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Abstract: Objective: To explore the relationship between Protein Phosphatase 1 Regulatory Inhibitor Subunit 14B 
(PPP1R14B) and the occurrence of lung adenocarcinoma (LUAD). Method: PPP1R14B expression was investi-
gated using various databases, and its molecular functions and pathways were evaluated using Gene Set Varia-
tion Analysis (GSVA) and Gene Set Enrichment Analysis (GSEA). Then, the correlation between tumor mutations 
and PPP1R14B expression was analyzed. Furthermore, the regulation network and expression pathway axes of 
PPP1R14B were constructed. The correlation analysis between PPP1R14B and immune cell infiltration was per-
formed using deconvolution algorithm analysis and the Tumor Immune Dysfunction and Exclusion (TIDE) algorithm. 
Finally, quantitative real-time polymerase chain reaction (qRT-PCR) and immunohistochemical (IHC) staining of the 
clinical samples were used for expression validation. Results: PPP1R14B showed high expression in tumor tissue. 
PPP1R14B was associated with T and N stages and poor prognosis and was linked to the cell cycle, DNA repair, and 
low immune response. High PPP1R14B expression was associated with high tumor mutation rates. The upstream 
and downstream genes of PPP1R14B were identified, along with the construction of a protein-protein interaction 
network (PPI network) and the expression pathway axes of PPP1R14B. PPP1R14B expression was associated with 
poor immune cell infiltration and a negative correlation between PPP1R14B and mast cell and eosinophil infiltra-
tion. Conclusion: This study reveals high PPP1R14B expression in LUAD, its contribution to poor prognosis, molecu-
lar function, biological pathways, and impact on immune cell infiltration, and provides great insight into the role of 
PPP1R14B in LUAD tumorigenesis.
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Introduction

Lung cancer is an increasingly prevalent global 
public health concern. In 2020, the number of 
patients with lung cancer reached 2,206,771, 
while mortality increased to 684,996 deaths 
worldwide. Lung cancer is the most fatal cancer 
among all cancer types [1]. Lung adenocarci-
noma (LUAD) is a pathological type of lung can-
cer that originates from the mucous epithelium 
and glandular epithelium of the bronchi [2], and 

is currently the most prevalent lung cancer type 
worldwide [3]. The high incidence rate and unfa-
vorable prognosis of advanced clinical stage, as 
a feature of LUAD, remain. Pertinent biomole-
cules have been identified for the diagnosis of 
LUAD in recent years; however, the molecular 
mechanisms that underlie its occurrence and 
growth have yet to be elucidated.

Protein serine/threonine phosphatase 1 (PP1) 
is a member of the protein phosphatases fami-

http://www.ajtr.org


Protein phosphatase 1 regulatory inhibitor subunit 14B in LUAD tumorigenesis

859 Am J Transl Res 2023;15(2):858-877

ly. The phosphatases encoded by this gene 
family dephosphorylate the serine and threo-
nine residues of proteins. Studies have shown 
that PP1 performs various functions in differ-
ent cells by interacting with multiple regulatory 
subunits [4].

Protein Phosphatase 1 Regulatory Inhibitor 
Subunit 14B (PPP1R14B) was first described by 
Lagercrantz et al. and includes three introns 
and four exons that are located upstream of the 
PLCB3 gene [5]. As a PP1 inhibitor, it has been 
found in diverse tissue types and inhibits the 
functional domain of PP1, leading to multiple 
downstream changes [6]. Research has shown 
that PPP1R14B plays a crucial role in cell migra-
tion and regulation of endothelial cell retraction 
[7]. Furthermore, PPP1R14B was found to be 
highly expressed in glioma [8] and was linked to 
poor prognosis. In addition, PPP1R14B was 
found to be highly expressed in chronic lympho-
cytic leukemia [9] and ovarian clear cell carci-
noma [10] gene expression datasets, also con-
tributing to poor prognosis in these neoplasms. 
These studies imply that PPP1R14B may be 
involved in the occurrence of cancer and may 
lead to low survival rates. However, the levels  
of PPP1R14B expression, clinical features, 
functions, and mechanisms in LUAD remain 
unknown.

The expression and function of a gene are a 
consequence of the co-expression and interac-
tion of the upstream and downstream genes. 
Exploration of the interaction network of down-
stream genes helps us to better understand 
the downstream molecular interactions and the 
primary function of PPP1R14B. Furthermore, 
constructing a protein-protein interaction (PPI) 
network of genes downstream of PPP1R14B 
allows a more thorough exploration of its path-
way and molecular function. Competing endog-
enous RNAs (ceRNAs) function as a molecular 
expression regulatory mechanism. Increasing 
research has shown that ceRNA crosstalk plays 
an essential role in overall gene transcription 
regulation, thereby regulating multiple cell func-
tions [11]. Furthermore, several studies have 
shown that the ceRNA network participates in 
tumorigenesis and tumor progression and 
metastasis [12]. Zhao et al. showed that 
LINC00466 regulates PPP1R14B expression 
by sponging miR-137 [8]. Since no prior studies 

have focused on the ceRNA network that  
functions upstream of PPP1R14B, to further 
investigate long non-coding RNA (lncRNAs)  
and microRNAs (miRNAs) and how they interact 
with PPP1R14B, a ceRNA network targeting 
PPP1R14B was constructed.

Transcription factors (TFs) refer to one type of 
protein that functions as a regulatory molecule 
that recognizes and combines the regulatory 
element domains of genes and affects tran-
scription [13]. The misregulation of TF leads to 
multiple diseases [14]; yet none of the upstream 
TFs of PPP1R14B have been reported in recent 
studies. 

The tumor microenvironment (TME) consists of 
cancer cells and endothelial, stromal, and 
immune cells. Crosstalk of a cluster of immune 
cells contributes to clinical features and chal-
lenges cancer treatment [15]. However, no 
studies have reported an association between 
PPP1R14B with the TME in LUAD. Investigating 
the interaction of PPP1R14B with the TME will 
help us better understand the bioprocess relat-
ed to PPP1R14B.

