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Background: PERP, a member of the peripheral myelin protein gene family, is a new therapeutic target in cancer. The relationships 
between PERP and immune cell infiltration in lung cancer have not been studied. Therefore, the role of PERP in the tumour 
microenvironment (TME) of lung cancer needs to be further explored.
Methods: In this study, we explored the association between PERP expression and clinical characteristics by analysing data from the 
TCGA database. Cox regression and Kaplan‒Meier methods were used to investigate the relationship between the expression of PERP 
and overall survival in patients with lung adenocarcinoma (LUAD). The relationship between PERP expression and the degree of 
infiltration of specific immune cell subsets in LUAD was evaluated using the TIMER database and GEPIA. We also performed GO 
enrichment analysis and KEGG enrichment analysis to reveal genes coexpressed with PERP using the Coexpedia database. Finally, we 
verified the expression and function of PERP in LUAD tissues and the A549 cell line by RT‒PCR, Western blot, CCK-8, IHC, and 
wound healing assays. The mouse model was used to study the in vivo effects of PERP.
Results: According to our results, PERP expression was significantly higher in LUAD tissues and associated with the clinical 
characteristics of the disease. Survival was independently associated with PERP in LUAD patients. We further verified that PERP 
might regulate B-cell infiltration in LUAD to affect the prognosis of LUAD. To identify PERP-related signalling pathways in LUAD, 
we performed a genome-aggregation analysis (GSEA) between low and high PERP expression datasets. LUAD cells express higher 
levels of PERP than paracarcinoma cells, and PERP inhibits the proliferation and metastasis of A549 cells through apoptosis.
Conclusion: PERP may affect the prognosis of lung adenocarcinoma by inhibiting apoptosis and is associated with immune cell 
infiltration.
Keywords: PERP, lung adenocarcinoma, apoptosis, prognosis

Introduction
Approximately 85% of lung cancer deaths are caused by non-small cell lung cancer (NSCLC).1,2 There are several types 
of NSCLC, including adenocarcinomas, squamous cell carcinomas, and others.3 Adenocarcinomas are among the most 
common types of lung cancer, so they are very important in terms of treatment and outcome. Especially for lung 
adenocarcinomas, immunotherapy has provided hope for treating lung cancer.4,5 However, the tumour microenvironment 
(TME), which is based on enhancing immunological defences against cancer, may impair the efficacy of 
immunotherapy.6–8 An increasing number of researchers are studying how the TME affects tumour prognosis.
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The TME consists of a variety of cellular and acellular components, including immune cells, endothelial cells, 
fibroblasts, and extracellular matrix.9–11 Alteration of immune cell infiltration in the TME may induce immune 
checkpoint expression and lead to novel immunotherapeutic strategies to prolong the life of patients with cancers.12–14 

As an example, infiltration of T cells increases the expression of programmed death ligand 1 (PD-L1) and improves PD-1 
inhibitor efficacy.15,16 These results demonstrate that immune cell infiltration in the TME is critical in lung cancer 
treatment and prognosis.

The PERP gene belongs to the peripheral myelin protein 22-kDa (PMP22) gene family; multiple members of the PMP22 
gene family may be targets for cancer treatment.17 The PERP effector regulates apoptosis and epithelial-mesenchymal 
transition through signalling pathways dependent upon p53 or other signalling pathways.18 PERP mRNA N6 adenosine 
methylation mediated by METTL14 leads to pancreatic cancer progression, which offers a new hope for treatment.19 

Another study showed that PERP variants can have different antioxidant activities by modulating p53 stability and 
influencing cancer risk.20 Additionally, some researchers believe that PERP gives rise to tumour suppression by inhibiting 
the growth and metastasis of tumours. For example, breast cancer growth can be inhibited by PERP by inhibiting TGF-β 
signalling.21 In addition, no studies have examined the relationship between PERP and immune cell infiltration in lung 
cancer. Therefore, the role of PERP in the TME of lung cancer needs to be further explored.

In the present study, we explored the relationship between PERP and immune cell infiltration in the TME of lung 
adenocarcinoma and its impact on the prognosis of lung adenocarcinoma through multiple bioinformatics analyses, 
which were demonstrated experimentally.

