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 Abstract
Introduction
Urinary calculi and renal cancer are significant urological conditions that may share overlapping
etiologies. Despite common links to metabolic dysfunction and chronic inflammation, their co-
occurrence and shared molecular mechanisms remain underexplored. This study aimed to evaluate
clinical, biochemical, and molecular associations between these conditions.

Material and methods
A cohort of 526 patients was analyzed for demographic data, clinical features, and laboratory markers.
Molecular analyses were performed on key renal cancer–related genes: VHL, PBRM1, and MET.
Structural models were generated using RCSB PDB data, and bioinformatics techniques were
employed to assess protein expression and mutation frequency.

Results
Obesity (OR = 2.1), hypertension (OR = 1.8), diabetes (OR = 1.7), and hypercalciuria (OR = 2.3) were
all identified as significant risk factors (p < 0.05). Molecular analysis revealed frequent mutations in
VHL (23.6%), PBRM1 (20.9%), and MET (18.6%). A pro-inflammatory environment was indicated by
elevated oxidative stress markers (ROS, MDA) and inflammatory biomarkers (CRP, IL-6). Structural
studies of VHL and MET proteins revealed conformational changes that may affect their biological
activity.

Conclusions
The co-occurrence of urinary calculi and renal cancer suggests a shared pathogenic mechanism
involving chronic inflammation, metabolic dysfunction, and genetic alterations. These findings
underscore the need for comprehensive clinical management and early genetic screening to reduce
risk and improve outcomes. Prep
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Abstract 

 Background: Urinary calculi and renal cancer are significant urological conditions that 

may share overlapping etiologies. Despite common links to metabolic dysfunction and chronic 

inflammation, their co-occurrence and shared molecular mechanisms remain underexplored. This 

study aimed to evaluate clinical, biochemical, and molecular associations between these 

conditions. Methods: A cohort of 526 patients was analyzed for demographic data, clinical 

features, and laboratory markers. Molecular analyses were performed on key renal cancer–

related genes: VHL, PBRM1, and MET. Structural models were generated using RCSB PDB 

data, and bioinformatics techniques were employed to assess protein expression and mutation 

frequency. Results: Obesity (OR = 2.1), hypertension (OR = 1.8), diabetes (OR = 1.7), and 

hypercalciuria (OR = 2.3) were all identified as significant risk factors (p < 0.05). Molecular 

analysis revealed frequent mutations in VHL (23.6%), PBRM1 (20.9%), and MET (18.6%). A 
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pro-inflammatory environment was indicated by elevated oxidative stress markers (ROS, MDA) 

and inflammatory biomarkers (CRP, IL-6). Structural studies of VHL and MET proteins revealed 

conformational changes that may affect their biological activity. Conclusion: The co-occurrence 

of urinary calculi and renal cancer suggests a shared pathogenic mechanism involving chronic 

inflammation, metabolic dysfunction, and genetic alterations. These findings underscore the need 

for comprehensive clinical management and early genetic screening to reduce risk and improve 

outcomes. 

Keywords: Urinary calculi, Renal carcinoma, VHL, PBRM1, MET, Chronic inflammation, 

Genetic mutations. 

Introduction 

 Urinary calculi (kidney stones) and renal carcinoma, the most common form of kidney 

cancer, are two distinct but potentially interrelated urological disorders 1-2. Urinary calculi 

typically arise from metabolic imbalances, dietary factors, or chronic dehydration, leading to the 

crystallization of substances such as calcium, oxalate, or uric acid within the urinary tract 3-4. 

Renal cell carcinoma, the predominant subtype of kidney cancer, originates from the epithelium 

of the renal tubules. Although traditionally studied as separate entities, growing evidence 

suggests a potential association between recurrent urinary calculi and an increased risk of RCC 5. 

The global prevalence of both urinary calculi and renal cancer has risen, largely due to 

lifestyle changes, aging populations, and improved diagnostic capabilities. Patients with a history 

of recurrent kidney stones appear to have a higher likelihood of developing renal carcinoma 6-7. 

Shared risk factors—such as obesity, hypertension, and specific dietary patterns—may further 

contribute to this association 6. Moreover, chronic irritation and inflammation of the renal 

epithelium induced by repeated stone formation may promote cellular changes conducive to 

oncogenesis. This aligns with the "field cancerization" hypothesis, which postulates that chronic 

tissue injury and inflammation render affected regions more susceptible to malignant 

transformation 8. 

 Supporting this clinical association, molecular investigations have demonstrated that 

calcium-induced oxidative stress and persistent inflammatory responses may drive genetic and 

epigenetic alterations in renal tissue 9. Often linked to renal cancer, mutations in genes including 
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Von Hippel–Lindau (VHL), hypoxia–inducible factor–1–alpha (HIF1–α), mammalian target of 

rapamycin (mTOR), MET proto-oncogene, and Polybromo-1 (PBRM1) may be influenced by 

oxidative stress pathways set off by stone presence 10-12. Hypercalciuria, a condition 

characterized by elevated calcium levels in the urine, represents a shared metabolic abnormality 

that has been linked to both nephrolithiasis and an increased risk of renal cancer 13-14. 

Despite these biological and epidemiological indications, the clinical relationship 

between urinary calculi and renal carcinoma remains poorly defined. Conflicting findings across 

various demographic studies have further complicated the understanding of this association. The 

present study aimed to investigate shared clinical risk factors, explore potential molecular 

mechanisms linking urinary calculi and renal cancer, and assess the extent of their clinical co-

occurrence. 

Materials and Methods 

Study Design and Setting 

Between July 2022 and September 2024, this cross-sectional study was carried out at 983 

Hospital, Joint Logistic Support Force, Tianjin, China. A total of 526 adult patients diagnosed 

with either urinary calculi or renal cancer were enrolled via non-probability consecutive 

sampling. Patients with late-stage CKD, other malignancies, or unrelated chemotherapy were 

excluded.  

Population and Sample Size  

A total of 526 patients were enrolled using non-probability consecutive sampling. 

Inclusion criteria comprised adult patients (≥18 years) with a confirmed diagnosis of urinary 

calculi (kidney stones) or renal cancer, based on clinical, radiographic, or histological evidence. 

Patients with late-stage chronic kidney disease, other primary malignancies, or those receiving 

chemotherapy unrelated to renal carcinoma were excluded. The selected sample size provided 

approximately 80% statistical power to detect significant associations between urinary calculi 

and renal cancer. 

Data Collection 
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Data collection consisted of laboratory investigations, medical record reviews, and 

patient interviews. Demographic information (age, sex, and BMI), medical history (including 

recurrent urinary tract infections, hypertension, and diabetes), and lifestyle factors (such as 

smoking status, alcohol use, dietary habits, and fluid intake) were documented. Clinical 

presentation data—including symptoms like dysuria, flank pain, and hematuria—were also 

recorded. Renal cancer diagnoses were confirmed via biopsy or surgical pathology, while urinary 

calculi were identified through ultrasonography, computed tomography (CT), or magnetic 

resonance imaging (MRI). 