This study explored the relationship between 
PPP1R14B and clinicopathological features 
and prognosis based on multiple databases. 
Furthermore, gene set variation analysis (GSVA) 
and gene set enrichment analysis (GSEA) were 
used to investigate the prospective biofunction 
of PPP1R14B in LUAD. To determine the main 
biofunction of PPP1R14B, we constructed a  
PPI network and identified the hub genes of 
PPP1R14B. To explore the regulatory network 
of PPP1R14B, ceRNA and TFs, as upstream 
genes of PPP1R14B, were predicted and used 
to hypothesize and propose PPP1R14B signal-
ing axes. Next, we evaluated the correlation 
between PPP1R14B and its axes with the TME. 
Finally, we performed quantitative real-time 
polymerase chain reaction (qRT-PCR) and 
immunohistochemical (IHC) staining of clinical 
samples to validate PPP1R14B expression at 
the mRNA and protein levels, respectively. In 
conclusion, our work revealed the role of 
PPP1R14B in the LUAD tumorigenesis and its 
molecular function, biological pathways, and 
impact on immune cell infiltration. This study 
may provide novel insights into the diagnosis, 
treatment, and understanding of the occur-
rence of lung adenocarcinoma.
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Material and methods

Data acquisition

LUAD mRNA count data and fragments per kilo-
base of exon model per million mapped frag-
ments (fpkm) data in The Cancer Genome Atlas 
(TCGA) database were acquired from the 
University of California, Santa Cruz Xena plat-
form (UCSC Xena (xenabrowser.net)) which 
included 510 tumor tissue specimens and 58 
normal tissue specimens. Fpkm data were 
transformed into log2-TPM data. Clinical infor-
mation (T stage, N stage, and M stage) and sur-
vival data (overall survival time and survival 
status) were also included. Gene expression 
data for GSE31210 [16] were acquired from 
the Gene Expression Omnibus (GEO) (https://
www.ncbi.nlm.nih.gov/geo/) database which 
included 226 tumor tissue samples and 20 nor-
mal tissue samples. Pathological and survival 
data were also analyzed, and the data were 
log2-transformed. Gene expression data for 
E-MEXP-231 were acquired from the Array- 
Express database (https://www.ebi.ac.uk/arr- 
ayexpress/) which included 49 tumor tissue 
samples and 9 normal tissue samples. TCGA-
LUAD somatic copy number variant (CNV), sin-
gle-nucleotide variant (SNV), and tumor muta-
tion burden (TMB) data were acquired from 
UCSC Xena (UCSC Xena (xenabrowser.net)).

Pan-cancer overview and identification of dif-
ferential PPP1R14B expression

To explore PPP1R14B expression in multiple 
types of cancer, the R package UCSCXena- 
Shiny [17] was used to visualize differential 
PPP1R14B expression in tumor tissues and 
paracancerous normal tissues for various  
types of cancer from the PCAWG and TCGA 
databases. 

To investigate PPP1R14B, the differential 
expression levels in tumor and normal tissues 
at different TNM and clinical stages were 
obtained from TCGA and GSE31210 and 
extracted for visualization. 

The expression data in ArrayExpress were used 
to validate PPP1R14B expression at the mRNA 
level. Expression data in the CPTAC database 
were used to validate PPP1R14B expression at 
the protein level and were acquired and visual-
ized using Ualcan [18]. Immunohistochemical 

staining results from the Human Protein Atlas 
(HPA, www.proteinatlas.org) were used to vali-
date PPP1R14B expression at the protein level.

Survival analysis of PPP1R14B

We investigated whether PPP1R14B expres-
sion affects patient’s prognosis. Tumor sam-
ples from the TCGA and GSE31210 datasets 
were separated into high- or low-expression 
groups, according to PPP1R14B expression lev-
els. Kaplan-Meier (KM) survival analyses of 
overall survival time (OS) in the two data sets 
were performed using the R package Survival, 
version 3.2-13 (https://cran.r-project.org/web/
packages/survival/index.html) and visualized 
using the R package Survminer (https://cran.
rstudio.com/web/packages/survminer/index.
html).

Identification of differential expression genes 
(DEGs) and functional analysis of PPP1R14B

To identify DEGs of PPP1R14B, high and low 
PPP1R14B expression tumor samples in the 
TCGA and GSE31210 cohorts were evaluated 
using the R package Limma (http://www.bio-
conductor.org/packages/release/bioc/html/
limma.html) [19]. To explore the molecular 
functions of PPP1R14B, GSVA [20] and GSEA 
(https://www.gsea-msigdb.org/gsea/msigdb/
index.jsp) were deployed in the TCGA and 
GSE31210 datasets, respectively, with R pack-
ages. The enriched gene sets “H: hallmark  
gene sets” for GSVA analysis, “C5: ontology 
gene sets” and “C2: curated gene sets” for 
GSEA were downloaded from the MSigDB 
database.

Genetic mutation and variants analysis

Since the GSVA and GSEA results showed that 
biological processes “G2M CHECKPOINT” and 
“DNA REPAIR” were enriched, we inferred that 
there might be an enrichment of genetic muta-
tions and variant accumulation in the high 
PPP1R14B expression group tumors. To vali-
date our hypothesis, the landscape of single-
nucleotide variant (SNV) and copy number vari-
ation (CNV) data was visualized using the R 
package ComplexHeatmap [21] and a bar plot, 
respectively. SNV and CNV event counts for 
each sample were collected and compared. 
SNV or CNV may be involved in the process of 
neoantigens, which could act as potential  
markers for immunotherapy response [22]. To 
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inquire about the underlying relationship, the 
neoantigen data of LUAD were downloaded 
from the TCIA database (https://tcia.at/home) 
for follow-up analysis.

Construction of a PPI network of PPP1R14B 
downstream genes and identification of hub 
genes

Although we explored the potential biological 
function of PPP1R14B, the downstream gene 
interactions and primary biological function of 
PPP1R14B remained unknown. To identify the 
downstream genes of PPP1R14B, DEGs with 
adjusted P.Values < 0.05 and log fold change 
(logFC) ≥ 1.0 in both cohorts were collected for 
the following analysis. To precisely predict 
downstream genes of PPP1R14B, upregulated 
DEGs in both datasets were first taken at the 
intersection and then analyzed using STRING 
database analysis [23] (www.string-db.org/). 
Functional or pathway enrichment analyses in 
the STRING database were automatically per-
formed when the PPI network was constructed. 
To identify hub genes, genes involved in the 
four enriched functions or pathways marked in 
four colors were considered hub genes. Pr- 
inciples of function or pathway choice in each 
term list: false discovery rate < 0.01, with the 
highest strength score in one term. For all the 
false discovery rates > 0.01 in the one-term 
list, we choose the mini false discovery rate-
enriched term.

