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Objective: To investigate the significance of lysosomal protein transmembrane 5 (LAPTM5) in kidney renal clear cell carcinoma
(KIRC).
Methods: Bioinformatics analysis as an efficient and accurate method was employed to explore the expression levels, prognostic
significance, and regulatory pathways of LAPTM5 in KIRC. Finally, the association of LAPTM5 with tumor immune infiltrates was
initially investigated.
Results: High LAPTM5 expression was observed in KIRC, and its mRNA expression was correlated with gender, stage, and grade
(all P < 0.05) but regardless of age. Besides, high LAPTM5 mRNA expression predicted poor overall survival (OS) of KIRC patients
(P < 0.01). Further, Cox regression analysis revealed the independent prognostic value of LAPTM5 for OS in KIRC patients (P <
0.001). In addition, the genetic alteration frequency of LAPTM5 was low and had no significant impact on KIRC patient prognosis.
However, the low methylation levels of the two methylated sites in the LAPTM5 gene was closely linked to poor OS (all P < 0.05).
Kyoto Encyclopedia of Genes and Genomes (KEGG) and gene set enrichment analysis (GSEA) results showed that the common
regulatory pathway was immune- and inflammatory-related pathway. Moreover, LAPTM5 was also associated with tumor immune
infiltrates (all P < 0.001).
Conclusion: LAPTM5 served as an independent prognostic factor for KIRC patients. LAPTM5 might affect the OS of KIRC patients
through the involvement of the immune-related pathway. Therefore, LAPTM5 served as a potential biomarker for OS of KIRC
patients.
Keywords: lysosomal protein transmembrane 5, prognosis, regulatory pathway, kidney renal clear cell carcinoma

Introduction
Renal cell carcinoma (RCC) belongs to one of the most prevalent malignancies worldwide. According to statistics
published in 2019, there were approximately 73,820 new cases and 14,770 deaths for RCC in the US.1 Kidney renal clear
cell carcinoma (KIRC) is the most common subtype of RCC with a proportion of 75–80%, which accounts for the most
RCC-related deaths.2 It is a type of renal cortical tumor featured with malignant epithelial cells with clear cytoplasm.3

Currently, surgery, targeted therapy, and immunotherapy are the preferential methods for the treatment of KIRC due to its
resistance to conventional radiotherapy and chemotherapy.3,4 However, metastasis still occurred in 30% of patients who
received surgery.5 In addition, adaptation to treatment, dynamic variation, and tumor heterogeneity may lead to the limit
in the application of the targeted drugs for KIRC treatment.6,7 Therefore, there is a strong demand to develop novel
biomarkers to improve the long-term survival of this disease.

As a 30-kDa multi-spanning transmembrane protein, lysosomal protein transmembrane 5 (LAPTM5) encodes
a membrane protein that localizes to intracellular vesicles, regulating vesicle trafficking.8 E3 protein encoded by
LAPTM5 might represent an essential role in hematopoiesis.9 Additionally, LAPTM5 is preferentially expressed in
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immune cells and hematopoietic cells, and it has a close interaction with Nedd4 family of ubiquitin ligases. LAPTM5 is
an active regulator of the proinflammatory signaling pathways in macrophages.10,11 Previous studies reported high
expression of LAPTM5 in malignant B lymphomas and participated in B cell malignancies, which was involved in
negative regulation of B and T cell receptor on the cell surface via facilitating lysosome degradation.12,13 LAPTM5
deficiency has been shown to activate B cells or T cells due to an increase in level of their respective receptors.14

Moreover, knockdown of LAPTM4B, another vital subtype of the LAPTM family inhibited proliferation of prostate,
breast and hepatocellular cancers.15–17 These results suggested that LAPTM family played an essential role in tumor
occurrence and development. Of note, Sui et al have identified that LAPTM5 was one of the key genes in KIRC,18 but
the underlying mechanism of LAPTM5 involved in KIRC remains clarified.

In this study, public databases and bioinformatics tools were used to evaluate the correlation between LAPTM5
mRNA expression and patient prognosis in KIRC. We proceeded to analyze the genetic alteration and methylation of
LAPTM5. Enrichment analyses were conducted to reveal the potential pathways in which LAPTM5 may be involved.
Finally, the correlation between LAPTM5 and tumor immune infiltration was studied.

