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Abstract
Background  Bladder cancer (BLCA) poses a significant global health challenge due to its high incidence, poor 
prognosis, and limited treatment options.

Aims and objectives  This study aims to investigate the association between two specific polymorphisms, CYP1A2-
163 C/A and CYP1A2-3860G/A, within the Cytochrome P450 1A2 (CYP1A2) gene and susceptibility to BLCA.

Methods  The study employed a case-control design, genotyping 340 individuals using Polymerase Chain Reaction-
High-Resolution Melting Curve (PCR-HRM). Various genetic models were applied to evaluate allele and genotype 
frequencies. Genetic linkage analysis was facilitated using R packages.

Results  The study reveals a significant association with the − 163 C/A allele, particularly in the additive model. 
Odds ratio (OR) analysis links CYP1A2-163 C/A (rs762551) and CYP1A2-3860G/A(rs2069514) polymorphisms to BLCA 
susceptibility. The rs762551 C/A genotype is prevalent in 55% of BLCA cases and exhibits an OR of 2.21. The A/A 
genotype has an OR of 1.54. Regarding CYP1A2-3860G/A, the G/A genotype has an OR of 1.54, and the A/A genotype 
has an OR of 2.08. Haplotype analysis shows a predominant C-C haplotype at 38.2%, followed by a C-A haplotype 
at 54.7%, and a less frequent A-A haplotype at 7.1%. This study underscores associations between CYP1A2 gene 
variants, particularly rs762551 (CYP1A2-163 C/A), and an increased susceptibility to BLCA. Haplotype analysis of 340 
individuals reveals a predominant C-C haplotype at 38.2%, followed by a C-A haplotype at 54.7%, and a less frequent 
A-A haplotype at 7.1%.

Conclusion  In conclusion, the − 163 C/A allele, C/A genotype of rs762551, and G/A genotype of rs2069514 emerge 
as potential genetic markers associated with elevated BLCA risk.

Keywords  CYP1A2-3860 G/A bladder cancer (BLCA), Muscle-invasive bladder cancer (MIBLCA), Non-muscle invasive 
bladder cancer (NMIBLCA)
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Introduction
Bladder cancer (BLCA) represents a formidable chal-
lenge in the field of oncology, being a frequently occur-
ring malignant disease with a high incidence and poor 
prognosis [1, 2], affecting approximately 549,000 new 
cases and resulting in approximately 200,000 deaths 
annually worldwide [3]. Notably, the incidence of BLCA 
is observed to be higher in Western nations compared 
to Asian nations [2, 4–6]. BLCA is classified into two 
major types, namely non-muscle-invasive bladder can-
cer (NMIBLCA) and muscle-invasive bladder cancer 
(MIBLCA), with the latter being associated with a higher 
incidence of metastasis [7]. SNPs in regulatory regions 
or gene promoters have been demonstrated to change 
gene expression and increase the risk of bladder cancer 
[4, 8, 9]. In recent years, several low-penetrance genes 
have emerged as potential candidates for bladder cancer 
risk [6, 9]. A vital cytochrome P450 enzyme-encoding 
gene, cytochrome P4501A2 (CYP1A2) is involved in pre-
carcinogen activation and the metabolism of a variety 
of therapeutic medicines. The CYP1A2 gene has seven 
exons and six introns and is situated on the 15q24.1 chro-
mosomal region of DNA. Its length is roughly 7.8 kb. The 
liver is the primary site of expression for the 515-resi-
due protein CYP1A2, which has a molecular mass of 
58294Da. However, it has also been observed that the 
pancreas and lungs express this enzyme [7, 10]. An essen-
tial enzyme in the pathophysiology of bladder cancer, 
CYP1A2 is involved in the activation of the two main 
known bladder carcinogens, aromatic amines (AAs) and 
polycyclic aromatic hydrocarbons (PAHs) [11–14].

