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Abstract

Prostate cancer (PCa) is a major global health concern, with significant
genetic contributions to its aetiology. Single nucleotide polymorphisms
(SNPs) are pivotal genetic variations influencing PCa susceptibility,
progression, and therapeutic outcomes. This review synthesises current
knowledge on SNPs in PCa, exploring their role in disease risk,
molecular mechanisms, and clinical implications. It covers the historical
context of PCa, its epidemiology in Indian, Asian, and global
populations, and the interplay between genetic and environmental
factors. Additionally, the review addresses benign prostatic hyperplasia
(BPH) and its genetic overlap with PCa, current research trends, and
future directions for leveraging SNPs in precision medicine. By
integrating findings from genome-wide association studies (GWAS)
and functional analyses, this review aims to provide a holistic
understanding of SNPs in PCa and their potential in improving
diagnosis and treatment strategies.

Keywords: Prostate cancer, PCa, SNP, epidemiology, GWAS, Global,
India

1. Introduction

Prostate cancer (PCa) is the second most common malignancy among
men globally, with approximately 1.4 million new cases reported in
2020 [1]. The occurrence of prostate cancer differs notably among ethnic
groups, being more common in Western populations but steadily
increasing in Asian countries like India [2]. Genetic factors, especially
small changes in DNA called single nucleotide polymorphisms (SNPs),
play a significant part in a person's risk for developing prostate
cancer —accounting for about 60% of inherited susceptibility [3]. These
SNPs are subtle, single-letter differences in the genetic code that can
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affect how genes are expressed and how proteins
function, ultimately shaping an individual's likelihood
of getting the disease. SNPs, defined as single-base-pair
variations in the genome, influence gene expression,
protein function, and disease risk. Recent advances in
genome-wide association studies (GWAS) have revealed
over 400 genetic variants, called single nucleotide
polymorphisms (SNPs), that are associated with an
increased risk of prostate cancer. These discoveries have
significantly deepened our understanding of the genetic
factors underlying the disease [4]. This review delves
into how these SNPs contribute to prostate cancer, the
biological processes they influence, and their potential
impact on diagnosis and treatment—highlighting
differences across populations and outlining areas for

future research.

2. History of Prostate Cancer

The earliest documented cases of prostate cancer date
back to the 19th century, with initial reports describing
it as a rare malignancy [5]. The introduction of prostate-
specific antigen (PSA) testing in the late 1980s marked a
significant turning point in prostate cancer detection.
While the
characterised throughout the 1970s, its clinical use as a

PSA protein was discovered and
blood test to monitor treatment response and detect
recurrence began in the mid-1980s. By the late 1980s and
early 1990s, PSA testing started being used for early
detection and screening efforts, gaining approval for
this purpose by health authorities in the early 1990s [6].
This advancement dramatically increased the number of
prostate cancer diagnoses and remains a key tool in
urology today. However, the PSA test has limited
specificity, as elevated levels can also result from non-
conditions such as
(BPH),
overdiagnosis and unnecessary treatments [7]. Over

cancerous benign prostatic

hyperplasia leading to concerns about
time, improvements in imaging technology, biopsy
methods, and molecular genetics have significantly
enhanced the management of prostate cancer. The
advent of GWAS in the 2000s identified SNPs as key
contributors to PCa risk, shifting the focus toward
personalised medicine to improve risk stratification and

treatment outcomes [8].
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3. Epidemiology of Prostate Cancer

3.1 Indian Scenario

In India, prostate cancer is the second most common
cancer among men, with an age-standardised incidence
rate of 7.5 per 100,000 [9]. Urbanisation, improved
screening, and lifestyle changes have driven rising
incidence, particularly in metropolitan areas like Delhi
and Mumbai [2]. Genetic research involving Indian
populations has pinpointed variations in genes like
VDR and CYP17 that are linked to an increased risk of
prostate cancer [10]. Unfortunately, challenges such as
limited access to advanced diagnostic tools and cultural
barriers to screening often lead to late-stage diagnosis,
emphasising the urgent need for genetic studies tailored
to specific regions [11].

