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Background: Calpains (CAPNs) are intracellular calcium-activated neutral cysteine proteinases involved 
in cancer initiation, progression, and metastasis. However, its role in pancreatic cancer (PC) is still unclear. 
This study aims to identify the prognostic value and immune infiltration of CAPNs for PC patients using 
comprehensive bioinformatics analyzes. 
Methods: We analyzed the transcription levels of CAPNs in different cancers from Oncomine, 
differential gene expression in tumor/normal tissues and pathological stage through GEPIA database, 
the prognostic value of the mRNA expression of CAPNs by Kaplan-Meier plotter, the protein expression 
comparison of different CAPNs in human tumor/normal tissues from The Human Protein Atla, the 
CAPNs gene alterations through cBioPortal, the prediction of protein-protein interactions by STRING 
and GeneMANIA, the functional enrichment of discrepant CAPNs by GO and KEGG, and the immune 
infiltration of CAPNs by ssGSEA.
Results: Our results showed that CAPN1, 2, 4, 5, 6, 8, 9, 10, and 12 were highly expressed in PC. CAPN1, 
5, 8, and 12 expression levels were positively correlated with individual cancer stages. Furthermore, CAPN1, 
2, 5, and 8 expression levels were negatively correlated with overall survival (OS) and recurrence-free survival 
(RFS), while CAPN10 was positively correlated with OS and RFS. We found that CAPN1, 2, 5, and 8 were 
correlated with tumor-infiltrating T follicular helper cells and CAPN10 with tumor-infiltrating T helper 2 
cells. Functional enrichment analysis showed that differentially expressed CAPNs (CAPN1, 2, 5, 8, and 10)  
are involved in axonogenesis, cell-substrate adhesion, immune response-activating cell surface receptor 
signaling pathway, and cell junction organization in PC.
Conclusions: These results suggested that CAPN1, 2, 5, 8, and 10 could be used as prognostic biomarkers 
in PC and improve individualized treatment strategies.
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Introduction

Calpains (CAPNs) are intracellular calcium-activated neutral 
cysteine proteinases involved in multiple cellular processes 
(1-3). They are also known to mediate cancer initiation, 
progression, and metastasis by catalyzing the proteolysis 
of numerous substrates (4,5). In total, 16 members of the 
human CAPN family have been identified by the Human 
Genome Project and categorized into classical (CAPN1–3, 
8, 9, and 11–14) and non-classical (CAPN5–7, 10, 15,  
and 16) based on the primary sequence and ubiquitous 
(CAPN1, 2, 5, 7, 10, 13–15, and S1) or tissue-specific 
(CAPN3, 6, 8, 9, 11, and 12) localizations (6). Previous 
studies suggested that aberrant expression of CAPNs 
is related to many cancer types. For instance, increased 
expression of CAPN1 to renal carcinomas (7), of CAPN2 to 
colorectal cancer and prostate cancer (8,9), and of CAPN6 
to uterine sarcomas, carcinosarcomas, and uterine cervical 
neoplasia (10,11). On the other hand, decreased expression 
of CAPN9 is associated with gastric cancer development (12). 
CAPNs can modulate key molecules in signaling pathways, 
including the protein kinase Ciota, focal adhesion kinase 
(FAK), tumor suppressor protein p53, hypoxia-inducible 
factor 1, and epidermal growth factor receptor, contributing 
to tumor formation, development, progression, proliferation, 
differentiation, invasion, and metastasis (13-16).

Pancreatic cancer (PC) is one of the most common 
malignancies worldwide, and only 20% of the cases are 
resectable due to the lack of obvious clinical symptoms in 
the early phase (17,18). Even after curative surgery, the 
recurrence rates are high, while long-term survival rates 
are shorter than other cancers (19). Aggressive biological 
behavior characterizes PC because of its high extracellular 
stromal components that generate a hypovascular and 
hypoxic microenvironment. It is also characterized by 
poor prognosis, because the underlying mechanisms of 
carcinogenesis and immune response remain unclear (20). 

