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Background. Pancreatic cancer is one of the most malignant tumors of the digestive system, and its treatment has rarely progressed
for the last two decades. Studies on m6A regulators for the past few years have seemingly provided a novel approach for malignant
tumor therapy. m6A-related factors may be potential biomarkers and therapeutic targets. This research is focused on the gene
characteristics and clinical values of m6A regulators in predicting prognosis in pancreatic cancer. Methods. In our study, we
obtained gene expression profiles with copy number variation (CNV) data and clinical characteristic data of 186 patients with
pancreatic cancer from The Cancer Genome Atlas (TCGA) portal. Then, we determined the alteration of mé6a regulators and
their correlation with clinicopathological features using the log-rank tests, Cox regression model, and chi-square test.
Additionally, we validated the prognostic value of m6A regulators in the International Cancer Genome Consortium (ICGC).
Results. The results suggested that pancreatic cancer patients with ALKBH5 CNV were associated with worse overall survival
and disease-free survival than those with diploid genes. Additionally, upregulation of the writer gene ALKBH5 had a positive
correlation with the activation of AKT pathways in the TCGA database. Conclusion. Our study not only demonstrated genetic
characteristic changes of m6A-related genes in pancreatic cancer and found a strong relationship between the changes of

ALKBH5 and poor prognosis but also provided a novel therapeutic target for pancreatic cancer therapy.

1. Introduction

Pancreatic cancer, especially pancreatic ductal adenocarci-
noma (PDAC), is one of the most malignant tumors of the
digestive system, causing approximately 350,000 deaths
worldwide every year [1]. By the year of 2030, PDAC would
be the second leading cause of cancer-related mortality, sur-
passing lung cancer and colorectal cancer [2]. Although
extensive studies on pancreatic cancer have been conducted
over the past few decades, there is no substantial improve-
ment in the prognosis of pancreatic cancer. The most optimal
choice and therapeutic strategy for pancreatic cancer are still
surgical resection combined with chemotherapy, but the
unresectability rate is still high, and the 5-year overall sur-

vival (OS) rate remains <7%, accompanied with a continuous
elevation of its incidence [1]. To date, there are still no reli-
able gene signatures for treatment effects and prognosis and
for early detection and improved therapies. Therefore, there
is an urgent need to develop a method to predict whether a
patient will have a relatively long survival time and better
prognosis, based on the characteristics of transcriptome
sequencing and genome sequencing. Screening and uncover-
ing potential biomarkers of tumor heterogeneity have
become a focus in cancer research [3], and most of the candi-
date genes for therapeutic target are closely related to patho-
genic gene variants or to their tumor tissue-specific antigens
[4-6]. Many problems related to pancreatic cancer treatment
remain to be solved, especially in the field of exploring the
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TaBLE 1: Mutations of m6A regulatory genes in 186 PDAC patients.
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F1GURE 1: CNV characteristics of m6A regulatory genes in PAAD. (a) Percentage of PAAD samples with CN'Vs of m6A regulators, based on
the data from TCGA. (b) Events of copy number gain or loss of m6A regulatory genes in PAAD samples. (c) The most common patterns of
CNVs in m6A regulatory genes in the PAAD samples.
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TaBLE 2: Different CNV patterns occur in PAAD samples (n =177).

Diploid  Deep deletion ~ Shallow deletion = Copy number gain ~ Amplification =~ CNV sum  Percentage
ALKBH5 92 73 9 3 85 48.02%
Eraser

FTO 142 12 22 1 35 19.8%
METTL14 140 28 9 37 20.9%
Writers METTL3 128 19 29 1 49 27.7%
WTAP 87 86 4 90 50.8%
YTHDF1 125 7 44 1 52 29.4%
YTHDE2 113 1 58 5 64 36.2%

Reader YTHDE3 115 17 40 5 62 35%
YTHDC1 141 1 26 9 36 20.3%
YTHDC2 139 22 16 38 21.5%
KRAS 120 1 14 36 6 57 32.2%
TP53 81 2 86 8 96 54.2%
SMAD4 50 25 95 127 71.8%
CDKN2A 66 49 60 111 62.7%

underlying molecular mechanisms of the tumorigenesis of
pancreatic cancer and new therapeutic targets.

