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Abstract
Background

Despite emerging evidence revealed the remarkable roles of Protein Phosphatase 1 Regulatory Inhibitor
Subunit 14A (PPP1R14A) in cancer tumorigenesis and progression, no pan-cancer analysis is available.
Our research, for the �rst time, comprehensively investigated the potential carcinogenic mechanism of
PPP1R14A across 33 tumors using bioinformatic techniques.

Methods

TCGA datasets and the CPTAC datasets embedded in UALCAN were �rst applied to study the differential
expression of PPP1R14A in various cancer types at the transcription and protein levels, respectively.
Besides, we also conducted relevant prognostic survival analysis and used the GEPIA2 database to
explore the association between PPP1R14A expression and pathological stages. In addition, cBioPortal
and UALCAN databases were employed to analyze the genetic alterations and post-transcriptional
phosphorylation of PPP1R14A. Then based on TCGA, we analyzed the relationship between PPP1R14A
and immune in�ltration, the correlation with tumor mutational burden (TMB), microsatellite instability
(MSI) and immune checkpoint molecules (ICMs), and whether it is expected to be a predictive indicator in
cancer patients, which was achieved by receiver operating characteristic (ROC) curve. Finally, STRING,
GEPIE2 and TIMER2.0 databased were used to explore the potential mechanism of PPP1R14A in cancer
and �nd molecules that have potential close interactions with PPP1R14A.

Results

PPP1R14A is down-expressed in major malignancies and there is a signi�cant correlation between the
PPP1R14A expression and the prognosis of patients. Pan-cancer survival analysis indicated that the high
expression of PPP1R14A in most cases was associated with poor overall survival (OS), disease-speci�c
survival (DSS), and progress-free interval (PFI) across patients with various malignant tumors, containing
adrenocortical carcinoma (ACC), bladder urothelial carcinoma (BLCA). The results of ROC analysis
subsequently exhibited that the molecule has a high reference signi�cance in diagnosing a variety of
cancers. Besides, we detected that the frequency of PPP1R14A genetic changes including genetic
mutations and copy number alterations (CNAs) in uterine carcinosarcoma reached 16.07%, and these
alterations brought misfortune to the survival and prognosis of cancer patients. In addition, the
methylation within the promoter region of PPP1R14A DNA was enhanced in a majority of cancers.
Downregulated phosphorylation levels of phosphorylation sites including S26, T38, etc. in most cases
took place in several tumors, such as breast cancer, colon cancer, etc. PPP1R14A remarkably correlated
with the levels of in�ltrating cells and immune checkpoint genes.

Conclusions

Our research summarized and analyzed the carcinogenic effect of PPP1R14A in different tumors
comprehensively and provided a theoretical basis for promising therapeutic and immunotherapy
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strategies.

Introduction
Cancer is a persistent public health challenge facing the world at present. According to estimates from
global cancer statistics in 2019, cancer becoming the main obstacle to the growth of population life
expectancy in the 21st century is the �rst or second leading cause of death before the age of 70 years in
112 of 183 countries and ranks third or fourth in a further 23 countries[1]. Although the early diagnosis
and innovative methods of reducing mortality have been made great efforts in various cancers, the
incidence rate of malignant cancer has increased, especially embodying in the fact that there will be
about 1.2 million new cancer cases and 400000 cancer deaths in 2020 compared with 2018, which is a
major problem of human health[2-5]. Due to the complexity of tumorigenesis, pan-cancer analysis of the
same gene has attracted more and more attention, which not only helps us to �nd its common
phenotypic characteristics but also helps us to deeply understand the internal regulation mechanism of
key molecules and the relationship between potential clinical prognosis[6].

Belonging to the protein phosphatase 1 (PP1) inhibitor family, Protein Phosphatase 1 Regulatory Inhibitor
Subunit 14A (PPP1R14A), often known by the alias, 17 kDa PKC-Potentiated Inhibitory Protein of PP1
(CPI-17), has more than 1000 times inhibitory activity during phosphorylation, resulting in a molecular
switch to regulate the phosphorylation state of PPP1CA substrate and smooth muscle contraction.
Previous studies have shown that PPP1R14A is associated with a pivotal role in the occurrence and
development of tumors, including sporadic vestibular glioma, human melanoma, schwannoma, etc.[7-9].
In addition, Jin et al. demonstrated that the downregulation of CPI-17 induces merlin dephosphorylation,
inhibits Ras activation, and abolishes the tumorigenic transformation phenotype[10]. However, most
studies on the function of PPP1R14A in cancers were limited to speci�c types of cancer. Therefore,
deeply examining the regulatory functions and molecular mechanisms of PPP1R14A in pan-cancer is
particularly important to provide new insights into relevant carcinogenic mechanisms as well as
directions and strategies for the clinical treatment of cancer

Our research, for the �rst time, utilized a series of online datasets and databases based on TCGA to
perform a pan-cancer expression analysis of PPP1R14A, the identi�ed key molecule, and included a
series of relevant studies, including PPP1R14A differential expression, clinical survival prognosis, genetic
alteration, promoter DNA methylation, protein phosphorylation, immune in�ltration landscape, and
putative signaling pathway, etc. to explore the underlying mechanism in the tumorigenesis and tumor
suppression across different cancer species. We strongly believe that the analysis of PPP1R14A provides
new insights into the carcinogenic role of PPP1R14A across multiple malignancies and further deepens
our understanding of the individual management for cancer precision therapy.

