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Abstract

N6-methyladenosine (m6A) methylation plays an important role in the occurrence and development of tumors. This study ai@
to explore the effects of m6A methylation regulatory genes on rectosigmoid cancer (RSC). RNA-seq data and related clinical
information in The Cancer Genome Atlas database were analyzed. The Wilcoxon test was used to analyze the different expression
levels of mBA methylation regulatory genes between the tumor and normal samples. Least absolute shrinkage and selection
operator Cox regression analysis was used to construct a risk prognosis model between the m6A methylation regulatory genes
and RSC. The median risk score was used to classify RSC patients into high and low-risk groups. Kaplan—Meier survival analysis
and receiver operating characteristic curves were used to evaluate the sensitivity and specificity of the prediction model. The
expression of M6A methylation regulation genes was different between the tumor and normal samples, 6 genes were overexpressed
in tumor and 2 genes were down-regulated. Four m6A methylation regulatory genes, YTHDF3, KIAA1429, ALKBH5 and METTLS,
were screened by least absolute shrinkage and selection operator Cox regression analysis. The overall survival of high-risk group
was significantly lower than that of low-risk group (P = 4.681 x 10-%). The area under the curve value in the receiver operating
characteristic curve was 0.935, indicating that the prediction model was effective. Univariate and multivariate Cox regression were
used to test the effectiveness of the model. m6A methylation regulators YTHDF3, KIAA1429, ALKBHS5, and METTLS3 can be used
to construct predictive models to predict overall survival in different clinical subgroups of RSC patients.

Abbreviations: CRC = colorectal cancer, ICD = International Classification of Diseases of Cancer, HCC = hepatocellular
carcinoma, m6A = N6-methyladenosine, OS = overall survival, RNA = ribonucleic acid, ROC = receiver operating characteristic,

RSC = rectosigmoid cancer, TCGA = the Cancer Genome Atlas database.
Key words: bioinformatics, clinical prognosis, m6A methylation, rectosigmoid cancer

1. Introduction

Colorectal cancer (CRC) is the third most common cancer in
the world.""! As the dividing line between colon and rectum,
rectosigmoid junction is the common position of colon can-
cer. It is reported that sigmoid colon cancer and rectosigmoid
cancer (RSC) account for 27% of colon cancer.”! Although
the rectosigmoid junction is anatomically considered to be the
distal part of the sigmoid colon, it is considered to be part
of the rectum because it shares an important vascular sys-
tem with the rectum above the peritoneal reflex.’! In fact, the
Third Edition of the International Classification of Diseases
of Cancer (ICD-O-3) stated that the rectosigmoid junction
should be classified as a separate segment of the large intestine
(ICD-O; C-19), rather than categorizing it as colon (ICD-O;
C-18) or rectum (ICD-Oj; C-20).1 The pathogenesis, treatment
and prognosis of RSC may be different from rectal cancer and
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sigmoid colon cancer.’! Therefore, the search for biological
targets and molecular mechanisms that affect the prognosis of
RSC patients is attracting more and more attention.

N6 methyladenine (m6A) refers to the methylation modifica-
tion at the N6 position of adenine base. It is an RNA modifica-
tion with the highest endogenous abundance and participates
in almost all RNA metabolism processes including RNA trans-
port, splicing, translation or degradation.[*®! By regulating the
expression of tumor related genes, m6A plays an important
role in tumor development such as proliferation, invasion and
metastasis.l”) Hua et al" found that as an m6A reader, YTHDF2
expression was elevated in patients with multiple myeloma and
was associated with poor prognosis. Further studies have con-
firmed that YTHDF2 inhibits MAP2K2/P-ERK expression by
mediating non-phosphorylated STATS5A, thereby promoting
tumor proliferation, and targeting YTHDF2 may be a promising
therapeutic strategy.
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Although more and more studies have proved the role
of m6A methylation in the occurrence and development of
many tumors, the relationship between m6A methylation and
RSC is still unclear, and there is no prognostic model based
on m6A. In this study, The Cancer Genome Atlas (TCGA)
data were used to analyze the expression differences of 23
m6A methylation regulatory genes in RSC and normal tis-
sues, and 4 genes were selected by least absolute shrinkage
and selection operator regression analysis to construct a
risk model. Then verify its predictive role in RSC. This study
found that m6A regulatory genes plays an important role in
the occurrence and development of RSC, and can be used as
an independent predictive gene to predict the prognosis of
RSC patients, so as to provide predictive conditions for fur-
ther individualized treatment.

