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Background
Prostate cancer (PCa) remains a leading malignancy among men worldwide, with inherited genetic susceptibility playing a pivotal role in its pathogenesis. Although numerous single nucleotide polymorphisms (SNPs) within immune response, inflammatory, and apoptotic pathways have been linked to PCa risk, these associations often exhibit substantial inconsistency across diverse populations. This study aimed to evaluate the association of selected polymorphisms within the RNASEL, ELAC2, MSR1, and KLK3 genes with PCa susceptibility in a Hungarian cohort.
Methods
This case-control study included 103 histologically confirmed prostate cancer patients and 103 healthy controls recruited at the University of Pécs Department of Urology. Genotyping of selected polymorphisms was performed by PCR and Sanger sequencing at the Department of Medical Genetics. Statistical associations were evaluated using chi-square tests, odds ratios, and logistic regression.
Results
A statistically nominally significant association with prostate cancer susceptibility was observed for the RNASEL rs486907 polymorphism, demonstrating a potential protective effect under the dominant model in the studied population (OR = 0.53, 95% CI: 0.30–0.92, p = 0.025). In the age-adjusted logistic regression analysis, this association remained statistically significant (OR = 0.56, 95% CI: 0.32–0.99, p = 0.046), suggesting that the observed effect was independent of age. In contrast, no statistically significant associations were identified between prostate cancer risk and the investigated polymorphisms in the KLK3, MSR1, or ELAC2 genes.
Conclusion
The present study demonstrated a significant association between the RNASEL rs486907 polymorphism and prostate cancer susceptibility in a Hungarian cohort, suggesting a potential protective effect of this variant. These findings support the possible role of inherited genetic factors in prostate cancer development and highlight the importance of population-specific genetic association studies. Further investigations involving larger cohorts are warranted to validate these observations.
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INTRODUCTION
Prostate cancer (PCa) remains one of the most critical global health challenges in men, ranking as the most frequently diagnosed non-cutaneous malignancy and the second leading cause of cancer-related death worldwide [1]. In Hungary, PCa is the leading male malignancy, with 6,660 new cases and 1,554 deaths recorded in 2022, making it the third leading cause of cancer-specific mortality among Hungarian men [2, 3]. Established risk factors include older age, positive family history, and African ancestry [4]. Approximately 20% of patients develop high-risk tumors that may progress to metastatic disease, and PCa-related mortality remains substantial despite advances in diagnosis and treatment [5, 6].
Recent advances have highlighted the role of genetic factors in PCa susceptibility and prognosis. Although hereditary predisposition is well established, interactions between genetic and biological factors contribute to individual disease risk [7, 8]. Single nucleotide polymorphisms (SNPs) are common genetic variants [9], and genome-wide association studies (GWAS) have identified approximately 70–100 PCa-associated SNPs, supporting a polygenic model in which multiple common variants contribute to inherited disease susceptibility [8].
Among candidate susceptibility genes, RNASEL, ELAC2, and MSR1 have been implicated in PCa risk and aggressiveness [8, 10–12]. However, associations between individual variants and PCa risk remain inconsistent across populations, potentially reflecting differences in genetic background and biological pathways including immune response, apoptosis, DNA damage response, and inflammation [8]. The RNASEL rs486907 variant has been associated with altered enzymatic activity, apoptosis, PCa susceptibility, and disease aggressiveness, although conflicting findings have also been reported [13, 14]. Similarly, ELAC2 variants rs5030739 and rs17552022 and MSR1 variants rs918 and rs1904577 have shown associations with PCa susceptibility or aggressive characteristics in some cohorts, but these findings have not been consistently replicated [10, 14].
In addition, KLK3 rs17632542 has been associated with PCa aggressiveness, biopsy positivity, and higher-risk disease [15].
Although most PCa GWAS have been conducted in PSA-screened Western populations, Central and Eastern European cohorts remain underrepresented [16]. Therefore, the aim of the present study was to investigate the association between selected polymorphisms in RNASEL, ELAC2, MSR1, and KLK3 genes and prostate cancer susceptibility in a Hungarian population, as well as their potential associations with clinicopathological parameters.
MATERIALS AND METHODS
Study population and patient selection