Construction of a ceRNA network of 
PPP1R14B

To investigate molecule-regulated PPP1R14B, 
multiple databases were used to predict the 
molecules associated with PPP1R14B. To 
explore miRNAs that target PPP1R14B, R pack-
age MultiMiR [24] was used. According to the 
ceRNA theory, miRNAs that were predicted to 
inversely correlate with PPP1R14B (Pearson 
coefficient R < -0.2, P < 0.05) were considered 
miRNA-targeted PPP1R14B. miRNAs with dif-
ferential expression levels between tumor and 
normal tissues that contributed to prognosis 
were considered to be the core miRNAs of 
PPP1R14B.

lncRNA-targeted miRNAs were predicted using 
lncBase [25] (https://diana.e-ce.uth.gr/lncba-
sev3), starbase [26] (https://starbase.sysu.
edu.cn/) and LncACTdb [27] (http://www.bio-

bigdata.net/LncACTdb/). According to ceRNA 
theory, the lncRNAs that were predicted to 
inversely correlate with miRNA expression 
(Pearson coefficient R < -0.2, P < 0.05) were 
considered lncRNA-targeted miRNAs. lncRNAs 
with differential expression levels between 
tumor and normal tissues that contributed to 
prognosis were considered core lncRNAs.

Identification of transcription factor (TF) tar-
gets of PPP1R14B

Although we constructed a ceRNA network for 
PPP1R14B as an essential molecular regulator, 
the transcription factors related to PPP1R14B 
remained unknown. To further investigate the 
regulatory network of PPP1R14B, we investi-
gated the upstream TFs of PPP1R14B using the 
online tool NetworkAnalyst [28] (https://www.
networkanalyst.ca). According to the definition 
of a TF [13], predicted TFs with positive expres-
sion relationships (Pearson coefficient R > 0.4, 
P < 0.05) in the TCGA and GSE31210 cohorts 
were considered TFs that target PPP1R14B. 
TFs with differential expression levels between 
tumor and normal tissues that contributed to 
prognosis were considered core TFs. 

Immune function analysis of PPP1R14B

Since the GSVA and GSEA results revealed  
“IL6 JAK STAT3 SIGNALING”, “INFLAMMATORY 
RESPONSE”, and “ACTIVATION OF IMMUNE 
RESPONSE” as being linked to PPP1R14B 
expression, we speculated that the expression 
of PPP1R14B is involved in shaping the TME. To 
investigate our hypothesis, we performed a 
series of analyses. To explore immune infiltra-
tion in tumors, we performed a single-sample 
gene set enrichment (ssGSEA) algorithm [29]  
in the R package “gsva” [30], Xcell [31], 
Cibersort (CBS) [32], MCPcounter (MCP) [33], 
and TIMER [34] in R package “Immunedeconv” 
[35] to estimate immune infiltration in the  
TCGA dataset. The estimated algorithm [36] 
revealed an abundance of immune cells in 
tumors. To investigate whether PPP1R14B 
expression was involved in the adaptive immu-
nity or functions of T cells, the Tumor Immune 
Dysfunction and Exclusion algorithm (TIDE) 
[36] (tide.dfci.harvard.edu/) was used. A corre-
lation analysis between the estimated immune 
cell infiltration results and PPP1R14B axial 
genes was then used to uncover the potential 
relationship. The Pearson correlation coeffi-
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cient |R| ≥ 0.2, p-value < 0.05 revealed the 
correlation between genes and immune cell 
infiltration. Only genes in axes that were related 
to one immune cell were considered in the rela-
tionship between the PPP1R14B axes and the 
immune cell. Since the GSEA results showed 
that the biological process “major histocompat-
ibility complex (MHC) class II protein complex” 
was enriched, we inferred that PPP1R14B 
expression may be involved in the transcription 
of MHC molecules. To validate our hypothesis, 
we compared the expression of MHC mole-
cules. To validate the results in the TCGA 
cohort, we repeated the same process as 
described above in the GSE31210 cohort.

Sample collection

This study was approved by the Ethics Com- 
mittee Review Board of the First Affiliated 
Hospital of the Guangxi Medical University. All 
tissue collections were notified to the patient 
and subject to consent. 

Thirty-one patients who underwent lung resec-
tion surgery at The First Affiliated Hospital of 
Guangxi Medical University in 2022 were 
enrolled in this study. Each patient was diag-
nosed with lung adenocarcinoma by a board-
certified clinical pathologist. Samples collected 
from each patient-included tumor tissue and 
paired adjacent normal lung tissue, at a 5 cm 
distance. 

RNA extraction and qRT-PCR

To investigate differences in PPP1R14B mRNA 
expression between adenocarcinoma tissue 
and adjacent normal lung tissue, qRT-PCR was 
performed to evaluate 31 pairs of samples. 
Tissues were treated with TRIzol reagent 
(15596-026, Ambion, USA) to extract the total 
RNA. The HiScript II Q Select RT SuperMix 
reagent (R223-01, Vazyme Biotech Co., Ltd., 
China) was used for reverse transcription. The 
process was performed at 50°C for 15 min  
and 85°C for 5 s, followed by a rest for 10 min 
at 4°C to obtain complementary DNA (cDNA). 
qRT-PCR was performed using cDNA, SYBR 
Green Master Mix (Q111-02, Vazyme) and  
primers (Sangon, China). The primer sequences 
are listed in Table 2. The cycling program was 
conducted using a PCR amplifier (EDC-810, 
Eastwin Scientific Equipment, China) for 40 
cycles (degeneration at 95°C for 15 s, anneal-

ing at 60°C for 60 s, and melting curve analysis 
at 60°C for 60 s). Each sample was run inde-
pendently in triplicate. Gene expression was 
normalized to glyceraldehyde-3-phosphate de- 
hydrogenase (GAPDH), and the relative gene 
expression of mRNAs was calculated using the 
2-ΔΔCT method.

Immunohistochemical staining

To investigate the differences in PPP1R14B 
protein expression between adenocarcinoma 
tissue and adjacent normal lung tissue, we per-
formed immunohistochemical staining. Frozen 
tissue samples were sent to the pathology 
department and cut into sections at the First 
Affiliated Hospital of Guangxi Medical Uni- 
versity. The sections were immersed in 3% 
hydrogen peroxide for 15 min at room tempera-
ture to block endogenous peroxidase. Goat 
serum was used to block the sections at room 
temperature for 30 min. After blocking, sec-
tions were incubated with antibodies against 
PPP1R14B overnight at 4°C. Following incuba-
tion, the sections were washed with PBS and 
incubated with the corresponding secondary 
antibodies (K5007; Dako) at 37°C for 30 min. 
Subsequently, the sections were washed with 
PBS and stained with diaminobenzidine chro-
mogenic solution (Beyotime, China). All sec-
tions were counterstained with hematoxylin. 
After staining, the sections were dehydrated 
with ethanol and dimethylbenzene and sealed. 
Fluorescence images were obtained using a 
standard electronic microscope.