In the last few decades, chemical modifications of nucleo-
bases have become a focus in controlling gene expression in
cancers at different levels because of their subsequent regula-
tion in protein translation and modulation of signaling path-
ways, especially N6-methyladenosine (m6A) modification.
m6A has been considered the major type of normal endoge-
nous modification on RNA molecules including mRNAs [6],
miRNAs [7], and IncRNAs [8]. Additionally, m6A modifica-
tion has been confirmed to be a reversible process dependent
on multiple m6A regulatory enzymes, which are classified as
“writers (WTAP, METTL3, and METTL14),” “erasers (FTO
and ALKBH5),” and “readers (YTHDFI1, YTHDF2,
YTHDEF3, YTHDC1, and YTHDC2)” [9].

The effects of m6A are mainly determined by m6A
readers, writers, and erasers. The writer complex includes
methylase enzymes, while the erasers downregulate the
m6A level. Furthermore, the readers regulate the balance
between writers and erasers, sequentially producing a func-
tional signal [10]. Dysregulation of m6A results in multiple
physiological homeostasis dysfunctions and affects the
tumorigenesis and progression of most human malignancies
through various mechanisms [11]. Therefore, m6A regula-
tory gene alternation also plays a vital role in multiple path-
ogenic mechanisms of human disease, especially in
tumorigenesis [12]. However, the underlying mechanism of
mo6A regulatory genes is complex and involves multiple mol-
ecules and pathways [13]. Dysregulation of m6A regulatory
genes in various cancers results in cancer cell EMT [14], apo-
ptosis [15], and stem cell self-renewal [16], which are impor-
tant in cancer progression. However, the relationship
between m6A regulatory genes and pancreatic cancer is still
unclear. Therefore, in our study, we obtained the RNA-
sequencing (RNA-Seq) gene expression profiles and patients’
clinical information of 186 patients with pancreatic adeno-

carcinoma (PAAD) from The Cancer Genome Atlas
(TCGA). Among them, we evaluated the change profiles of
10 m6A regulatory genes in pancreatic cancer and the rela-
tionship between these changes and clinicopathologic fea-
tures, including survival. Finally, an alteration of ALKBHS5
was identified, which could be considered a biomarker for
prognosis or a therapeutic target for pancreatic cancer
therapy.

2. Methods

2.1. Data Processing. From the TCGA database, we analyzed
the copy number variation (CNV) data and pathology
reports of a total of 186 patients with pancreatic cancer.
The up-and-down regulation CNV was assessed using seg-
mentation analysis and the GISTIC algorithm. Next, to
explore the relationship between the clinicopathological sig-
nificance of PAAD patients and m6A regulatory genes, the
cohort of 186 pancreatic cancer patients was divided into
two groups: “with mutation and/or CNVs of these m6A reg-
ulatory genes” and “without CNVs and mutation.” The
mRNA expression data profiles of patients with pancreatic
cancer were also acquired from the TCGA database, and
then, the mRNA expression levels were processed with the
log scale, exploring the association with CNVs.

Then, we acquired the clinical information and mRNA
expression data profiles of patients with pancreatic cancer
form Australia. After the data with ambiguous variables were
excluded, the remaining 82 patients were processed by R soft-
ware (R 4.0.3) with survival packages and GSEA software
(GSEA 3.0).

2.2. Gene Set Enrichment Analysis (GSEA). GSEA software
(GSEA 3.0) was downloaded from the website (https://www
.gsea-msigdb.org/gsea/index.jsp) [16]. Herein, according to
the expression level of ALKBH5, GSEA divided the PAAD
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TaBLE 3: Clinical pathological parameters of PAAD patients with or
without mutation/CNV of m6A regulatory genes®.
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TaBLE 4: Relationship between molecular characteristics and m6A
regulatory gene alteration in PAAD patients.

