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Abstract
Background: The present study investigated the expression, mutation, and methyla-
tion profile of PNN and its prognostic value in digestive tract cancers. The disparities 
in signaling pathways and the immune landscape in colon adenocarcinoma (COAD) 
based on PNN expression were specifically explored.
Methods: The expression, mutation, methylation levels of PNN, and survival data in 
esophageal cancer, gastric adenocarcinoma, COAD, and rectal adenocarcinoma were 
evaluated using several bioinformatic databases. Gene Ontology (GO) enrichment 
analysis and gene set enrichment analysis (GSEA) were performed to investigate the 
enriched biological functions and pathways in COAD. Several acknowledged bioinfor-
matic algorithms were employed to assess the correlation between PNN expression 
and the tumor immune landscape in COAD.
Results: PNN was upregulated and remarkably related to tumor stage in digestive tract 
cancers. High expression of PNN was positively associated with poor progression-free 
survival and overall survival time, specifically in COAD. PNN expression was identi-
fied as an independent prognostic factor in COAD. GO and GSEA analyses revealed 
that PNN participates in multiple biological processes underlying carcinogenicity in 
COAD. Further investigation showed that PNN expression was significantly associ-
ated with tumor-infiltrating immune cells, immune cell functions, and several immune 
checkpoints in COAD. The PNN low expression group had a lower tumor immune dys-
function and exclusion (TIDE) score and a higher immunophenoscore (IPS), indicating 
a better response to immunotherapy.
Conclusion: PNN was highly expressed in digestive tract cancers and could act as an 
independent prognostic factor and a response predictor for immunotherapy in COAD.
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1  |  INTRODUC TION

The PNN gene encodes the protein pinin, a desmosome-associated 
molecule that was originally found to play an essential role in ep-
ithelial cell–cell adhesion.1 In recent years, PNN has been con-
firmed to be involved in the development of malignant tumors, 
although the results are still controversial. Shi et al. reported that 
PNN was expressed at relatively low levels in several cancer sam-
ples and cancer cell lines. Increasing PNN expression could sig-
nificantly inhibit cancer cell proliferation.2  The results indicated 
that PNN might act as an antioncogene in malignant tumors. In 
contrast, some studies observed that PNN was more highly ex-
pressed in tumor samples than in corresponding normal tissues 
and was associated with a poor prognosis in several cancer types, 
including colorectal cancer, hepatocellular carcinoma, and ovarian 
carcinoma.3-5 Likewise, a recent study revealed the oncogenic role 
of PNN in OS-RC-2 and Caki-1, two human renal clear cell lines, ac-
cording to the positive effects on cell proliferation and migration.6 
Besides, PNN was suggested to be involved in mRNA processing 
as well as transcriptional regulation of E-cadherin via its binding 
to CtBP, a transcriptional corepressor with tumorigenic potential 
that targets the promoter of E-cadherin, and PNN is also a tran-
scriptional activator binding to the E-box 1 core sequence of the 
E-cadherin promoter gene, which plays essential role in tumorigen-
esis.7 Therefore, the role of PNN in cancer requires further study.

Digestive tract cancers are common malignancies and account 
for a large proportion of cancer deaths worldwide.8 Although 
some helpful diagnostic and predictive biomarkers have been 
identified, more reliable and effective molecular markers are ex-
pected for clinical management in digestive tract cancers. Mini 
Enrico et al. found that stage III colorectal patients with higher 
PNN expression benefit less from fluorouracil-based chemo-
therapy, resulting in an unfavorable disease-free survival out-
come.9 The results indicated that PNN might act as a predictive 
biomarker for the clinical benefit of adjuvant chemotherapy in 
those patients. However, to date, no studies have systematically 
explored the PNN profile and its prognostic value in digestive 
tract cancers, and the effect of PNN expression on the tumor im-
munity of colon adenocarcinoma (COAD) has not been reported. 
Therefore, in the present study, we comprehensively illuminated 
the expression profile, mutation features, and methylation status 
of PNN and its prognostic value in four digestive tract cancers, 
including esophageal cancer (ESCA), gastric adenocarcinoma 
(STAD), COAD, and rectal adenocarcinoma (READ), by analyz-
ing The Cancer Genome Atlas (TCGA) and several acknowledged 
open-access bioinformatics databases. Furthermore, the dispari-
ties in signaling pathways and the immune landscape in colon ad-
enocarcinoma (COAD) based on different PNN expression levels 
were specifically explored.

2  |  MATERIAL S AND METHODS

2.1  |  Data resource

Data on PNN mRNA expression in four digestive tract cancers, 
including ESCA, STAD, COAD, READ, and corresponding nor-
mal tissues in TCGA, were acquired from the Genomic Data 
Commons (GDC) Data Portal (https://portal.gdc.cancer.gov). 
High-throughput sequencing (HTSeq) gene transcript data with 
normalization in fragments per kilobase of transcript per million 
mapped reads (FPKM) were downloaded by the Genomic Data 
Commons (GDC) Data transfer tool. In addition, the clinicopatho-
logic data for four types of cancer, such as age, sex, pathological 
stage, tumor (T) status, node (N) status and metastasis (M) status, 
and survival information, were extracted from TCGA database. 
Since no personal identifying information was used in the current 
study, it was granted an exemption from ethics approval from the 
Institutional Review Board of the Lihuili Hospital, Ningbo Medical 
Center.

