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Background: Pancreatic adenocarcinoma, the deadliest malignant cancer, has gradually become the third
leading cause of cancer-related death. Multidisciplinary therapy has been difficult to implement because
of the particularity of pancreatic adenocarcinoma. Research has increasingly indicated the significance of
metabolic adaption in pancreatic adenocarcinoma. The difference in metabolism may influence immune
cell infiltration in pancreatic adenocarcinoma. Novel immune-related metabolism biomarkers are needed to
improve the therapeutic outcomes of existing targeted therapies.

Methods: We enrolled whole-genome sequencing data and clinical information about 168 pancreatic
adenocarcinoma samples from The Cancer Genome Atlas (TCGA) database, other pancreatic
adenocarcinoma samples, and clinical information from other cohorts. We used the gene set variation analysis
(GSVA) package to calculate feature score, the weighted gene co-expression network analysis (WGCNA) and
randomSurvivalForest package to screen hub genes, the ConsenClusterPlus package to classify subtypes, the
pRRopthetic package to evaluate drug sensibility, the maftools package to analyze mutation information and
the Seurat package to analyze single cell sequencing data.

Results: We revealed the prognosis significance of Th2 cell infiltration, classified two subtypes based on hub
genes, compared immune cell infiltration, substance metabolism, cellular processes, gene mutation, and copy
number variation (CNV) between subtypes and explored the clinical and biological features of Th2 cell infiltration.

Conclusions: We displayed the poor prognosis significance of Th2 cell infiltration and the significant
difference of simple nucleotide polymorphism, CNV, natural killer (NK) CD56 bright cell infiltration,
substance metabolism, autophagy and necroptosis between subtypes. Additionally, we discovered the
sensitivity difference of chemotherapy drug and the Th2 cell infiltration changes after chimeric antigen
receptor T cells (CAR-T) cell therapy and radiotherapy and explored the differences between normal liver

and metastatic liver tissues of pancreatic adenocarcinoma patients.
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Introduction

Pancreatic adenocarcinoma is one of the deadliest
malignancies, with an 8.5% five-year survival rate, making it
the third leading cause of cancer-related death (1). Surgical
resection is the only curative treatment for pancreatic
adenocarcinoma (2). FOLFIRINOX and gemcitabine plus
nab-paclitaxel are gradually becoming optional treatment
strategies (3), and multiple targeted therapies are being
studied. Patients with germline BRCA1 or BRCA2
mutations benefit from poly-ADP ribose polymerase (PARP)
inhibitors (4). Clinical trials of CTLA-4 and programmed
death ligand-1 (PD-L1) inhibitors are ongoing (5). Chimeric
antigen receptor T cells (CAR-T) cell therapy is a potential
therapeutic option for pancreatic adenocarcinoma (6).
Modulation of novel immune biomarkers may improve the
therapeutic outcomes of existing targeted therapies (7).

The T-helper 2 (Th2) cells initiate type 2 immunity
and stimulate antibody secretion in response to external
stimuli (8). Furthermore, Th2 cell-mediated type 2 immunity
influences tumor progression and development (9). The
Th2 cells release interleukin (IL)-2 and IL-13 to activate
the STAT6 and cMyc pathways and promote pancreatic
adenocarcinoma progression (10). This study investigated the
application of experimental phenotypes in the identification
of novel immune biomarkers.

In recent years, tumor heterogeneity research has served
as a bridge between experiments and clinical application.
Based on the proteome of hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC), two biomarkers were
identified to classify subgroups (11). Triple-negative breast
cancer (I'NBC) can be classified into four transcriptome-
based subtypes with individualized therapeutic strategies (12).
Differences in treatment sensitivity have been demonstrated
across pancreatic adenocarcinoma subtypes (13). Our research
identified the prognostic significance of Th2 cell infiltration,
screened three hub genes as characteristic markers correlated
with Th2 cell infiltration, and provided a classification for
molecular metabolism subtypes in pancreatic adenocarcinoma.
We present the following article in accordance with the
STREGA reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-333/rc).