Statistical analysis

Statistical analyses were performed using R, 
version 4.1.2. Two-group differential expres-
sion analysis was performed using the t-test. 
The Wilcoxon rank-sum test was used for com-
parisons that did not satisfy the t-test. A paired 
t-test was used to analyze the qRT-PCR results. 
The log-rank test was used to perform KM sur-
vival analysis. The Kruskal-Wallis test was used 
for multiple group comparisons. Pearson’s cor-
relation analysis was used to evaluate the rela-
tionship between these two items. The thresh-
old of P < 0.05 indicates statistical significance 
of the correlation, and P < 0.05 was set as the 
significant difference threshold (P > 0.05, NS; P 
< 0.05, *; P < 0.01, **; P < 0.001, ***; P < 
0.0001, ****).
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Table 1. Data summary

Characteristic Tumor cases Normal lung 
cases

TCGA cohort
    n 510 58
    T stage, n (%)
        T1 167 (32.7%)
        T2 276 (54.1%)
        T3 45 (8.8%)
        T4 19 (3.7%)
        Tx 3 (5.9%)
    N stage, n (%)
        N0 327 (64.1%)
        N+ 171 (33.5%)
        Nx 12 (2.4%)
    M stage, n (%)
        M0 343 (67.3%)
        M1 25 (4.9%)
        Mx 142 (27.8%)
GSE31210 cohort
    n 226 20
    Clinical stage, n (%)
        I 168 (74.3%)
        II 58 (11.4%)
E-MEXP-231 cohort
    n 49 9

Results

PPP1R14B is upregulated in LUAD

The summary and clinical information of each 
cohort are shown in Table 1. The pan-cancer 
analysis revealed that PPP1R14B was upregu-
lated in tumor samples compared to paracan-
cerous normal tissues in most types of cancer 
in the PCAWG (Figure 1A) and TCGA databases 
(Figure 1B). The TCGA cohort results showed 
that PPP1R14B mRNA expression was higher in 
tumor tissues than in normal lung tissues 
(Figure 1C). Furthermore, PPP1R14B was dif-
ferentially expressed at various T stages, with a 

Table 2. Primer sequences
Gene Sequence (5’ to 3’)
PPP1R14B Forward: CAAGGGAAGGTCACCGTCAAGTATG

Reverse: GCTCATCCACGTCAATCTCCAGTTC
GAPDH Forward: CAGGAGGCATTGCTGATGAT

Reverse: GAAGGCTGGGGCTCATTT

tendency toward higher expression in 
samples of higher clinical T stage (Figure 
1D). In addition, PPP1R14B expression 
was higher in node metastasis (N+) sam-
ples (Figure 1E) and showed no significant 
difference between M stages (Figure 1F). 
Moreover, the qRT-PCR results (Figure  
1G, Table S1) and immunohistochemical 
staining (Figure 1H and 1I) clearly showed 
that PPP1R14B expression was elevated 
in tumor tissue compared to adjacent nor-
mal lung tissue in clinical patient samples. 
The results of the validated GSE31210 
cohort showed that PPP1R14B mRNA 
expression was higher in tumor tissues 
than that in normal lung tissues (Figure 
S1A) and was more highly expressed in 
samples of clinical stage II than of stage I 
(Figure S1B). The results of the validat- 
ed E-MEXP-231 cohort in ArrayExpress 
(Figure S1C), CPTAC (Figure S1D), and HPA 
(Figure S1E and S1F) databases revealed 
that PPP1R14B was upregulated in can-
cer tissue compared to normal lung tissue 
at the protein level, as revealed in the 
TCGA and GSE31210 results.

PPP1R14B contributes to poor prognosis

The KM plots indicated a significant differ-
ence between the high and low PPP1R14B 
expression groups in the TCGA (Figure 2A) 
and GSE31210 cohorts (Figure 2B). Thus, 
PPP1R14B expression contributes to a 
poor prognosis in LUAD.

Acquisition of PPP1R14B DEGs and 
PPP1R14B function analysis

R package limma was used to evaluate differ-
ences between the high and low PPP1R14B 
expression groups in TCGA and GSE31210 
cohorts. With GSVA enrichment analysis, the 
results of the TCGA datasets revealed that the 
hallmark pathways of “MITOTIC SPINDLE”, 
“G2M CHECKPOINT”, “E2F TARGETS”, “DNA 
REPAIR”, and “MYC TARGETS” etc. were 
enriched in the high PPP1R14B expression 
group and significantly differed compared to 
the two low PPP1R14B expression groups. In 
contrast, the hallmark pathway “IL2 STAT5 
SIGNALING” was significantly enriched in the 
low PPP1R14B expression group (Figure 3A). 
Similar enrichment results were observed in 

http://www.ajtr.org/files/ajtr0146548suppltab1.xlsx
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Figure 1. Protein Phosphatase 1 Regulatory Inhibitor Subunit 14B (PPP1R14B) was upregulated in lung adenocarci-
noma (LUAD) and linked to multiple clinical characteristics. (A) Differential PPP1R14B expression in the tumor and 
normal groups from multiple cancers in the TCGA database, visualized by R package Xena Shiny. (B) Differential 
PPP1R14B expression in the tumor and normal groups from multiple cancers in the WGCNA database, visualized 
by R package Xena Shiny. (C) PPP1R14B expression was higher in tumor samples than that in normal lung samples 
in the TCGA cohort. T: tumor, N: normal. (D) PPP1R14B expression was linked to clinical T stage in the TCGA cohort. 
(E) PPP1R14B expression was linked to clinical N stage in the TCGA cohort. N+: N1, N2, N3 stage. (F) PPP1R14B 
expression did not significantly differ in clinical M stage samples in the TCGA cohort. (G) Relative PPP1R14B mRNA 
expression detected by qRT-PCR in adenocarcinoma and adjacent normal lung tissue from each patient. (H) Rep-
resentative immunohistochemical staining of adenocarcinoma tissue and (I) adjacent normal lung tissue. ns, P > 
0.05; *, P < 0.05: **, P < 0.01; ***, P < 0.001; ****, P < 0.0001. Scale bar: 100 μm.
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the validated GSE31210 cohort (Figure 3B). In 
the GSEA enrichment analysis, the results  
of TCGA datasets showed that the biological 
functions or pathways of “MITOTIC NUCLEAR 
DIVISION”, “REGULATION OF DNA REPAIR”, 
“NUCLEAR CH ROMOSOME”, “DAMAGED DNA 
BINDING”, “P53 SIGNALING PATHWAY”, “MIS- 
MATCH REPAIR” etc. were enriched in the high 
PPP1R14B expression group. In contrast, 
“ACTIVATION OF IMMUNE RESPONSE”, “MHC 
CLASS II PROTEIN COMPLEX”, and “CELL 
ADHESION MOLECULES CAMS” were enriched 
in the low PPP1R14B expression group. Similar 
enrichment results were observed in the vali-
dated GSE31210 dataset (Figure 3C). The 
results indicated that PPP1R14B expression is 
involved in cell division, DNA repair, and 
immune response inhibition.