CYP1A2 is widely acknowledged for its pivotal role 
in the metabolism of various exogenous substances. It 
exhibits significant expression not only in the human 
liver but also in diverse tissues such as the duodenum, 
ovary, heart, kidney, and mammary gland [15–17]. Dys-
regulated CYP1A2 expression has been associated with 
the onset of various human cancers, including hepatocel-
lular carcinoma, breast cancer, prostate cancer, bladder 
cancer, and endometrial tumors [13]. Single-nucleotide 
polymorphisms (SNPs) represent the most prevalent 
form of genetic variation and are emerging as valuable 
genetic biomarkers [9]. They possess the potential to 
influence gene regulation by altering gene sequences, 
subsequently affecting their functional attributes. An 
increasing number of SNPs have been linked to blad-
der cancer, and functional polymorphisms within the 
CYP1A2 gene have been identified as modulators of its 
activity, with implications for cancer susceptibility at 
various anatomical sites [9]. The CYP1A2 gene has been 
reported to house more than 40 single nucleotide poly-
morphisms, underscoring its potential role in the etiolog-
ical risk of cancer. However, among the numerous SNPs 
identified in the CYP1A2 gene, not all have demonstrated 

a discernible impact on CYP1A2 activity [9, 17]. Of note, 
two frequently investigated CYP1A2 polymorphisms are 
rs762551 (A > C) and rs2069514 (G/A) [18]. Furthermore, 
it is imperative to consider other genomic variations that 
may contribute to inter-individual differences in CYP1A2 
expression, underscoring the complexity of comprehend-
ing the role of CYP1A2 in cancer susceptibility [8, 19].

Numerous studies have reported a link between 
CYP1A2 polymorphisms and the risk of bladder cancer 
(BLCA) to date [15]. However, the presence of conflicting 
results concerning the association between the CYP1A2-
163  C/A and CYP1A2-3860 G/A polymorphisms and 
the risk of bladder carcinoma can be attributed, in part, 
to limited sample sizes and the modest impact of genetic 
variations on the development of bladder cancer [16]. 
Notably, no prior study has explored the association 
between these polymorphisms and BLCA risk in Paki-
stani cohorts [20]. Consequently, the current study seeks 
to assess the relationship between the CYP1A2-163 C/A 
polymorphism and BLCA risk, as well as to compre-
hensively evaluate the potential associations of specific 
SNPs within the CYP1A2 gene with the risk of BLCA. 
By scrutinizing the connections between CYP1A2 poly-
morphisms and BLCA risk, this research endeavors to 
contribute to the existing understanding of the genetic 
determinants influencing susceptibility to bladder cancer, 
potentially informing the development of targeted strate-
gies for prevention and treatment of BLCA.

To date, there has been a significant paucity of prior 
studies specifically investigating the potential correlation 
between variations in the CYP1A2 gene and susceptibil-
ity to bladder cancer. Therefore, the current study was 
initiated with the primary aim of examining the poten-
tial impact of genetic variants within the CYP1A2 gene, 
specifically rs762551 and rs2069514, on an individual’s 
vulnerability to bladder cancer. The results of the analysis 
demonstrate a significant elevation in CYP1A2 expres-
sion within bladder urothelial carcinoma when compared 
to normal tissue. This assertion is supported by data 
obtained from the following source: http://ualcan.path.
uab.edu/cgi-bin/TCGAExResultNew2.pl?genenam=CYP
2C8&ctype=BLCA. Based on the facts described above, 
it is reasonable to hypothesize that genetic changes in the 
CYP1A2 gene could potentially contribute to the devel-
opment of bladder cancer.

Materials and methods
Study subjects
From January 2022 to March 2023, a comprehensive and 
thorough methodology was employed to ascertain and 
enlist a cohort of 170 persons who had been diagnosed 
with bladder cancer (BLCA) at Jinnah Hospital in Lahore, 
Pakistan. To ensure research group integrity and rele-
vance, medical data was analyzed to select participants, 

http://ualcan.path.uab.edu/cgi-bin/TCGAExResultNew2.pl?genenam=CYP2C8&ctype=BLCA
http://ualcan.path.uab.edu/cgi-bin/TCGAExResultNew2.pl?genenam=CYP2C8&ctype=BLCA
http://ualcan.path.uab.edu/cgi-bin/TCGAExResultNew2.pl?genenam=CYP2C8&ctype=BLCA
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and strict inclusion criteria were applied. The trial group 
included only patients who met strict criteria, includ-
ing a certified BLCA diagnosis and ongoing, individu-
alized treatment for their malignancies. It’s important 
to note that the study thoroughly excluded people with 
other cancers. A 170-person control group was carefully 
selected from healthy people who had freely attended 
normal general health exams at Jinnah Hospital Lahore. 
Control volunteers for this study were selected using 
rigorous criteria. As shown in Table  1, these criteria 
included being 60 years or older, not smoking or drink-
ing, not having any chronic illnesses, no severe medical 
histories, and no history of cancer or bladder-related 
disorders. All study participants, including patients and 
controls, were ethnic Pakistani population. The research 
protocol completed a thorough process of obtaining ethi-
cal approval from the Ethics Committee of the Univer-
sity of Okara before the recruitment of volunteers for the 
study. The voluntary provision of signed consent strictly 
regulated every participant’s participation.

