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Abstract
N6- methyladenosine (m6A) is an RNA modification involved in RNA processing 
and widely found in transcripts. In cancer cells, m6A is upregulated, contributing 
to their malignant transformation. In this study, we analyzed gene expression and 
m6A modification in cancer tissues, ducts, and acinar cells derived from pancre-
atic cancer patients using MeRIP- seq. We found that dozens of RNAs highly modi-
fied by m6A were detected in cancer tissues compared with ducts and acinar cells. 
Among them, the m6A- activated mRNA TCEAL8 was observed, for the first time, 
as a potential marker gene in pancreatic cancer. Spatially resolved transcriptomic 
analysis showed that TCEAL8 was highly expressed in specific cells, and activation 
of cancer- related signaling pathways was observed relative to TCEAL8- negative 
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1  |  INTRODUC TION

N6- methyladenosine (m6A) is a modified RNA with a methyl group at-
tached to the amino group of adenine.1 Many RNAs, including rRNA, 
U6 snRNA, mRNA, and ncRNA, undergo post- transcriptional m6A 
functional modification in cells, and m6A modification is involved in 
the regulation of their functions and gene expression.2–4 METTL3 has 
been identified as a representative m6A- modifying enzyme and has 
been found to modify the central adenine of its binding sequence, 
RRACH (R: A or G, H: A, T, or C).5 The enzyme that performs the m6A 
modification is defined as a writer, the protein that binds to the m6A 
modification site is defined as a reader, and the enzyme that removes 
the m6A modification is defined as an eraser.6 METTL3, which modi-
fies mRNA, ZCcHc4, which modifies 28 s rRNA, and METTL16, which 
modifies U6 snRNA, have been identified as writers.7 IGF2BP family, 
YTHDC1, and YTHDF family have been identified as readers, and FTO 
and ALKBh5 have been identified as erasers.8

Methylated RNA immunoprecipitation sequencing (MeRIP- seq) 
uses m6A antibodies to collect and sequence m6A- containing RNA 
from total RNA extracted from cells, thereby identifying m6A- activated 
sites.9 MeRIP- seq has been performed on various cancer cell tumors, 
and m6A has been found to be associated with malignant transfor-
mation of cancer.10 It has been reported that inhibition of expression 
of METTL14 (m6A methyltransferase) and ALKBH5 (demethylase) in 
human breast cancer cell lines inhibits cancer growth and invasion.11 
The 3′ UTR of homeobox containing 1 (HMBOX1) mRNA is modified 
with m6A by METTL3, and its translation is repressed in prostate can-
cer cell LNCaP compared with epithelial cell RWPE- 1, a normal cell line, 
and telomere length and p53 signaling are aberrant.12 In pancreatic 
cancer, m6A of polo- like kinase 1 (PLK1) mRNA modified by METTL3 
has been reported to be essential for the cell cycle.13 LINC00662 m6A 
activates focal adhesion through the GTF2B- ITGA1- FAK pathway 
and is involved in malignant transformation of pancreatic cancer.14 
Modification of LINC00941 with m6A is also promoted by METTL14, 
and binding of IGF2BP2 stabilizes LINC00941 and promotes migration 
and invasion.15 Thus, highly m6A- modified RNAs are involved in malig-
nant transformation of cancers and expected to become targets for di-
agnosis and therapy as cancer cell markers. To improve the accuracy of 
these medical technologies, knowledge of the m6A modification status 
of cancer tissue and surrounding normal tissue is needed. In this study, 
we identify pancreatic cancer tissue- specific m6A hypermodified gene 
markers by comparing gene expression and m6A- modified genes be-
tween pancreatic cancer clinical samples and normal tissue cells.

2  |  MATERIAL S AND METHODS

2.1  |  Human samples

The cancer, duct, and acinar tissues used in this study were surgically 
resected samples from human pancreatic cancer patients. MeRIP- 
seq used tissues obtained from a total of four pancreatic cancer pa-
tients, three males and one female. The average age of the patients 
was 67 years old, and they had stage 2 pancreatic cancer. The Visium 
analysis used samples derived from an 81- year- old stage 1 male 
pancreatic cancer patient. The study was approved by the Ethical 
Review Committee of Osaka University and was conducted in ac-
cordance with the regulations.

