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Abstract

BACKGROUND: Gene expression can be posttranscriptionally regulated by a complex network of proteins. N1-

methyladenosine (m1A) is a newly validated RNA modification. However, little is known about both its influence

and biogenesis in tumor development. METHODS: This study analyzed TCGA data of patients with five kinds of

gastrointestinal (GI) cancers. Using data from cBioPortal, molecular features of the nine known m1A-related

enzymes in GI cancers were investigated. Using a variety of bioinformatics approach, the impact of m1A

regulators on its downstream signaling pathway was studied. To further confirm this regulation, the effect of m1A

writer ALKBH3 knockdown was studied using RNA-seq data from published database. RESULTS: Dysregulation and

multiple types of genetic alteration of putative m1A-related enzymes in tumor samples were observed. The ErbB

and mTOR pathways with ErbB2, mTOR, and AKT1S1 hub genes were identified as being regulated by m1A-

related enzymes. The expression of both ErbB2 and AKT1S1 was decreased after m1A writer ALKBH3

knockdown. Furthermore, Gene Ontology analysis revealed that m1A downstream genes were associated with

cell proliferation, and the results showed that m1A genes are reliably linked to mTOR. CONCLUSION: This study

demonstrated for the first time the dysregulation of m1A regulators in GI cancer and its signaling pathways and

will contribute to the understanding of RNA modification in cancer.
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Introduction

Researchers in recent years have begun to explore the crucial role of
reversible RNA modifications in regulating gene expression [1e4].
This is an understudied area in contrast to numerous studies
conducted on epigenetic regulations of DNA and histones [5].
Posttranscriptional modification of RNA forms an emerging layer of
genetic expression regulation and analogous in its potential role in
posttranslational modification of proteins level [6]. Recent high--
throughput sequencing approaches came up with more than 100
types of RNA modifications [7,8].

N1-methyladenosine (m1A) is a crucial posttranscriptional
modification in RNA which was first documented more than five
decades ago [9,10]. Adding a methyl group at the N1 position of
adenosine forms m1A [11,12]. Methyl group of m1A is located at the
Watson-Crick base pairing interface to disrupt base pairing, and the
positive charge carried by m1A affects local RNA structure or
protein-RNA interaction [13]. Meanwhile, m1A is also found to have
a strong enrichment effect on translation in 50UTR [14]. Previous
studies pointed to the presence of m1A in tRNA, rRNA, mRNA, and
mitochondrial (mt) transcripts [15].

The unique physicochemical properties of m1A play a crucial role
in maintaining the correct structure and function of these noncoding
RNAs (ncRNAs) [16]. The “writer” (TRMT10C, Trmt61B,
TRMT6/61A), “reader” (YTHDF1, YTHDF2, YTHDF3, and
YTHDC1), and “eraser” (ALKBH1, ALKBH3) proteins of the
m1A of mRNAs and ncRNAs are important gene regulators at the
posttranscriptional level [10,17e19]. Trmt61B and TRMT6/61A
catalyze m1A at position 58 of human cell mt and cyt tRNA.
Alternatively, TRMT10C catalyzes it at position 9 [18e20].
ALKBH1 and ALKBH3 catalyze demethylation of m1A in
single-stranded (ss) DNA and RNA [21e23]. YTH domain-contain-
ing proteins, such as YTHDF1, YTHDF2, YTHDF3, and
YTHDC1, directly bind to m1A-bearing RNA as readers [10].

Gastrointestinal (GI) cancer is a group of most common tumors
referring to esophageal, gastric, liver, gallbladder, pancreatic, colon, and
rectum cancers [24,25]. Genetic mutations have been document to play
an important role in GI cancer formation [26,27]. Aberrant changes in
DNA methylations have also been reported in GI cancers [28].
However, RNAmodifications have been considered relatively static and
stable epigenetic marks [3]. Recently, there has been an increase in
interest in RNA methylation, such as N6-methyladenosine (m6A),
5-methyl cytidine (m5C; also known as 5mC), and m1A [29]. Studies
have revealed that m6A RNA methylation provides an effective
direction for early diagnosis and treatment of pancreatic cancer and
hepatocellular carcinoma [30]. It was found that hTrm6p/hTrm61p
m1A transmethylase forms m1A and promotes urinary bladder cancer
[31,32]. Targeted therapy is increasingly employed in tumor-related
cancers [33,34]. An early diagnosis of most GI cancers is difficult, and
there is a risk of advanced diagnosis. This clinical challenge emphasizes
the importance of early detection and/or prediction of GI cancers;
however, there are few reports on m1A in GI cancers [17].