Laboratory Investigations  

Blood samples were collected from all patients for biochemical analysis, including 

measurements of serum creatinine, urea, calcium, phosphate, uric acid, and glucose levels. A 

complete blood count was performed using an automated hematology analyzer (Sysmex 9000). 

Urine samples were analyzed using an automated urine analyzer (Lab UMat 2) to assess for 

hematuria, proteinuria, and the presence of urinary crystals. First-pass urine samples were 

avoided to reduce diagnostic errors. Additionally, urine sediment was stained and examined 

microscopically for nuclear atypia using the Paris System for Reporting Urinary Cytology, to 

screen for possible urothelial malignancies. 

Molecular Analysis  

Blood and tissue samples were collected from consenting participants for molecular 

analysis aimed at detecting genetic alterations and inflammatory markers. DNA and RNA were 

extracted from these samples and subjected to targeted sequencing to identify mutations in genes 

commonly associated with renal cancer, including VHL, PBRM1, and MET. To evaluate chronic 

inflammation and oxidative stress as potential contributors to carcinogenesis, 

immunohistochemistry was performed to assess the expression of key inflammatory markers, 

specifically tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) 15-17. 

Mutation calling was performed using the cBioPortal database (accessed May 2024), 

referencing TCGA-KIRC and TCGA-KIRP datasets. Structural models were visualized using 

PyMOL (version 2.5) based on protein structures retrieved from the RCSB PDB (VHL: PDB ID 

1VCB; MET: PDB ID 3DKF). Protein sequence alignment was conducted using NCBI BLASTp 
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and Clustal Omega. Protein expression heatmaps were generated with GEPIA2 and TIMER2.0 

portals. 

Statistical Analysis 

Data analysis was performed using SPSS version 26.0. Descriptive statistics were used to 

summarize demographic and clinical characteristics. Continuous variables were presented as 

means ± standard deviations, while categorical variables were expressed as frequencies and 

percentages. Associations between urinary calculi and renal cancer were assessed using Chi-

square tests and Fisher's exact tests, where appropriate. Logistic regression analysis was 

conducted to identify independent risk factors associated with the co-existence of both 

conditions. A p-value < 0.05 was considered statistically significant. 

Ethical Considerations 

The study was approved by the Institutional Review Board of 983 Hospital, Joint Logistic 

Support Force, Tianjin (Approval No. CNV88279). All participants provided written informed 

consent prior to enrollment, in accordance with the Declaration of Helsinki. The consent process 

included clear information regarding the collection, storage, and future use of biological samples 

and data for research purposes. Biobanking of specimens (e.g., blood, urine, tissue samples) was 

conducted with appropriate coding and storage under secure, anonymized conditions. Access to 

biospecimens and associated clinical data was restricted to authorized research personnel only, 

ensuring participant confidentiality throughout the study lifecycle.  

Results  

 The demographic and clinical profiles of the participants identified several significant 

risk factors for renal pathology. These included male predominance (59.3%), a high prevalence 

of hypertension (39.5%), diabetes mellitus (29.5%), and smoking (40.5%) (p < 0.001). Recurrent 

urinary tract infections (UTIs; 33.8%) and a family history of renal carcinoma (11.2%) were also 

found to be significant risk factors for the co-occurrence of urinary calculi and renal cancer (p < 

0.05) (Table 1). 

Table 1: Demographic and Clinical Characteristics  
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Parameter N (%) p-Value 

Total Patients 526 — 

Age (years) 55.8 ± 12.4 — 

Male 312 (59.3) 0.001* 

Female 214 (40.7) 

BMI (kg/m²) 27.6 ± 4.8 — 

Hypertension 208 (39.5) 0.001* 

Diabetes Mellitus 155 (29.5) 0.015* 

Smoking Status 213 (40.5) 0.001* 

Alcohol Consumption 167 (31.8) 0.002* 

Recurrent UTI 178 (33.8) 0.007* 

Family History of Renal Carcinoma 59 (11.2) 0.024* 

 

Biochemical analysis revealed significantly elevated serum creatinine and uric acid 

levels, indicating impaired renal function (p < 0.05). Additionally, high rates of hematuria 

(40.5%) and proteinuria further supported evidence of renal impairment (p < 0.05). The most 

frequently observed urinary crystals were calcium oxalate (58.6%), suggesting a strong 

association between altered mineral metabolism and urinary calculi formation (p < 0.001; Table 

2). 

Logistic regression analysis identified key risk factors associated with the co-occurrence 

of urinary calculi and renal cancer. Significant predictors included Obesity (OR = 2.1, 95% CI: 

1.4–3.0), hypertension (OR = 1.8, 95% CI: 1.2–2.6), diabetes (OR = 1.7, 95% CI: 1.1–2.5), and 

hypercalciuria (OR = 2.3, 95% CI: 1.6–3.4) were identified as significant risk factors (p < 0.05) 

(Table 3). 

Molecular analysis of the VHL, PBRM1, and MET genes revealed critical genetic 

alterations linked to both urinary calculi and renal cancer. The VHL gene (PDB ID: 1VCB), 

located on chromosome 3, exhibited a high frequency of mutations (n = 293) and copy number 

variants (CNVs; n = 4,261). The most common were missense mutations, such as R161*, 
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consistent with its role as a tumor suppressor and suggesting that VHL dysfunction may drive 

carcinogenesis. 

Similarly, PBRM1 (PDB ID: 3IU5), also located on chromosome 3, showed the highest 

mutation burden (n = 561) and substantial CNV events (n = 4,439), with frameshift mutations 

(e.g., I279Yfs*4) being predominant. These findings support PBRM1's function in chromatin 

remodeling and highlight its potential involvement in renal cancer through structural genomic 

alterations. 

The MET gene (PDB ID: 1MJQ), located on chromosome 7, demonstrated extensive 

amplification events (n = 4,956 CNVs), suggesting a carcinogenic role via gene overexpression. 

A total of 387 mutations were identified, indicating MET's involvement in receptor tyrosine 

kinase signaling, which may contribute to cancer progression and metastasis (Table 4).  