2.2  |  Expression profile of PNN in digestive 
tract cancers

The mRNA expression levels of PNN in four digestive tract cancers 
were extracted and structured from the HTSeq data by using Perl 
software. We assessed the differential expression of PNN in ESCA, 
STAD, COAD, and READ compared with corresponding normal tis-
sues by the limma package.10 In addition, we further analyzed the 
disparities in PNN expression levels according to different clinical 
stages in four digestive tract cancers. The results are represented 
by box plots, which were generated with the ggpubr package in R 
software.

2.3  |  DNA methylation and PNN expression in 
digestive tract cancers

The Illumina Human Methylation 450K data of TCGA-EACA, 
TCGA-STAD, TCGA-COAD, and TCGA-READ samples were 
obtained from the open-access exploration platform (https://
xena.ucsc.edu). The DNA methylation status of cg sites in the 
promoter region of PNN in four digestive tract cancers was rec-
ognized. Subsequently, we investigated the associations between 
PNN expression and DNA methylation in four digestive tract can-
cers by utilizing the Pearson correlation. The file used for anno-
tating the information on cg sites was obtained from the official 
website of Illumina.11  The R package corrplot was employed for 
the analyses.

https://portal.gdc.cancer.gov
https://xena.ucsc.edu
https://xena.ucsc.edu
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2.4  |  Prognosis value of PNN in digestive 
tract cancers

The effects of PNN mRNA expression on prognosis were evaluated 
according to progression-free survival (PFS) and overall survival (OS) 
by the Kaplan–Meier method. Thereafter, the independent prog-
nostic values of PNN expression in ESCA, STAD, COAD, and READ 
patients were evaluated using univariate and multivariate Cox re-
gression analyses. All analyses were conducted by the survival and 
survminer packages of R software, and the forest plot was drawn by 
the package ggplot.

2.5  |  CpG site methylation of PNN and its 
prognostic effect in digestive tract cancers

We evaluated the DNA methylation of PNN CpG sites and its 
prognostic value for OS in ESCA, STAD, COAD, and READ by the 
excellent online MethSurv database. MethSurv is an online bioin-
formatics platform for multivariable prognosis assessment accord-
ing to massive DNA methylation data (https://biit.cs.ut.ee/meths​
urv/).12

2.6  |  Genetic mutations of PNN and its prognostic 
effect in digestive tract cancers

We explored the genetic mutation features of PNN in ESCA, 
STAD, and colorectal cancer (CRC) by utilizing the open-access 
cBioPortal database (v3.6.12; http://www.cbiop​ortal.org). cBio-
Portal is a pre-eminent public online tool for exploring, analyz-
ing, and visualizing comprehensive cancer genomics data.13 Data 
in TCGA PanCancer Atlas of ESCA, STAD, and CRC were involved 
in the study, with selected genomic profiles as follows: muta-
tions, structural variant, putative copy-number alterations from 
Genomic Identification of Significant Targets in Cancer (GISTIC), 
and mRNA Expression z-scores relative to diploid samples 
(RNASeqV2RSEM). In addition, the correlations between genetic 
mutations of PNN and OS were assessed. The z-score threshold 
was set to ±1.8.

2.7  |  External validation of the prognostic value 
in COAD

To verify the prognostic value of PNN expression in COAD, we 
obtained microarray profiles of COAD from the GEO database 
(Gene Expression Omnibus, http://www.ncbi.nlm.nih.gov/geo/). 
GSE17536 and GSE29623 were collected, and survival analyses ac-
cording to PNN expression were performed.

2.8  |  Establishment of a prognostic nomogram 
in COAD

We developed a nomogram incorporating PNN expression and 
clinicopathological characteristics for better prognosis prediction 
in patients with COAD by the rms package of R software.14 The 1-, 
3-, and 5-year OS rates served as endpoints in the nomogram. The 
clinicopathological characteristics included age, sex, and stage. ROC 
curves were constructed to evaluate the predictive ability of the 1-, 
3-, and 5-year OS rates, and a calibration chart was drawn to evalu-
ate the accuracy of the nomogram.15

2.9  |  Functional enrichment analysis in COAD

To evaluate the underlying gene functions and signaling pathways 
by which PNN participated in tumorigenesis of COAD, we per-
formed Gene Ontology (GO) analysis by utilizing the open-access 
online Metascape database (http://metas​cape.org).16 Before this, 
we recognized the top 50 similar genes of PNN in COAD through 
an interactive open-access bioinformatics platform: gene expres-
sion profiling interactive analysis (GEPIA) (http://gepia.cance​r-pku.
cn). In the present GO analysis, we only considered human species, 
and the enrichment analysis was conducted with the custom set-
tings of thresholds in “min overlap 3,” “p value 0.05,” and “min enrich-
ment 3.” Furthermore, we performed gene set enrichment analysis 
(GSEA) to unfold the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways related to PNN expression in COAD. GSEA soft-
ware (version 4.0.1) was downloaded from the website (http://softw​
are.broad​insti​tute.org/gsea/index.jsp), and the annotated gene set 
file (c2.cp.kegg.v7.0.symbols.gmt) was acquired from the MSig data-
base.17 The median value of gene expression was taken as the cutoff 
point, by which the software divided all samples into high and low 
groups. The model of “high vs. low” and a random combination of at 
least 1,000 permutations were selected for analysis. A false discov-
ery rate (FDR) <0.05 was the criterion for the identification of the 
enriched pathways.