To study the prognostic and diagnostic role of m1A methylation as a
robust molecular marker in GI cancers, this study capitalized on nine
m1A regulators in GI cancers through The Cancer Genome Atlas
(TCGA) database. The method is based on genetic alteration and
dysregulated function to speculate the m1A modification status in the
tumor. Gene ontology (GO) and pathways enrichment, as well as
protein-protein interaction (PPI) network of these differential expressed
genes, were performed. Furthermore, the next-generation RNA sequen-
cingwas used to investigate the hub gene expression pattern andmutation
under the condition of ALKBH3 knockdown to provide an insight into
m1Amodification andGI tumormechanism.These observations suggest
the potential of m1A in regulating human GI cancers.

Results

m1A Regulator Expression in GI Cancers
In order to illustrate m1A regulator gene expression in GI cancers,

tissue samples obtained from The Genotype-Tissue Expression
(GTEx) and TCGA database were processed (Figure 1A). The
researchers downloaded and normalized gene expression levels (TPM)
of RNA-seq data from 3433 samples, including 1537 from TCGA
and 1896 from GTEx project. Samples with low alignment rates and
samples not used in the final GTEx study were discarded. The m1A
regulators like writer (“TRMT6,””TRMT61A,””TRMT10C”),
eraser (“ALKBH1,””ALKBH3”), and reader (“YTHDF1-3,”
“YTHDC1”) were dysregulated in five types of GI cancers.
Expression levels in tumor samples were significantly higher than
normal, except the TRMT61A in esophageal carcinoma (ESCA) and
colorectal adenocarcinoma (COADREAD).

In liver hepatocellular carcinoma (LIHC), the m1A regulator gene
expression levels were significantly higher than normal (Figure 1A). An
unsupervised principal component analysis (PCA) was performed in the
TCGA with sample from the same study (Figure 1B). The TPCA
showed an obvious separation of LIHC and other four cancer types
based on genetic expression profile presented in m1A regulator genes.
Thus, knownm1A regulated genes are differentially expressed in LIHC
compared with other four tumors, suggesting that m1A activates
distinct biological function in LIHC. Kaplan-Meier analysis showed
higher m1A regulator gene expression which is associated with poor
prognosis in LIHC (Figure 1C). Overexpression of ALKBH1 is
negatively connectedwith overall survival in STAD,COADREAD, and
LIHC; in contrast, lower expression of ALKBH3 in ESCA and
COADREAD was mostly associated with worse overall survival.

After filtering incomplete clinical data fromTCGAbased onGISTIC
annotation [35], total GI cancer patients with different cluster of
regulator genes were categorized as altered and unaltered groups. The
cancer history, neoplasm stage, and race information of patients are
described in (Table 1). The tumor neoplasm stage is the most used risk
classification. The association between m1A regulator genes and GI
neoplasm stage (Figure 1D) was later assessed. Patients with higher
neoplasm stage (G1-G3) had higher expression of TRMT6,
TRMT61A, and TRMT10C as well as ALKBH3 and YTHDF2.