Materials and Methods
Analysis of Gene Expression and Clinical Data
In March 2021, TCGA database gene expression data (mRNA, HTSeq-FPKM) and clinical data were downloaded for 
535 lung adenocarcinoma tissue samples and 59 normal tissue samples (https://portal.gdc.cancer.gov/repository).

Analysis of PERP Expression and Survival in Bioinformatics
Through analysis of the TCGA database, the expression levels of PERP were compared between lung adenocarcinoma 
and normal samples. We analysed these data to determine whether PERP expression is associated with lung adenocarci-
noma clinical features. Patients with lung adenocarcinoma were analysed using Cox regression analysis and Kaplan‒ 
Meier methods to determine whether PERP expression is related to overall survival.

Analysis of Enriched Gene Sets
GSEA can determine whether two biological states show significant and consistent differences in terms of a set of genes 
defined a priori.22 To investigate the significant survival differences between high and low PERP lung cancer samples, we 
performed GSEA to obtain an ordered list of all genes based on their association with PERP expression. Sequences of 
1000 genomes were used in each analysis. Phenotypic markers were assessed using PERP expression levels. Each 
phenotype was classified according to normal P values and normalized enrichment scores (NES).

Analysis of TIMER Databases
Based on the TIMER database (https://cistrome.shinyapps.io/timer/), we evaluated the relationship between PERP 
expression and specific subsets of immune cells infiltrating lung adenocarcinoma.23 Using Kaplan‒Meier curve analysis, 
we investigated whether gene expression or immunosuppression influenced patient survival.24

Analysis of PERP-Associated Immunomodulators
Through TISIDB (http://cis.hku.hk/TISIDB/), heterogeneous types of data are integrated to understand how tumours 
interact with the immune system, through which we can extract PERP-related immunomodulators.25 We further analysed 
the immunostimulants and immunosuppressants significantly associated with PERP expression by the Spearman correla-
tion test.
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Lung Cancer Explorer Online Analysis
Through Lung Cancer Explorer (http://lce.biohpc.swmed.edu/lungcancer/), data from TCGA, GEO, and other databases 
were combined to perform meta-analyses of PERP gene expression and survival in lung adenocarcinomas.26

Database Analysis for GEPIA
The GEPIA database (http://gepia.cancer-pku.cn/) offers a way to assess the relationship between PERP expression and 
markers associated with tumour infiltration by immune cells.27

Coexpedia Analysis
The Coexpedia database (http://www.coexpedia.org/) was used to analyse the coexpressed genes of PERP. The database is 
derived from the GEO dataset based on human and mouse samples.28 A filtering network was established for PERP as medical 
subject words. Gene scores are based on the sum of the edge weights (logarithmic likelihoods) for all connected genes.

The Metascape online database integrating more than 40 bioinformatics studies could create protein‒protein interac-
tion networks by extracting enriched annotations and identifying enriched pathways.29 Using Metascape’s online 
database, we examined the GO and KEGG enrichment for PERP-coexpressed genes.

Cell Lines and Culture Conditions
With RPMI-1640 medium containing 10% FBS, penicillin/streptomycin and 5% carbon dioxide, the human A549 cell 
line obtained from Shanghai Institute of Cell Biology was cultured at 37°C.

Reverse Transcription-Polymerase Chain Reaction (RT‒PCR) is a Technique for 
Isolating and Quantifying RNA
Total RNA was isolated from cells or tissues by RNAiso Plus reagent (TaKaRa Biotechnology, 9109) according to the 
manufacturer’s protocol, and cDNA synthesis was processed by a reverse transcription kit according to the manufac-
turer’s instructions (ABclonal, RK20429). Two-dimensional PCR was conducted on an Applied Biosystems 7500 Cycler 
(Applied Biosystems) using four-element SYBR Taq (ABclonal, RK21203), 0.4 μL, 10 μM primer mixtures, and 2 μL of 
cDNA. With the 2−ΔΔCt analysis method, the relative expression level was determined, in which 18S was used as an 
internal standard. All reactions were repeated three times. The primer sequences for the target genes were as follows: 
PERP forward 5’-CTTCACCCTTCATGCCAACC-3’, reverse 5′-GCCAATCAGGATAATCGTGGCT-3’; 18S forward 
5’-AACCCGTTGAACCCCATT-3’, reverse 5’-CCATCCAATCGGTAGTAGCG-3’.