3.2 Asian Scenario

Compared to Western countries, PCa cases across Asia
are significantly lower. However, recent studies have
shown that PCa incidence is increasing rapidly,
particularly in East Asian countries like Japan and
China [12]. In Japan, the incidence rate is approximately
30 per 100,000, driven by ageing populations and
Westernised diets [13]. SNPs in genes like FGF23 and
VDR have been linked to PCa risk in Asian cohorts [14].
Ethnic-specific genetic variations, such as those at the
8q24 locus, show differential risk associations compared
to other populations [15]. These findings emphasise the
importance of tailored genetic screening in Asian
populations.

3.3 Worldwide Perspective

Globally, PCa incidence is highest among African-
American men (179 per 100,000) and lowest in South-
Central Asia (3.1 per 100,000) [1]. African-American
men also face higher mortality rates, suggesting a role
for genetic predisposition and aggressive disease
phenotypes [16]. Genome-wide association studies
(GWAS)

nucleotide polymorphisms (SNPs) that are linked to an

have discovered more than 450 single

increased risk of developing prostate cancer. Notably,
regions such as the KLK3 gene and the 8q24 locus have
shown consistent associations with prostate cancer
across different ethnic backgrounds [3]. Factors like diet

https:/ /www.irjse.in



https://www.irjse.in/

Mittal and Sachdeva, 2024

325

and smoking can also interact with these genetic
variants, shaping an individual's overall risk for the
disease [17]. Considering the significant global impact of
prostate cancer, it is increasingly important to conduct
research that brings together both genetic and
environmental perspectives to better understand and

address this health challenge.

4. Single Nucleotide Polymorphisms
(SNPs)

SNPs are single base-pair substitutions occurring at a
frequency greater than 1% in a population [18]. They are
the most common form of genetic variation, occurring
approximately every 300 base pairs in the human
genome [19]. Single nucleotide polymorphisms (SNPs)
may occur within the parts of genes that directly code
for proteins, potentially changing how those proteins
work, or in non-coding regions that regulate gene
activity. In prostate cancer, these SNPs are typically
discovered through genome-wide association studies
(GWAS), which compare genetic differences between
affected individuals and healthy controls [8]. Some of
these SNPs, like those found in the KLK3 gene that
produces prostate-specific antigen (PSA), impact disease
risk by altering gene expression or the function of the
encoded protein [20].

5. SNPs Associated with Prostate

Cancer

Conti et al. [4] in their study, through GWAS, reported
that more than 400 SNPs are associated with PCa risk,
which is approximately 42.6% of familial risk.
Gudmundsson et al. [21] found that the SNPs located in
the 8q24 regions (rs16901979) have different impacts
across ethnic groups, as this SNP has much stronger risk
effects documented among African-American men. One
important genetic variant, rs17632542 in the KLK3 gene,
has been shown by Eeles et al. [22] to decrease the
overall risk of developing prostate cancer. Nevertheless,
this genetic variant is also shown to increase the
likelihood of the cancer spreading to other parts of the
body [22]. Non-coding SNPs may often be present in
regulatory regions, altering transcription factor binding
and gene expression [23-24]. For example, rs60464856 in

RUVBL1 enhances PCa cell
upregulating cell-cycle pathways [24]. Huynh-Le et al.

proliferation by

[25] in a study on prostate cancer in the Cohort of
Swedish Men have shown that combined SNPs in
polygenic risk scores (PRS) help in risk prediction,
particularly for early-onset and aggressive PCa.