Methods And Materials
PPP1R14A expression pattern in human pan-cancer 
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The dysregulation of the PPP1R14A expression between various types of cancer and normal tissues was
investigated by combining the data, which had been uniformly processed by the Toil process in UCSC
Xena ( https://xenabrowser.net/datapages/) [11, 12], for normal tissues from the GTEx and The Cancer
Genome Atlas (TCGA) databases and visualized by R ggplot2 (version: 3.3.3) package. Besides, To
compare a gene’s expression level between tumor and matched normal tissues across all TCGA cancer
types, the “Gene_DE” Module of TIMER2.0, a comprehensive resource for systematical analysis of
immune in�ltrates across diverse cancer types based on TCGA cohorts[13], was applied to carry out this
analysis.

The UALCAN portal (http://ualcan.path.uab.edu/analysis-prot.html) [14], an interactive web resource for
analyzing cancer OMICS data, allowed us to conduct protein expression analysis of the (Clinical
proteomic tumor analysis consortium) CPTAC datasets. Herein, we explored the expression levels of the
total protein or phosphoprotein (with phosphorylation at the S26, T38, S101, S103, S107, and S109 sites)
of PPP1R14A (NP_001230876.1) between primary tumor and normal tissues, respectively, by entering
“PPP1R14A”. PPP1R14A promoter methylation levels between different cancers and corresponding
adjacent tissues were evaluated whereafter. The signi�cance of differences was evaluated using
Student’s t-test, and p < 0.05 was considered statistically signi�cant. And the available datasets of six
tumors were selected, namely, breast cancer, ovarian cancer, colon cancer, KIRC, UCEC, and LUAD.

Additionally, we obtained violin plots of the PPP1R14A expression in different pathological stages (stage
I, stage II, stage III, and stage IV) of all TCGA tumors via the “Pathological Stage Plot” module of GEPIA2
(http://gepia2.cancer-pku.cn/#index) [15]. The log2 [TPM (Transcripts per million) +1] transformed
expression data were applied for the violin as well as corresponding box plots.

Prognostic analysis. 

The connection between the PPP1R14A expression and the prognosis of patients, including overall
survival (OS), disease-speci�c survival (DSS) and progression-free interval (PFI) in 33 types of cancers
were examined using Kaplan-Meier curves [16]. The hazard ratios (HRs) and 95% con�dence intervals
were calculated using univariate COX regression survival analysis. R survival (version: 3.2-10) and
survminer (version: 0.4.9) packages were employed for statistical analysis and visualization.

Genetic alteration analysis

After logging into the cBioPortal web (https://www.cbioportal.org/) [17, 18], we chose the cases in "TCGA
Pan-Cancer Atlas Studies", with both mutations and copy number alterations (CNAs) meanwhile, in the
"Quick select" section and entered "PPP1R14A” for queries of the genetic alterations and characteristics
of PPP1R14A. The results of the alteration frequency, mutations, and CNAs status across all TCGA
tumors were observed in the "OncoPrint" and "Cancer Types Summary" modules. Moreover, the
"Comparison/Survival" module was employed to obtain the data and diagrams for Kaplan-Meier plots
with log-rank analysis on the overall, disease-free, disease-speci�c and progression-free survival
differences for the TCGA cancer cases with or without PPP1R14A genetic alterations.

https://xenabrowser.net/datapages/
http://ualcan.path.uab.edu/analysis-prot.html
http://gepia2.cancer-pku.cn/#index
https://www.cbioportal.org/
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Receiver operating characteristic (ROC) analysis

To better assess the performance of a diagnostic test over the range of possible values of a predictor
variable, ROC curves, the most useful tool in the early stages of evaluation of a new diagnostic test, as
well as the area under ROC curves (AUC) were employed through using R pROC (version: 1.17.0.1) and
ggplot2 (version: 3.3.3) packages[19, 20]. And the display would take place only when AUC surpassed
0.9.

Pan-cancer analysis of the correlation of PPP1R14A expression with immune cells in�ltration. 

The data of 33 types of cancer and normal tissues in TCGA were downloaded from the Genomic Data
Commons (GDC) data portal website. For reliable immune score evaluation, Immuneeconv, an R software
package that integrates the two latest algorithms, TIMER and xCell [13, 21-29]. The horizontal axis
represents different tumor tissues, the vertical axis represents diverse types of immune lymphocytes,
different colors represent correlation coe�cients, and the stronger the correlation, the darker the color.
The signi�cance of the two groups of samples passed the Wilcox test.