m1A Regulator Gene Alteration in GI Cancers
Somatic mutations are associated with prognosis and che-

motherapy sensitivity [36]. The cBio Cancer Genomics Portal
(cBioPortal) database was accessed to analyze the nine regulator
genes of five different cancer statuses collected from TCGA
database. The results showed reclassification of genomic alteration
frequency of amplification, mutation, deletion, and multiple
alteration (Figure 2A). The mutation and copy-number amplifica-
tion were obvious in GI cancers; meanwhile, TRMT6 genetic
alteration in ESCA and STAD was more than 3%. TRMT10C
alteration in ESCA was close to 6%. In LIHC, the reader
YTHDF3 copy-number amplification was more than 6%.
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Despite the m1A regulator gene alteration generally observed in GI
cancers, there is no regular routine. Approximately 15.9% GI cancer
patients had different kinds of m1A regulators alteration, including
mutation, copy-number amplification, or deep deletion (Figure 2B).
TRMT6 and TRMT10C have alteration frequency of 1.8% and
1.4%, respectively. Moreover, the reader YTHDF1 (6% of all
sample) and YTHDF3 (5% of all sample) alterations had the most
activities in GI cancer patients. Meanwhile, TRMT61A was rarely
altered in GI cancers with a lowest alteration frequency at only 0.6%
and mainly processed with copy-number deep deletion. Figure 2C
summarizes details of all mutations including Missense, Iframe, and
Truncating mutations in GI cancers. In 2OG-Fell domain of
ALKBH1, RC169C missense mutation reached level 3 (the number
of patients with the same mutation site) in the Catalogue of Somatic
Mutations in Cancer database, suggesting that it as an important
region for its function.

Signaling Pathway Regulated by m1A Modification
We later applied a correlational analysis of protein expression to

validate associated pathway activation of m1A. The protein
expression changes (both unphosphorylated and phosphorylated
proteins) along with m1A regulator gene alteration in GI cancers were
analyzed through cBioPortal with the Reverse Phase Protein Arrays
(RPPA) (Figure 3A). The main altered proteins (with expression and
over expression) (P < .05) are shown in different colors. The
significantly changed proteins in different kinds of tumors from
RPPA database were screened. The protein coding genes were later
calculated using Functional Annotation Tool online [Database for
Annotation Visualization and Integrated Discovery (DAVID),
https://david.ncifcrf.gov/]. These protein-coding genes were discov-
ered to be mainly involved in 36 kinds of signaling pathways
(Figure 3B), especially in mTOR (the mammalian target of
rapamycin) and ErbB (Her2) signaling pathways.
Later, the crucial protein-coding genes in mTOR and ErbB

signaling pathways were filtered to affirm the most important factors.
Functional similarities were further calculated by geometric mean of
semantic similarities in biological processes (BPs), molecular func-
tions (MFs), and cellular components (CCs), which is measured
through the GOSemSim package by taking the GO topological
structure into account in a more precise and unbiased manner [37].
The distribution of functional similarities is shown in Figure 3C.
Average of similarities score was used to rank proteins in the m1A
altered-regulator interactome. A cutoff value of 0.6 was chosen, and
ErbB2 and AKT1S1 showed the highest similarity in all the protein
members. Furthermore, direct comparison of m1A regulator mRNA
levels and selected signaling proteins was performed (Figure 3D). It
showed a lower correlation between ErbB2 and writer (TRMT61A,
TRMT6, TRMT10C) (r < 0.1) than ErbB2 and reader
(YTHDF1-2) (r> 0.15). DNA methylation levels of individual
CpGs in the promoters of the selected genes were also studied. As
shown in Supplementary Figure S1, only PIK3R1, STAT5A, SHC1,
PRKCB, and NRG1 were found to be frequently influenced by DNA
methylation in GI cancers, suggesting that RNA modification was
likely involved in regulating this gene expression.

