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ABSTRACT ARTICLE HISTORY
Increasingly attention is being given to immune molecules in pancreatic cancer. The purpose of this Received 20 October 2020
study was to understand the potential clinical application of immune-regulated genes (IRGs) in the ~ Revised 3 December 2020
stratification of prognosis and to facilitate the development of personalized prognostic information Accepted 3 December 2020
for pancreatic cancer patients. We systematically used public data to comprehensively analyze  yeyworps
immune-regulated gene pair (IRGP) expression profiles and clinical data. In our study, IRGP signature IRGPs; pancreatic carcinoma;
was identified to predict the overall survival (OS) of pancreatic cancer patients. We suggested that prognostic; bioinformatics;
immune genes are enriched in different risk groups. In the high-risk group, M1 macrophages and retrospective analysis
resting NK cells were significantly enriched, while the percentages of naive B cells, resting dendritic

cells, CD8 T cells and regulatory T cells (Tregs) were significantly higher in the low-risk group, and we

verified these results with immunohistochemical experiments. Gene ontology (GO) analysis confirmed

that the IRGP index (IRGPI) signature genes in the cohort were mostly party to sensory perception of

a chemical stimulus and the adaptive immune response. The identification of these pathways

provides a basis for studying the molecular mechanisms of IRGPI signaling to predict the prognosis

of pancreatic cancer. Our study effectively constructed a robust IRGP signature with prognostic value

for pancreatic cancer, presenting a conceivable method for deciding on a preoperative treatment.
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Introduction worldwide [2]. It has become the third most com-

Pancreatic carcinoma is one of the deadliest gastro- ~ mon cause of cancer-related death in America, and
intestinal malignancies [1]. Pancreatic cancer causes the prognosis varies among individuals [3]. Several
216,000 new cases and >200,000 deaths a year factors, such as cigarette smoking, diabetes mellitus,
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chronic pancreatitis and obesity, can affect the risk of
pancreatic carcinoma [4,5]. Early pancreatic carci-
noma is commonly asymptomatic, and pancreatic
cancer generally remains asymptomatic until it
develops into advanced pancreatic cancer [6].
When the patient first developed symptoms, pan-
creatic carcinoma patients with stage 0 and I disease
account for 0.7% and 2.3%, respectively, and three
quarters of these patients have no symptoms [7].
Although improvements in treatment have been
made, the 5-year survival rate of pancreatic cancer
remains dismal at less than 6%, which is not satisfac-
tory [8]. Tumor staging, histological grading, and
molecular subtyping are used to evaluate prognostic
factors in patients with pancreatic cancer in the
clinic. However, these clinicopathological features
usually do not provide information to accurately
predict patient prognosis [9]. Some inflammatory
molecules have been linked to the prognosis of pan-
creatic cancer, but their sensitivity and specificity are
extremely variable [10]. These factors may cause
inaccurate prognostic predictions for pancreatic can-
cer patients, and there is still no accurate indicator to
predict the prognosis of pancreatic
Therefore, to successfully treat pancreatic cancer
patients, the identification of new and reliable mole-
cular markers to predict the prognosis of pancreatic
carcinoma patients is urgently needed.

Systemic therapy is still recommended, as the
majority of pancreatic patients have micrometa-
static disease at the time of diagnosis [9].
Numerous studies have shown that immu-
notherapies are one of the most exciting treat-
ment strategies to emerge over the last decade[1].
For instance, there is evidence that PD-L1 can
predict the prognosis of pancreatic cancer and
be used as an effective target for the treatment
of pancreatic cancer [11,12]. However, there are
currently no targeted therapies for pancreatic
cancer directed against the main known driver
mutations [13]. The molecular characteristics of
interactions require further study.
However, there are problems such as too small
fitting of small sample datasets and insufficient
verification datasets may reduce the robustness
and efficiency of conclusions [14,15]. A new tech-
nique primarily based on relative sequencing of
gene expression levels is proposed, which elimi-
nates the disadvantages of data normalization and

cancer.
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scale transformation in gene expression data pro-
cessing and has produced reliable results in quite
a number researches [16-18].

Increasingly, attention is being given to immune
molecules in pancreatic cancer [19]. At present,
there are few studies on the screening and identi-
fication of molecular markers that can predict the
prognosis of pancreatic cancer by means of mass
immune-regulated gene (IRG) expression profiles.
The purpose of this study was to understand the
potential clinical application of IRGs in the strati-
fication of prognosis and to facilitate the develop-
ment of personalized prognostic information for
pancreatic cancer patients. We systematically used
public data to comprehensively analyze immune-
regulated gene pair (IRGP) expression profiles and
clinical data.