Analysis of the relationship of TRIM family expression between TMB/MSI with ICMs 

The mRNA-seq data, comprised of tumor mutational burden (TMB) and microsatellite instability (MSI)
scores, were obtained from TCGA [30, 31]. Correlation analyses between the TRIM family expression and
TMB/MSI, immune checkpoint molecules (ICMs) were performed using Spearman’s method. R
ggstatsplot and pheatmap packages were applied to analyses and visualization. P value <0.05 was the
signi�cance threshold in this study.

PPP1R14A-related gene enrichment analysis

Using the query of a single protein name (“PPP1R14A”) and organism (“Homo sapiens”), we �rst
searched in the STRING website (https://string-db.org/)[32] and set the following main parameters:
Network type ("physical network"), the minimum required interaction score ["custom value (0.235)"], active
interaction sources ("Textmining, Experiments, and Databases ") and max number of interactors to show
("no more than 50 interactors" in 1st shell) subsequently. Finally, the available experimentally and
putatively determined PPP1R14A-interacting proteins were obtained. Meanwhile, the "Similar Gene
Detection" module of GEPIA2 was applied to obtain the top 100 PPP1R14A-correlated targeting genes
based on the datasets of all TCGA tumors and normal tissues. To compare the PPP1R14A-correlated and
interacted genes, an intersection analysis showed by the Venn diagram was conducted. Moreover, we
used the “Gene_Corr” module of TIMER2.0 to supply the heatmap data of the overlapped genes, which
contains the partial correlation (cor) and P value in the purity-adjusted Spearman’s rank correlation test.
Then R clusterPro�ler (version: 3.14.3) and org.Hs.eg.db packages[33] were used to carry out and
visualize Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses. To
control false-positive discovery rates, modi�ed P values and Benjamini/Hochberg algorithm were
introduced. P < 0.05 and false discovery rate (FDR) < 0.05 were considered statistically signi�cant.

https://string-db.org/
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Results
Expression landscape of PPP1R14A across cancers

According to the results from the TIMER2.0 database, PPP1R14A exhibited consistent mRNA expression
in 23 types of human common cancer. The PPP1R14A expression was signi�cantly lower in cancer
versus adjacent normal tissues in the BLCA, BRCA, CESC, COAD, GBM, KICH, KIRP, LUAD, LUSC, PCPG,
PRAD, READ, STAD, UCEC and higher in CHOL, HNSC, LICH datasets (Fig 1A). We also compared the
PPP1R14A expression using the data directly from the TCGA and GTEx. The downregulated PPP1R14A
mRNA expression was observed in tumor tissues versus normal tissues in the ACC, BLCA, BRCA, CESC,
COAD, ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LUAD, LUSC, OV, PCPG, PRAD, READ, SKCM,
STAD, TGCT, THCA, USEC, UCS datasets, and the upregulated PPP1R14A expression pro�le was detected
in CHOL, DLBC, HNSC, PAAD, THYM datasets (Fig 1B). Further comparison of the PPP1R14A protein
expression according to the Clinical Proteomic Tumor Analysis Consortium (CPTAC) database
demonstrated that the PPP1R14A protein expression was signi�cantly decreased in advanced tumor
tissues versus normal tissues in breast cancer, KIRC, colon cancer, LUAD, ovarian cancer, and UCEC (Fig
1C). 

Pan-cancer overview of the correlation between PPP1R14A expression and clinicopathology

To investigate the association between the PPP1R14A expression and clinicopathological features in
multiple cancers, we assessed the PPP1R14A expression in cancer patients of stages I, II, III, and IV. The
results from the TCGA database revealed that the expression of PPP1R14A was signi�cantly altered in
BLCA, COAD, KIRC, KIRP, LUSC, STAD, and TGCT (Fig 2). 