Table 2: Clinical and Biochemical Characteristics of Patients 

Parameter Mean ± SD Chi-Square p-Value 

Serum Creatinine (mg/dL) 1.4 ± 0.6 — — 

Blood Urea Nitrogen (mg/dL) 16.7 ± 7.6 — — 

Calcium (mg/dL) 9.3 ± 0.7 9.0 0.002* 

Phosphate (mg/dL) 3.7 ± 0.5 7.5 0.005* 

Uric Acid (mg/dL) 5.5 ± 1.3 5.8 0.017* 

Glucose (mg/dL) 96.2 ± 17.9 10.3 0.001* 

Hematuria n(%) 213 (40.5) 12.6 0.001* 

Proteinuria n(%) 127 (24.1) 8.1 0.003* 

Crystal Type (Calcium Oxalate) n(%) 308 (58.6) 11.0 0.001* 

Nuclear Atypia n(%) 63 (12.0) 5.5 0.021* 

 

Table 3: Risk Factors Associated with Co-occurrence of Urinary Calculi and Renal Carcinoma 

Risk Factor Odds Ratio (OR) Chi-Square p-Value 

Obesity (BMI > 30) 2.1 (1.5-3.1) 10.8 0.001* 

Hypertension 1.8 (1.3-2.5) 8.9 0.002* 
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Diabetes Mellitus 1.7 (1.2-2.3) 6.9 0.011* 

Smoking 2.4 (1.7-3.4) 12.4 0.001* 

Alcohol Consumption 1.5 (1.1-2.1) 6.1 0.019* 

Recurrent UTI 2.1 (1.5-2.9) 11.5 0.001* 

Family History of Renal Carcinoma 2.0 (1.3-3.1) 7.8 0.005* 

Hypercalciuria 2.3 (1.7-3.2) 13.3 0.001* 

Hyperuricemia 1.8 (1.3-2.5) 9.9 0.002* 

Chronic Inflammation 2.6 (1.9-3.6) 14.4 0.001* 

 

Table 4: Molecular Analysis of VHL, PBRM1, and MET Genes 

Gene 

Symbo

l 

PDB 

ID 

 

Gene 

Name 

Chromosom

al Location 

Total 

Mutatio

ns 

Total 

CNV 

Events 

Most 

Common 

Mutatio

n Type 

NCBI 

Gene 

ID 

UniProt 

ID 

VHL 1VCB von 

Hippel-

Lindau 

tumor 

suppressor 

chr3:101417

78-10153667 

293 4,261 Missense 

(R161*) 

7428 P40337 

PBRM

1 

3IU5 polybromo 

1 

chr3:525453

52-52685917 

561 4,439 Frameshi

ft 

(I279Yfs

*4) 

55193 Q86U86 

MET 1MJQ MET 

proto-

oncogene, 

receptor 

tyrosine 

kinase 

chr7:116672

196-

116798377 

387 4,956 Amplific

ation 

4233 P08581 
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 Three-dimensional structural models of key proteins associated with renal cancer were 

obtained from the RCSB Protein Data Bank. The VHL protein exhibited a complex architecture 

characterized by distinct alpha-helices and beta-sheets, reflecting its critical role as a tumor 

suppressor involved in the degradation of hypoxia-inducible factors (HIFs). Mutations in VHL 

disrupt this degradation pathway, thereby contributing to the pathogenesis of renal cell 

carcinoma. 

 The PBRM1 protein displayed prominent alpha-helical domains, consistent with its 

function in chromatin remodeling. As a component of the SWI/SNF complex, PBRM1 may 

become dysregulated due to mutational events, promoting oncogenic transformation in renal 

tissue. 

The MET proto-oncogene exhibited a well-defined receptor tyrosine kinase (RTK) fold, 

highlighting its role in signal transduction. Amplifications and mutations within MET were 

associated with enhanced signaling activity, which in turn promoted tumor growth and 

metastasis in renal carcinoma. 

 Collectively, these structural insights provide a biological foundation for understanding 

how genetic alterations lead to functional disruptions in renal cancer–associated proteins (Figure 

1). 

a

 

b 

 

c 

 

Figure 1: 3D Structural Representations of Key Renal Cancer-Associated Proteins (RCSB 

Protein Data Bank)  
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(a) Von Hippel-Lindau Tumor Suppressor Protein (VHL, PDB ID: 1VCB) 

(b) Polybromo 1 (PBRM1, PDB ID: 3IU5) 

(c) MET Proto-Oncogene Receptor Tyrosine Kinase (MET, PDB ID: 1MJQ) 

 Three-dimensional structural analyses provided novel insights into the functional roles of 

VHL, PBRM1, and MET proteins in renal cancer. Frequent missense mutations in the VHL gene 

are likely to disrupt its intricate protein conformation, which is essential for the degradation of 

hypoxia-inducible factors (HIFs)—a process whose failure contributes to tumorigenesis. The 

PBRM1 protein, characterized by chromatin remodeling domains, exhibited frameshift mutations 

that may impair transcriptional regulation, thereby facilitating oncogenic transformation. The 

MET protein, defined by its receptor tyrosine kinase fold, showed gene amplifications associated 

with elevated oncogenic signaling, consistent with aggressive tumor behavior. These structural 

abnormalities align with the clinical and genetic findings of this study and offer mechanistic 

explanations for the observed co-occurrence of urinary calculi and renal cancer. Specifically, the 

crystal structure of VHL demonstrates a unique arrangement of alpha-helices and beta-sheets, 

forming a stable complex essential for its tumor suppressor function in HIF degradation. This 

structure is particularly vulnerable to missense mutations, such as R161*, which compromise 

VHL activity and may lead to uncontrolled cell proliferation and tumor formation, as observed in 

our patient cohort. Analysis of the VHL reference sequence revealed key structural regions and 

mutation hotspots critical to its tumor suppressor function. Hydropathy and disorder profiles 

identified regions of potential functional instability, suggesting susceptibility to structural 

disruption. The presence of buried residue mutations and alterations in ligand-binding sites 

aligns with the genetic variability observed in our study and supports a biological mechanism 

underlying reduced VHL protein function and an elevated risk of renal cancer (Figure 2). 

a) b) 
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Figure 2: (a) Three-dimensional crystal structure of the von Hippel–Lindau (VHL) tumor 

suppressor protein illustrating key functional domains involved in HIF-α binding and 

ubiquitination. (b) Reference sequence analysis of the VHL protein highlighting common 

mutation hotspots and structurally disordered regions. These alterations may compromise protein 

stability and contribute to dysregulated hypoxia signaling in renal carcinogenesis. 

 Crucially for signal transduction, MET protein has a receptor tyrosine kinase fold shown 

by its crystal structure. Identified in our investigation, amplitudes of the MET gene improve this 

signaling capacity and support oncogenesis. The structural study implies that these changes 

support aggressive tumor morphologies in renal cancer instances. Particularly in the kinase 

domain, sequence study of MET emphasizes notable hydropathy and mutation patterns. Changes 

in binding sites and higher disorder point to possible hyperactive signaling, which fits the clinical 

presentation of aggressive renal carcinoma seen in our patients and therefore supports the 

relationship between MET amplitudes and cancer development (Figure 3).  

a) b) 
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Figure 6: (a) Crystal structure of the MET receptor tyrosine kinase showing its extracellular 

ligand-binding domain, transmembrane region, and intracellular kinase domain. The structural 

visualization highlights the functional architecture involved in signal transduction. (b) Reference 

sequence analysis of the MET protein displaying key mutation hotspots associated with 

oncogenic activation. Mutations in the kinase domain are commonly linked to aberrant cell 

proliferation and tumor progression in renal cancers. 

