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Background: The relationship between N6-methyladenosine (m°A) RNA methylation regulators and the
tumor immune microenvironment has been extensively studied. Nevertheless, the potential function of m°A
regulators in the tumor immune landscape of pancreatic ductal adenocarcinoma (PDAC) remains to be fully
elucidated.

Methods: Here, we systematically evaluated the expression of 19 m°A regulators in PDAC patients
from The Cancer Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO) database. Utilizing
consensus clustering, the PDAC patients were segmented into two subgroups according to the expression
of 19 m°A regulators. A prognostic risk signature of 5 m*A methylation regulators (ALKBHS, IGF2BP2,
IGF2BP3, LRPPRC, and KIAA1429) was then built, and the PDAC patients were divided into high-risk and
low-risk groups. Subsequently, differences in independent prognostic parameters, risk score distribution,
survival, and cluster analysis between high-risk and low-risk groups were analyzed.

Results: We found two subgroups with dramatically different immune landscapes and prognoses.
Subsequently, differences in independent prognostic parameters, risk score distribution, survival, and cluster
analysis between the high-risk and low-risk groups were found. Moreover, these gene signatures displayed
good discriminative performances in the GEO datasets. We also found that the risk score was positively
correlated with the tumor mutation burden (TMB), and the TMB value was higher in the high-risk scoring
group. The low-risk scoring group was linked by a stronger response to anti-programmed cell death ligand 1
(anti-PD-L1) immunotherapy and clinical advantages in the immunotherapeutic advanced urothelial cancer
(IMvigor210) cohort. Ultimately, we found that these 5 m°A regulators had a fatal regulatory role on the
tumor immune microenvironment in PDAC patients.

Conclusions: The construction signature based on the m°A regulators may be crucial regulators of the
tumor immune microenvironment in PDAC, providing a new approach to improving the immunotherapy

strategy for PDAC patients.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a malignant
tumor of the digestive system that accounts for 95% of
all pancreatic cancers (1). PDAC is considered to be a
devastating malignant tumor because of its invasiveness,
advanced stage and resistance to most treatments (2).
Surgical resection remains the only radical treatment
option; however, less than 20% of patients are eligible for
resection (3). Compared with all other solid tumors, the
S-year survival rate of PDAC is about 9% (4); hence, it is
urgent to discover genes that may influence the prognosis
of patients with PDAC in clinical practice. At present, many
studies have attempted to categorize PDAC patients; for
example, by stratifying PDAC patients according to their
genetic/epigenetic characteristics (5,6).

Several studies have revealed a series of DNA epigenetic
changes in PDAC progression, and these findings
have demonstrated significant clinical value for PDAC
(7-10). Due to recent developments in technology, the
modification of N6-methyladenosine (m°A) in mRNA has
been reported. The m°A modification reveals a wide and
rare external spectroscopic landscape, which has been found
to be associated with a variety 3—4 of biological processes,
including cancer (11). m°A introduction (methylation)
and m°A removal (demethylation) may affect genes and
pathways associated with the malignant phenotype of
cancer (11). Nevertheless, as a new epigenetic modification,
the role of RNA methylation in PDAC has not been
well studied. At present, there are scant reports on the
correlation between RINA methylation modification and
PDAC (12,13). The m°A methylation is associated with
high levels of expression of intracellular methyltransferase
(“writer”) and demethylase (“eraser”), while the binding
protein (“reader”) is bound to the m°A methylation site
to execute multiple biological functions (14,15). As far as
we know, there remains a lack of overall analysis of the
expression of m°A methylation genes in PDAC with respect
to clinical pathological characteristics, progression and
prognosis.

A growing body of evidence supports a special
correlation between m°A methylation regulatory genes
and immune cells. YTH N6-methyladenosine RNA binding
protein 1 (YTHDFT) deficiency enhances the anti-tumor
response of CD8" T cells and strengthens the efficacy of
anti-programmed death ligand 1 (PD-L1) therapy (16).
AlkB homolog 5, RNA demethylase (ALKBH5) modulates
the anti-programmed death 1 (PD-1) therapy response via
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regulating lactate and inhibiting immune cell accumulation
in the tumor microenvironment (17). Methyltransferase 3,
N6-adenosine-methyltransferase Complex Catalytic Subunit
(METTL3) regulates T-cell homeostasis by modulating
the interleukin (IL)-7/signal transducer and activator of
transcription 5 (STATS5)/suppressors of cytokine signaling
(SOCS) pathways (18). Nevertheless, the relationship
between m°A regulators and immune cells in PDAC
remains unknown. Thus, a global assessment of the
immune landscape mediated by various m°A methylation
regulators will help us to comprehensively understand the
immune regulation of m°A regulators in the tumor immune
microenvironment.

