
Vol.:(0123456789)

 Discover Oncology            (2024) 15:9  | https://doi.org/10.1007/s12672-024-00864-x

Discover Oncology

Research

Low expression of PRRG2 in kidney renal clear cell carcinoma: 
an immune infiltration‑associated prognostic biomarker

Gonglin Tang1 · Guixin Ding1 · Gang Wu1 · Xiaofeng Wang1 · Tianqi Wang1 · Qingsong Zou1 · Kai Sun2 · Jitao Wu1

Received: 30 August 2023 / Accepted: 11 January 2024

© The Author(s) 2024  OPEN

Abstract
Objective This study aims to explore the prognostic significance of Proline-rich γ-carboxyglutamic acid protein 2 (PRRG2) 
in Kidney Renal Clear Cell Carcinoma (KIRC), a prevalent and deadly cancer, and its association with immune cell infiltra-
tion, a key strategy in developing effective biomarkers.
Methods The study meticulously elucidated the prognostic significance and potential role of PRRG2 in KIRC, correlating 
its expression with patient sex, age, metastasis, and pathological stage. Utilizing Gene Ontology (GO), Kyoto Encyclo-
pedia of Genes and Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA), the involvement of PRRG2 in immune 
response was investigated. The association between PRRG2 expression and immune cell infiltration was also scrutinized. 
Ultimately, cellular and tissue identity were confirmed via immunohistochemical staining and quantitative real-time PCR.
Results The study elucidates a notable decrease in PRRG2 expression in KIRC patients, correlating with demographic fac-
tors, metastasis, and pathological staging, and portending an unfavorable prognosis. Bioinformatic analyses underscore 
PRRG2’s role in immune response, with its expression significantly tied to immune cell infiltration and marker expression.
Conclusion PRRG2 may potentially impact prognosis in KIRC patients by regulating immune infiltration, thus rendering 
PRRG2 a promising candidate prognostic biomarker for KIRC-associated immune infiltration.
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1 Introduction

Renal Cell Carcinoma (RCC) represents a prevalent and deadly neoplasm within the global genitourinary system. RCC 
encompasses a variety of subtypes, such as Clear Cell Renal Cell Carcinoma (KIRC), Chromophobe Renal Cell Carcinoma, 
Papillary Renal Cell Carcinoma, and Collecting Duct Carcinoma. KIRC, colloquially referred to as Clear Cell Renal Cell 
Carcinoma, constitutes over 80% of all RCC instances [1]. Among various cancers, KIRC is known for its strong immune 
infiltration [2]. Recently, immune checkpoint inhibitors (ICIs) have been shown to be highly effective against this disease 
[3]. The tumor microenvironment (TME) plays a crucial role in KIRC cell biology, affecting both prognosis and treatment 
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response [2]. Moreover, there are few molecular biomarkers and therapeutic targets available for KIRC in clinical diagnosis 
and prognosis evaluation [4]. Hence, it is of paramount importance to decipher the diverse tumor microenvironment 
of KIRC, unearth novel prognostic markers and therapeutic objectives, and amalgamate them with immune infiltration.

Over a decade ago, the identification and characterization of the genes that encode a family of proteins known as 
proline-rich γ-carboxyglutamic acid (Gla) (PRRG) proteins transpired. However, their functions remain enigmatic [5]. 
Proline-rich Gla protein 2 (PRRG2) represents one of the four known transmembrane-carboxyglutamic acid proteins in 
vertebrates. As a founding member of the vitamin K-dependent, single-pass integral membrane protein family, PRRG2 is 
characterized by an extracellular N-terminus consisting of approximately 45 amino acids rich in Gla, as well as a conserved 
Pro/Leu-Pro-xaa-Tyr (PY) motif proximal to its C-terminus [6, 7]. PRRG2 primarily localizes to the cell surface, where the 
Gla domain is exposed extracellularly, serving as a pivotal gene node with positive autoregulatory function that plays 
a critical role in maintaining human hemostasis [8, 9]. Despite the restricted expression of Gla protein in hepatic tissue 
within the coagulation cascade system, PRRG protein is expressed in several extrahepatic sites [6, 7]. In the cytoplasmic 
domain, PRRG2 may possess SH3 and WW binding motifs [6], whose interactions regulated by WW domains are implicated 
in several diseases, including cancer and neurological disorders [10–13]. Additionally, PRRG2 has been shown to interact 
with two proteins, YAP1 and NEDD4 [7, 14]. The latter is a ubiquitin ligase, while the former is a downstream target of 
the hippo tumor suppressor pathway [15]. Albeit, hitherto, inquiries pertaining to PRRG2 in KIRC remain unexplored, 
rendering its mechanism of action enigmatic.

The objective of this investigation is to amalgamate diverse bioinformatics approaches to scrutinize the correlation 
between PRRG2 and KIRC metastasis and immune infiltration, and to delve into its molecular regulation. Our discoveries 
unveil a substantial diminution of PRRG2 expression in KIRC tissue relative to non-neoplastic tissue. Furthermore, the 
diminished expression of PRRG2 is inversely associated with the prognosis of KIRC patients. In addition, the expression of 
PRRG2 in KIRC tissue is intimately linked with the infiltration of various immune cells, potentially influencing prognosis.

2  Materials and methods

2.1  Database and bioinformatics analysis

We used Oncomine (www. oncom ine. org), a microarray database, to examine gene expression levels of PRRG2 in KIRC 
tissues. The gene rank was set to all, the foldchange to 1.5, and the p-value to 0.05.

As we delved into the realm of KIRC tissues, the expression of PRRG2 via UALCAN (http:// ualcan. path. uab. edu/) was 
scrutinized. In doing so, we sought to uncover its correlation with various clinicopathological parameters, including but 
not limited to gender, tumor stage, lymph node metastasis, and age.

GEPIA (http:// gepia. cancer- pku. cn/ index. html) serves as a gateway for gene expression analysis, utilizing the TCGA 
and GTEX databases. In the present investigation, we scrutinized the expression analysis of PRRG2 by means of the TCGA-
KIRC dataset. Leveraging the "expression DIY" module of GEPIA, along with TCGA normal and GTEX data matching, a 
logarithmic scale of log2 (TPM + 1) was employed to assess the expression of PRRG2 in kidney tissue samples from both 
KIRC and normal individuals.

We have chosen two KIRC datasets comprising 1426 cases for further analysis, utilizing the cBioPortal. Our study entails 
a comprehensive evaluation of the type and frequency of genomic aberrations in PRRG2 within KIRC tissues, along with 
a thorough assessment of the overall survival (OS) and disease-free survival (DFS) of PRRG2.

The investigation of PRRG2’s biological function in KIRC entails an exploration of the Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) databases. To uncover PRRG2’s potential mode of action, Gene Set Enrich-
ment Analysis (GSEA) is employed. The R package ClusterProfiler is utilized to conduct GO, KEGG, and GSEA analyses.

We employed the Tumor Immune Estimation Resource (TIMER) to assess the expression of PRRG2 across a diverse range 
of malignancies, while simultaneously analyzing the infiltration of various immune cell populations for a comprehensive 
appraisal. In addition, we leveraged the TCGA database to probe the correlation between PRRG2 expression and immune 
cell infiltration, specifically B cells, CD8 + T cells, CD4 + T cells, neutrophils, macrophages, and dendritic cells. Moreover, 
we utilized TIMER to investigate the connection between PRRG2 expression and multiple gene marker sets of immune 
cells, as well as to evaluate the association between PRRG2 expression and immunological infiltration.

http://www.oncomine.org
http://ualcan.path.uab.edu/
http://gepia.cancer-pku.cn/index.html
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Our research evaluated the proportion of immune cells that penetrated the tumor in KIRC through application of Ciber-
Sort (https:// ciber sort. stanf ord. edu/). Additionally, we examined the correlation between prgg2 expression and subsets of 
immune cells. To determine the possible influence of PRRG2 expression on lymphocytes, we established a threshold of a 
p-value less than 0.05.

