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Background: Recent studies have reported a role of protein phosphatase 4 regulatory subunit 1 (PPP4R1) 
in cancer development. However, its expression, diagnostic significance, prognostic value and biological 
function in liver hepatocellular carcinoma (LIHC) are not known. 
Methods: The expression level of PPP4R1 in pan-cancer was evaluated by analyzing publicly accessible data 
from the University of California Santa Cruz (UCSC) Xena database. The diagnostic value of PPP4R1 for 
tumors was assessed using receiver operating characteristic (ROC) curves, whereas the impact of PPP4R1 on 
tumor prognosis was determined using Kaplan-Meier survival curves, and a prognostic model for LIHC was 
established using cox regression analysis. In addition, analysis of the correlation between PPP4R1 and anti-
cancer drugs using Spearman’s correlation coefficient was carried out. Four databases, miRWalk (mRNA-
miRNA interactions), MicroT-CDS (mRNA-miRNA interactions), LncBase (miRNA-lncRNA interactions) 
and Encyclopedia of RNA Interactomes (ENCORI), were used to predict the competitive endogenous RNA 
(ceRNA) regulatory network of PPP4R1. Finally, the expression of PPP4R1 protein levels was verified using 
experiments.
Results: The findings indicated that the PPP4R1 expression level in cancerous tissues was notably greater 
than in adjacent tissues (P<0.05). PPP4R1 showed diagnostic significance for 14 tumors based on the ROC 
curves results area under the curve >0.7. Furthermore, the Kaplan-Meier survival plots demonstrated that 
PPP4R1 exhibited prognostic significance for all five tumors (P<0.05). According to the cox regression 
analysis, LIHC patients’ prognosis was independently influenced by pathological stage, M stage, and PPP4R1 
(P<0.05). The drug sensitivity analysis revealed a positive correlation between the expression level of PPP4R1 
and the half maximal inhibitory concentration (IC50) of fludarabine. Additionally, the ceRNA network 
prediction indicated that the FGD5 antisense RNA 1 (FGD5-AS1)–hsa-miR-22-3p–PPP4R1 ceRNA 
network could potentially contribute to the progression of LIHC. The experimental results showed that the 
expression level of PPP4R1 protein was higher in cancer tissues than in paracancerous tissues. 
Conclusions: PPP4R1 has diagnostic value in most cancers, and high expression of PPP4R1 is associated 
with poor prognosis, drug resistance and natural killer cell-mediated toxicity, particularly in LIHC. 
Therefore, PPP4R1 may be a prognostic biomarker and a potential target for immunotherapy in LIHC.
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Introduction

Protein phosphatase 4 regulatory subunit 1 (PPP4R1, also 
referred to as PP4R1), serves as the regulatory subunit 
of protein phosphatase 4 (PP4). The existing literature 
(1,2) suggests that targeted interference and inhibition 
of PP4 activity may have potential benefits for tumor 
immunotherapy. It has been shown that inhibition of 
PP4 activity enhances cisplatin sensitivity, reduces the 
DNA damage response, and hinders tumor growth and 
progression (3). Nevertheless, research on PPP4R1 in the 
context of tumors remains limited.

Based on available reports, it has been observed that 
PPP4R1 hinders activation of the nuclear factor kappa-B 
(NF-κB) pathway in T cells and T lymphocytes by 
interacting with tumor necrosis factor receptor-associated 
factor molecules (4,5). Moreover, PPP4R1 has been found to 
enhance the migration and metastasis of non-small cell lung 
cancer (NSCLC) by binding to the high-mobility group 
A2 (HMGA2) (6). Furthermore, Xiang et al. demonstrated 
that long non-coding RNA (lncRNA) insulin growth factor 
2 antisense (IGF2-AS) facilitates the progression of thyroid 
cancer by modulating the miR-500a-3p/PPP4R1/phospho-
vascular endothelial growth factor receptor 2 (p-VEGFR2) 
signalling pathway (7). However, the specific role of 
PPP4R1 in other cancers remains unclear, for example, liver 

hepatocellular carcinoma (LIHC).
In this study, exploring the expression profile, diagnostic 

and prognostic value of PPP4R1 were explored in pan-
cancer by R software. Analysis of the correlation between 
PPP4R1 and 24 immune cells was performed. Additionally, 
RNA sequencing data and anti-cancer drug data were 
obtained from the CellMiner database (8) and were used 
to assess the correlation between PPP4R1 and anti-cancer 
drugs using the R software. Furthermore, prediction 
and construction of the competitive endogenous RNA 
(ceRNA) network were done through online databases in 
LIHC. Finally, experiments were conducted to elucidate 
the expression of PPP4R1 at both the tissue and cellular 
levels, as well as to ascertain the localization of PPP4R1 
within LIHC cells. We hypothesized that PPP4R1 is a 
new biomarker for LIHC and may be a target for LIHC 
immunotherapy. We present this article in accordance with 
the MDAR and REMARK reporting checklists (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
1744/rc).

Methods

Analysis of differential gene expression

RNA sequencing data and clinical data of 18,102 cases were 
downloaded from the University of California Santa Cruz 
(UCSC) Xena database (https://xenabrowser.net/datapages/) 
in August 2022, including 7,568 cases of Genotype-Tissue 
Expression (GTEx) normal data, 727 cases of The Cancer 
Genome Atlas (TCGA) paracancer data and 9,807 cases of 
TCGA tumour data; both GTEx normal data and TCGA 
paracancer data were included in the normal group, and 
TCGA tumour data were included in the tumour group. 
The analysis of PPP4R1 expression between tumor samples 
and normal samples was performed using the ggplot2 
package in R software (V4.2.1). The differences between 
the two groups of data were analyzed using the Wilcoxon 
rank-sum test. The threshold for statistical significance was 
established as P<0.05.
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Diagnostic value analysis

The cancer diagnostic importance of PPP4R1 was assessed 
by employing a receiver operating characteristic (ROC) 
curve. A low diagnostic value was indicated by an area under 
the curve (AUC) between 0.5 and 0.7, while an intermediate 
diagnostic value was indicated by an AUC between 0.7 and 
0.9, and a high diagnostic value was indicated by an AUC 
greater than 0.9.