Genetic mutation and copy number variation 
analysis

The GSVA and GSEA results revealed that 
PPP1R14B is involved in DNA repair-related bio-

logical functions, including “BASE EXCISION 
REPAIR”, “HOMOLOGOUS RECOMBINATION”, 
and “MISMATCH REPAIR”. We hypothesize that 
the somatic mutation in the high PPP1R14B 
expression group accumulated to a greater 
extent than in the low PPP1R14B expression 
group. To validate our hypothesis, somatic 
mutation data were analyzed and compared 
between high and low PPP1R14B expression 
groups. The waterfall plot shows an overview  
of the top-ranked mutation-number genes 
between the two groups (Figure 4A). The bar 
plot shows an outline of the CNV distribution in 
all samples (Figure 4B). The results of the 
tumor mutation burden (TMB, Figure 4C), CNV 
event count (Figure 4D), and neoantigens 
(Figure 4E) were all significantly higher in the 
high PPP1R14B expression group than those in 
the low expression group.

PPI network construction of PPP1R14B down-
stream genes and the location of hub genes

DEGs with adjusted P.Values < 0.05 and logFC 
≥ 1.0 in both datasets were collected for analy-
sis (Table S2). Ninety-three upregulated DEGs 
were obtained in the TCGA cohort (Figure 5A), 
and 149 upregulated DEGs were obtained in 
the GSE31210 cohort (Figure 5B). Twenty-
seven intersecting genes in both datasets were 
selected for PPI network construction (Figure 
5C). Among these, 12 genes were extracted, 
and a PPI network was constructed using the 
STRING database (Figure 5D). Five genes 
(CDC20, CDC25C, UBE2C, CENPA, and NUF2) 
were enriched in four biological functions or 
pathways, which included “cell cycle” and 
“nuclear deviation” (Table 3), and finally, these 
were considered as hub genes. In the TCGA 
cohort, hub genes were upregulated in tumor 
samples (Figure S2A) and were associated with 
T stage (Figure S2B) and N stage (Figure S2C). 
No significant differences were observed in the 
M stage, and the results are not shown. In the 
GSE31210 cohort, hub genes were upregulat-
ed in tumor samples (Figure S2D) and were 
associated with clinical stage (Figure S2E). All 
hub genes contributed to poor prognosis in the 
TCGA (Figure S2F) and GSE31210 (Figure S2G) 
cohorts. 

ceRNA network construction

With R package MultiMiR (for prediction results 
see Table S3), according to the ceRNA theory, 
three miRNAs (hsa-let-7b-5p, hsa-miR-219a-
5p, hsa-miR-330-5p) that targeted PPP1R14B 

Figure 2. Analysis of the prognostic value of 
PPP1R14B in lung adenocarcinoma. A. Kaplan-Mei-
er (KM) plot of PPP1R14B in the TCGA dataset. The 
comparison was between high and low expression 
(497 cases). B. KM survival analysis of PPP1R14B I 
in the GSE31210 dataset (224 patients).

http://www.ajtr.org/files/ajtr0146548suppltab2.xlsx
http://www.ajtr.org/files/ajtr0146548suppltab3.xlsx
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Figure 3. Biological function analysis of PPP1R14B. The heatmap shows the compared enrichment of hallmark pathways by Gene Set Variation Analysis (GSVA) 
in high and low PPP1R14B expression groups in the TCGA (A) and GSE31210 (B) cohorts. * Indicates significant difference between the two groups. The dot plot 
shows part of the upregulated biological functions or pathways that were identified by gene set enrichment analysis (GSEA) in high PPP1R14B expression groups 
in the TCGA and GSE31210 cohorts (C). 
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Figure 4. Somatic mutation analysis. (A) The waterfall plot shows the distribution of the 20 top-rank single nucleo-
tide site variation genes in the high and low PPP1R14B expression groups. (B) The bar plot shows the copy number 
variation (CNV) type distribution in all samples. Comparisons of tumor mutation burden (TMB) (C), CNV events count 
(D), and neoantigens (E) between high and low PPP1R14B expression groups. **, P < 0.01; ***, P < 0.001. Homo: 
homozygosis; hete: heterozygosis; amp: amplification; del: deletion. 

were obtained (Figure 6A). Using lncRNA data-
bases (for prediction results see Table S4),  
five lncRNAs targeting hsa-let-7b-5p, one 
lncRNA targeting hsa-miR-219a-5p, and five 
lncRNAs targeting hsa-miR-330-5p were 
obtained (Figure 6B). A ceRNA network was 
constructed as shown (Figure 6C). Notably, 

hsa-let-7b-5p was differentially expressed in 
tumor and normal lung tissues (Figure 6D), 
linked to prognosis (Figure 6E), and identified 
as a core miRNA. Furthermore, TMPO-AS1 was 
differentially expressed in tumor and normal 
lung tissues (Figure 6F), linked to prognosis 
(Figure 6G), and identified as a core lncRNA.

http://www.ajtr.org/files/ajtr0146548suppltab4.xlsx
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Figure 5. Construction of a protein-protein interaction (PPI) network of downstream genes and a search of hub 
genes. The volcano plot shows the differential expression genes (DEGs) between high and low PPP1R14B expres-
sion groups in the TCGA (A) and GSE31210 (B) cohorts. Each dot represents one gene. DEGs with p.adjust values 
< 0.05 and log fold change (logFC) < 1 or p.adjust values < 0.05 and logFC > 1 were respectively highlight in blue 
and red. (C) The intersection of significantly upregulated DEGs (p.adjust value < 0.05 and logFC > 1) in TCGA and 
GSE31210 cohorts. (D) PPI network of the intersection genes. Colors indicate the different biological functions or 
pathway genes that were involved. Five hub genes were identified.

Hub genes and TFs contribute to tumorigen-
esis and affect prognosis

Five TFs targeting PPP1R14B were obtained 
(for prediction results see Table S5), with co-
expression related to PPP1R14B in the TCGA 

cohort (Figure 7A) and the GSE31210 cohort 
(Figure 7B). FOXM1 was differentially express- 
ed in tumor and normal lung tissues in the 
TCGA (Figure 7C) and GSE31210 (Figure 7D) 
cohorts, linked to prognosis (Figure 7E and 7F), 
and thus considered a core TF. Finally, we iden-

http://www.ajtr.org/files/ajtr0146548suppltab5.xlsx
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Table 3. Annotated legend of the enriched items from the STRING database

Category Term Description Count in 
network Strength FDR Node

GO Process GO:0007049 Cell cycle 10 of 695 1.03 0.00014

STRING clusters CL:4849 Mitotic Spindle Checkpoint, and 
mitotic nuclear division

8 of 148 1.61 8.48E-08

Reactome HSA-69278 Cell Cycle, Mitotic 7 of 518 1.01 0.0044

UniProt Keywords KW-0498 Mitosis 5 of 270 1.14 0.0183

WikiPathways WP2361 Gastric cancer network 3 of 28 1.91 0.0062

Strength: description of the significance of the enrichment effect. FDR: false discovery rate.