Data for this case-control study were collected prospectively. A total of 103 adult patients (aged over 18 years) who underwent prostate biopsy at the Department of Urology, University of Pécs, and had histopathologically confirmed prostate cancer (assigned under the International Classification of Diseases, 10th Revision [ICD-10] code C61H0) were enrolled in the study. Peripheral blood samples were collected from each patient, which were subsequently processed for genomic DNA isolation. Patients who met the diagnostic criteria but declined to provide written informed consent were excluded from the study.
The healthy control group comprised 103 age- and sex-matched men whose genomic DNA samples were obtained from the biobank of the Department of Medical Genetics, University of Pécs. These individuals were asymptomatic men who underwent routine urological screening, presenting with normal age-specific serum PSA levels (PSA <4.0 ng/mL) and negative digital rectal examination (DRE) findings, thereby minimizing the risk of including occult or latent prostate cancer cases. Due to the regional demographic characteristics of the investigated population, the study cohort consisted exclusively of Caucasian Hungarian individuals.
Clinical data collection
Demographic and clinical data were collected using a structured questionnaire, which captured information on age, family history of malignancy, and ethnic background. Comprehensive clinical records were documented for each patient, including serum PSA levels, digital rectal examination (DRE) findings, histopathological diagnoses, and Gleason scores. Furthermore, the availability of pre-biopsy multiparametric magnetic resonance imaging (mpMRI) was recorded, along with the corresponding Prostate Imaging–Reporting and Data System (PI-RADS) scores where applicable.
Ethical considerations
This research involving human subjects was reviewed and approved by the National Scientific Research Ethics Committee (ETT TUKEB, Budapest, Hungary; institutional approval number: BM/320893/2024). The study was conducted at the Department of Urology and the Department of Medical Genetics of the University of Pécs in strict accordance with the ethical principles of the Declaration of Helsinki (1975, as revised in 2013) and the currently operative national regulations governing human genetic research (Hungarian Law; XXI/2008). The operational and governance principles of the biobank providing the control samples were similarly approved by ETT TUKEB. Following formal genetic counseling, written informed consent was obtained from all participating individuals prior to their inclusion in the study, ensuring comprehensive protection of personal and clinical data.
DNA extraction and genotyping
Genomic DNA was isolated from peripheral blood samples using the E.Z.N.A. Blood DNA Maxi extraction kit (OMEGA®, Bio-tek, Inc., GA, USA). The concentration and purity of the extracted DNAs were assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). PCR amplification was performed in a total volume of 50 µL containing approximately 20 ng of genomic DNA and 0.4 µM of each forward and reverse primer, without additional MgCl2 supplementation. The PCR cycling conditions consisted of an initial denaturation step at 95 °C for 2 min, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at a uniform temperature of 55 °C for 30 s, and extension at 72 °C for 30 s. A final extension step was carried out at 72 °C for 5 min. The resulting PCR products were then subjected to Sanger direct sequencing. Specific forward and reverse primers were custom designed for the amplification of each genetic variant; their sequences are summarized in Table 1. To determine the genotypes, Sanger direct sequencing was performed on an Applied Biosystems 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) utilizing capillary electrophoresis and BigDye Terminator chemistry according to the manufacturer’s instructions. The following specific gene variants were analyzed: MSR1 (NM_138715.3:c.*516G>A and c.1223-3957C>T), ELAC2 (NM_018127.7:c.1893A>G; p.Thr631 = and c.1621G>A; p.Ala541Thr), KLK3 (NM_001648.2:c.536T>C; p.Ile179Thr) and RNASEL (NM_021133.4:c.1385G>A; p.Arg462Gln). The sequencing call rate was 100% for the successfully analyzed samples, missing genotype frequencies were below 1%, and genotype reproducibility was confirmed via random re-sequencing of 10% of the samples with 100% concordance.
TABLE 1 | Applied primers and PCR conditions.	Gene variant	Primer	Primer sequence (5′-3′)	Annealing temperatures
	KLK3 (NM_001648.2):c.536T>C p.(Ile179Thr)	Forward	TAT​GAG​CCT​CCT​GAA​GAA​TCG	55 °C
	Reverse	GAG​TAG​GGA​TGA​CTC​ACC​GA
	MSR1 (NM_138715.3):c.*516G>A	Forward	AGA​TTA​CAA​AGG​CCA​AGG​GT	55 °C
	Reverse	GTG​GCA​TTT​TTG​ATC​CAC​CA
	MSR1 (NM_138715.3):c.1223-3957C>T	Forward	ACA​ACA​GTG​GTA​CCT​CCA​AG	55 °C
	Reverse	ACA​TTC​AAC​ATG​CAA​GGA​GC
	ELAC2 (NM_018127.7):c.1893A>G p.(Thr631 =)	Forward	ACT​TTG​GTT​CCA​GAT​GTC​CAA	55 °C
	Reverse	CAG​CTA​CAC​AAA​CCC​CAG​AG
	RNASEL (NM_021133.4):c.1385G>A p.(Arg462Gln)	Forward	CTC​CAC​AGA​ATA​TAC​CGC​CC	55 °C
	Reverse	GAG​AAT​TGG​GGA​TTG​GGG​AC
	ELAC2 (NM_018127.7):c.1621G>A p.(Ala541Thr)	Forward	AAA​GGG​TTT​CAG​GGT​TCC​AT	55 °C
	Reverse	GAG​TAA​CAA​AAG​CTC​TGG​GC