Genomic View of m1A Writer ALKBH3 Knockdown
The high-throughput sequence analysis shows that knockdown of

the m1A ALKBH3 demethylase in HEK293T cells resulted in
downregulating the ErbB2 read density peak and the misincorporated
adenines disappeared in ErbB2 coding region (Figure 4A). Similarly,
the AKT1S1 read density peak also dropped when knockdown of
ALKBH3 was performed, and misincorporation in adenine sites was
also decreased (Figure 4B).
Function and Network Analysis
The correlation between m1A regulators and two major involved

signaling pathways was calculated, and a total of 31 m1A regulator
downstream candidate genes were processed via GO functional
analysis. The results of BP (Figure 5A) was obtained, so the genes
were enriched in several bioprocesses, including intracellular signal
transduction, positive regulation of gene expression, and positive
regulation of cell migration and apoptotic process. The GO BP
analysis indicated that the functions of downstream genes involved in
GI cancers are associated with cell proliferation. A total of 31
downstream candidate genes and 9 m1A regulator genes network
containing 217 nodes and 4512 edges were obtained from STRING
online database and Cytoscape software (Figure 5B). The m1A
regulators were further proved to interact with ErbB pathway and
mTOR pathway in correlation network. The PPI network showed the
detailed protein interaction. It was found the m1A methylase genes
are reliably linked to mTOR and indirectly to other signaling genes,
among which the ErbB and mTOR signaling pathways probably are
the key connection to m1A regulators’ function.

Discussion
To date, more than a hundred types of posttranscriptional
modifications have been reported [11]. Cellular RNA modification
has emerged to be an important regulator of gene expression, and
dynamic modification represents a novel layer of genetic information
[16]. The data obtained highlight the importance of m1A methylase,
demethylase, and specific protein dysregulation in GI cancer patients.
It also used TCGA high-throughput data analysis to investigate the
function of dysregulated expression in the pathogenesis of GI cancers.

In mammals, nine members of m1A regulators have been
identified catalyzed by writers (“TRMT6,” “TRMT61A,”
“TRMT10C”) [38,39], reversed by erasers (“ALKBH1,”
“ALKBH3”) [40,41], and specially recognized by readers
(“YTHDF1-3,” “YTHDC1”) with YTH domain [10], all of which
are associated with RNA metabolism. Tumor cells often acquired
genetic and epigenetic alterations that always contribute to oncogene
dysregulation and widespread changes in gene expression [42]. Up to
now, only ~2570 m1A modification sites have been validated in
humans [43], and little is known about the relationship between m1A
modification and GI cancers.

Hence, thousands of TCGA samples were employed to study the
expression pattern; it was suggested that the dysregulated expression
level of m1A-related genes may also be linked to the GI cancer
tumorigenesis. It has been previously shown that the overexpression
of ALKBH1 is significantly associated with poor prognosis and
metastasis in gastric cancer [44]. Meanwhile, high expression of
ALKBH3 is also positively correlated with advanced tumor stage in
pancreatic cancer [45]. Thus, dysregulation of m1A-related genes may
closely be linked to GI cancer progress. Using PCA of RNA-seq data,
m1A gene expression pattern in GI cancers was found to be similar
among the five types of tumor, and the distinctive expression
quantification in LIHC indicated that study-specific biases still
accounted for RNA-seq expression levels within each tissue type.
Notably, results of KM plotter in overall survival showed that higher

https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
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Table 1. Different m1A Regulator Gene Types and Clinical-Pathological Characteristics of GI Cancer Patients in the TCGA Database

Writer Eraser Reader

Yes No c2 P Yes No c2 P Yes No c2 P

Cancer history Tumor 77 77 2.16 .153 72 82 5.217 .022 92 62 0.803 .37
Normal 308 400 261 447 395 313

Neoplasm grade G1 62 51
9.737

.021 50 63 3.938 .268 64 49 7.573 .056
G2 201 290 179 312 261 230
G3 199 263 165 297 269 193
G4 9 5 7 7 12 2

Race White 435 542 3.015 .221 371 606 4.189 .123 538 439 6.939 .031
Asian 138 172 112 198 188 122
African 53 46 47 52 66 33
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expression level of m1A-related genes in LIHC is significantly
associated with poor prognosis. Moreover, high expression level of
ALKBH1 in STAD and COADREAD was also negatively associated
with overall survival.
Using publicly available clinical data from TCGA, the study