Compared with previous studies, this study is the first
to comprehensively analyze the correlation between m°A
methylation regulators and immune cells, prognosis,
and clinicopathological features in PDAC. In this study,
we established cluster subtype and risk model for m°A
methylation regulators to improve prognostic risk
stratification and facilitate treatment decisions in patients
with PDAC. This study may provide a novel perspective
for revealing the relationship between m°A methylation
regulators and the tumor immune microenvironment in
PDAC. We present the following article in accordance
with the REMARK reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-21-859/rc).

Methods
Data processing

The gene expression data and full clinical information of
PDAC were obtained from The Cancer Genome Atlas
(TCGA) and the Gene Expression Omnibus (GEO)
database. As the main cohort, our study included gene
expression and somatic mutation data of PDAC and normal
pancreatic tissue samples in TCGA through the University
of California Santa Cruz (UCSC) Xena platform (https://
gdc.xenahubs.net). A total of 176 PDAC patients and 4
patients with normal pancreatic tissue were assigned into
a training cohort. The datasets GSE28735, GSE62452,
GSE71729 and GSE85916 were downloaded from the
GEO database, and an averaging method using the RMA
algorithm in the affy package (version 1.64.0, https://
bioconductor.org/packages/affy/) was applied to execute
background adjustment and quantile normalization.
The ComBat, from the Surrogate Variable Analysis (sva)
package (version 3.34.0, https://bioconductor.org/packages/
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sva/), was utilized to correct for batch effects. GSE28735
included 84 samples, including 42 PDAC tumor and 42
normal pancreatic tissue samples. GSE62452 contained 126
samples, including 65 tumor and 61 adjacent tissue samples.
GSE71729 included 169 samples, including 123 PDAC
tumor and 46 normal pancreatic tissue samples. There were
only 79 PDAC tumor samples in GSE85916. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Identification of m°A methylation regulatory genes

We found 19 m°A regulators in the published literature
(11,14), including 2 erasers (ALKBHS and FTO), 11 readers
(IGF2BPI1, IGF2BP2, IGF2BP3, LRPPRC, YTHDC]I,
YTHDC2, YTHDFI, YTHDF2, YTHDF3, FMRI, and
HNRNPA2BI) and 6 writers (KIAA1429, METTL3, RBM15,
RBM15B, WIAP, and ZC3H13). The mutation frequency
of the m°A regulator was analyzed using R (version 3.5.3)
software package (Bioconductor, https://www.bioconductor.
org/). Due to the small number of paracancerous samples
in the TCGA-PAAC dataset, we used the GSE28735,
GSE62452, GSE71729, and GSE85916 datasets to compare
the expression of m°A regulators in PDAC and control
tissues. The difference in the expression of m°A regulators
between PDAC and normal controls was calculated using
the Wilcoxon signed rank test. A value of P<0.05 was
deemed statistically significant.

Consensus clustering analysis of m°A methylation
regulators

To reveal the biological characteristics of m°A methylation
regulators in PDAC, the 176 PDAC patients in the TCGA-
PDAC dataset were divided into subgroups by consensus
clustering based on the expression of these m°A methylation
regulators using the ConsensusClusterPlus R-package
software (version 1.50.0, https://bioconductor.org/packages/
ConsensusClusterPlus/), and the number of groups was
shown by “k”. In order to uncover the correlation between
consensus clustering and the clinicopathological features
in PDAC, Pearson correlation analysis was applied to
analyze the distribution of sex, cancer grade, cancer stage,
survival state, cancer relapse and drink among the different
clusters, and these results were displayed applying the
pheatmap R-package software (version 1.0.12, https://cran.
r-project.org/web/packages/pheatmap/index.html). The

Kaplan-Meier method was used to evaluate survival curves
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and compare differences in survival among the different
subgroups.

Comparison of immune cell infiltration among the m°A

subgroups

The single sample gene set enrichment analysis (ssGSEA)
algorithm was applied to study differences in immune cell
infiltration between the different subgroups, and results
were presented in a violin diagram. Stromal score, immune
score, Estimation of Stromal and Immune cells in Malignant
Tumor tissues using Expression data (ESTIMATE) score,
and tumor purity were then evaluated by the ESTIMATE
method according to TCGA-PDAC data. To explore the
relationship between PD-LI and these m°A regulators, the
expression of PD-LI in the two subtypes was evaluated
using Pearson correlation analysis.

Gene set variation analysis (GSVA)

To study the effects of these m°A regulators on biological
processes in different subgroups, GSVA was performed
utilizing the GSVA package (version 1.34.0, https://
bioconductor.org/packages/GSVA/) in R software. The
predefined gene set “c2.cp.kegg.v7.2.symbols.gmt”
was obtained from the Molecular Signatures Database
(MSigDB) to execute the GSVA analysis. Then, the
differentially expressed pathways were analyzed using
the limma package in R software (version 3.42.2, https://
bioconductor.org/packages/limma/). A false discovery rate
(FDR) <0.01 was considered significant.