Earlier studies have shown that some CAPNs are 
closely related to PC (21-23). For instance, a study by Yu 
et al. (22) showed that CAPN1 expression was higher in 
tumor tissue than that in normal tissue, and overexpressed 
CAPN1 was associated with advanced tumor stage and 
tumor metastasis. Otherwise, this study also showed that 
CAPN1 overexpression was correlated with poor prognosis, 
which can promote tumor cell proliferation, invasion, and 
migration in in vitro study. However, the mechanism of how 
CAPN1 functions was not elucidated clearly. Other studies 
also showed that part of CAPNs played important roles in 

PC, which indicated that calpains family involved in the 
biological process of PC, but the distinct functions have 
not been elucidated either. Considering the special tumor 
microenvironment in PC, there has been increasingly more 
attention to the tumor-infiltrating immune cells. As far as 
we know, there is no study investigating the relationship 
between CAPNs and immune infiltration before. Thanks to 
the development of bioinformatic tools, we can predict the 
possible mechanism of immune infiltration in PC according 
to the different expression levels of CAPNs. Here, we 
aimed to combine previously published gene expression or 
copy number variation data to determine the expression 
profiles, potential functions, distinct prognostic values, and 
immune infiltration status of CAPNs in PC. We present 
the following article in accordance with the REMARK 
reporting checklist (available at https://dx.doi.org/10.21037/
jgo-21-705).

Methods

This study was carried out with adherence to the 
stipulations of the Declaration of Helsinki (as revised in 
2013). Both ethical approval and patient consent were not 
required, because this study did not include any experiments 
involving animal or human subjects.

Oncomine 

The transcription levels of CAPNs in different cancers were 
determined through analysis in Oncomine (https://www.
oncomine.org) (24). In this study, the student’s t-test was 
used to compare the difference in the expression of CAPNs 
in PC. A P value <0.01, a fold change of 2, and a gene rank 
in the top 10% were set as the significance thresholds. 

GEPIA database 

GEPIA (http://gepia.cancer-pku.cn) is an interactive web 
server using a standard processing pipeline, and consists 
of thousands of tumors and normal tissue samples data 
from the Cancer Genome Atlas (TCGA) and Genotype-
Tissue Expression (GTEx) projects (25). In this study, 
differential gene expression analysis was performed to 
compare tumor/normal tissues and pathological stage 
analysis through GEPIA. The Student’s t-test was used to 
generate a P value for the expression or pathological stage 
analysis. A statistically significant difference was set as a P 
value <0.05.

https://dx.doi.org/10.21037/jgo-21-705
https://dx.doi.org/10.21037/jgo-21-705
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Kaplan-Meier plotter 

Kaplan-Meier plotter (http://kmplot.com/analysis) is 
an online database that contains information about the 
association of 54,000 gene expression with the survival of 
patients with 21 different cancers (26). This study analyzed 
the prognostic value of the mRNA expression of CAPNs 
in PC patients using this tool. Information regarding the 
number-at-risk cases, median mRNA expression levels, 
HRs, 95% CIs and P values was presented. A statistically 
significant difference was set as a P value <0.05.

The Human Protein Atlas 

The Human Protein Atlas (https://www.proteinatlas.
org/) is an online database that contains transcriptome 
profiling data and immunohistochemistry images for over 
8,000 patients and 17 types of cancers (27). In this study, 
we checked the immunohistochemical images to directly 
compare the protein expression of different CAPNs in 
human normal pancreatic tissue and PC tissues, and analyze 
the CAPNs protein expression patterns.

TCGA and cBioPortal 

TCGA (https://www.cancer.gov/tcga), a landmark cancer 
genome project, includes sequencing and pathological data 
on 33 different cancers (28). The cBioPortal (https://www.
cbioportal.org) database contains all data in TCGA and is 
continuously updated (29). In this study, the PC datasets, 
including data from 850 cases with pathology reports, were 
selected for further analyses of CAPNs using cBioPortal. 
The CAPNs gene alteration in PC was obtained, including 
genetic mutations, gene fusions, gene amplifications, deep 
deletions, and multiple alterations.

STRING and GeneMANIA

STRING (https://string-db.org) is a website about predicting 
protein-protein interactions (PPI) networks based on 
direct (physical) and indirect (functional) associations (30). 
Cytoscape is a popular open-source software tool that can 
visualize biomedical networks consisting of proteins, genes, 
and other types of interactions. In this study, a PPI network 
analysis was conducted to analyze the differential expression 
of CAPNs and potential interactions through STRING and 
Cytoscape software. GeneMANIA (http://www.genemania.
org) is a resource-rich website containing gene information, 
predicting a functional interaction network to explore the 

association between genes and data sets (31). In this study, 
we used it to the weight that indicates the predictive value of 
CAPNs.

GO and KEGG

GO and KEGG analyses are used to analyze the functional 
enrichment of discrepant CAPNs in PC and their high-
related co-expressed molecular, which are performed in 
the Database for Annotation, Visualization, and Integrated 
Discovery (DAVID, https://david.ncifcrf.gov) (32,33). In 
details, GO analyses contain biological process, cellular 
component, and molecular function. 