The KM Plotter (http:// kmplot. com) is an online repository of gene expression data and survival records for KIRC patients. 
We employed this resource to scrutinize the prognostic significance of PRRG2 in KIRC. Patient specimens were categorized 
into high and low expression groups using the median expression value, and the HR, CI, and log p-values for overall survival 
(OS), disease-specific survival (DSS), and progression-free interval (PFI) were evaluated for each group.

Utilizing the PrognoScan repository (http:// www. abren. net/ Progn oScan/), we scrutinized the PRRG2 expression in KIRC 
tissues in relation to survival metrics, such as OS and relapse-free survival (RFS). A computed HR with 95% CIs was employed, 
and the cutoff was adjusted to a Cox p-value of less than 0.05.

We established an interactive PRRG2 network through the utilization of the GeneMANIA database (http:// www. genem 
ania. org). Furthermore, an assessment of the PRRG2 protein–protein interaction (PPI) network was carried out by examining 
the STRING online database (https:// string- db. org/).

Table 1  Sequence of gene-
specific primers for qPCR

Gene Forward sequence (5′–3′) Reverse sequence (5′–3′)

PRRG2 GCG CTT TTG GGA GAG CTA CATC CAG CGC AGA TAC CAA AAG GCTC 
GAPDH GTC TCC TCT GAC TTC AAC AGCG ACC ACC CTG TTG CTG TAG CCAA 

Fig. 1  A The TIMER database was utilized to investigate the expression of PRRG2 in various cancer types. B The GEPIA database revealed 
altered PRRG2 expression in KIRC compared to normal tissue. C Examination of PRRG2 expression in KIRC was conducted using the UALCAN 
database. D Analysis of PRRG2 expression in KIRC and adjacent normal tissues was performed using the TCGA database. E PRRG2 expression 
in 52 pairs of KIRC tissues and adjacent normal tissues was statistically analyzed using the TCGA database. *p < 0.05, **p < 0.01, ***p < 0.001

https://cibersort.stanford.edu/
http://kmplot.com
http://www.abren.net/PrognoScan/
http://www.genemania.org
http://www.genemania.org
https://string-db.org/
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2.2  Patient samples

During the period from 2020 to 2023, a total of 40 patients who underwent radical or partial nephrectomy in the Department 
of Urology at Yantai Yuhuangding Hospital affiliated with Qingdao University provided us with KIRC tissue and matched nor-
mal kidney tissue. The surgical specimens were immediately immersed in liquid nitrogen and subsequently transferred to a 
− 80 °C freezer for further use. All participants signed informed consent forms, and the project was approved by the Ethics 
Committee of Yantai Yuhuangding Hospital affiliated with Qingdao University.

2.3  Cell lines and cell culture

The human normal renal proximal convoluted tubular cell line (HK-2) and clear cell renal cell carcinoma (ccRCC) cell lines 
(ACHN, 769-P, Caki-2, 786-O) were procured from the Cell Bank of the Chinese Academy of Sciences. DMEM (BI, Israel) was 
utilized for the cultivation of HK-2 cells, while RPMI1640 (BI, Israel) was used for the other cells. All media were supplemented 
with 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin. The cells were cultured in a humidified incubator at 
37 °C with 5%  CO2.

2.4  RNA extraction, reverse transcription and quantitative real‑time PCR (qRT‑PCR)

We utilized the SteadyPure Rapid RNA Extraction Kit (Accurate Biosciences, China) to extract total RNA from freshly fro-
zen tissues or KIRC cell lines, followed by reverse transcription using the Evo M-MLV RT Mix Kit (Accurate Biology, China). 

Fig. 2  Protein and mRNA expression of PRRG2 in KIRC patients. A High expression of PRRG2 protein (× 200) in para-cancer tissue; B Low 
expression of PRRG2 protein (× 200) in cancer tissue. C Comparative analysis of PRRG2 expression in cancer and para-cancer tissue. D 
The mRNA expression levels of PRRG2 in KIRC tissues (T = 35, N = 35). E The mRNA expression levels of PRRG2 in KIRC cell lines. *p < 0.05, 
**p < 0.01, ***p < 0.001
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Subsequently, we performed qPCR using the  SYBR® Green Premix Pro Taq HS qPCR Kit and Rox Reference Dye (Accurate 
Biology, China). The internal reference gene, GAPDH, was employed, and the relative expression level of the target gene 
was estimated using the  2−ΔΔCT computational technique. Each experiment was conducted in triplicate, and the primer 
sequences used are presented in Table 1.

2.5  Immunohistochemical (IHC) analysis

Immunohistochemical staining was conducted utilizing a Roche Bench Mark GX semi-automated immunohisto-
chemistry system for identification of cancerous and corresponding para-cancerous tissues. Subsequently, the 
slender incision was stained with hematoxylin and eosin to generate a more elaborate visualization of the tis-
sues. Under high magnification, ten fields of view are randomly selected, with scoring based on the intensity of 
positive staining: cells exhibiting a light yellow hue are assigned a score of 1; cells stained yellow receive a score 
of 2, while those stained brown are given a score of 3. The percentage of positively stained cells is evaluated as 
follows: a score of 0 corresponds to less than 10%; a score of 1 corresponds to 11–25%; a score of 2 corresponds 
to 26–50%; a score of 3 corresponds to 51–75%; a score of 4 corresponds to over 75%. The immunohistochemical 
score is determined by multiplying the two scores.

2.6  Statistical analysis

Oncomine produces results that comprise of p-values, fold changes, and rankings. The outcomes of Kaplan–Meier 
plots, PrognoScan, and GEPIA are displayed with HR and P or Cox p-values from a log-rank test. The heat map 
illustrating the associations between PRRG2 associated genes was generated using the R software program. 
Spearman’s correlation and statistical significance were employed to evaluate the correlation of gene expression. 
The experimental data were analyzed using two-sample t-tests or analysis of variance (ANOVA) for more than two 
groups in SPSS 23.0. Statistical significance was determined for p-values less than 0.05.

Fig. 3  Box plots evaluating hepcidin expression among different groups of patients based on clinical parameters using the UALCAN 
database. Analysis is shown for sex (A), age (B), tumor grade (C), individual cancer stages (D), nodal metastasis status (E), and race (F). 
***p < 0.001
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3  Results

3.1  PRRG2 expression is reduced in KIRC patients

The TIMER online database was utilized to initially scrutinize PRRG2 mRNA manifestation in human malignancies. We 
scrutinized PRRG2 expression in 36 carcinomas and observed a significant decrease in expression in KIRC as compared 
to normal tissues (Fig. 1a). Additionally, we unearthed that PRRG2 expression was lower in KIRC tissues than in normal 
kidney tissues in the GEPIA and UALCAN databases (Fig. 1b, c). Moreover, by utilizing data directly provided from TCGA, 
we probed the expression of PRRG2 in KIRC samples as well as neighboring normal tissues. PRRG2 expression was shown 
to be considerably higher in KIRC tissues (Fig. 1d). Furthermore, it was ascertained that the expression of PRRG2 in 56 
KIRC patients was significantly lower than in adjacent normal samples (Fig. 1e). Based on these findings, we conclude 
that PRRG2 expression is downregulated in KIRC, thereby indicating that PRRG2 could play a significant regulatory role 
in the development of KIRC.

We further scrutinized the protein expression of PRRG2 in KIRC tissues by utilizing immunohistochemistry and found 
that the protein level of PRRG2 in KIRC tissues was significantly lower than that in normal kidney tissues (Fig. 2a–c). We 
procured 32 pairs of tumor samples and surrounding tissues from KIRC patients for qRT-PCR verification. The results 
evinced that tumor tissues had substantially reduced levels of PRRG2 mRNA expression (Fig. 2d). This revelation was 
further corroborated in cell lines from kidney carcinoma, where the majority of kidney carcinoma cell lines exhibited 
significantly reduced PRRG2 mRNA levels as compared to HK-2 (Fig. 2e).