investigated the clinical feature of the m1A regulator gene alterations
in GI cancer patients. It was found that m1A regulator expression
level was positively associated with the tumor malignance; however,
the poorly differentiated tumors presented a significantly higher
expression level of TRMT6 and TRMT10C. In addition, the G4
stage did not show a consistent result which might be due to the
limitation of the G4 stage available data. Thus, it is speculated that
TRMT6 and TRMT10C are involved in the pathogenesis of GI
cancer.
Previous studies have shown TRMT10C missense mutation can

influence themitochondrial ribonuclease P protein 1 (MRPP1) decrease
in mitochondria, causing the mitochondrial disease by affecting the
protein stability and mt-tRNA processing [46]. Thus, the dysregulation
of m1A regulator not only influences the m1A function, but it can also
contribute to other disease. Analysis of data from cBioPortal [47]
revealed that m1A regulators possessed a high-frequency alteration
percentage in GI cancer patients, and more than 14% samples were
tested for different types of genetic alterations (mutation, copy-number
amplification, copy-number deep deletion). Genetic mutations usually
cause phenotypic changes, which are closely related to carcinogenesis
and aging [34]. The genomic translocation is a key factor in chimeric
transcripts expression in tumor [48]. Therefore, analysis of m1A
regulator alteration is important in understanding the role of m1A inGI
tumorigenesis and for planning treatment.
In studying the oncogenic mechanism of m6A RNA methylation,

it was found that when METTL14 or METTL3 mutation is reduced,
AKT signaling is activated and endometrial cancer cells’ proliferation
and tumorigenicity are developed [49]. In order to investigate this
biological function, data were obtained from RPPA database. First,
the protein enrichment in each type of GI cancers demonstrated that
Figure 1. Expression of m1A regulators in GI Cancer patients. (A)
knownm1A-related genes. The normalized expression of RNA seq
database, which contain 1537 complete tumor patients and 1896 n
and normal samples, respectively. *P< .05, **P< .01, ***P< .001,
five subtypes of GI cancers. Two-dimensional plots have princ
expression values of ESCA, STAD, COADREAD, LIHC, and PAAD s
with high and low m1A-related genes expression. The overexpres
with poor overall survival. High expression of ALKBH1 in STAD and
analysis was carried out by Kaplan-Meier analysis with best sep
stage. Analyzed using one-way ANOVA.
m1A regulator alterations influenced the multiproteins function in
tumor. Results showed that ErbB and PI3K/AKT/mTOR signaling
pathways are associated with m1A methylation. In selecting the
protein potentially significant in the major signaling pathway, we
applied further bioinformatics analysis by ranking through integra-
tion of protein semantic similarity. ErbB2 and AKT1S1 are
top-ranked proteins potentially playing central roles in ErbB and
mTOR interactome in m1A regulators. AKT1S1, mTOR, Raptor,
and DEPTOR have been previously demonstrated as part of
mTORC1 complex [50]. Thus, results suggest that ErbB2 and
AKT1S1 may be connected to m1A regulators. Based on the
correlation analysis, m1A regulators have been found to be positively
correlated with two signaling genes.

Similar to DNA and histones, RNA can also be chemically
modified [3]. RNA modification has emerged as a major regulator to
control of genetic information [16]. The m1A is a rare internal
modification and presented at very low stoichiometry [6]. Promoter
of DNA methylation may represent a key epigenetic mechanism in
regulating gene expression [51]. Thus, it was important to explore
in-depth whether DNA methylation influences signaling activation.
The results showed that several genes, such as SHC1, STAT5,
PRKCB, NRG1, and PIK3R1, in GI cancer patients were affected by
DNA methylation. Meanwhile, other signaling members, such as
ErbB2, mTOR, and AKT1S1, were not affected by DNA
methylation. The HEK293T cell ALKBH3-knockdown experiment
RNA-seq data from the NCBI Gene Expression Omnibus (GEO)
database were also collected. Unsurprisingly, both ErbB2 and
AKT1S1 expression density peaks were downregulated after the
ALKBH3 knockdown. However, at the transcriptomic level, the m1A
can induce the modification site mutation in rRNA [52]. As ErbB2 is
also connected to the mitogen-activated protein kinase pathway and
in order to find new oncogenic markers [53e55], the mRNA
underlying mechanism required further investigation.