Single sample gene set enrichment analysis (ssGSEA)

The ssGSEA method quantified the tumor-infiltrating 
immune cells using the GSVA package in R software 
(34,35). The ssGSEA applies gene signatures expressed 
by immune cell populations to individual cancer samples. 
The deconvolution approach used in our study including 
24 immune cells that are involved in immunity, including 
activated DC (aDC), B cells, CD8 T cells, Cytotoxic cells, 
DC, Eosinophils, immature DC (iDC), Macrophages, Mast 
cells, Neutrophils, NK CD56bright cells, NK CD56dim 
cells, NK cells, Plasmacytoid DC (pDC), T cells, T helper 
(Th) cells, T central memory (Tcm), T effector memory 
(Tem), T follicular helper (Tfh), T gamma delta (Tgd), Th1 
cells, Th17 cells, Th2 cells, and regulatory T (Treg) cells. In 
this study, we conducted the ssGSEA algorithm to explore 
the relationship between the CAPNs and the infiltration of 
immune cells based on the dataset of PC (TCGA, Firehose 
Legacy). The correlation between CAPNs and tumor-
infiltrating immune cells was assessed by the Spearman test. 

The statistical analysis

Oncomine and GEPIA databases provided t-test analysis. 
Kaplan-Meier plotter online tool was used for statistical 
analyses of hazard ratios and survival rates. A log-rank test 
was performed to evaluate the equality of survival curves 
between different patient groups.

Results

Transcriptional levels of CAPNs 

Using the Oncomine database, we identified 16 members of 
CAPNs related to PC and compared their transcriptional 

http://www.genemania.org
http://www.genemania.org
file:///D:\Users\lanchuan\Documents\x\https:\david.ncifcrf.gov)
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Figure 1 The transcript level of Calpains in different types of cancers (ONCOMINE database).

levels in cancer and normal tissues (Figure 1; Table 1). 
Compared to normal tissue, CAPN1 was significantly 
upregulated in cancer tissues using the Logsdon’s (2.074-
fold change) and Pei’s (2.050-fold change) datasets. CAPN9 
was found to be downregulated in cancer tissue according 
to Lacobuzio-Donahue’s dataset (12.176-fold change) and 
Pei’s dataset (2.900-fold change). CAPN2, CAPNS1, and 
CAPN5 were also highly expressed compared to normal 
tissue, according to Badea’s dataset (2.027-fold change), 

Logsdon’s dataset (2.230-fold change), and Pei’s dataset 
(2.222-fold change). CAPN8 and CAPN12 were found 
overexpressed in Pei’s dataset (12.607- and 2.189-fold 
change, respectively).

Relationship between CAPN expression and 
clinicopathological parameters of PC 

Using the GEPIA database, we compared the transcriptional 

Table 1 The significant changes of Calpains in transcript level in pancreatic cancer and normal pancreatic tissue (ONCOMINE database)

Gene Fold change P value t test Source

CAPN1 2.074 2.09E-6 7.713 Logsdon pancreas

2.050 1.63E-7 5.956 Pei pancreas

CAPN2 2.027 9.17E-11 7.721 Badea pancreas

CAPNS1 (CAPN4) 2.230 1.71E-6 7.808 Logsdon pancreas

CAPN5 2.562 1.10E-7 6.120 Pei pancreas

CAPN8 12.607 5.71E-11 8.474 Pei pancreas

CAPN9 12.176 7.13E-5 5.305 Lacobuzio-Donahue pancreas 2

2.900 1.43E-7 5.925 Pei pancreas

CAPN12 2.189 2.15E-6 5.176 Pei pancreas
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levels of CAPNs in cancer and normal tissues. The results 
indicated that the expression levels of CAPN1, 2, 5, 6, 8–10, 
12, and S1 were higher in cancer tissues than in normal ones 
(Figure 2). We found that CAPN1, 5, 8, and 12 overexpression 
was correlated with advanced-stage tumors (Figure 3).