3.2  PRRG2 expression and clinical parameters of KIRC

We assessed PRRG2 expression in diverse patient groups based on clinical factors utilizing the UALCAN online tool. PRRG2 
expression was markedly diminished in both male and female KIRC samples as compared to their normal counterparts 
(Fig. 3a). Furthermore, a significantly lower expression of PRRG2 was observed in KIRC patients in relation to age, tumor 
stage grade, and patient ethnicity (Fig. 3b–f ). These findings suggest that PRRG2 expression is intricately linked to tumor 
growth and metastasis.

3.3  Reduced PRRG2 expression is associated poor prognosis in KIRC patients

As PRRG2 expression is intricately linked to KIRC progression and metastasis, we delved into the prognostic value of the 
PRRG2 gene. According to the Kaplan Meier plotter, KIRC patients in the low expression group exhibited poorer overall 
survival (OS) and disease-specific survival (DSS), albeit no significant difference in the progression-free interval (PFI) 
(Fig. 4a, c, d). Our discoveries suggest a direct correlation between PRRG2 expression and the prognosis of KIRC patients.

3.4  Validation of PRRG2’s predictive value based on distinct clinicopathological characteristics

We explored the correlation between the PRRG2 gene expression in KIRC tissues and clinical features, utilizing the 
Kaplan Meier database, in order to gain deeper insights into the prognostic value and potential mechanisms of 
PRRG2 gene expression in KIRC. Our analysis revealed that low PRRG2 expression was significantly associated with 
poor OS, DSS and PFI in both male and female KIRC patients (Fig. 4a). Additionally, low PRRG2 expression was linked 
to OS in KIRC patients of all age ranges, those in T3 stage, m0 stage, pathological stage IV, and histological grade 
G2 (Fig. 4b). However, only KIRC patients aged ≤ 60 years showed a correlation with low PRRG2 expression in terms 
of PFS (Fig. 4b). These findings underscore the prognostic significance of PRRG2 mRNA expression in KIRC tissue.

Fig. 4  Survival curve evaluating the prognostic value of PRRG2. A Survival curves using the Kaplan–Meier plotter are shown for OS, PFI and 
DSS. B Forest plots show the correlation between PRRG2 expression and clinicopathological parameters in KIRC patients. C, D Kaplan–Meier 
analysis of OS in GEO and E-MTAB-1980 database

▸
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Fig. 5  A The gene–gene interaction network of PRRG2. B The PPI network of PRRG2. C A heat map shows the correlations between PRRG2 
and related genes in KIRC. *p < 0.05, **p < 0.01

Fig. 6  GO and KEGG enrichment analysis for PRRG2. A Heat maps showing the top 50 genes positively correlated with PRRG2 in KIRC. B Top 
20 enrichment terms in BP categories in KIRC. C Top 20 enrichment terms in MF categories in KIRC. D Top 20 enrichment terms in CC catego-
ries in KIRC. E Top 20 KEGG enrichment pathways in KIRC
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3.5  Identification of PRRG2 interacting genes and proteins and their genetic variations

Through the utilization of GeneMania, we have succeeded in constructing a gene–gene interaction network encom-
passing PRRG2 and its adjacent genes. Our analysis has revealed that the top 20 most frequently mutated genes are 
intimately linked to PRRG2, with notable examples including YAP1 and PRRG1,3,4 (Fig. 5a). Our functional analysis 
has further demonstrated that these genes are significantly associated with protein activation cascades and serine-
type peptidase activities (Fig. 5a). Furthermore, we have constructed a PRRG2 protein–protein interaction (PPI) 
network utilizing the STRING database, which comprises of 20 nodes and 64 edges (Fig. 5b). In addition, we have 
explored the Heatmap of PRRG2-associated genes based on the TCGA database. Our findings indicate a significant 
positive correlation between PRRG2 and ALAS1, FECH, SLC11A2 in KIRC patients, while revealing a negative cor-
relation with SLC40A1 and CP (Fig. 5c).

3.6  GO and KEGG pathway analysis of PRRG2 and its co‑expressed genes in KIRC of TCGA database

We utilized data mining methods in order to identify genes that exhibited either positive or negative co-expression 
with PRRG2 within the TCGA database. Through this process, we were able to obtain a heat map of the initial 50 
genes within KIRC that demonstrated a positive correlation with PRRG2 (Fig. 6a). Subsequently, we conducted KEGG 
and GO enrichment analyses on the genes that were positively correlated with PRRG2, with the aim of exploring the 
relevant pathways and biological functions associated with PRRG2. Ultimately, we identified the top 20 significant 
items of BP, MF, and CC enrichment analysis, as well as the KEGG pathway (Fig. 6b–e). It is noteworthy that, in terms 
of BP, PRRG2 exhibited enrichment in a number of immune response-related processes within KIRC, including the 
human immune response and immune response-activating cell surface receptor signaling pathway, among others.

3.7  GSEA identifies PRRG2 related signaling pathways

The molecular mechanism underlying the influence of PRRG2 on KIRC was further investigated through GSEA enrich-
ment analysis. Among the top 20 KIRC-related signaling pathways of PRRG2, a significant enrichment in immune-
related activities were observed in the provided items by the Gene Ontology (GO), including Reactome antigen 

Fig. 7  Enrichment plots from GSEA. A 1–10 in the top 20. B 11–20 in the top 20
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activities B cell receptor (BCR) leading to the generation of secondary messengers, Reactome CD22-mediated BCR 
regulation, and Reactome immunoregulatory interactions between a lymphoid and a non-lymphoid cell (Fig. 7a, b). 
These findings suggest that PRRG2 plays a key role in immune response regulation in renal cancer.

3.8  Analysis of the correlation between the expression of PRRG2 and the infiltration of immune cells

Six types of immune cells, namely B cells, CD8 + T cells, CD4 + T cells, macrophages, neutrophils, and dendritic cells, 
were analyzed to investigate the correlation between PRRG2 expression and each cell type. The data indicates that 
the expression levels of PRRG2 in KIRC are correlated to varying degrees with the infiltration of B cells, CD4 + T cells, 
CD8 + T cells, macrophages, neutrophils, and dendritic cells (Fig. 8a). To gain further insights into the impact of PRRG2 
on the tumor microenvironment (TME), we employed CiberSort to examine the relationship between PRRG2 and 
immune infiltration. The analysis indicated that in KIRC, PRRG2 had a positive correlation with the infiltration levels 
of Mast cells, NK cells, and plasmoid dendritic cells, while exhibiting a negative correlation with the infiltration levels 
of regulatory cells (Treg), T cells, eosinophils, cytotoxic cells, and macrophages (Fig. 8b).

3.9  Relationship between PRRG2 expression and different immunological markers

To further substantiate the interplay between PRRG2 and immune responses, we employed the TIMER database to 
scrutinize the correlation between the expression of PRRG2 in KIRC and diverse immune signals. We meticulously 
examined the cellular markers comprising B cells, T cells, CD8 + T cells, monocytes, tumor-associated macrophages 
(TAMs), M1 macrophages, M2 macrophages, neutrophils, NK cells, and dendritic cells (Table 2). In the realm of clini-
cal cancer biopsies, tumor purity is an intrinsic aspect that influences immune infiltration analysis. Following the 
adjustment for tumor purity, the expression of PRRG2 in several immune cells in KIRC was inextricably linked with 
an array of immunological markers.

We also investigated the association between PRRG2 expression and diverse functional T cells, encompassing Th1, 
Th1-like, Th2, Treg, quiescent Tregs, activated Tregs, effector T cells, naïve T cells, effector memory T cells, resistant 
memory T cells, and exhausted T cells. Through analysis of the TIMER database, it was observed that the expression 
levels of PRRG2 were notably correlated with 22 out of 38 T cell markers in KIRC (Table 3).