Construction of the m°A gene-related prognostic model

To better forecast the survival of PDAC patients, we
conducted the m°A gene-related prognostic model
according to the following steps. First, we performed a
univariate Cox regression analysis to screen the m°A-related
genes significantly associated with the prognosis of PDAC.
For P<0.05, the gene was considered significant. Then, least
absolute shrinkage and selection operator (LASSO)-Cox
regression analysis was used to determine the prognostic
model, and a 10-fold cross validation was used to ensure the
optimal value of the LASSO penalty parameter. Based on
the linear combination of the regression coefficient (B) of
the LASSO-Cox regression model and the gene expression
level, the m°A gene-related prognostic model was built.
Finally, we developed the m°A gene-related prognostic
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model (5 genes) according to the following risk score
formula:

n

RiskScore =) _(exp,* 3, (1]

i=1

where n represents the number of prognostic genes, expi
represents the expression value of gene I, and Pi represents
the univariate Cox regression coefficient of gene i. Based on
the median signature risk score as the cut-off point, PDAC
patients in the TCGA-PDAC cohort were divided into low-
risk and high-risk groups. To better evaluate the prognostic
value of these 5 genes, we produced the survival curves for the
high- and low-risk groups using the Kaplan-Meier method.
In addition, a receiver operating characteristic (ROC) curve
was produced to evaluate the accuracy and efficiency of
these 5 genes in a time-dependent manner. Furthermore,
the same risk scoring formula was run on the GSE28735,
GSE62452, GSE71729, and GSE85916 datasets to further
confirm the efficiency of these gene signatures. To ensure the
predictive power of the prognostic model for PDAC patients
was independent of other clinical variables, univariate and
multivariate Cox regression analyses were used to analyze the
prognostic gene signature and clinicopathological features in
the TCGA-PDAC cohort.

Evaluation of the association between tumor risk score and
tumor mutation burden (TMB)

Significant evidence suggests that the TMB may determine
individual responses to cancer immunotherapy. Exploring
the intrinsic link between TMB and risk score to clarify
the genetic characteristics of each subgroup is of great
significance. Corresponding information on the somatic
alteration of the TCGA-PDAC cohort was obtained from
the TCGA dataset. The maftools package in R software was
used to calculate the number of somatic non-synonymous
point mutations within each sample.

m°A modification patterns in the role of anti-programmed
cell death ligand 1 (anti-PD-L1) immmunotherapy

The immunotherapeutic advanced urothelial cancer
(IMvigor210) cohort was included in our study to explore
the predictive ability of the tumor risk score to assess
the benefit of immunotherapy. Through the Creative
Commons 3.0 License, the complete expression data and
clinical annotations were obtained (http://research-pub.
gene.com/IMvigor210CoreBiologies). The raw count data
were normalized by the DEseq2 R-package software and
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then the count value was transformed into the transcripts-
per-million (TPM) value.

Effect of immune cell infiltration-based m’A regulators on
somatic copy number alterations (CNAs)

The effect of CNAs of the m°A regulators on immune
cell infiltration levels was assessed using the Tumor
Immune Estimation Resource (TIMER, https://cistrome.
shinyapps.io/timer/) which is composed of six immune cell
types (B cells, CD4" T cells, CD8" T cells, neutrophils,

macrophages, and dendritic cells).

Survival analysis

We assessed the effects of 5 m°A methylation regulators
(ALKBHS, IGF2BP2, IGF2BP3, LRPPRC, and KIAA1429)
on overall survival in patients with PDAC using clinical
data from the TCGA-PDAC cohort. The log-rank test was
used to test whether the differences in survival time were
significant. Kaplan-Meier curves were visualized using the
survival packages in R.

Immunobistochemistry analysis

The pictures of immunohistochemistry were obtained from
The Human Protein Atlas (THPA; www.proteinatlas.org/),
a publicly available database which includes more than 5
million images of immunohistochemically stained tissues
and cells. Data regarding the expression levels of ALKBHS
and LRPPRC in PDAC tumor tissues were downloaded
from THPA.

Gene Expression Profiling Interactive Analysis (GEPLA)

GEPIA is a newly developed interactive web server for
analyzing the RNA sequencing expression data of 9,736
tumors and 8,587 normal samples from the TCGA
and the Genotype-Tissue Expression projects, using a
standard processing pipeline. The expression analysis
of 5 m°A methylation regulators (ALKBHS, IGF2BP2,
IGF2BP3, LRPPRC, and KIAA1429) was performed using
GEPIA.

Statistical analysis

R software was used for all statistics analysis. The Wilcoxon
test was used to calculate the significance of differences in
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immune cell infiltration and m°A methylation regulators
expression. The survival curve was generated by Kaplan-
Meier method, and the difference between groups was
compared by log rank test. In addition, Pearson correlation
analysis was performed. P<0.05 was considered statistically
significant.