Western Blot Analysis
The cell lysate was prepared with RIPA (Beyotime, P0013B) buffer with complete protease inhibitors. After that, a Pierce 
BCA protein assay kit (23225 from Thermo Scientific) was used to measure the protein concentrations. Approximately 
20 mg of total protein from each group was separated by sodium dodecyl sulfate‒polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene fluoride membrane. Incubations were performed overnight at 4 °C with a 1:1000 dilution 
of the primary antibody. A rabbit anti-human antibody against PERP (ABclonal, A5937) was used as the secondary 
antibody. Antibodies against caspase 3 (CST, #9662) were used as primary antibodies. Antibodies against cleaved 
caspase 3 and cleaved PARP (CST, #5625) were used as primary antibodies. A secondary antibody (mouse or rabbit 
human, Santa Cruz Biotech, 1:4000) was incubated for an hour at room temperature on the membranes.

Immunohistochemistry (IHC)
Using immunohistochemistry, we identified 20 lung adenocarcinomas and adjacent tissues from Yancheng First People’s 
Hospital. Slides with formalin-fixed paraffin embedded (FFPE) tissues were deparaffinized and deproteinized. Sodium 
citrate buffer was placed in the samples for 30 minutes (microwave heating) for antigenic repair. For the elimination of 
endogenous peroxidase activity, samples were preincubated with 3% H2O2. After 30 minutes of blocking with goat 
serum, anti-PERP (ABclonal, A5937) was incubated overnight at 4 °C with the sections. A goat anti-rabbit IgG 
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biotinylated with streptavidin-biotin conjugated with horseradish peroxidase (HRP) was incubated at 37 °C for one hour. 
After that, the signals were visualized using a diaminobenzidine kit (ZSGB-BIO), and slides were counterstained with 
haematoxylin. Counterstaining was performed using haematoxylin. An experienced pathologist blinded to the clinical 
information scored, evaluated, and analysed IHC staining.

Construction of Plasmids and Transfection
Transfection of A549 cells with PERP short hairpin RNA (shRNA) and control vectors used as retroviral silencing 
vectors was performed. The shRNA targeting sequence of PERP was as follows: CGTGACCAAATATCCTGAAAT, 
CGTGAAGTACACCCAGACCTT.

Proliferation Analysis of Cells
The effect of knocking down PERP on A549 cell proliferation was examined using the CCK-8 assay. After plasmid 
transfection, bladder cancer cells were seeded at 1000 per well in 96-well plates. For at least five replicate wells, CCK-8 
was added for 1–4 hours at 37 °C. With a 450 nm plate reader, the OD was calculated. An EdU staining plate was used to 
count the cells after resuspension in RPMI-1640 with 10% FBS containing EdU (10 μmol/L). Two hours were spent 
culturing cells (5×105/well). Afterwards, we stained samples with C10310-1 (RiboBio) according to standard procedures. 
In addition to staining the sections with DAPI, we sealed the sections with a quencher to prevent fluorescence from 
escaping. The EdU-positive cell count was calculated by multiplying the EdU-positive cell count by the EdU-positive 
cell count + EdU-negative cell count by 100%.

Analyses of Cell Apoptosis
Three kinds of shPERPs were transfected into cells: shCONT, shPERP-1 and shPERP-2. Annexin V-APC/PI (KGA1030- 
100) binding buffer was added to the cell suspension after the cells had been treated for 72 hours. Finally, the cells were 
analysed using flow cytometry (Beckman Coulter Cytoflex; Beckman, USA).

Wound-Healing Assay
Wound-healing assays were used to measure the migration of A549 cells. Our procedure consisted of inflicting a uniform 
wound into each plate after the growing cell layers reached confluence and then washing the wound layer with PBS to 
remove any cell debris. During the experiment, images were taken at the beginning and after 24 hours, and the migration 
rate of the cells was determined.

In vivo Experiments in Nude Mice
Female Nude mouse were purchased from the Experimental Animal Center of Nanjing Medical University and raised 
under pathogen free conditions. In order to establish a lung cancer xenograft model, A549 cells stably interfered with 
PERP were suspended in 100 mL PBS and subcutaneously inoculated into the ribs and abdomen of nude mice. The nude 
mice were randomly divided into two groups (3 in each group). Measure and record the length (L) and width (W) of the 
tumor, and calculate the tumor volume (V): V= (L × W2) × 0.5.