Statistical analysis
Statistical analyses were performed using SPSS Statistics 30.0 package for Windows (SPSS Inc., Chicago, IL, USA). A dominant genetic model was applied for the analysis, which was selected due to the low frequency of rare homozygous variants in our cohort. We applied the chi-square test to compare the differences in genotype and allele distributions between patient and healthy control groups; statistical significance was verified using chi-square tests where appropriate, and the p-values have been updated accordingly. A p ≤ 0.05 value was considered as statistically significant. The genotype and allele frequency distributions, together with the corresponding ORs, 95% CIs, and p-values, are presented in Table 2.
TABLE 2 | Genotype and allele frequencies of the investigated polymorphisms in prostate cancer patients and healthy controls, including dominant association analysis.	Gene	Polymorphism	Genotype	Patients, n (%)	Controls, n (%)	OR (95% CI)	P
	KLK3	c.536T>C	TT	91 (88.3%)	90 (87.4%)	​	​
	TC	12 (11.7%)	12 (11.7%)	​	​
	CC	0 (0%)	1 (1%)	​	​
	C allele frequency	5.8%	6.8%	0.91 (0.40–2.11)	0.831
	MSR1	c.*516G>A	GG	93 (90.3%)	90 (87.4%)	​	​
	GA	10 (9.7%)	10 (9.7%)	​	​
	AA	0 (0%)	3 (2.9%)	​	​
	A allele frequency	4.9%	7.8%	0.74 (0.31–1.78)	0.507
	MSR1	c.1223-3957C>T	CC	2 (1.9%)	2 (1.9%)	​	​
	CT	20 (19.4%)	26 (25.2%)	​	​
	TT	81 (78.6%)	75 (72.8%)	​	​
	T allele frequency	88.3%	85.4%	1.00 (0.14–7.24)	1.000
	ELAC2	c.1893A>G	AA	75 (72.8%)	75 (72.8%)	​	​
	AG	26 (25.2%)	24 (23.3%)	​	​
	GG	2 (1.9%)	4 (3.9%)	​	​
	G allele frequency	14.6%	15.5%	1.00 (0.54–1.85)	1.000
	ELAC2	c.1621G>A	GG	96 (93.2%)	99 (96.1%)	​	​
	GA	7 (6.8%)	4 (3.9%)	​	​
	AA	0 (0%)	0 (0%)	​	​
	A allele frequency	3.4%	1.9%	1.81 (0.51–6.36)	0.353
	RNASEL	c.1385G>A	GG	53 (51.5%)	37 (35.9%)	​	​
	GA	27 (26.2%)	48 (46.6%)	​	​
	AA	23 (22.3%)	18 (17.5%)	​	​
	A allele frequency	35.4%	40.8%	0.53 (0.30–0.92)	0.025