Results

Genetic alteration of the m°A regulators in patients with
PDAC

On reviewing the literature, we found 19 m°A regulators,
including 2 erasers, 11 readers, and 6 writers. We first
summarized the incidence of somatic mutations in 19 m°A
regulators in PDAC and identified the top 10 genes with
the most frequent somatic mutations in PDAC (Figure 14).
Among 158 samples, the TP53 and Kirsten rat sarcoma
virus (KRAS) genes showed the highest mutation
frequencies. Only some of the 19 m°A methylation
regulators showed low-mutation frequency.

Identification of m°A methylation regulatory genes

We studied the expression of 19 m°A regulatory genes in
PDAC and normal pancreatic tissues based on the GEO
dataset. The clustering analysis of 19 m°A regulatory
genes is shown in Figure 1B. The results showed that
the expression level of 6 m°A regulation genes was
significantly different between PDAC and normal tissues.
The expression of FMRI, IGF2BP2, IGF2BP3, and
YTHDC?2 in PDAC tissues significantly increased, while
the expression of ALKBHS and YTHDC]1 significantly
decreased (Figure 1C).

Consensus clustering analysis of m°A methylation
regulatory genes

From the gene expression data of TCGA-PDAC, we
acquired the gene expression profiles of 176 PDAC
patients. Following the similarity of expression of m°A
methylation regulators in the PDAC samples, consensus
clustering analysis was performed on these samples. In the
process of consensus matrix K increasing from 2 to 5, when
K=2, the crossover between the PDAC samples was the
least (Figure 24,2B); therefore, we applied consensus cluster
K=2 to divide the PDAC patients into two subtypes, namely
cluster A (n=71) and cluster B (n=105) (Figure 2C). In
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addition, we generated a boxplot (Figure 2D) for visualizing
the expression of the 19 m°A regulators in cluster A and
cluster B, and showed that the expression of ALKBHS,
FTO, and RBM1S in cluster B was markedly lower than
that in cluster A, while the expression of HNRNPA2BI,
IGF2BP2, IGF2BP3, and LRPPRC was observably higher
in cluster B than in cluster A. Further, the expression
of individual m°A methylation regulators was higher in
cluster B than in cluster A, especially the expression of
IGF2BP2 and IGF2BP3. Furthermore, on examining the
clinicopathological features in the two clusters, it was found
that cluster A mainly involved female PDAC patients and
was associated with high tumor differentiation (Figure 2E).
Kaplan-Meier analysis showed that the overall survival time
of cluster B was shorter than that of cluster A (Figure 34).
Finally, this was verified in the GEO datasets where similar
results were obtained (Figure 3B). Our data showed that the
clustering subtype defined by m°A methylation regulators
expression was closely related to the heterogeneity of
PDAC patients.

Comparison of immune cell infiltration among the m°A
patterns

To uncover biological behavior between different PDAC
subtypes, we executed GSVA and ssGSEA analysis. The
results of GSVA showed that, in the cluster B subtype,
immune-related pathways, such as the T-cell receptor
signaling pathway and the B-cell receptor signaling
pathway, were significantly inhibited, while other pathways
related to PDAC progress were significantly increased,
including the cell cycle and p53 signaling pathway (Figure
3C). ssGSEA results found that, in the cluster B subtype,
the infiltration of immune cells in the tumor immune
microenvironment was significantly reduced (Figure 3D);
in particular, for activated B cells, activated CD8 T cells,
immature B cells, and regulatory T cells. The results of
the ESTIMATE algorithm also confirmed that, in the
cluster B subtype, the Stromal Score, the Immune Score,
and the ESTIMATE Score were observably lower than
those scores of the cluster A subtype, and the tumor purity
was dramatically higher than that of the cluster A subtype
(Figure 4A). To reveal the relationship between PD-L1 and
m°A methylation regulators, we assessed the expression
of PD-LI in two subtypes and found that the expression
of PD-LI in cluster B was observably higher than that in
cluster A in both the TCGA cohort and the GEO datasets
(Figure 4B,4C).
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Establishment and verification of prognostic signatures

Based on the protein-protein interaction network analysis
and the Pearson correlation analysis, we observed that the
m°A methylation regulators had a cooperative relationship
(Figure 4D). To further reveal the prognostic value of
m’A methylation regulators in PDAC, the univariate Cox
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regression analysis was used to reveal the relationship

between 19 m°A genes and the overall survival of PDAC

patients in the TCGA cohort; 6 survival-related m°A
methylation regulators (ALKBHS, IGF2BP2, IGF2BP3,
LRPPRC, KIAA1429, and RBM15) were identified with