Methods
Samples and gene set

We obtained the gene expression matrix and clinical
information about of 168 pancreatic adenocarcinoma
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samples from The Cancer Genome Atlas (TCGA) database.
"Two samples were deleted because they did not have follow-
up data. We also obtained the sample information from the
GSE71729 (14), GSE160154 (15), GSE179351 (16), and
GSE155698 (17) cohorts in the Gene Expression Ominibus
(GEOQ) database (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga) (http://
www.ncbi.nlm.nih.gov/geo/).

The landmark cancer genomics program TCGA
molecularly characterized over 20,000 primary cancers
and matched normal samples spanning 33 cancer types.
The working group recruited 186 patients diagnosed with
pancreatic adenocarcinoma in 2001-2013, obtained tissue
samples with resection or biopsy and collected the follow-
up information of 168 patients with the last follow-up
time in 2019.

Moffitt er al. (14) analyzed data, including 145 primary
and 61 metastatic pancreatic ductal adenocarcinoma
(PAAD) samples, 17 cell lines, 46 pancreatic tissue samples,
and 88 distant site adjacent normal samples, and collected
follow-up information with the last follow-up time in 2015
(GSE71729). Examines expression by paired-end RNA-seq
in CD8" T cells with multiple technical repeats across four
biological replicates, with three variables: CAR presence
(values: present or absent); antigen exposure (values:
control, continuous, other); and time (values: day 0, day 16,
day 28) (GSE160154).

In this study, we constructed a metabolism-related
gene set (n=4,033) with data downloaded from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) (18),
Reactome (19), Human genome-scale metabolic models
(Human-GEM) (20), and the Braunschweig Enzyme
Database (BRENDA) (21). The immune-related gene set
(n=2,483) was constructed with data downloaded from
the Immport database (https://www.immport.org) and the
InnateDB database (https://www.innatedb.ca/). The cellular
processes genes set (apoptosis, autophagy, ferroptosis and
necroptosis) (n=975) and signal transduction genes set
(n=907) were constructed with data from KEGG (18). The
gene sets were displayed in tables (website: https://cdn.
amegroups.cn/static/public/jgo-22-333-01.zip).

Single sample gene set envichment analysis (ssGSEA)

The ssGSEA function based on the GSVA package (22)
was used to calculate the infiltration scores of 24 types of
immune cells (B cells, T cells, T helper cells, Tem, Tem,
Th1 cells, Th2 cells, TFH, Th17 cells, Treg, CD8" T cells,
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Tgd, cytotoxic cells, natural killer (NK) cells, NK CD56
dim cells, NK CD56 bright cells, DC, iDC, aDC, pDC ,
eosinophils, macrophages, mast cells, and neutrophils) for
each pancreatic adenocarcinoma sample with the immune
cells gene set (website: https://cdn.amegroups.cn/static/
public/jgo-22-333-01.zip) (23). We also used ssGSEA to
calculate metabolism scores for four types of substances
(carbohydrate, lipid, amino acid, and nucleotide) from
the metabolism gene sets and to calculate cellular process
scores(apoptosis, autophagy, ferroptosis, and necroptosis)
from the gene sets (website: https://cdn.amegroups.cn/
static/public/jgo-22-333-01.zip). The two gene sets were
obtained from KEGG (18).

Weighted gene co-expression network analysis

Weighted gene co-expression network analysis (WGCNA)
is a systems biology method used to describe the patterns of
the correlation between genes across microarray samples (24).
We applied WGCNA to analyze immune, metabolism,
cellular processes, and signal transduction gene expression
in the TCGA data cohort. Subsequently, gene modules were
screened based on the proportion of Th2 cell infiltration.
A feature module with the optimal R-squared and P value
was selected. Feature genes from the feature module were
characterized by module membership (MM) fold value >0.8
and gene significance (GS) fold value >0.1.