Statistical Analysis
Wilcoxon tests were used to examine relationships between PERP expression and clinicopathological features, and 
visualizations were made using R (version 3.6.1). TCGA database data were analysed with univariate Kaplan‒Meier 
(KM) and Cox regression analyses to determine overall survival (OS). The effects of PERP expression along with other 
clinicopathological variables were compared using multivariate Cox regression models. Expression levels at higher and 
lower levels were determined based on median values of PERP. For statistical analysis, SPSS version 20.0 (SPSS, 
Chicago, IL, USA) and GraphPad Prism 7.0 (GraphPad, San Diego, CA, USA) were used. Student’s t-tests and one-way 
ANOVAs were used. P< 0.05 was considered statistically significant.
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Results
Expression of PERP and Clinical Characteristics of Lung Adenocarcinoma
Based on information from the TISIDB database, we compared tumours and normal tissues in various cancers for PERP 
mRNA expression (Figure 1). Adenocarcinoma of the lung and its adjacent tissues showed differential expression of 
PERP. According to the TCGA database, the expression of PERP mRNA in lung adenocarcinoma was examined. As 
shown in Figure 2A, the mRNA expression of PERP was significantly upregulated in lung adenocarcinoma tissues 
compared with normal tissues (P= 4.152e−16). The results were verified by meta-analysis in the LCE database for 
reliability and authenticity (hazard ratio (HR)=1.13, Figure 2B).

According to the results of the univariate logistic regression analysis (Table 1), PERP expression differed significantly 
between the T stage (T2 vs T1, P=0.04) and N stage (N1 vs N0, P=0.01; N2 vs N0, P=0.04). In lymph node involvement 
with multifactorial aggravation, PERP expression was increased.

Accordingly, PERP expression was significantly elevated in lung adenocarcinoma tissues and associated with the 
clinical characteristics of lung adenocarcinomas, possibly due to the P53 signalling pathway.

Survival Analysis of PERP in Lung Adenocarcinoma
For further assessment of PERP and its prognostic value, in TCGA cases, high and low expression levels of PERP 
were determined by median values, and survival analysis was performed. According to the Kaplan‒Meier analysis, 
the overall survival time of the low-PERP group was better than that of the high-PERP group (P=5.279e-05; 
Figure 3A). Time-dependent ROC analysis showed that the AUC at 1 year, 3 years, and 5 years was 0.661 0.627 
and 0.595, suggesting that patients with lung adenocarcinomas might benefit from PERP expression (Figure 3B). 
Meta-analysis of LCE database data confirmed that PERP is an effective prognosticator (hazard ratio (HR)= 1.34, 
Figure 3C). As shown in Table 2, Cox regression analyses were used to identify prognostic factors. Based on 
a univariate analysis, pathological stage, tumour stage (T), lymph node stage (N), and PERP expression influenced 
OS for patients with lung adenocarcinoma. As shown in Table 2 and Figure 3D, PERP was an independent 
prognostic factor according to multivariate Cox regression analysis.

Lung Adenocarcinoma Immune Cell Infiltration and PERP Expression
The expression level of PERP and tumour purity were not significantly correlated (R= −0.025, P=5.79e-01), as 
shown in Figure 4A. However, in lung adenocarcinoma, the expression was significantly associated with B-cell 

Figure 1 Online analysis of the TISIDB confirmed that PERP is expressed in various cancers as well as normal tissues. *P<0.05, ***P<0.001.
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Figure 2 PERP expression in lung adenocarcinomas and normal tissues. (A) Data from the TCGA database were used to measure the expression of PERP mRNA. 
(B) A meta-analysis of PERP expression was performed by LCE.
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infiltration (R= −0.189, P=2.79e-05), macrophage infiltration (R = 0.113, P = 1.27e-02), and neutrophil infiltration 
(R = 0.117, P = 9.94e-03) but not CD4+ T-cell infiltration (R= −0.035, P= 4.42e-01), CD8+ T-cell infiltration (R = 
0.075, P=9.90e-02) or dendritic cell infiltration (R = 0.071, P =1.17e-01). In addition, using the Timer database, 