P<0.01 as cut-off values (Figure 5A). Next, LASSO-Cox
regression analysis for the 6 m°A methylation regulators was
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Figure 3 Kaplan-Meier analysis and GSVA enrichment analysis and ssGSEA analysis between cluster B and cluster A subtype. (A) The
overall survival curves of the cluster B and cluster A in TCGA-PDAC cohort; (B) the overall survival curves of the cluster B and cluster
A in GEO datasets; (C) GSVA enrichment analysis revealing the biological pathways in cluster B and cluster A subtype. The hierarchical
clustering was applied to show these biological processes; (D) comparison of immune cell Infiltration among in cluster B and cluster

A subtype using ssGSEA analysis. GSVA, gene set variation analysis; TCGA, The Cancer Genome Atlas; PDAC, pancreatic ductal

adenocarcinoma; GEO, Gene Expression Omnibus.

carried out to form a comprehensive and valid prognostic
risk signature. We identified 5 m°A methylation regulators
(ALKBHS, IGF2BP2, IGF2BP3, LRPPRC, and KIAA1429)
to establish the risk model, and the coefficients of these
5 m°A methylation regulators were used to compute the
risk score (Figure 5B,5C), as follows: Risk score = (0.3453x
KIAA1429) + (0.3068x IGF2BP2) + (0.0704x IGF2BP3) +
(0.0278x LRPPRC) - (0.4572x ALKBHS5). Patients were
divided into high-risk and low-risk groups with the median

© Gland Surgery. All rights reserved.

cutoff of risk score. Kaplan-Meier analysis illustrated
that the overall survival time in the high-risk group was
significantly shorter than that in the low-risk group
(Figure 5D). The risk score distribution, survival status,
and cluster analysis of these 5 prognostic m’A methylation
regulators are presented in Figure 64. In the high-risk
group, the m°A high-risk regulatory factors LRPPRC,
KIAA1429, IGF2BP2, and IGF2BP3 were highly expressed,
while the protective m°A regulator ALKBHS was up-

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859



Gland Surgery, Vol 11, No 1 January 2022 155

A Group ®Cluster A &Cluster B Group #Cluster A= Cluster B
Wilcoxon, P=1.5e-07 Wilcoxon, P=5.5e-07
2000 - 3000 -
Q
8 1000 - £ 2000 -
2]
—_ (8]
© 2]
g 0 g 1000
5 £
H E 0 -
—-1000 ~ : X
. . -1000 - :
T T T T
Cluster A Cluster B Cluster A Cluster B
Group Group
GroupeCluster As Cluster B Group & Cluster A Cluster B
5000 4 Wilcoxon, P=3.7e-08 1.0 4 Wilcoxon, P=3.7e-08
g 2 0.8
S 2500 A B
pu =
< ] i
= £ 00
[ 0 =
2
0.4
H
—2500 :
T T T T
Cluster A Cluster B Cluster A Cluster B
Group Group
B C D Z°3H‘3° @Ks\mlenspa
Group=Cluster A sCluster B Group sCluster A Cluster B N—
N > PPRC
Wilcoxon, P=0.011 Wilcoxon, P=1.7e-05. XL q >
4 - KIAA1429° ; Q¥ @©vTHoCH
/ / A \
S 51 @ /X N
5 c RBM158 < [\ ©rrHoc2
% 3 2 S ;// @ Erasers
o) |7 7 \ ) \
S §-4 y RBM|5° > \\\ | ge (0)vHor1 gm
- B E ‘ Ny //
b 2 -3 METTL3° \\ y/q @VTHDFZ —— Positive correlation
E Dl Y 5 \/< Negative correlation
1 a , 2 MK / ~ (©vmors © Risk factors for OS
N . B © Favorabe factors for OS
T T T T ALKBH5 FMR1 logrank test, pvalue
Cluster A Cluster B Cluster A Cluster B IGFEE1 HiRNEAZS 001 @oes(Q) oot
Group Group
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interaction network analysis of these m°A regulators between cluster B and cluster A subtype. TCGA, The Cancer Genome Atlas; PDAC,

pancreatic ductal adenocarcinoma; GEO, Gene Expression Omnibus.

regulated in the low-risk group. To better assess the
prognostic accuracy of the signature composed of 5 m°A
methylation regulators, we executed ROC analyses at 1, 3,
and 5 years to compare their AUC values. The ROC results
revealed that the AUC of the 1-, 3-; and 5-year plots were
0.66, 0.75, and 0.72, respectively, which indicated that the
signature of 5 m°A methylation regulators provided a good
discrimination performance for the prognosis of patients

© Gland Surgery. All rights reserved.

with PDAC (Figure 6B). Univariate analysis discovered that,
applying the TNM-staging for PDAC, the T stage, the N
stage, the TNM stage, the tumor grade, and the risk score
were observably associated with overall survival of PDAC
(Figure 6C). Moreover, multivariate Cox regression analysis
found that the N stage and the risk score were markedly
correlated with the prognosis of PDAC patients (Figure 6D).
The above data showed that the risk score based on
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the signature of 5 m°A regulators was an independent
prognostic factor for PDAC patients.