Medicine

2. Materials and Methods
2.1. The data collection

The transcriptome data and corresponding clinical data of RSC
were obtained from TCGA database (https://portal.gdc.cancer).
The mRNA expression data were collected from 66 tumors and
6 normal tissues, as well as clinical data from 66 patients with
RSC.

2.2. m6A methylation regulates gene selection

Twenty-three recognized m6A regulatory genes were selected:
There are eight 23 putative m6A regulatory genes were selected,
including 8 writers (METTL3, METTL14, METTL16, WTAP,
KIAA1429/VIRMA, ZC3H13, RBM15, and RBM15B), 13
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Figure 1. Expression of m6A methylation regulator genes in RSC. The expression of m6A methylation regulators in RSC heat map (A) and violin plots (B) of 23
mBA RNA methylation regulators between RSC tumor samples and normal samples. *P < .05, **P < .01, **P < .001. RSC = rectosigmoid cancer.
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readers (YTHDC1, YTHDC2, YTHDF1, YTHDF2, YTHDEF3,
HNRNPA2B1, HNRNPC, IGFBP1, IGFBP2, IGFBP3, FMR1,
LRPP, RC, and RBMX), and 2 Erasers (ALKBHS and FTO).
The expression data were obtained from the TCGA database,
and the differential gene screening was performed in normal
and tumor tissues using R’s limma package and Wilcox test, and
clinicopathological data were compared.

2.3. Bioinformatics analysis

Biological information was analyzed using R language software.
The interactions between m6A RNA methylation regulators
were analyzed using STRING database (http://www.string-db.
org/). The correlation analysis of 23 m6A regulation genes was
performed using pheatMap package and Pearson correlation
analysis using corrplot package. ConsensusClusterPlu package
was used to identify different subgroups of clinical samples
based on the comprehensive expression of 23 genes, and princi-
pal component analysis was used to verify the grouping results.
The survival curves of the 2 subgroups were plotted by KM
method. Least absolute shrinkage and selection operator Cox
risk regression analysis was performed for 23 m6A regulatory
genes using glmnet package, and the risk scores were calculated
as follows:

n
Risk score = Z Coefi x xi

=1

Where Coefi is the coefficient, Xi is the expression value
of each selected gene, and this formula is used to calculate
the risk score of each patient. Four genes related to prognosis
were selected, and the patients were divided into high and
low risk groups according to the risk value. Survival package
was used for survival analysis of high and low risk groups
and survival ROC package was used for receiver operating
characteristic (ROC) analysis to verify the validity of the
model. Cox regression analysis was used to analyze the rela-
tionship between risk value and age, gender, stage, T stage,
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N stage and M stage. The forest map was drawn with forest
plot package.

2.4. Statistical analysis

All statistical analyses were performed using R software
(version 4.0.3) and Cytoscape software (version 3.7.2).
Wilcoxon test was used to analyze the differential expres-
sion of m6A methylation regulation genes in tumor samples
and normal samples. The cutoff value that distinguishes
patients as high and low risk is the risk value obtained
above. Kaplan—Meier method was used to analyze the over-
all survival (OS), and Chi-square test was used to analyze
risk value and clinical characteristic variables. Finally, the
constructed risk model was validated by survival analysis
in clinical subgroups. P < .05 was considered statistically
significant.