We have further investigated the correlation between PRRG2 expression and immune cells such as Treg and NK 
cells’ checkpoint molecules, including BTLA, VISTA, LILRB2, LILRB4, TIGIT, and CTLA-4, using the GEPIA database 
(Fig. 8c). These findings further support the significant correlation between PRRG2 expression and immune infiltra-
tion, suggesting a pivotal role of PRRG2 in immune escape within the microenvironment of KIRC.

3.10  The correlation between PRRG2 expression in immune cells and prognosis in patients with KIRC

Given the close association between low expression of PRRG2 and immune invasion and poor prognosis in KIRC, we 
investigated whether the expression of PRRG2 is influenced by immune invasion and thus affects the prognosis of KIRC. 
We conducted a prognostic analysis based on the expression level of PRRG2 in the relevant immune cell subgroups in 
KIRC. As depicted in Fig. 9a, b, patients with KIRC who exhibit low expression of PRRG2 experience a poorer prognosis 
due to decreased infiltration of CD4 + and CD8 + memory T cells, NK cells, Type 2 T − helper cells (Th2) and eosinophils, as 
well as enriched infiltration of regulatory T cells, Mesenchymal stem cells and Type 1 T − helper cells (Th1). These findings 
indicate that PRRG2 may impact the prognosis of KIRC patients, in part due to immune infiltration.

Fig. 8  Correlation of PRRG2 expression with immune infiltration level. A PRRG2 exhibits a close correlation with tumor purity, while demon-
strating varying degrees of correlation with the infiltration levels of various immune cells. B PRRG2 expression has a significant correlation 
with the infiltration of immune cells in KIRC. C Scatter plot depicting the correlation between PRRG2 expression and immune cell markers in 
KIRC

▸
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Table 2  Correlation analysis 
between PRRG2 and gene 
markers of immune cells in 
TIMER

Description Gene markers Cor p

B cell CD19 Purity  − 0.276023934  < 0.0001
CD19 PRRG2  − 0.062703714 0.1785
CD79A Purity  − 0.322948025  < 0.0001
CD79A PRRG2  − 0.120511568 0.0096

T cell (general) CD3D Purity  − 0.35241037  < 0.0001
CD3D PRRG2  − 0.188923032  < 0.0001
CD3E Purity  − 0.346374353  < 0.0001
CD3E PRRG2  − 0.209496668  < 0.0001
CD2 Purity  − 0.358556779  < 0.0001
CD2 PRRG2  − 0.236388851  < 0.0001

CD8 + T cell CD8A Purity  − 0.313969127  < 0.0001
CD8A PRRG2  − 0.222984865  < 0.0001
CD8B Purity  − 0.305544386  < 0.0001
CD8B PRRG2  − 0.180243565 0.0001

Monocyte CD86 Purity  − 0.316830279  < 0.0001
CD86 PRRG2  − 0.214051551  < 0.0001
CSF1R Purity  − 0.303181403  < 0.0001
CSF1R PRRG2  − 0.071944327 0.1225

TAM CCL2 Purity  − 0.139218287 0.0027
CCL2 PRRG2  − 0.03091546 0.5074
CD68 Purity  − 0.136844041 0.0032
CD68 PRRG2  − 0.235097591  < 0.0001
IL10 Purity  − 0.29755659  < 0.0001
IL10 PRRG2  − 0.168183755 0.0003

M1 IRF5 Purity  − 0.052054031 0.2642
IRF5 PRRG2  − 0.207796041  < 0.0001
PTGS2 Purity  − 0.160884955 0.0005
PTGS2 PRRG2 0.053847826 0.2479
NOS2 Purity  − 0.158691888 0.0006
NOS2 PRRG2 0.238550206  < 0.0001

M2 CD163 Purity  − 0.223318367  < 0.0001
CD163 PRRG2  − 0.140793877 0.0024
VSIG4 Purity  − 0.282802645  < 0.0001
VSIG4 PRRG2  − 0.1383981 0.0029
MS4A4A Purity  − 0.278277548  < 0.0001
MS4A4A PRRG2  − 0.157050902 0.0007

Neutrophils CEACAM8 Purity 0.062860147 0.1774
CEACAM8 PRRG2 0.025646908 0.5824
ITGAM Purity  − 0.247556759  < 0.0001
ITGAM PRRG2  − 0.112467692 0.0156
CCR7 Purity  − 0.303097299  < 0.0001
CCR7 PRRG2  − 0.105386267 0.0235

Natural killer cell KIR2DL1 Purity  − 0.092879941 0.0460
KIR2DL1 PRRG2 0.023991455 0.6070
KIR2DL3 Purity  − 0.051105756 0.2730
KIR2DL3 PRRG2 0.0675646 0.1471
KIR2DL4 Purity  − 0.147715983 0.0015
KIR2DL4 PRRG2  − 0.113876096 0.0143
KIR3DL1 Purity  − 0.038165284 0.4131
KIR3DL1 PRRG2 0.041803679 0.3700
KIR3DL2 Purity  − 0.072173799 0.1213
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4  Discussion

KIRC, a predominant neoplasm within the urinary framework, was diagnosed in 66,800 new instances across China in 
2015, constituting 1.56% of all freshly identified malignancies, thereby securing the 14th position in prevalence. This 
affliction resulted in 23,400 fatalities, equating to 0.83% of all oncological mortalities, and held the 17th rank in this grim 
tally [16]. Despite surgical excision being the primary therapeutic intervention for RCC, up to 40% of patients experience 
local recurrence and distant metastasis [17]. To augment patient longevity, the discernment of early diagnostic and 
prognostic biomarkers is of utmost significance. Presently, inquiries pertaining to PRRG2 are scant, with no clinical trials 
explicitly scrutinizing its role in malignancies. Our revelations denote a substantial correlation between PRRG2 expression 
and diverse clinical pathological indicators in renal cell carcinoma, alongside a significant association with OS and DFS, 
particularly in relation to tumor-infiltrating immune cells. The integration of PRRG2 with some universally acknowledged 
KIRC prognostic biomarkers, such as VHL, PBRM1, and BAP1, may furnish a more precise prognostic prediction for KIRC 
[18–20]. Our results suggest that PRRG2 may serve as a potential prognostic biomarker and therapeutic target in KIRC.

In this study, we have demonstrated through bioinformatics analysis using Timer, Oncomine, UALCAN, and TCGA public 
databases that the expression of PRRG2 is lower in KIRC tissue compared to normal renal tissue. Subsequent to our qPCR 
and immunohistochemistry validation, we discerned a marked downregulation of PRRG2 at both transcriptional and 
translational levels within cancerous tissue, in contrast to its adjacent normal tissue. Moreover, when juxtaposed with 
normal renal epithelial cells HK-2, PRRG2 expression exhibits a similar downregulation in the majority of kidney cancer 
cell lines. In addition, immune cells and stromal cells in TME can promote or inhibit tumor growth, and the occurrence 
and development of tumors are closely related to the interaction between tumor cells and TME [21, 22].