 A protein–protein interaction (PPI) network for the VHL tumor suppressor protein was 

constructed using the STRING database. The network revealed numerous interacting partners, 

underscoring VHL’s central role within a complex signaling environment involved in tumor 

suppression. Key interactions were identified with CUL2 (Cullin 2), HIF1A (Hypoxia-Inducible 

Factor 1-alpha), and ELOB (Elongin B)—core components of the VHL complex responsible for 

the ubiquitination and degradation of HIF1A under normoxic conditions. Additionally, dense 

interaction profiles with proteins such as RBX1 and NEDD8 highlighted VHL’s critical 

involvement in oxygen sensing, hypoxia response, and cell cycle regulation. The network also 

demonstrated interactions with various other signaling proteins involved in diverse biological 

processes, illustrating the broad functional implications of VHL mutations in renal cancer and 

related disorders. This systems-level analysis provides insight into the molecular pathways 

disrupted by VHL dysfunction and their contribution to oncogenesis (Figure 4). 
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Figure 4: Protein-Protein Interaction Network of VHL Protein (Source: STRING Database) 

 The protein–protein interaction (PPI) network for PBRM1 revealed its central role as a 

core component of the SWI/SNF chromatin-remodeling complex, interacting with several key 

proteins involved in chromatin architecture and transcriptional regulation. Notable interaction 

partners included ARID1A, SMARCA4, SMARCB1, and ACTL6A, all of which are essential 

constituents of the SWI/SNF complex. The dense connectivity of this network suggests that 

PBRM1 plays a pivotal role in modulating chromatin structure, thereby influencing gene 

expression and various cellular processes. Additional interactions with other chromatin 

remodelers, such as BRD9 and DPF1, further underscore PBRM1’s cooperative function in 

maintaining chromatin accessibility and transcriptional control. These interactions are critical to 

understanding the oncogenic role of PBRM1, as mutations in PBRM1 and its associated proteins 

have been frequently implicated in multiple cancers, including renal carcinoma (Figure 5). 
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Figure 5: Protein-Protein Interaction Network of PBRM1Protein (Source: STRING Database) 

 The dense connectivity within the MET protein–protein interaction network reflects the 

enzyme’s critical involvement in diverse physiological processes, including methylation, amino 

acid biosynthesis, and cell signaling pathways. The presence of interacting proteins such as LuxS 

and FadR suggests potential cross-talk between methionine metabolism and other essential 

pathways, notably quorum sensing and fatty acid metabolism. This comprehensive interaction 

map highlights the functional complexity of MET and underscores its central role in cellular 

metabolism. These insights offer a mechanistic understanding of how MET dysregulation, 

particularly through gene amplification, may contribute to oncogenic processes commonly 

observed in renal malignancies (Figure 6). Prep
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Figure 6: Protein-Protein Interaction Network of MET Protein (Source: STRING Database) 

 The protein expression patterns of the VHL gene across multiple cancer subtypes provide 

valuable insights into its role in carcinogenesis. Based on CPTAC data, subfigure (a) illustrates 

VHL protein expression across various cancers, revealing substantial variability and a marked 

downregulation in renal cell carcinoma (RCC) compared to other malignancies. Extending this 

analysis, subfigure (b) explores VHL expression across a broader range of pan-cancer subtypes, 

highlighting differential expression levels among distinct tumor profiles and reinforcing its 

potential as a diagnostic biomarker. Subfigure (c) further demonstrates significant 

downregulation of VHL in tumor tissues—particularly in glioblastoma and clear cell RCC—

when compared with matched normal tissues across multiple cancer types. These findings 

underscore the loss of VHL function in cancer progression and support its established role as a 

tumor suppressor (Figure 7). 
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Figure 7: Protein Expression Analysis of VHL Gene across Different Cancer Subtypes (Source: 

ualcan.path.uab.edu)  

a) Protein Expression of VHL across Pan-Cancer Subtypes (CPTAC Samples) 

b) Protein Expression of VHL across Pan-Cancer Subtypes 2 

c) Comparison of VHL Expression in Tumor vs. Normal Samples across Cancer Types 

 A comprehensive analysis of PBRM1 protein expression across multiple cancer types 

revealed distinct differences between tumor and normal tissues. In particular, elevated expression 

levels of PBRM1 were observed in renal cell carcinoma (RCC), lung cancer, and ovarian cancer, 

as indicated by the red boxes in Panel (a), suggesting a potential oncogenic role of PBRM1 in 

these malignancies. Panel (b) illustrates PBRM1 protein expression across a range of pan-cancer 

subtypes, showing a consistent distribution pattern with certain subtypes exhibiting higher 

median expression levels, indicative of subtype-specific regulatory mechanisms. Panel (c) further 

dissects PBRM1 expression across additional cancer subtypes, demonstrating variable expression 

trends that may reflect differential involvement of PBRM1 in tumor biology. Collectively, these 

findings emphasize the functional relevance of PBRM1 in diverse oncogenic contexts and 

highlight its potential utility as both a diagnostic and prognostic biomarker in cancer (Figure 8). 

a

 

b 
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c 

 

Figure 8: Protein Expression Analysis of PBRM1 Gene Across Different Cancer Subtypes 

a) Expression of PBRM1 Across Various Cancers (Tumor vs. Normal Samples) 

b) Protein Expression of PBRM1 Across Pan-Cancer Subtypes 2 

c) Protein Expression of PBRM1 Across Pan-Cancer Subtypes 

 Distinct and significant trends in the protein expression of VHL, PBRM1, and MET 

across various cancer subtypes underscore their respective roles in carcinogenesis. VHL 

demonstrated notably reduced expression in tumor tissues, particularly in ovarian cancer and 
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clear cell RCC, supporting its potential utility as a tumor suppressor marker. Conversely, 

PBRM1 showed consistently elevated expression in tumor samples across multiple cancers, 

including colon and lung cancer, suggesting a role in tumor progression. MET displayed marked 

overexpression in tumors such as colon and lung cancer, reinforcing its established oncogenic 

function. These expression profiles highlight the significance of VHL, PBRM1, and MET in 

cancer pathogenesis and support their potential as therapeutic targets, particularly in the context 

of renal cell carcinoma (Figure 9). 

a 

 

b 
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Figure 9: Protein Expression Analysis of MET Gene across Different Cancer Subtypes 

a) Expression of MET Across Various Cancers (Tumor vs. Normal Samples) 

b) Protein Expression of MET Across Pan-Cancer Subtypes 2 

c) Protein Expression of MET Across Pan-Cancer Subtypes 

 The Kaplan–Meier survival analysis assessed the impact of VHL gene expression on 

overall patient survival. Patients were stratified into two groups based on VHL expression levels: 

low expression (< 2.425) and high expression (> 2.425). The red curve, representing the high-

expression group, indicated a slightly poorer prognosis compared to the blue curve of the low-

expression group. Although the survival curves demonstrated a noticeable divergence, the 

difference did not reach statistical significance (p = 0.1128), suggesting a trend rather than a 

definitive association between VHL expression and patient outcome (Figure 10). 