Materials and Methods
Analysis of the LAPTM5 mRNA Expression
The gene expression levels of LAPTM5 were assessed using GEPIA, gene set cancer analysis (GSCA), and the
University of California Santa Cruz (UCSC) Xena databases. We initially analyzed the LAPTM5 expression in various
tumors using the GEPIA database (http://gepia.cancer-pku.cn/) which is a newly developed interactive web server for
analyzing the RNA sequencing expression data. As an integrated database for genomic and immunogenomic analyses,
GSCA was adopted to explore the LAPTM5 expression in KIRC by inputting “LAPTM5” and selecting “KIRC” in the
“expression” column. Moreover, HTseq-FPKM data and phenotype information such as age, gender, and cancer stage for
KIRC samples based on GDC TCGAwere downloaded from UCSC Xena (https://xenabrowser.net/datapages/) for further
analysis. These data were used to further evaluate the LAPTM5 expression in KIRC and paired normal groups. UCSC
Xena allows users to explore functional genomic data sets for correlations between genomic and phenotypic variables.
Following this, the relation between LAPTM5 mRNA expression and the clinicopathologic characteristics including age,
gender, cancer stage, and grade were determined through UALCAN database (http://ualcan.path.uab.edu/analysis.html),
which is a comprehensive, user-friendly, and interactive web resource for analyzing OMICS data.

Analysis of the Prognostic Value of LAPTM5 mRNA Expression
Kaplan–Meier plotter database (http://kmplot.com/analysis/index.php?p=background) was employed to evaluate the
prognostic significance of LAPTM5 in KIRC in terms of overall survival (OS) and relapse-free survival (RFS). Then,
we examined the effect of LAPTM5 on OS, disease-free interval (DFI), disease-specific survival (DSS), and progression-
free interval (PFI) for KIRC patients based on the GDC TCGA data by the Kaplan–Meier method. Next, the association
of LAPTM5 expression with patient clinical outcome with restricted clinicopathological factors was investigated through
the Kaplan–Meier plotter website. Subsequently, Cox regression analysis was performed to explore the independent
prognostic factors for OS of KIRC patients. Male was set as a reference level for gender, stage 1 for stage, normal for
white cell count, hemoglobin, serum calcium, and platelet qualitative.

Genetic Alteration Analysis
The genetic alteration of LAPTM5 and its relationship with prognosis of KIRC patients were evaluated via cBioPortal
database (https://www.cbioportal.org/). This database integrates multidimensional cancer genomics data with interactive
analyzing modules for research on gene alteration, co-expression profiles, and survival. The threshold was set as follows:
TCGA-KIRC, Firehose Legacy (538 samples), gene, LAPTM5.
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Methylation Analysis
The UALCAN and DNA methylation interactive visualization database (DNMIVD) (http://119.3.41.228/dnmivd/index/)
were applied for analyzing the LAPTM5 promoter methylation profile between KIRC and normal groups. DNMIVD is
a comprehensive annotation and interactive visualization database for DNA methylation profile of diverse human cancer
constructed with high throughput microarray data. Furthermore, GSCA database was used to explore the correlation
between LAPTM5 mRNA expression and its DNA methylation in “Mutation” tab. After that, the prognostic values of
LAPTM5 methylation level at different methylated sites were analyzed via MethSurv (https://biit.cs.ut.ee/methsurv/).
The survival plots were presented in “Single CPG” module, and the heat map of the relation of LAPTM5 methylation
levels with the patient characteristics and gene subregions in “Gene visualization” module. MethSurv is an interactive
and user-friendly web portal providing univariate and multivariate survival analysis based on DNA methylation
biomarkers using TCGA data.

Identification of Co-Expressed Genes and Functional Enrichment Analysis
As a database providing a unique platform for biologists and clinicians to access, analyze and compare cancer multi-omics
data within and across tumor types, LinkedOmics (http://linkedomics.org/login.php) was adopted to retrieve the genes co-
expressed with LAPTM5. The parameters were set as follows: cancer type, TCGA_KIRC; search dataset, RNAseq; dataset
attribute, LAPTM5; target dataset, RNAseq; statistic method, Pearson correlation test. According to |z score|, P < 0.001,
false discovery rate (FDR) <0.01, top 500 co-expressed genes together with LAPTM5 were loaded into the database for
annotation, visualization, and integrated discovery (DAVID) (https://david.ncifcrf.gov/summary.jsp) for gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses.

