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Abstract 

Background: Relevant study had demonstrated that Paraoxonase-1 (PON1) had relationship with 

occurrence and development of tumors which suggested that PON1 was a key gene in promoting 

mailto:ntfyhuanghua@163.com


2 

 

tumor progression. However, the relationship between PON1 and Kidney renal clear cell 

carcinoma (KIRC) is still unclear so far. 

Methods: We downloaded relevant data about KIRC from TCGA dataset and compared it with 

normal renal tissues. Immunohistochemistry (IHC) was applied to analyze the expression of 

PON1. Univariate cox regression analysis and multivariate cox regression analysis were also 

utilized to analyze independent factors associated with prognosis. Gene set enrichment analysis 

was conducted to find the signaling pathways of PON1 in KIRC. Finally, we also investigated 

whether PON1 had relationship with immunity. 

Results: As shown in results, PON1 expression was decreased in KIRC compared with adjacent 

paracancer tissues. Immunohistochemistry (IHC) was utilized to find the expression of PON1. 

After survival analysis, the high expression of PON1 was significantly related to overall survival 

(P<0.001). Univariate/Multivariate cox regression analysis both revealed that PON1 could serve 

as an independent prognostic factor. To analyze overall survival (OS) of patients with KIRC, 

nomogram was developed. GSEA revealed that PON1 was correlated with homologous 

recombination. Besides, PON1 had few relationships with immunity. 

Conclusions: Our results revealed that PON1 could serve as an independent prognostic factor for 

KIRC, providing a novel target for KIRC future treatments. 

 

Keywords: PON1, Kidney renal clear cell carcinoma, Prognosis, Overall survival, Immunity 

 

 

 

 

 

 

 

1. Introduction  

Kidney renal clear cell carcinoma (KIRC) is one of the most common tumor diseases of the 

urinary system, accounting for 2% to 3% of adult malignancies (1). An estimated 76080 new cases 
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of kidney cancer and an estimated 13780 deaths will occur in 2021(1). KIRC often has three main 

clinical manifestations which goes undetected early (2). Due to the lack of typical clinical 

manifestations, some kidney cancer patients was found to have metastasized by the time the tumor 

was found(3). Surgery and chemoradiotherapy are conventional treatments for KIRC. However, 

patients with distant metastasis have a low survival rate. Besides, distant metastasis of tumor can 

greatly affect the prognosis of patients. Therefore, we hope to improve the prognosis of KIRC 

patients by explore pathogenesis of PON1.  

Paraoxonase-1 (PON1), located at chromosome 7 (q21.22) is a member of a gene family 

which also contains PON2 and PON3(4). PON1 bound to circulating HDL particles is known to 

enzymatic hydrolysis of organic sulfates involved in lipid metabolism in disease. The expression 

of PON1 is related to the formation of atherosclerosis. PON1 can interfere with the formation of 

atherosclerosis by inhibiting lipid oxidation and reducing the production of lipid peroxides(5, 6). 

More and more studies have revealed that PON1 plays a significant role in the progression of 

diabetes, atherosclerosis and cancer (7-9). Studies have found that some PON1 genotypes may be 

a risk factor for cancer, so the role of PON1 in cancer disease models can be predicted(10). In this 

study, we carried out GSEA to explore relevant signaling pathways and revealed the relationship 

between PON1 and immunity. 

 

2. Method and materials 

2.1. Acquisition and preparation of data 

We obtained Gene expression profiles and related clinical information in regard to KIRC 

from The Cancer Genome Atlas (TCGA) Data Portal (https://tcga-data.nci.nih.gov/tcga/; accessed 

October 2021). The differently expressed genes (DEGs) were acquired by applying the “limma” 

package in view of |log2 fold change (FC)|≥1 and false discovery rate (FDR)<0.05. All of these 

were operated by the R software (https://www.r-project.org/). Batch normalization of gene 

expression data were carried out by using the “sva” package in R software. 

2.2. Immunohistochemistry staining  

Tissue sample of KIRC fixed with formalin were used for Immunohistochemistry staining. 

PON1 antibodies for immunohistochemical staining were obtained from Abcam (ab92466). We 

https://www.r-project.org/
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compared the staining between renal carcinoma and normal tissue under the microscope. The final 

scores depended on two kinds of factors: positive cells score and staining intensity score. Firstly, 

positive cell score: 0-5% is 0, 6-25% is 1, 26-50% is 2, 51-75% is 3 and greater than 75% is 4. 