Prognostic signi�cance of PPP1R14A across cancers

We evaluated the relationship between PPP1R14A and the prognosis of patients across cancers.
According to this study results, PPP1R14A expression signi�cantly acted as a risk factor for OS in ACC
(p=0.001), BLCA (p=0.007), CESC (p=0.002), gliomas (p < 0.0001), KIRP (p=0.003), LUSC (p=0.013),
MESO (p=0.047), READ (p=0.013), SKCM (p=0.014), STAD (p=0.024), THCA (p=0.045) and protective
factor in HNSC (p=0.031), LAML (p=0.029), LIHC (p=0.027), LUAD (p=0.039) (Fig 3). Then we found the
correlation of PPP1R14A expression with DSS of patients, which indicated that high expression of
PPP1R14A unfavorably impacted DSS in ACC (p=0.001), BLCA (p=0.014), CESC (p<0.0001), COAD
(p=0.002), ESCA(p=0.018), gliomas (p<0.001), KIRP (p=0.001), READ (p=0.01) SKCM (p=0.032)  STAD
(p=0.004) and friendly in�uenced in LIHC (p=0.045) (Fig 4). Besides, we analyzed the relationship
between PPP1R14A expression and the PFI of patients across cancers. Elevated PPP1R14A expression
remarkably indicated poor outcomes for the PFI of patients in ACC (p<0.001), BRCA (p=0.023), CESC
(p<0.001), COAD (p=0.007), gliomas (p<0.001), KIRP (p=0.002), LUSC (p=0.037), OV (p=0.018), READ
(p=0.025), SKCM (p=0.02), STAD (p=0.007),TGCT (p=0.011), and UCS (p=0.041) and signed a friendly
prognosis in LIHC (p=0.037), THCA (p=0.027) (Fig 5). To sum up, the above results show that PPP1R14A
expression is related to the prognosis of patients signi�cantly.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8100462/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8100462/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8100462/figure/F3/
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Genetic alteration and methylation status of PPP1R14A

We investigated the pan-cancer alterations of PPP1R14A using the cBioPortal (TCGA, Pan-Cancer Atlas)
database. The results demonstrated that the alteration frequency of PPP1R14A was 2.3% across 32
various cancers and took the lead with 16.07% in samples of uterine carcinosarcoma (Fig 6A-B). Among
the different types of genetic alterations, ampli�cation was the most common type. We also examined
the potential relationship between genetic alterations in PPP1R14A and the prognosis of patients with
different types of cancer. As shown in Fig 6C, tumor patients with genetic alterations in PPP1R14A had
worse OS, DFS, DSS, and PFS than patients without alterations. We also investigated the promoter DNA
methylation of PPP1R14A using the UALCAN database. A signi�cant increase in the methylation levels
within promoter regions of PPP1R14A was observed in BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM,
HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, PCPG, READ, THCA tissues compared to normal tissues (Fig
7). While PPP1R14A promoter methylation levels in SARC and UCEC decreased. 

Phosphorylation pro�le of PPP1R14A across multiple tumors 

We examined alterations in PPP1R14A phosphorylation levels between primary tumor tissues and normal
tissues (Fig 8). The CPTAC database includes six types of cancer, namely, breast cancer, KIRC, colon
cancer, LUAD, ovarian cancer, and UCEC. Lower levels of S26 phosphorylation of PPP1R14A were
observed in breast cancer, colon cancer, LUAD, ovarian cancer, and UCEC samples compared to normal
samples. In contrast, S26 phosphorylation of PPP1R14A was increased in KIRC. T38 phosphorylation of
PPP1R14A was decreased in colon cancer tissues compared to normal tissues. S101 phosphorylation of
PPP1R14A was remarkably decreased in LUAD and USEC compared to normal adjacent tissues. In
addition, S103 phosphorylation of PPP1R14A was signi�cantly decreased in breast cancer and colon
cancer compared to normal adjacent tissues. Moreover, S109 phosphorylation of PPP1R14A was
remarkably decreased in ovarian cancer and colon cancer compared to normal adjacent tissues.
Decreased S103 and S109 phosphorylation as well as S107 and S109 phosphorylation in PPP1R14A
were observed in colon cancer, respectively. S101, S107, and S307 phosphorylation of PPP1R14A were
signi�cantly increased in USEC. These �ndings suggest that the phosphorylation of the S26, T38, S101,
S103, S107, and S109 residues of PPP1R14A plays a crucial role in oncogenesis.

ROC analysis

To better comprehend the e�ciencies of PPP1R14A prognostic prediction, we evaluated ROC curve
analysis (Fig 9). Results demonstrated that BLCA(AUC = 0.923), BRCA(AUC = 0.982), CESC(AUC = 0.956),
CHOL(AUC = 0.910), COAD(AUC = 0.954), ESCA(AUC = 0.937), KICH(AUC = 0.945), KIRP(AUC = 0.901),
LAML(AUC = 1.000), LUAD(AUC = 0.982), LUSC(AUC = 0.987), OV(AUC = 0.905), READ(AUC = 0.953),
TGCT(AUC = 0.969), THYM(AUC = 0.917), UCEC(AUC = 0.951) and UCS(AUC = 0.987).

Immune cell in�ltration landscape
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Because of the distinct relationship between PPP1R14A and the immune response, we performed a pan-
cancer analysis of the association between PPP1R14A expression and the immune in�ltration levels
based on the TIMER and XCELL algorithms. As shown in Fig 10A, the expression of PPP1R14A was
signi�cantly associated with the abundance of in�ltrating immune cells: B cells in 14 types of cancer,
CD4 + T cells in 18 types of cancer, CD8+ T cells in 11 types of cancer, macrophages in 17 types of
cancer, neutrophils in 10 types of cancer, and DCs in 13 types of cancer. We further used the xCell online
tool to examine the relationship between PPP1R14A expression and the in�ltration of different types of
immune cell subtypes. Among 38 subtypes of immune cells, we found that the PPP1R14A expression
negatively correlated with these subtypes in SARC, TGCT etc., positively and signi�cantly associating
with ESCA, KIRP etc. In addition, hematopoietic stem cells, endothelial cells, etc. were positively and T
CD4+ memory cells, mast cells, etc. were negatively associated with the PPP1R14A expression in these
different cancers (Fig 10B). 