Random survival forest

The R package random survival forest (25) was used to
screen hub genes as metabolic markers based on the module
feature genes provided by WGCNA. Three hub genes
(PLAAT4, TSPOAPI, and MAN2BI) were identified to

construct a molecular subtyping expression matrix.

Consensus clustering

Consensus clustering is an unsupervised method to classify
samples into subtypes based on feature gene expression (26).
The parameters used were: maxK =9, resp=50, pltem =0.8, and
pFeature =1. According to the delta area plot, the classification
was the most stable at k=2. Moreover, immune cells were
classified into two clusters based on infiltration scores.

Drug sensitivity prediction

We selected 13 chemotherapy drugs used to treat
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pancreatic adenocarcinoma from the Genomics of Drug
Sensitivity in Cancer (GDSC; https://www.cancerrxgene.
org/) database. The pRRophetic package in R was used to
calculate the corresponding ICs, (half maximal inhibitory
concentration) (27).

Single nucleotide polymorpbism analysis

Single nucleotide polymorphism mutation was analyzed
using by the R package maftools (28). The top ten
mutation genes were screened, and the mutation type of
the ten genes in each pancreatic adenocarcinoma sample
was identified. The mutation landscape was displayed as a
waterfall plot.

Copy number variation (CNV) analysis

The CNV data was uploaded to GenePattern, and the
variation site was estimated with the GISTIC 2.0 module
(https://cloud.genepattern.org/). The CNV landscape
was obtained from the genome map from the R package
maftools (12).

Statistical analysis

The Wilcoxon test or unpaired z-test was used to compare
the difference between the two groups. The overall survival
(OS) rates were assessed by Kaplan-Meier curves, and
differences between survival rates were evaluated with a log-
rank test. In the mapping plots, ns shows P>0.05; * shows
P<0.05; ** shows P<0.01; *** shows P<0.001; and **** shows
P<0.0001.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Our study is
based on open-source data, so there are no ethical issues
and other conflicts of interest.

Results

Calculation of immune cell infiltration proportion and
identification of prognostic trait immune cells

Firstly, the ssGSEA function from the R package GSVA was
used to calculate the immune cell infiltration proportion

of pancreatic adenocarcinoma from TCGA-PAAD and
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Figure 1 The network and prognosis in two groups with immune cells infiltration scores. (A) The interactions of immune cells infiltration.
The color of the edge denotes the Cor value. The width of the edge denotes the P value. The shape of the node denotes the immune cells
infiltration cluster type. The stroke color of the node denotes the favorable or risk factors for OS. The size of the node denotes the log-rank

test P value for prognosis curves. (B,C) Kaplan-Meier OS curves for patients with pancreatic adenocarcinoma from TCGA and GSE71729
between two groups with high and low Th2 cells infiltration scores. NK, natural killer; OS, overall survival; TCGA, The Cancer Genome

Atlas; PAAD, pancreatic ductal adenocarcinoma; Cor, correlation.

GSE71729.Subsequently, ConsensusClusterPlus from the
R package was used to classify immune cells into clusters
A and B, and the difference in prognosis between immune
cells was assessed. The results showed that immune
cell infiltration determined the prognosis in pancreatic

© Journal of Gastrointestinal Oncology. All rights reserved.

adenocarcinoma. The interaction network showing
infiltration of 24 immune cells is shown in Figure 1A4.

The optimal cut-off value to define high and low Th2
infiltration was determined with the surcut function.
Accordingly, pancreatic adenocarcinoma patients were
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correlation of module-trait) and hub genes screening based on R package randomSurvivalForest. (A) Th2-immune genes. (B) Th2-metabolism

genes. (C) Th2-cellular process genes. (D) Th2-signal transduction genes. ME, module; WGCNA, weighted gene co-expression network analysis.

divided into two groups, guaranteeing each group with
rational outcome events simultaneously, and the prognosis
between the two groups was compared. The group with
a low Th2 infiltration proportion displayed a favorable
prognosis in TCGA-PAAD and GSE71729 (Figure 1B,1C)
(website: https://cdn.amegroups.cn/static/public/jgo-22-
333-01.zip).