2.10  |  PNN expression and immune landscape 
in COAD

According to the median value of PNN expression, the COAD sam-
ples were divided into two groups: high and low expression. Several 
acknowledged algorithms, including TIMER,18 CIBERSORT,19 
CIBERSORT-ABS, quanTIseq,20 MCPcounter,21 xCELL,22 and EPIC,23 
were applied to estimate the relationships between PNN expres-
sion and tumor-infiltrating immune cells (TIICs). The tumor micro-
environment (TME) can define the immune phenotypes of cancers 
and influence the prognosis of patients. Furthermore, the ESTIMATE 

https://biit.cs.ut.ee/methsurv/
https://biit.cs.ut.ee/methsurv/
http://www.cbioportal.org
http://www.ncbi.nlm.nih.gov/geo/
http://metascape.org
http://gepia.cancer-pku.cn
http://gepia.cancer-pku.cn
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
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algorithm, a method that calculates immune, stromal, and ESTIMATE 
scores based on the expression of related molecular biomarkers in 
immune and stromal cells, was employed to assess the TME status of 
COAD.24 Single-sample gene set enrichment analysis (ssGSEA) was 
further applied to explore the immune-related functional disparities 
in different PNN expression groups by using the R package gsva.25 
Potential immune checkpoint genes (ICGs) retrieved from a previous 
study were also assessed in different PNN expression groups, and the 
results are presented as box diagrams. Moreover, the Tumor Immune 
Dysfunction and Exclusion (TIDE) score and Immunophenoscore 
(IPS) were calculated to predict the potential clinical immunotherapy 
response of patients. TIDE is an algorithm for predicting the clini-
cal response to immune checkpoint inhibitors (ICIs) by using gene 
expression profiles.26 IPS is a bioinformatics method to quantita-
tively score the tumor immunogenicity range from 0 to 10, which 
has been verified for inferring the clinical response to treatment of 
ICIs.27 Generally, a lower TIDE score and higher IPS indicate a better 
response to immunotherapy.

2.11  |  Statistical analysis

Perl software 5.32 was used to extract and structure the HTSeq 
FPKM data, DNA methylation data, and GSEA preparation docu-
ments. R 4.0.3 software with specific packages was used to perform 
analyses for differential gene expression, Pearson correlation, prog-
nostic value evaluation, and nomogram development. The compari-
sons of intergroup variables were conducted by using the chi-square 
test with SPSS software 20.0 (IBM). p < 0.05 was considered to be 
statistically significant.

3  |  RESULTS

3.1  |  Expression features of PNN in digestive tract 
cancers

The target gene transcript data included in this study were as fol-
lows: 162 ESCA and 11 adjacent normal samples, 375 STAD and 32 
adjacent normal samples, 480 COAD and 41 adjacent normal sam-
ples, and 167 READ and 10 adjacent normal samples. PNN mRNA 
expression was significantly upregulated in four types of digestive 
tract cancer samples compared with corresponding normal tissues 
(Figure 1A). Correlations between PNN expression and tumor clini-
cal stages in ESCA, STAD, COAD, and READ were analyzed. In gen-
eral, the expression of PNN was positively associated with tumor 
stage in digestive tract cancers (Figure 1B). Patients with advanced 
clinical stage tended to have higher PNN expression.

3.2  |  Relationships between DNA methylation and 
PNN expression

Studies have suggested that gene promoter region methylation 
could affect gene expression, contributing to the progression of 
human cancer. Current research assessed the effect of promoter 
DNA methylation on PNN expression in four types of digestive tract 
cancers using Pearson correlation. We found a significant negative 
correlation between PNN expression and promoter region methyla-
tion levels in digestive tract cancers, especially in STAD (Figure 2A–
D). This result indicated that in STAD, abnormal methylation of 
the promoter region might be one of the important causes of PNN 

F I G U R E  1 (A) The expression level of PNN in ESCA, STAD, colon adenocarcinoma (COAD), READ, and corresponding normal tissues. 
(B) Correlations between PNN expression and tumor stages in ESCA, STAD, COAD, and READ. The expression of PNN was positively 
associated with tumor stage in digestive tract cancers
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overexpression, but in other digestive tract cancers, other regula-
tory mechanisms may influence PNN expression.