Gene Set Enrichment Analysis (GSEA)
GSEA was performed to reveal the pathological role of LAPTM5 in KIRC. The parameters were set as follows: number
of permutations (1000), permutations type (gene_set), enrichment statistic (weighted), metric for ranking genes
(Pearson), gene list ordering mode (descending). The terms with FDR < 0.25 and P < 0.05 were considered as significant
pathways.

Immune Infiltrates Analysis
Tumor immune estimation resource (TIMER) web server (https://cistrome.shinyapps.io/timer/) is a comprehensive
resource for systemic analysis of immune infiltrates across 32 cancer types. The abundance of six immune infiltrates
including B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages, and dendritic cells are estimated using the
TIMER algorithm. The correlation between LAPTM5 expression and infiltration of immune cells in KIRC were
examined in the “Gene” module of TIMER.

Statistical Analysis
Statistical analyses were performed by SPSS23.0 (SPSS, Inc., Chicago, IL, USA) software. The differential expression of
LAPTM5 between KIRC and paired normal groups was evaluated using paired t-test. Kaplan–Meier survival analyses
were performed using the Log rank test. Spearman correlation and Pearson correlation coefficient were utilized to
measure the linear dependence between variables in GSCA and LinkedOmics, respectively. P value less than 0.05 was
considered as statistically significant.

Results
Expression Analysis of LAPTM5 in KIRC
The LAPTM5 mRNA expression in various cancers was firstly analyzed and the results are shown in Figure 1A. Then,
we examined the mRNA expression of LAPTM5 in KIRC, and observed that the transcriptional level of LAPTM5 was
significantly elevated in KIRC in comparison to the normal group (FDR < 0.001) (Figure 1B). Moreover, analysis of the
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RNAseq data of GDC TCGA-KIRC samples exhibited overexpression of LAPTM5 in KIRC tissues compared to paired
normal controls (P < 0.001) (Figure 1C). These results suggested that LAPTM5 was overexpressed in KIRC.

After a significant difference of LAPTM5 mRNA expression between normal and KIRC groups has been observed,
the relationship between clinicopathological characteristics and its mRNA expression was next explored. As presented in

Figure 1 LAPTM5 overexpression in KIRC. (A) LAPTM5 mRNA expression in multiple cancers. (B) LAPTM5 mRNA expression between KIRC and normal groups. FDR,
false discovery rate. (C) LAPTM5 mRNA expression in a paired comparison of KIRC and their adjacent normal tissues.

Figure 2 The relation between LAPTM5 mRNA expression and clinicopathological characteristics in UALCAN. (A) Age. (B) Gender. (C) Stage. (D) Grade. *P < 0.05, **P < 0.01,
***P < 0.001.
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Figure 2A, no significant relation was found between LAPTM5 mRNA expression and age. Nevertheless, LAPTM5
mRNA expression was significantly connected with gender, cancer stage, and grade (all P < 0.05) (Figure 2B-D).

High LAPTM5 mRNA Expression Was Related to Poor OS of KIRC Patients
To investigate the prognostic significance of LAPTM5 mRNA expression in KIRC, we determined the correlation
between LAPTM5 and patient OS, and RFS. The KIRC patients who possessed a low LAPTM5 mRNA expression
tended to have better prognosis (P < 0.01) (Figure 3A), but there was no significant impact of LAPTM5 on RFS
(Figure 3B). Based on GDC TCGA-KIRC data, high LAPTM5 mRNA expression resulted in worse OS (P < 0.01)
(Figure 3C). However, high LAPTM5 mRNA expression was not significantly linked to the DFI, DSS, and PFI
(Figure 3D-F). These findings revealed that LAPTM5 was a potential biomarker for OS in KIRC patients.