Dominant model: heterozygous + variant homozygous genotypes vs. reference homozygous genotype.
Bold indicates nominal statistical significance (p < 0.05).
Bold: Statistically significant P value.
RESULTS
This case-control study included 103 histologically confirmed prostate cancer patients and 103 healthy controls. The mean age of the patients was 68.9 ± 6.2 years, while the mean age of healthy controls was 67.2 ± 5.8 years. Based on serum PSA levels, 50 patients (48.5%) had PSA values ≤ 10 ng/mL, 21 patients (20.4%) had PSA levels between 10 and 20 ng/mL, while 32 patients (31.1%) presented with PSA levels >20 ng/mL. A Gleason score <7 was observed in 22 patients (21.4%), whereas 81 patients (78.6%) had a Gleason score ≥7. According to the EAU guideline–based clinical risk stratification using both PSA level and Gleason score, 50 patients (48.5%) were classified as low-risk, 21 patients (20.4%) as intermediate-risk, and 32 patients (31.1%) as high-risk disease (Table 3). During the genetic analysis, genotype and allele frequencies of six selected polymorphisms in the MSR1, ELAC2, KLK3 and RNASEL genes were determined in both studied groups. These distribution data, along with the corresponding odds ratios (OR), 95% confidence intervals (CI), and p-values, are summarized in Table 2. All investigated polymorphisms were in Hardy–Weinberg equilibrium in the control group. Among the evaluated loci, RNASEL c.1385G>A; p.Arg462Gln (rs486907) was the only variant to show a statistically significant association with prostate cancer risk. The GG homozygous normal genotype was more frequent among prostate cancer patients (51.5%) compared to controls (35.9%), whereas the heterozygous GA genotype occurred more frequently in the control group (46.6% vs. 26.2%). The A allele frequency was 35.4% in patients and 40.8% in controls. Due to the exploratory nature of these 103 cases versus 103 control study, the reported associations are nominally significant, as multiple testing corrections were omitted. Descriptive comparison with external reference datasets was performed to position the current cohort within a wider population context (Table 4). The RNASEL rs486907 A-allele frequency among Hungarian controls (0.408) was broadly consistent with the European reference values from the 1000 Genomes Project (0.371). In our prostate cancer cohort, the A-allele frequency stood at 0.354. For comparison, the global meta-analysis by Zuo et al. yielded frequencies of 0.303 for affected individuals and 0.290 for healthy controls. Association analysis demonstrated a statistically significant protective effect of the variant under the dominant model in the investigated population (OR = 0.53; 95% CI: 0.30–0.92; p = 0.025). Furthermore, in age-adjusted logistic regression analysis, this protective association of the RNASEL rs486907 dominant model remained statistically significant (OR = 0.56, p = 0.046), suggesting that the observed association was independent of age. The distribution of RNASEL rs486907 genotypes in prostate cancer patients and controls is illustrated in Figure 1. No statistically significant associations with prostate cancer susceptibility were observed for the genetic variants within the MSR1, ELAC2, and KLK3 genes.
TABLE 3 | Clinical characteristics and risk stratification of prostate cancer patients.	Variable	PCa patients (n = 103)
	Age (years)	68.9 ± 6.2
	Low-risk (PSA + Gleason based)	50 (48.5%)
	Intermediate-risk (PSA + Gleason based)	21 (20.4%)
	High-risk (PSA + Gleason based)	32 (31.1%)