6. Benign Prostatic Hyperplasia (BPH)

Benign prostatic hyperplasia (BPH) is a common, non-
cancerous enlargement of the prostate gland that affects
more than half of men over the age of 60 [26]. While
BPH itself is not a direct cause of prostate cancer, both
conditions share some genetic risk factors, particularly
certain variations in the CYP17 and VDR genes [27]. For
example, the CYP17 rs743572 C allele is linked to a
roughly 1.58 times higher likelihood of developing BPH
in Asian populations. BPH may contribute to PCa
progression through inflammation, a key event in
prostate carcinogenesis [28]. Genetic screening for BPH-
associated SNPs could aid in early risk stratification
[29].

7. Gene Association Studies

Research focused on genetic links has identified
particular gene variants that contribute to prostate
cancer risk. Key genes among these include MSMB,
ITGA6, and KLK3, which are recognised as important
biomarkers [30]. For example, specific changes in the
MSMB gene can reduce how much of the gene is
expressed, which in turn raises an individual's
likelihood of developing prostate cancer [31]. Research
in Asian populations has also confirmed connections
between prostate cancer and genes like VDR and FGF23
[14]. Moreover, comprehensive studies—such as those
examining specific SNPs in the 8q24 region within
Iranian cohorts—are refining potential genetic markers
for clinical application [32]. These findings highlight the
complex, polygenic nature of prostate cancer, where
numerous SNPs together influence an individual's

overall risk.

8. Gene-Environment Interactions

Environmental factors such as diet, smoking, and
obesity interact with genetic variations to influence the
risk of developing prostate cancer. For example,
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consuming a high-fat diet can increase the risk
associated with specific SNPs in the 8q24 region [33].
Similarly, smoking can worsen the effects of XRCC1
gene variants by promoting oxidative stress and DNA
damage [34]. In Asian populations, insufficient selenium
intake has been shown to amplify the risk linked to
variations in the VDR gene. These complex interactions
underscore  the  importance of  developing
comprehensive models that combine both genetic and
environmental factors to predict prostate cancer risk

more accurately [35].

9. Current Studies

Current research focuses on the functional
characterisation of PCa-associated SNPs using high-
throughput technologies like SNP-seq [36]. Studies are
exploring expression quantitative trait loci (eQTLs) to
link SNPs with gene expression changes, identifying 88
genes associated with 51 risk loci [37]. In Asian
populations, PRS models are being developed to predict
early-onset PCa [29]. Additionally, CRISPR-based
screening has prioritised regulatory SNPs, such as
rs60464856, for their role in PCa progression. These
efforts aim to translate genetic findings into clinical

tools for risk assessment and therapy.

10. Future Studies

Future research should prioritise functional validation
of SNPs
understudied regions like India [2]. Integrating multi-

in diverse populations, particularly in
omics data (e.g., genomics, transcriptomics, proteomics)
will elucidate SNP-driven molecular pathways (Haffner
et al., 2021). Developing ethnic-specific PRS models will
enhance risk prediction [38]. Moreover, long-term
studies that examine how genes and environmental
factors interact are essential to developing practical
prevention approaches. Technological innovations such
as CRISPR gene-editing and artificial intelligence-driven
data analysis are significantly advancing our capacity to
identify the crucial genetic variants that contribute to
prostate cancer. These technological strides are paving

ISSN 2322-0015

the way toward highly personalised medical

approaches tailored to individual genetic profiles [39].

11. Conclusion

SNPs are pivotal in understanding PCa susceptibility
and progression, with over 400 variants identified
through GWAS. Their role
expression and protein function underscores their

in modulating gene

potential as  biomarkers. Regional variations,
particularly in India and Asia, highlight the need for
ethnic-specific research. The interplay between SNPs
and environmental factors further complicates PCa risk,
necessitating integrated approaches. Ongoing and
future studies leveraging advanced technologies will
enhance the clinical utility of SNPs, improving PCa
stratification,

diagnosis,  risk and  personalised

treatment.

Conflicts of interest: The authors stated that no conflicts of interest.

Correspondence and requests for materials should be addressed to
Gagan Mittal

Peer review information
IRJSE thanks the anonymous reviewers for their contribution to the
peer review of this work. A peer review file is available.