A previous study had reported that Th2 cells release
IL2 and IL13 to activate the STAT6 and cMyc pathways
and promote the development of Kras-initiated pancreatic
cancer in mice (10). In addition, cellular processes,
including apoptosis, ferroptosis, necroptosis (29), and
autophagy (30), have been shown to affect the tumor
immune microenvironment of pancreatic adenocarcinoma.
Multiple signal transduction pathways, including Wnt (31),
vascular endothelial growth factor (VEGF) (32),
transforming growth factor (T'GF)-beta (31), PI3K-Akt (33),
nuclear factor (NF)-kappa B (34) and hedgehog (35), have
been shown to participate in the growth and metastasis of
pancreatic adenocarcinoma and may be associated with
immune infiltration. Based on the experimental outcome
and prognostic significance, hub genes downstream of Th2
cells were investigated to explore their role in immunity,
metabolism, cellular processes and signal transduction. The

© Journal of Gastrointestinal Oncology. All rights reserved.

pancreatic adenocarcinoma subtype classification based on
Th2 infiltration was subsequently confirmed.

Construction of a weighted co-expression network and
identification of feature bub genes

The 2,483 immune related genes expressed in the matrix in
the TCGA-PAAD cohort were searched, and the weighted
co-expression network was constructed with the R package
WGCNA. Nine gene modules were identified, and the
correlation between Th2 infiltration scores and gene
modules was calculated. On the bottom right part of each
diamond, the color and number represent the P value. The
blue module presented the highest correlation coefficient
(R=0.53) and the smallest P value (P=2¢™’). We used the
R package randomForestSRC and randomSurvivalForest
to screen the PLAAT4 and TRAFS genes combined with
clinical survival information (Figure 24). We applied the
same procedures to analyze 4,033 metabolism genes, 975
cellular processes genes, and 907 signal transduction genes
expression matrices, and compared the variable importance
of the screened genes. Three hub genes from the metabolism
genes were identified as metabolic markers for subtype
classification with Th2 cell infiltration (Figure 2B-2D).
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Of the various checkpoint molecules, researchers
mainly focused on cytotoxic T lymphocyte associated
antigen 4 (CTLA4) and programmed cell death protein
1 (PD1) (36). After blocking CTLA4 and PD1, T cells
activated intrinsic metabolism barriers and reduced AKT
activation to interfere with glycolysis (37). Furthermore,
fatty acid oxidation may be affected by PD1 ligation (38).
The three hub genes may also serve as immunotherapy
checkpoints. Therefore, we considered exploring
pancreatic adenocarcinoma heterogeneity and classifying
Th2 infiltration molecular subtypes based on PLAAT4,
TSPOAPI, and MAN2BI gene expression.

Determination and comparative analysis of pancreatic
adenocarcinoma metabolism molecular subtype with Th2
cell infiltration based on bub genes

Subsequently, we applied the R package ConsensusClusterPlus
with an unsupervised clustering function to analyze the
expression matrix of the three hub genes, classifying 168
pancreatic adenocarcinomas into two subtypes (C1 and C2
subtypes; Cl1 subtype =88 patients, C2 subtype =80 patients)
The Delta area plot demonstrated that the classification was
reliable and stable when k=2 (Figure 34,3B). There were
significant differences in the prognosis between the C1 and
C2 subtypes (Figure 3C). The R package limma was used to
screen differentiation expression genes between subtypes,
characterized by |1ogFCI>1 and adj.P value <0.05, and the heat
map displayed the expression quantity of the top 100 (the top
20 upregulated and the top 80 downregulated) differentially
expressed genes (DEGs) in the subtypes (Figure 3D).