With Without
mutation  mutation and  p
and/or CNV* CNV*
<60 14 44
Age 0.695
>60 32 87
Male 18 79
Gender 0.013*
Female 28 52
I 2 5
II 9 15
i 11 34 107
Pathological 0.670
stage v 1 2
Discrepancy 0
N/A 0 1
Gl 13 17
— G2 24 71
Historica G3 7 41 0.035°
grade
G4 1 1
Gx 1 1
T1 9 12
T2 35 111
T3 1
T stage 0.328
T4
Tx
NA
MO 23 57
M stage M1 1 3 0.870
Mx 22 71
NO 12 37
N1 34 89
N stage 0.673
Nx 0 4
NA 0

*With mutation or CNV: cases have mutant or CNV or mutant+CNV,
confirmed through TCGA database. Without mutant and CNV: cases with
neither mutant nor CNV, confirmed through TCGA database. Ambiguous
variables (Nx, Mx, N/A, discrepancy, and Gx) were excluded from chi-
square test or nonparametric test. *p value < 0.005.

samples into two groups (ALKBHS5-high group and
ALKBH5-low group). Afterwards, the hallmark gene set
“c2.cp.biocarta.v6.0.symbols.gmt” was set up in the GSEA
to analyze 19726 genes involved in PAAD, and those with
normalized p value < 0.05 were considered to be significantly
enriched.

2.3. Statistical Analysis. SPSS 22.0 (IBM, Chicago, USA) and
GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA, USA)
were applied to analyze the data. Our study adopted the x*
test or Mann-Whitney U test to determine the relationship
between m6A regulatory genes with different alternations
and clinical characteristics of PAAD patients. The Kaplan-

Without Vit
. mutation 2
mutation and p
or CNV CNV*
Wt 45 75 .
KRAS , 25.671 p<0.001
Alteration 1 56
Wt 32 18 i}
SMAD4 , 52.346 p<0.001
Alteration 14 113
Wt 42 39 .
TP53 . 51.936 p<0.001
Alteration 4 92
42 24
CDKN2A , 77.551 p<0.001*
Alteration 4 107

*p value < 0.005.

Meier curve and the log-rank test were adopted for analyzing
the OS or/and disease-free survival (DFS) with m6A gene
regulators. Then, a Cox proportional hazard regression
model was used to analyze the relationship between m6A
regulatory genes and clinicopathological characteristics of
PAAD patients in terms of OS and DFS. A p value < 0.05
was considered to indicate a statistically significant
difference.

3. Results

3.1. Mutations and CNVs of m6A Regulatory Genes in
Patients with PAAD. Within the TCGA database, only 19
independent samples were found to have mutations of m6A
regulatory genes (Table 1), among the 186 cases based on
the sequencing data; however, CNVs in ten m6A-related
genes were observed in 177 PAAD samples based on the
CNV data (Figure 1(a)). The results showed that the m6A
“writer” gene WTAP had the highest frequency of CNV
events (50.8%, 90/177) followed by ALKBH5 (48.02%,
85/177), which is an m6A “eraser” gene. Furthermore, we
also investigated the frequency of CNVs in KRAS (32.2%),
TP53(54.2%), SMAD4 (71.8%), and CDKN2A (62.7%) in this
cohort.

Next, we determined the CNVs of the above ten m6A
regulatory genes in the PAAD samples and found that the
loss of the copy number was the most frequent CNV event
(350/548) (Figure 1(b) and Table 2), which was the same as
the CNV status in clear cell renal cell carcinoma (ccRCC)
[17]. Among these CNVs, shallow deletion of WTAP ranked
as the first in terms of the most frequent CNVs, and shallow
deletion of both ALKBH5 and YTHDF3 was the most fre-
quent cooccurring CNV, indicating the important roles these
two genes play in the process of m6A RNA modification.

3.2. Alterations of m6A Regulatory Genes Are Associated with
Clinicopathological and Molecular Characteristics. We also
assessed the association between variations (CNV and/or
mutation) of the m6A-related regulators and the clinicopath-
ological features of patients with PAAD. Similar to the
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FIGURE 2: The relationship between different CNV patterns and mRNA expression levels of ten m6A regulatory genes in PAAD samples.
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FiGURE 3: The overall survival of patients with PAAD with CNVs of m6A regulatory genes. (a, b) OS and DFS of patients with any of the
CNVs of m6A regulatory genes or with diploid genes. (¢, d) OS and DFS of patients with different CNV types of ALKBH5.

ccRCC samples, the results of this study showed a close cor-
relation between alterations of m6A regulatory genes and
higher Fuhrman Nuclear Grade (Table 3) in PAAD samples.
On account of the fact that KRAS, TP53, SMAD4, and
CDKN2A play important roles in the tumorigenesis of
PAAD, we also assessed whether alterations of m6A regula-
tory genes were related to alterations of these four genes or
not. As shown in Table 4, KRAS, TP53, SMAD4, and
CDKN2A alterations in PAAD samples had a positive corre-
lation with alterations of m6A regulatory genes as expected;
meanwhile, one sample showed no alterations of m6A regu-
latory genes among the total 57 patients with KRAS CNV.