In the final phase, the study utilized the enrichment proteins and
m1A regulators to construct PPI network based on Cytoscape and
Normalized expression across tissue and cancer types for nine
uence (TPM) detected from the tumor (TCGA) and normal (GTEX)
ormal samples. Orange and turquoise boxes represented tumor
by two-tailed t test. (B) PCA of the normalized expression data in
ipal components calculated by performing PCA of the gene
amples from TCGA. (C) Survival differences of GI cancer patients
sion of m1A-related genes in LIHC was significantly associated
COADREADwas also connected with poor prognosis. Statistical
aration. (D) m1A-related genes expression levels by neoplasm



Figure 2. The frequency and type of m1A regulator alteration in cancer (cBioPortal). (A) The alteration frequency of m1A regulators
in various cancer studies. The total alteration frequency was according to decreasing sizes. The alteration type included mutations
(green), amplification (red), deep deletions (blue), and multiple alterations (gray). (B) Summarizing the detailed alteration. The
mutation profile and putative copy-number alterations (CNAs) of m1A regulators in TCGA (Provisional) cohort. Missense mutations
(green), truncating mutations (dark gray), inframe mutations (brown), amplification (red), deep deletions (blue), and no alterations
(gray). In this graphical summary, individual cases are represented as columns. (C) m1A regulator mutations in GI cancer studies.
This graphic shows the Pfam protein domains and the position of m1A regulators mutations in various cancers. The colored
structure represents the common domain of the protein.
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String database. Several studies have reported that aberrant PPIs were
the basis of cancer occurrence and progression [56,57]. The
correlation network revealed that m1A regulators were mainly
associated with mTOR and ErbB signaling pathways and affected
multiple human biological functions.
Materials and Methods

Data Processing
A total of 1696 GI cancer samples that were included in the final

whitelist for TCGA (http://cancergenome.nih.gov) with clinical



Figure 3. A prediction of potential targets of m1A regulators. (A) Protein enrichment in GI cancers. Protein enrichment in four types
of GI cancers was studied within the cluster of writer, eraser, or reader alteration. Reliability of over-/underexpressed protein is
displayed as initial conditions or phosphorylation with Student’s t test significance (P< .05). The distance of expression level
change was based on log fold-change (mean in altered/mean in unaltered). (B) Heatmap of pathway-related protein alterations. In
GI cancers, protein coding genes of m1A regulators alterations were investigated based on KEGG pathway database. Red
emphasized, mTOR and ErbB signaling pathways are most likely involved in dysregulated expression of m1A regulators. It is
arranged in order of the log (P value). (C) Summary of functional similarities of mTOR and ErbB signaling pathway interactome in
alteration with m1A regulators. The distributions of functional similarities are summarized as boxplots. The lines in the boxes
indicate the mean of the functional similarity. Proteins with a higher average functional similarity (cutoff >0.6) are defined as party
proteins; the dashed line represents the cut-off value. (D) Relationship of m1A regulator genes with mTOR and ErbB expression.
Correlogram shows direct cross-correlation of major m1A regulator genes with signaling proteins in the total GI cancer patients.
The blue represents the positive correlation, while red represents vice versa.*P< .05.

Translational Oncology Vol. 12, No. 10, 2019 m1A RNA Modification in Gastrointestinal Cancer Zhao et al. 1329