Pan-cancer analysis of the association lies in PPP1R14A with ICMs and TMB/MSI

To closely estimate the relationship between the PPP1R14A expression and the tumor environment
across carcinomas, we further investigated the relationships between the PPP1R14A expression and
ICMs. Notably, we observed that the expression of PPP1R14A negatively correlated with most ICMs in
SARC and TGCT (Fig 11). In contrast, the expression of PPP1R14A positively correlated with most ICMs
in ESCA, KICH, KIRP, PRAD, and UVM (Fig 11). TMB and MSI are two emerging biomarkers associated
with the immunotherapy response. The relationship between the PPP1R14A expression and TMB was
investigated. The expression level of PPP1R14A remarkably, in addition to the phenomenon of signi�cant
positive correlation in OV, negatively correlated with TMB in several tumors, including BLCA, BRCA, COAD,
KIRP, LIHC, Lung carcinomas, PRAD, SARC, SKCM and STAD (Fig12A and C). The correlation of the
PPP1R14A expression with MSI was also investigated in 33 types of cancer, and it indicated that BRCA,
HNSC, THCA exhibited positive correlations, while COAD, ESCA, Renal carcinomas, SARC, STAD exhibited
negative correlations (Fig 12A and B). 

PPP1R14A-related gene enrichment analysis

To better understand the interplay among the PPP1R14A-related genes, STRING database screening and
PPI network with 119 edges and 51 nodes construction were performed, and visualization was carried out
using Cytoscape (Fig 13A). Furthermore, the GEPIA2 approach was performed and we obtained the top
100 PPP1R14A-correlated genes and constructed a Venn diagram with molecules that have a putative
physical binding relationship with PPP1R14A, and it is found that there are two molecules, including
TAGLN and PPP1R12B in the overlapping area (Fig 13B). The corresponding heatmap exhibits the
relationship between PPP1R14A and the two intersecting molecules in the various cancer types (Fig 13C).

Consistent with PPI network analysis, functional enrichment clustering of these genes showed a strong
association with calcium-mediated signaling, regulation of phosphatase activity, integrin-mediated
signaling pathway, positive regulation of transforming growth factor beta receptor signaling pathway,
adenylate cyclase-inhibiting dopamine receptor signaling pathway, regulation of protein
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autophosphorylation, angiotensin-activated signaling pathway, regulation of cAMP-mediated signaling,
positive regulation of transmembrane receptor protein serine/threonine kinase signaling pathway in GO
as well as cGMP-PKG signaling pathway, cAMP signaling pathway, Apelin signaling pathway, Calcium
signaling pathway, Ras signaling pathway, Neurotrophin signaling pathway, Rap1 signaling pathway,
Glioma in KEGG (Fig 13D-E).

Discussion
PPP1R14A, a widely expressed serine-threonine phosphatase regulating many cellular processes such as
actin contraction, glycogen metabolism, cell cycle, protein synthesis and neuronal signal transduction,
etc., is an inhibitor of protein phosphatase1(PP1)[34, 35]. In recent years, emerging publications have
reported functional associations between PPP1R14A and clinical diseases, especially tumors[36, 37].
However, this part of the research is limited to schwannoma, mesothelioma, and some malignancies of
the gastrointestinal tract, making it di�cult for us today to have a qualitative and quantitative
understanding of the role of the molecule in other tumors and the deeper functions of the above-
mentioned tumors. Hence, whether PPP1R14A plays a role in the pathogenesis of different tumors
through multifarious molecular mechanisms remains unclear. Therefore, to provide researchers with
macro and relatively rough understanding about molecular characteristics of PPP1R14A gene expression,
survival prognosis, somatic mutations, and CNAs, DNA methylation, protein phosphorylation pro�le, etc.
in various malignant tumors, we performed comprehensive exploration of bioinformatics of PPP1R1AA
genes in different tumors.

We evaluated the expression of this molecule at the mRNA and protein levels in various malignant
tumors. Due to TIMER2.0, a database based on TCGA, exists many tumor samples lacking a control
group. In conjunction with GTEx, we launched a further study. The �nal result surprisingly showed that
the expression of PPP1R14A was maladjusted in most tumors. It is worth noting that after combining
more normal GTEx samples, the signi�cantly high expression of PPP1R14A in LIHC disappeared.
 Whether this is a deviation caused by the normal samples of the analysis, or a true objective law, awaits
further exploration by researchers. In UALCAN, a database based on the CPTAC, PPP1R14A showed a
remarkably low expression in all 6 types of adult cancers given, which is consistent with the analysis
results of the transcription level.