Furthermore, we also evaluated the association between
the m6A regulatory genes and mRNA expression. The results
revealed that the ubiquitous CNVs were associated with the
mRNA expression levels of m6A-related genes in 177 PAAD
samples. Among these genes, the copy number gains were
positively associated with higher mRNA expression, whereas
the shallow deletions or deep deletions were negatively asso-
ciated with lower mRNA expression (Figure 2).

3.3. Identification of the Prognostic Value of m6A Regulatory
Gene CNVs in Patients with PAAD. The CNV effects of m6A
regulatory genes on the OS and DES of patients with
PAAD were evaluated. As shown in Figures 3(a) and
3(b), there was no correlation between m6A regulatory
gene CNVs and OS/DFS among patients with PAAD.
Furthermore, a separate analysis of the ten m6A regula-
tory genes revealed a significant difference between
patients with PAAD and those with alterations of
ALKBHS5 (one eraser gene of m6A). Copy number gain
or amplification with ALKBH5 showed better OS and
DFS (Figures 3(c) and 3(d)); however, according to sur-
vival analysis of the CNVs of the other nine m6A-
regulated genes, no significant differences were observed
between the different separated subgroups (Figure S1).
Additionally, ~ALKBH5 was determined as an
independent risk factor for OS and DFS, as shown in
Table 5. Combined with the results presented above, we
suggested that PAAD patients with upregulated ALKBHS5
mRNA expression have a better survival.
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TaBLE 5: Univariate and multivariate COX regression analyses of m6A regulatory genes for PAAD patients’ overall survival (OS) and disease-

free survival (DFS)*.

Variable Univariate o Multivariate Univariate Multivariatle?FS Univariate =~ Multivariate
HR (95% CI)  p HR p  HR(95% CI) P HR p

Age (>60 vs. <60) 1.3 gf) 1((6);;83 " o156 P 827.2(;)3'%)354_ 0.187 0'971§5(3()5§22' 0917 07 2((;)5")‘46' 0.221
Gender (male vs. female) 1'1912.7(90593 T o308 I 621_5(303’?62' 0.071 1'1317.7(607‘53 2 0.568 1> 02(?5(506'5);87' 0.129
Stage (I-I1 vs. I1I-V) 1'1615. 6(2033 > 0369 1'16;3(705 0669 2‘124(.’027’;“' 0.023* 1'1622.3(26?76' 0.675
M (M1 vs. MO) 1'0523(;55 1= 047 0'933§8%)é§26' 0.928

N (N1 vs. NO) 2'153 1.6(112?81' 0.004* 2'1139.7(’}3';84' 0.011° 1'75;8(71;)’65' 0.027* 1'48; 6(203';344' 0.169
T (T3-T4 vs. T1-T2) 0'9; é(l)'32)5 0 0693 0'8725?9(807'55 8 0835 1'0738. 4(303 39- 0.898 1'4555. 0(506")“9' 0.555
Grade (3-5 vs. 1-2) 1'492‘?3(3)570’ 0.069 1'1416'8(50 509’ 0.578 1'742?7(;7'?94' 0.019 1'42;3(705'?54' 0.175
KRAS (altered vs. diploid) 1'13(;;(;')75 T 0490 1'833(? 1(815'())58' 0.031° 0'8919 4(;’9?47' 0.640 1'6733. 2(109'?69' 0.123
TP53 (altered vs. diploid) 1'2412.8?9'?17’ 0.311 1'141(?9(302'?72’ 0.628 0985;%? 4- 0.950 0'981§7(3Oé§ 61- 0.961
3?;1112%1 (altered vs. 1.23;%9%)7.;66— 0387 1.0i§9(;)é§90- 0.831 1.65;8((;)6?76— 0.062 1.09;1(10(.)5)368- 0786
giI;EZ?A (altered vs. 1.3027'0(4?2.;337- 0238 0.951(')3(502.?67— 0774 1.482(?3(506.?29— 0.099 0.911?3(;)5?19- 0.657
Z\t]hTe?sl; (write loss vs. 1.3215'9(90;);79- 0.179 1.292 1'0(%99- 0.298 1.2415.9(302.2)302- 0.329 1.252?1(6()2329- 0412
i/t[}igrl:) (write loss vs. 0.9157(20;;88— 0.790 0.6433(60508— 0253 1.2629.4(5)3.?70— 0.464 0.8619.8(607.4)105— 0.720
Xﬁitrlslf (write loss vs. 1.192?0(3()4;07- 0.501 1.37;5(23;47- 0305 1.6329.8(102.?56— 0.073 1‘973?721'())37_ 0.038*
Etl}“l(zri)eraser gain vs. 1.2326.2(304?84— 0.483 0.9659%;183- 0.928 1.492(?7(705;99- 0.209 1.0622.2(60?;4)199- 0875
OAtiI;Ig-IS (eraser gain vs. 0'2209.7(301'())72_ 0.013* 0.2%7.9(;)5;())83— 0.048* 0'19()9.6%())62_ 0.007* 0.2(:)1.7(603.())53- 0.018*