3.3  |  The prognostic value of PNN in digestive 
tract cancers

Kaplan–Meier analyses indicated that PNN played a disparate prog-
nostic role in different types of digestive tract cancers (Figure 3A,B). 
In ESCA, the high expression group had worse PFS (p = 0.044), and 
although the trend in OS was similar, there was no significant differ-
ence (p = 0.076). In STAD, patients with high PNN expression had a 
better trend in prognosis, but unfortunately, there was no statisti-
cally significant difference observed. In COAD, higher PNN expres-
sion was significantly associated with poorer OS (p  =  0.003) and 
poorer PFS (p = 0.009). In patients with READ, a higher expression 
level of PNN was correlated with longer OS (p = 0.02), but there was 
no significant difference in PFS (p = 0.082).

We further explored the genetic alterations in PNN and their ef-
fects on prognosis in patients with digestive tract cancers by utiliz-
ing the cBioPortal database (Figure S1). The proportions of various 

genetic alterations of PNN in different digestive tract cancers were 
similar: 6% in ESCA, 8% in STAD, and 6% in CRC. Notably, the types 
of genetic alterations were diverse. Amplification and deep deletion 
were more common in ESCA, and missense mutation and truncat-
ing mutation were more frequent in STAD and CRC. There was no 
significant correlation between PNN genetic alterations and OS in 
these cancers.

Moreover, we investigated the DNA methylation of PNN CpG 
sites and the corresponding prognostic effects in four digestive tract 
cancers using the MethSurv database. The results were illustrated in 
Table 1. We observed that cg18648343, cg12087797, cg15592059, 
and cg20337385 were remarkably associated with prognosis in 
patients with STAD. In COAD, cg15592059, cg24034629, and 
cg10250651 were indicated as significant factors for prognosis. For 
READ, the meaningful cg sites in prognosis included cg02969452, 
cg18648343, and cg12087797. However, no statistically significant 
DNA methylation CpG sites were observed for predicting OS in 
ESCA.

Finally, we evaluated the independent prognostic effect of PNN 
expression in COAD by univariate and multivariate Cox regression 
analyses. After controlling the clinical parameters, univariate Cox 

F I G U R E  2 Pearson correlation between methylation and PNN expression in (A) ESCA, (B) STAD, (C), colon adenocarcinoma (COAD), and 
(D) READ. A significant negative correlation between PNN expression and promoter region methylation levels, especially in STAD

F I G U R E  3 Prognostic value of PNN expression in four digestive tract cancers. (A) PFS. (B) OS
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TA B L E  1 The prognostic effect of CpGs in PNN