And through the analysis of the prognostic survival of PPP1R14A in various cancers, we are interested to
�nd a seemingly strange phenomenon, which seems extremely inconsistent with our previous general
cognition[38]. For example, if we focus on Fig 3-5, we can observe that among BLCA, COAD and KIRP
patients, the PPP1R14A high expression group showed a worse prognosis. But as shown in Fig 1,
PPP1R14A in cancers of these three categories all showed lower expression levels, clearly telling us that
this is a "tumor suppressor gene". However, it exhibited a role in promoting cancer progression in patients
with these three types of tumors, which was embodied in the manifestation that the up-regulation of
PPP1R14A promotes the malignant process of tumors, thereby makes such patients suffer from a lower
survival probability. And this, more surprisingly, is just a microcosm. Looking at Fig 3-5, it is not di�cult to
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�nd that in most cases, the role of PPP1R14A in the comparison of tumor and normal samples is
inconsistent with the role shown in the tumor cohort, indicating that the role of PPP1R14A in the two
processes of initiation and progression of cancers is opposite in most cases. As shown in Fig 2, we can
easily observe the results further con�rming our viewpoints that as cancer progresses, the expression
level of PPP1R14A gradually and steadily increases in BLCA, COAD and KIRP. And the counter-example is
in KIRC. The overall expression trend of PPP1R14A in this tumor is very ambiguous, which may mean
that it does not have the effect of promoting the progress of KIRC to some extent. Sure enough, the
survival analysis of OS, DSS and PFI were not signi�cant.

Taken together, PPP1R14A may be a potentially unique molecule, and it is likely to play completely
different roles in the origin and progression of most cancers, which is different from our general
understanding. At the same time, the ROC results explained that PPP1R14A, whose AUC values surpass
0.9 in multiple malignant tumors such as BLCA, COAD and KIRP, reached the outstanding level in the
diagnostic test evaluation. Due to space limitations, many results with AUC greater than 0.7 were not
displayed.

Since the genetic mutations and CNAs of somatic cells have been revealed to be closely related to the
occurrence and development of tumors, they have attracted the attention and involvement of many
researchers around the world, and we are no exception. The results of our experiments showed that the
PPP1R14A is genetically altered in tumors. Although the frequency of genetic alterations is not as high as
expected, it is enough to have a signi�cant friendly in�uence on the prognosis of OS, DFS, DSS and PFS.

Generally suppressing the gene expression by changing chromatin structure, DNA stability, and DNA
conformation, DNA methylation is a major form of epigenetic modi�cation of DNA that regulates the
gene expression without altering the sequence of DNA[39-41]. The link between DNA methylation and
cancer was gradually discovered in recent decades. A large number of studies have shown that certain
key genes, including PPP1R14A that has been experimentally demonstrated by Peng et al. as the
expression of PPP1R14A in gastric cancer cell lines, are regulated by promoter region methylation[42]. 

In addition, PPP1R14A was also evaluated for changes in the degree of methylation and the possibility of
becoming tumor markers in other cancers, such as GBM, HNSC, CRC, etc.[43-46], and it showed that
PPP1R14A promoter methylation status was expected to become a prognostic and promising predictive
biomarker. 

Besides, our analysis results more broadly explained that the PPP1R14A promoter methylation level has
been signi�cantly altered in BLCA, COAD, KIRP and other cancers, clarifying that it is expected to become
a novel prognostic marker and potential therapeutic target. Hypermethylation within promoter regions
often leads to the silencing or inactivation of tumor suppressor genes in cancerous cells [39-41]. Our
results revealed that the methylation level of PPP1R14A is generally signi�cant in most common cancers,
whose scene is largely consistent with the down-regulation of the expression levels of PPP1R14A we
observe in Fig 1. However, we also noted many seemingly contradictory thought-provoking points. For
example, in CHOL, HNSC and other malignant tumor samples, the methylation expression pro�le of the
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high promoter region of PPP1R14A is related to the high expression level of transcription. However, things
in nature are often not that simple. Smith et al. gave us an overview of promoter DNA hypermethylation
that can guide gene expression activation, although this seems a bit abnormal[47]. Nevertheless, this is
just an immature conclusion. Hence, the relationship between DNA methylation and PPP1R14A
expression warrants more in-depth study.

Emerging experiments have revealed that post-transcriptional phosphorylation modi�cation of genes
often leads to great changes in the function of the original protein molecules, which is inseparable from
the origin and progression of malignant tumors[48, 49]. Researches have reported that Rho-kinase
(ROCK) participating in this phosphorylation process to a certain extent, CPI-17 Thr(38) phosphorylation
can selectively inhibit myosin light chain phosphatase (MLCP), and then mediate the contraction process
of smooth muscle[35, 50]. Besides, studies have clari�ed that ROCK inhibitors showed a promising
outlook on K-Ras-induced glioma, lung cancers and hematological malignancies[51, 52]. These seemed
to guide us that the phosphorylation process of PPP1R14A mediated by ROCK may be somewhat related
to the occurrence and development of tumors. Even so, almost no research has come to a conclusion
about the mode of action of phosphorylated PPP1R14A protein factor in many cancers until today. Based
on this, we analyzed it with UALCAN. The feedback results showed that in most cases, PPP1R14A tends
to have low phosphorylation levels in tumors, suggesting that PPP1R14A phosphorylation may play a
crucial role in tumorigenesis.