Table 1 Association Between PERP Expression and Clinical Characteristics

Clinicopathologic 
Feature

Total Odds Ratio for High  
PERP Expression

P-value

≤65 vs >65 503 0.85 (0.59–1.21) 0.36

Female vs male 522 1.31 (0.92–1.86) 0.12

T2 vs T1 453 1.54 (1.04–2.27) 0.02

M1 vs M0 378 1.09 (0.48–2.50) 0.82

N1 vs N0 434 1.74 (1.10–2.78) 0.01

N2 vs N0 410 1.68 (1.01–2.82) 0.04

Figure 3 Analysis of PERP survival in adenocarcinoma of the lung. (A) In lung adenocarcinoma, Kaplan‒Meier analysis was used to investigate the association between PERP 
expression and overall survival. (B) Time-dependent ROC analyses were conducted to determine the relationship between PERP expression and overall survival in lung 
adenocarcinoma. (C) Based on the LCE database, PERP in lung adenocarcinoma was meta-analysed for survival. Using a random effects model, heterogeneity statistic I²= 23%, 
indicating low heterogeneity, with a P-value of<0.01 in the summary analysis, which is statistically significant. (D) Multivariate Cox regression analysis was used to confirm the 
risk factors that affect OS in lung adenocarcinoma patients. # (The number of outcome events is 120, the p-value of the COX survival model is 4.3237e-09, the AIC value is 
1098.91, and the Concordance Index is 0.74). **P<0.01.
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we generated Kaplan‒Meier plots to examine the correlation between immune cell infiltration and prognosis for 
lung adenocarcinomas. Adenocarcinoma prognosis was negatively influenced by B-cell infiltration (P=0) and 
dendritic cell infiltration (P=0.048) (Figure 4B), suggesting that PERP is implicated in regulating the infiltration 
of B cells by lung adenocarcinomas. In the TIMER database, we explored the correlation between the number of 
somatic copies and the amount of immune infiltration. Deleting PERP at the chromosome arm level significantly 
decreased the infiltration levels of CD8+ T cells, CD4+ T cells, macrophages, neutrophils and dendritic cells 
(P<0.05, Figure 4C).

In addition, based on our analysis of PERP expression and immune markers in immune cells, such as B cells, 
CD8+ T cells, CD4+ T cells, neutrophils, monocytes, and dendritic cells, we observed a correlation (Table 3). 
The expression of PERP was found to have a negative correlation with B-cell immunomarkers in lung 
adenocarcinoma but not in paracancerous tissues. PERP expression was negatively correlated with CD8+ 
T cells and monocyte immunomarkers in the adjacent tissues of lung adenocarcinoma but not in the cancerous 
tissue itself. Negative correlations were also found between this molecule and most dendritic cell immunomar-
kers in both cancerous and paracancerous tissues. Additionally, PERP was negatively related to PDCD1 in lung 
adenocarcinoma. Additionally, no correlation was found between this molecule and antibodies against CD4+ 
T cells.

In summary, PERP regulated B-cell infiltration in lung adenocarcinoma, which might affect the prognosis of lung 
adenocarcinoma.

Table 2 Cox Regression Analysis of the Prognostic Factors in Lung Adenocarcinoma 
Univariate Analysis

ID HR HR.95L HR.95H p value

Age 1.000845757 0.982401735 1.019636054 0.92901693

Gender 1.00097432 0.698837323 1.433737948 0.995761563

Stage 1.64465101 1.396688 1.93663649 2.42E-09

T 1.623091548 1.309819761 2.011289072 9.57E-06

M 1.681168333 0.923680619 3.059853055 0.08910352

N 1.792676516 1.464854278 2.193862653 1.47E-08

PERP 1.005219838 1.002649414 1.007796852 6.74E-05

Multivariate analysis

ID HR HR.95L HR.95H p value

Age 1.011280314 0.991926084 1.03101218 0.255235097

Gender 0.903983401 0.627344527 1.302611171 0.588108269

Stage 2.002145694 1.271732948 3.15206694 0.002716871

T 1.19836386 0.94703939 1.516384593 0.131849546

M 0.357225305 0.11260443 1.133258418 0.080535495

N 0.948891925 0.63992826 1.40702629 0.794087809

PERP 1.004305265 1.001616309 1.007001441 0.001685935
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PERP-Related Signalling Pathways in Lung Adenocarcinoma
We conducted genome-aggregation analysis (GSEA) on low and high PERP expression datasets to identify PERP-related 
signalling pathways in lung adenocarcinoma. The GSEA results showed significant differences in the enrichment of the 

Figure 4 Lung adenocarcinoma immune cell infiltration and PERP expression. (A) The TIMER database was used to verify the correlation between the expression level of 
PERP and the purity of tumours or levels of immune infiltration. (B) With the help of the LCE database, a survival meta-analysis of immune cell infiltration and PERP in lung 
adenocarcinoma was conducted. (C) In the SCNA module of the TIMER database, PERP somatic copies were correlated with immune infiltration. *P<0.05, **P<0.01, 
***P<0.001.