Tumor Gene-CpG HR p-value

Esophageal carcinoma PNN−5′UTR;1stExon-Island-cg02969452 0.641 0.06

PNN−5′UTR;1stExon-Island-cg18648343 0.769 0.3

PNN-TSS200-Island-cg10035432 1.205 0.41

PNN-Body-Island-cg12087797 0.664 0.083

PNN-Body-Island-cg15592059 1.204 0.42

PNN-Body-Island-cg20337385 1.046 0.84

PNN-Body-Island-cg24034629 0.646 0.076

PNN-Body-S_Shore-cg03045079 1.417 0.2

PNN-Body-S_Shelf-cg06918918 0.792 0.31

PNN-TSS1500-N_Shore-cg10250651 0.839 0.5

PNN-TSS1500-N_Shore-cg16408528 0.837 0.53

PNN-TSS1500-N_Shore-cg19599972 0.863 0.52

PNN-TSS1500-N_Shore-cg24138021 0.869 0.55

Stomach adenocarcinoma PNN−5′UTR;1stExon-Island-cg02969452 0.816 0.22

PNN−5′UTR;1stExon-Island-cg18648343 1.494 0.014*

PNN-TSS200-Island-cg10035432 0.815 0.22

PNN-Body-Island-cg12087797 0.639 0.0075*

PNN-Body-Island-cg15592059 1.558 0.013*

PNN-Body-Island-cg20337385 1.402 0.043*

PNN-Body-Island-cg24034629 1.284 0.13

PNN-Body-S_Shore-cg03045079 1.295 0.18

PNN-Body-S_Shelf-cg06918918 0.743 0.13

PNN-TSS1500-N_Shore-cg10250651 1.299 0.15

PNN-TSS1500-N_Shore-cg16408528 1.066 0.7

PNN-TSS1500-N_Shore-cg19599972 0.778 0.19

PNN-TSS1500-N_Shore-cg24138021 1.214 0.29

Colon adenocarcinoma PNN−5′UTR;1stExon-Island-cg02969452 1.589 0.079

PNN−5′UTR;1stExon-Island-cg18648343 1.098 0.7

PNN-TSS200-Island-cg10035432 1.214 0.42

PNN-Body-Island- cg15592059 0.583 0.025*

PNN-Body-Island-cg20337385 1.068 0.81

PNN-Body-Island-cg24034629 0.423 0.0078*

PNN-Body-S_Shore-cg03045079 0.793 0.35

PNN-Body-S_Shelf-cg06918918 0.832 0.51

PNN-TSS1500-N_Shore-cg10250651 0.595 0.041*

PNN-TSS1500-N_Shore-cg16408528 0.796 0.38

PNN-TSS1500-N_Shore-cg19599972 1.36 0.21

PNN-TSS1500-N_Shore-cg24138021 1.245 0.37

Rectum adenocarcinoma PNN−5′UTR;1stExon-Island-cg02969452 0.154 0.016*

PNN−5′UTR;1stExon-Island-cg18648343 3.34 0.034*

PNN-TSS200-Island-cg10035432 0.412 0.082

PNN-Body-Island-cg12087797 0.318 0.048*

PNN-Body-Island-cg15592059 1.515 0.4

PNN-Body-Island-cg20337385 0.674 0.44

PNN-Body-Island-cg24034629 0.756 0.58
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regression analysis suggested that low PNN expression had signifi-
cantly better outcomes in both survival (p = 0.004) and recurrence 
(p = 0.016) (Tables 2,3). When multivariate analysis with Cox regres-
sion was performed, PNN expression was confirmed as an inde-
pendent prognostic factor for predicting OS in patients with COAD 
(p = 0.041, HR = 1.7, 95% CI 1.02–2.8, Figure 4).

3.4  |  Validating the prognostic value of PNN 
expression in COAD

To verify our results, we further explored the prognostic value of 
PNN in COAD based on the GEO database. Two GEO datasets, 
GSE17536 (n = 177) and GSE29623 (n = 65), with COAD patients 
were collected in our study, and consistent results were observed. 
Patients with higher PNN expression were significantly associated 
with poorer PFS and OS time, both in the GSE17536 and GSE29623 
datasets (Figure 5).

3.5  |  Establishment of a prognostic nomogram 
in COAD

A hybrid prognostic nomogram incorporating PNN expression and 
common clinicopathological characteristics was successfully estab-
lished for predicting the 1-, 3-, and 5-year overall survival probabil-
ity, which might be promisingly applied in the clinical evaluation of 

patients with COAD (Figure 6A). ROC curves and calibration plots of 
the nomogram indicated an excellent predictive capacity and perfor-
mance in predicting 1-, 3-, and 5-year overall survival in patients with 
COAD (Figure 6B,C).

3.6  |  Functional enrichment analysis in COAD

Because PNN expression was identified as an independent prog-
nostic factor for recurrence and survival outcome specifically in 
COAD, we further explored the biological functions of PNN by GO 
analysis based on Metascape in COAD. In this research, GO path-
way and process enrichment analyses included molecular functions 
(MFs, functional set), biological processes (BPs, pathway), and cel-
lular components (CCs, structural complex). The top 15 clusters are 
displayed in Figure 7A. CCs included GO: 0016607 (nuclear speck) 
and GO: 0000226 (microtubule cytoskeleton organization); MFs 
included GO:0006397 (mRNA processing), GO:1903313 (positive 
regulation of mRNA metabolic process), GO: 0031124 (mRNA 3‘-
end processing), GO: 0018023 (peptidyl-lysine trimethylation), and 
GO: 0006354 (DNA-templated transcription, elongation); BPs in-
cluded GO: 0033044 (regulation of chromosome organization), GO: 
0009314 (response to radiation), GO: 0051056 (regulation of small 
GTPase mediated signal transduction), and GO: 0061136 (regulation 
of proteasomal protein catabolic process).

GSEA was performed to evaluate the underlying signaling path-
ways involved in the carcinogenesis of PNN in COAD. The study 
indicated that high PNN expression was positively associated with 
“spliceosome,” “basal transcription factors,” “WNT signaling path-
way,” “ERBB signaling pathway,” “mTOR signaling pathway,” and 
“Adherens junction” (Figure 7B).

3.7  |  Associations between PNN and tumor 
immune landscape in COAD

In the last few years, increasing research has revealed the crucial 
relationships between the immune microenvironment and cancer 
progression. In the current study, we synthetically investigated 
the effects of PNN expression on tumor-infiltrating immune cells 
in COAD by using the TIMER algorithms CIBERSORT, CIBERSORT-
ABS, QUANTISEQ, MCPCOUNTER, XCELL, and EPIC, which are 

Tumor Gene-CpG HR p-value

PNN-Body-S_Shore-cg03045079 0.716 0.5

PNN-Body-S_Shelf-cg06918918 1.677 0.3

PNN-TSS1500-N_Shore-cg10250651 0.385 0.055

PNN-TSS1500-N_Shore-cg16408528 0.42 0.14

PNN-TSS1500-N_Shore-cg19599972 0.304 0.071

PNN-TSS1500-N_Shore-cg24138021 0.424 0.087

*p < 0.05.

