_Mutation = Splice_Site vital_status gender ) R 1
= Missense_Mutation ® Multi_Hit = Alive = FEMALE 3
= Frame_Shift_Del = Dead = MALE ad 4 o
. >3 sty i)
100 100

TCGA-18-3409-01A-01D-0983-08

7.45

~
&

~

&

5497 o
25

0 0
C>A c>T Cc>G T>C T>A T>G Ti Tv & 248 4

% Mutations
g
® 8
log10 (inter event distance)

0.00 —

% Mutations
8

® C>T ® C>A © T>C
® C>G e T>A » T>G

FIGURE 2 | Mutation patterns of LUSC patients. (A) Oncoplot displays the mutational patterns of m6A-related genes in 89 LUSC patients. (B) The co-expression
patterns of mBA-related genes in LUSC patients. (C) The SNP patterns of LUSC patients. (D) Rainfall plot shows hypermutated genomic regions. *p < 0.05.

A B . 5
N CEEE2EER8zZ2T2zaoazzod
o 22;5&&&;;;;;19990{15;
H VETTL3 /@ B[P Q B DQQF BPRQPPPRP!' P 1
? veTTLi4 @ BB IRDD 5 B 7 BOHDHH B
WP @ PP T T PP QP BT 08
- vrvA @DDDV B OD OS> OOV M |
rReM15 @DDDDO DDA B P DD B
. reviss @D PBD * > PP |
zc3H13 @D DO R P BB BHHDO D
s ytHoc1 @D BAPP & P B BDHP BB
&l YTHOC2 @ P QD 7 7 P DR B 7 0.2
=] YTHDFs.DQDVlDQVDD
g YTHOF @ Q B P BB DY BR| [ °
YTHDF2 @R 7 V7 (DR DD s
s HNRNPC @ B 7 D@D 7| D
IGF28P1 @ QQ QB I[P
. icF2eP2 @D P BT P 04
° IGF28P3 @ B D 1| B
a revx @D B B [ °°
B HNRNPA2B1 @ P/ D
rro@ 0l °°
. ALKBHS (@)

36 5§ 8 2050 25 20 50 6085 06 55 2 5

FIGURE 3 | Correlation analysis among m6A related genes. (A) The distributions of each sample and the correlation coefficients were calculated. (B) The correlation
coefficients were drawn by pie charts.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 5 March 2021 | Volume 9 | Article 661792


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Guetal

m6A Related Genes in LUSC

A consensus CDF B Delta area
o
g
-+
BE
=4
8
H
b
g o
< s 7
5 :
© A <
[
® o
£ <
<
L4
>
i o
ke o
o —
- \
(=3
°
T T T T T
2 3 4 5 6
k
I Clu:
c D gczlumr

i
| [=]

il
‘l l“ol

y

il
il
fil

I

FIGURE 4 | Identification of consensus clusters according to the expression similarity of m6A-related genes. (A) Cumulative distribution function (CDF) (k = 2-6).
(B) Relative change in area under the CDF curve (k = 2-6). (C) The matrix of consensus clustering (k = 3). (D) Heat map of m6A-related gene expression in different
subgroups; red represents high expression while blue represents low expression.

A WTAP B YTHDCA Cc

YTHDF1
o
s High exp (N =247) < HR =0.79 (0.62 - 1) = HR =0.78 (0.61 - 0.99)
—— Lowexp(N=248) logrank P = 0.046 logrank P = 0.037
©
g S 2 -
£ 2 R z 2
O « [<]
£ 3 £ 31 £ 3
a9 4 q N
e S Expression S | Expression
log-rank P= 0.008
HR=0.69 (95%C1,0.525 - 0908 ) — low — Iqw
2 < | — high g 4 — high
b T T T e T T T T T T T T T T
0 5 10 15 0 50 100 150 200 0 50 100 150 200

survival years (OS ) Time (months) Time (months)