SNP selection criteria
First, the precise location of the gene, the CYP1A2 
gene, was determined. The gene under consideration 
is located on chromosome 15 at precise coordinates 
74,748,845 − 74,756,607 on the forward strand, after the 
assembly of GRCh38. The gene cytochrome P450 fam-
ily 1 subfamily A member 2, often known as CP12 and 
P3-450, is denoted by the HGNC Symbol HGNC:2596.

To ensure the utmost levels of data quality, rigor-
ous quality control standards were established utilizing 
Haploview software. The criteria employed in this study 

encompassed the establishment of a minimum frequency 
threshold for minor alleles surpassing 5%, the verifica-
tion of the presence of the minor genotype in over 75% of 
the samples, the maintenance of a linkage disequilibrium 
measure (r^2) below 0.8, and the assessment of adher-
ence to Hardy-Weinberg equilibrium (HWE) standards, 
as evidenced by a p-value exceeding 0.05. Following a 
comprehensive quality control protocol, a total of four 
distinct single nucleotide polymorphisms (SNPs) were 
selected for subsequent investigation in the study. The 
SNPs rs762551 and rs2069514 were explicitly incorpo-
rated into the analysis.

The methodology employed for the identification of 
these specific single nucleotide polymorphisms (SNPs) 
entailed determining the precise genomic position of 
the CYP1A2 gene on chromosome 10, which spans from 
95,036,772 to 95,069,497. The study obtained the data 
from the human GRCh38 database, which can be accessi-
ble at http://asia.ensembl.org/Homo_sapiens/Info/Index. 
Verification of gene selection was performed using The 
Cancer Genome Atlas (TCGA) database to ensure rel-
evance and accuracy.

Genotyping
The informed written consent of all participants was 
obtained, and a volume of 3 mL of blood was collected 
into a vial that contained EDTA. After being collected, 
the whole blood was promptly stored in a refrigerator at 
-20  °C until it could be further processed. The phenol-
chloroform procedure was employed to extract genomic 
DNA from the blood samples, which were then stored 
at a temperature of -20  °C for genotyping analysis. The 
phenol-chloroform procedure was utilized to isolate 
genomic DNA from the samples, and the resultant DNA 
was thereafter kept at a temperature of -20  °C for later 
genotyping analysis.

The genotyping analysis was performed using high-
resolution melting (HRM) curve analysis on a Light 
Cycler 480 PCR machine. The samples were amplified 
in 20-L reactions with the Light Cycler 480 HRM-Mas-
ter Kit from Roche Diagnostics in Vienna, Austria, and 
analyzed on an LC480 instrument I (Roche Diagnostics 
GmbH, Mannheim, Germany). The primer sequences 
for identifying the CYP1A2-163  C/A (rs762551) and 
CYP1A2–3860 G/A polymorphisms and the PCR 
cycling conditions for CYP1A2-163 C/A (rs762551) and 
CYP1A2–3860 G/A are detailed in Table 2.

Haplotype analysis
To explore potential associations between CYP1A2 gene 
polymorphisms (rs762551 and rs2069514) and the vul-
nerability to Bladder cancer (BLCA), a comprehensive 
analysis of haplotypes was conducted. Haplotype analysis 

Table 1  Baseline characteristics of bladder cancer patients and 
control subjects
Characteristics Patients Control
Age (mean ± SD) 59.08 (± 8.10) 71.32 (± 8.59)
BMI (Kg/m2)(mean ± SD) 24.77(± 1.50) 26.71 (± 1.54)
Bladder volume (mean ± SD) 42.41 (± 15.96) 42.50(± 17.21)
BLCA level(mean ± SD) 16.04 (± 1.02) 17.18 (± 1.01)
Gleason_Score (mean ± SD) 8.12 (± 1.457)
Gleason_Score Frequency Percentage
6 31 18.2%
7 37 21.8%
8 40 23.6%
9 39 22.7%
10 23 13.6%
Clinical Stage
Stage 1(n, %) 51, 25.5% 47, 23.5%
Sage 2(n, %) 52, 26.0% 60, 30.0%
Stage 3(n, %) 41, 20.5% 49, 24.5%
Stage 4(n, %) 56, 28.0% 44, 22.0%
Smoking (n, %) 92, 46.0% 81, 40.5%
Alcohol Consumption 40, 20.0% 45, 22.5%

http://asia.ensembl.org/Homo_sapiens/Info/Index
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was carried out utilizing three core R programs: SNPstat 
and haplostats, LD heatmap, and p-heatmap.