We utilized Wilcoxon test to compare the differences and
display the statistical significance in substance metabolism,
cell process, and immune cell infiltration between subtypes
(Figure 44). To explore the gene mutation differences
between subtypes, the R package maftools was used to
analyze the differences of single nucleotide polymorphism
(SNP) mutation between subtypes, and the GISTIC_2.0
module on GenePattern to analyze the differences in CNV
between subtypes (Figure 4B-4D). Functional enrichment
analysis of the DEGs showed that the genes participated in
multiple biological processes (Figure 4E,4F).

Previously published research on pancreatic cancer
subtyping has emphasized single genetic marker
classification, patterns of genomic aberrations, and
transcriptome subtypes (13). We observed differences in the
prognosis, metabolism of four different substances, cellular
processes, immune cell infiltration, SNP, CNV, and DEGs

© Journal of Gastrointestinal Oncology. All rights reserved.
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among Th2 metabolic molecular subtypes.

Differentiation comparison of clinical therapy features
between the two subtypes

We used the R package pRRophetic to calculate the
1C; levels of six chemotherapy drugs in each pancreatic
adenocarcinoma sample and compared the differences
between the two subtypes. The IC;, levels of bortezomib,
cisplatin, dasatinib, erlotinib, and gefitinib were significantly
higher in C1 compared to C2, demonstrating that the C2
subtypes were more sensitive to these chemotherapeutics.
In contrast, the IC;, levels of AZD7762 were significantly
lower in C1 compared to C2 (Figure 5A-5F). There were
evident differences in the Th2 infiltration proportion on
day 0 and day 16 in the pancreatic adenocarcinoma samples
of patients with CAR-T cell therapy from the GSE160154
cohort (Figure 5G). We used the hub genes expression
matrix to classify samples from patients before radiation
therapy and before anti-CTLA4 (ipilimumab) and anti-
PD1 (nivolumab) antibody treatment from the GSE179351
cohort into subtypes. Subsequently, the Th2 infiltration
proportion between subtypes was compared before and
after radiotherapy (Figure SH-57) (website: https://cdn.
amegroups.cn/static/public/jgo-22-333-01.zip).

Diagnosis and treatment strategy selection depend on
the molecular subtyping classification. Based on Moffitt
et al. transcriptomic subtypes, including basal-like and
classical subtypes, the basal-like subtype benefits from
adjuvant chemotherapy (14). Further, subtype 1 (Hedgehog)
and subtype 3 (NOTCH) are targets for immunotherapy,
including subtype-specific checkpoint inhibition and myeloid
depletion therapy, as described by de Santiago ez al. (39). The
drug sensitivity to six types of chemotherapeutics between
the C1 and C2 subtypes was investigated. Changes in the
Th2 infiltration proportion changes from day 0 to day 16
in CAR-T cell therapy before and after radiotherapy were

assessed.

Effects of Th2 cell infiltration and metabolism markers in
pancreatic adenocarcinoma progression and metastasis

The boxplots displayed the expression of PLAAT4,
TSPOAPI1, and MAN2B1 between normal pancreatic and
pancreatic adenocarcinoma tissues (normal tissues from
TCGA and genotype-tissue expression-GTEx, tumor
tissues from TCGA) (Figure 6A4-6C) (website: https://
cdn.amegroups.cn/static/public/jgo-22-333-01.zip). The
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Figure 3 The analysis of Th2 cells infiltration correlated with metabolism molecular subtype of pancreatic adenocarcinoma samples. (A)

Delta area. (B) Consensus matrix k=2. (C) Kaplan-Meier OS curves for patients with pancreatic cancers between C1 and C2 subtype. (D)

The normalized heat map for z-score expression of the top 100 differentiation expression between the C1 and C2 subtypes. CDEF, cumulative

distribution function; OS, overall survival.