The GEO datasets were utilized to verify the prognostic
value of the risk model. The same formula was used to
calculate a risk score for each patient, and to classify patients
into low-risk and high-risk groups based on the median
risk score. The Kaplan-Meier analysis displayed that the
overall survival time in the high-risk group was significantly
shorter than that in the low-risk group (Figure 6E),
which was consistent with the results in the TCGA cohort.
Furthermore, the ROC curve analysis found that the risk
score model had good predictive efficiency for 1-, 3-, and

© Gland Surgery. All rights reserved.

5-year overall survival, and the AUC values were 0.61, 0.65,
and 0.69, respectively (Figure 6F). In conclusion, these gene
signatures displayed good discriminative performance in
both the TCGA cohort and GEO datasets.

TMB in risk score

There is accumulating evidence that TMB is associated
with responsiveness to immunotherapy. We studied the
correlation between TMB and risk score and found that
the risk score was positively correlated with the TMB
(Figure 7A). Subsequently, the distribution patterns of TMB

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859
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in the different risk score subgroups were revealed, and the
TMB value was found to be higher in the high-risk score
subgroup (Figure 7B).

m°A modification patterns in the role of anti-PD-L1
immunotherapy

Since there was no information about immunotherapy
available in the TCGA-PDAC cohort, we further analyzed

© Gland Surgery. All rights reserved.

the response of immunotherapy. Subsequently, the
IMvigor210 immunotherapy cohort was used to study
whether the risk score could predict patients’ responses to
anti-PD-L1 therapy. In the IMvigor210 cohort, patients
with anti-PD-L1 immunotherapy were assigned to a
high- or low-risk score group. Interestingly, as shown
in Figure 7C, in the PD-L immune response group, in
which the immune response was categorized as either a
complete response (CR) or a partial response (PR), the

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859
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risk score was significantly lower than that in the immune
response-free group, in which the disease was categorized
as either progressive disease (PD) or stable disease (SD).
Furthermore, we found that patients classified as belonging
to the low-risk group exhibited significant clinical survival
benefits (Figure 7D). The frequencies of CR/PR and PD/
SD were 26.85% and 73.15% in the low-risk patients,
respectively, and 18.79% and 81.21% in the high-risk group
patients, respectively (Figure 7E).

© Gland Surgery. All rights reserved.

Effect of somatic CNASs of the m°A regulators on immune
cell infiltration

We further studied the effect of somatic CNAs of the
5 m°A regulators (ALKBHS, IGF2BP2, IGF2BP3, LRPPRC,
and KIAAI1429) on immune cell infiltration to clarify the
potential mechanism of m°A methylation regulators in
immune cell infiltration. As shown in Figure 8, the arm-

level gain of ALKBHS observably changed the infiltration

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859
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levels of B cells, CD4" T cells, neutrophils, and dendritic
cells in PDAC. Furthermore, the CNAs of the IGF2BP2,
including arm-level gain, deep deletion, arm-level deletion,
and high amplification, markedly altered the infiltration
levels of B cells, CD4" T cells, macrophages, neutrophils,
and dendritic cells in PDAC. This finding proved that these
m°A regulators exerted pivotal regulatory effects on the
tumor immune microenvironment for PDAC patients.

Gene and protein expression levels and survival analysis of
the m°A methylation regulators

The expression analysis of the five m°A methylation
regulators (ALKBHS, IGF2BP2, IGF2BP3, LRPPRC, and
KIAA1429) was performed using GEPIA. We found that,
except for LRPPRC, the other four methylation regulators
(ALKBHS, IGF2BP2, IGF2BP3, and KIAA1429) were
significantly upregulated in the tumor tissues of PDAC
patients compared with the patients’ normal tissues
(Figure 94). The protein expression levels of ALKBHS and
LRPPRC were also significantly upregulated in the tumor
tissue of PDAC patients compared with the patients’ normal
tissues (Figure 9B). The results of the analysis of survival
showed that only the expressions of IGF2BP2, IGF2BP3,
and LRPPRC were significantly associated with survival in
patients with PDAC (Figure 9C).

Discussion

Up to now, PDAC is still a fatal malignant tumor with a
poor prognosis worldwide. The number of newly diagnosed
cases and deaths of PDAC have observably increased at the
same rate in recent years due to its poor prognosis (19).
There is an urgent need to seek new biomarkers to predict
the survival and monitor the treatment response for PDAC,
and potentially provide new insights into the treatment
of PDAC. Accumulative evidence has demonstrated that
aberrant mRNA modification is strongly associated with the
prognosis and overall survival of PDAC (20,21). m’A RNA
methylation is essential for better predicting the malignant
behavior and clinical prognosis of various cancers, and
has attracted attention towards researching the prognosis
of PDAC (22). Many studies have reported on the special
relationship between m’A methylation regulators and the
tumor immune microenvironment (23,24). However, this
special relationship in PDAC has not been fully revealed;
therefore, uncovering the correlation between m°A
regulators and the tumor immune microenvironment will

© Gland Surgery. All rights reserved.
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be helpful for the development of immune-based, targeted
therapeutic strategies for PDAC.