With the in-depth exploration of the tumor immune microenvironment by scholars, one hidden immune
checkpoint molecule after another is gradually emerging, which means that immunotherapy is also
developing. The advent of immunotherapy has transformed the clinical oncology landscape in recent
years, with signi�cant improvements in long-term survival in some patients. But despite this, the clinical
application of immune checkpoint blockade in glioma patients remains challenging due to the “cold
phenotype” of glioma and multiple factors inducing resistance[53]. Therefore, more suitable marker
molecules warrant urgently to be discovered. 

Among investigated biomarkers in immune checkpoint targeted therapy till now, TMB and MSI have
recently emerged as a potential predictor of response to immunotherapy in various tumor types[54, 55].

Our results demonstrated that the expression pattern of PPP1R14A in cancers represented by ESCA, KIRP,
and PCPG has a positive relationship with either ICMs or the in�ltration of tumor immune lymphocytes
indicating that although the higher level of immune cell in�ltration in solid tumors in these patients
seeming to be a good thing, it seems to be “braked” by ICMs, and immunotherapy may be the key to
releasing the brake pedal. Looking at the relevant results in reverse has to guide signi�cance for clinical
treatment as well. From this, we can �nd that the expression of PPP1R14A has a negative relationship
with ICMs and immune cell in�ltration levels in malignant tumors such as SARC or TCGT, etc. This may to
some extent indicate the application of immunotherapy to the patients of these cancers with high
PPP1R14A expression levels is not very wise, if such a situation exists. However, the heartbreaking thing
is that it is not over yet. Because the next results re�ected that PPP1R14A is negatively correlated with
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TMB/MSI in many tumors, which means that neoantigens, the target of immune cells, would be less in
these cancer patients with high PPP1R14A, and immune checkpoint targeted therapy may be de�ated as
a result. However, things are not so bad. We perceived that the degree of such correlation is not as high as
we imagined. Coupled with the aid of clinical screening methods, immunotherapy can still be expected
here. And it was worth noting that the results of TMB and MSI related to SARC warned us that
immunotherapy may not be really suitable for SARC patients.

To have a deeper understanding of the molecular properties of PPP1R14A, we explored it and the
molecules potentially related to it. The results of GO and KEGG indicated that these molecules are
signi�cantly enriched in many core pathways that lead to the initiation and progression of various
malignant tumors, including calcium-mediated signaling, integrin-mediated signaling pathway, positive
regulation of transforming growth factor beta receptor signaling pathway, cAMP signaling pathway,
Apelin signaling pathway, Ras signaling pathway, Neurotrophin signaling pathway, Rap1 signaling
pathway and so forth[56-64]. It is worth mentioning that Jin et al. have profoundly explained the role of
PPP1R14A in tumorigenic transformation, which is basically achieved by inhibits merlin activation,
promotes Ras activation, being consistent to a certain extent with our enrichment results[10]. Meanwhile,
through the screening of the Venn diagram, we found two overlapping molecules, TAGLN and PPP1R12B
with potential interaction with PPP1R14A. As shown in Fig 13C, PPP1R14A and TAGLN have a high and
extensive synchronization pace in a variety of malignant tumors, especially renal carcinomas, implying
that the two molecules are likely to work together to tumorigenesis. However, more deeply rooted
explorations merit being carried out by scholars. 

Taken together, to some extent helping to understand the role of PPP1R14A in tumorigenesis from the
perspective of clinical tumor samples, our �rst pan-cancer analysis of PPP1R14A showed that PPP1R14A
expression was statistically correlated with clinical prognosis, DNA methylation, protein phosphorylation,
immune cell in�ltration, ICMs/TMB/MSI, etc. in multiple tumors.