Besides, score of staining intensity: 0 for no staining, 1 for a slightly yellow background, 2 for a 

yellowish background and 3 for a brown background. Samples were collected from kidney cancer 

patients at the Affiliated Hospital of Nantong University. The ethical review was passed by the 

Affiliated Hospital of Nantong University. We performed immunohistochemical tests on 10 renal 

cancers tissue and 10 paracancerous tissues.  

2.3. Gene set enrichment analysis 

Gene set enrichment analysis (GSEA) is a scientific method that was used to elucidate the 

difference in prognosis between patients with the high- and low-PON1 groups. Differentially 

expressed PON1 was performed KEGG enrichment analysis by using R software. GSEA was used 

to investigate PON1-related signaling pathways. It would be significant that only the normalized 

enrichment score (NES) >1.5 and nominal p value <0.05. 

2.4. Univariate and multivariate Cox hazard regression analysis 

With the help of R software, we used univariate and multivariate COX hazard regression 

analysis to estimate whether these clinical factors (age, gender, grade, T, M, N, race, stage) and the 

expression of PON1 were independent prognostic factors.  

2.5. The development of Nomogram 

A nomogram model was conducted to predict the OS of KIRC patients by using “rms” 

package of R software. The nomogram model included nine independent factors which was used 

to calculate the total points. Finally, the total point was used to assess OS of KIRC patients. 

2.6. PPI, MSI, TMB and neoantigen 

PPI network was constructed by using the STRING website(http://string-db.org). Then the 
relationships between these proteins were represented by using Cytoscape3.7.0 software. PPI 
network analysis was used to reveal the potential relationship between PON1 and other genes. 
Microsatellite instability (MSI) is defined as the high polymorphism on the length of 
microsatellites caused by abnormalities in the MMR system (11). We explored the correlation 
between PON1 expression and MSI, TMB, neoantigen by using the Spearman’s method (12, 13).  
The above researches were conducted by Sangerbox tools (http://www.sangerbox.com/tool).  

2.7. The immune infiltrations, immune checkpoint molecules, tumor microenvironment and 

immune cells pathway 

http://www.sangerbox.com/tool
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Tumor Immune Estimation Resource (TIMER) was utilized to investigate molecular 

characterization of tumor-immune interactions (14). TIMER calculated the levels of 

tumor-infiltrating immune cells of six subtypes which includes B cell, CD4+ T cell, CD8+ T cell, 

neutrophil, macrophage, and dendritic cell in 10897 tumors of 32 cancer types (14, 15). By using 

the ESTIMATE algorithm, the ImmuneScore, StromalScore and ESTIMATEScore were calculated 

to analyze tumor microenvironment (16). CIBERSORT which is computational deconvolution 

method was utilized to explore the immune infiltrations with P<0.001 as standard. We used the 

Sangerbox tools (http://www.sangerbox.com/tool) to analyze immune checkpoint molecules or 

immune cells. 

 

3. Results 

3.1. Different expression of PON1 and survival outcome 

As shown in Figure.1(A-C), the expression of PON1 in normal tissue is higher than the 

expression of PON1 in KIRC. These results suggest that the expression of PON1 was significantly 

decreased compared to adjacent paracancer tissues. The expression of PON1 was also different in 

READ, PAAD, LUAD, LGG and ESCA. As shown in Fig.1D, Kaplan-Meier survival analysis 

showed that high-PON1 groups had a worse OS than that low-PON1 groups (P<=0.001). 

Increased expression of PON1 in KIRC predicted poor prognosis. We used data downloaded from 

GSE14994 to conduct the validation (Fig.1E). Among the data, there were 11patients in the 

normal group and 59 patients in the tumor group. 

3.2. Association with PON1 expression and clinicopathologic variables 

Clinicopathological data were integrated with PON1 expression levels. Logistic regression 

analysis was applied to analyze the association between PON1 expression and clinicopathologic 

characteristics in KIRC patients. High PON1expression is significantly related to grade(P=0.019), 

M(P=0.019), clinical stage(P=0.0014) and T(P=0.0063) (Fig.2). These results all suggested that 

KIRC patients with high PON1 expression were prone to an advanced form of the diseases and 

worse status than those with low PON1 expression. Otherwise, Immunohistochemistry (IHC) 

analysis staining results was expressed highly in tumor tissue compared to normal tissue (Fig.3). 