In the current study, based on 19 m°A methylation
regulators, we found two m°A modification patterns with
dramatically different immune landscapes and prognoses.
The degree of immune cell infiltration in TIME was
significantly different between the two patterns. In cluster
B with short survival time, the degree of immune cell
infiltration in TIME was significantly reduced. This implies
that the high degree of immune cell infiltration may be
beneficial to the prognosis of PDAC. A prognostic gene
signature of 5 m°A methylation regulators (ALKBHS,
IGF2BP2, IGF2BP3, LRPPRC, and KIAA1429) was obtained
using univariate Cox regression and LASSO Cox regression
analysis, and the PDAC patients were divided into high-risk
and low-risk groups based on the prognostic risk signature.
Subsequently, we found that there were significant
differences in the independent prognostic parameters,
risk score distribution, survival status and cluster analysis
between the high-risk and low-risk groups. Kaplan-Meier
analysis illustrated that the overall survival time in the
high-risk group was significantly shorter than that in the
low-risk group. Moreover, the ROC results revealed that
the AUCs of 1-, 3- and 5-year plots were 0.66, 0.75, and
0.72, respectively, which indicated that the signature of
5 m°A methylation regulators had a good discrimination
performance for the prognosis of patients with PDAC. In
addition, this gene signature displayed good discriminative
performance in TCGA cohort and the GEO datasets.
These results suggest that we can use the expression of 5
m°A methylation regulators to put patients into different
groups, and then judge the prognostic characteristics of
patients. The maftools package in R software was used
to evaluate the association between the risk score and the
TMB. We also found that the risk score was positively
correlated with TMB, and the TMB value was higher in the
high-risk group. However, the overall survival time in the
high-risk group was significantly shorter than that in the
low-risk group. Therefore, we hypothesized that TMB may
reduce the survival time of PDAC. The IMvigor210 cohort
was included in our study to explore the predictive ability of
the risk score in determining the benefit of immunotherapy.
Ultimately, we found that changes of CNAs in the
somatic cells of m°A methylation regulators affected the
infiltration of the immune cells, suggesting that these
5 m°A methylation regulators had a key regulatory effect on
the tumor immune microenvironment of PDAC patients.
Therefore, we hypothesized that 5 m°A methylation

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859
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and LRPPRC in PDAC tumor tissues were obtained from THPA (magnification x20); (C) survival analysis of IGF2BP2, IGF2BP3, and
LRPPRC in TCGA-PDAC cohort. GEPIA, Gene Expression Profiling Interactive Analysis; THPA, The Human Protein Atlas; PDAC,

pancreatic ductal adenocarcinoma.

regulators may play an important role in the tumor immune
microenvironment by regulating the infiltration degree of
immune cells.

To illustrate the biological function in the two subtypes
of PDAC patients, we carried out the GSVA enrichment
analysis, and the results found that, compared with the
cluster A subtype, immune-related pathways, such as the
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T cell receptor signaling pathway and the B cell receptor
signaling pathway, were significantly inhibited in the cluster
B subtype, while other pathways related to PDAC progress,
such as the cell cycle and the p53 signaling pathway, were
significantly increased. It is well known that the cell cycle
and the p53 signaling pathway play important roles in
the development and progression of PDAC (25-27). The