To further determine the prognostic value of LAPTM5 mRNA expression in KIRC, Kaplan–Meier plotter website was
employed to evaluate the correlation between LAPTM5 mRNA expression and patient prognosis stratified by the clinical
parameters. As presented in Table 1, LAPTM5 was negatively related to OS among stage 1, and stage 4 patients (P < 0.05).
Similarly, a negative correlation was found between LAPTM5 and OS in both female and male patients (P < 0.05). Besides,
high LAPTM5 mRNA expression led to poor OS in Caucasian patients (P < 0.05). However, LAPTM5 was not notably
associated with RFS in KIRC patients with restricted clinicopathological characteristics. The above results indicated that

Figure 3 Correlation between LAPTM5 and KIRC patient prognosis. (A) OS and (B) RFS in Kaplan-Meier plotter. (C) OS, (D) DFI, (E) DSS, and (F) PFI based on GDC
TCGA data.
Abbreviations: OS, overall survival; RFS, relapse-free survival; DFI, disease-free interval; DSS, disease-specific survival; PFI, progression-free interval; HR, hazard ratio.
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high expression level of LAPTM5 affected the OS of KIRC patients particularly in stage 1, stage 4, and Caucasian patients
with regardless of gender.

To explore the independent prognostic predictors for OS of KIRC patients, LAPTM5 and clinicopathological factors
were integrated into Cox regression analyses. In univariate analysis, age, stage 3, stage 4, low hemoglobin, elevated
serum calcium and platelet qualitative, and LAPTM5 were significantly related to prognosis of KIRC patients (P < 0.01)
(Table 2). In multivariate analysis, only age, stage 4, and LAPTM5 had statistical differences (all P < 0.05) (Table 3),
suggesting that LAPTM5 served as an independent prognostic predictor for OS of KIRC patients.

Genetic Alteration Frequency of LAPTM5 Was Low and Not Associated with the
Prognosis in KIRC
To investigate the value of LAPTM5 genetic alteration in KIRC, the type and proportion of LAPTM5 genetic alteration
were evaluated through cBioPortal. We observed that the genetic alteration was detected in 4% of the patients, and the
alteration type was mRNA high (Figure 4A). After that, we analyzed the correlation between LAPTM5 mRNA
expression and prognosis. There was no significant difference in OS and disease-free survival (DFS) between altered
and unaltered groups (Figure 4B and C). The above findings implied that genetic alteration frequency of LAPTM5 was
low and not linked to patient prognosis.

Hypomethylation of LAPTM5 Was Linked to Worse OS of KIRC Patients
To probe into the role of LAPTM5 methylation in KIRC, we first analyzed the LAPTM5 methylation status and observed
hypomethylation of LAPTM5 in the promoter region in KIRC by UALCAN and DNMIVD databases (all P < 0.001)
(Figure 5A and B). Subsequently, the correlation between LAPTM5 methylation and its mRNA expression was evaluated
through GSCA. As shown in Figure 5C, LAPTM5 methylation exhibited a strong negative relation with its mRNA
expression in KIRC with a Cor. = −0.59 (FDR < 0.001).

Following this, we extracted the prognosis-related methylated sites of the LAPTM5 gene using the MethSurv
database. The genomic regions were classified into TSS 1500, 3ʹUTR, first exon, 5ʹUTR, body, and TSS 200.19

Figure 5D demonstrates the heat map of the relation of LAPTM5 methylation levels with the patient characteristics

Table 1 The Correlation Between LAPTM5 mRNA Expression and Prognosis in KIRC Patients with Restricted Pathological Factors

Clinicopathological Characteristics Overall Survival Relapse-Free Survival

Number HR (95% CI) P-value Number HR (95% CI) P-value

Stage

1 265 2.26 (1.25–4.09) 0.0055 73 0.38 (0.04–3.7) 0.39
2 57 0.7 (0.19–2.55) 0.59 18 / /

3 123 0.52 (0.24–1.1) 0.081 25 0.32 (0.03–3.87) 0. 35

4 82 2 (1.14–3.52) 0.014 0 / /
Grade

1 14 / / 4 / /

2 227 1.62 (0.88–2.98) 0.12 61 2.45 (0.27–21.97) 0.41
3 206 0.63 (0.37–1.06) 0.078 41 1.81 (0.35–9.31) 0.47