From the PPI network of PRRG2 and its co-expression gene map in PRRG2-related differential genes, it is evident that 
the expression of PRRG2 is closely associated with numerous proteins, particularly YAP1. YAP1 (Yes-associated protein 
1) is a critical signaling molecule that plays a significant role in various biological processes such as cell proliferation, 
apoptosis, differentiation, stem cell self-renewal, and organ size [23–25]. Research has shown that YAP1 plays a signifi-
cant role in the onset and progression of tumors, with high expression of YAP1 closely associated with the occurrence 
and progression of various cancers, including esophageal cancer, pancreatic cancer, lung cancer, thyroid cancer, and 
gastric cancer [23, 26–28]. The elevated expression of YAP1 has been shown to facilitate tumor cell proliferation, suppress 
apoptosis, promote cell migration and invasion, and enhance self-renewal of stem cells. For instance, YAP1 can interact 

Table 2  (continued) Description Gene markers Cor p

KIR3DL2 PRRG2 0.017008085 0.7154
KIR3DL3 Purity  − 0.055513828 0.2337
KIR3DL3 PRRG2  − 0.046573911 0.3178
KIR2DS4 Purity  − 0.077254534 0.0972
KIR2DS4 PRRG2 0.036087497 0.4390

Dendritic cell HLA-DPB1 Purity  − 0.299226666  < 0.0001
HLA-DPB1 PRRG2  − 0.165760791 0.0004
HLA-DQB1 Purity  − 0.211614398  < 0.0001
HLA-DQB1 PRRG2  − 0.106505338 0.0220
HLA-DRA Purity  − 0.31065338  < 0.0001
HLA-DRA PRRG2  − 0.228682179  < 0.0001
HLA-DPA1 Purity  − 0.321254581  < 0.0001
HLA-DPA1 PRRG2  − 0.228203935  < 0.0001
CD1C Purity  − 0.238559928  < 0.0001
CD1C PRRG2 0.111045408 0.0170
NRP1 Purity  − 0.130216686 0.0051
NRP1 PRRG2 0.140816147 0.0024
ITGAX Purity  − 0.115600257 0.0129
ITGAX PRRG2  − 0.187225325 0.0001
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Table 3  Correlation analysis 
between PRRG2 and gene 
markers of different types of T 
cells in TIMER

Description Gene markers Cor p

Th1 TBX21 Purity  − 0.210921179  < 0.0001
TBX21 PRRG2 0.003784276 0.9353
STAT4 Purity  − 0.268720921  < 0.0001
STAT4 PRRG2  − 0.183397976 0.0001
STAT1 Purity  − 0.274215279  < 0.0001
STAT1 PRRG2  − 0.193243903  < 0.0001
TNF Purity  − 0.176012779 0.0001
TNF PRRG2  − 0.044906 0.3355
IFNG Purity  − 0.320725367  < 0.0001
IFNG PRRG2  − 0.216310625  < 0.0001

Th1 HAVCR2 Purity  − 0.137984485  < 0.0001
HAVCR2 PRRG2  − 0.218764023  < 0.0001
CXCR3 Purity  − 0.340811169  < 0.0001
CXCR3 PRRG2  − 0.185923058 0.0001
BHLHE40 Purity 0.005451676 0.9070
BHLHE40 PRRG2 0.073507507 0.1146
CD4 Purity  − 0.32088774  < 0.0001
CD4 PRRG2  − 0.127573766 0.0061

Th2 STAT6 Purity 0.063274567 0.1746
STAT6 PRRG2 0.06273064 0.1783
STAT5A Purity  − 0.325177185 0.0000
STAT5A PRRG2  − 0.025807492 0.5799

Treg FOXP3 Purity  − 0.302287131  < 0.0001
FOXP3 PRRG2  − 0.229912236  < 0.0001
CCR8 Purity  − 0.31846569  < 0.0001
CCR8 PRRG2  − 0.230776977  < 0.0001
TGFB1 Purity  − 0.180963867 0.0001
TGFB1 PRRG2 0.081097721 0.0816
IL2RA Purity  − 0.242180119  < 0.0001
IL2RA PRRG2  − 0.13465945 0.0038
TNFRSF9 Purity  − 0.273408526  < 0.0001
TNFRSF9 PRRG2  − 0.249711623  < 0.0001

Effector T-cell CX3CR1 Purity  − 0.171689903 0.0002
CX3CR1 PRRG2  − 0.00866456 0.8526
FGFBP2 Purity  − 0.054246617 0.2446
FGFBP2 PRRG2 0.190327221  < 0.0001
FCGR3A Purity  − 0.296693834  < 0.0001
FCGR3A PRRG2  − 0.246587991  < 0.0001

Naïve T-cell CCR7 Purity  − 0.303097299  < 0.0001
CCR7 PRRG2  − 0.105386267 0.0013
SELL Purity  − 0.389449973  < 0.0001
SELL PRRG2  − 0.146966759  < 0.0001

Effector memory T-cell DUSP4 Purity  − 0.329301345  < 0.0001
DUSP4 PRRG2 0.000410645 0.9930
GZMK Purity  − 0.328798105  < 0.0001
GZMK PRRG2  − 0.218188615  < 0.0001
GZMA Purity  − 0.322096222 0.0000
GZMA PRRG2  − 0.207935012  < 0.0001

Resident memory T-cell CD69 Purity  − 0.32130781  < 0.0001
CD69 PRRG2  − 0.182952527 0.0001
CXCR6 Purity  − 0.327048999  < 0.0001
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Table 3  (continued) Description Gene markers Cor p

CXCR6 PRRG2  − 0.229833982  < 0.0001
MYADM Purity  − 0.056553247 0.2250
MYADM PRRG2 0.07612781 0.1022

General memory T-cell IL7R Purity  − 0.265680935  < 0.0001
IL7R PRRG2  − 0.081240035 0.0811
CCR7 Purity  − 0.303097299  < 0.0001
CCR7 PRRG2  − 0.105386267 0.0013

Exhausted T-cell LAG3 Purity  − 0.282267711  < 0.0001
LAG3 PRRG2  − 0.228424141  < 0.0001
CXCL13 Purity  − 0.277209631  < 0.0001
CXCL13 PRRG2  − 0.252372541  < 0.0001
LAYN Purity  − 0.070229144 0.1317
LAYN PRRG2 0.210781479  < 0.0001

Fig. 9  Kaplan–Meier survival curves according to high and low expression of PRRG2 in immune cell subgroups in KIRC. A A forest plot shows 
the prognostic value of PRRG2 expression according to different immune cell subgroups in KIRC patients. B Correlations between PRRG2 
expression and OS in different immune cell subgroups in KIRC patients were estimated by Kaplan–Meier plotter
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with AMOTL1 (Angiomotin-like protein 1) to modulate YAP1’s transcriptional activity and nuclear localization. Specifi-
cally, AMOTL1 can inhibit YAP1’s nuclear translocation and transcriptional activity, thereby suppressing cell proliferation 
and promoting apoptosis. Additionally, AMOTL1 can influence cell differentiation and tissue development by regulating 
downstream gene expression of YAP1, such as CTGF, CYR61, and ANKRD1 [28, 29]. Therefore, the interaction and regula-
tory relationship between YAP1 and AMOTL1 are of significant importance for comprehending the mechanisms of cellular 
biology and tumorigenesis. Additionally, YAP1 can participate in the occurrence and progression of tumors by regulating 
various signaling pathways, such as MAPK, AKT, and Hippo [30–32]. Under normal circumstances, the activity of YAP1 is 
suppressed by the Hippo signaling pathway. However, in tumor cells, the Hippo signaling pathway is often inactivated, 
leading to excessive activation of YAP1 [33, 34]. Consequently, we posit that PRRG2 could potentially impede tumor 
proliferation and metastasis through the activation of the Hippo signaling cascade, thereby inhibiting YAP1 activity.