Reprints and permissions information is available at
https://www.irjse.in/reprints

12. References

1. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, Bray F. Global cancer statistics 2020:
GLOBOCAN  estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ]
Clin. 2021;71(3):209-249.

2. Jain S, Saxena S, Kumar A. Prostate cancer in India: A
review. Indian ] Urol. 2014;30(2):223-228.

3. Eeles RA, Olama AAA, Benlloch S, Saunders EJ,
Leongamornlert DA, Tymrakiewicz M, Ghoussaini M,
Luccarini C, Dennis ], Jugurnauth-Little S, Dadaev T, Neal
DE, Hamdy FC, Donovan JL, Muir K, Giles GG, Severi G,
Wiklund F, Gronberg H, Easton DF. The genetic
epidemiology of prostate cancer and its clinical
implications. Nat Rev Urol. 2014;11(2):88-100.

4. Conti DV, Darst BF, Moss LC, Saunders EJ, Sheng X, Chou
A, Schumacher FR, Al Olama AAA, Benlloch S, Dadaev T,

https:/ /www.irjse.in



https://www.irjse.in/
https://www.irjse.in/reprints

Mittal and Sachdeva, 2024

327

10.

11.

12.

13.

14

15

Brook MN, Sahimi A, Hoffmann TJ, Takahashi A, Matsuda
K, Momozawa Y, Fujita M, Muir K, Lophatananon A, Wan
P, Dunning AM. Trans ancestry genome wide association
meta analysis of prostate cancer identifies new
susceptibility loci and informs genetic risk prediction. Nat
Genet. 2021;53(1):65-75.

Adams J. Case of scirrhous carcinoma of the prostate. The
Lancet. 1853;61(1553):393-394.

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha FS,
Redwine EA. Prostate-specific antigen as a serum marker
for adenocarcinoma of the prostate. N Engl ] Med.
1987,317(15):909-916.

Schroder FH, Hugosson ], Roobol M], Tammela TL], Ciatto
S, Nelen V, Kwiatkowski M, Lujan M, Lilja H, Zappa M,
Denis L], Recker F, Berenguer A, Mdittdnen L, Bangma
CH, Aus G, Villers A, Rebillard X, van der Kwast T,
Auvinen A. Screening and prostate-cancer mortality in a
randomised European study. N Engl ] Med.
2009;360(13):1320-1328.

Eeles RA, Kote-Jarai Z, Giles GG, Olama AAA, Guy M,
Jugurnauth SK, Mulholland S, Leongamornlert DA,
Edwards SM, Morrison J, Field HI, Southey MC, Severi G,
Hopper JL, Smith S, Hall AL, O'Brien LT, Wilkinson RA,
Germline B, Easton DF. Multiple newly identified loci
associated with prostate cancer susceptibility. Nat Genet.
2008;40(3):316-321.

Mathur P, Sathian B, Dhakal D, Banstola A, Paudel R,
Mishra S. Cancer statistics, 2020: Report from India. JCO
Glob Oncol. 2020;6:1063-1075.

Manchanda PK, Konwar R, Nayak VL, Singh V, Bid HK.
Association of Genetic Variants of the Vitamin D Receptor
(VDR) Gene (Fok-I, Tag-I & Bsm-I) with Susceptibility of
Benign Prostatic Hyperplasia in a North Indian
Population. Asian Pac ] Cancer Prev. 2010;11(4):1005-1008.

Agrawal S, Tandon S, Singh RB. Prostate cancer in India:
Challenges in screening and management. Indian J Cancer.
2007;44(4):127-133.

Chen R, et al. Prostate cancer in Asia: A collaborative
report. Asian J Urol. 2014;1(1):15-29.

Nakata S, Takahashi H, Ohtake N, Takei T, Yamanaka H.
Trends and characteristics in prostate cancer mortality in
Japan. Int ] Urol. 2000;7(7):254-257.