4 75 1.36 (0.77–2.39) 0.29 7 / /

Gender
Female 186 1.7 (1.02–2.81) 0.038 49 0.46 (0.05–4.4) 0.49

Male 344 1.55 (1.03–2.35) 0.034 67 0.58 (0.18–1.93) 0.37

Race
Caucasian 459 1.5 (1.09–2.04) 0.011 83 2.26 (0.5–10.23) 0.28

Asian 8 / / 0 / /

African-American 66 1.84 (0.55–6.12) 0.31 34 0 (0-Inf) 0.24

Note: / Values indicated the sample number too low for meaningful analysis.
Abbreviations: KIRC, kidney renal clear cell carcinoma; HR, hazard ratio; 95% CI, 95% confidence interval.
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and gene subregions. By assessing all 10 methylation sites of LAPTM5 in KIRC, we found that two hypomethylation
sites LAPTM5-3ʹUTR-Open_Sea-cg13246468 and LAPTM5-Body-Open_Sea-cg19919590 predicted worse clinical out-
come of KIRC patients (P < 0.05) (Figure 5E and F), suggesting that hypomethylation of LAPTM5 resulted in poor OS
of KIRC patients.

Identification and Enrichment Analysis of LAPTM5 and Its Co-Expressed Genes
To reveal the underlying mechanism of LAPTM5 in KIRC, LinkedOmics was firstly utilized to retrieve the genes co-
expressed with LAPTM5 in KIRC. The volcano plot presented the association results using Pearson Correlation
Coefficient (Figure 6A). The top 50 positively and negatively correlated genes were exhibited in the heat maps
(Figure 6B and C). Then, the top 500 co-expressed genes together with LAPTM5 were loaded into DAVID database
for GO and KEGG analyses. For biological processes, LAPTM5 and its co-expressed genes were mainly enriched in

Table 2 Univariate Analysis of the Correlation of LAPTM5 and Other Clinical Risk Factors with
OS in KIRC Patients

Covariates HR 95% CI P-value

Age 1.031 1.018–1.044 <0.001

Female 1.007 0.729–1.392 0.964

Stage 2 1.415 0.752–2.664 0.282
Stage 3 2.868 1.859–4.423 <0.001

Stage 4 6.747 4.496–10.126 <0.001

White cells count (low) 1.673 0.680–4.115 0.262
White cells count (elevated) 0.721 0.500–1.041 0.081

Hemoglobin (low) 2.117 1.465–3.060 <0.001
Hemoglobin (elevated) 3.668 0.880–15.288 0.074

Serum calcium (low) 0.779 0.543–1.116 0.173

Serum calcium (elevated) 3.325 1.573–7.029 0.002
Platelet qualitative (low) 1.433 0.855–2.403 0.172

Platelet qualitative (elevated) 3.517 2.319–5.336 <0.001

LAPTM5 5.826 3.331–10.192 <0.001

Abbreviations: OS, overall survival; KIRC, kidney renal clear cell carcinoma; HR, hazard ratio; 95% CI, 95% confidence
interval.

Table 3 Multivariate Analysis of the Correlation of LAPTM5 and Other Clinical Risk Factors with
OS in KIRC Patients

Covariates HR 95% CI P-value

Age 1.065 1.030–1.100 <0.001

Female 1.318 0.657–2.646 0.437

Stage 2 0.982 0.251–3.846 0.979
Stage 3 1.558 0.683–3.555 0.292

Stage 4 5.215 1.435–18.948 0.012

White cells count (low) 2.742 0.321–23.408 0.356
White cells count (elevated) 1.467 0.566–3.802 0.431

Hemoglobin (low) 1.437 0.599–3.447 0.416

Hemoglobin (elevated) 3.178 0.300–33.619 0.337
Serum calcium (low) 0.995 0.406–2.437 0.991

Serum calcium (elevated) 3.375 0.404–28.184 0.261

Platelet qualitative (low) 1.430 0.516–3.963 0.492
Platelet qualitative (elevated) 1.729 0.613–4.880 0.301

LAPTM5 4.765 2.453–9.256 <0.001

Abbreviations: OS, overall survival; KIRC, kidney renal clear cell carcinoma; HR, hazard ratio; 95% CI, 95% confidence
interval.
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signal transduction, immune response, and inflammatory response (Figure 6D). For cellular components, they were
mainly involved in plasma membrane, integral component of membrane, and integral component of plasma membrane
(Figure 6E). For molecular functions, they were mainly participated in receptor activity, transmembrane signaling
receptor activity, and carbohydrate binding (Figure 6F). The major KEGGs were cell adhesion molecules, cytokine–
cytokine receptor interaction, and chemokine signaling pathway (Figure 6G). Notably, the pathways in which LAPTM5
and its co-expressed genes were mainly involved were immune- and inflammatory-related pathways. These results
indicated that LAPTM5 might be related to cancer progression.