Results

IRGP signature construction and its prognostic
valuation

The cohort containing TCGA (n = 490) gene expres-
sion data was used as the discovery cohort, and the
genes with fantastically giant mutations were retained
as candidates. The median absolute deviation (MAD
> 0.5) was used for evaluation. The filtered discovery
dataset was used to assemble a prognostic mannequin
with the aid of the usage of 1,638 unique IRGs, which
were bought from the ImmPort database and
included 17 categories, and 578 IRGs were measured
in the discovery set as well as on different platforms.
Next, we identified IRGPs. After removing IRGPs
with a small error (MAD < 0.5) and screening the
survival of related patients (p < 0.001), the remaining
IRGPs were chosen as preliminary candidate IRGPs.
We then described the IRGPI and used Lasso Cox
proportional hazards regression on the set to select 47
IRGPs for inclusion in our last hazard risk scoring
model. Table S1 shows the information of 47 IRGPs
included in the IRGPI. Then, the IRGPI was used to
calculate the risk score for each patient in the group.
According to an analysis of a ROC curve for survival,
the optimal cutoft value for the IRGPI was 0.963 for
patients divided into a high-risk group and a low-risk
group (Figure 1). According to the cutoff value, OS
can divide sufferers into low-risk groups and high-risk
groups. The statistics confirmed that the OS of the
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Figure 1. Time-dependent ROC curve for the IRGPI in the
cohort. An IRGPI score of 0.963 was used as the cutoff for the
IRGPI to stratify pancreatic cancer sufferers into low- and high-
risk groups.

high-risk group was extensively shorter than that of
the low-risk group (p < 0.001) (Figure 2 and Table S2).
To discover the prognostic capability of the IRGPI for
different clinical factors, we conducted univariate and
multivariate Cox proportional hazards regression
analyses on the TCGA cohort. Clinical features such
as age, sex, grade, stage, depth of tumor invasion (T)
and lymph node metastasis (N) demonstrated no
prognostic value in either the univariate or multivari-
ate Cox analysis. Furthermore, in the univariate and
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Figure 2. Kaplan-Meier curves for the overall survival (0S) of
different IRGPI-defined risk groups. The OS of the high-risk
group was significantly shorter than that of the low-risk group
(p < 0.001).

multivariate Cox analyses, only IRGPI markers can
still be used as an independent prognostic factor for
pancreatic cancer (Figure 3(a,b)).

Immune cell infiltration in different risk groups

Many research have indicated that tumor-infiltrat-
ing immune cells are associated with tumor prog-
nosis [20]. CIBERSORT has been used in previous
tumor microenvironment-related reports to esti-
mate immune cell subset frequencies [21,22].
CIBERSORT was used to estimate the relative
proportions of 22 specific immune cell infiltrates
in different risk groups of pancreatic patients. Our
consequences confirmed that different immune
cells were enriched in different risk groups. M1
macrophages and resting NK cells were signifi-
cantly enriched in the high-risk group (M1 macro-
phages: p = 7.234e-4; resting NK cells: p = 0.008),
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Figure 3. Univariate and multivariate analyses of prognostic
factors. Clinical features such as age, sex, grade, stage, depth
of tumor invasion (t) and lymph node metastasis (n) had no
prognostic value in either the univariate or multivariate Cox
analysis. Only the IRGPI signature remained an independent
prognostic factor in the univariate and multivariate Cox
analyses.



while the percentages of naive B cells, resting den-
dritic cells, CD8 T cells and regulatory T cells
(Tregs) were significantly higher in the low-risk
group (naive B cells: p = 7.194e-05; resting den-
dritic cells: p = 0.031; CD8 T cells: p = 0.027;
Tregs: p = 0.003; Figure 4(a-f), Table S3).
A comparative summary of the CIBERSORT
results for the high-risk group and low-risk
group is shown in Figure 4(g).

We collected six pancreatic cancer tissues obtained
from the Department of General Surgery between
2016 and 2017. Three of these patients died within

BIOENGINEERED e 91

1 year of surgery, which we defined as the high-risk
group. The remaining patients had a survival time of
more than 1 year, which we defined as the low-risk
group. We used an immunohistochemical method to
detect the infiltration of M1 macrophages and Tregs
by using specific markers (iNOS and FOXP3,
respectively) [23]. The results showed that the
M1 macrophage marker was significantly highly
expressed in the high-risk group and that Treg
levels were significantly higher in the low-risk
group, which was consistent with our previous
analysis (Figure 5).
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Figure 4. Immune infiltration statuses within IRGPI-defined risk groups. Summary of the abundances of 22 immune cell types
estimated by CIBERSORT for different risk groups. (a—f) show that M1 macrophages and resting NK cells were significantly enriched
in the high-risk group (M1 macrophages: p = 7.234e-4; resting NK cells: p = 0.008). The percentages of naive B cells, resting dendritic
cells, CD8 T cells and regulatory T cells (Tregs) were significantly higher in the low-risk group (naive B cells: p = 7.194e-05; resting
dendritic cells: p = 0.031; CD8 T cells: p = 0.027; Tregs: p = 0.003). A comparative summary of the CIBERSORT outputs for the high-

risk group and low-risk group is shown in G.
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Figure 5. Immunohistochemical detection of immune cells. M1 m
while Treg levels were significantly higher in the low-risk group.