Prognostic value of CAPN expression 

Using the Kaplan-Meier plotter, we analyzed the correlations 
between the transcriptional expression of CAPNs and clinical 
outcomes of PC patients. The overall survival (OS) and 
recurrence-free survival (RFS) curves are shown in Figure 4.  
The transcriptional levels of CAPN1–3, 5, and 8 were 
negatively correlated with OS, and those of CAPN1, 2, 
5, and 8 were negatively correlated with RFS. In contrast, 
the expression of CAPN10 was positively correlated with 
OS and RFS. Thus, CAPN1, 2, 5, 8, and 10 could be used 
as predictive markers for clinical outcomes in patients 
with PC (Figure 5). In subgroup analysis, we investigated 
the correlation between the transcriptional expression 
of CAPN1, 2, 5, 8, and 10 with clinicopathological 
parameters (i.e., sex, age, smoking, diabetes, and clinical 
stage). The results showed that CAPN1, 2, and 5 were 
good prognostic biomarkers in males and females. CAPN8 
was only found in female patients, and CAPN10 was 
only present in males (Table 2). All five CAPNs were 
significantly correlated with prognosis in young patients, 
while CAPN1 was also a good prognostic biomarker for 
elderly patients (Table 3). All five CAPNs were correlated 
with PC prognosis in non-smokers,  and CAPN10 
was also a prognostic biomarker for smokers (Table 4).  
Similarly, all five CAPNs were prognostic biomarkers for 
patients without a history of diabetes, and CAPN10 was 
also correlated with PC prognosis in patients with a history 
of diabetes (Table 5). Due to the limited number of patients 
with stage III or IV PC, we only analyzed the predictive 
effects of CAPNs in patients with stage I and II PC. The 
results showed that CAPN1 and 5 were the only prognostic 
biomarkers in patients with stage II PC, while CAPN2, 8, 
and 10 were correlated with stages I and II PC (Table 6).

Protein expression of CAPNs 

We checked the immunohistochemical images of CAPNs 
with a predictive value in the Human Protein Atlas  
(Figure 6). In tumor tissue, the staining of CAPN1 and 
CAPN5 was high, whereas that of CAPN2 and CAPN10 
was moderate. In normal tissue, the staining of CAPN1 

was high, CAPN5 and CAPN10 were moderate, whereas 
CAPN2 was not detected. Immunohistochemical images of 
CAPN8 were unavailable. 

Gene mutations and interaction analyses of CAPNs 

Using the cBioPortal database, we analyzed the genetic 
alterations of CAPNs in patients with PC. Overall, mRNA 
amplification, mutation, and deep deletion were the most 
important factors affecting alterations in PC (Figure 7A).  
CAPNs were altered in 850 tissue samples of 849 patients 
with PC, accounting for 12% (Figure 7B). The genetic 
alterations in CAPNs for PC varied from 0.1% to 5% 
(CAPN1, 1.5%; CAPN2, 1.8%; CAPN3, 0.6%; CAPNS1, 
4%; CAPN5, 1.3%; CAPN6, 0.9%; CAPN7, 0.5%; 
CAPN8, 1.8%; CAPN9, 1.8%; CAPN10, 2.1%; CAPN11, 
1.8%; CAPN12, 5%; CAPN13, 0.5%; CAPN14, 0.3%; 
CAPN15, 3%; CAPNS2, 1.2%). A protein-protein 
interaction (PPI) network analysis for CAPN1, 2, 5, 8, and 
10 resulted in 35 nodes and 140 edges (Figure 7C). Using 
the GeneMANIA database, we found that five central nodes 
surrounded 20 nodes, revealing genes related to physical 
interaction, co-expression, prediction, co-localization, 
genetic interactions, pathways, and shared protein domains 
(Figure 7D). Furthermore, the corresponding biological 
functions of the five differentially expressed CAPNs, and 
their highly related co-expressed genes were analyzed using 
the DAVID database. The results of gene ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enriched signaling pathways analyses are shown in Figure 8.

Tumor-infiltrating immune cell of CAPNs

Tumor-infiltrating immune cells are involved in the 
proliferation and progression of cancer cells. We used the 
ssGSEA method to explore the correlation between CAPN 
expression and immune cell infiltration (Figure 9). The 
expression of CAPN1 was correlated with the infiltration 
of B cells, CD8 T cells, cytotoxic cells, DCs, eosinophils, 
iDCs, macrophages, mast cells, neutrophils, CD56 bright 
NK cells, pDCs, T cells, TEM, Tfh cells, Tgd cells, 
and Th1 cells. The expression of CAPN2 was positively 
correlated with the infiltration of pDCs, Tfh, cytotoxic cells, 
CD8 T cells, T cells, Th2 cells, Tgd cells, mast cells, B 
cells, iDCs, DCs, Treg cells, and Th1 cells. The expression 
of CAPN5 was positively correlated with the infiltration of 
Tfh, pDCs, Tgd cells, NK cells, cytotoxic cells, Th1 cells, 
iDCs, DCs, mast cells, T cells, Treg cells, and Th cells. The 
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Figure 2 Expression of Chaplains in pancreatic cancer (GEPIA). (A) Scatter diagram; (B) box plot. *, P<0.05.