More importantly, we have observed a correlation between the expression of PRRG2 in KIRC and various immune cell 
infiltrations, with the most prominent being Treg and NK cells. Treg is a specialized subset of T cells that primarily func-
tion to regulate immune response by suppressing the activity of other immune cells. In tumors, Treg can promote tumor 
growth and metastasis by inhibiting the activity of other immune cells. Our research has found a significant negative 
correlation between Treg infiltration and PRRG2, as well as between PRRG2 and BTLA, VISTA, TIGIT, and CTLA4, which 
are closely related to Treg. BTLA, or B and T Lymphocyte Attenuator, is an immune inhibitory molecule that can suppress 
the activation and function of T cells by binding to its ligand HVEM, or Herpes Virus Entry Mediator [35, 36]. BTLA can 
enhance the immunosuppressive capacity of Treg by binding to HVEM on the surface of Treg, thereby suppressing the 
attack of other immune cells on tumor cells and resulting in immune escape [37]. VISTA (V-domain Ig-containing Sup-
pressor of T cell Activation) is also a key factor in tumor immune escape. VISTA is a negative immune regulatory receptor 
that can inhibit the activity of T cells, thereby suppressing tumor immune response [38]. Treg cells also have the ability 
to express TIGIT (T cell immunoglobulin and immunoreceptor tyrosine-based inhibitory motif domain family members). 
Through binding with ligands on the surface of other immune cells, they can suppress the activity of these cells [39]. 
In the context of cancer, TIGIT can inhibit the attack of other immune cells on tumor cells, thereby promoting tumor 
growth and metastasis, and has become an important target in cancer treatment [40, 41]. CTLA4, a T-cell co-stimulatory 
molecule, primarily functions by binding with co-stimulatory molecules CD80/CD86, thereby inhibiting T-cell activity 
and weakening immune response [42], ultimately promoting tumor growth and metastasis [43]. Furthermore, we have 
observed a significant negative correlation between LILRB2, LILRB4 and PRRG2, which are closely associated with NK 
cells. The relationship between LILRB and NK cells mainly involves the regulatory function of LILRB on NK cells. LILRB is 
a type of receptor associated with immune regulation, whose main function is to inhibit the activity of immune cells by 
binding to its ligand [44]. In NK cells, after LILRB binds to its ligand, it can inhibit the killing activity and cytokine secretion 
ability of NK cells. Besides regulating the activity of NK cells, LILRB can also affect the development and differentiation of 
NK cells [45, 46]. Various immunotherapeutic drugs have been developed for these immune cells and biomarkers, such 
as anti-CTLA4 monoclonal antibodies and compounds that inhibit Treg function, for the treatment of tumors. In recent 
times, numerous nanocarrier systems, including nanoparticles, liposomes, micelles, and polymers, have been developed 
for selective delivery of various anticancer molecules and drugs to tumor sites. Nanocarrier systems have potential 
advantages such as improved drug solubility, prolonged circulation, controlled release, and targeted delivery [47].

Crucially, PRRG2 exhibits significant correlations with a spectrum of immune cell markers in KIRC, which in turn 
modulate tumor cell dynamics and the TME [22], thereby impacting the survival duration of KIRC patients. This fur-
ther confirms and expands upon our previous perspectives on immune infiltration. Notably, a significant reduction 
in survival time is observed in the PRRG2 low-expression group when CD4 + memory T cells decrease. Moreover, 
in tumor therapy, enhancing tumor immune response, suppressing tumor growth and metastasis, and improving 
therapeutic efficacy can be effectively achieved by regulating the balance of Th1/Th2 cells [48, 49]. For instance, 
the use of immune modulators, cytokines, and tumor vaccines can promote the production and activity of Th1 cells 
while inhibiting the production and activity of Th2 cells, thus enhancing tumor immune response and improving 
therapeutic efficacy [49, 50]. These findings suggest that PRRG2 may be a novel immunotherapeutic target for KIRC. 
However, the exact role of PRRG2 in the tumor immune microenvironment requires further exploration.

This study has enhanced our understanding of the relationship between PRRG2 and KIRC, but there are still some limi-
tations. Firstly, although we have investigated the correlation between PRRG2 and immune infiltration in KIRC patients, 
the molecular mechanisms and roles of PRRG2 in tumor growth, metastasis, and immune evasion require further study. 
Secondly, most of the analyses were based on the mRNA levels of PRRG2 in this study. A deeper analysis based on pro-
tein levels would make the data more convincing. Thirdly, we did not investigate the diagnostic and prognostic value of 
PRRG2 in other renal cancers in this study.
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5  Conclusion

PRRG2 has the potential to serve as a novel prognostic biomarker for KIRC. Additionally, there is potential evidence that 
PRRG2 regulates immune cell infiltration in the TME of KIRC patients. Therefore, these findings hold potential value in 
enhancing our current understanding of PRRG2 and its applications in KIRC prognosis and immunotherapy.

Author contributions GT, GD, KS and QZ: Designing the study; analyzing the extracted data; writing the first manuscript draft. GT, TW, XW, GW 
and JW: Performing the investigation and analyzing data. JW and KS: Analyzing the data; reviewing the manuscript; providing critical scientific 
input. All authors approved the final version of this manuscript.

Funding This work was supported by Grants from the National Natural Science Foundation of China (Nos. 81870525 and 82000649) and the 
Taishan Scholars Program of Shandong Province (No. tsqn201909199).

Data availability The datasets used or analyzed during the current study are available from the corresponding authors on reasonable request.

Declarations 

Ethical approval and consent to participate The study protocol was approved by the Ethics Committee of the Affiliated Yantai Yuhuangding 
Hospital of Qingdao University (Approval No. YHD-224368). All the experiments in this study were conducted in compliance with the Declara-
tion of Helsinki. The patients/participants provided their written informed consent to participate in this study.

Competing interests The authors declare that they have no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics, 2023. CA A Cancer J Clin. 2023;73(1):17–48. https:// doi. org/ 10. 3322/ caac. 21763.
 2. Vuong L, Kotecha RR, Voss MH, et al. Tumor microenvironment dynamics in clear-cell renal cell carcinoma. Cancer Discov. 2019;9(10):1349–

57. https:// doi. org/ 10. 1158/ 2159- 8290. Cd- 19- 0499.
 3. Motzer RJ, Tannir NM, McDermott DF, et al. Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell carcinoma. N Engl J Med. 

2018;378(14):1277–90. https:// doi. org/ 10. 1056/ NEJMo a1712 126.
 4. Jones TM, Carew JS, Nawrocki ST. Therapeutic targeting of autophagy for renal cell carcinoma therapy. Cancers. 2020;12(5):1. https:// doi. 

org/ 10. 3390/ cance rs120 51185.
 5. Yazicioglu MN, Monaldini L, Chu K, et al. Cellular localization and characterization of cytosolic binding partners for Gla domain-containing 

proteins PRRG4 and PRRG2. J Biol Chem. 2013;288(36):25908–14. https:// doi. org/ 10. 1074/ jbc. M113. 484683.
 6. Kulman JD, Harris JE, Xie L, et al. Identification of two novel transmembrane gamma-carboxyglutamic acid proteins expressed broadly 

in fetal and adult tissues. Proc Natl Acad Sci USA. 2001;98(4):1370–5. https:// doi. org/ 10. 1073/ pnas. 98.4. 1370.
 7. Kulman JD, Harris JE, Xie L, et al. Proline-rich Gla protein 2 is a cell-surface vitamin K-dependent protein that binds to the transcriptional 

coactivator Yes-associated protein. Proc Natl Acad Sci USA. 2007;104(21):8767–72. https:// doi. org/ 10. 1073/ pnas. 07031 95104.
 8. Kulman JD, Harris JE, Haldeman BA, et al. Primary structure and tissue distribution of two novel proline-rich gamma-carboxyglutamic 

acid proteins. Proc Natl Acad Sci USA. 1997;94(17):9058–62. https:// doi. org/ 10. 1073/ pnas. 94. 17. 9058.
 9. Macedo C, Magalhães DA, Tonani M, et al. Genes that code for T cell signaling proteins establish transcriptional regulatory networks 

during thymus ontogeny. Mol Cell Biochem. 2008;318(1–2):63–71. https:// doi. org/ 10. 1007/ s11010- 008- 9857-7.
 10. Buschdorf JP, Strätling WH. A WW domain binding region in methyl-CpG-binding protein MeCP2: impact on Rett syndrome. J Mol Med 