. Oh]JJ, ByunSS, Lee S, Hong SK, Lee SE, Jeong CW. Genetic

variants in VDR are associated with prostate cancer risk.
Gene. 2014;533(1):86-93.

. Lindstrém S, Schumacher FR, Campa D, Albanes D,

Andriole GL, Berndt SI, Bueno-de-Mesquita HB, Chanock
SJ, Diver WR, Gapstur SM, Giovannucci E, Haiman CA,
Henderson BE, Hunter DJ, Johansson M, Kolonel LN, Le
Marchand L, Ma ], Stampfer MJ, Kraft P. Replication of five
prostate cancer loci identified in an Asian population—
results from the NCI BPC3. Cancer Epidemiol Biomarkers
Prev. 2012;21(1):212-216.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Rebbeck TR, Devesa SS, Chang BL, Bunker CH, Cheng I,
Cooney K, Eeles R, Freedman M, Isaacs W, Kittles RA,
Powell I, Stanford JL, Xu J. Global patterns of prostate
cancer incidence, aggressiveness, and mortality in men of
African descent. Cancer Res. 2013;73(3):1027-1036.

Hsing AW, Chokkalingam AP. Prostate
epidemiology. Front Biosci. 2006;11:1388-1413.

Venter JC, Adams MD, Myers EW, Li PW, Mural R],
Sutton GG, Smith HO, Yandell M, Evans CA, Holt RA, et
al. The sequence of the human genome. Science.
2001;291(5507):1304-1351.

cancer

Collins FS, et al. The Human Genome Project: Lessons
from large-scale biology. Science. 2003;300(5617):286-290.

Kote-Jarai Z, Saunders E], Leongamornlert DA,
Tymrakiewicz M, Dadaev T, Jugurnauth Little S, Ross
Adams H, Easton DF. Fine mapping identifies multiple
prostate cancer risk loci at 5p15, one of which associates
with TERT expression. Hum Mol Genet. 2013;22(12):2520-
2528.

. Gudmundsson J, Sulem P, Steinthorsdottir V, Bergthorsson

JT, Wijmenga C, Stefansson K. Two variants on
chromosome 17 confer prostate cancer risk, and the one in
TCF2 protects against type 2 diabetes. Nat Genet.
2007;39(8):977-983.

Eeles RA, Kote-Jarai Z, Al Olama AA, Giles GG, Guy M,
Severi G, Muir K, Hopper JL, Henderson BE, Haiman CA,
Schleutker J, Hamdy FC, Neal DE, Donovan JL, et al.
Identification of seven new prostate cancer susceptibility

loci through a genome-wide association study. Nat Genet.
2009; 41:1116-1121.

Freedman ML, et al. Principles for the post-GWAS
functional characterisation of cancer risk loci. Nat Genet.
2011,43(6):513-518.

Tian P, Zhong M, Wei GH. Mechanistic insights into
genetic susceptibility to prostate cancer. Cancer Lett. 2021;
522:155-163.

Huynh-Le MP, Karunamuni R, Fan CC, Thompson WK,
Muir K, Lophatananon A, Tye K, Wolk A, Hakansson N,
Mills IG, Andreassen OA, Dale AM. Common genetic and
clinical risk factors: association with fatal prostate cancer in
the Cohort of Swedish Men. Prostate Cancer Prostatic Dis.
2021; 24:845-851.

Peterson NT, Vezina CM. Male Lower Urinary Tract
Dysfunction: An  Underrepresented Endpoint in
Toxicology Research. Toxics. 2022;10(2):89.

El Ezzi AA, et al. Association of BPH with polymorphisms
in VDR, CYP17, and SRD5A2 genes. Asian Pac ] Cancer
Prev. 2014;15(3):1255-1262.

De Marzo AM, et al. Inflammation in prostate
carcinogenesis. Nat Rev Cancer. 2007;7(4):256-269.