2607Journal of Gastrointestinal Oncology, Vol 12, No 6 December 2021

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(6):2600-2621 | https://dx.doi.org/10.21037/jgo-21-705

CAPN1                          CAPN2 

 

              CAPN3                         CAPN4 

 

              CAPN5                         CAPN6 

 

              CAPN7                         CAPN8 

 

CAPN1                          CAPN2 

 

              CAPN3                         CAPN4 

 

              CAPN5                         CAPN6 

 

              CAPN7                         CAPN8 

 

CAPN1 CAPN2

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

CAPN3 CAPN4

9

8

7

6

5

9

8

7

6

5

5

4

3

2

1

12

11

10

9

8

7

CAPN1                          CAPN2 

 

              CAPN3                         CAPN4 

 

              CAPN5                         CAPN6 

 

              CAPN7                         CAPN8 

 

CAPN1                          CAPN2 

 

              CAPN3                         CAPN4 

 

              CAPN5                         CAPN6 

 

              CAPN7                         CAPN8 

 

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

CAPN5 CAPN6 CAPN7 CAPN8

8

6

4

2

7

6

5

4

3

2

1

0

5

4

3

2

10

8

6

4

2

0

              CAPN9                         CAPN10 

 

             CAPN11                         CAPN12 

 

             CAPN13                         CAPN14 

 

             CAPN15                         CAPNS2 

 

              CAPN9                         CAPN10 

 

             CAPN11                         CAPN12 

 

             CAPN13                         CAPN14 

 

             CAPN15                         CAPNS2 

 

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

CAPN9 CAPN10 CAPN11 CAPN12
8

6

4

2

0

8

6

4

2

0

6

4

2

2.5

2.0

1.5

1.0

0.5

0.0

              CAPN9                         CAPN10 

 

             CAPN11                         CAPN12 

 

             CAPN13                         CAPN14 

 

             CAPN15                         CAPNS2 

 

              CAPN9                         CAPN10 

 

             CAPN11                         CAPN12 

 

             CAPN13                         CAPN14 

 

             CAPN15                         CAPNS2 

 

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 I

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 II

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 III

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

Sta
ge

 IV

CAPN13 CAPN14 CAPN15 CAPNS2

6

5

4

3

2

1

0

6

5

4

3

2

4

3

2

1

0

2.0

1.5

1.0

0.5

0.0

Figure 3 Correlation between Calpains expression and tumor stage in pancreatic cancer (GEPIA).

expression of CAPN8 was correlated with the infiltration 
of almost all immune cells, and that of CD8 T cells, Tcm 
cells, aDCs, Th17 cells, and Th2 cells. The expression of 
CAPN10 was correlated with the infiltration of all immune 
cells, except for Tcm, Th17 cells, Tem, NK cells, pDCs, and 
CD8 T cells.

Discussion

As a widespread post-translational modification of proteins, 
the CAPN-mediated cleavage regulates numerous 
cellular processes, including proliferation, differentiation, 
cytoskeletal reorganization, and apoptosis. The Human 
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Genome Project has discovered 16 members of the CAPN 
family. Based on the molecular structure, CAPN1–3 and 
CAPN5–16 are the large catalytic subunits that contain 
domains DI, DII, DIII, and DVI, whereas CAPNS1 and 

CAPNS2 are the small regulatory subunits that contain 
domains DV and DVI. CAPNs are classified into classical 
(CAPN1–3, 8, 9, 11–14) and non-classical (CAPN5–7, 10, 
15, 16), based on the presence or absence of domain DVI, 
respectively. CAPNs modulate key molecules in several 
signaling pathways that contribute to carcinogenesis or 
malignant metastasis, with a potential prognostic value in 
various malignancies. However, their role and prognostic 
value in PC remain unclear. This is the first report on the 
bioinformatic analysis of CAPNs to explore their prognostic 
value in PC. 

B

A

Figure 5 Forest plot of OS, RFS and mRNA expression of calpains 
in pancreatic cancer patients (Kaplan-Meier Plotter). OS, overall 
survival; RFS, recurrence-free survival. 