3.3. PON1 can serve as an independent prognostic marker in KIRC patients 

http://www.sangerbox.com/tool
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We used univariate/multivariate Cox regression analyses to verify whether PON1 was an 

independent prognostic factor by the TCGA dataset (Table1). As shown in univariate Cox analysis, 

age, grade, stage, T, M and high PON1 expression were significantly related to OS for KIRC 

(p<0.05). Besides, multivariate Cox regression analysis revealed that age, grade, stage and PON1 

expression (p<0.05) were also independent risk factors for OS. Above all, these results all 

demonstrated that PON1 could serve as an independent prognostic marker in KIRC patients. 

3.4. Establishment of the nomogram 

To further predict the 1-year survival, 3-year survival, 5-year survival of the KIRC patients, 

we developed the nomogram (Fig.4). The nomogram included eight clinicopathological 

characteristics and PON1 gene. As shown in Figure.4A, age, grade, stage and PON1 were 

independent factors related to OS. Nevertheless, age, grade, stage, T, M and PON1 expression 

were significantly related to OS (Figure.4B). We calculated total points by figure out individual 

point of KIRC patients. Then, we estimated the 1-, 3-, 5-year survival of the KIRC patients.  

3.5. GSEA identifies a PON1-related signaling pathway 

In order to further figure out the pathogenesis of PON1 in KIRC, we carried out GSEA. We 

made a comparison between the high- and low PON1 expression datasets. As shown in Fig.5A, 

homologous recombination is enriched in PON1 low expression phenotype. GSEA helped us have 

a better comprehension of the pathogenesis. 

3.6. PPI, MSI, TMB, Neoantigen construction 

To further investigated the correlations between PON1and other genes in KIRC, we 

generated the PPI network by using the STRING website(http://string-db.org)(Fig.5C). Based on 

the expression data of renal carcinoma in TCGA, we obtained MSI, TMB and Neoantigen 

construction (17) .We also conducted an analysis whether PON1 was related to MSI, TMB and 

Neoantigen construction based on the data of the KIRC patients. Finally, we found that PON1 was 

not related to MSI, TMB and Neoantigen construction (Fig.5B).  

3.7. The immune infiltrations and tumor microenvironment of KIRC   

In order to find the relationships between PON1 and immunity, we analyzed the immune 

infiltrations, tumor microenvironment based on the TIMER. As shown in Fig.6A, PON1 was only 

correlated with neutrophil infiltration(p=0.000775). The same for the tumor microenvironment, 
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PON1 was not linked to StromalScore, ImmuneScore and ESTIMATEScore (Fig.6B). 

3.8. Correlation between PON1 and immune checkpoint molecules, immune cells 

Based on the expression data of KIRC in TCGA，we calculated the relationship between 

PON1 and immune microenvironment (17). Finally, we found that PON1 was not associated with 

immune checkpoint molecules and immune cell pathway. After the analysis of the relationship 

between PON1 and immune checkpoint molecules, we known that there were no significant 

molecules (Fig7.A). As shown in Fig.7A, the immune checkpoint molecules were not associated 

with PON1. Besides, we also investigated the relationship between immune cell pathways and 

PON1. PON1 was only linked to the monocyte pathway（Fig.7B）.    

 

4. Discussion 

Renal cell carcinoma has always been a relatively common tumor in the urinary system. 

Hematuria, lumbago and abdominal mass are the main clinical manifestations of the renal cell 

carcinoma. Besides, KIRC serve as the most common pathological phenotype of renal carcinoma. 

Some studies have demonstrated that the development of KIRC have something to do with the 

loss or mutation of VHL tumor suppressor gene (18). Surgery is the best treatment for early 

kidney renal clear cell carcinoma. Relevant meta-analysis studies have revealed that targeted 

therapy and chemotherapy both have a role to play in KIRC (19). However, more KIRC patients 

has shown resistance to radiotherapy and chemotherapy (20). More and more study confirmed that 

PON1 was a key gene in promoting tumor progression. Therefore, it is imperative to analyze the 

effect of PON1 on KIRC, so as to further improve the prognosis of patients with KIRC. 