GSEA
To further elucidate the pathological role of LAPTM5 in KIRC, GSEA was performed to identify the LAPTM5
associated signaling pathways in KIRC. The results showed that gene sets differentially enriched in the high LAPTM5
expression phenotype associated with immunomodulation, such as antigen processing and presentation, cytokine–
cytokine receptor interaction, natural killer cell mediated cytotoxicity, Toll like receptor signaling pathway, JAK-STAT
signaling pathway, and cell adhesion molecules (Figure 7). The detailed information of these six most significant
pathways are presented in Table 4. Combined with the functional enrichment results, we found that these top six
significant pathways were the consistent pathways. Thus, LAPTM5 might be involved in the development and progres-
sion of KIRC via regulating immune- and inflammatory related pathways.

Association of LAPTM5 Expression with Immune Infiltrates
Due to the involvement of LAPTM5 in the immune-related signaling pathways, we next focused on the relation between
LAPTM5 expression and immune infiltration level in KIRC through TIMER database. As shown in Figure 8, LAPTM5
was positively associated with all the immune infiltrates including B cell, CD8+ T cell, CD4+ T cell, macrophage,
neutrophil, and dendritic cell (all P < 0.001), indicating that LAPTM5 was closely related to immune cell infiltration.

Discussion
The discovery of important tumor biomarkers by bioinformatics analysis has become a reliable method, which provides
various information such as expression, prognosis, and regulatory pathways.20,21 In this study, we evaluated the
expression and prognostic significance of LAPTM5 in KIRC based on bioinformatics approaches. Various public
databases were employed to eliminate any discrepancies in the LAPTM5 expression and its prognostic value in KIRC.

Figure 4 The genetic alteration frequency of LAPTM5 was low and not associated with prognosis in KIRC patients. (A) The genetic alteration frequency of LAPTM5. The
correlation between LAPTM5 gene alteration and (B) OS, and (C) DFS.
Abbreviations: OS, overall survival; DFS, disease-free survival.
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The results showed a consistent association of high LAPTM5 mRNA expression with unfavorable clinical outcome of
KIRC patients. The genetic alteration and methylation of LAPTM5 were also explored to further understand the role of
LAPTM5 in KIRC. Finally, the enrichment analyses revealed that LAPTM5 was mainly involved in immune- and
inflammation-related pathways.

There is increasing evidence showed that LAPTM5 was related to multiple tumors. Low mRNA expression of
LAPTM5 predicted worse prognosis of patients with non-small cell lung cancer and esophageal squamous cell
carcinoma.22 Downregulation of LAPTM5 inhibited the proliferation and viability of bladder cancer cells.23 Besides,
LAPTM5 mRNA expression was elevated in testicular germ cell tumors, and its high expression contributed to poor OS.9

LAPTM5 also served as a biomarker for patients with lung cancer, exhibiting the correlation between LAPTM5 and
methylation.24 Additionally, LAPTM5 mRNA expression was decreased in neuroblastoma cell lines and primary tumors
by DNA methylation around its transcriptional start site.25 Taken together, LAPTM5 represented a crucial role in the
cancer progression. In this study, we observed that LAPTM5 was highly expressed in KIRC, and its expression was

Figure 5 Methylation of LAPTM5 was related to prognosis of KIRC patients. Methylation status of LAPTM5 in (A) UALCAN and (B) DNMIVD. (C) The correlation
between LAPTM5 methylation and its mRNA expression. (D) The heat map of the relation of LAPTM5 methylation levels with the patient characteristics and gene
subregions. Association of methylation at (E) 3ʹUTR-Open_Sea-cg13246468 and (F) Body-Open_Sea-cg19919590 with KIRC patient OS.
Abbreviations: FDR, false discovery rate; HR, hazard ratio.
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significantly related to gender, stage, and grade. Based on Kaplan–Meier plotter analysis, we found that high transcrip-
tional level of LAPTM5 contributed to worse OS of KIRC patients, particularly by affecting OS of patients at stage 1,
stage 4, and Caucasian. Further Cox regression analysis revealed the independent prognostic value of LAPTM5 for OS in
KIRC, indicating that LAPTM5 might be a potential prognostic biomarker for this tumor.