TA B L E  1 (Continued)

TA B L E  2 Univariate cox regression analysis of PNN expression 
as survival predictors in COAD

Parameter

Univariate analysis

Hazard 
Ratio 95% CI p value

Age 1.023 1.005–1.042 0.012*

Gender 1.162 0.769–1.757 0.476

T stage 2.777 1.842–4.187 <0.001*

N stage 2.550 1.673–3.886 <0.001*

M stage 3.519 2.312–5.356 <0.001*

PNN expression 2.064 1.256–3.392 0.004*

*p < 0.05.
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shown in a heatmap (Figure  8A). The results illustrated that the 
tumor-infiltrating immune cells were significantly different in the 
two PNN expression level groups. The low PNN expression group 
had significantly positive associations with CD8+ T cells and neu-
trophils but had markedly negative correlations with CD4+ T cells, 
T cell regulatory cells, macrophages, and dendritic cells. Immune-
related functional analyses showed that checkpoint (inhibition), cy-
tolytic (activity), APC coinhibition, APC costimulation, HLA, CCR, 
inflammation promotion, MHC class I, parainflammation, T cell 
costimulation, T cell coinhibition, and type I/II INF response were 
significantly different between the low and high expression groups 
(Figure 8B). The low expression group had significantly upregulated 
expression of GZMA, TNF, LAG3, HAVCR2, and PDCD1 (Figure 8C). 
In addition, ESTIMATE analysis demonstrated that the low expres-
sion group had a higher immune score and ESTIMATE score, indicat-
ing a higher tumor purity in the high expression group (Figure 8D). 
The TIDE and IPS analyses showed a lower TIDE score and higher 
IPS in the low expression group, including “CTLA4_neg PD1_pos,” 
“CTLA4_pos PD1_neg,” and “CTLA4_pos PD1_pos,” suggesting that 
low PNN expression might indicate a better clinical response to ICI 
treatment (Figure S2).

4  |  DISCUSSION

PNN was initially reported as a novel factor involved in the ma-
ture desmosomes of epithelial cells.1 Studies have revealed that 
PNN participates in apoptosis, proliferation, and migration regula-
tion by affecting mRNA splicing and gene transcription.28 PNN was 
once described as a potential cancer suppressor factor in RCC via 
PNN/DRS/memA, and upregulated expression of PNN resulted in 
inhibition of cell growth.2 Conversely, PNN has been found to in-
crease cell growth. High PNN expression had a negative effect on 
survival in breast cancer cells. With an increasing number of stud-
ies, the biofunction of PNN has been gradually disclosed. Previous 
research has revealed that PNN is overexpressed in nasopharyngeal 
cancer and is associated with poor overall survival.29 A similar find-
ing was also reported in a hepatocellular carcinoma (HCC) study; an 
elevated level of PNN was correlated with aggressive characteristics 
and poor overall survival. In addition, suppression of PNN expres-
sion inhibits HCC cell proliferation and cell viability but promotes 
glucose deprivation-induced apoptosis.4 However, few studies have 
systematically explored the PNN profile in digestive tract cancers to 
date. In our study, we comprehensively explored the expression of 
PNN in digestive tract cancers. Our findings showed that PNN was 
highly expressed in ESCA, STAD, COAD, and READ compared with 
corresponding normal tissues. We further analyzed the PNN expres-
sion status in different clinical stages for each type of digestive tract 
cancer. The study demonstrated that PNN was overexpressed in all 
stages of tumors compared with corresponding normal tissues. In 
addition, we observed that advanced-stage tumors tended to have 
higher PNN expression in digestive tract cancers.

Studies have shown that abnormal DNA methylation partici-
pates in gene expression. DNA methylation can be used as a bio-
marker for cancer diagnosis and prognosis.30 For example, Li et al. 
found that abnormal DNA methylation of the MCC gene was asso-
ciated with the progression of esophageal adenocarcinoma via epi-
genetic regulation.31 Homma et al. revealed that promoter region 

TA B L E  3 Univariate Cox regression analysis of PNN expression 
as recurrence predictors in COAD

Parameter

Univariate analysis

Hazard 
Ratio 95% CI p value

Age 1.000 0.986–1.015 1.000

Gender 1.192 0.831–1.711 0.339

T stage 2.750 1.947–3.883 <0.001*

N stage 2.551 1.772–3.672 <0.001*

M stage 3.088 2.145–4.445 <0.001*

PNN expression 1.767 1.112–2.806 0.016*

*p < 0.05.

F I G U R E  4 The results of multivariate 
Cox regression analyses of significant 
prognosis in patients with colon 
adenocarcinoma (COAD), which are 
represented in a forest plot. *p < 0.05; 
**p < 0.01; ***p < 0.001
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hypermethylation resulted in frequent gene silencing of RUNX3 in 
gastric cancer occurrence and development.32  Melotte et al. sug-
gested that N-Myc downstream-regulated gene 4 (NDRG4) promoter 
methylation could be a potential biomarker for the detection of col-
orectal cancer.33 Liang et al. found that some methylation-regulated 
differentially expressed genes play an important role in colon can-
cer (CC) progression.34  Wang et al. reported that hypomethylated 
and hypermethylated differentially methylated CpG sites could be 
used as diagnostic and prognostic biomarkers in CC.35 Thus, in the 
present study, we analyzed the correlations between PNN mRNA 
expression and the DNA methylation level of cg sites in promoter 
regions in different digestive tract cancers. The results showed that 
PNN expression was significantly negatively associated with the 
DNA methylation level in gastric cancer. This intensively indicated 
that abnormal methylation of the promoter region is one of the im-
portant causes of PNN gene overexpression in STAD. Moreover, our 
study revealed that methylation of several PNN CpG sites showed 

significantly positive prognostic effects in STAD, COAD, and 
READ, such as cg12087797 for STAD, cg15592059, cg24034629, 
cg10250651 for COAD, and cg02969452, cg12087797 for READ. 
These results may provide a clue that PNN promoter region meth-
ylation could be a candidate prognostic biomarker in patients with 
these cancers.