Functional assessment of the IRGPI signature

GO analysis and GSEA were used to discover the
biological processes and signaling pathways altered
in relation to the IRGPI signature. GO analysis
confirmed that the IRGPI signature genes in the
cohort were mostly party to sensory perception of
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acrophage levels were significantly higher in the high-risk group,

a chemical stimulus and the adaptive immune
response (Figure 6(a) and Table S4). GSEA was
conducted to compare the high-risk and low-risk
groups to investigate significantly altered path-
ways. This analysis confirmed that pathways
related to sensory perception of a chemical stimu-
lus and the adaptive immune response were
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Figure 6. Immune-related signature gene analysis. Gene ontology (GO) analysis of the immune signature genes. GO analysis
confirmed that the IRGPI signature genes in the cohort were mostly party to sensory perception of a chemical stimulus and the

adaptive immune response.



significantly different (Figure 6(b)). These path-
ways provide a basis for studying the molecular
mechanism of IRGPI signaling to predict the prog-
nosis of pancreatic cancer.

Discussion

Pancreatic cancer is an aggressive disease that fre-
quently presents at an advanced stage [24].
Although much research has been performed, pan-
creatic cancer is still resistant to most available
therapies [25]. In some recent studies, some gene
alterations (KRAS, TP53, CDKN2A and SMAD4)
have been shown to be associated with the OS of
pancreatic cancer patients [26], but the proportion
of pancreatic cancer patients with mutations in at
least one of these four genes was found to be less
than 40%[27]. The expression of other genes is less
specific in pancreatic cancer and cannot be used as
an independent prognostic indicator [28].
Therefore, the identification of a reliable prognos-
tic biomarker to predict the survival rate of
patients with serous pancreatic cancer is urgently
needed.

Considering the inherent biological heterogeneity
of tumors and the technical deviation caused by
sequencing platforms, prognostic risk models need
to correctly reflect the gene expression profile, which
is a challenge in data analysis. To achieve robust
prognostic prediction, we adopted a new data analysis
method without taking into account the technology
biases of different platforms [29].

In our study, IRGP signature was identified to
predict the OS of pancreatic cancer patients. The
prognostic signature consisted of 47 IRGPs,
including many reportedly important genes. The
CXC ligand family (CXCL5, CXCL9, CXCL10,
CXCL11, and CXCL17) plays a vital role in reg-
ulating pancreatic cancer progression [30].
A recent study identified c-Met on circulating
exosomes as a diagnostic and prognostic marker
for pancreatic cancer [31]. ABCB2 (TAPIl) is
regarded as the downstream target of SHH signal-
ing and plays an important role in enhancing the
drug resistance of pancreatic ductal adenocarci-
noma [32]. The interferon regulatory factor family
[33] and some members of the interleukin family
are indicators of prognosis in pancreatic cancer
[34]. Then, we found that M1 macrophages and
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resting NK cells were significantly enriched in the
high-risk group, while the percentages of naive
B cells, resting dendritic cells, CD8 T cells and
Tregs were significantly higher in the low-risk
group, and we verified these findings with immu-
nohistochemical experiments. Previous studies
have reported that pancreatic cancer in high-risk
patients is characterized by an ‘immune-rich’
microenvironment with high estimated levels of
M1 macrophages and low levels of Tregs [23,35],
which is consistent with our results. GO analysis
confirmed that the IRGPI signature genes in the
cohort were mostly party to sensory perception of
a chemical stimulus and the adaptive immune
response. These pathways provide evidence for
the molecular mechanism of IRGPI signaling and
thus predict the prognosis of pancreatic cancer.

Currently, there are few studies on screening and
identification of molecular markers to predict the
prognosis of pancreatic cancer by detecting a large
number of immunomodulatory gene expression pro-
files. There have been studies that have analyzed that
an immune-related gene pairs signature predicts over-
all survival in colorectal cancer [36], serous ovarian
carcinoma [15] and hepatocellular carcinoma [37].
But no one has analyzed it in pancreatic cancer. We
systematically used public data to comprehensively
analyze immune-regulated gene pair expression pro-
files and clinical data in pancreatic cancer. Our study
efficiently built a robust IRGP signature with prog-
nostic value for pancreatic cancer, presenting
a conceivable method for deciding on a preoperative
treatment.

There were some limitations to our study. Our
prognostic signature consisted of 47 IRGPs, which
is a large number. This might make it very difficult
to apply the signature for clinical examination.
The reason is that unlike other tumors, pancreatic
cancer progresses rapidly with few specific symp-
toms, and its mechanism is elusive [24]. Our
research is based on retrospective studies, and
more clinical specimens and data are needed for
further verification.

Conclusion

We systematically used public data to comprehen-
sively analyze IRGP expression profiles and clinical
data of pancreatic cancer. And we efficiently built
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a robust IRGP signature with prognostic value for
pancreatic cancer, providing a potential strategy for
choosing a preoperative treatment. Our immune
gene signature can effectively predict the survival
of patients with Pancreatic cancer. In addition, the
feature provides a panoramic view of the tumor
immune microenvironment and will be a beneficial
predictive tool to determine whether the certain
patient could benefit from immunotherapy.

Highlights

(1) In our study, IRGP signature was identified
to predict the OS of pancreatic cancer
patients.

(2) We determined that immune genes are
enriched in different risk groups.

(3) We provide a useful predictive tool to deter-
mine the pancreatic cancer patients who is
likely to benefit from immunotherapy.
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