* Ambiguous variables (Nx, Mx, N/A, discrepancy, and Gx) were excluded. *p value < 0.005.

3.4. Enrichment Analysis of ALKBH5 Gain of Function. To
confirm the abovementioned conclusion of the relationship
between upregulated ALKBH5 expression and better and
prolonged survival, we next evaluated the ALKBH5 mRNA
expression among patients with PAAD whose prognoses
were affected by the ALKBH5 mRNA level in Gene Expres-
sion Profiling and Interactive Analyses (GEPIA, http://gepia
.cancer-pku.cn/index.html) [18]. As expected, patients with
low ALKBH5 mRNA expression had worse OS than those
with high ALKBH5 expression (Figure 4(a)). However, the
ALKBH5 mRNA expression level had no statistically signifi-
cant association with DFS in patients with PAAD
(Figure 4(b)). Considering ALKBHS5 as an “eraser” in the
demethylation process, combining with the results of our
study, we attempted to explore the dysregulation of ALKBH5
in the pathogenesis of patients with PAAD. We examined the

enriched gene sets in the TCGA data sample with different
ALKBH5 mRNA expression levels with GSEA. GSEA analy-
sis showed that the differential expression of ALKBH5 was
related to some key biological processes involving PGC1A,
AKT, and longevity signaling pathways (Table 6 and
Figures 4(c) and 4(d)), thus providing an indication of the
underlying mechanism in the tumorigenesis of PAAD. Addi-
tionally, several studies have found that ALKBH5 can partic-
ipate in AKT signaling pathways, consistent with our
assumption [19]. Further study is still needed to illustrate
the potential effects of ALKBH5 on the regulation of the
downstream genes in pancreatic cancer.

3.5. Validating the Prognostic Value of m6A Regulators in
ICGC Database. To confirm the prognostic value of alterna-
tive m6A regulators, we also analyze the m6A regulators in


http://gepia.cancer-pku.cn/index.html
http://gepia.cancer-pku.cn/index.html

Percent survival

BioMed Research International

Overall survival Disease-free survival
1.0 —
Logrank p = 0.041 1 Lograr?k p=011
HR (high) = 0.55 os | LT HR (high) =0.61
p (HR) = 0.042 N IR p(HR)=0.11
n (high) = 45 Do n (high) = 45
n (low) = 45 . n(low):45
"""""""""""""""""""""""""" So06 by
g
a
_______________________ =
I3
— — —— f 2 0.4 - f f
&
rrrrr R T e PR PEPEP PP
T T
0.2
0.0 - ' 0.0 e
I I I I I I I I
0 20 40 60 80 0 20 40 60 80
Months Months
—— Low ALKBH5 TPM —— Low ALKBH5 TPM
—— High ALKBH5 TPM —— High ALKBH5 TPM
(a) (b)
Enrichment plot: BioCarta_PGC1A_pathway
0.4 1
2]
)
© 0.3 A
g
= 0.2 A
L
g
=
E 0.1 1
=
0
0.0
B
'g H’ (positively correlated)
S 0.25 -
g
20
< 0.00 -
2 Zero cross at 10370
ERLE
=
E -0.50 1 . . . . L (negaltlvely corll'elated) . .
g 0 2.500 5.000 7.500  10.000 12.000 15.000 17.500  20.000
e,

Rank in ordered data set

—— Enrichment profile
— Hits
Ranking metric scores

(c)

FiGURE 4: Continued.