(Berl). 2004;82(2):135–43. https:// doi. org/ 10. 1007/ s00109- 003- 0497-9.
 11. Chan SW, Lim CJ, Guo K, et al. A role for TAZ in migration, invasion, and tumorigenesis of breast cancer cells. Can Res. 2008;68(8):2592–8. 

https:// doi. org/ 10. 1158/ 0008- 5472. Can- 07- 2696.
 12. Faber PW, Barnes GT, Srinidhi J, et al. Huntingtin interacts with a family of WW domain proteins. Hum Mol Genet. 1998;7(9):1463–74. 

https:// doi. org/ 10. 1093/ hmg/7. 9. 1463.
 13. Wang X, Trotman LC, Koppie T, et al. NEDD4-1 is a proto-oncogenic ubiquitin ligase for PTEN. Cell. 2007;128(1):129–39. https:// doi. org/ 

10. 1016/j. cell. 2006. 11. 039.
 14. Jolliffe CN, Harvey KF, Haines BP, et al. Identification of multiple proteins expressed in murine embryos as binding partners for the WW 

domains of the ubiquitin-protein ligase Nedd4. Biochem J. 2000;351(pt 3):557–65.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21763
https://doi.org/10.1158/2159-8290.Cd-19-0499
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.3390/cancers12051185
https://doi.org/10.3390/cancers12051185
https://doi.org/10.1074/jbc.M113.484683
https://doi.org/10.1073/pnas.98.4.1370
https://doi.org/10.1073/pnas.0703195104
https://doi.org/10.1073/pnas.94.17.9058
https://doi.org/10.1007/s11010-008-9857-7
https://doi.org/10.1007/s00109-003-0497-9
https://doi.org/10.1158/0008-5472.Can-07-2696
https://doi.org/10.1093/hmg/7.9.1463
https://doi.org/10.1016/j.cell.2006.11.039
https://doi.org/10.1016/j.cell.2006.11.039


Vol:.(1234567890)

Research Discover Oncology            (2024) 15:9  | https://doi.org/10.1007/s12672-024-00864-x

 15. Huang J, Wu S, Barrera J, et al. The Hippo signaling pathway coordinately regulates cell proliferation and apoptosis by inactivating Yorkie, 
the Drosophila Homolog of YAP. Cell. 2005;122(3):421–34. https:// doi. org/ 10. 1016/j. cell. 2005. 06. 007.

 16. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA Cancer J Clin. 2016;66(2):115–32. https:// doi. org/ 10. 3322/ caac. 
21338.

 17. Shan L, Zhu XL, Zhang Y, et al. Expression and clinical significance of NUF2 in kidney renal clear cell carcinoma. Transl Androl Urol. 
2021;10(9):3628–37. https:// doi. org/ 10. 21037/ tau- 21- 620.

 18. Gallan AJ, Parilla M, Segal J, et al. BAP1-mutated clear cell renal cell carcinoma. Am J Clin Pathol. 2021;155(5):718–28. https:// doi. org/ 10. 
1093/ ajcp/ aqaa1 76.

 19. Hagiwara M, Fushimi A, Matsumoto K, et al. The significance of PARP1 as a biomarker for predicting the response to PD-L1 blockade in 
patients with PBRM1-mutated clear cell renal cell carcinoma. Eur Urol. 2022;81(2):145–8. https:// doi. org/ 10. 1016/j. eururo. 2021. 09. 024.

 20. Kang MR, Park KH, Lee CW, et al. Small activating RNA induced expression of VHL gene in renal cell carcinoma. Int J Biochem Cell Biol. 
2018;97:36–42. https:// doi. org/ 10. 1016/j. biocel. 2018. 02. 002.

 21. Lai G, Zhong X, Liu H, et al. Development of a hallmark pathway-related gene signature associated with immune response for lower grade 
gliomas. Int J Mol Sci. 2022. https:// doi. org/ 10. 3390/ ijms2 31911 971.

 22. Lai G, Liu H, Deng J, et al. The characteristics of tumor microenvironment predict survival and response to immunotherapy in adrenocorti-
cal carcinomas. Cells. 2023. https:// doi. org/ 10. 3390/ cells 12050 755.

 23. Ajani JA, Xu Y, Huo L, et al. YAP1 mediates gastric adenocarcinoma peritoneal metastases that are attenuated by YAP1 inhibition. Gut. 
2021;70(1):55–66. https:// doi. org/ 10. 1136/ gutjnl- 2019- 319748.

 24. Sudol M. YAP1 oncogene and its eight isoforms. Oncogene. 2013;32(33):3922. https:// doi. org/ 10. 1038/ onc. 2012. 520.
 25. Zhao J, Li X, Yang Y, et al. Effect of YAP1 silencing on esophageal cancer. Onco Targets Ther. 2016;9:3137–46. https:// doi. org/ 10. 2147/ ott. 

S1023 38.
 26. Celano M, Mignogna C, Rosignolo F, et al. Expression of YAP1 in aggressive thyroid cancer. Endocrine. 2018;59(1):209–12. https:// doi. org/ 

10. 1007/ s12020- 017- 1240-6.
 27. Seton-Rogers S. Oncogenes: all eyes on YAP1. Nat Rev Cancer. 2014;14(8):514–5. https:// doi. org/ 10. 1038/ nrc37 91.
 28. Zhou Y, Zhang J, Li H, et al. AMOTL1 enhances YAP1 stability and promotes YAP1-driven gastric oncogenesis. Oncogene. 2020;39(22):4375–

89. https:// doi. org/ 10. 1038/ s41388- 020- 1293-5.
 29. Wang W, Huang J, Chen J. Angiomotin-like proteins associate with and negatively regulate YAP1. J Biol Chem. 2011;286(6):4364–70. 

https:// doi. org/ 10. 1074/ jbc. C110. 205401.
 30. Li M, Lu J, Zhang F, et al. Yes-associated protein 1 (YAP1) promotes human gallbladder tumor growth via activation of the AXL/MAPK 

pathway. Cancer Lett. 2014;355(2):201–9. https:// doi. org/ 10. 1016/j. canlet. 2014. 08. 036.
 31. Truong DD, Lamhamedi-Cherradi SE, Ludwig JA. Targeting the IGF/PI3K/mTOR pathway and AXL/YAP1/TAZ pathways in primary bone 

cancer. J Bone Oncol. 2022;33:100419. https:// doi. org/ 10. 1016/j. jbo. 2022. 100419.
 32. Wang K, Ma F, Arai S, et al. WNT5a signaling through ROR2 activates the hippo pathway to suppress YAP1 activity and tumor growth. Can 

Res. 2023;83(7):1016–30. https:// doi. org/ 10. 1158/ 0008- 5472. Can- 22- 3003.
 33. Antisense Oligos May Hit "Undruggable" YAP1. Cancer Disc. 2021;11(6):Of6. https:// doi. org/ 10. 1158/ 2159- 8290. Cd- nb2021- 0340.
 34. Li YW, Guo J, Shen H, et al. Phosphorylation of Tyr188 in the WW domain of YAP1 plays an essential role in YAP1-induced cellular trans-

formation. Cell Cycle (Georgetown, Tex). 2016;15(18):2497–505. https:// doi. org/ 10. 1080/ 15384 101. 2016. 12078 36.
 35. Murphy TL, Murphy KM. Slow down and survive: enigmatic immunoregulation by BTLA and HVEM. Annu Rev Immunol. 2010;28:389–411. 

https:// doi. org/ 10. 1146/ annur ev- immun ol- 030409- 101202.
 36. Ning Z, Liu K, Xiong H. Roles of BTLA in immunity and immune disorders. Front Immunol. 2021;12:654960. https:// doi. org/ 10. 3389/ fimmu. 