2.2  |  RNA extraction

Surgical samples from patients were cut into reasonable sizes, 
placed on RNAlater (Sigma- Aldrich), and stored at −80°C. 
Organoids were prepared by PancreaCult™ organoid media 
(Human) (STEMCELL Technologies) from one patient sample. 
The tissue was cut into small pieces and treated with accutase 
(Innovative Cell Technologies, Inc.) The tissue was then mixed 
with Matrigel (Corning) and spread on 24- well plates. After incu-
bation with organoid initiation medium (OIM) (5% PancreaCult™ 
organoid growth supplement [Human], 10% organoid supplement, 
50 ng/μL EGF, 1 μM PGE2, and 10 μM Y- 27632) in a CO2 incubator 
at 37°C for 3 days, the organoid was cultured in organoid growth 
medium (OGM) (OIM composition minus organoid supplement and 
Y- 27632) in a CO2 incubator at 37°C. After four patient samples 
were collected, samples were crushed and RNA was extracted by 
ISOGEN (NIPPON GENE). Then, 0.2 mL of chloroform was added 
to mixture of crushed tissue samples and 1 mL of ISOGEN. After 
mixing and centrifuge, the aqueous layer was collected and RNA 
was recovered by isopropanol precipitation.

2.3  |  MeRIP- seq

Extracted RNA was mixed with a final concentration of 100 mM 
Tris- HCl (pH 7.4) and 100 mM ZnCl2 solution and incubated at 
90°C for 2 min to fragment to a reasonable length. Then, 0.5 M 
EDTA was added to stop fragmentation. Ethanol precipitation 
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cells. Furthermore, among TCEAL8- positive cells, the cells expressing the m6A- 
modifying enzyme gene METTL3 showed co- activation of Notch and mTOR signal-
ing, also known to be involved in cancer metastasis. Overall, these results suggest 
that m6A- activated TCEAL8 is a novel marker gene involved in the malignant trans-
formation of pancreatic cancer.
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was performed, and the recovered RNA was used for RNA- seq as 
input RNA. The input RNA was incubated in a final concentration 
of 10 mM Tris- HCl (pH 7.4), 150 mM NaCl, 0.1% IGEPAL CA- 630 
(Sigma- Aldrich), 1 μL RNasin Plus RNase inhibitor 2500 (Promega), 
2.5 μL ribonucleoside vanadyl complexes (RVC) (Sigma- Aldrich), 
and 5 μg anti- m6A rabbit polyclonal antibody (Synaptic Systems) 
and incubated at 4°C overnight to bind m6A and anti- m6A rabbit 
polyclonal antibody. Dynabeads Protein G for immunoprecipita-
tion (Thermo Fisher scientific) was washed with the same buffer 
(except input RNA and m6A antibody, defined as wash buffer), 
added to the input RNA solution, and incubated at 4°C overnight 
to collect m6A RNA. After recovery of m6A RNA and m6A anti-
body complex by magnetic tube stand, the beads were washed 
with wash buffer and added to the elution buffer (final concen-
tration of 6.7 mM N6- methyladenosine 5- monophosphate sodium 
salt [Sigma- Aldrich], 10 mM Tris–HCl [pH 7.4], 150 mM NaCl, 0.1% 
IGEPAL CA- 630 [Sigma- Aldrich], 1 μL RNasin Plus RNase inhibi-
tor 2500 [Promega]). After vortex, beads were incubated at 4°C 
overnight to elute m6A RNA to anti- m6A antibodies. Supernatant 
containing m6A RNA was collected and ethanol precipitation was 
performed. Then RNA immunoprecipitation (RIP) RNAs were ob-
tained and used in RNA- seq.

2.4  |  RNA- seq

Input RNA and RIP RNA were sent to the University of Tokyo Center 
for Frontier Sciences, one of the Integrated Information Analysis 
Groups of the Platform for Advanced Genome Science, for RNA- seq. 
After sequencing with NovaSeq (S1), trimming was performed with 
fastp,16 and removal of ribosomal RNA with bowtie217 and mapping 
with STAR were carried out.18 Bam files were read by Integrative 
Genomics Viewer (IGV)19 to confirm the mapping results. The ob-
tained Fragments Per Kilobase of exon per Million mapped reads 
data were used for heat mapping and t- SNE plots using iDEP9620 
and for Volcano plots and identification of expression variation 
genes using BioJupies.21 KEGG22 pathway analysis was performed 
on cancer tissues using acinar cells and ducts as controls in Gene Set 
Enrichment Analysis (GSEA) software.23

2.5  |  Gene expression analysis using the pancreatic 
cancer database

A previously constructed pancreatic cancer database file (pk_all.
rds) was used.24 The data were read by R, and the expression of 
each gene was confirmed by Seurat's featureplot.25 In Figure S5, 
Malignant_cell_clusters.rds, which is data for Ductal cell type2, was 
used to extract cells with TCEAL8 expression greater than 0. After 
that, the gene expression data were output and subjected to GSEA, 
with cells with METTL3 expression greater than 1 being METTL3- 
high- expressing cells and cells with METTL3 expression greater 
than 0 and less than 0.3 being METTL3- low- expressing cells.