TABLE 4 | Comparison of the RNASEL rs486907 variant A allele frequencies across different populations.	Population/study cohort	Population group	Variant allele frequency	References
	Healthy controls	Hungarian	0.408 (40.8%)	Present study
	PCa cases	Hungarian	0.354 (35.4%)	Present study
	1000 genomes – European	EUR	0.371 (37.1%)	1000 genomes Project [17]
	1000 genomes – East Asian	EAS	0.242 (24.2%)	1000 genomes Project [17]
	1000 genomes – African	AFR	0.067 (6.7%)	1000 genomes Project [17]
	1000 genomes – American	AMR	0.223 (22.3%)	1000 genomes Project [17]
	1000 genomes – South Asian	SAS	0.302 (30.2%)	1000 genomes Project [17]
	Meta-analysis – PCa cases	Pooled PCa cases	0.303 (30.3%)	Zuo et al. [18]
	Meta-analysis – controls	Pooled controls	0.290 (29%)	Zuo et al. [18]
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The present study investigated the association between selected polymorphisms in RNASEL, ELAC2, MSR1, and KLK3 genes and prostate cancer susceptibility in a Hungarian population. Among the investigated variants, only the RNASEL rs486907 polymorphism demonstrated a statistically nominally significant association with prostate cancer risk, suggesting a potential protective effect in the studied cohort.
RNASEL is considered a biologically plausible candidate gene in prostate cancer susceptibility due to its role in interferon-mediated antiviral defense, apoptosis, and inflammatory signaling pathways [11]. The rs486907 (p.Arg462Gln) polymorphism has previously been associated with altered RNASEL enzymatic activity and impaired apoptotic function [19]. Several studies reported associations between this variant and increased prostate cancer susceptibility or more aggressive disease phenotypes, including higher Gleason score and familial prostate cancer [10, 14]. However, the available literature remains inconsistent, as other investigations described either no association or even protective effects of specific RNASEL variants [13, 20]. These contradictory findings suggest substantial population-dependent variability and support the hypothesis that inherited susceptibility to prostate cancer may differ between ethnic and geographic populations. To place these findings in a broader population context, the RNASEL rs486907 A-allele frequencies observed in the present cohort were compared descriptively with data from the 1000 Genomes Project and the meta-analysis by Zuo et al. (Table 4). The A-allele frequency in the Hungarian control group (0.408) was broadly comparable to that reported for the European reference population (0.371). The corresponding frequency among prostate cancer patients was 0.354. In the pooled meta-analysis by Zuo et al., the A-allele frequencies were 0.303 among prostate cancer cases and 0.290 among controls [10, 17, 18]. This discrepancy suggests that the association between RNASEL rs486907 and prostate cancer risk may vary across populations and study cohorts. As no formal statistical comparison with external reference populations was performed, these differences should be interpreted descriptively.
Mechanistically, the RNASEL rs486907 (p.Arg462Gln) variant alters protein function and leads to a threefold reduction in enzymatic activity [19, 21]. While compromised RNASEL activity is traditionally linked to impaired apoptosis and viral clearance [21, 22], it is hypothesized that a dampened immune response may conversely mitigate chronic intraprostatic inflammation.
Given that chronic inflammation is an important contributor to prostate carcinogenesis [23, 24], the reduced enzymatic activity of the Gln462 variant might theoretically exert a protective effect in specific genetic backgrounds by suppressing tumor-promoting inflammatory microenvironments. However, this proposed protective mechanism remains purely hypothetical and speculative, as it has not been directly demonstrated or functionally validated for the rs486907 variant.
The protective association observed in the present study is consistent with previous reports suggesting that certain RNASEL variants or haplotypes may reduce prostate cancer risk in specific populations [13, 20]. Differences in allele frequencies, linkage disequilibrium patterns, environmental exposures, and gene–gene interactions may contribute to these heterogeneous findings. Furthermore, prostate cancer is considered a polygenic and multifactorial disease in which the individual effect of a single polymorphism is likely modest and influenced by additional genetic and non-genetic factors [25].