Figure 4. Representative views of mTOR and ErbB consensus sequence in ALKBH3-knockdown HEK293T cell. (A) Examples of
coverage fromWT_input (black) and ALKBH3-knockdown (red) experiments across selected genes in HEK293T cell. Coverage plot
along the density of code region footprints was compared between two groups. The gray shade displays a representative change.
(B) Misincorporation and coverage plots for putative adenine sites were identified in this study. The graphical representation of
ALKBH3, themisincorporation rate (A/G, A/C), and overall coverage (gray shade) in sequence window neighboring the adenine sites
were decreased in coding regions. The RNA-seq data were taken from a published database.
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data and 1874 normal samples from GTEX (https://gtexportal.org/)
were analyzed. The GSE73941 RNA-seq data were obtained from
the GEO database. The TCGA data were first normalized and log2
transformed; GTEX data were normalized to TCGA. The somatic
mutation data (amplification, deep deletion, and missense muta-
tions) of GI cancers were downloaded from TCGA through
cBioPortal and GISTIC [35,47]. Proteomic data were also taken
from the TCGA database as normalized RPPA data through
the cBioPortal. The value in the methylation profile represents the
methylat ion degree calculated by Il lumina Infinium
Human Methylation 450K arrays through the DiseaseMeth version
2.0 [58].
Pathway-Level Analysis of Conditional Gene Selection
Proteomic data were collected by RPPA based on TCGA in GI

cancers. The RPPA quality control and methodology have been
explained previously [59]. Through the online Functional Annota-
tion Tool online (DAVID, https://david.ncifcrf.gov/), selected genes
of each type of cancer were used to predict statistical confident P value
score of significant pathways in KEGG database. Functional
similarity defined as the geometric mean of their semantic similarities
in BP, MF, and CC aspect of GO is designed for measuring the
strength of the relationship between each protein and its partners by
considering their function and location. Two pathway members in

https://david.ncifcrf.gov/
https://david.ncifcrf.gov/


Figure 5. Functional analyses showed that functions of m1Amodification candidate genes are closely related to the progression of
GI tumors. (A) Significantly enriched GO annotation of m1A regulators alterations related pathway. BP analysis refers to the ratio of
genes enriched in entries. The color of the circle represents the P value, and the size of the circle refers to the number of genes
enriched in the same entry. (B) Based on STRING and Cytoscape database, the correlation of m1A regulators and downstream
candidate genes is demonstrated by PPI network analysis.
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BP, MF and CC, were measured through the GOSemSim package
[37], applying the Wang method, which is both accurate and
unbiased. This takes the GO topological structure into account [60].
A cutoff value of 0.6 was chosen.

RNA-seq Data Reads Mapping
The high-throughput sequence data were transformed to FASTQ

file and handled with StrandsNGS (www.strand-ngs.com). The raw
data were first aligned and then filtered by Title quantity and
Duplicates with default parameters. Reference transcriptome was
prepared based on the Refseq annotation of human (hg19) down-
loaded from UCSC database. For each peak/site, the genomic
location, misincorporation column, and read counts were displayed in
the newly lightweight Browse.

Association of m1A Regulators and Genes
m1A related genes were used to perform human GO enrichment

analysis. DAVID (https://david.ncifcrf.gov) provides a set of
complete web-based annotation tool to understand the biological
significance of m1A regulators related genes. The STRING (https://
string-db.org/) database provides PPI information, including direct
(physical) and indirect (functional) associations [61]. Pathway from
KEGG and the extend network was constructed for m1A regulators
and related protein coding genes signatures by the Cytoscape 3.5.1
[62].

Quantification and Statistical Analysis
Using R language (https://www.r-project.org/), analysis of PCA,

correlation coefficient, and tumor and normal comparison were
mainly performed based on several special publicly available packages.
The SPSS 21.0 statistical software program was used for Pearson’s
chi-squared test statistical analysis, t test in discrepancy of two-group
comparison, one-way ANOVA to compare multiple group, and
Pearson analysis to calculate the correlation between two classes.
Overall survival analysis was carried out as Kaplan-Meier cure with P
value calculated using the log-rank test. P values less than .05 were
considered statistically significant.

Conclusions
This study depicted for the first time the dysregulation of m1A
regulators and its association with clinicopathological parameters in
GI cancer using bioinformatics method and underlined the
importance of this newly validated RNA modification mechanism.
Results suggested that m1A regulators most probably modulate
ErbB2 and mTOR pathways. The impact of m1A regulators on the
key pathway genes still needs to be further validated.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.tranon.2019.06.007.
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