2.6  |  Spatially resolved transcriptomic 
(Visium) analysis

Patient- derived cancer and duct tissue sections were sent to 
the University of Tokyo Center for Frontier Sciences, one of 
the Integrated Information Analysis Groups of the Platform for 
Advanced Genome Science, for spatially resolved transcriptomic 
analysis. Sequencing was performed with NovaSeq (SP), and loupe 
files were obtained using Space Ranger (10x GENOMICS). Space 
Ranger output files were read by Seurat in R, expression data were 
exported, and GSEA was performed.

2.7  |  Statistical analysis

The p- values were calculated by Biojupies or GSEA software.

3  |  RESULTS

3.1  |  Pancreatic cancer tissue has higher 
m6A- activated RNA than normal tissue

To identify pancreatic cancer tissue- specific m6A- activated RNAs, 
pancreatic cancer tissue and surrounding ducts and acinar cells de-
rived from four patients were collected. For one patient, the tissue 
was divided into two parts, collecting a total of five samples from 
each, and total RNA was extracted from each tissue. One patient's 
duct and acinar cells were cultured to grow organoids, and total RNA 
was also extracted from the organoids. MeRIP was then performed 
to identify m6A- modified RNA in these total RNAs, and RNA- seq 
was performed on the RNA after recovery (RIP RNA) and before 
addition of m6A antibody (input RNA). Differences were observed 
in genes with variable expression between each sample (Figure 1A, 
Figure S1A). When the gene expression of each sample was dimen-
sionally compressed and plotted in a t- SNE plot, the cancer tissue 
was located in a wider region in the input RNA as well as in the 
ductal and acinar cells, but in the RNA samples after MeRIP it was 
located in a narrower region compared with the ductal and acinar 
cells (Figure 1B, Figure S1B). These results suggest that there may be 
some pattern in the m6A- modified state of the RNA, although gene 
expression in each tissue may differ significantly in each patient.

When we examined genes specifically expressed in cancer tis-
sues compared with duct and acinar cells, we detected insulin (INS), 
Trefoil Factor 1 (TFF1), and zinc finger C2HC- type containing 1B 
(ZC2HC1B) as genes with log2FC values greater than 4 in RIP RNA 
and SNORD80 and SNORD112 as genes with log2FC values greater 
than 5 in input RNA (Figure 1C, Figure S1C). The top 20 genes had 
log2FC values above 3 in both RIP RNA and input RNA (Figure 1D, 
Figure S1D). In RIP RNA, RMDN2- AS1, transcription elongation fac-
tor A- like 8 (TCEAL8), and APCDD1L- AS1, which have rarely been 
reported as cancer markers, were detected as genes modified highly 
with m6A (Figure 1D). In input RNA, small nucleolar RNA, C/D box 
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(SNORD) and small nucleolar RNA, H/ACA box (SNORA) family 
genes accounted for half of the top 20 genes (Figure S1D). KEGG 
pathway analysis of RIP RNA using GSEA in normal tissue ducts and 
acinar cells as controls revealed that pancreatic cancer- related path-
ways and the TGFβ signaling pathway were detected as activated 
pathways in cancer tissues and that sugar metabolism such as galac-
tose and amino acid metabolism such as alanine, aspartic acid, and 

glutamic acid were detected as inactivated pathways (Figure 1E). 
This result suggests that pathways involved in cell proliferation are 
highly m6A activated in cancer tissues, while genes involved in sugar 
and amino acid metabolism are low m6A activated. In input RNA, 
KEGG pathway analysis of cancer tissue using normal tissue ducts 
and acinar cells as controls detected pancreatic cancer- related path-
ways and TGFβ signaling pathways as activated pathways, while the 

F I G U R E  1  Results of methylated RNA immunoprecipitation sequencing (MeRIP- seq). (A) Heat map of the top 1000 variable genes. (B) 
Gene expression of each sample is dimensionally compressed and represented in t- SNE plot. 101, 102, 107, 112, and 115 are acinar cells; 
103, 104, 108, 113, and 116 are ductal tissue; 105, 106, 109, 114, and 117 are cancer tissue; 110 is acinar cell organoid derived from 107; 
111 is duct cell organoids derived from 108. (C) Volcano plot of genes with variable expression in cancer tissues, with acinar and ductal 
tissues as controls. (D) Top 20 genes upregulated in (C). (E) GSEA of cancer tissues using KEGG pathway, with the acinar and ductal tissues as 
controls. Horizontal axis is normalized enrichment score (NES).