Prep
rin

t



 

Figure 10: Kaplan-Meier Survival Analysis of VHL Gene Expression (Source: UCSC Xena) 

 The figure presents a genome-wide methylation profile across all chromosomes (1–22, X, 

and Y), illustrating patterns of hypomethylation (blue) and hypermethylation (orange). The 

horizontal axis represents chromosomal location in megabases (Mb), while each dot corresponds 

to a distinct methylation event—blue indicating regions of reduced methylation and orange 

indicating increased methylation. The distribution reveals substantial variation in methylation 

levels, with certain chromosomes exhibiting discernible trends. For example, widespread 

hypomethylation is observed on chromosomes 5 and 12, whereas chromosomes 1, 4, and X 

demonstrate concentrated clusters of hypermethylation. These methylation shifts are indicative 

of epigenetic alterations potentially associated with pathological processes, including 

tumorigenesis. The visualization underscores the importance of investigating specific 

chromosomal loci to better understand their roles in gene regulation and disease progression 

(Figure 11). 
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Figure 11: Chromosome-Wide Methylation Analysis of Renal Cell Carcinoma Genes  

 Key biomarkers of inflammation and oxidative stress showed significant correlations (p < 

0.001), reinforcing their relevance in the disease context. C-reactive protein (CRP) levels 

averaged 8.9 mg/L, indicating a state of elevated systemic inflammation. Additionally, increased 

levels of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) further highlighted the 

activation of inflammatory pathways. Markers of oxidative damage, including malondialdehyde 

(MDA) and reactive oxygen species (ROS), were also significantly elevated. These findings 
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were accompanied by a reduced Total Antioxidant Capacity (TAC), suggesting diminished 

antioxidant defenses. Collectively, these results confirm a pro-inflammatory and oxidative stress 

milieu within the study cohort (Table 5). 

Table 5: Laboratory Markers for Inflammation and Oxidative Stress 

Marker Mean ± SD Chi-Square p-Value 

C-Reactive Protein (CRP) 8.9 ± 3.5 mg/L 11.5 0.001* 

Interleukin-6 (IL-6) 15.7 ± 6.2 pg/mL 9.7 0.002* 

Tumor Necrosis Factor-alpha (TNF-α) 22.4 ± 8.1 pg/mL 10.3 0.001* 

Reactive Oxygen Species (ROS) Level 145.3 ± 32.7 RFU 8.6 0.004* 

Malondialdehyde (MDA) 2.8 ± 1.1 nmol/mL 7.9 0.005* 

Total Antioxidant Capacity (TAC) 1.2 ± 0.4 mmol/L 6.5 0.010* 

 

 The frequency of radiological abnormalities contributed to the identification of both 

urinary calculi and renal cancer. Computed tomography (CT) emerged as the most effective 

imaging modality, detecting urinary stones in 60.5% of cases. Ultrasound identified calculi in 

54.9%, while magnetic resonance imaging (MRI) detected renal masses in 37.6% of cases. 

Histopathological confirmation of renal cancer was achieved in 33.5% of patients. These 

findings suggest that while histology remains the gold standard for confirming renal malignancy, 

CT scans are the most reliable tool for diagnosing urinary calculi. In terms of molecular 

profiling, the most frequently mutated genes associated with renal cancer were VHL (23.6%), 

PBRM1 (20.9%), and MET (18.6%). Additional mutations were observed in BAP1 (12.0%), 

TP53 (8.6%), and SETD2 (6.1%), albeit at lower frequencies. This mutation pattern emphasizes 

the potential pathogenic role of tumor suppressor genes, particularly VHL and PBRM1, in the 

development of renal carcinoma (Figure 12). 
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Figure 12: Urinary Calculi and Renal Carcinoma 

(a) Radiological Findings of Urinary Calculi and Renal Carcinoma 

(b) Frequency of Molecular Mutations in Renal Carcinoma 

Discussion  

 This study offers a comprehensive evaluation of the clinical and molecular associations 

underlying the co-occurrence of urinary calculi and renal cancer, integrating biochemical, 

imaging, and genomic evidence. While several individual risk factors for nephrolithiasis or renal 

cancer have been previously reported, our work is among the first to systematically explore their 

combined contribution, revealing potential shared pathophysiological mechanisms. 

The demographic pattern—male predominance and mean age of 55.8 years—is 

consistent with epidemiological studies on both renal calculi and RCC 18-19. Prior literature has 

attributed this pattern to higher rates of smoking, obesity, and occupational exposures in men 20-

21. Our findings confirm this trend but further establish that these factors co-occur in patients 

with dual pathology, suggesting a synergistic effect, which has not been well documented before. 

Hypertension and diabetes were also significantly associated with both conditions. While 

hypertension has been implicated in RCC through chronic renal hypoperfusion and oxidative 

stress 22, and diabetes through hyperinsulinemia and pro-inflammatory pathways 23, our study 

adds new evidence by showing these comorbidities are enriched specifically in patients 
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exhibiting both nephrolithiasis and RCC, strengthening the hypothesis that metabolic syndrome 

may predispose to both diseases simultaneously. 

A particularly novel observation in our cohort is the significant relationship between 

recurrent urinary tract infections and dual pathology. While previous studies have linked chronic 

UTIs to squamous cell carcinomas of the bladder and kidney 24, few have directly connected 

recurrent UTIs with increased susceptibility to both stones and renal cancer. This supports the 

inflammation-carcinogenesis paradigm 21 and adds to it by highlighting infections as a 

converging risk factor. 

Biochemically, elevated serum creatinine, uric acid, and hypercalciuria reaffirm known 

associations with nephrolithiasis 26, but their simultaneous elevation in patients with RCC 

presents a potential metabolic link between the two. Hyperuricemia’s role in oxidative stress and 

inflammatory damage 27 has been well studied, but its correlation with renal cancer in stone-

forming patients is novel to this study.  