Statistical analysis
Frequencies of Genotype for both BLCA patients and 
healthy controls were calculated. 𝜒2 test, Odds ratio 
(OR), 95% confidence interval (95% CI), and Fisher’s 
exact test were used to compare the Genotype distribu-
tions and associations with selected clinical data. The 
statistical significance level was set at 𝑝 ≤ 0.05. HW diag-
nostics software Version 1 beta was used to calculate and 
analyze genotype frequencies for Hardy Weinberg equi-
librium (Fox Chase Cancer Center, Philadelphia, PA).

Results
Clinical and pathological features, and multivariate 
analysis
The study explored the association between bladder can-
cer and specific variants in the CYP1A2 gene (-163 C/A 
and − 3860G/A) among 170 patients, including 102 with 
low-grade tumors and 68 with high-grade tumors. At the 
time of diagnosis, detailed records of age, gender, smok-
ing habits, alcohol consumption, and BMI were collected 
for multivariate analysis. The results indicated that older 
age significantly increased the risk of bladder cancer, with 
a coefficient of 1.705649 (Fig.  1). Lower BMI was also 
correlated with higher cancer risk, evidenced by a coef-
ficient of 1.229424. Smoking emerged as a significant risk 
factor, demonstrated by a coefficient of 0.771233, under-
scoring the importance of smoking cessation. Addition-
ally, alcohol consumption was linked to a higher risk of 
bladder cancer, with a coefficient of 1.137675, suggesting 
the need for further investigation. The model’s intercept, 
at 0.24486270427169213, represented the baseline risk of 
bladder cancer when all other factors were held constant.

Higher expression levels of CYP1A2 were associ-
ated with improved survival rates, particularly in non-
smokers and women with early-stage bladder cancer. 
Data from the TCGA revealed that CYP1A2 expression 
is significantly elevated in tumor tissues compared to 
normal tissues, highlighting its potential role in bladder 
cancer development and its promise as a therapeutic tar-
get (Figures S1 and S2). Using PCR-HRM, the genotypes 
for CYP1A2 gene SNPs were determined, as shown in 
Table  3. The varying levels of CYP1A2 expression dur-
ing bladder cancer progression suggest it could serve as a 
valuable biomarker. Specifically, survival analysis showed 

that higher CYP1A2 expression is significantly associated 
with better survival rates in non-smokers and women 
with early-stage bladder cancer, supported by p-values of 
less than 0.05. Distinct trends were also observed about 
alcohol use and age, where CYP1A2 expression corre-
lated with survival outcomes. The comparison between 
tumor and normal tissues revealed a significant elevation 
of CYP1A2 in tumor tissues, with p-values below 0.05, 
reaffirming its role in bladder cancer development. Fur-
thermore, the analysis of smoking status indicated differ-
ing survival outcomes for smokers with higher CYP1A2 
expression compared to non-smokers, with all p-values 
and standard deviations detailed in Figure S1.

Allele frequency and genotype analysis
Upon examining the genotype distribution of rs762551 
and rs2069514, a clear difference was observed between 
the control group and BLCA patients. Specifically, fewer 
individuals in the control group had the heterozygous 
CA genotype of rs762551 (Table  4). Moreover, a higher 
proportion of individuals in the control group had the 
AA genotype of rs2069514, while more BLCA patients 
had the GG genotype, as detailed in Table  4. The com-
parison of genotypes for SNPs CYP1A2-163  C/A and 
CYP1A2-3860G/A (Fig.  2A). These results suggest that 
these genetic variants may play a role in the development 
or progression of BLCA, warranting further investiga-
tion.Additionally, compared to the healthy control group, 
BLCA patients showed significantly lower frequencies 
of the C allele (0.66%) and the CC genotype (0.38%) in 
rs762551. Conversely, the “A” allele frequency (0.34%) 
and AA genotype frequency (0.07%) were higher in 
patients than in the control group, which had frequencies 
of 0.22% and 0.05%, respectively (Table 4; Fig. 2B).