This article was mainly to explore the correlations among OS of KIRC and the PON1 

expression. According to the information of KIRC patients downloaded from the TCGA database, 

we found that the expression of PON1 in tumor tissues was lower than that in adjacent paracancer 

tissues. In addition, referring to logistic regression analysis, we found that the high expression of 

PON1 was significantly related to overall survival in KIRC patients. High-throughput RNA 

sequencing data indicated that the high expression of PON1 was associated with some 

clinicopathological features of advanced renal clear cell carcinoma such as age, grade, stage, T 

and M. In addition, referring to immunohistochemistry, we confirmed that PON1 had a high 
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expression in KIRC. Univariate/Multivariate COX regression analysis further revealed that PON1 

could serve as an independent prognostic factor for KIRC. All in all, these mentioned results 

revealed that PON1 may be a potential independent prognostic factor for KIRC.  

As shown in previous studies, PON1 was involved in lipid metabolism and has antioxidant 

capacity. Therefore, PON1 could reduce LDL-related lipid accumulation(21). Recent researches 

had proven that PON1 had a great influence on the progression of diabetes, atherosclerosis and 

cancer (7, 9, 22). PON1 was involved in the occurrence of kinds of inflammatory diseases 

including atherosclerotic, cancer and diabetes. The antioxidant function of PON1 in lung cancer 

tissues could affect the occurrence and progression of tumors(10). Relevant researches had proven 

that PON1 stimulated the growth of lung cancer cells by affecting glycolytic metabolism through 

antioxidant function (10). Nevertheless, anti-oxidant levels/activity would be of no benefit to 

KIRC. But the level of PON1 was higher in early stage than advanced stage (23). Similarly, 

changes in the expression and activity of PON1 caused by various factors will affect the 

metabolism of PON1 in tumor tissues, which will also promote the progression of the breast 

cancer patients(24). Besides, previous studies had proven that PON1 participated in the molecular 

mechanism of gastric cancer, uterine cancer and pancreatic cancer(25, 26). 

In order to further analyze the protein expression of PON1, immunohistochemical analysis 

revealed that PON1 had a high expression in KIRC. GSEA is a computational method used to 

assess whether PON1 shows statistical differences significantly between high expression of PON1 

and low expression of PON1 (27). In order to further investigate the pathophysiological 

mechanisms of KIRC, we carried out GSEA based on TCGA database. We employed GSEA to 

investigate possible signaling pathways that PON1 was involved in. Finally, we found that PON1 

was involved in homologous recombination pathway. As we all know, homologous recombination 

is method of DNA repair. Related studies have demonstrated that the deletion of breast cancer 

gene 1/2 can affect the occurrence and progression of breast and ovarian cancer by the way of 

homologous recombination (28). PON1 may influence the occurrence and development of KIRC 

through the mechanism of homologous recombination. Besides, we constructed PPI to explore the 

relationships between these proteins. As shown in results, ten genes were significantly associated 

with PON1, including LPA, APOC3, APOB, APOE, CLU, LCAT, APOA2, CETP and PON3. 
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Relevant research had demonstrated that these genes play a significant role in tumor progression. 

For example, PON3 had a low expression in hepatocellular carcinoma and ovarian serous 

papillary carcinomas (29, 30). Besides, it was reported that LPA acted a pivotal part in the 

progression of pancreatic cancer and had relationship with certain types of cancer (31). Through 

the above data, interactions between PON1 and these genes revealed that PON1 might have a 

potential impact on the progression of KIRC. Nomogram, serving as a prognostic model, is widely 

used to assess the prognosis of a certain disease (32, 33). In this article, we conducted the 

nomogram based on PON1 and clinical features.  

Overall, this study confirmed that PON1 could be used as an independent prognostic factor 

for patients with KIRC. Throughout the full article, the advantage is that it is the first time to 

analyze the mechanism of PON1 in KIRC. Besides, we performed validation on an independent 

cohort of patients by GSE14994. In addition, homologous recombination signaling pathway may 

be an important pathway for PON1 to regulate KIRC. There are limitations to the current study. 