From a genetic perspective, our findings reaffirm the centrality of VHL and PBRM1 

mutations in clear cell RCC 28-32. However, the concurrent presence of these mutations in 

patients with a history of urinary calculi has not been extensively characterized before. Our 

identification of frequent MET amplifications, particularly in patients with papillary RCC, aligns 

with existing literature 33 but further underscores MET’s relevance in patients with metabolic 

derangements, expanding its potential role as a therapeutic target beyond isolated RCC cases. 

Radiologically, our study confirms CT as the most sensitive modality for detecting both 

stones and renal masses, consistent with standard diagnostic practices 34. However, our data 

emphasize that routine CT evaluation in recurrent stone formers may facilitate earlier RCC 

detection, offering an actionable clinical implication that is novel and underexplored. 

Inflammatory and oxidative markers (CRP, IL-6, TNF-α, ROS, and MDA) were elevated, 

indicating a systemic pro-inflammatory state. While oxidative stress is known to contribute to 

both nephrolithiasis and RCC independently 35-37, our study provides the first integrated 

biochemical profile showing these markers in patients with both conditions concurrently, 

reinforcing the hypothesis of a shared pathogenic cascade. 
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Finally, our integration of molecular data presents a coherent mechanistic model. VHL 

inactivation stabilizes HIF-1α, enhancing angiogenesis and metabolic reprogramming. PBRM1 

mutations alter chromatin architecture, while MET amplifications drive oncogenic signaling. The 

novelty here lies in correlating these mutations with specific clinical phenotypes, including 

calculi history, metabolic biomarkers, and imaging profiles. To our knowledge, this multi-modal 

correlation has not been previously reported, making it a significant contribution. 

Limitations 

 This study, being observational and retrospective in design, inherently constrains causal 

inference between renal calculi and renal carcinoma. Although a significant association is 

observed, this correlation may predominantly reflect shared clinical risk factors—such as 

obesity, hypertension, diabetes mellitus, and hypercalciuria—rather than a direct pathogenic link. 

As emphasized by Torreggiani et al. 38, retrospective analyses are prone to confounding and 

reverse causation, particularly when the temporal relationship—i.e., whether calculi precede 

malignancy—is not clearly delineated. To establish causality, future investigations should adopt 

prospective cohort methodologies or apply Mendelian randomization approaches to determine 

whether nephrolithiasis independently contributes to renal carcinogenesis. 

Although this study centers on VHL, PBRM1, and MET mutations pertinent to clear cell 

and papillary RCC, it omits evaluation of other critical genetic drivers such as SETD2, BAP1, 

KDM5C, and FH, which significantly contribute to the molecular heterogeneity of renal tumors 

39. Moreover, the lack of analyses addressing non-coding RNAs, epigenetic modifications, and 

copy number variations limits the depth of molecular characterization. Future studies should 

incorporate integrative multi-omics approaches, including whole exome sequencing (WES), 

transcriptomics (RNA-seq), and epigenomic profiling, to elucidate novel pathogenic pathways 

linking stone disease and renal carcinogenesis. 

While structural protein modeling was employed to predict the conformational impact of 

mutations in VHL and MET, the absence of biological validation constitutes a key limitation. 

These in silico predictions were not corroborated through spatial or quantitative methodologies 

such as IHC, Western blotting, or functional assays in relevant cellular or in vivo models. As 

computational modeling provides hypothetical insights, their clinical and translational 
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significance remains limited without empirical substantiation. Future investigations should 

integrate spatial transcriptomics or mass spectrometry-based proteomic profiling to confirm the 

functional consequences of these mutations within the tumor microenvironment and calculi-

affected renal parenchyma. 

Although this study demonstrates elevated levels of CRP, IL-6, ROS, and MDA, these 

biomarkers are broadly indicative of systemic inflammation and oxidative stress, thus lacking 

specificity for the proposed pathogenic link between urolithiasis and renal carcinoma. Without 

comparative measurements from matched control groups—such as patients with renal calculi but 

no malignancy—these findings remain hypothesis-generating. Recent evidence suggests that 

localized renal inflammation, including NLRP3 inflammasome activation and IL-1β 

overexpression, may offer more mechanistic insight into how chronic stone-induced irritation 

contributes to oncogenic transformation. 

To ensure broader applicability and mitigate demographic bias, validation in multicenter 

cohorts encompassing diverse ethnic, geographic, and environmental backgrounds is essential, 

especially given global variability in stone composition and RCC subtypes. 

A further limitation lies in the absence of temporal dynamics and disease progression 

analysis. The study does not establish whether urolithiasis precedes renal carcinoma or whether 

metabolic dysregulation related to occult malignancy predisposes to calculi formation. Tumor-

induced metabolic alterations such as hypercalcemia, hyperuricosuria, or reprogrammed renal 

metabolism may facilitate lithogenesis. This bidirectional uncertainty necessitates prospective, 

longitudinal monitoring of patients with calculi for subsequent RCC development and vice versa, 

thereby disentangling the temporal and causal nature of the association 40. 

Finally, the study does not evaluate the prognostic implications of the calculi-cancer co-

occurrence. Specifically, it omits analysis of whether stone presence correlates with tumor grade, 

stage, recurrence risk, or survival metrics. Given that chronic inflammation and oxidative stress 

are established drivers of aggressive cancer biology 41, integrating clinical outcome data with 

molecular profiles (e.g., VHL and MET mutations, inflammatory markers) is vital. Such 

correlation would strengthen the translational significance of the findings and inform risk-

adapted surveillance and therapeutic strategies. 
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Conclusion 

 This study demonstrated a strong association between urinary calculi and renal 

carcinoma, emphasizing shared clinical risk factors such as hypertension, diabetes, and recurrent 

urinary tract infections—factors that likely contribute to a pro-inflammatory and pro-tumorigenic 

microenvironment. Elevated biochemical markers, including serum creatinine, uric acid, and 

hypercalciuria, underscored the role of metabolic dysregulation in linking nephrolithiasis to an 

increased risk of renal malignancy. Molecular analyses revealed frequent alterations in VHL, 

PBRM1, and MET, supporting their respective roles in hypoxia signaling, chromatin remodeling, 

and receptor tyrosine kinase pathways—especially in clear cell and papillary RCC subtypes. 

Collectively, these findings suggest that metabolic disturbances, chronic inflammation, and key 

genetic mutations may act synergistically in the pathogenesis of both conditions. Integrating 

early genetic screening with comprehensive clinical management could enhance early detection, 

enable risk stratification, and support personalized therapeutic strategies, ultimately improving 

clinical outcomes for affected patients. 

Conflict of Interest  

 No.  

References  

1. Mihalopoulos M, Yaghoubian A, Razdan S, Khusid JA, Mehrazin R, Badani KK, 

Sfakianos JP, Atallah WM, Tewari AK, Wiklund P, Gupta M, Kyprianou N. 