Survival analysis

The overall survival (OS) rate of cancer patients was 
assessed using Kaplan-Meier survival curves to examine 
the influence of PPP4R1 expression. When hazard ratio 
(HR) >1, a higher level of PPP4R1 expression was linked 
to a poorer prognosis, while when HR <1, a lower level 
of PPP4R1 expression was linked to a poorer prognosis. 
The threshold for statistical significance was established as 
P<0.05.

Correlation between PPP4R1 expression levels and clinical 
factors

The samples were categorized into groups based on the 
median of PPP4R1 expression values, distinguishing 
between high-expression and low-expression groups. 
Afterwards, the R software was utilized to examine the 
disparities in clinical variables between the two groups. 
The threshold for statistical significance was established as 
P<0.05.

Prognostic factors analysis

RNA sequencing data and clinical data for TCGA-LIHC 
were downloaded from the TCGA database (https://portal.
gdc.cancer.gov), and prognostic data were obtained from 
a cell article (9). The R software was used to perform 
univariate cox regression analysis on clinical variables, 
including pathologic stage, M stage, PPP4R1, histologic 
grade. These variables that had a P value lower than 0.05 
were subsequently incorporated into the multifactorial cox 
regression analysis. An independent prognostic factor for 
the cancer was considered when the P value was below 0.05.

Protein-protein interaction (PPI) network construction 
and Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis

The identification of differentially expressed genes (DEGs) of 
PPP4R1 in LIHC was conducted using R software, Volcano 
maps were used for visualization. The PPP4R1 co-expression 
genes were screened using STRING data (10) with the 
following conditions: network type: full STRING network; 
network edge meaning: evidence; active interaction sources: 
text mining, experiments, databases and co-expression; 
minimum required interaction score: medium confidence 
(0.400); maximum number of interactors to be displayed: 
no more than 50 interactors. Visualisation of co-expressed 
genes was done by using cytoscape software. Subsequently, 
the GO and KEGG enrichment analyses of the co-
expression genes were performed using the clusterProfiler 
R package (11).

Immune cell infiltration and gene correlation analysis

The correlation between PPP4R1 and the 24 immune 
cells was investigated using R software and the single 
sample gene set enrichment analysis (ssGSEA) algorithm. 
Subsequently, the TISIDB (an integrated repository portal 
for tumor-immune system interactions) database (12) was 
used to identify immunoinhibitor related genes linked to 
PPP4R1 and to generate a molecular correlation scatter 
plot.

Drug sensitivity analysis

RNA sequencing data and drug data were obtained from 
the CellMiner database. Subsequently, the correlation 
between genes and drugs was examined using the impute 
package and limma package in the R software. Additionally, 
a correlation scatterplot was generated using ggplot2 and 
ggpubr packages.

Prediction and construction of a ceRNA network for 
PPP4R1

The miRWalk (mRNA-miRNA interactions) database (13)  
and MicroT-CDS (mRNA-miRNA interac t ions )  

https://portal.gdc.cancer.gov
https://portal.gdc.cancer.gov
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database (14) were used to predict the miRNAs that 
targeted PPP4R1. Additionally, the Encyclopedia of RNA 
Interactomes (ENCORI) database (15) and LncBase 
(miRNA-lncRNA interactions) database (16) were used 
to predict lncRNAs with the ability to bind to miRNAs. 
Subsequently, the correlation between PPP4R1 and miRNAs 
was analyzed using the TCGA-LIHC dataset. Only 
miRNAs that exhibited a negative correlation with PPP4R1 
were retained. Next, the correlation between miRNAs and 
lncRNAs was explored, with a focus on retaining lncRNAs 
that displayed a negative correlation with miRNAs. Finally, 
the obtained results were visualized using cytoscape 
software to enhance the precision of predictions, and an 
analysis was conducted to examine the correlation between 
PPP4R1 and lncRNAs. The lncRNAs exhibiting the highest 
positive correlation coefficients with PPP4R1 were chosen 
as definitive members of the regulatory network.

Tissue and cell

Nine liver cancer tissues and paracancerous tissue 
specimens obtained from the First Affiliated Hospital of 
Hainan Medical College. LX-2, HLE, Huh7, PLC, and 
HepG2 cells were purchased from Wuhan Procell Life 
Technology Co., Ltd. Cells were cultured in Dulbecco’s 
modified eagle medium (DMEM) (Cat #C3113-0500, Viva 
cell, China) supplemented with 10% fetal bovine serum, 
(Cat #164210-50, Procell, China) 100 µg/mL penicillin, and 
0.25 µg/mL streptomycin (Cat #15140-122, Gibco, United 
States). The cells were then incubated at 37 ℃ with 5% 
CO2. Once the cell population reached 5×106, trypsin was 
used to digest the cells and extract total protein for western 
blotting experiments. Additionally, 5×104 cells were used for 
immunofluorescence. 