2.5. Ethical statements

As all data were obtained from public database, this study did
not require ethical approval.

3. Results
3.1. Expression of m6a RNA methylation regulator in RSC

Heat maps were used to visualize the expression of 23 m6A
methylation regulators in RSC samples and normal samples.
Asterisks indicate differentially expressed m6A methylation
regulators (*P < .05, **P < .01, ***P <.001). In the heat map,
red indicates high expression and blue indicates low expression
(Fig. 1A). Violin plots showed that YTHDF1, RBMX, METTL3,
HNRNPA2B1, LRPPRC and IGF2BP1 were significantly
increased in tumor samples, while ALKBH5 and METTL14
were significantly lower in tumor samples than in normal sam-
ples, while other molecules showed no significant changes in
RSC data (Fig. 1B).
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Figure 2. Interaction and correlation between 23 m6A methylation regulators in RSC. (A) Interaction network between m6A methylation regulators. (B) Pearson
correlation between m6A RNA methylation regulators. RSC = rectosigmoid cancer.



http://www.string-db.org/
http://www.string-db.org/

Zhou et al. ® Medicine (2022) 101:51

Medicine

A consensus COF B Delta area c consensus matrix k=2
)
/ a1
o -2
+ =4
ge
&
8
g 2
w: s
3 s o
- 5§ °
s 2
as
-7
L] % — \
L] =
.,-.____h_-
e
T T T T T T T T T
2 s 2 2 2 2 2 3 5 O 7 8 ]
‘consensus index (3
. - Survival curve (p=0.024)
.
. o
£ L2 5 - — clustert
5 . ) ~— cluster2
. .
- ©
o 3 ) e N
«* % . .
4] . .
"% e =
2 S gow g
$ 5 ¥ . - o custert B
e L4 o . * clster2 z o«
. o = 2 o
-50 = @
- o~
i
E )
100 s
T T T T T T
8 10
& Cluster

.duﬂeﬂ
4 cluster2
N
2 o
N1-2
0

"
LRPPRC

||
1|
=

i
e

o o
il u RBMX M1
HNRNPC -7
RBM1S l“""
-8 13-4
YTHDF2
T stage
| CTHOE Stage I
J HNRNPA2B1 Stage lli-v
i YTHDC2 gender
| |FemaLE
Lilag MALE
KIAA1429
age
YTHOF3 I<=ss
METTL14 265
[ YTHOGH fustat
Alve
FMR1 Casid
FTo
| zeamz
IGFBP1
METTL16
IGFBP2
IGFBP3
ALKBHS
REM158
. I METTLS

Figure 3. Difference in OS rate and grade of cancer genome map between 2 groups of patients with different RSC. (A) Consensus clustering CDF withk =2 — 9.
(B) Relative change of area under CDF curve when k = 2 — 9. (C) When k = 2, the TCGA queue is divided into 2 different clusters. (D) PCA of the 2 subgroups. (E)
Kaplan Meier survival curves of the 2 subgroups showed that the OS rate of group 1 was significantly lower than that of group 2 (P < .05). (F) Heat map showed
the clinicopathological features of these 2 subgroups. CDF = cumulative distribution function, OS = overall survival, PCA = principal component analysis, RSC

= rectosigmoid cancer, TCGA = The Cancer Genome Atlas.

3.2. Interaction between expression of m6a RNA
methylation regulators

We submitted the information of 23 m6A regulators to the
STRING interaction network analysis, set the truncated con-
fidence interval to 0.900, and the results showed the cor-
relation network of 23 m6A regulators (Fig. 2A), in which
METTL14 appeared to be the hub gene in the expression
network. Pearson correlation analysis showed the correla-
tion between m6A regulators. As can be seen from the figure,
KIAA1429 had the highest correlation with YTHDF3, with a
correlation coefficient of 0.79. YTHDC1 was also highly cor-
related with METTL14, ZC3H13, KIAA1429 and YTHDF3,

with correlation coefficients of 0.78, 0.76, 0.71 and 0.69,
respectively (Fig. 2B).