Genotype and allele frequency distribution for CYP1A2-
163 C < A
Three distinct genotypes (C/C, C/A, and A/A) were 
identified among both BLCA) cases and control sub-
jects. The genotype distributions in both groups con-
formed to the Hardy-Weinberg equilibrium (HWE), 
thus affirming the reliability of the genotyping data 
(Table  5). Among these genotypes, the − 163  C/A CA 
genotype (X² = 12.941, OR = 2.21; 95% CI = 1.43–3.42; 
P = 0.000321) and the A allele (X² = 10.309, OR = 1.74; 
95% CI = 1.24–2.45; P = 0.001324) were statistically signif-
icantly linked to an increased risk of developing BLCA. 

Table 2  Primer sequences used for HRM-PCR
SNP (rs) Primer Sequence (5’→3’) Temperature PCR conditions
-163 C/A
(rs762551)

F: ​A​A​T​C​T​T​G​A​G​G​C​T​C​C​T​T​T​C​C​A
R: ​A​G​C​T​G​G​A​T​A​C​C​A​G​A​A​A​G​A​C​T​A​A​G​C

58 ˚C Initial denaturation 95˚C/5 min; 95˚C/10 sec,58˚C/10 
sec, 72˚C/10 sec, 40 cycles; final extension 72˚C/4 min

-3860 G/A(rs2069514) F: ​C​T​G​T​G​A​A​C​A​T​G​T​C​C​A​G​G​C​G
R: ​C​C​T​C​A​G​A​A​T​G​G​T​G​G​T​G​T​C​T​T

56 ˚C Initial denaturation 95˚C/5 min; 95˚C/10 sec,56˚C/10 
sec, 72˚C/10 sec, 40 cycles; final extension 72˚C/4 min.
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Table 3  CYP1A2 -163 C/A and − 3860 G/A distribution in bladder cancer cases and controls
-163 C/A (rs762551) -3860 G/A (rs2069514)
Cases Control Cases Control
Genotype Observed HE expected Observed HE expected Genotype Observed HE expected Observed HE expected
CC 65(38.24) 73.13(43.02) 102(60.00) 102.49(60.29) GG 86(50.59.) 87.55(51.50) 109(64.12) 109.60(64.47)
CA 93(54.71) 76.74(45.14) 60(35.29) 59.01(34.71) GA 72(42.35) 68.89(40.53) 55(32.35) 53.80(31.65)
AA 12(7.06) 20.13(11.88) 8(4.71) 8.49(5.00) AA 12(7.06) 13.55(7.97) 6(3.53) 6.60(3.88)

Fig. 1  Multivariate Analysis: This figure presents a multivariate analysis of age, gender, smoking status, alcohol consumption, and CYP1A2 gene variants. 
Panels (A) and (B) show variable comparisons and distributions within the cohort. In contrast, panel (C) displays the coefficient matrix from the multivari-
ate risk model, providing an adjusted assessment of the independent risk associated with genetic factors
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The CYP1A2-163  C/A polymorphism exhibited a sig-
nificant association in both the dominant model (X² = 

16.111, OR = 2.42; 95% CI = 1.57–3.75; P = 0.000060) and 
the recessive model (X² = 0.850, OR = 0.65; 95% CI = 0.26–
1.63; P = 0.356) (Table  5). Additionally, BLCA patients 
exhibited a higher frequency of the CYP1A2-163 C/A CC 
genotype (0.38%) compared to controls (0.6%) (Table 6). 
These findings underscore the potential significance of 
specific genetic variants in the CYP1A2 gene in the eti-
ology and progression of bladder cancer, suggesting that 
these polymorphisms may serve as genetic markers for 
assessing BLCA risk and warranting further investigation 
into their role in cancer development.

Genotype and allele frequency distribution for CYP1A2-
3860G/A
In contrast to the healthy control group, patients with 
bladder cancer had considerably higher frequencies 
of the G allele (0.72%) and the GG genotype (0.57%) in 

Table 4  Genotype analysis between CYP1A2 rs762551 and 
rs2069514 SNPs
SNP Genotype All.