No statistically significant associations were observed for the investigated ELAC2, MSR1, or KLK3 polymorphisms. Although previous studies reported potential associations between these variants and prostate cancer susceptibility or aggressiveness, the findings have not been consistently reproducible across different cohorts [10, 14]. The lack of significant associations in the present study may partially be explained by population-specific genetic differences and the relatively limited sample size. Notably, our PCa cohort was characterized by a high proportion of aggressive disease, with 78.6% of patients presenting with a Gleason score ≥7 and 31.1% demonstrating high-risk clinical features according to EAU stratification [26]. The lack of statistically significant associations for the ELAC2 [27], MSR1 [14], and KLK3 [28] variants within our study could potentially be attributed to this clinical skewness, as these markers might exert different risk profiles in low-grade or indolent prostate tumors, which were underrepresented in our sample.
The present study has several limitations. First, the sample size was relatively limited, which may reduce statistical power, complicate the identification of variants with small effect sizes, and increase the risk of false-negative findings. Accordingly, further stratification into clinical subgroups, such as by Gleason score or PSA categories, was not performed, as sub-analyzing smaller groups would have further reduced statistical power and increased the risk of spurious associations. Second, this was a single-center study involving a Hungarian population; therefore, the results may not be generalizable to other ethnic groups. Third, correction for multiple testing was not applied due to the exploratory nature of the study and the limited cohort size. Consequently, the observed borderline significant associations must be interpreted with caution and require independent validation in larger, well-powered cohorts. In addition, detailed clinical data were not available for the control group, limiting further comparative analyses.
Despite these limitations, the study also has important strengths. All prostate cancer cases were histologically confirmed, the investigated cohort was clinically well characterized, and genotyping was performed using PCR-based Sanger sequencing, providing reliable genetic analysis. Furthermore, data regarding prostate cancer susceptibility polymorphisms in Central and Eastern European populations remain limited, highlighting the potential relevance of the present findings.
Importantly, the protective association of the RNASEL rs486907 variant remained statistically significant even after adjusting for age in the multivariate logistic regression analysis (OR = 0.56, 95% CI: 0.32–0.99, p = 0.046). Since advanced age is the strongest non-modifiable risk factor for PCa [29], this age-independent persistence is noteworthy. However, given the limited sample size and the fact that this finding is based on nominal significance, it should be treated as exploratory rather than a definitive genetic predisposition. Moreover, because its individual effect size is too small for direct, standalone clinical risk prediction or immediate therapeutic application, we instead highlight its value as a potential candidate for future, larger-scale Central European polygenic risk models. Furthermore, the adherence of all investigated loci to the Hardy–Weinberg equilibrium in the control group supports the quality of genotyping and indicates no apparent deviation that would raise concerns regarding genotyping errors or major population stratification [30].
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by National Scientific Research Ethics Committee (ETT TUKEB), Budapest, Hungary). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
Conceptualization and supervision were performed by KH. Material preparation was carried out by RS and LB. Data collection and analysis were performed by SK and RS. The first draft of the manuscript was written by SK and all authors commented on previous versions of the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
The author(s) declared that financial support was not received for this work and/or its publication.
ACKNOWLEDGMENTS
We would like to thank the patients who participated in this study.
CONFLICT OF INTEREST
The author(s) declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declared that generative AI was not used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
ABBREVIATIONS
DRE, digital rectal examination; EAU, European Association of Urology; GWAS, genome-wide association study; mpMRI, multiparametric magnetic resonance imaging; PCa, prostate cancer; PCR, polymerase chain reaction; PI-RADS, Prostate Imaging–Reporting and Data System; PSA, prostate-specific antigen; SNP, single nucleotide polymorphism.
REFERENCES
	Davoudi, F, Moradi, A, Becker, TM, Lock, JG, Abbey, B, Fontanarosa, D, et al. Genomic and phenotypic biomarkers for precision medicine guidance in advanced prostate cancer. Curr Treat Options Oncol (2023) 24(10):1451–71. doi:10.1007/s11864-023-01121-z