Table 2 The relationship between Calpains and Overall Survival in 
different sex of pancreatic cancer patients (Kaplan-Meier Plotter)

Gene Sex Cases HR (95% CI) P value

CAPN1 Female 80 2.39 (1.14–4.98) 0.017

Male 97 2.14 (1.17–3.89) 0.011

CAPN2 Female 80 2.18 (1.16–4.10) 0.013

Male 97 3.01 (1.40–6.47) 0.0031

CAPN5 Female 80 1.95 (1.06–3.59) 0.028

Male 97 1.99 (1.11–3.58) 0.019

CAPN8 Female 80 2.61 (1.41–4.83) 0.0015

Male 97 1.72 (0.96–3.10) 0.066

CAPN10 Female 80 0.57 (0.30–1.06) 0.072

Male 97 0.32 (0.17–0.57) 6.5e-05

Table 3 The relationship between Calpains and Overall Survival in 
different age of pancreatic cancer patients (Kaplan-Meier Plotter)

Gene Age Cases HR (95% CI) P value

CAPN1 ≤65 92 3.27 (1.36−7.84) 0.008

>65 85 2.16 (1.04−4.49) 0.038

CAPN2 ≤65 92 3.66 (1.62−8.26) 0.002

>65 85 1.92 (0.89−4.12) 0.096

CAPN5 ≤65 92 2.99 (1.25−7.18) 0.014

>65 85 1.35 (0.73−2.50) 0.339

CAPN8 ≤65 92 2.21 (1.21−4.01) 0.009

>65 85 1.08 (0.61−1.94) 0.783

CAPN10 ≤65 92 0.33 (0.18−0.62) 0.001

>65 85 0.61 (0.34−1.09) 0.097

Table 4 The relationship between Calpains and Overall Survival 
in smokers or no-smoker patients with pancreatic cancer (Kaplan-
Meier Plotter)

Gene Smoker Cases HR (95% CI) P value

CAPN1 Yes 79 1.40 (0.75−2.61) 0.285

No 65 2.17 (1.05−4.48) 0.037

CAPN2 Yes 79 0.56 (0.26−1.21) 0.139

No 65 6.12 (2.13−17.57) 0.001

CAPN5 Yes 79 1.51 (0.82−2.80) 0.186

No 65 2.59 (1.20−5.57) 0.015

CAPN8 Yes 79 1.45 (0.79−2.64) 0.226

No 65 3.21 (1.47−7.03) 0.003

CAPN10 Yes 79 0.36 (0.20−0.67) 0.001

No 65 0.45 (0.22−0.94) 0.034



2612 Lan et al. CAPN prognostic value in PC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(6):2600-2621 | https://dx.doi.org/10.21037/jgo-21-705

Our results showed that the expression of CAPNs 
significantly increased or decreased in PC, indicating 
a potential prognostic value. CAPN1, 2, 5, and 8 were 
prognostic biomarkers negatively correlated with OS and 
RFS, while CAPN 10 was positively correlated with the 
same parameters. Moreover, the genetic alternation rate of 
CAPNs in patients with PC was estimated at 12.0%. 

CAPN1 and CAPN2 were first discovered in 1964 and 
share high sequence similarity of 62% in humans. Previous 
studies showed that CAPN1 is overexpressed in various 
types of malignancies. For instance, CAPN1 and CAPN2 
are overexpressed in colorectal and prostate cancers (36,37). 
Both CAPN1 and CAPN2 are expressed in small cell lung 
cancer and non-small cell lung cancer (NSCLC), and 
their upregulation increases the migration and invasion of 
lung cancer cells. Chen et al. demonstrated that CAPN1 
promotes malignant behavior in lung adenocarcinoma 
(22,38). A previous study described that CAPN2 up-
regulates the FAK-phosphatidylinositol 3-kinase /protein 
kinase B and extracellular signal-regulated kinase 1/2 
signaling pathways to facilitate lung cancer metastasis (39). 
Trillsch et al. demonstrated that CAPN1 cleaves the key 
epithelial-to-mesenchymal transition marker, E-cadherin, 
and up-regulates the canonical Wnt/β-catenin and non-
canonical Wnt5A signaling pathways to facilitate tumor 
metastasis in advanced epithelial ovarian cancer (40). Based 
on our findings, the transcriptional expression of CAPN1 
and CAPN2 was significantly upregulated in PC tissues 
compared with that in normal tissues. CAPN1, but not 

CAPN2, was positively correlated with the advanced tumor 
stage, and both were negatively correlated with OS and 
RFS; thus, CAPN1 and CAPN2 have a potential prognostic 
value in PC.