Gland Surg 2022;11(1):147-165 | https://dx.doi.org/10.21037/gs-21-859



162

results of this study further suggest that m°A methylation
regulators may play an important role in the pathologic
progression of PDAC by regulating related signaling
pathways. In addition, the expression of PD-LI in cluster
B was significantly higher than that in cluster A in both
TCGA cohort and the GEO datasets. Wang et 4/. have
revealed that high expression of PD-L1I indicates a poor
prognosis of PDAC (28). Lux et a/. have reported that
postoperative survival time of PDAC patients with high
PD-L1I expression was observably shortened (29). Similarly,
cluster B with high PD-LI expression in our study had
a shorter overall survival than cluster A with low PD-L1
expression, indicating that the consensus cluster analysis
of m°A methylation regulatory genes performed in this
study was reliable, which was consistent with the results
of previous studies (28,29). PD-1 /PD-L1 can negatively
regulate immune response and cause immune escape of
tumor cells by inhibiting activation and proliferation of T
cells. These results suggest that m°A methylation regulators
may influence T cell activation and proliferation by
regulating PD-L, thus mediating tumor immune tolerance.
Interestingly, we generated prognostic risk signatures
based on 5 m°A methylation regulators (ALKBHS, IGF2BP2,
IGF2BP3, LRPPRC, and KIAA1429) through univariate
Cox regression and LASSO Cox regression analysis,
which could be used to accurately predict the prognosis of
PDAC. In addition, these 5 m°A methylation regulators
were abnormally expressed in PDAC and correlated with
prognosis of PDAC. Therefore, we speculated that these
5 m°A methylation regulators may be potential therapeutic
targets for PDAC. ALKBHS, as a demethylation enzyme,
is involved in methylation reversal. ALKBHS is abnormally
expressed in many cancers, including gastric cancer,
glioblastomas, and epithelial ovarian cancer (30-32).
ALKBHS is a novel biomarker for predicting the prognosis
of pancreatic cancer (33). ALKBHS decreases in pancreatic
cancer cells and regulates pancreatic cell motility through
regulating KCNK15-AS1 demethylation (13). A decrease
in ALKBHS levels indicates that the clinical prognosis of
PDAC is poor, and ALKBHS overexpression suppresses
the proliferation and metastasis of PDAC cells, while
ALKBHS silence is the opposite (34). Herein, ALKBHS was
significantly decreased between PDAC and normal tissues,
and ALKBHS was a key molecule in the consensus cluster
and prognostic models of PDAC. Furthermore, the somatic
CNAs of ALKBHS observably changed the infiltration
levels of B cells, CD4" T cells, neutrophils, and dendritic
cells in PDAC. Thus, the relationship of ALKBHS with the
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level of immune cell infiltration in PDAC deserves further
clarification.

Some studies have found that IGF2BP family acts as
an m°A reader to regulate pancreatic cancer occurrence
and progression. IGF2BP2 is upregulated in pancreatic
cancer, and its expression is concerned with poor prognosis
in pancreatic cancer patients (35,36). High expression of
IGF2BP2 accelerates pancreatic cancer cell proliferation
through regulating the phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT) signaling pathway (37).
IGF2BP2 and IGF2BP3 are significantly increased in
pancreatic cancer cells, and the inhibition of IGF2BP2 and
IGF2BP3 can significantly reduce pancreatic cancer cell
invasion (38). IGF2BP3 affects malignancy-related RNA
regulation through modulating miRNA-mRNA interactions
in PDAC (39). While in this study we also found that
IGF2BP2 and IGF2BP3 were significantly upregulated
in PDAC, the mechanism of their regulation of PDAC
progress still needs to be further elucidated.

LRPPRC is found to be associated with mitochondrial
translation and RNA decomposition, and its deficiency
impacts the mitochondrial electron transport chain,
mitochondrial permeability and transmembrane ROS
diffusion (40,41). LRPPRC is inversely related to survival
in pancreatic adenocarcinoma patients (42). KIAA1429
is a key component of the m°A methyltransferase
complex. KI4A1429 promotes migration and invasion
of hepatocellular carcinoma cell by impacting the m°A
modification of ID2 mRINA (43). KIAA1429 promotes liver
cancer progression via N6-methyladenosine-dependent
GATA3 posttranscriptional modification (44). KIAA1429
regulates CDK1 as an oncogenic factor in breast cancer, in a
manner independent of N6-methyladenosine (45). As far as
we know, the function of KIAA1429 in PADC has not been
studied. In the current study, we found that LRPPRC and
KIAA1429 were key molecule in the consensus cluster and
prognostic models of PDAC. Thence, the functions and
potential mechanisms of LRPPRC and KI4AA1429 in PDAC
need to be further explored.

In conclusion, our study comprehensively studied the
gene signatures of m’A-related regulators in PDAC. Two
PDAC subtypes were obtained through the consensus
clustering for m°A regulators; subsequently, the patients
with PDAC were stratified, and showed significantly
different prognoses and tumor-immune microenvironments.
Moreover, the prognostic risk signatures constructed based
on the expression levels of ALKBHS, IGF2BP2, IGF2BP3,
LRPPRC, and KIAA1429, were not only closely correlated
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with clinical outcomes and clinicopathological features but
were also independent prognostic indicators of PDAC.
We also found that risk score was positively correlated
with TMB, and the TMB value was higher in the high-risk
group. The low-risk group was linked to a stronger response
to anti-PD-L1 immunotherapy and clinical advantages in
the IMvigor210 cohort. Furthermore, we correlated the
somatic CNAs of these 5 m°A regulators with immune
cell infiltration to clarify the potential mechanism of m°A
methylation regulators related to different types of immune
cell infiltration in PDAC. Specifically, the somatic CNAs of
ALKBHS and IGF2BP2 observably changed the infiltration
levels of some immune cells. Our comprehensive assessment
of m*A modification patterns in PDAC patients deepened
our understanding of the tumor-immune landscape and
provided a new approach for improving immunotherapy
strategies in patients with PDAC. However, the conclusions
of this study are based only on a bioinformatics analysis,
therefore, prospective clinical studies are needed to verify
the findings of this study.
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