Western blotting

LX-2, HLE, Huh7, PLC and HepG2 cells were collected 
and lysed in lysis buffer (Cat #C510003, Sangon Biotech, 
China) for 40 min, then centrifuged at 12,000 rpm for 
15 min at 4 ℃, and the supernatant was taken as the 
total protein of the cells, and the concentration of the 
total protein was determined by using BCA Protein 
Concentration Assay Kit (Cat #P0009, Beyotime, China). 
About 20ug of cell lysates was taken for 12% sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis, 
and the proteins were subsequently transferred to a 
polyvinylidene fluoride (PVDF) membrane. The PVDF 

membrane was washed three times using phosphate 
buffered solution (PBST) buffer and then it was closed in 
protein free rapid blocking buffer (Cat #PS108, Epizyme, 
China) for 15 min, and then the membrane was incubated 
with a 1:2,000 dilution of PPP4R1 antibody (Cat #67392-
1-Ig, Proteintech, China) and a 1:10,000 dilution of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
antibody (Cat #10494-1-AP, Proteintech) at 4 ℃ overnight. 
The membranes were then incubated with HPR-conjugated 
secondary antibodies (Cat #SA00001-2, Proteintech) at  
37 ℃ for 1 h. The membranes were incubated with 
enhanced chemiluminescence (ECL) substrate and detected 
on a luminescent device. Grey scale values were analysed 
using image J software to quantify the relative expression of 
the proteins.

Immunohistochemistry

The level of PPP4R1 protein was assessed in LIHC tissue 
specimens using immunohistochemistry. In brief, the 
formalin-fixed and paraffin-embedded LIHC tissue sections 
were deparaffinized in xylene and rehydrated in a series 
of ethanol solutions (100–50%) and into tape water. The 
sections in a citric buffer (pH 5.0) were subjected to the 
antigen repair in a microwave and then incubated in normal 
serum-PBS (1:20 dilution) at room temperature for 1 h 
and then with an anti-PPP4R1 antibody (Cat #67392-1-
Ig, Proteintech) at 4 ℃ overnight. The following day, the 
sections were washed with PBS thrice and further incubated 
with a secondary antibody (Cat #GB23301, Servicebio, 
China) at a dilution of 1:200 at room temperature for 1 h. 
After brief washing with PBS, the sections were incubated 
with a 3,3'-diaminobenzidine (DAB) kit (Cat #G1212, 
Servicebio) at room temperature in the dark for 10 min 
and then incubated with DAB solution and counterstained 
with hematoxylin and mounted with coverslips. The 
stained sections were then reviewed and scored under a 
light microscope (E100, Nikon, Japan). Mean density were 
analysed using image J software to quantify the relative 
expression of the proteins.

Immunofluorescence

The HLE, Huh7 and LX-2 cells were placed in confocal 
dishes (Cat #BS-15-GJM, biosharp, China) and cultured 
overnight in an incubator, on the second day, take out the 
cell dishes and discard the medium and wash it 2 times with 
PBS, fix the cells with paraformaldehyde for 30 min, then 
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wash 2 times with PBS, to block the non-specific signals, 
close it with the special sealing solution for 15 min and 
then wash it with PBS for 2 times, The PPP4R1 antibody 
(Cat #67392-1-Ig, Proteintech) was incubated overnight at 
4 ℃, on the third day, the PPP4R1 antibody was recovered 
and incubated with the second antibody (Cat #SA00013-3, 
Proteintech) in the incubation room at 37 ℃ for 1 h after 
washing it 2 times with PBS, and then photographed by 
adding the 4',6-diamidino-2-phenylindole (DAPI) staining 
solution (Cat #C1006, Beyotime) and put into a laser 
confocal microscope for observation (LSM800, ZEISS, 
Germany).

Statistical analysis

Statistical software using R software (4.2.1). The chi-square 
test was used for count data and the independent samples T 
test was used for measurement data. The data of two groups 
satisfied normal distribution and homogeneity using T test, 
satisfied normal distribution did not satisfy homogeneity 
using welch t-test, and did not satisfy normal distribution 
using Wilcoxon rank sum test. Indicators with missing data 
≥60% were excluded from the statistical analysis. P<0.05 
was considered as statistically significant difference.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by Ethics Committee of the First Affiliated 
Hospital of Hainan Medical College (No. 2023-KYS-161) 
and informed consent was taken from all the patients.

Results

Expression levels of PPP4R1 in pan-cancer

The expression level of PPP4R1 in pan-cancer was 
investigated by analyzing the pan-cancer RNA sequencing 
dataset with R software. The analysis revealed that PPP4R1 
exhibited high expression in 11 tumors and low expression 
in 13 tumors in unpaired samples (Figure 1A). Furthermore, 
the analysis  revealed that PPP4R1  exhibited high 
expression in four tumors and only one tumor displayed 
low expression (Figure 1B) in paired samples. Through the 
integration of PPP4R1 expression levels in tumor tissues 
and normal tissues, in both paired and unpaired samples, 
it was discovered that PPP4R1 exhibited high expression 

exclusively in cholangiocarcinoma (CHOL) and LIHC, 
while displaying low expression in kidney chromophobe 
(KICH).

Diagnostic significance of PPP4R1 in pan-cancer

ROC curve analysis revealed that PPP4R1 exhibited 
diagnostic value for 14 different types of cancer, with an 
AUC greater than 0.7. The specific AUC values for each 
cancer type were as follows: LIHC (AUC =0.867); colon 
adenocarcinoma (COAD) (AUC =0.786); CHOL (AUC 
=1.000); rectum adenocarcinoma (READ) (AUC =0.858); 
uterine carcinosarcoma (UCS) (AUC =0.822); KICH 
(AUC =0.860); brain lower grade glioma (LGG) (AUC 
=0.869); pancreatic adenocarcinoma (PAAD) (AUC=0.950); 
ovarian serous cystadenocarcinoma (OV) (AUC =0.876); 
adrenocortical carcinoma (ACC) (AUC =0.861); oral 
squamous cell carcinoma (OSCC) (AUC =0.774); skin 
cutaneous melanoma (SKCM) (AUC =0.882); glioblastoma 
multiforme (GBM) (AUC =0.888); and testicular germ cell 
tumors (TGCT) (AUC =0.953) (Figure 2). According to 
these results, PPP4R1 has high diagnostic value in CHOL, 
PAAD, and TGCT (AUC >0.9), medium diagnostic value 
in LIHC, READ, UCS, KICH, LGG, OV, ACC, SKCM 
and GBM (AUC >0.8), low diagnostic value in COAD and 
OSCC (AUC >0.7).