	Fekete, B, Bársony, L, Biró, K, Gyergyay, F, Géczi, L, Patócs, A, et al. A new method to quantify the effect of co-medication on the efficacy of abiraterone in metastatic castration-resistant prostate cancer patients. Front Pharmacol (2023) 14:1220457. doi:10.3389/fphar.2023.1220457

	Ferlay, J, Ervik, M, Lam, F, Laversanne, M, Colombet, M, Mery, L, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency for Research on Cancer (2024).

	Chang, AJ, Autio, KA, Roach, M, and Scher, HI. High-risk prostate cancer—classification and therapy. Nat Rev Clin Oncol (2014) 11(6):308–23. doi:10.1038/nrclinonc.2014.68

	Kawczak, P, and Bączek, T. Emerging therapeutic strategies in prostate cancer: targeted approaches using PARP inhibition, PSMA-Directed therapy, and androgen receptor blockade with olaparib, lutetium (177Lu) Vipivotide Tetraxetan, and abiraterone. J Clin Med (2026) 15(2):685. doi:10.3390/jcm15020685

	Compérat, E, Wasinger, G, Oszwald, A, Kain, R, Cancel-Tassin, G, and Cussenot, O. The genetic complexity of prostate cancer. Genes (Basel) (2020) 11(12):1396. doi:10.3390/genes11121396

	Dias, A, Kote-Jarai, Z, Mikropoulos, C, and Eeles, R. Prostate cancer germline variations and implications for screening and treatment. Cold Spring Harb Perspect Med (2018) 8(9):a030379. doi:10.1101/cshperspect.a030379

	Cozar, JM, Robles-Fernandez, I, Martinez-Gonzalez, LJ, Pascual-Geler, M, Rodriguez-Martinez, A, Serrano, MJ, et al. Genetic markers a landscape in prostate cancer. Mutation research - Reviews in mutation research. Elsevier B.V. (2018) 775:1–10. doi:10.1016/j.mrrev.2017.11.004

	Deng, N, Zhou, H, Fan, H, and Yuan, Y. Single nucleotide polymorphisms and cancer susceptibility. Oncotarget (2017) 8(66):110635–49. doi:10.18632/oncotarget.22372

	Beuten, J, Gelfond, JAL, Franke, JL, Shook, S, Johnson-Pais, TL, Thompson, IM, et al. Single and multivariate associations of MSR1, ELAC2, and RNASEL with prostate cancer in an ethnic diverse cohort of men. Cancer Epidemiol Biomarkers Prev (2010) 19(2):588–99. doi:10.1158/1055-9965.EPI-09-0864

	Robbins, CM, Hernandez, W, Ahaghotu, C, Bennett, J, Hoke, G, Mason, T, et al. Association of HPC2/ELAC2 and RNASEL non-synonymous variants with prostate cancer risk in African American familial and sporadic cases. Prostate (2008) 68(16):1790–7. doi:10.1002/pros.20841

	Meyer, MS, Penney, KL, Stark, JR, Schumacher, FR, Sesso, HD, Loda, M, et al. Genetic variation in RNASEL associated with prostate cancer risk and progression. Carcinogenesis (2010) 31(9):1597–603. doi:10.1093/carcin/bgq132

	Wei, B, Xu, Z, Ruan, J, Zhu, M, Jin, K, Zhou, D, et al. RNASEL Asp541Glu and Arg462Gln polymorphisms in prostate cancer risk: evidences from a meta-analysis. Mol Biol Rep (2012) 39(3):2347–53. doi:10.1007/s11033-011-0985-x

	Alvarez-Cubero, MJ, Martinez-Gonzalez, LJ, Saiz, M, Carmona-Saez, P, Alvarez, JC, Pascual-Geler, M, et al. Prognostic role of genetic biomarkers in clinical progression of prostate cancer. Exp Mol Med (2015) 47(8):e176. doi:10.1038/EMM.2015.43

	Lin, HY, Huang, PY, Cheng, CH, Tung, HY, Fang, Z, Berglund, AE, et al. KLK3 SNP–SNP interactions for prediction of prostate cancer aggressiveness. Sci Rep (2021) 11(1):9264. doi:10.1038/s41598-021-85169-7

	Jinga, V, Csiki, IE, Manolescu, A, Iordache, P, Mates, IN, Radavoi, D, et al. Replication study of 34 common SNPs associated with prostate cancer in the Romanian population. J Cell Mol Med (2016) 20(4):594–600. doi:10.1111/jcmm.12729

	1000 Genomes Project Consortium,Auton, A, Brooks, LD, Durbin, RM, Garrison, EP, Kang, HM, et al. A global reference for human genetic variation. Nature (2015) 526(7571):68–74. doi:10.1038/nature15393

	Zuo, L, Ren, KW, Bai, Y, Zhang, LF, Zou, JG, Qin, XH, et al. Association of a Common Genetic Variant in RNASEL and Prostate Cancer Susceptibility (2017). Available online at: www.impactjournals.com/oncotarget (Accessed July 14, 2026).