Figure 6. Construction of a competing endogenous RNAs (ceRNA) network target for PPP1R14B. A. The three pre-
dicted microRNAs (miRNAs) that target PPP1R14B with negative expression correlation. B. The five predicted long 
non-coding RNAs (lncRNAs) that target hsa-let-7b-5p, one predicted lncRNAs that target hsa-miR-219a-5p, and five 
predicted lncRNAs that target hsa-miR-330-5p, with negative expression correlation with the targeted miRNA. C. 
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CeRNA network of PPP1R14B.  D. Core miRNA hsa-let-7b-5p differential expression between tumor and normal lung 
tissue. E. Survival analysis of core miRNA hsa-let-7b-5p. F. Core lncRNA TMPO-AS1 differential expression between 
tumor and normal lung tissue. G. Survival analysis of core lncRNA TMPO-AS1. ****, P < 0.0001. R: Pearson cor-
relation coefficient.

Figure 7. Identification of transcription factors (TFs) that target PPP1R14B. A. Predicted TFs and their correlation 
PPP1R14B with expression in the TCGA data set. The number represents the Pearson’s R correlation coefficient 
(all p values < 0.01). The orange bar indicates that the predicted TFs that correlated with PPP1R14B in both the 
TCGA and GSE31210 data sets. B. Predicted transcription factors expression correlation with PPP1R14B in the 
GSE31210 data set (all p value < 0.01). C, D. Core TF differential expression between the tumor and normal lung 
tissue in the TCGA and GSE31210 datasets. E, F. Survival analysis of core TFs in the TCGA and GSE31210 datasets. 
****, P < 0.0001. Pearson R: Pearson correlation coefficient. ****, P < 0.0001. 
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tified two potential axes of PPP1R14B: TMPO-
AS1/hsa-let-7b-5p/PPP1R14B/hub genes and 
FOXM1/PPP1R14B/hub genes.

PPP1R14B expression links to immune infiltra-
tion

The landscape of immune cells estimated by 
ssGSEA showed high immune cell infiltration in 
the high-expression groups. Most of the 
immune cell infiltrations showed significant dif-
ferences between the two groups. The results 
of the immune score evaluated by the Estimate 
algorithm showed a significant difference 
between the high and low PPP1R14B expres-
sion groups. The significantly different results 
of the Dysfunction score and the Exclusion 
score, evaluated by the TIDE algorithm in the 
two groups, revealed that high PPP1R14B 
expression excluded immune cell infiltration 
and the dysfunction of T cells in a portion of low 
PPP1R14B expression samples (Figure 8A). 
Overall, the results indicated that high 
PPP1R14B expression contributed to the high 
abundance of immune cell infiltration. The 
heatmap shows the correlation between multi-
ple immune cell infiltrations and genes in the 
PPP1R14B axes in the TCGA cohort. The results 
indicated an inverse correlation between 
PPP1R14B axis gene expression and resting 
mast cells (estimated by Cibersort), eosino-
phils, mast cells (estimated by ssGSEA), 
myeloid dendritic cells, and endothelial cells 
(evaluated by MCPcounter) (Figure 8B; Tables 
4, S6). The results also showed that PPP1R14B 
expression inversely correlated with B cells (R = 
-0.293), and CD4+ T cells (R = -0.348) (estimat-
ed by TIMER). Among these, low mast cells 
(Figure S3A) and eosinophil (Figure S3B) infil-
tration were linked to a poor prognosis in LUAD. 
The expression of MHC-I molecules was signifi-
cantly higher in the group with high PPP1R14B 
expression. In contrast, the expression of some 
MHC-II molecules was significantly higher in  
the low PPP1R14B group (Figure S3C). Similar 
results were observed in the GSE31210 cohort: 
high abundance of immune cell infiltration ten-
dency, high immune score in the low PPP1R14B 
expression group, and high exclusion score in 
the high PPP1R14B expression group (Figure 
S4A). The heatmap shows an inverse correla-
tion between eosinophils, mast cells, and endo-
thelial cells in the GSE31210 cohort (Figure 
S4B). The comparison of MHC molecules 

between the high and low PPP1R14B expres-
sion groups showed that MHC-II molecules 
were downregulated in the high PPP1R14B 
expression group (Figure S4C).

Discussion

In our study, we found that PPP1R14B  
was overexpressed in LUAD and the expression 
levels significantly differed in clinical features, 
T stage, N stage, and clinical stage. To validate 
the difference in PPP1R14B expression be- 
tween tumor and normal samples, additional 
datasets in ArrayExpress, CPTAC and HPA were 
utilized. To examine PPP1R14B expression and 
its ability to serve as a clinical biomarker, we 
collected patient samples for qRT-PCR and 
immunohistochemical staining. The results 
revealed that PPP1R14B had significantly high-
er expression in adenocarcinoma tissues than 
that in adjacent normal lung tissues in patient 
samples, as expected. These results indicated 
that PPP1R14B participates in growth and 
aggression in LUAD. 

Moreover, recent studies have shown that 
PPP1R14B is associated with poor clinical out-
comes in various cancers. Hence, we analyzed 
the association between PPP1R14B expres-
sion and prognosis and found that PPP1R14B 
was associated with poor clinical outcomes in 
LUAD. 