There are few relatively studies enrichment pathways associated with KIRC in this study. Through 

Immunoassay results, we found that there were no correlations between PON1 and immunity. The 

molecular mechanism of PON1 in KIRC is not well understood. Moreover, the expression of 

PON1 lacked proteomic validation. Due to the lack of actual clinical data, the nomogram of this 

study lacked external data validation. 

 

5. Conclusions 

All in all, our study and the above experiments proved that PON1 could be an independent 

prognostic factor for patients with KIRC, and the high expression of PON1 was significantly 

correlated with poor prognosis. Homologous recombination was verified to be a PON1-related 

signaling pathway. Besides, PON1 was not associated with MSI, TMB, Neoantigen and immunity. 

However, the molecular mechanism of PON1 in renal clear cell carcinoma remains to be further 

elucidated. To further verify our findings, more data about clinical patients were required.  
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Figure legends 

Figure 1. The expression of PON1 in KIRC tissues; (A) PON1 is expressed differently in various 

cancers from TCGA database; (B)(C) PON1 expression level difference between normal tissue 

and the KIRC; (D) Influence of the difference of PON1 expression on the OS of patients with 

KIRC 

Figure 2. Correlation between the expression of PON1 and clinical factors. (A) age; (B) gender; 

(C) grade; (D) M; (E) N; (F) race; (G) stage; (H) T 

Figure 3. The expression of PON1 in normal renal tissue and kidney tissue. IHC staining 

exhibited the expression of PON1 is high in normal renal tissue and low, medium, high in kidney 

tissue. 

Figure 4. PON1 could be a prognostic predictor for patients with KIRC; (A) Univariate cox 

regression analysis of clinicopathologic variables and PON1; (B) Multivariate cox regression 

analysis of clinicopathologic variables and PON1; (C) the nomogram which analyzes the overall 

survival of patients based on the relevant clinicopathological variables and PON1. 

Figure 5. Enrichment plots from gene set enrichment analysis (GSEA). results about homologous 

recombination (A). Correlation between PON1 and MSI (B); PPI network (C); Correlation 

between PON1 and TMB (D); Correlation between PON1 and neoantigen (E). 

Figure 6. The immune infiltrations and tumor microenvironment. (A) the relationship between 

PON1 expression and immune infiltrations which includes B cell, CD4 cell, CD8 cell, Timer 

Neutrophil, Timer Macrophage and Dendritic; (B) the relationship between PON1 and tumor 

microenvironment. 

Figure 7. Expression of immune checkpoint molecules and immune cells in various tumors. (A) 

Expression of immune checkpoint molecules in various tumors; (B) Expression of immune cells in 

various tumors. 

 



Figures

Figure 1

The expression of PON1 in KIRC tissues; (A) PON1 is expressed differently in various cancers from TCGA
database; (B)(C) PON1 expression level difference between normal tissue and the KIRC; (D) In�uence of
the difference of PON1 expression on the OS of patients with KIRC



Figure 2

Correlation between the expression of PON1 and clinical factors. (A) age; (B) gender; (C) grade; (D) M; (E)
N; (F) race; (G) stage; (H) T

Figure 3

The expression of PON1 in normal renal tissue and kidney tissue. IHC staining exhibited the expression of
PON1 is high in normal renal tissue and low, medium, high in kidney tissue.



Figure 4

PON1 could be a prognostic predictor for patients with KIRC; (A) Univariate cox regression analysis of
clinicopathologic variables and PON1; (B) Multivariate cox regression analysis of clinicopathologic
variables and PON1; (C) the nomogram which analyzes the overall survival of patients based on the
relevant clinicopathological variables and PON1.



Figure 5

Enrichment plots from gene set enrichment analysis (GSEA). results about homologous recombination
(A). Correlation between PON1 and MSI (B); PPI network (C); Correlation between PON1 and TMB (D);
Correlation between PON1 and neoantigen (E).

Figure 6



The immune in�ltrations and tumor microenvironment. (A) the relationship between PON1 expression
and immune in�ltrations which includes B cell, CD4 cell, CD8 cell, Timer Neutrophil, Timer Macrophage
and Dendritic; (B) the relationship between PON1 and tumor microenvironment.

Figure 7

Expression of immune checkpoint molecules and immune cells in various tumors. (A) Expression of
immune checkpoint molecules in various tumors; (B) Expression of immune cells in various tumors