Prognostic significance of PPP4R1 in pan-cancer

Kaplan-Meier survival curves for LIHC, PAAD, sarcoma 
(SARC), and ACC demonstrated a significant association 
between PPP4R1 expression and OS in these cancer 
types. Specifically, high expression of PPP4R1 was found 
to be indicative of poor prognosis in patients with LIHC 
(HR =1.64, P=0.006), PAAD (HR =1.66, P=0.019) and 
SARC (HR =1.51, P=0.043), as depicted in Figure 3A-3C. 
However, in kidney renal clear cell carcinoma (KIRC), 
PPP4R1 was shown to be a protective factor for prognosis 
(HR =0.69, P=0.017) (Figure 3D). In Figure 3E, it is shown 
that PPP4R1 was a poor prognostic factor for ACC (HR 
=3.29, P=0.004).

Association between PPP4R1 expression levels and 
different clinical features of LIHC

Based on our comprehensive analysis across multiple 
cancer types, it was observed that PPP4R1 was significantly 
upregulated specifically in LIHC. Furthermore, PPP4R1 
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Figure 1 Expression of PPP4R1 in pan-cancer. (A) Expression of PPP4R1 in unpaired samples; (B) expression of PPP4R1 in paired samples. 
ns, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001. PPP4R1, protein phosphatase 4 regulatory subunit 1; TPM, transcripts per million; ns, 
no significance; ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical 
cancer; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, large b-cell lymphoma; ESCA, esophageal cancer; GBM, 
Glioblastoma multiforme; HNSC, Head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, Kidney renal clear 
cell carcinoma; KIRP, kidney papillary cell carcinoma; LAML, acute myeloid leukemia; LGG: brain lower grade glioma; LIHC, liver 
hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous 
cystadenocarcinoma; PAAD, Pancreatic adenocarcinoma; PCPG, pheochromocytoma & paraganglioma; PRAD, prostate cancer; READ, 
rectum adenocarcinoma; SARC, sarcoma; SKCM, melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; 
THCA, thyroid cancer; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uterine 
carcinosarcoma.

demonstrated diagnostic and prognostic potential 
exclusively in the context of LIHC. Consequently, our 
subsequent investigation primarily focused on elucidating 
the association between PPP4R1 and LIHC. The baseline 
datasheet analysis revealed a statistically significant 
association between PPP4R1 expression levels and various 
clinical factors in LIHC, including pathologic T stage 
(P=0.664), pathologic M stage (P=0.123), gender (P=0.097), 
age (P=0.008), pathological stage (P=0.024), histological 
grading (P=0.004) and alpha-fetoprotein (AFP) levels 
(P<0.001) (Table 1). Notably, patients with age (≤60 years), 
pathological stages (III and IV), histological grades (G3 

and G4), and AFP levels (>400 ng/mL) exhibited increased 
PPP4R1 expression levels (Figure 4).

Cox regression analysis—single and multiple factors

To explore the prognostic factors for PPP4R1 in LIHC, 
cox regression analyses were performed. Univariate cox 
regression analysis revealed that pathological stage (HR 
=2.09, 95% CI: 1.429–3.055, P<0.001), M stage (HR 
=4.077, 95% CI: 1.281–12.973, P=0.017), and PPP4R1 (HR 
=1.643, 95% CI: 1.157–2.335, P=0.006) were associated 
with poor prognosis in LIHC (Table 2). In the multivariate 
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Figure 2 ROC curve of PPP4R1 expression in pan-cancer. (A) LIHC; (B) COAD; (C) CHOL; (D) READ; (E) UCS; (F) KICH; (G) 
LGG; (H) PAAD; (I) OV; (J) ACC; (K) OSCC; (L) SKCM; (M) GBM; (N) TGCT. ROC, receiver operating characteristic; PPP4R1, 
protein phosphatase 4 regulatory subunit 1; LIHC, liver hepatocellular carcinoma; TPR, true positive rate; AUC, area under the curve; CI, 
confidence interval; FPR, false positive rate; COAD, colon adenocarcinoma; CHOL, cholangiocarcinoma; READ, rectum adenocarcinoma; 
UCS, uterine carcinosarcoma; KICH, kidney chromophobe; LGG, brain lower grade glioma; PAAD, pancreatic adenocarcinoma; OV, 
ovarian serous cystadenocarcinoma; ACC, adrenocortical carcinoma; OSCC, oral squamous cell carcinoma; SKCM, skin cutaneous 
melanoma; GBM, glioblastoma multiforme; TGCT, testicular germ cell tumors.
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cox regression analysis, pathological stage (HR =2.504, 
95% CI: 1.570–3.994, P<0.001), M stage (HR =3.865, CI: 
1.164–12.826, P=0.027), and PPP4R1 (HR =1.776, 95% CI: 
1.131–2.787, P=0.013) were independent prognostic factors 
for the OS of LIHC patients (Table 2).

PPP4R1 differential expression analysis, PPI network 
construction and GO and KEGG enrichment analysis in 
LIHC