We next embarked our research on the genetic alteration of LAPTM5 and its impact on patient prognosis. Despite the
genetic alterations in LAPTM5 were observed, they were less frequent and not significantly associated with OS or DFS
of the KIRC patients. Following this, the methylation of LAPTM5 and its relation to the clinical outcome were
investigated. Previous studies have pointed out the essential role of LAPTM5 methylation status in tumors. Cortese
et al have reported that the hypermethylation of LAPTM5 in poorly differentiated lung cancers in comparison to
moderately differentiated lung cancers.24 Besides, the silencing of LAPTM5 by hypermethylation might result in the
development of more aggressive cancer phenotypes in myeloma cells.26 While in our study, hypomethylation of
LAPTM5 at two sites led to poor OS of KIRC patients. Thus, it is reasonable to speculate that LAPTM5 overexpression
in KIRC and contributed to shorter survival time of the patients due to its hypomethylation.

To determine the function of LAPTM5, the genes co-expressed with LAPTM5 were screened for functional
enrichment analysis. Major KEGG pathways modulated by LAPTM5 co-expressed genes were cell adhesion molecules,

Figure 6 Identification and functional enrichment analyses of genes co-expressed with LAPTM5. (A) The volcano plot of genes co-expressed with LAPTM5. (B) The top 50
positively correlated genes. (C) The top 50 negatively correlated genes. (D) BP, (E) CC, (F) MF, and (G) KEGG pathway enrichment of LAPTM5 and its co-expressed genes.
Abbreviations: BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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cytokine–cytokine receptor interaction, and chemokine signaling pathway. Moreover, GSEA results showed six most
significantly enriched pathways in high expression phenotype including JAK-STAT signaling pathway, which played
a regulatory role in cell proliferation, and differentiation, and migration.27 All these pathways were correlated with
immune and inflammation, suggesting that LAPTM5 might be involved in the KIRC progression by regulating immune-
related pathway. The pathway results triggered our interest to investigate the correlation between LAPTM5 and immune
infiltration. Interestingly, LAPTM5 had robust relation with tumor immune infiltrates, but the detailed underlying
mechanism required further exploration. Future research is also needed to explore the LAPTM5-targeted drugs, as
LAPTM5 may be a valuable biomarker for KIRC.

In conclusion, LAPTM5 was highly expressed in KIRC, and its high mRNA level might lead to worse prognosis of
KIRC patients through regulation of immune- and inflammation-related pathways. Moreover, we found the methylation

Figure 7 Gene sets enriched in the high LAPTM5 expression phenotype by GSEA.

Table 4 Gene Sets Enriched in the High LAPTM5 Expression Phenotype

KEGG Name ES NES Nominal p-value FDR q-value

Antigen processing and presentation −0.78396684 −2.7777734 <0.001 <0.001

Cytokine-cytokine receptor interaction −0.79863626 −2.6519237 <0.001 3.29E-04

Natural killer cell mediated cytotoxicity −0.745161 −2.630032 <0.001 1.97E-04
Toll like receptor signaling pathway −0.7601358 −2.5928254 <0.001 1.41E-04

JAK-STAT signaling pathway −0.66569597 −2.5872974 <0.001 1.23E-04

Cell adhesion molecules −0.7613634 −2.5573685 <0.001 2.07E-04

Abbreviations: ES, enrichment score; NES, normalized enrichment score; FDR, false discovery rate.
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status of LAPTM5 also affected the prognosis of the patients, and its mRNA expression had a close relation with immune
cell infiltration. Therefore, LAPTM5 may be a reliable and potent biomarker for the patient prognosis in KIRC.
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