BioMed Research International 9

Enrichment plot: BioCarta_ AKT_pathway

0.5 4
@ 0.4 A
I
§ 0.3 4
]
Q.) 4
E 0.2
=
=
E 0.1 4
55

0.0

‘H’ (positively correlated)

0.25 4
0.00 4
Zero cross at 10370
-0.25 A
-0.50 A ‘L’ (negatively correlated)

0 2.500 5.000 7.500 10.000 12.000 15.000 17.500 20.000
Rank in ordered data set

Ranked list metric (signal2noise)

—— Enrichment profile
— Hits
Ranking metric scores

(d)
Enrichment plot: BioCarta_longevity_pathway

Enrichment score (ES)

‘H’ (positively correlated)

0.25 A
0.00 A
Zero cross at 10370
-0.25 A
-0.50 - ‘L’ (negatively correlated)

0 2.500 5.000 7.500 10.000 12.000 15.000 17.500 20.000
Rank in ordered data set

Ranked list metric (signal2noise)

—— Enrichment profile
— Hits
Ranking metric scores

(e)

F1GURE 4: Functions of different expression levels of ALKBHS5 in TCGA. (a, b) OS and DFS of patients with different ALKBH5 mRNA levels.
Gene set enrichment plots of (c) PGC1A, (d) AKT signaling, and (e) longevity to ALKBH5 mRNA levels in the PAAD samples.
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TABLE 6: Gene set enrichment of low ALKBH5 mRNA expression
level in the PAAD cohort of TCGA.

GS details Size ES NES NOM p value
BioCarta_ PGC1A_pathway 23 0.53 1.60 0.029*
BioCarta_ AKT_pathway 22 054 1.53 0.046*
BioCarta_longevity_pathway 15 0.66 1.47 0.028*

*p value < 0.005.

the ICGC database. The same in the TCGA database, patients
with low ALKBH5 mRNA expression had worse OS than
those with high ALKBHS5 expression (Figure 5(a)). Moreover,
patients with a higher YTHDEF?2 expression were observed to
have a better overall survival (Figure 5(b)). Except for the
above two genes, age, gender, and the expression of other
m6A regulators had no significant differences with OS sur-
vival. However, GSEA analysis showed that the differential
expression of ALKBH5 in ICGC was only related to PGC1A
signaling pathways (Table 7 and Figure 5(c)). The different
results presented in the two databases might have resulted
from the data offset because of the relatively small sample
size.

4. Discussion

Pancreatic cancer is one of the most common malignan-
cies of the digestive system, and progress in research
related to its treatment has been slow. In recent decades,
the discovery of m6A has increased our understanding of
tumorigenesis regulation to a new level, helping us gain
insight into the role of methylation and demethylation in
tumor formation and progression [20]. Many studies have
demonstrated that m6A alternation is one of the key fac-
tors in cancer management [21]. However, the role of
m6A regulatory genes in pancreatic cancer remains
unclear. Upon analysis of the different expressions or
mutations of “readers,” “writers,” and “erasers” in different
tissues, we found that the genes related to m6A regulation
seem to be different in distant tumors. Therefore, in this
study, we aimed to screen and uncover m6A regulatory
factors closely related to clinicopathological significance
and prognosis in pancreatic cancer. This study not only
determined the value of m6A regulatory genes for pancre-
atic cancer prognosis but also proposed a novel therapeu-
tic target for pancreatic cancer.