F I G U R E  2  Gene expression results for each gene from the pancreatic cancer single- cell analysis database. (A) Two- dimensional 
illustration of each cell type by Umap. The pk_all.rds file reported previously was used. (B) Gene expression distribution of INS, TFF1, 
CLDN2, PSMA6, CD14, TCEAL8, LCN2, and AMY2A.
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amino acid metabolism such as alanine, aspartate, and glutamate, 
Hedgehog, and PPAR pathways were detected as inactivated path-
ways (Figure S1E). These results suggest that m6A modification and 
gene expression levels are positively correlated.

3.2  |  m6A- activated RNAs are likely to be highly 
expressed from specific cell types

To determine the types of cells in which cancer tissue- specific genes 
detected by MeRIP are expressed, we used the pancreatic cancer 
single- cell RNA- seq (scRNA- seq) data (Pancreatic Cancer Atlas) 
that we constructed by integrating data previously available on 
GEO (PRJCA001063, GSE111672, GSE154778, GSE155698, and 
GSM4293555) and our own sample data24 (Figure 2A). Expression 
levels of the genes obtained in Figure 1D were examined on the 
Pancreatic Cancer Atlas, and high- expressing cells were detected 
in INS, TFF1, claudin 2 (CLDN2), proteasome 20S subunit alpha 6 
(PSMA6), CD14, TCEAL8, lipocalin 2 (LCN2), and amylase alpha 2A 
(AMY2A) (Figure 2B). INS was mainly expressed in acinar cells, en-
docrine cells, and endothelial cells; TFF1 was expressed in ductal cell 
type 2, which is cancer cells; CLDN2 was expressed in ductal cell 
type 1 and ductal cell type 2; PSMA6 was expressed in all cell types, 
but mainly in T cells; CD14 in macrophages; TCEAL8 in various cell 
types, but mainly in fibroblast and surrounding cells including cancer 
cells (ductal cell type 2); LCN2 in ductal cell type 2; and AMY2A in 
acinar cells (Figure 2B). These results suggest that the highly m6A- 
modified RNA may be originated from the specific cell types.

3.3  |  Coding sequence (CDS) of TCEAL8 mRNA is 
highly modified with m6A in pancreatic cancer tissue

Since TCEAL8, one of the highly m6A- modified mRNA detected in 
MeRIP- seq, has not been reported to have much to do with can-
cer, we decided to focus on TCEAL8 and investigate its function. 
We searched for METTL3- binding sequences (RRACH) in TCEAL8 
mRNA to determine which adenines are hypermethylated. We 
found 16 binding sequences in the TCEAL8 genomic DNA se-
quence, zero for exon 1 and exon 2, seven in the protein coding se-
quence (CDS) of exon 3, and nine RRACH sequences distributed in 
the 3′ untranslated region (3′ UTR) of exon 3 (Figure 3A). To deter-
mine which of these METTL3- binding sequences were highly m6A 
modified, we referred to the mapping of RNA- seq- derived sequence 
data to the genome (Figure 3B,C, Figure S2A,B). The RIP117 can-
cer tissue showed a more remarkable mapping to the CDS region of 
exon 3 than the RIP115 acinar cells or the RIP116 ducts (Figure 3B). 
Another patient- derived sample, RIP114 cancer tissue, also showed 
exon 3 mapping compared with RIP112 acinar cells and RIP113 
ducts (Figure 3C). TNCEAL8 mRNA mapping of the other two 
patient- derived samples also showed that there were fewer counts 
in the RIP109 cancer tissue compared with the RIP107 acinar cells 
and RIP108 ducts (Figure S2A), although RIP105 and RIP106 cancer 

tissues showed counts that were higher than those of RIP101 aci-
nar cells, RIP103 ducts, and RIP104 ducts, except for RIP102 aci-
nar cells (Figure S2B). There was little mapping in RIP110 organoid 
culture- derived acinar cells and RIP111 organoid culture- derived 
ducts (Figure S2A). These results suggest that the CDS region of 
exon 3 is more likely to be a m6A modification in cancer tissues 
compared with normal acinar cells and ducts, although the degree of 
TCEAL8 m6A modification varies in each patient. In addition, the 3′ 
UTR was low count, suggesting that among the RRACH sequences 
in the CDS region, AAACA, AAACC, and GAACA sequences, which 
are also present in the 3′ UTR, are low m6A, and GGACA, GGACC, 
and AGACA are high m6A (Figure 3A).