3.3. Consensus - clustering analysis

In consensus cluster analysis, RSC samples were divided into 2
clusters according to the similarity of the expression of 23 m6A
regulators (k =2; Fig. 3A-C). Principal component analysis
shows that this classification method can effectively distinguish
samples (Fig. 3D). According to Kaplan—-Meier survival analysis,
there was a significant difference in OS rate between Clusterl
and Cluster2, P =.024 (Fig. 3E). This suggests that these m6A
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Figure 4. Gene selection and survival analysis in prognosis prediction of RSC. (A) Hazard ratio forest map of m6A methylation regulators associated with
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Figure 5. Effects of risk score and clinicopathological variables on the prognosis of patients with RSC. (A) Heat map shows the expression of 3 m6A meth-
ylation regulators and the distribution of clinicopathological variables between high-risk and low-risk groups. (B) Cox univariate analysis of clinicopathological
variables (including risk score) and OS. (C) Cox multivariate analysis of clinicopathological variables (including risk score) and OS. OS = overall survival, RSC =

rectosigmoid cancer.

molecules can be used to classify RSCS at a prognostic level.
Figure 3F shows the clinicopathological features of these 2 clus-
ters by heat map.

3.4. Prognostic role of m6a RNA methylation regulator

To establish the risk profile associated with m6A methylation
regulators, univariate Cox regression analysis was used to assess
the relationship between 23 m6A regulators and OS. We found
that YTHDF3, KIAA1429, ALKBHS and METTL3 were signifi-
cantly correlated with OS (P < .05; Fig. 4A). To better explain this
internal relationship, we performed LASSO logistic regression
analysis on these 4 molecules (Fig. 4B and C). We constructed
the risk profile of m6A methylation regulators composed of

YTHDF3, KIAA1429, ALKBHS and METTL3. Kaplan—Meier
survival analysis was used to analyze RSC patients in the high-
risk and low-risk groups. We found significant improvement
in OS in the low-risk group compared to the high-risk group
(Fig. 4D; P = 4.681 x 10-*). The area under the curve of 5-year
ROC for this risk feature was 0.935, indicating that this risk
feature had good specificity and sensitivity (Fig. 4E).

3.5. Value at risk in RSC patients

We further demonstrated the relationship between different risk
subgroups and clinicopathological features (Fig. 5A). Finally,
we included different clinicopathological features and risk
scores based on m6A methylation regulators in univariate and
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multivariate cox regression analyses. Univariate and multivari-
ate prognostic analyses showed that tumor T stage and riskScore
were significantly correlated with OS (Fig. 5B and C; P < .05).

4. Discussion

CRC is the second leading cause of cancer-related death, with
about 1.84 million new cases and 900,000 deaths each year, and
RSC accounts for about a quarter of these patients.''! The inci-
dence rate of RSC is increasing in young adults, whether male
or female,' which undoubtedly bring difficulties to clinical
research. Tumorigenesis is a process of multi-gene and multi-
stage gradual evolution, which is a pathological process of
oncogene activation and tumor suppressor gene inactivation.!'?!
More and more studies have shown that m6A methylation regu-
lators play an important role in inflammation, tumor immunity
and antitumor therapy.!'>-' Therefore, it is necessary to investi-
gate the effect of m6A methylation regulators on RSC.