The prognostic value of PNN expression has been investigated 
in several cancers. Upregulated PNN was found to be related to 
cellular proliferation, invasion, and metastasis in colorectal can-
cer.3 Upregulated PNN was confirmed as an independent adverse 
prognostic factor in hepatocellular carcinoma patients.4 In addi-
tion, an association between the overexpressed level of PNN and 
aggressive behavior and poor prognosis in patients with ovarian 
cancer and nasopharyngeal cancer has also been reported.5,29 In 
the current study, we found that PNN high expression had signifi-
cantly poor OS and DFS in colon cancer, which was verified based 
on GEO datasets. Further analysis confirmed that PNN expression 

F I G U R E  5 Survival curves of different PNN expression groups in colon adenocarcinoma (COAD) based on the GSE17536 dataset (A,C) 
and GSE29623 dataset (B,D)
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was an independent prognostic factor for predicting OS in colon 
cancer. Additionally, we found that high expression of PNN was 
significantly related to poorer PFS in esophageal cancer. However, 
in contrast, upregulated PNN expression was markedly related to 
longer OS and tended to have longer PFS in rectal cancer. However, 
beyond that, our study rejected the independent prognostic effect 
of PNN in esophageal, gastric, and rectal cancer. Since previous 
studies have not subdivided colorectal cancer, the controversial 
results may be attributed to heterogeneity of the tumor site or 
insufficient sample numbers of rectal cancer in TCGA. Since our 
study validated the powerful efficiency of the prognostic value of 
PNN in patients with COAD, a promising prognostic nomogram 
incorporating PNN expression and common clinicopathological 
characteristics was successfully established for predicting the 
1-, 3-, and 5-year overall survival probability, which had excellent 
predictive capacity and performance. It might be well applied in 
clinical evaluation.

It is commonly known that the prognosis and drug response of 
colorectal cancer patients are closely associated with specific gene 
mutation statuses, such as KRAS, BRAF, and PIK3CA.36,37  Thus, 
we further explored whether PNN mutation features affect the 
prognosis of digestive tract cancers. Our results turned out to be 

disappointing; although the types of genetic alterations were di-
verse, there were no significant correlations between the PNN mu-
tation status and overall survival in different digestive tract cancers.

The molecular mechanism of PNN has been illustrated by sev-
eral studies; however, it remains uncertain. Activation of the ERK 
signaling pathway was observed in colorectal cancer cells and 
HCC cells associated with PNN overexpression.3,4 A recent study 
reported that PNN was highly expressed in osteosarcoma and fa-
cilitated cell proliferation, invasion, and adhesion through inhibi-
tion of microRNA (miR)-330-3p by circular RNA cir_0032463.38 
In human corneal epithelial cells, PNN plays a key role in cell–cell 
adhesion by inducing desmoglein-2 (DSG2) and E-cadherin (E-ca), 
while downregulation of PNN reduces E-cadherin and interrupts 
cell–cell adhesion.39,40 In previous studies, E-cadherin was pro-
posed as a tumor suppressor gene clinically; however, in invasive 
ductal breast cancer, E-cadherin was found to promote metasta-
sis.41,42 Thus, the role of PNN in regulating E-cadherin expression 
and tumor invasion remains controversial. Another study showed 
that PNN was upregulated in prostate cancer tissues and acceler-
ated cell invasion with downregulation of E-cadherin. A mechanis-
tic study demonstrated that PNN promotes tumor proliferation by 
activating CREB via the PI3K/AKT and ERK/MAPK pathways.43 In 

F I G U R E  6 (A) A prognostic nomogram 
for patients with colon adenocarcinoma 
(COAD). (B) ROC curves showing the 
capability of the nomogram in predicting 
1-, 3-, and 5-year OS. (C) Calibration plot 
showing that the nomogram-predicted 
survival probabilities correspond closely 
to the observed proportions
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our study, the results of functional enrichment analysis demon-
strated that PNN was involved in “spliceosome,” “Adherens junc-
tion,” and mRNA processing.” KEGG analysis showed that PNN 
affects cell–cell adhesion and tumor invasion and metastasis via a 
variety of signaling pathways (e.g., WNT signaling pathway, ErbB 
signaling pathway, and mTOR signaling pathway). The WNT signal-
ing pathway is known as one of the most important signaling path-
ways, and its activation is very common during the development 
of many tumors by facilitating cell differentiation, polarization, and 
migration.44 ErbB belongs to the receptor tyrosine kinase receptor 
family and includes four distinct members: EGFR (also known as 
ErbB-1/HER1), ErbB-2 (HER2), ErbB-3 (HER3), and ErbB-4 (HER4). 
The ErbB pathway is one of the most extensively studied areas 
of signal transduction and best exemplifies the pathogenic power 
of aberrations in biological information transfer.45,46  The mTOR 

signaling pathway is frequently activated in cancer and regulates 
cell growth and various cellular metabolic processes.47