3.4  |  Gene expression is upregulated or 
downregulated by m6A

To determine how m6A affects gene expression, we examined 
changes in gene expression for high m6A- activated genes in cancer 
cells. The expression of many genes was increased by m6A modifi-
cation, but some genes’ expression was decreased (Figure S3A,B). 
This suggests that the m6A modification affects both up-  and 
downregulation of gene expression. To identify other m6A markers, 
we compared the RIP of cancer cells with the inputs of ductal and 
acinar cells. Many genes with LogFC greater than 3 were detected 
(Figure S3C). This suggests that m6A- modified mRNAs of these 
genes may be pancreatic cancer markers. Two- dimensional plots of 
RIP and input gene expression levels for TCEAL8 in individual pa-
tients showed a positive correlation between them, suggesting that 
m6A modification of TCEAL8 mRNA upregulates TCEAL8 expres-
sion (Figure S4A). Regarding the RIP of TCEAL8, the expression 
level of m6A- activated TCEAL8 mRNA was higher in tumors than in 
ducts, suggesting that m6A- activated TCEAL8 mRNA is cancer spe-
cific (Figure S4B). Activation of splicing- related factors and Notch 
signaling pathways was observed in METTL3- high- expressing cells 
for TCEAL8- positive cells in cancer single- cell data (Figure S5).

3.5  |  TCEAL8 is expressed in specific regions of 
pancreatic cancer tissues

A spatially resolved transcriptomic (Visium) analysis was performed 
on cancer tissue to determine the distribution of TCEAL8- expressing 
cells. Gene expression data were obtained from 2623 spots on can-
cer tissue sections. TCEAL8 was detected in 332 spots and distrib-
uted over a wide area of cancer tissue (Figure 4A). We decided to 
compare gene expression in TCEAL8- positive and TCEAL8- negative 
spots to determine what function TCEAL8 may have. GSEA using 
gene expression data from 2607 spots after quality check revealed 
activation of cancer- related signals in TCEAL8- positive spots com-
pared with TCEAL8- negative spots (Figure 4B). To confirm the ef-
fect of the number of genes detected in each spot on the analysis, 
the 26 spots with less than 500 genes detected were excluded and 

 13497006, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cas.16152 by C

ochrane Japan, W
iley O

nline L
ibrary on [13/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  7HARA et al.

reanalyzed. As shown in Figure 4B, cancer- associated pathways were 
detected (Figure S6A). To examine the function of m6A- activated 
TCEAL8 mRNA, we examined METTL3 expression. METTL3 was 
found to be expressed in 1358 spots, and METTL3- positive cells 
were as widely distributed as TCEAL8 (Figure 4C). TCEAL8- positive 
and METTL3- positive cells were found in 198 spots (Figure 4D, 
Table S1). Among them, 85 spots were highly expressing TCEAL8 and 
METTL3 (Figure S6B). Since METTL3- positive spots were presumed 
to have more highly m6A- modified RNA, we compared gene expres-
sion in TCEAL8- positive METTL3- positive and TCEAL8- positive 

METTL3- negative spots by GSEA. The results showed activation 
of Notch and mTOR signaling in TCEAL8- positive METTL3- positive 
spots (Figure 4E). These signaling pathways have been reported to 
promote cancer invasion and metastasis,26,27 suggesting that m6A- 
activated TCEAL8 mRNA promotes cancer malignancy. In GSEA of 
high-  and low- TCEAL8- expression spots in METTL3- positive spots, 
the high- TCEAL8- expression spots showed increased expression of 
ribosomal genes, p53 signaling pathway, JAK- STAT signaling pathway, 
and pancreatic cancer- related genes (Figure S7). Grouping of each 
spot by t- SNE plots resulted in four groups (Figure S8A). TCEAL8 was 