This study focused on the molecular functions 
of PPP1R14B in LUAD; therefore, we investigat-
ed PPP1R14B using GSVA and GSEA. Similar to 
reported PPP1R14B functions in other types of 
cancers [37], we found that PPP1R14B promot-
ed the cell cycle and cell division. However, 
unlike those studies, we found that PPP1R14B 
may function via the E2F, MYC, MTORC1, and 
P53 pathways. The activation of these path-
ways can affect the cell cycle and stimulate cell 
division [38-41]. This strongly suggests that 
PPP1R14B expression contributes to tumori-
genesis and is linked to the TNM stage, clinical 
stage, and poor prognosis. In addition, the 
results imply that high PPP1R14B expression in 
LUAD may be sensitive to the above drug tar-
gets. Furthermore, the results showed that “IL2 
STAT5 SIGNALING” pathways and “ACTIVATION 
OF IMMUNE RESPONSE” biological functions 
significantly differed between the high and low 
PPP1R14B expression groups. A previous study 

http://www.ajtr.org/files/ajtr0146548suppltab6.xlsx
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Figure 8. Immune-related analysis. A. Landscape of 28 immune cells estimated by ssGSEA, with immune scores 
evaluated by the Estimate algorithm, the Dysfunction and Exclusion scores evaluated by the Tumor Immune Dys-
function and Exclusion (TIDE) algorithm, and their comparison in two groups in TCGA cohort. * Indicates a significant 
difference between the two groups. B. Correlation between PPP1R14B axial gene expression and immune cell infil-
tration in the TCGA cohort. Pearson R: Pearson correlation coefficient.
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Table 4. Correlation between immune cell infiltration and PPP1R14B axial gene expression

Gene Mast cells 
resting Eosinophil Mast cell Myeloid dendritic 

cells
Endothelial 

cells
Pearson Correlation Coefficient
    TMPO-AS1 -0.312 -0.428 -0.405 -0.343 -0.389 
    hsa-let-7b-5p 0.249 0.234 0.286 0.250 0.263 
    FOXM1 -0.399 -0.456 -0.354 -0.423 -0.291 
    PPP1R14B -0.393 -0.388 -0.322 -0.171 -0.251 
    CDC20 -0.414 -0.483 -0.353 -0.345 -0.392 
    CDC25C -0.401 -0.442 -0.347 -0.322 -0.434 
    CENPA -0.421 -0.463 -0.333 -0.346 -0.379 
    NUF2 -0.431 -0.452 -0.367 -0.368 -0.390 
    UBE2C -0.394 -0.413 -0.319 -0.294 -0.377 
Pearson Correlation P-value
    TMPO-AS1 1.98E-21 1.45E-25 2.77E-20 1.64E-19 2.83E-22
    hsa-let-7b-5p 4.71E-15 2.49E-14 5.59E-14 5.71E-13 3.89E-15
    FOXM1 8.40E-21 9.94E-23 9.62E-15 7.18E-18 6.68E-16
    PPP1R14B 1.03E-21 1.37E-24 4.64E-17 5.89E-13 5.71E-15
    CDC20 1.04E-20 1.16E-23 3.81E-15 5.05E-16 7.09E-19
    CDC25C 1.71E-20 2.50E-23 9.46E-16 1.19E-15 1.18E-20
    CENPA 6.80E-20 4.84E-22 2.03E-14 7.07E-16 3.31E-18
    NUF2 2.99E-22 3.27E-24 7.29E-17 7.55E-18 2.94E-20
    UBE2C 8.45E-20 2.71E-22 1.25E-14 1.03E-14 1.68E-19

[38] showed that the stat5 signal pathway con-
tributes to sustaining normal immune cell func-
tions. Therefore, we conclude that PPP1R14B 
is involved in immune cell infiltration and 
immune response in the TME. Finally, we found 
that DNA repair-related pathways or functions, 
such as “G2M CHECKPOINT”, “DAMAGED DNA 
BINDING”, etc., were enriched in the high 
PPP1R14B expression group. We speculate 
that during PPP1R14B function, somatic muta-
tions accumulate and promote tumor growth, 
as shown in previous studies [42]. To investi-
gate our hypothesis, we analyzed somatic 
mutation data from LUAD-TCGA. As expected, 
the significant difference in TMB and copy num-
ber variation events that was observed in the 
high PPP1R14B expression group illustrated 
that more somatic mutations accumulate as 
PPP1R14B levels increase. High neoantigen 
levels in the high PPP1R14B expression group 
implied the accumulation of somatic mutations 
and the normal antigen presentation process.

A PPI network was constructed to explore the 
genes downstream of PPP1R14B. The PPI net-
work revealed that PPP1R14B interacts with 
PPP1CA, a protein phosphatase 1 (PP1) sub-

unit, which activates downstream gene expres-
sion. Downstream hub genes NUF2, CENPA, 
UBE2C, CDC20, and CDC25 were identified as 
being associated with PPP1R14B and contrib-
ute to cell proliferation. Further DEG and sur-
vival analyses suggested that PPP1R14B, 
together with its downstream hub genes, pro-
motes tumor progression and leads to poor 
clinical prognosis. Similar to previous studies, 
five hub genes were upregulated in diverse can-
cers and were linked to cell proliferation and 
poor prognosis. Notably, Xie et al. found that 
NUF2 was highly expressed in hepatocellular 
carcinoma (HCC) [43], and Wang et al. found 
that CENPA was upregulated in clear cell renal 
cell carcinoma [44]. Jin et al. found that UBE2C 
was highly expressed in head and neck squa-
mous cell carcinomas [45], and Yang et al. 
found that CDC20 was upregulated in HCC [46]. 
Xun et al. also found that CDC25C was highly 
expressed in HCC [47]. These results strongly 
suggest that PPP1R14B contributes to cell 
growth and tumorigenesis.

Numerous studies have shown that ceRNAs 
play a crucial role in the occurrence and pro-
gression of LUAD. As a miRNA sponge, lncRNA 
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reduces the amount of miRNA in cells and 
weakens the inhibitory effect of miRNA on 
silencing downstream target genes. To deter-
mine the ceRNA network targets of PPP1R14B, 
multiple databases were used for this study. 
Three PPP1R14B upstream miRNAs, hsa-let-
7b-5p, hsa-miR-219a-5p, and hsa-miR-330-5p, 
were obtained. Subsequently, lncRNAs up- 
stream of the three miRNAs were predicted, 11 
lncRNAs were obtained, a ceRNA network was 
constructed, and the core miRNA hsa-let-7b-5p 
was identified. As previous studies showed, 
Pietro Di Fazio et al. found that hsa-let-7b-5p 
was downregulated in lung tumors [48]. 
Furthermore, Xi found that hsa-let-7b-5p inhib-
its the cell cycle in glioma cells [49]. The core 
lncRNA TMPO-AS1 was then identified, and 
recent studies have shown that TMPO-AS1 is 
upregulated in multiple cancers, such as blad-
der cancer [46] and nasopharyngeal carcinoma 
[47] and is associated with the cell cycle  
and poor prognosis. Further experiments are 
required to confirm the influence of these 
lncRNAs in other cancers.

TFs play a crucial role in molecular regulatory 
mechanisms. To explore the TFs that target 
PPP1R14B, we used NetworkAnalyst to predict 
TFs. Five TFs were identified as candidate TFs 
that target PPP1R14B. Subsequently, FOXM1 
was identified as the core TF, which was upreg-
ulated and linked to poor prognosis in the TCGA 
and GSE31210 datasets. Previous studies 
have shown that FOXM1 is upregulated in vari-
ous cancers, such as bladder cancer [50] and 
laryngeal squamous cell carcinoma [51], and 
promotes cell cycle progression. However, fur-
ther experiments are required to validate the 
relationship between FOXM1 and PPP1R14B.