CAPN3 is predominantly expressed in skeletal muscle, 
and the protein structure differs from conventional CAPNs 
in three sequences (1). Previous studies showed that CAPN3 
variants play a pro-apoptotic role in melanoma cells, and 
their downregulation contributes to cancer progression 
(41,42). Our results showed that the transcriptional 
expression of CAPN3 was not significantly upregulated 
in PC tissues compared with that in normal ones. Thus, 
CAPN3 might not be related to PC progression.

CAPNS1 mediates cell death through different cellular 
signaling pathways. It is known to prevent apoptosis via 
the PI3K/Akt pathway (43) and promote apoptosis via the 
calpain-protein phosphatase 2A (PP2A)-Akt-forkhead box 

Table 5 The relationship between Calpains and Overall Survival 
in pancreatic cancer patients with or without history of diabetes 
(Kaplan-Meier Plotter)

Gene History of diabetes Cases HR (95% CI) P value

CAPN1 Yes 38 9.28 (1.20−71.55) 0.032

No 108 1.84 (1.09−3.11) 0.023

CAPN2 Yes 38 3.69 (1.17−11.60) 0.025

No 108 2.32 (1.17−4.60) 0.016

CAPN5 Yes 38 0.90 (0.33−2.45) 0.835

No 108 2.23 (1.28−3.91) 0.005

CAPN8 Yes 38 0.60 (0.20−1.80) 0.366

No 108 2.55 (1.49−4.37) 0.001

CAPN10 Yes 38 0.18 (0.05−0.63) 0.007

No 108 0.49 (0.29−0.82) 0.007

Table 6 The relationship between Calpains and Overall Survival in 
different stages of pancreatic cancer patients (Kaplan-Meier Plotter)

Gene Stage Cases HR (95% CI) P value

CAPN1 1 21 >10.00 (0–lnf) 0.051

2 146 1.67 (1.07–2.61) 0.022

3 3 NA NA

4 5 NA NA

CAPN2 1 21 5.83 (1.12–30.27) 0.018

2 146 1.72 (1.03–2.86) 0.034

3 3 NA NA

4 5 NA NA

CAPN5 1 21 >10.00 (0–lnf) 0.023

2 146 0.66 (0.41–1.06) 0.086

3 3 NA NA

4 5 NA NA

CAPN8 1 21 10.36 (1.22–87.91) 0.0088

2 146 0.59 (0.36–0.96) 0.033

3 3 NA NA

4 5 NA NA

CAPN10 1 21 0.09 (0.01–0.73) 0.0047

2 146 0.53 (0.35–0.83) 0.0042

3 3 NA NA

4 5 NA NA
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Figure 6 Immunohistochemical images of calpains in pancreatic cancer tissue and normal pancreatic tissue (The Human Protein Atlas). (A) 
Antibody HPA005992; (B) antibody HPA024470; (C) CAB033237; (D) HPA004170. The legend for each image is 200 nm. N, Normal. T, 
Tumor.

O (FoxO) pathway (44). Previous studies have demonstrated 
that CAPNS1 promotes tumor progression in NSCLC (45),  
gastric cancer (46), nasopharyngeal carcinoma (47), and 
intrahepatic cholangiocarcinoma (48). Our results showed 
that the transcriptional expression of CAPNS1 was 
significantly higher in PC tissues than in normal tissues, but 
no correlation was found with OS or RFS.  

Of the non-classical CAPNs that lack domain DVI, 
CAPN5 is highly expressed in the central nervous system, 
retina, and gastrointestinal tract, but its role in various 
cancers remains unclear (49-51). CAPN6 is highly expressed 
in the placenta and embryos, correlated with malignant 
diseases, such as leiomyosarcoma, endometrial stromal 
sarcoma, and cervical cancer, and promotes angiogenesis 
by increasing the secretion of vascular endothelial growth 
factor (10,49,52-55). CAPN7 promotes the migration 
and invasion of human endometrial stromal cells, but its 
role in cancer has not been fully elucidated (56). CAPN10 
plays a role in diabetes mellitus and is recognized as a 

potential prognostic biomarker for esophageal squamous 
cell carcinoma (57-59). CAPN15 plays a critical role in the 
development of eye disorders (60). Our study revealed that 
the transcriptional expression of CAPN5, 6, and 10 was 
significantly higher in PC tissues than in normal tissues. 
Besides, the expression of CAPN5 was negatively correlated 
with OS and RFS, while the expression of CAPN10 was 
positively correlated with the same parameters. Therefore, 
CAPN5 and CAPN10 could be used as prognostic 
biomarkers for PC, and the protective mechanism of the 
latter requires further investigation.