To investigate the biological function of PPP4R1, R software 
was used to screen the DEGs of PPP4R1 in LIHC and the 
results were visualized by volcano plot (Figure 5A), then 
PPP4R1 co-expression genes were explored using STRING 
database, and a total of 50 co-expression genes were 
obtained, which were visualised by cytoscape (Figure 5B). 
Finally, these 50 genes were analysed by GO and KEGG 
enrichment, and the results of GO enrichment analysis 
showed that the biological processes (BP) mainly included 

dephosphorylation, negative regulation of phosphate 
metabolism process, cell growth, mitotic cell cycle phase 
transition and calcineurin-NFAT signalling cascade; cellular 
components (CC) mainly included protein serine/threonine 
phosphatase complex, protein phosphatase type 2A complex, 
chromosome, centromeric region, spindle and glutamatergic 
synapse; molecular functions (MF) mainly included protein 
phosphatase regulator activity, phosphoric ester hydrolase 
activity, protein phosphatase binding, tau protein binding 
and cyclosporin A binding (Figure 5C). KEGG pathway 
enrichment was mainly associated with phosphatidylinositol 
3-kinase (PI3K)-Akt signalling pathway, AMP-activated 
protein kinase (AMPK) signalling pathway, mRNA 
surveillance signalling pathway, Hippo signalling pathway, 
Wnt signalling pathway, programmed cell death-ligand 1 
(PD-L1) expression and programmed cell death protein 1 
(PD-1) checkpoint pathway in cancer, and NF-κB signalling 
pathway. In addition, KEGG enrichment was observed to 
associate PPP4R1 with hepatitis C, cellular senescence and 

Figure 3 PPP4R1 expression and prognosis of cancers. (A) LIHC; (B) PAAD; (C) SARC; (D) KIRC; (E) ACC. PPP4R1, protein phosphatase 
4 regulatory subunit 1; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarcinoma; SARC, sarcoma; KIRC, kidney renal clear 
cell carcinoma; ACC, adrenocortical carcinoma.
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Table 1 Relationship between clinical parameters and PPP4R1 in patients with LIHC

Characteristics Low expression of PPP4R1 (N=187) High expression of PPP4R1 (N=187) P value

Pathologic T stage, n (%) 0.664

T1 95 (25.4) 88 (23.5)

T2 48 (12.8) 47 (12.6)

T3 35 (9.4) 45 (12.0)

T4 6 (1.6) 7 (1.9)

Missing 3 (0.8) 0

Pathologic M stage, n (%) 0.123

M0 130 (34.7) 138 (36.9)

M1 4 (1.1) 0

Missing 53 (14.2) 49 (13.1)

Gender, n (%) 0.097

Female 53 (14.2) 68 (18.2)

Male 134 (35.8) 119 (31.8)

Age, n (%) 0.008

≤60 years 76 (20.3) 101 (27.0)

>60 years 111 (29.7) 85 (22.7)

Missing 0 1 (0.3)

Pathologic stage, n (%) 0.024

Stage I 89 (23.8) 84 (22.5)

Stage II 45 (12.0) 42 (11.2)

Stage III 33 (8.8) 52 (13.9)

Stage IV 5 (1.4) 0

Missing 15 (4.0) 9 (2.4)

Histologic grade, n (%) 0.004

G1 35 (9.4) 20 (5.3)

G2 97 (25.9) 81 (21.7)

G3 50 (13.4) 74 (19.8)

G4 3 (0.8) 9 (2.4)

Missing 2 (0.5) 3 (0.8)

AFP, n (%) <0.001

≤400 ng/mL 126 (33.7) 89 (23.8)

>400 ng/mL 20 (5.3) 45 (12.0)

Missing 41 (11.0) 53 (14.2)

The significance level was set at P<0.05. PPP4R1, protein phosphatase 4 regulatory subunit 1; LIHC, liver hepatocellular carcinoma; AFP, 
alpha-fetoprotein.
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Figure 4 Box plots for PPP4R1 expression and clinical features in LIHC. (A) Age; (B) pathologic stage; (C) histologic grade; (D) AFP. **, 
P<0.01; ***, P<0.001. PPP4R1, protein phosphatase 4 regulatory subunit 1; TPM, transcripts per million; AFP, alpha-fetoprotein; LIHC, 
liver hepatocellular carcinoma.

Table 2 Prognostic factors in LIHC patients analysed by univariate and multivariate cox regression

Characteristics Total (N)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Pathologic stage 349

Stage I 173 Reference

Stage II & III & IV 176 2.090 (1.429–3.055) <0.001 2.504 (1.570–3.994) <0.001

M stage 272

M0 268 Reference

M1 4 4.077 (1.281–12.973) 0.017 3.865 (1.164–12.826) 0.027

PPP4R1 374

Low 187 Reference

High 187 1.643 (1.157–2.335) 0.006 1.776 (1.131–2.787) 0.013

Histologic grade 368

G1 & G2 233 Reference

G3 & G4 135 1.091 (0.761–1.564) 0.636

The significance level was set at P<0.05. LIHC, liver hepatocellular carcinoma; CI, confidence interval; PPP4R1, protein phosphatase 4 
regulatory subunit 1.
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Figure 5 Differentially expressed genes of PPP4R1, PPI network and GO and KEGG enrichment analysis in LIHC. (A) Volcano plot of 
PPP4R1 differentially expressed genes; (B) PPI network; (C) the GO enrichment analysis; (D) the KEGG enrichment analysis. BP, biological 
process; CC, cellular component; MF, molecular function; PI3K-Akt, phosphatidylinositol 3-kinase-Akt; AMPK, AMP-activated protein 
kinase; PD-L1, programmed death-ligand 1; PD-1, programmed death protein 1; NF, nuclear factor; PPP4R1, protein phosphatase 4 
regulatory subunit 1; PPI, protein-protein interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; LIHC, 
liver hepatocellular carcinoma.

natural killer (NK) cell-mediated cytotoxicity (Figure 5D).