In this study, we first analyzed the expression of m6A meth-
ylation regulators in RSC and normal tissues, and the relation-
ship between their expression and different clinicopathological
variables. The expression of m6A methylation regulator was
different from that of different clinicopathological variables in
patients with RSC. YTHDF3 overexpression is clinically associ-
ated with brain metastasis in breast cancer patients, which can
promote the interaction between cancer cells and brain endothe-
lial cells and astrocytes, as well as blood-brain barrier extrav-
asation and angiogenesis. Researchers further demonstrated
the potential of YTHDF3-targeted therapy for life-threatening
brain metastasis through the data of stable ablation of YTHDF3
to inhibit brain metastases.['! In CRC, YTHDEF3 participates in
the YAP signal transduction process, and reversibly and selec-
tively binds TO m6A methylation of GASS to trigger its decay
and form a negative feedback loop, thus providing a promising
method for the treatment of CRC.I'"" As an important compo-
nent of m6A methyltransferase complex, KIAA1429 is signifi-
cantly upregulated in hepatocellular carcinoma (HCC), and
its high expression is associated with poor prognosis of HCC
patients, while silencing KIAA1429 can inhibit cell proliferation
and metastasis in vitro and in vivo.!' In the study of CRC, it
was found that KIAA1429 plays a carcinogenic role in CRC
cells by inhibiting the expression of WEE1 in an m6A indepen-
dent manner, and is associated with the poor prognosis of CRC
patients. The above results suggest that KIAA1429 may be a
potential prognostic marker of CRC."”! ALKBHS, another m6A
methyltransferase, is down-regulated in gastric cancer and is
associated with distant metastasis and lymph node metastasis.
Further studies showed that ALKBHS regulated the expression
of PKMYT1 in an m6A dependent manner, thereby affecting
the invasion and migration of gastric cancer cells. Therefore,
ALKBHS represents a new therapeutic target for gastric can-
cer metastasis.>”! Another study found that ALKBHS was down
regulated in HCC, and the decreased expression of ALKBHS
was an independent prognostic factor for the reduced survival
rate of HCC patients. ALKBHS, as a tumor suppressor, reduces
the expression of LYPD1 in HCC cells in an m6A dependent
manner, thereby inhibiting the proliferation and invasion of
HCC cells in vitro and in vivo, providing new insights into
potential biomarkers and therapeutic targets for HCC treat-
ment.?!! METTLS3 is an effective therapeutic target for a variety
of cancers, such as CRC, myeloid leukemia and breast can-
cer.?>24 METTLS3 is overexpressed in prostate cancer, which is
associated with poor prognosis of patients, and the migration
and invasion ability of tumor cells are significantly inhibited
after METTL3 knockdown.?’!

In recent years, the prognosis prediction model based on m6A
related genes has been used to evaluate and predict the prog-
nosis of patients with various tumors and guide the formula-
tion of subsequent individualized treatment plans.*2°! In this
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study, a prognostic prediction model of m6A-related genes in
RSC was established by LASSO regression analysis of m6A-re-
lated genes significantly differentially expressed in RSC tissues.
Kaplan—Meier survival curve showed that the 5-year survival
rate of low-risk group was significantly better than that of high-
risk group, and the time-dependent ROC curve showed that
the model had a good effect in predicting the prognosis and
survival of RSC patients (area under the curve = 0.935). The
follow-up study proved that the model can be used as an inde-
pendent prognostic factor through univariate Cox regression
analysis. The limitation of this study is that our study is based
on the patient data in TCGA and GEO databases and has not
been verified by an independent cohort. Therefore, more clinical
data need to be included in the future to constantly revise and
improve this study.

5. Conclusion

In summary, this study constructed a risk scoring model for pre-
dicting the prognosis of RSC patients based on 4 mé6A-related
genes. This model has good sensitivity and specificity, and can be
used as an independent prognostic factor to evaluate the progno-
sis of RSC patients, which has important reference value for the
development of reasonable and effective individualized treatment
plan. However, there were some limitations to the present study.
This study only uses the data of TCGA database to verify the Cox
regression model, and we should also practice in other public data-
bases. Moreover, the application of this model still needs the sup-
port of a large number of clinical research data and the verification
of large-scale, multi-center evidence-based medical evidence.
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