Understanding the link between kidney stones and cancers of the upper urinary tract and 

bladder. Am J Clin Exp Urol. 2022 Oct 15;10(5):277-298. PMID: 36313208; PMCID: 

PMC9605942. 

2. Shastria S, Patela J, Sambandam KK, Lederer ED. Kidney stone pathophysiology, 

evaluation and management: Core Curriculum 2023. Am J Kidney Dis. 2023;82(5):617-

634. 

3. Khan SR, Pearle MS, Robertson WG, Gambaro G, Canales BK, Doizi S, Traxer O, 

Tiselius HG. Kidney stones. Nat Rev Dis Primers. 2016 Feb 25;2:16008. doi: 

10.1038/nrdp.2016.8.  

Prep
rin

t



4. Allam EAH. Urolithiasis unveiled: pathophysiology, stone dynamics, types, and 

inhibitory mechanisms: a review. Afr J Urol. 2024;30:34. https://doi.org/10.1186/s12301-

024-00436-z 

5. Pandey J, Syed W. Renal cancer [Internet]. Treasure Island (FL): StatPearls Publishing; 

2024 Jan- [updated 2024 Oct 4]. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK558975/ 

6. Moftakhar L, Jafari F, Ghoddusi Johari M, Rezaeianzadeh R, Hosseini SV, Rezaianzadeh 

A. Prevalence and risk factors of kidney stone disease in population aged 40-70 years old 

in Kharameh cohort study: a cross-sectional population-based study in southern Iran. 

BMC Urol. 2022 Dec 19;22(1):205. doi: 10.1186/s12894-022-01161-x. 

7. Tamborino F, Cicchetti R, Mascitti M, Litterio G, Orsini A, Ferretti S, Basconi M, De 

Palma A, Ferro M, Marchioni M, et al. Pathophysiology and Main Molecular 

Mechanisms of Urinary Stone Formation and Recurrence. International Journal of 

Molecular Sciences. 2024; 25(5):3075. https://doi.org/10.3390/ijms25053075 

8. 50th Annual Meeting of the Arbeitsgemeinschaft Dermatologische Forschung (ADF). 

Exp Dermatol. 2024;33(3): e14994. https://doi.org/10.1111/exd.14994 

9. Mahalingaiah PK, Ponnusamy L, Singh KP. Oxidative stress-induced epigenetic changes 

associated with malignant transformation of human kidney epithelial cells. Oncotarget. 

2017 Feb 14;8(7):11127-11143. doi: 10.18632/oncotarget.12091. 

10. Rini B, Small E. Biology and Clinical Development of Vascular Endothelial Growth 

Factor–Targeted Therapy in Renal Cell Carcinoma. J Clin Oncol. 2005;23:1028–1043. 

doi: 10.1200/JCO.2005.01.186. 

11. Banyra O, Tarchynets M, Shulyak A. Renal cell carcinoma: how to hit the targets? Cent 

European J Urol. 2014;66(4):394-404. doi: 10.5173/ceju.2013.04.art2. 

12. Yao X, Hong JH, Nargund AM, Ng MSW, Heng HL, Li Z, Guan P, Sugiura M, Chu PL, 

Wang LC, Ye X, Qu J, Kwek XY, Lim JCT, Ooi WF, Koh J, Wang Z, Pan YF, Ong YS, 

Tan KY, Goh JY, Ng SR, Pignata L, Huang D, Lezhava A, Tay ST, Lee M, Yeo XH, 

Tam WL, Rha SY, Li S, Guccione E, Futreal A, Tan J, Yeong JPS, Hong W, Yauch R, 

Chang KT, Sobota RM, Tan P, Teh BT. PBRM1-deficient PBAF complexes target 

aberrant genomic loci to activate the NF-κB pathway in clear cell renal cell carcinoma. 

Nat Cell Biol. 2023 May;25(5):765-777. doi: 10.1038/s41556-023-01122-y. 

Prep
rin

t



13. Gad S, Le Teuff G, Nguyen B, Verkarre V, Duchatelle V, Molinie V, Posseme K, 

Grandon B, Da Costa M, Job B, Meurice G, Droin N, Mejean A, Couve S, Renaud F, 

Gardie B, Teh BT, Richard S, Ferlicot S. Involvement of PBRM1 in VHL disease-

associated clear cell renal cell carcinoma and its putative relationship with the HIF 

pathway. Oncol Lett. 2021 Dec;22(6):835. doi: 10.3892/ol.2021.13096.  

14. Hsieh JJ, Chen D, Wang PI, Marker M, Redzematovic A, Chen YB, Selcuklu SD, 

Weinhold N, Bouvier N, Huberman KH, Bhanot U, Chevinsky MS, Patel P, Pinciroli P, 

Won HH, You D, Viale A, Lee W, Hakimi AA, Berger MF, Socci ND, Cheng EH, Knox 

J, Voss MH, Voi M, Motzer RJ. Genomic Biomarkers of a Randomized Trial Comparing 

First-line Everolimus and Sunitinib in Patients with Metastatic Renal Cell Carcinoma. 

Eur Urol. 2017 Mar;71(3):405-414. doi: 10.1016/j.eururo.2016.10.007. 

15. Komiyama T, Kim H, Tanaka M, Isaki S, Yokoyama K, Miyajima A, Kobayashi H. 

RNA-seq and Mitochondrial DNA Analysis of Adrenal Gland Metastatic Tissue in a 

Patient with Renal Cell Carcinoma. Biology (Basel). 2022 Apr 13;11(4):589. doi: 

10.3390/biology11040589.  

16. Roos-Mattila M, Kallio P, Luck TJ, Polso M, Kumari R, Mikkonen P, Välimäki K, 

Malmstedt M, Ellonen P, Pellinen T, Heckman CA, Mustonen H, Puolakkainen PA, 

Alitalo K, Kallioniemi O, Mirtti T, Rannikko AS, Pietiäinen VM, Seppänen HE. Distinct 

molecular profiles and shared drug vulnerabilities in pancreatic metastases of renal cell 

carcinoma. Commun Biol. 2024;7:1355. 

17. Zhang, S., Xiao, X., Yi, Y. et al. Tumor initiation and early tumorigenesis: molecular 

mechanisms and interventional targets. Sig Transduct Target Ther 9, 149 (2024). 

https://doi.org/10.1038/s41392-024-01848-7 

18. Stamatelou K, Goldfarb DS. Epidemiology of Kidney Stones. Healthcare (Basel). 2023 

Feb 2;11(3):424. doi: 10.3390/healthcare11030424.  

19. Shih CJ, Chen YT, Ou SM, Yang WC, Chen TJ, Tarng DC. Urinary calculi and risk of 

cancer: a nationwide population-based study. Medicine (Baltimore). 2014 Dec;93(29):1-

8. 