Immune infiltration and gene correlation analysis

Using the R package, we employed the ssGSEA algorithm 
to investigate the correlation between PPP4R1 and 24 
different types of immune cells (Figure 6A). The results 
showed that PPP4R1 had a strong positive relationship 
with Th2 cells, helper T cells, Tem, Tcm, macrophages, 
NK CD56bright cells and follicular helper T cell (TFH), 
with correlation coefficients (R-values) of 0.382 (P<0.001), 
0.367 (P<0.001), 0.270 (P<0.001), 0.227 (P<0.001), 0.190 
(P<0.001), 0.188 (P<0.001) and 0.156 (P<0.01), respectively. 
In addition, PPP4R1 had a strong negative relationship with 
Th17 cells, with correlation coefficients (R-value) of −0.394 
(P<0.001). Furthermore, the association between PPP4R1 
and genes related to immunoinhibitors was examined by 

utilizing the TISIDB database. The findings showed notable 
associations between PPP4R1 and programmed cell death 
protein 1 (PDCD1), hepatitis A virus-cellular receptor 2 
(HAVCR2), cytotoxic T lymphocyte antigen 4 (CTLA4), 
and transforming growth factor-beta1 (TGF-β1), with 
correlation coefficients of 0.19 (P<0.001), 0.172 (P<0.001), 
0.153 (P=0.0031), and 0.22 (P<0.001), respectively  
(Figure 6B-6E).

Drug sensitivity analysis

Anti-cancer drugs are important in the treatment of cancer; 
however, resistance often develops during treatment, so it 
is crucial to study the relationship between genes and the 
sensitivity of anti-cancer drugs. As shown in Figure 7, the 
expression of PPP4R1 was negatively correlated with the 
half maximal inhibitory concentration (IC50) values of 
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Figure 6 Relationship between PPP4R1 expression levels in LIHC and immune cells and immunoinhibitor related genes. (A) Relevance 
lollipop chart of PPP4R1 expression level and 24 immune cells; (B) correlation scatter diagram of PPP4R1 and PDCD1; (C) correlation 
scatter diagram of PPP4R1 and HAVCR2; (D) correlation scatter diagram of PPP4R1 and CTLA4; (E) correlation scatter diagram of 
PPP4R1 and TGFB1. ns, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001. PPP4R1, protein phosphatase 4 regulatory subunit 1; LIHC, liver 
hepatocellular carcinoma; PDCD1, programmed cell death 1; HAVCR2, hepatitis A virus-cellular receptor 2; CTLA4, cytotoxic T 
lymphocyte antigen 4; TGFB1, transforming growth factor-beta1; NK, natural killer; TFH, follicular helper T cell; ns, no significance.

tamoxifen, actinomycin D, vemurafenib, ergenyl, crizotinib, 
PF-06463922, homoharringtonine, Denileukin diftitox 
ontology, and LDK-378 (P<0.05). Conversely, a positive 
correlation was observed between the expression of PPP4R1 
and the IC50 value of fludarabine (P<0.05). This suggests 
that higher expression levels of PPP4R1 are associated with 
increased resistance to fludarabine.

Predicting and constructing ceRNA regulatory networks

The importance of ceRNA regulatory networks in LIHC 
has been established by previous research. Hence, the 
process of forecasting and building ceRNA networks was 
carried out. The miRWalk and MicroT-CDS databases 
predicted a total of 122 and 199 miRNAs, respectively. 
The findings shown in Figure 8A demonstrated a group of 
miRNAs that were shared by both databases, specifically 
hsa-miR-320b, hsa-miR-1298-3p, hsa-miR-3120-3p, hsa-
miR-5189-5p, hsa-miR-22-3p, hsa-miR-488-5p, hsa-miR-

6738-3p, and hsa-miR-6738-3p. Further examinations of 
the connection between miRNAs and PPP4R1 expression 
levels unveiled a noteworthy inverse relationship between 
hsa-miR-22-3p and PPP4R1 in LIHC (R=−0.434, P<0.001).

Furthermore, the ENCORI and Lncbase databases were 
employed for the prediction of lncRNAs that targeted hsa-
miR-22-3p, revealing predictions of 34 and 844 lncRNAs, 
respectively. Figure 8B displayed a group of lncRNAs, 
including AC021078.1, AC087741.1, AL008721.2, 
AL390294.1, FGD5 antisense RNA 1 (FGD5-AS1), 
GUSBP11, H19, LINC00963, NEAT1, NORAD, OIP5-
AS1, SH3BP5-AS1, SNHG14, and SNHG29, which 
were found in both databases. Afterwards, the association 
between these 14 long non-coding RNAs (lncRNAs) and 
the level of expression of hsa-miR-22-3p was investigated. 
A total of 12 lncRNAs were found to have a negative 
correlation with hsa-miR-22-3p, specifically AC087741.1 
(R=−0.393, P<0.001), AC021078.1 (R=−0.211, P<0.001), 
AL008721.2 (R=−0.408, P<0.001), FGD5-AS1 (R=−0.324, 
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Figure 7 Scatterplots of correlation between PPP4R1 expression levels and anti-cancer drugs. PPP4R1, protein phosphatase 4 regulatory 
subunit 1; IC50, half maximal inhibitory concentration.

P<0.001), GUSBP11 (R=−0.302, P<0.001), H19 (R=−0.238, 
P<0.001),  NEAT1 (R=−0.117, P=0.025),  NORAD 
(R=−0.217, P<0.001), OIP5-AS1 (R=−0.199, P<0.001), 
SH3BP5-AS1 (R=−0.179, P<0.001), SNHG14 (R=−0.383, 
P<0.001), and SNHG29 (R=−0.312, P<0.001) (Figure 8C) 
were observed. Figure 8D displays the maps of the ceRNA 
regulatory network.

In order to enhance the precision of the prediction, an 
analysis was conducted on the relationship between lncRNAs 
and PPP4R1 in LIHC. The findings indicated that only 
FGD5-AS1 expression was increased, displaying a positive 
correlation with PPP4R1, and possessing diagnostic (AUC 
=0.774) and prognostic (HR =1.51, P=0.021) significance in 
LIHC (Figure 8E). The growth of LIHC may be influenced 
by the FGD5-AS1–hsa-miR-22-3p–PPP4R1 ceRNA 
network, as suggested by these findings. Figure 8F displays 
the ultimate depiction of the ceRNA network.