Table 3 Correlation Between PERP Expression and Immune Markers of Immune Cells in GEPIA

Immune Cell 
Types

Gene  
Markers

Tumor Normal

R P R P

B cell CD19 −0.17 0.00023 −0.21 0.11

CD79A −0.18 9.30E-05 −0.22 0.089

CD8+T cell CD8A −0.074 0.1 −0.27 0.036

CD8B −0.045 0.32 −0.26 0.048

CD4+T cell CD4 −0.071 0.12 −0.1 0.44

Neutrophils CD66b −0.098 0.032 −0.12 0.38

CD11b −0.057 0.21 −0.24 0.072

CCR7 −0.065 0.15 −0.25 0.061

(Continued)
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MSigDB collection (h.all.v7.2.symbols.gmt) (nominal P < 0.05 OR FDR q < 0.25). The normalized enrichment score 
(NES) was used to determine the most significantly enriched signalling pathway, which was plotted in a multi-GSEA 
enrichment map (Figure 5A). The multi-GSEA enrichment map showed that the cell cycle, DNA repair, other enzymes 
involved in drug metabolism, glucosphingolipid biosynthesis of Lactobacillus and NeoLactobacillus series, nucleotide 
excision repair, P53 signalling pathway, pentose and glucuronate interconversions and pyrimidine metabolism were 
associated with the high expression of PERP. In addition, vascular smooth muscle contraction was associated with low 
expression of PERP. Therefore, these PERP-related signalling pathways might be involved in the development of lung 
adenocarcinoma.

Coexpression Analysis of PERP
Coexpression networks for PERP were predicted using the Coexpedia database, resulting in 437 associated genes, which 
were subsequently analysed for GO enrichment (Figure 5B and C). As shown in Figure 5C, the genes targeting 
membrane cotranslation proteins, epidermal development, cell‒cell junctions, desmosomes, cell adhesion molecule 
binding, and keratinocyte proliferation were enriched. We also performed KEGG enrichment analysis, which showed 
that the genes of ribosomes, oestrogen signalling pathways, arrhythmogenic right ventricular cardiomyopathy (ARVC), 
adherent junction, Hippo signalling pathway, TGF-β signalling pathway, sphingolipid signalling pathway, pathogenic 
E. coli infection, Vibrio cholerae infection, Alzheimer’s disease, cancer pathway, P53 signalling pathway, and cyto-
chrome P450 metabolism of heterobiomaterial were enriched (Figure 5D).

Identification of the Expression and Function of PERP in LUAD
Our bioinformatics analysis was further verified by collecting 20 pairs of LUAD tissue and adjacent tissue samples. As 
part of the investigation of the expression of PERP protein in LUAD tissues and adjacent tissues, immunohistochemistry 

Table 3 (Continued). 