FIGURE 5 | Survival curves according to the expression of (A) WTAP; (B) YTHDC1; and (C) YTHDF1.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 6 March 2021 | Volume 9 | Article 661792


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Guetal

m6A Related Genes in LUSC

A Uni_cox Pvalue Hazard Ratio(95% CI) B Mult_cox p.value Hazard Ratio(95% CI)
WTAP 0.6813 0.938(0.693.1.271) * WTAP 0.9918 1.004(0.448.2.254) r-T—l
YTHDF1 0.5878 1.083(0.812,1.444) 0|0-| YTHDF1 00117 2.473(1.223,5.001) Io—0—1
YTHDC1 0.3565 0.875(0.658.1.163) (1] YTHDCI 0.2901 0.612(0.246,1.52) o.-l-l
Age 0.0585 1.016(0.999.1.033) + Age 0.0159 0.957(0.923.0.992) ?
PN_stage 0.1679 1.148(0.944.1.396) |m PN_stage 0.0099 0.491(0.286,0.843) B
PTNM_stage 0.0060 1.258(1.068.1.482) = PTNM_stage 0.0209 1.619(1.076,2.437) o
Smoking 02018 0.587(0.259,1.33) o Smoking 0.0220 0.171(0.038,0.775) €+
Radiation_thcrapy 0.0839 1.885(0.919.3.87) —— Radiation_therapy 0.1707 1.848(0.768.4.45) ——
TTTTTTTn TTTTTTTT T
051152253354 00381 2 3 4 5
Hazard Ratio Hazard Ratio
C D
1
YTHDF1 et . — . — 2-year I Moy
§ 5284 S6 S5 |6 62 64 66 68 T 12 74 76 78 %g o
& - ——  3-year |¥ &)
ge r r T v T T T r T \ > g i
€ &8 » 78 » 65 @ 58 © 45 ¥y < d—year le r
PN_stage — . C-index : 0.67(0.589-1) ‘ } || =
B | n » p-value = p <0.001 = 1] \
PTNM_stage — . d & e ] Ry
1 il e e -
No -] X
Smoking r ) E
Yes 2
; 2 =
Total Points r - - - - 1 .
0 g 100 1% X 2% X o i
Lincar Predictor T T °
IS -1 08 0 0S 1 s 2 s 3 38
I=ycar survival Pro r T — T g -
095 09 08 07 0605040302 01
2-year survival Pro - T — T —r
09 09 08 07 06 05040302 01
3—ycar survival Pro ——r—rrT J 8 -
09 08 07 06050403 " T T T T T T
ryearsurvival Pro ——r 77— 00 02 04 0.6 08 10
0. $§ 07 0605040302 01
ced(®
e NOMORTAM - prediced(%8)
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(C) Nomogram for OS in LUSC patients. (D) The calibration curves for each year.

the three-m6A-related signature (METTL3, KIAA1429, and
IGF2BP1) was developed as a prognostic model, which helped in
classifying NSCLC patients into low-risk and high-risk groups.
In our study, we found that WTAP, YTHDCI, and YTHDFI1
were identified as prognostic genes in LUSC, which means
that LUAD and LUSC share different prognostic m6A-related
gene signatures.

There are some limitations in this study. First, this study is an
analysis that uses public databases and lacks some validation by
our own cohort; we will further investigate the three m6A-related
genes in our own LUSC cohort. Second, the targeted downstream
genes of the three genes were not further explored, which may
cause some bias in estimating the targeted drugs, which also need
further investigation. Third, the number of LUSC patients is still
small for selecting the appropriate model and the results still need
further validation.

CONCLUSION

In conclusion, this study explored the expression patterns and
mutational characteristics of LUSC patients and identified three
potential independent prognostic mé6A-related genes (WTAP,

YTHDCI, and YTHDF1) for OS in LUSC patients, which may
be helpful for molecular subtyping of LUSC and providing
new insight into the potential molecular mechanisms of the
ontogenesis, development, and metastasis of LUSC.
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