Song SH, Lim JW, Moon KH, Kim JH, Jung JH, Kim K, Cho
YH. Polygenic risk score for genetic evaluation of prostate

Int. Res. |. of Science & Engineering, Volume 12 Issue 6 2024



328 | Single Nucleotide Polymorphisms in Prostate Cancer: A Comprehensive Review

cancer risk in Asian populations. Investig Clin Urol.
2021;62(3):256-266.

30. Schumacher FR, Berndt SI, Siddiq A, Jacobs KB, Wang Z,
Lindstrom S, Stevens VL, Chen C, Mondul AM, Travis RC,
Campa D, Gerke T, Ingles SA, Govindasami K, Diver WR,
Albanes D, Andriole G, Berndt SI, Gapstur SM, Chanock
SJ. Genome-wide association study identifies new prostate
cancer susceptibility loci in men of African ancestry. Nat
Genet. 2011;43(6):570-573.

31. Lou H, Kunju LP, Cutz JC, Chung BI, Antonarakis ES,
Isaacs WB, Xu J. Fine mapping and functional analysis of
MSMB in prostate cancer. Nat Genet. 2009;41(10):1115-
1119.

32. IMPACT Study. A PSA SNP associates with cellular
function and clinical outcome in men with prostate cancer.
Nat Commun. 2024;15(1):9587.

33. Chu LW, Reich D, Zheng SL, Yu K, Ding Q, Zhang H, Xu J,
Chanock SJ. Dietary fat and 8q24 SNPs in prostate cancer
risk. Cancer Epidemiol Biomarkers Prev. 2011;20(6):1237-
1245.

34. Stern MC, Umbach DM, van Gundy TE, Langer D, Taylor
JA, Prostate, Lung, Colorectal and Ovarian Cancer
Screening Trial. XRCC1 polymorphisms and prostate
cancer risk in smokers: Results from the PLCO trial. Cancer
Epidemiol Biomarkers Prev. 2009;18(5):1456-1461.

35. Eager M, Chatterjee N, Ciampa ], Jacobs KB, Gonzalez
Bosquet J, Hayes RB, Kraft P, Wacholder S, Orr N, Berndt
SI, Yu K, Hutchinson A, Wang Z, Amundadottir L,
Feigelson HS, Thun MJ, Diver WR, Albanes D, Virtamo J,
Weinstein S, Chanock SJ. Identification of a new prostate
cancer susceptibility locus on chromosome 8q24. Nat
Genet. 2009;41(10):1055-1057.

36. Zhang P, Xia JH, Zhu J, et al. High-throughput screening of
prostate cancer risk loci by single nucleotide
polymorphisms sequencing. Nat Commun. 2018;9:2022.

37. Thibodeau SN, et al. Identification of candidate genes for
prostate cancer risk SNPs utilising a regular prostate tissue
eQTL data set. Nat Commun. 2015;6:9653.

38. Haffner MC, Yegnasubramanian S, De Marzo AM, Epstein . .
JI, Carter HB. Genomic and phenotypic heterogeneity in Submit your manUSCFIpt to a IRJSE
prostate cancer. Nat Rev Urol. 2021;18(2):79-92. jOU rnal and benefit from:

39. Fraser M, Berlin A, Bristow RG, van der Kwast T. Gene-
environment interactions in prostate cancer. Prostate
Cancer Prostatic Dis. 2009; 12(3):220-228.

Convenient online submission

Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available online
High visibility within the field

ANENENENEN

© 2024 | Published by IRJSE
Submit your next manuscript to IRJSE through our
manuscript management system uploading at the menu
"Make a Submission” on journal website

Publisher’s Note https://irjse.in/se/index.php/home/about/submissions

IJLSCI remains neutral with regard to jurisdictional claims in - : - =
published maps and institutional affiliations. For enquiry or any query email us: editor@irjse.in

ISSN 2322-0015 https:/ /www.irjse.in



https://www.irjse.in/
https://irjse.in/se/index.php/home/about/submissions
mailto:editor@irjse.in