Until now, few studies have investigated the effect of PNN ex-
pression on tumor-infiltrating immune cells and the tumor microen-
vironment. A study reported that PNN was strongly related to the 
T cell receptor signaling pathway in renal cell carcinoma and had a 
positive correlation with TIICs.6 In the present study, we found that 
the tumor-infiltrating immune cells were significantly different in the 
two PNN expression level groups. The low PNN expression group 
had significantly positive associations with CD8+ T cells and neu-
trophils but had markedly negative correlations with CD4+ T cells, 
T cell regulatory cells, macrophages, and dendritic cells. A study an-
alyzing the prognostic landscape of infiltrating immune cells across 
human cancers showed that CD8+ T cells were regarded as one 
of the top favorable prognostic T cell signatures in pancancer and 

F I G U R E  7 (A) GO analysis of PNN in colon adenocarcinoma (COAD). (B) GSEA of PNN in COAD
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solid tumors.48 In addition, ESTIMATE analysis demonstrated that 
the low expression group had a higher immune score and ESTIMATE 
score, indicating a higher tumor purity in the high expression group. 
Moreover, immune-related functions were significantly different 

between the low and high expression groups. Our study showed 
that abnormally high expression of PNN can regulate the immune 
microenvironment of colon cancer, reduce the invasion of killer im-
mune cells, and increase the invasion of regulatory immune cells, 

F I G U R E  8 (A) Heatmap for tumor-infiltrating immune cells in colon adenocarcinoma (COAD) by using different algorithms among the low 
and high PNN expression groups. (B) Immune-related functional analyses between the low and high PNN expression groups in COAD. (C) 
The expression of immune checkpoint genes between the low and high PNN expression groups in COAD. (D) ESTIMATE analysis between 
the low and high PNN expression groups in COAD
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leading to an increase in tumor cells. We found that low PNN ex-
pression significantly upregulated the expression of GZMA, TNF, 
LAG3, HAVCR2, and PDCD1. GZMA belongs to the serine protease 
family, is mainly expressed by cytotoxic cells (natural killer cells and 
cytolytic CD8+ T cells), and is involved in the regulation of the in-
flammatory response.49 It is well known that inflammation is closely 
connected with tumorigenesis; for example, patients suffering from 
ulcerative colitis have a higher risk of colorectal cancer (CRC). Llipsy 
et al. found that GZMA plays a crucial role in inflammatory CRC. 
GZMA mRNA expression was significantly elevated in CRC tissue, 
and treatment with the GZMA inhibitor serpinb6b reduced the inci-
dence of tumors in animal trials.50 These findings provide informa-
tion that GZMA may be a therapeutic target for CRC. Tumor necrosis 
factors (TNFs), including TNF-α and TNF-β, are mainly expressed 
on active macrophages and lymphocytes. TNF-α is also a potent 
proinflammatory cytokine that plays a critical role in the inflamma-
tory response.51 LAG3, also called CD223, is a receptor expressed 
on a natural killer cell line and has been highly considered a next-
generation immune checkpoint due to its substantial prognostic 
value. Numerous studies have shown that LAG3 acts a remarkable 
synergy with PD-1 in promoting the immune escape of cancer cells 
in various cancer types, such as gastric cancer, renal cell carcinoma, 
and colorectal cancer.52,53 Due to the striking therapeutic effects of 
the simultaneous blockade of LAG3 and PD-1 in melanoma patients, 
an increasing number of pharmaceutical companies are encouraged 
to invest in drug research. For example, early clinical data of BMS’s 
LAG3 targeting antibody relatlimab showed an improved OS when 
combined with the PD-1 inhibitor nivolumab.54 HAVCR2, also known 
as TIM3, was identified as a molecule expressed by interferon-γ 
(IFNγ)-producing CD4+ T cells, CD8+ T cells, and many other cell 
types. Many studies have reported that TIM3 can act on dysfunc-
tional or “exhausted” T cells in chronic viral infections and cancer. 
Many clinical trials combining blockade of TIM3 with other check-
point inhibitors, such as PD-1, PD-L1, and LAG3, are ongoing.55 The 
TIDE and IPS analyses showed a lower TIDE score and higher IPS in 
the low expression group, suggesting that low expression of PNN 
might indicate a better clinical response to ICI treatment. This result 
is logically consistent with the above ICG analyses.

There were several limitations in this study. First, we only ob-
tained the results through bioinformatics and database analysis, and 
further experimental verification is required. Second, the limited 
sample size of the subgroup may affect the results. Moreover, since 
APC, P53, and KRAS are common mutated genes in colon cancer, the 
correlations between PNN status and these genes worth further ex-
ploration. Finally, the prognostic nomogram for patients with COAD 
needs more clinical verification. However, our study has convincing 
power for its larger sample-based study using the TCGA database.

5  |  CONCLUSION

In conclusion, our bioinformatics analyses demonstrated that PNN 
was highly expressed in digestive tract cancers and could act as 

an independent prognostic factor and a response predictor for ICI 
treatment in COAD. Our results have promising clinical application 
prospects and deserve further study.
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