Experimental verification

To validate the concordance between the PPP4R1 expression 

level and the findings from TCGA data analysis, western 
blotting experiments was performed at the cellular level and 
IHC experiments was performed at the tissue level. The 
results of western blotting experiments demonstrated that 
the expression level of PPP4R1 was elevated in HLE, Huh7, 
and HepG2 cells compared to that in LX-2 cells, however, 
PPP4R1 is lowly expressed in PLC cells (Figure 9A). Then, 
image J software was used to calculate the gray value of 
PPP4R1 expression in LIHC cells and hepatocytes, and a 
histogram was made (Figure 9B). IHC experiments analysis 
revealed a higher expression level of PPP4R1 in tumor tissues 
than in paracancerous tissues (Figure 9C,9D), which aligns 
with the findings of TCGA analysis. To examine the cellular 
localization of PPP4R1, immunofluorescence experiments 
were conducted on LX-2, Huh7, and HLE cells. The results 
demonstrated that PPP4R1 was predominantly localized in 
the cytoplasm and the cell membrane (Figure 10).

Discussion

Recent research indicates that the removal of phosphate 
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Figure 8 Prediction and construction of the ceRNA regulatory network of PPP4R1. (A) Venn diagram showing miRNAs targeting PPP4R1 
predicted by miRWalk database and MicroT-CDS database; (B) Venn diagram showing lncRNAs targeting hsa-miR-22-3p predicted by 
ENCORI database and LncBase database; (C) scatterplot of the correlation between PPP4R1 and hsa-miR-22-3P as well as the correlation 
scatterplots of 12 lncRNAs with the hsa-miR-22-3P; (D) ceRNA regulatory network map; (E) box plot of FGD5-AS1 expression level, 
scatter plot of correlation between PPP4R1 expression level and FGD5-AS1 expression level, Kaplan-Meier survival curve of FGD5-AS1, 
ROC curve of FGD5-AS1 in LIHC; (F) screened ceRNA regulatory network map. ***P < 0.001. ceRNA, competitive endogenous RNA; 
PPP4R1, protein phosphatase 4 regulatory subunit 1; miRWalk, mRNA-miRNA interactions; MicroT-CDS, mRNA-miRNA interactions; 
LncBase, miRNA-lncRNA interactions; ENCORI, encyclopedia of RNA interactomes; lncRNA, long non-coding RNA; FGD5-AS1, FGD5 
antisense RNA 1; ROC, receiver operating characteristic; LIHC, liver hepatocellular carcinoma; RPM, reads per million; TPM, transcripts 
per million; TPR, true positive rate; FPR, false positive rate; AUC, area under the curve; CI, confidence interval. 

groups from proteins raises the likelihood of tumor 
formation. One such example is the activation of the 
src homology-2 domain-containing protein tyrosine 
phosphatase-2 (SHP2) protein (17), which contains the src 
homology 2 domain and acts as a tyrosine phosphatase. 
This protein, encoded by PTPN11, significantly increases 
the susceptibility to leukemia in children and is now being 
targeted for cancer treatment. The primary role of PPP4R1 
is protein dephosphorylation, thus, increased PPP4R1 

expression may facilitate tumor advancement. Previous 
research has shown that PPP4R1 expression is higher in 
lung cancer tissues compared to normal lung tissues, and it 
can enhance the migration and metastasis of NSCLC (6). 
The findings indicate that cancer therapy could potentially 
target PPP4R1 as well.

In this research, the levels of PPP4R1 expression were 
investigated in different cancer types, and its increase was 
observed in CHOL and LIHC. Additionally, through the 
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Figure 9 Western blotting and immunohistochemistry experiment. (A) The expression levels of PPP4R1 in LX-2, HLE, Huh7, PLC 
and HepG2 were detected by western blotting assay; (B) statistical diagram of western blotting experiment; (C) statistical diagram of 
immunohistochemistry; (D) the expression level of PPP4R1 in tumor tissues and adjacent tissues was detected by immunohistochemistry. 
Blue indicates nuclei, and tan indicates PPP4R1 protein expression levels, with darker colours indicating higher expression levels and lighter 
colours indicating lower expression levels; scale length is 20 μm. *, P<0.05; **, P<0.01; ****, P<0.0001. PPP4R1, protein phosphatase 4 
regulatory subunit 1; IOD, integrated optical density.

integration of clinical data, PPP4R1 was found to have 
diagnostic value in 14 cancers and prognostic value in 5 
cancers, but with both diagnostic and prognostic value only 
in LIHC. Consequently, subsequent investigations focused 
on elucidating the specific role of PPP4R1 in LIHC. Clinical 
parameters indicated that PPP4R1 was primarily linked to 
pathological stage, age, histological grade, and AFP level. 
AFP is a well-established diagnostic indicator for LIHC and 
is recognized for promoting growth, infiltration, spread, 
and evasion of the immune system (18,19). As a result, it 
has a vital function in the development and advancement 
of LIHC. Thus, it is plausible to suggest that PPP4R1 
might also facilitate the development and advancement of 
LIHC. The ROC curve indicated that PPP4R1 exhibited a 
moderate diagnostic significance in LIHC. Consequently, 
utilizing PPP4R1 and AFP in combination as a diagnostic 
indicator for LIHC might enhance the diagnostic precision 

of LIHC. According to the cox regression analysis, the 
prognosis in LIHC can be predicted independently by 
factors such as pathological stage, M stage, and PPP4R1.
The findings offer valuable insights for the treatment and 
identification of LIHC in a clinical setting.