R package Seurat was applied to analyze the pancreatic
adenocarcinoma single-cell RNA sequence data of the
GSE155698 cohort. The DimPlot displayed the cell clusters
of pancreatic adenocarcinoma (Figure 6D). The FeaturePlot
displayed the distribution of the top three upregulated genes
and the top three downregulated genes in each pancreatic
adenocarcinoma cluster (Figure 6E). There were significant

© Journal of Gastrointestinal Oncology. All rights reserved.

differences in Th2 cell infiltration between normal liver and
liver metastatic tissues (Figure 6F-6H) (website: https://cdn.
amegroups.cn/static/public/jgo-22-333-01.zip).

In contrast, in normal and pancreatic adenocarcinoma
tissues, we learned that PLAAT4, TSPOAP1, and MAN2B1
expression alongside tumor heterogeneity correlated with
tumorigenesis. Various types of immune cell infiltration are
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Genes and Genomes; MHC, major histocompatibility; TAP, transporter associated with antigen processing.

involved in cancer metastasis, including macrophages, Treg, Discussion
and Th17 cells (40). As the above results suggest, Th2 cells A high proportion of Th2 infiltration has been shown to
may play a role in liver metastasis and the progression of increase the level of IL-4 expressed by the enrichment of

pancreatic adenocarcinoma.

© Journal of Gastrointestinal Oncology. All rights reserved.

basophils in tumor-draining lymph nodes and is related to
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poor prognosis outcome in pancreatic adenocarcinoma (41).
Kinskey et al. discovered that the lymphocyte infiltrate for
pancreatic adenocarcinoma had a strong Th2/B cell character
and markers of Th2 cells (IL-4 and PTGDR2) were higher
expression quantity in pancreatic adenocarcinoma tissue than
other cancer tissue (42). Their research provided inspiration
for our work, and we speculated a higher Th2 cells infiltration
proportion caused high mortality in patients with pancreatic
adenocarcinoma. The prognostic value of Th2 cell infiltration
was assessed using the immune cell infiltration correlation
network. T'GF-beta inhibition can block Th2 effector cell
activity and is a potential immunotherapeutic approach for
other cancers (43). However, research gaps persist about
molecular subtyping of pancreatic adenocarcinoma based

© Journal of Gastrointestinal Oncology. All rights reserved.

on Th2 cell infiltration. Our results screened module genes
from the immune, metabolism, cellular processes, and signal
transduction gene expression matrices and identified optimal
hub genes (PLAAT4, TSPOAPI, and MANZ2BI) as metabolic
markers for subtype classification.

Previous research has typically focused on early single
genetic markers to identify genomic aberrations and
perform transcriptomic subtyping (44,45). This study
classified two subtypes of pancreatic adenocarcinoma
with prognostic significance and analyzed the differences
between the subtypes (46). Higher levels of fatty acid
degradation were observed in the C1 subtype compared
to the C2 subtype, which could be the subject of further
research. Future studies can also focus on differences in
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amino acid metabolism, nucleotide metabolism, autophagy,
and NK CD56 bright cell infiltration levels. Moreover,
we can apply gene detection in clinical practice to identify
subtypes based on the mutations.

Only a small minority of pancreatic adenocarcinoma
patients benefit from multidisciplinary approaches; the
vast majority are insensitive to treatment (3). Researchers
can design clinical control trials for subtype heterogeneity
treatment based on the differences in subtypes. Treating
pancreatic adenocarcinoma with distant metastases is very
challenging (47). However, our study results suggest that
modulating Th2 cell infiltration could be applied in treating
liver metastasis.

We identified the prognostic significance of Th2 cell
infiltration in pancreatic adenocarcinoma samples, screened

© Journal of Gastrointestinal Oncology. All rights reserved.

hub genes as characteristic markers to classify subtypes, and
compared various aspects between subtypes. A limitation of
the study was the lack of clinical practice application results.
A pathological immunohistochemical identification system
based on hub genes should be established to classify patients
with pancreatic adenocarcinoma into subtypes.

Flow diagram

We drew the flow diagram to display our analysis procedure
(Figure 7).
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