The LUAD microenvironment landscape helps 
to explain cancer aggressiveness and pheno-
types. Numerous studies have shown that TME 
is essential for tumor occurrence and progres-
sion. To reveal the underlying relationship 
between PPP1R14B and the TME, we evaluat-
ed and compared the immune characteristics 
of the two groups and further analyzed the rela-
tionship between tumor immune infiltration 
and PPP1R14B axial genes. The immune cell 
landscape illustrated the low abundance of 
immune cell infiltration and the low immune 
score in the high PPP1R14B expression group. 
This, along with the GSVA results, suggest that 

PPP1R14B suppressed normal immune func-
tions or excluded immune cells from entering 
the tumor microenvironment by down-regulat-
ing the IL2-STAT5 signaling pathway. This was in 
agreement with the GSEA results, as expected. 
The correlation heatmap confirmed this hypoth-
esis, and the results showed that PPP1R14B 
expression was linked to low infiltration of rest-
ing mast cells, eosinophils, mast cells, myeloid 
dendritic cells, and endothelial cells.

As Atsushi Kato’s study expounded, the normal 
functions of eosinophils, mast cells, epithelial 
cells, and other immune cells and immune 
functions are maintained by activating the IL2-
STAT5 pathway [52], which explains our results. 
Among the above immune cells, the low infiltra-
tion of eosinophils and mast cells contributes 
to poor prognosis. Previous studies reported 
that eosinophils in the TME showed anti-tumor-
igenic characteristics and benefited patients 
from prolonged survival [53]. However, a few 
studies have reported that eosinophils in the 
TME play a pro-tumorigenic role [54]. This may 
suggest that eosinophils functions are deter-
mined by the cancer type or potential subtypes 
of eosinophils that have yet to be explored.

Additionally, prior research has reported that 
mast cell infiltration in LUAD contributes to 
good clinical outcomes and may provide a sen-
sitive marker for immunotherapy response 
[55]. Moreover, the GSEA results showed that 
PPP1R14B downregulated the assembly of the 
MHC-II protein complex. The comparison of 
MHC molecules illustrated that MHC-I mole-
cules had high expression, while MHC-II mole-
cules exhibited low expression in the high 
PPP1R14B expression group. Notably, MHC 
molecules play a crucial role in tumorigenesis. 
MHC-I molecules activate cytotoxic CD8+ T 
cells by processing and presenting antigen pep-
tides, whereas MHC-II molecules function in 
tumorigenesis by activating CD4+ T cells [56, 
57]. The significant difference between neoan-
tigens and MHC molecules indicated that 
PPP1R14B plays a role in TME immunity by dis-
rupting the normal functions of MHC-II mole-
cules. This is also implied by the inverse corre-
lation between PPP1R14B expression and 
CD4+ T cells (R = -0.3484, TIMER) and B cells 
(R = -0.29324, TIMER). In conclusion, these 
results suggest that PPP1R14B and its axial 
genes play a crucial role in the TME and explain 
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how PPP1R14B contributes to poor clinical out-
comes in LUAD.

This study has a few limitations. First, samples 
were only from a subset of patients with LUAD, 
and future studies should include more patients 
with LUAD to determine the generalizability of 
our findings. Second, this study was based only 
on LUAD; thus, our PPP1R14B findings may be 
inapplicable to other types of cancers, and 
future studies should include more types of 
cancers. Third, previous studies have shown 
that somatic mutations alter gene expression 
and thus change cancer characteristics and 
phenotypes [58]. Our study only analyzed the 
differences in somatic mutations between the 
high and low PPP1R14B expression groups. 
Future studies should focus on differences in 
SNV or CNV genes and the functional changes 
that are affected by PPP1R14B. Finally, our 
experiment only focuses on PPP1R14B expres-
sion in patient samples. To better study 
PPP1R14B, further functional experiments on 
corresponding cell lines remain warranted.

In conclusion, PPP1R14B expression is upregu-
lated in LUAD and is associated with clinical 
features and poor prognosis. We found that 
PPP1R14B enhanced tumorigenesis by promot-
ing cell cycle progression. We constructed a 
PPP1R14B axis based on its upstream and 
downstream genes. We also found that PPP- 
1R14B expression inhibits immune cell infiltra-
tion. We provide significant evidence that sup-
ports the hypothesis that high PPP1R14B 
expression levels contribute to tumorigenesis 
and poor clinical outcomes in LUAD.
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Figure S1. Validation of PPP1R14B expression. Comparison between tumor and normal tissue in the GSE31210 co-
hort (A). Comparison between clinical stage I and stage II in the GSE31210 cohort (B). Comparison between tumor 
and normal tissue in the E-MEXP-231 cohort (C). At the protein expression level, a comparison between tumor and 
normal tissue in the CPTAC dataset (D). (E, F) Immunohistochemical staining of PPP1R14B from the Human Protein 
Atlas database. ****, P < 0.0001.
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Figure S2. Hub gene differential expression analysis and survival analysis. A. Hub gene differential expression in the tumor and normal lung groups in the TCGA 
data set. B. Hub gene differential expression by clinical T stage in the TCGA dataset. C. Hub gene differential expression in the clinical N stage in the TCGA dataset. 
N+: N1, N2, N3 stage. D. PPP1R14B expression differences in the tumor and normal lung groups in the GSE31210 cohort. E. PPP1R14B expression differences 
by clinical stage in the GSE31210 cohort. F. KM survival analysis of hub genes in the TCGA data set. The comparison was between high and low expression. G. KM 
survival analysis of hub genes in the GSE31210 dataset. ***, P < 0.00.
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Figure S3. Survival-related analysis and major histocompatibility complex (MHC) molecule expression analysis. A. 
KM plot for mast cell infiltration. B. KM plot for eosinophil infiltration. C. Comparison between tumor and normal 
tissue of MHC molecule expression. Ns, P > 0.05; *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure S4. Immune analysis in the GSE31210 cohort for validation. A. Landscape of 28 immune cells, immune 
score, Dysfunction score, and Exclusion score, and their comparison between two groups in the GSE31210 cohort. 
* Indicates a statistically significant difference between the two groups. B. Correlation between PPP1R14B axial 
gene expression and immune cell infiltration in the GSE31210 cohort. C. Comparison between tumor and normal 
tissue of MHC molecule expression. ns, P > 0.05; *, P < 0.05; **, P < 0.01, ***, P < 0.001.