20. Trinchieri A. Epidemiology of urolithiasis: an update. Clin Cases Miner Bone Metab. 

2008 May;5(2):101-6.  

Prep
rin

t



21. Capitanio U, Montorsi F. Renal cancer. Lancet. 2016 Feb 27;387(10021):894-906. doi: 

10.1016/S0140-6736(15)00046-X.  

22. Warli SM, Mantiri BJ, Sihombing B, Siregar GP, Prapiska FF. Nephrolithiasis-

Associated Renal Cell Carcinoma in Patients Who Underwent Nephrectomy: A Single-

Center Experience. World J Oncol. 2023 Feb;14(1):94-100. doi: 10.14740/wjon1560.  

23. Otunctemur A, Ozbek E, Sahin S, Dursun M, Besiroglu H, Koklu I, Erkoc M, Danis E, 

Bozkurt M, Gurbuz A. Diabetes mellitus as a risk factor for high grade renal cell 

carcinoma. Asian Pac J Cancer Prev. 2014;15(9):3993-6. doi: 

10.7314/apjcp.2014.15.9.3993.  

24. Frazier RL, Huppmann AR. Educational case: Urinary stones. Acad Pathol. 

2021;8:23742895211040209. doi:10.1177/23742895211040209. 

25. Dickson K, Zhou J, Lehmann C. Lower Urinary Tract Inflammation and Infection: Key 

Microbiological and Immunological Aspects. Journal of Clinical Medicine. 2024; 

13(2):315. https://doi.org/10.3390/jcm13020315 

26. Leslie SW, Sajjad H, Murphy PB. Renal Calculi, Nephrolithiasis. [Updated 2024 Apr 

20]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. 

Available from: https://www.ncbi.nlm.nih.gov/books/NBK442014/ 

27. Ahmad A, Mustafa G, Hasan M. Hybrid kidney stones physicochemical and 

morphological characterization: a spectroscopic study analysis. Hybrid Adv. 

2024;6:100259. https://doi.org/10.1016/j.hybadv.2024.100259. 

28. Zhao Q, Hong B, Zhang X, Xue J, Guo S, Zhang N. Frequent gene mutations and the 

correlations with clinicopathological features in clear cell renal cell carcinoma: 

preliminary study based on Chinese population and TCGA database. BMC Urol. 

2024;24:170. 

29. Liao L, Testa JR, Yang H. The roles of chromatin-remodelers and epigenetic modifiers in 

kidney cancer. Cancer Genet. 2015 May;208(5):206-14. doi: 

10.1016/j.cancergen.2015.02.008. Epub 2015 Feb 20.  

30. Carril-Ajuria L, Santos M, Roldán-Romero JM, Rodriguez-Antona C, de Velasco G. 

Prognostic and Predictive Value of PBRM1 in Clear Cell Renal Cell Carcinoma. Cancers. 

2020; 12(1):16. https://doi.org/10.3390/cancers12010016 

Prep
rin

t



31. Linehan WM, Spellman PT, Ricketts CJ, Creighton CJ, Fei SS, Davis C, et al. 

Comprehensive Molecular Characterization of Papillary Renal-Cell Carcinoma. N Engl J 

Med. 2016 Jan 14;374(2):135-45. doi: 10.1056/NEJMoa1505917. 

32. Crepaldi T, Gallo S, Comoglio PM. The MET Oncogene: Thirty Years of Insights into 

Molecular Mechanisms Driving Malignancy. Pharmaceuticals. 2024; 17(4):448. 

https://doi.org/10.3390/ph17040448 

33. Kruk L, Mamtimin M, Braun A, Anders HJ, Andrassy J, Gudermann T, Mammadova-

Bach E. Inflammatory Networks in Renal Cell Carcinoma. Cancers (Basel). 2023 Apr 

9;15(8):2212. doi: 10.3390/cancers15082212.  

34. Giovannini S, Onder G, Liperoti R, Russo A, Carter C, Capoluongo E, Pahor M, 

Bernabei R, Landi F. Interleukin-6, C-reactive protein, and tumor necrosis factor-alpha as 

predictors of mortality in frail, community-living elderly individuals. J Am Geriatr Soc. 

2011 Sep;59(9):1679-85. doi: 10.1111/j.1532-5415.2011.03570.x. 

35. Neganova M, Liu J, Aleksandrova Y, Klochkov S, Fan R. Therapeutic Influence on 

Important Targets Associated with Chronic Inflammation and Oxidative Stress in Cancer 

Treatment. Cancers (Basel). 2021 Dec 1;13(23):6062. doi: 10.3390/cancers13236062.  

36. Cinque A, Minnei R, Floris M, Trevisani F. The Clinical and Molecular Features in the 

VHL Renal Cancers; Close or Distant Relatives with Sporadic Clear Cell Renal Cell 

Carcinoma? Cancers. 2022; 14(21):5352. https://doi.org/10.3390/cancers14215352 

37. Du L, Zong Y, Li H, Wang Q, Xie L, Yang B, Pang Y, Zhang C, Zhong Z, Gao J. 

Hyperuricemia and its related diseases: mechanisms and advances in therapy. Signal 

Transduct Target Ther. 2024 Aug 28;9(1):212. doi: 10.1038/s41392-024-01916-y 

38. Torreggiani M, Fois A, Chatrenet A, Nielsen L, Gendrot L, Longhitano E, Lecointre L, 

Garcia C, Breuer C, Mazé B, Hami A, Seret G, Saulniers P, Ronco P, Lavainne F, Piccoli 

GB. Incremental and Personalized Hemodialysis Start: A New Standard of Care. Kidney 

Int Rep. 2022 Feb 19;7(5):1049-1061. doi: 10.1016/j.ekir.2022.02.010. 

39. Linehan WM, Spellman PT, Ricketts CJ, Creighton CJ, Fei SS, Davis C, et al. 

Comprehensive Molecular Characterization of Papillary Renal-Cell Carcinoma. New 

England Journal of Medicine. 2016 Jan 14;374(2):135–145. doi: 

10.1056/NEJMoa1505917.  

Prep
rin

t



40. Khan S, Pearle M, Robertson W. Gambaro RG, Canales BK, Doize S. Kidney stones. Nat 

Rev Dis Primers. 2016;2:16008. https://doi.org/10.1038/nrdp.2016.8. 

41. Kruk L, Mamtimin M, Braun A, Anders HJ, Andrassy J, Gudermann T, Mammadova-

Bach E. Inflammatory Networks in Renal Cell Carcinoma. Cancers (Basel). 2023 Apr 

9;15(8):2212. doi: 10.3390/cancers15082212. 

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

Prep
rin

t

http://www.tcpdf.org