2021. 654960.
 37. Simon T, Bromberg JS. BTLA(+) dendritic cells: the regulatory T cell force awakens. Immunity. 2016;45(5):956–8. https:// doi. org/ 10. 1016/j. 

immuni. 2016. 10. 030.
 38. Nowak EC, Lines JL, Varn FS, et al. Immunoregulatory functions of VISTA. Immunol Rev. 2017;276(1):66–79. https:// doi. org/ 10. 1111/ imr. 

12525.
 39. Zhang C, Wang Y, Xun X, et al. TIGIT can exert immunosuppressive effects on CD8+ T cells by the CD155/TIGIT signaling pathway for 

hepatocellular carcinoma in vitro. J Immunother (Hagerstown Md 1997). 2020;43(8):236–43. https:// doi. org/ 10. 1097/ cji. 00000 00000 
000330.

 40. Chauvin JM, Zarour HM. TIGIT in cancer immunotherapy. J Immunother Cancer. 2020. https:// doi. org/ 10. 1136/ jitc- 2020- 000957.
 41. Yeo J, Ko M, Lee DH, et al. TIGIT/CD226 axis regulates anti-tumor immunity. Pharmaceuticals (Basel). 2021. https:// doi. org/ 10. 3390/ ph140 

30200.
 42. Pedros C, Canonigo-Balancio AJ, Kong KF, et al. Requirement of Treg-intrinsic CTLA4/PKCη signaling pathway for suppressing tumor 

immunity. JCI Insight. 2017. https:// doi. org/ 10. 1172/ jci. insig ht. 95692.
 43. Tekguc M, Wing JB, Osaki M, et al. Treg-expressed CTLA-4 depletes CD80/CD86 by trogocytosis, releasing free PD-L1 on antigen-presenting 

cells. Proc Natl Acad Sci USA. 2021. https:// doi. org/ 10. 1073/ pnas. 20237 39118.
 44. Nowak I, Wilczyńska K, Wilczyński JR, et al. KIR, LILRB and their ligands’ genes as potential biomarkers in recurrent implantation failure. 

Arch Immunol Ther Exp. 2017;65(5):391–9. https:// doi. org/ 10. 1007/ s00005- 017- 0474-6.
 45. Bylińska A, Wilczyńska K, Malejczyk J, et al. The impact of HLA-G, LILRB1 and LILRB2 gene polymorphisms on susceptibility to and severity 

of endometriosis. Mol Genet Genomics MGG. 2018;293(3):601–13. https:// doi. org/ 10. 1007/ s00438- 017- 1404-3.
 46. Fan J, Wang L, Chen M, et al. Analysis of the expression and prognosis for leukocyte immunoglobulin-like receptor subfamily B in human 

liver cancer. World J Surg Oncol. 2022;20(1):92. https:// doi. org/ 10. 1186/ s12957- 022- 02562-w.
 47. Zhao X, Zhao R, Nie G. Nanocarriers based on bacterial membrane materials for cancer vaccine delivery. Nat Protoc. 2022;17(10):2240–74. 

https:// doi. org/ 10. 1038/ s41596- 022- 00713-7.
 48. Tosolini M, Kirilovsky A, Mlecnik B, et al. Clinical impact of different classes of infiltrating T cytotoxic and helper cells (Th1, Th2, Treg, Th17) 

in patients with colorectal cancer. Can Res. 2011;71(4):1263–71. https:// doi. org/ 10. 1158/ 0008- 5472. Can- 10- 2907.

https://doi.org/10.1016/j.cell.2005.06.007
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.21037/tau-21-620
https://doi.org/10.1093/ajcp/aqaa176
https://doi.org/10.1093/ajcp/aqaa176
https://doi.org/10.1016/j.eururo.2021.09.024
https://doi.org/10.1016/j.biocel.2018.02.002
https://doi.org/10.3390/ijms231911971
https://doi.org/10.3390/cells12050755
https://doi.org/10.1136/gutjnl-2019-319748
https://doi.org/10.1038/onc.2012.520
https://doi.org/10.2147/ott.S102338
https://doi.org/10.2147/ott.S102338
https://doi.org/10.1007/s12020-017-1240-6
https://doi.org/10.1007/s12020-017-1240-6
https://doi.org/10.1038/nrc3791
https://doi.org/10.1038/s41388-020-1293-5
https://doi.org/10.1074/jbc.C110.205401
https://doi.org/10.1016/j.canlet.2014.08.036
https://doi.org/10.1016/j.jbo.2022.100419
https://doi.org/10.1158/0008-5472.Can-22-3003
https://doi.org/10.1158/2159-8290.Cd-nb2021-0340
https://doi.org/10.1080/15384101.2016.1207836
https://doi.org/10.1146/annurev-immunol-030409-101202
https://doi.org/10.3389/fimmu.2021.654960
https://doi.org/10.3389/fimmu.2021.654960
https://doi.org/10.1016/j.immuni.2016.10.030
https://doi.org/10.1016/j.immuni.2016.10.030
https://doi.org/10.1111/imr.12525
https://doi.org/10.1111/imr.12525
https://doi.org/10.1097/cji.0000000000000330
https://doi.org/10.1097/cji.0000000000000330
https://doi.org/10.1136/jitc-2020-000957
https://doi.org/10.3390/ph14030200
https://doi.org/10.3390/ph14030200
https://doi.org/10.1172/jci.insight.95692
https://doi.org/10.1073/pnas.2023739118
https://doi.org/10.1007/s00005-017-0474-6
https://doi.org/10.1007/s00438-017-1404-3
https://doi.org/10.1186/s12957-022-02562-w
https://doi.org/10.1038/s41596-022-00713-7
https://doi.org/10.1158/0008-5472.Can-10-2907


Vol.:(0123456789)

Discover Oncology            (2024) 15:9  | https://doi.org/10.1007/s12672-024-00864-x Research

 49. Watt WC, Cecil DL, Disis ML. Selection of epitopes from self-antigens for eliciting Th2 or Th1 activity in the treatment of autoimmune 
disease or cancer. Semin Immunopathol. 2017;39(3):245–53. https:// doi. org/ 10. 1007/ s00281- 016- 0596-7.

 50. Matsuda A, Furukawa K, Takasaki H, et al. Preoperative oral immune-enhancing nutritional supplementation corrects TH1/TH2 imbal-
ance in patients undergoing elective surgery for colorectal cancer. Dis Colon Rectum. 2006;49(4):507–16. https:// doi. org/ 10. 1007/ 
s10350- 005- 0292-5.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00281-016-0596-7
https://doi.org/10.1007/s10350-005-0292-5
https://doi.org/10.1007/s10350-005-0292-5

	Low expression of PRRG2 in kidney renal clear cell carcinoma: an immune infiltration-associated prognostic biomarker
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	2 Materials and methods
	2.1 Database and bioinformatics analysis
	2.2 Patient samples
	2.3 Cell lines and cell culture
	2.4 RNA extraction, reverse transcription and quantitative real-time PCR (qRT-PCR)
	2.5 Immunohistochemical (IHC) analysis
	2.6 Statistical analysis

	3 Results
	3.1 PRRG2 expression is reduced in KIRC patients
	3.2 PRRG2 expression and clinical parameters of KIRC
	3.3 Reduced PRRG2 expression is associated poor prognosis in KIRC patients
	3.4 Validation of PRRG2’s predictive value based on distinct clinicopathological characteristics
	3.5 Identification of PRRG2 interacting genes and proteins and their genetic variations
	3.6 GO and KEGG pathway analysis of PRRG2 and its co-expressed genes in KIRC of TCGA database
	3.7 GSEA identifies PRRG2 related signaling pathways
	3.8 Analysis of the correlation between the expression of PRRG2 and the infiltration of immune cells
	3.9 Relationship between PRRG2 expression and different immunological markers
	3.10 The correlation between PRRG2 expression in immune cells and prognosis in patients with KIRC

	4 Discussion
	5 Conclusion
	References