	Casey, G, Neville, PJ, Plummer, SJ, Xiang, Y, Krumroy, LM, Klein, EA, et al. RNASEL Arg462Gln variant is implicated in up to 13% of prostate cancer cases. Nat Genet (2002) 32(4):581–3. doi:10.1038/ng1021

	Agalliu, I, Leanza, SM, Smith, L, Trent, JM, Carpten, JD, Bailey-Wilson, JE, et al. Contribution of HPC1 (RNASEL) and HPCX variants to prostate cancer in a founder population. Prostate (2010) 70(15):1716–27. doi:10.1002/pros.21207

	Xiang, Y, Wang, Z, Murakami, J, Plummer, S, Klein, EA, Carpten, JD, et al. Effects of RNase L mutations associated with prostate cancer on apoptosis induced by 2,5-Oligoadenylates 1. Cleveland clinic foundation (2003). Available online at: http://aacrjournals.org/cancerres/article-pdf/63/20/6795/2509825/ch2003006795.pdf (Accessed July 14, 2026).

	Ezelle, HJ, and Hassel, BA. Pathologic Effects of RNase-L Dysregulation in Immunity and Proliferative Control.

	De Marzo, AM, Platz, EA, Sutcliffe, S, Xu, J, Grönberg, H, Drake, CG, et al. Inflammation in prostate carcinogenesis. Nat Rev Cancer (2007) 7:256–69. doi:10.1038/nrc2090

	Sfanos, KS, and de Marzo, AM. Prostate cancer and inflammation: the evidence. Histopathology. (2012) 60:199–215. doi:10.1111/j.1365-2559.2011.04033.x

	Benafif, S, Kote-Jarai, Z, and Eeles, RAPRACTICAL Consortium. A review of prostate cancer genome-wide association studies (GWAS). Cancer epidemiology biomarkers and prevention. Am Assoc Cancer Res Inc. (2018) 27:845–57. doi:10.1158/1055-9965.EPI-16-1046

	European Association of Urology. EAU Guidelines on Prostate Cancer. Chapter: Classification and Staging Systems. Arnhem, Netherlands: EAU Guidelines Office (2026).

	Stanford, JL, Sabacan, LP, Noonan, EA, Iwasaki, L, Shu, J, Feng, Z, et al. Divisions of Public Health Sciences. Available online at: http://aacrjournals.org/cebp/article-pdf/12/9/876/2262167/ce0903000876.pdf (Accessed July 14, 2026).

	Kote-Jarai, Z, Amin, AOA, Leongamornlert, D, Tymrakiewicz, M, Saunders, E, Guy, M, et al. Identification of a novel prostate cancer susceptibility variant in the KLK3 gene transcript. Hum Genet (2011) 129(6):687–94. doi:10.1007/s00439-011-0981-1

	European Association of Urology. EAU guidelines on prostate cancer. In: Epidemiology and Aetiology . Arnhem, Netherlands: EAU Guidelines Office (2026).

	Hosking, L, Lumsden, S, Lewis, K, Yeo, A, McCarthy, L, Bansal, A, et al. Detection of genotyping errors by hardy-weinberg equilibrium testing. Eur J Hum Genet (2004) 12(5):395–9. doi:10.1038/sj.ejhg.5201164


Copyright © 2026 Kovacs, Szalai, Barati and Hadzsiev. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Association of selected ELAC2, MSR1, RNASEL and KLK3 polymorphisms with prostate cancer susceptibility in a Hungarian cohort		Background

		Methods

		Results

		Conclusion

		INTRODUCTION

		MATERIALS AND METHODS		Study population and patient selection

		Clinical data collection

		Ethical considerations

		DNA extraction and genotyping

		Statistical analysis





		RESULTS

		DISCUSSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		ABBREVIATIONS

		REFERENCES









OPS/images/cover.jpg
Pathology &
Oncology Research

, frontiers

Association of selected
ELAC2, MSR1, RNASEL and
KLK3 polymorphisms with
prostate cancer
susceptibility in a
Hungarian cohort





OPS/images/pore-32-1612550-g001.jpg
Number of individuals

60

RNASEL rs486907

Group
=== Control
= PCa










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
Pathology & R
Oncology Research frontiers