As a demethylase, ALKBHS5 is involved in the mediation
of methylation reversal. It has been reported that ALKBHS5 is
overexpressed in various cancers, including breast cancer
[22], glioblastoma [23], ovarian cancer [24], and gastric can-
cer [25, 26]. Additionally, signaling associated with multiple
cancers is dysregulated in PAAD development. We found
that in patients with PAAD, a high ALKBH5 mRNA expres-
sion level was associated with the activation of AKT signaling
pathways, which participate in important cellular pathologi-
cal processes in PAAD development [27], suggesting that the
mRNAs of molecules in the AKT pathway may be the m6a

BioMed Research International

modification target mediated by ALKBHS5 [28]. Recently, a
study has shown that ALKBH5 functions as an antitumor
protein in pancreatic cancer progression [29]; in this paper,
upregulated ALKBHS5 sensitized pancreatic cancer to gemci-
tabine chemotherapy, and knockdown of ALKBH5 decreased
pancreatic cancer cell invasion, migration, proliferation,
metastasis, and tumorigenesis [29]. As in the case of colorec-
tal cancer [30], ALKBHS5 showed obviously weaker mRNA
expression in pancreatic cancer than in the normal tissue.
However, in contrast to the case of rectal adenocarcinoma
wherein high ALKBH5 expression in tumor tissues was
clearly associated with worse OS, ALKBHS5 expression in
pancreatic cancer was found to be positively associated with
OS in TCGA and ICGC, which was in accordance with the
report by Cho et al. [31]. Compared with their study, we
screened the 9 more m6A regulators and explored the CNV
in the public database, evaluated the copy number variation
(CNV) data of m6A on the OS and DEFS of patients with
PAAD, and further verified the prognostic value of ALKBH5
in pancreatic cancer.

We also evaluated the effect of m6A regulatory gene alter-
ations on the survival of patients with PAAD. In line with the
characteristics of genetic alterations of m6A-related genes,
the eraser gene ALKBHS5 was the only gene among the ten
regulators that was associated with the OS and DFS. This
confirmed that “erasers” are the main regulators of m6A in
PAAD. A better OS was observed in patients with eraser gene
gain of function, making it clear that a decreased level of m6A
plays a significant role in PAAD progression. However, we
failed to obtain any significant results with regard to the rela-
tionship between the other nine m6A regulatory gene alter-
ations and OS or DFS, possibly because of the limited
number of patients. Direct detection of the m6A level and
evaluation of its effect on PAAD survival in a new and larger
cohort are needed to illustrate this contradictory
phenomenon.

We also assessed the impact of m6A-related gene
changes on prognosis, especially OS and DEFS, in patients
with PAAD. According to the genetic changes of m6A-
related gene characteristics, only ALKBHS5, an eraser gene,
was associated with OS and DFS among the 10 regulatory
genes. This confirms that erasers might be the predomi-
nant governors of m6A in PAAD. The patients with
gained function of ALKBHS5 achieved better OS, indicating
that decreased m6A levels may play an important role in
the progression of PAAD. Since the different results of
YTHDF2 and ALKBH5 were presented in the ICGC data-
base, we were unable to derive any significant results on
the relationship between the other nine m6A regulatory
gene changes and OS or DFS, possibly due to the limited
number of patients and database heterogeneity. To
account for this paradox, m6A levels need to be directly
detected, and their impact on PAAD survival should be
evaluated in a new and larger cohort.

In conclusion, we screened alternations of ten m6A regu-
latory genes in the TCGA database of pancreatic cancer
patients and identified that ALKBH5 was the most valuable
prognosis-related gene that may be associated with AKT sig-
naling pathways. These findings revealed a novel molecular
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FiGuRre 5: Functions of different expression levels of ALKBH5 in ICGC. (a, b) OS of patients with different ALKBH5 and YTHDF2 mRNA
levels. Gene set enrichment plots of (c) PGC1A to ALKBH5 mRNA levels in the pancreatic cancer samples.

TABLE 7: Gene set enrichment of low ALKBH5 mRNA expression

level in the PAAD cohort ICGC. mechanism of PDAC tumorigenesis regulated by m6A mod-

ification and provided a new insight into the development of
GS details Size' ES NES NOM p value effective therapeutic strategies for the treatment of pancreatic

. - cancer. Although we provided robust evidence for the prog-
B%OCarta_PGClA_p athway 23 068 150 0.031 nostic value ofgthe eﬁr")ect of ALKBH5 on pancreatic cfnce;gr,
BioCarta_AKT_pathway 21067 139 0.091 the underlying mechanism is not yet fully characterized.
BioCarta_longevity pathway 15 059 122 0214 Thus, the effects of ALKBH5 clearly deserve further
*p value < 0.005. investigation.
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