Conclusions
Our research, for the �rst time, found that PPP1R14A has expression imbalance in most of the 33 tumors
collected by TCGA, which is closely related to the prognosis of corresponding patients. The results of ROC
re�ected that the molecule has great promise as a diagnostic factor in major tumors. At the same time,
we also conducted a multi-omics, multi-angle, and multi-functional analysis of PPP1R14A's genetic
changes, including mutations, CNAs, methylation, and post-transcriptional phosphorylation
modi�cations. What's more, our results on immune analyses explained the unique immunological
landscape of PPP1R14A. However, this experiment only stays at the stage of rudimentary theoretical
veri�cation, and the actual more objective and in-depth mechanism needs to be added by researchers.
Future prospective and experimental studies on PPP1R14A expression and immune cell in�ltration in
different cancer populations may provide more insights for the development of tumor mechanisms and
treatment strategies for PPP1R14A to improve the e�cacy of immunotherapy.
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Figure 1

Aberrant mRNA expression of PPP1R14A in pan-cancer. The results from the TIMER2.0 database
indicated that the PPP1R14A expression was remarkably dysregulated in 18 cancer types. The red and
blue boxes represent tumor tissues and normal tissues, respectively (A). The expression level of
PPP1R14A in different cancer types from TCGA and GTEx (B). The PPP1R14A protein expression level in
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normal tissues and primary tissues of breast cancer, KIRC, colon cancer, LUAD, ovarian cancer and UCEC
was examined using the CPTAC datasets (C). ns, p≥0.05; *, p< 0.05; **, p<0.01; ***, p<0.001.

Figure 2

Correlations between the PPP1R14A expression and the main pathological stages, including stage I,
stage II, stage III, and stage IV of BLCA, COAD, KIRC, KIRP, LUSC, STAD and TGCT.
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Figure 3

Association between the PPP1R14A expression and the OS of cancer patients. Kaplan-Meier survival
curves for patients strati�ed by the different expressions of PPP1R14A in ACC, BLCA, CESC, gliomas,
HNSC, LAML, LIHC, LUAD, LUSC, MESO, READ, SKCM, STAD, and THCA.
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Figure 4

Association between the PPP1R14A expression and the DSS of cancer patients. Kaplan-Meier survival
curves for patients strati�ed by the different expressions of PPP1R14A in ACC, BLCA, CESC, COAD, ESCA,
gliomas, KIRP, LIHC, READ, SKCM, and STAD.
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Figure 5

Association between the PPP1R14A expression and the PFI of cancer patients. Kaplan-Meier survival
curves for patients strati�ed by the different expressions of PPP1R14A in ACC, BRCA, CESC, COAD,
gliomas, KIRP, LIHC, LUSC, OV, READ, SKCM, STAD, TGCT, THCA and UCS.
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Figure 6

Summary of genetic alterations of PPP1R14A in different tumors (A). The alteration frequency with
different types of copy number variations and mutations were examined (B). The effect of PPP1R14A
alteration status on overall, disease-free, disease-speci�c and progression-free survival of cancer patients
was investigated (C).
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Figure 7

Promoter methylation level of PPP1R14A in pan-cancer. The results were obtained from the UALCAN
database. ∗,p < 0.05; ∗∗,p < 0.01; ∗∗∗; p < 0.001.
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Figure 8

Phosphorylation of PPP1R14A in several selected cancers according to the CPTAC database. The
schematic diagram and phosphorylation sites of the PPP1R14A protein are shown (A). The
phosphorylation of PPP1R14A at S26, S101, S101/S107/S109, S103, S103/S109 S107/S109, S109 and
T38 was analyzed in breast cancer, clear cell RCC, colon cancer, LUAD, ovarian cancer, and UCEC (B).
∗∗,p < 0.01; ∗∗∗, p < 0.001.
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Figure 9

ROC curves for PPP1R14A across BLCA, BRCA, CESC, CHOL, COAD, ESCA, KICH, KIRP, LAML, LUAD, LUSC,
OV, READ, TGCT, THYM, UCEC and UCS.
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Figure 10

The PPP1R14A expression correlated with immune in�ltration. The PPP1R14A expression signi�cantly
correlated with the in�ltration levels of various immune cells in different tumors based on TIMER (A) and
XCELL (B) algorithms.
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Figure 11

Correlation analyses of the PPP1R14A expression with immune checkpoint genes in pan-cancer.
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Figure 12

Correlation between the PPP1R14A gene expression and TMB and MSI in pan-cancer. A stick chart shows
the relationship between the PPP1R14A gene expression and TMB in diverse tumors. The red curve
represents the correlation coe�cient, and the blue value represents the range (A). A stick chart shows the
association between the PPP1R14A gene expression and MSI in diverse tumors (B). Relationship between
the PPP1R14A gene expression and TMB (C) or MSI (D) in pan-cancer.
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Figure 13

PPP1R14A-related gene enrichment analysis. A PPI network displays the available experimentally
determined PPP1R14A-binding proteins. PPP1R14A is marked by blue color, line thickness represents
combined score (A). Using the GEPIA2 approach, we also obtained the top 100 PPP1R14A-correlated
genes and constructed a Venn diagram with molecules that have a physical binding relationship with
PPP1R14A, and it is found that there are two molecules, including TAGLN and PPP1R12B in the
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overlapping area (B). The corresponding heatmap exhibits the relationship between PPP1R14A and the
two intersecting molecules in the detailed cancer types (C). Based on the PPP1R14A-binding and related
genes, GO (D) and KEGG (E) pathway analysis was performed and displayed through bubble charts.