CAPN8 and 9 that show highly conserved gene 
organization of other typical CAPN large subunits 
are predominantly expressed in the stomach and the 
gastrointestinal tract (61,62). It is known that CAPN8 
is correlated with the progression of lung squamous cell 
carcinoma, while CAPN9 is considered a prognostic 
biomarker for clinical outcomes of gastric cancer (63). Our 
study revealed that CAPN8 and CAPN9 were negatively 
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Figure 7 Gene expression and mutation analysis of Calpains in pancreatic cancer. (A,B) Calpains gene expression and mutation analysis in 
pancreatic cancer (cBioportal); (C,D) protein-protein interaction network of different expressed Calpains in pancreatic cancer (STRING 
and GeneMANIA).

correlated with OS and RFS, and thus could be used as 
prognostic biomarkers for survival in PC. 

CAPN11 has a high sequence similarity to CAPN1 and 
CAPN2 and is overexpressed in the testis (64,65); however, 
limited information on its role in cancers. CAPN12 is 

predominantly expressed in skin tissues (66,67), and little is 
known about its function in various malignant diseases. We 
found that CAPN12 had significantly higher expression in 
PC tissues than in normal ones. Thus, further studies are 
needed to investigate the underlying molecular mechanism 
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0.5%*
0.3%*
3%*
1.2%*
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of CAPN12 in PC. 
CAPN13 is considered the parent of all classical 

CAPNs, and selectively, lowly expressed in the testis and 
lungs (68,69). CAPN14 has a sequence similarity of 36% 
with CAPN13 and is not detected in any of the previously 
studied tissues. However, it has been reported to be 
correlated with eosinophilic esophagitis (68,70,71). In our 
study, CAPN13 was not differentially expressed in PC 
tissues, while CAPN14 was undetectable. 

PC is  character ized by extensive desmoplas ia , 
hypoperfusion, and an immunosuppressive microenvironment. 
The tumor microenvironment includes cells associated with 
innate and adaptive immunity (72). Host immune responses 
to tumor cells are represented by tumor-infiltrating 
immune cells (73,74). A previous study reported that tumor-
infiltrating Tregs are associated with poor prognosis in 
patients with PC (75). Besides, tumor-infiltrating CD4+ T 
and CD8+ T cells are positively correlated with survival (76).  
De Monte et al. (77) found that Th2 rather than Th1 
cells predominantly infiltrated in PC, and that their ratio 
is an independent prognostic biomarker. Therefore, the 
systematic analysis of tumor-infiltrating immune cells 
is important for indicating the effects of specific cell 
combinations in the immune microenvironment. Here, 
we found that CAPN1, 2, 5, and 8 were highly correlated 
with tumor-infiltrating Tfh cells, which are a specialized 
subset of CD4+ T cells, and play a crucial role in regulating 
antigen-specific B cell responses. In breast cancer, the 
differentiation of tumor-infiltrating CXCL13-producing 
Tfh cells plays a role in converting Treg-mediated immune 
suppression to de novo activation of adaptive anti-tumor 
humoral responses, and Tfh cell activation in B cells induces 
anti-tumor response (78,79). We found that CAPN10 is 
correlated with the tumor-infiltrating Th2 cells and thus 
could be used as a biomarker for response to immune 
checkpoint inhibitors. 

Enrichment analysis indicated that the functions of 
CAPNs and the related differential proteins are correlated 
with axonogenesis, cell-substrate adhesion, immune 
response-activating cell surface receptor signaling pathway, 
and cell junction organization in PC, results consistent 
with those reported previously (4). Furthermore, KEGG 
enrichment analysis that prognostic CAPNs in PC 
were associated with focal adhesion, regulation of actin 
cytoskeleton, and the rap1 signaling pathway suggests their 
role in modulating tumor progression.

Our study had some limitations: (I) the number of 

enrolled patients in the used databases was relatively 
small, and (II) all the data were analyzed based on online 
databases. Therefore, extensive basic and clinical research is 
needed to validate our findings.

Conclusions

Here, we performed a comprehensive bioinformatic analysis 
to investigate the expression levels and prognostic value of 
CAPNs in PC. Two main subgroups were identified; the 
first (CAPN1, 2, 5, 8, and 12) was negatively correlated with 
OS and RFS and correlated with tumor-infiltrating Tfh 
cells, while the second (CAPN10) was positively correlated 
with OS and RFS, as well as with tumor-infiltrating Th2 
cells. Thus, some members of the CAPN family could 
be used as prognostic biomarkers and help improve 
individualized treatment strategies in patients with PC. 
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