F I G U R E  3  Mapping data obtained by methylated RNA immunoprecipitation sequencing (MeRIP- seq) to the TCEAL8 gene. (A) RRACH (R: 
A or G, H: A, T, or C) sequences in TCEAL8 mRNA. The total number of each RRACH in the CDS region or 3' UTR region was counted. The 
middle A in GGACA, GGACC and AGACA of CDS region was predicted high m6A. (B) Mapping results of 117 cancer tissues, 116 duct tissues, 
and 115 acinar tissues obtained by MeRIP- seq to the TCEAL8 gene. Max on the vertical axis is 400 counts. (C) Mapping results of MeRIP- 
seq- derived 114 cancer tissues, 113 duct tissues, and 112 acinar tissues to the TCEAL8 gene. Max of vertical axis is 50 counts.
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expressed in many spots in clusters 1 and 2 (Figure S8B). Gene ex-
pression analysis of each cluster showed that OLFM4 had a similar ex-
pression distribution as TCEAL8, suggesting that TCEAL8 is involved 
in the expression of OLFM4 (Figure S8C).

4  |  DISCUSSION

In this study, gene expression and m6A- modified genes in pancre-
atic cancer clinical samples and normal tissue cells were examined 
by MeRIP- seq to identify m6A- activated pancreatic cancer marker 
RNAs. Among them, TCEAL8, a member of the transcription elon-
gation factor- like protein family, is a functionally unknown gene 
that has rarely been reported. The three- dimensional structure of 
TCEAL8 has not been analyzed, but the structure has been pre-
dicted by the Alphafold Protein Structure Database. GSEA of spa-
tially resolved transcriptomic data (TCEAL8+ vs. TCEAL8−) in cancer 
showed that ribosomal proteins were the primary activation path-
way in both cases, suggesting that the basic function of TCEAL8 is 
to express ribosomal proteins (Figure 4B).

Cancer- related signals were activated when TCEAL8 was ex-
pressed in cancer tissues (Figure 4B) and in cancer tissues ex-
pressing m6A- activated TCEAL8 mRNA (Figure 4E). These results 
suggest that TCEAL8 expression and m6A- modified TCEAL8 mRNA 
expression in pancreatic cancer tissues do not act in an inhibitory 
manner on pancreatic cancer growth. TCEAL8 may be involved in 
the transcription of genes detected in the cancer- related pathway. 
TCEAL8 expression was upregulated by m6A modification. The 
expression level of TCEAL8 was increased by m6A modification. 
This suggests that m6A modification stabilizes TCEAL8 mRNA. 
MeRIP- seq revealed that the CDS region of TCEAL8 is particularly 
m6A modified. By comparing the 3′ UTR sequence with the CDS se-
quence, we identified three highly m6A- modified METTL3- binding 
sequences. This suggests that such sequences are highly m6A mod-
ified by METTL3 in pancreatic cancer.

According to The Human Protein Atlas database, high and 
low expression of TCEAL8 in cancer patients has been associated 
with altered prognosis (Figure S9). The ChIP- Atlas database also 
showed acetylation of histone H3K27, an open chromatin marker, 
in the transcription start region of TCEAL8 in pancreatic cancer 
cells (Figure S10). Mutations in E19V (KM12), P66H (SNU1040), 
and P110N (HCC1359) and fusion of BPTF- TCEAL8 (UBLC1) have 
been reported in the DepMap database. Therefore, TCEAL8 may af-
fect cancer cell proliferation. Visium analysis showed that TCEAL8 
has a similar expression distribution to OLFM4. OLFM4 has been 
reported to be associated with drug resistance and poor prognosis 
in pancreatic cancer.28 It has been reported that Notch signaling in 
intestinal epithelium cells promotes the expression of OLFM4 and 

contributes to its cytoprotective effects.29 Therefore, TCEAL8 
might be involved in such effects. In the pancreatic cancer tissues in 
which MeRIP- seq was performed in this study, there was an increase 
in m6A- activated TCEAL8 mRNA in all samples compared with duct 
in the same patients. Since the pancreatic cancers used in this study 
are early- stage pancreatic cancers that can be surgically resected, 
routine quantification of m6A- activated TCEAL8 mRNA may be use-
ful in the detection of early- stage pancreatic cancer.

This study shows for the first time that m6A- activated TCEAL8 
mRNA is a potential pancreatic cancer tissue marker and that TCEAL8 
may be involved in pancreatic cancer growth. A variety of cancer- 
promoting and tumor- suppressive miRNAs have been reported in 
cancer.30 Therefore, miRNAs targeting TCEAL8 may be applicable to 
pancreatic cancer therapy as cancer suppressor genes. Further stud-
ies are needed to determine which genes are directly involved in the 
expression of TCEAL8 as a transcriptional elongation factor.
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