Furthermore, the GO enrichment analysis indicated that 
PPP4R1 was primarily linked to cellular proliferation and 
the cell cycle. According to the KEGG enrichment analysis, 
the signaling pathways linked to PPP4R1 primarily included 
PI3K-Akt, Wnt, AMPK, Hippo, and NF-κB, which have 
been demonstrated to facilitate the advancement of cancer 
(20-23). This implies that PPP4R1 might also contribute 
to the progression of cancer. Furthermore, the KEGG 
enrichment analysis revealed a correlation between PPP4R1 
and NK cell-induced cytotoxicity, as well as PD-L1 
expression within tumors and the PD-1 checkpoint pathway. 
These findings strongly suggest the potential involvement 
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Figure 10 The localization of PPP4R1 in LX-2 cell, HLE cell and Huh7 cell was detected by immunofluorescence staining. Blue indicates 
nucleus and red indicates PPP4R1 protein; scale length is 20 μm. DAPI, 4',6-diamidino-2-phenylindole; PPP4R1, protein phosphatase 4 
regulatory subunit 1. 

of PPP4R1 in immunotherapy. In order to further examine 
this hypothesis, an analysis of immune infiltration was 
performed in LIHC, revealing a strong association between 
PPP4R1 and NK CD56bright cells. The results indicated 
that PPP4R1 may have the ability to regulate NK cells in 
order to modify immunotherapy in tumors. Subsequent 
correlation analysis was conducted between PPP4R1 and 
genes related to immunoinhibition, revealing a positive 
association between PPP4R1 and PDCD1, HAVCR2, 
CTLA4, and TGF-β1. The PDCD1 gene produces PD-1 
proteins in T cells, and the PD-1 receptor on T cells' 
surface can interact with PD-L1 ligands on tumour cells’ 
surface, inhibiting T cell activity (24). Additionally, KEGG 
enrichment analysis revealed PPP4R1’s association with 
PD-1 and PD-L1 checkpoint signaling pathways, As PD-L1 

has been shown to promote tumour immune escape (25), thus, 
PPP4R1 might also facilitate immune evasion by tumour 
cells. Tim-3, also referred to as HAVCR2, was found to hinder 
the PI3K signaling pathway, consequently obstructing NK cell 
immune surveillance against LIHC cells and promoting their 
growth (26). This suggests that PPP4R1 might play a role in 
regulating the immune function of NK cells, aligning with 
the KEGG enrichment analysis. CTLA4, a gene associated 
with checkpoints, has a crucial function in suppressing the 
activation of T cells and has been utilized as a focal point for 
tumor immunotherapy (27). Therefore, PPP4R1 may also 
be a potential target for tumour immunotherapy. TGF-β1, 
the primary constituent of the TGF-β family, has been 
identified as a significant marker for the advancement of 
hepatitis C to cirrhosis and hepatocellular carcinoma (28). 
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The KEGG enrichment analysis findings indicated that 
PPP4R1 was also linked to hepatitis C. Hence, PPP4R1 
might possess the potential to facilitate the progression of 
hepatitis C to hepatocellular carcinoma. 

Fol lowing this ,  an analys is  of  drug sensi t iv i ty 
demonstrated a direct association between the PPP4R1 
expression level and the IC50 value of fludarabine. 
According to a prior investigation (29), it was found that 
fludarabine increased the harmful effects of NK cells on 
LIHC cells. Hence, combining fludarabine with NK cells 
during the treatment of LIHC patients might boost the 
effectiveness of therapy. Furthermore, the suppression of 
PPP4R1 expression may lead to further improvements in 
therapeutic efficacy. The discovery highlights the role of 
PPP4R1 in LIHC immunotherapy. Online databases were 
utilized to predict and construct ceRNA networks in order 
to identify upstream targets of PPP4R1. In conclusion, the 
ceRNA network consists of FGD5-AS1, hsa-miR-22-3p, 
and PPP4R1, with FGD5-AS1 and hsa-miR-22-3p identified 
as upstream targets of PPP4R1. According to a research, it 
was found that FGD5-AS1 contributes to the development 
of lenvatinib resistance in hepatocellular carcinoma (30), 
and PPP4R1 is associated with fludarabine resistance, which 
implies that FGD5-AS1–hsa-miR-22-3p–PPP4R1 ceRNA 
network might be linked to drug resistance in LIHC. 
Finally, experiments were conducted to verify the expression 
of PPP4R1 protein in both cells level and tissues level. 
According to the western blotting experimental findings, 
the PPP4R1 protein exhibited significant elevation in three 
LIHC cell lines (HLE, Huh7, and HepG2) in comparison 
to normal hepatocytes (LX-2). The experimental results 
from IHC also demonstrated a notable increase in PPP4R1 
expression in cancerous tissues when compared to adjacent 
paracancerous tissues. Furthermore, immunofluorescence 
experiments revealed that PPP4R1 was present in both the 
cytoplasm and cell membrane. This finding further supports 
the potential of PPP4R1 as an immunotherapeutic target 
for LIHC, as it is located on the cell membrane. These 
results indicate that PPP4R1, a cancer-causing gene, could 
potentially serve as a new indicator for LIHC.

This paper examined the mRNA and protein levels of 
PPP4R1, investigates its role in the clinic, and reveals its 
biological functions, drug sensitivity, and upstream targets. 
Nevertheless, the majority of these findings were anticipated 
based on publicly available information. Subsequent 
investigations will conduct cellular assays to delve deeper 
into the impact of PPP4R1 on the characteristics of LIHC 
cells. To detect alterations in NK cell toxicity to LIHC cells, 

co-culturing of NK cells with LIHC cells will be conducted. 
The impact of fludarabine on apoptosis of LIHC cells will 
be assessed using flow cytometry. Using a dual luciferase 
reporter assay to verify the FGD5-AS1–hsa-miR-22-3p–
PPP4R1 ceRNA network.

Conclusions

To summarize, the research indicates a notable link between 
increased PPP4R1 levels and the diagnosis of LIHC, as well 
as a negative outlook for the patient’s prognosis. Moreover, 
this heightened manifestation could potentially lead to 
resistance against drugs and impede the effectiveness of 
immunotherapy in LIHC. Hence, targeting PPP4R1 could 
be an innovative method for treating LIHC. The results 
offer valuable perspectives on the clinical treatment of 
patients with LIHC.
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