Immune Cell 
Types

Gene  
Markers

Tumor Normal

R P R P

Monocytes CD86 −0.027 0.56 −0.48 0.00013

CD115 −0.043 0.35 −0.34 0.0082

CD14 −0.046 0.32 −0.47 0.00018

Dendritic cell HLA-DPB1 −0.17 0.00022 −0.43 6.00E-04

HLA-DQB1 −0.12 0.0087 0.058 0.66

HLA-DRA −0.13 0.0035 −0.45 0.00032

HLA-DPA1 −0.12 0.011 −0.34 0.0083

CD1C −0.097 0.034 −0.095 0.47

NRP1 0.031 0.81 0.031 0.81

CD11c −0.12 0.011 −0.39 0.002

Checkpoints PDCD1 −0.096 0.035 −0.29 0.028

CD274 −0.21 0.11 −0.034 0.46

CTLA4 −0.036 0.42 −0.16 0.22

LAG3 −0.085 0.061 0.13 0.33

TIGIT −0.078 0.087 −0.3 0.022
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(IHC) was performed. Comparing adjacent tissues with LUAD tissues, Figure 6A shows significantly increased PERP 
staining signals. The fact that PERP levels are associated with a poor prognosis in LUAD patients prompted us to 
investigate whether this protein is involved in the functioning of oncogenes. After silencing PERP, the relative mRNA 
and protein levels of PERP were decreased in A549 cells (Figure 6B). As shown in Figure 6C–E, according to the EdU 
and Cell Counting Kit 8 (CCK-8) assays, A549 cells with PERP knockdown had significantly decreased viability and 
proliferation. As determined by flow cytometry, transfection of A549 cells with sh-PERP increased apoptosis 
(Figure 6F). We also assessed the migratory properties of LUAD cells by wound-healing assays. In this study, simulating 
PERP significantly impaired the migration of A549 cells (Figure 6G). Additionally, knocking down PERP induced 
increased levels of apoptosis in LUAD cells, marked by elevated levels of cleaved caspase-3 and cleaved PARP 
(Figure 6H).

Interference with PERP to Inhibit Tumor Growth in vivo
To further evaluate the in vivo effect of PERP interference on NSCLC cells, A549 cells with stable PERP interference 
were inoculated into BALB/C thymic free mice. As shown in the Figure 7A, tumors formed by cells interfered with 
PERP were smaller than those formed by control cells, and the tumor volume and weight were lower (Figure 7B and C). 
The expression of PERP in transplanted tumor tissue was analyzed using IHC (Figure 7D).

Discussion
Immunotherapy has shown promising results in lung cancer patients, and new diagnostic and treatment strategies have 
been suggested based on the analysis of the characteristics of the TME and molecular signature of immune-related 

Figure 5 In lung adenocarcinoma, GSEA identified signalling pathways related to PERP (A). Coexpression analysis of PERP. (B) Coexpedia was used to construct the 
coexpression network for PERP. (C) In Metascape, GO enrichment analysis identified genes coexpressed with PERP. (D) The genes coexpressed with PERP were subjected 
to KEGG enrichment analysis.
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Figure 6 Analysis of A549 cells infected with PERP. (A) Normal and LUAD tissues contain the PERP protein. (B) In A549 cells, RT‒PCR and Western blot analysis were performed 
to determine the interference efficiency of sh-RNAs. (C and D) Transfection of shCONT, shPERP-1, and shPERP-2 led to LUAD cellular proliferation as measured by EdU assays. 
(E) LUAD cells transfected with shCONT, shPERP-1, and shPERP-2 were detected by CCK8 assays. (F) Comparison of A549 cells silenced for PERP-1 and PERP-2 with shCONT 
cells by flow cytometry. We stained the cells with Annexin V-APC and propidium iodide (PI) 72 h after transfection. (G) Wound-healing assays with LUAD cells expressing shCONT, 
shPERP-1 and shPERP-2. (H) By Western blotting, the levels of caspase-3, cleaved caspases, and PARP were determined. *P<0.05, **P<0.01.
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genes.14,30,31 New treatments have decreased lung adenocarcinoma incidence and mortality, but it remains one of the 
most prevalent cancers.32 Therefore, it is necessary to search for new diagnostic methods and immunotherapeutic targets. 
In this study, we found that the expression of PERP was significantly increased in lung adenocarcinoma tissues compared 
to normal tissues and closely associated with the clinical characteristics of lung adenocarcinoma. We also demonstrated 
that high expression of PERP was an independent risk factor for lung adenocarcinoma through Cox regression analysis. 
In addition, it was found that the infiltration of immune cells was closely related to the expression of PERP, especially the 
deletion of PERP at the chromosome arm level. Furthermore, we identified PERP-related signalling pathways that might 
play an important role in the development of lung adenocarcinoma.

Recently, PERP was found to be a member of the four transmembrane proteins (PMP22 family) involved in the 
regulation of apoptosis and intercellular adhesion.18 The role of PERP in cancer has been controversial since it is a p53 
effector. High expression of PERP has been shown to be associated with lymph node metastasis of papillary thyroid 
carcinoma.33 However, other studies have suggested that PERP inhibits tumour growth and progression by promoting 
apoptosis.34,35 In our study, meta-analysis of the LCE database showed increased PERP expression in lung adenocarci-
noma tissues compared to paracancerous tissues. In a multivariate logistic regression, the level of PERP expression was 
correlated with the T and N phases of development. Furthermore, the survival analysis showed that patients with lung 
adenocarcinoma who expressed low levels of PERP were more likely to survive. Therefore, in lung adenocarcinomas, we 
believe that PERP can promote tumour growth.

Immune cells have been found to infiltrate NSCLC in a variety of ways, with CD4+ T cells, CD8+ T cells, and B cells 
being the most commonly found.36,37 Researchers have found a close association between immune cells and survival in 

Figure 7 Suppresses tumor growth in vivo by interfering with PERP. At the experimental endpoint, (A) A549 cell xenografts that interfered with PERP were dissected and 
photographed as shown in the figure. (B) The tumor growth curve of mice. (C) Dissect the weight of the tumor body. (D) Haematoxylin and eosin (H&E) staining confirmed 
the existence of tumor cells in tumor sections, IHC quantitative PERP. ***P<0.001.
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lung cancer patients. In most studies, there is an association between T-cell infiltration and lung cancer prognosis. For 
example, there is a link between T-reg cells and poor prognosis in tumours and CD4+ T-cell infiltration with good 
prognosis in non-small cell lung cancer.38,39 It has been reported that patients with NSCLC who have high densities of 
B cells have an improved survival rate. Depending on how they function, B cells are involved in antitumour immunity 
either by capturing tumour antigens and presenting them to T cells or by producing antibodies against tumour antigens.40– 

42 As major regulators of immune and cancerous responses, dendritic cells are associated with better outcomes in 
NSCLC.43 This study found that PERP regulates B-cell infiltration in lung adenocarcinoma, which may affect patient 
prognosis. Increased regulation of PERP can activate caspase to induce the apoptosis of B cells, so we speculate that 
PERP may affect adenocarcinoma of the lung with B-cell infiltration by inducing apoptosis, which requires further 
verification.44 Our study revealed a significant decrease in the infiltration levels of various immune cells, including 
B cells, upon deletion of PERP at the chromosomal arm level via the SCNA module in the TIMER database. Patients 
with lung adenocarcinoma who have B-cell infiltration have a higher chance of surviving. This result suggests a worse 
prognosis in lung adenocarcinoma with the deletion of PERP at the chromosomal arm level. In other cancer studies, it 
was found that PERP variants can also affect patient prognosis.19,20 We therefore concluded that PERP variants may 
increase the risk of cancer by affecting immune cell infiltration.

The immunomodulatory function of PERP was also confirmed by the analysis of PERP-related immunoenhancers and 
immunosuppressants. One of the most promising approaches today for predicting biomarkers and antitumour therapies is 
immune checkpoint-based selection.45–47 Tumour progression is affected by immune cell infiltration in the TME, and 
lung adenocarcinomas are associated with high immune cell infiltration.48 Therefore, lung adenocarcinomas may be 
prognosticated based on PERP-influenced B-cell infiltration as well as treatable through PERP therapy.

Furthermore, PERP expression is associated with various signalling pathways, including the cell cycle, DNA repair, 
and P53. Coexpression analysis of PERP shows enrichment for genes involved in the Hippo, TGF-β, and P53 signalling 
pathways, among others. Targeting P53 signalling and modifying relevant protein expression are important for NSCLC 
proliferation and invasion.49 P53 signalling pathways are involved in host immunity surveillance and tumour immunity 
evasion, leading to targeted inhibitors of these pathways in active immunotherapy.50 Lung adenocarcinomas inhibit the 
Hippo signalling pathway, and relieving this inhibition might improve the disease’s prognosis.51 In lung adenocarcino-
mas, TGF-β signalling can activate fibroblasts and promote immune escape.52,53 Therefore, we need to further explore 
which signalling pathway is involved in B-cell infiltration regulated by PERP in lung adenocarcinoma.

In summary, we explored whether adenocarcinoma prognosis is influenced by PERP expression. There is an 
independent risk factor for lung adenocarcinoma associated with high expression of PERP in lung adenocarcinoma 
tissues. Apoptosis was found to affect A549 cell proliferation and metastasis as well. In addition, there is a correlation 
between PERP expression and immune cell infiltration, particularly B cells, and adenocarcinomas of the lung are 
regulated by the tumour microenvironment.
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