Subjects 
(n = 340)

BLC.A.(n = 170) Healthy 
(n = 170)

CYP1A2 
-163 C.< A
(rs762551)

C/C 167(0.49) 65(0.38) 102(0.6)
C/A 153(0.45) 93(0.55) 60(0.35)
A/A 20(0.06) 12(0.07) 8(0.05)
C 487(0.72) 223(0.66) 264(0.78)
A 193(0.28) 117(0.34) 76(0.22)

CYP1A2.-
3860.G<.A
(rs2069514)

G/G 195(0.57) 86(0.51) 109(0.64)
G/A 127(0.37) 72(0.42) 55(0.32)
A/A 18(0.05) 12(0.07) 6(0.04)
G 517(0.76) 244(0.72) 273(0.8)
A 163(0.24) 96(0.28) 67(0.2)

Table 5  Exact test for hardy-weinberg equilibrium of CYP1A2 SNPs
SNP Groups N11 N12 N22 N1 N2 P value
CYP1A2 -163 C.< A
(rs762551)

All subjects 167 153 20 487 193 0.061
BLC/A 65 93 12 223 117 0.0066
Healthy_Control 102 60 8 264 76 1

CYP1A2.-3860.G<.A
(rs2069514)

All subjects 195 127 18 517 163 0.77
BLC/A 86 72 12 244 96 0.7
Healthy_Control 109 55 6 273 67 1

OR (95% CI): Odds Ratio with corresponding 95% Confidence Interval. P-value: Statistical significance value

Fig. 2  (A) The genotype comparison of SNPs CYP1A2-163 C.< A and CYP1A2-3860.G.< A, (B) The allele frequency comparison for SNPs CYP1A2-163 C.< 
A and CYP1A2-3860.G.< A
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rs2069514. However, as indicated in Table  7, the “A” 
allele frequency (0.24%) and AA genotype frequency 
(48%) in the patients were lower than the control group’s 
(0.32%) and (7.0%) rates, respectively. The − 3860G/A 
GA genotype (X2 = 3.632, OR = 1.54; 95% CI = 0.99–2.39; 
P = 0.056665) and G allele (X2 = 6.786, OR = 1.60; 95% 
CI = 1.12–2.29; P = 0.009187) were discovered to be sta-
tistically non-significantly linked to a higher risk of 
developing BLCA. The relationship of the CYP1A2-
3860G/A polymorphism was non-significant (X2 = 2.112, 
OR = 2.08; 95% CI = 0.76–5.67; P = 0.146167) in both 
dominant models (G/G + G/A vs. A/A) and the recessive 
model (G/G vs. G/A + A/A). The findings are summa-
rized in Table 7. The frequency of CYP1A2-3860G/A GG 
genotype (11.00%) in BLCA patients was higher than that 
of controls (7.0%) as shown in Table 7. The AA genotype 
exhibited a statistically significant association with an 
elevated risk of bladder cancer. However, the CC geno-
type was not significantly associated with bladder can-
cer risk (adjusted OR = 1.84; 95%CI = 0.793.28; P = 0.16). 
Therefore, in the research population, the “A” allele can 
be considered a risk allele, and the “C” allele is protective. 

Thus, it is proposed that in heterozygous C/A genotypes 
for rs762551, the A allele masks the C allele, probably as 
a result of complicated interactions when both alleles are 
co-dominant. In this case, it was theorized that the “C” 
allele triggers a protective reaction that shields a person 
from acquiring bladder cancer while the high frequency 
of the “A” allele may cause abnormal gene functioning or 
develop into cancer. The genotypes and alleles distribu-
tion of CYP1A2-163  C/A (rs762551) (Table  4). The LD 
heat map visually represents the extent of genetic linkage 
disequilibrium between CYP1A2 SNPs and the specific 
variants rs762551 and rs2069514 (Fig.  3). Darker colors 
or higher values indicate a stronger association, suggest-
ing that these SNPs tend to be inherited together on the 
same chromosome. This analysis helps identify potential 
genetic relationships and co-inheritance patterns within 
the CYP1A2 genomic region (Fig. 3).

Haplotype frequencies and association analysis
The study examined the frequencies of haplotypes and 
their associations with the response variable within the 
study cohort. Haplotypes denote combinations of genetic 

Table 6  Genotype and allele frequency distribution of CYP1A2-163 C/A
SNP Genotype BLC.A.(n = 170) Healthy (n = 170) X2 Odds (95% Cl) P
CYP1A2 -163 C.< A
(rs762551)

C/C 65(0.38) 102(0.6) - 1.000 (ref.) -
C/A 93(0.55) 60(0.35) 12.941 2.21(1.43–3.42) 0.000321
A/A 12(0.07) 8(0.05) 0.850 1.54(0.61–3.86) 0.356
Allele Frequencies
C 223(0.66) 264(0.78) -- -- --
A 117(0.34) 76(0.22) 10.309 1.74(1.24–2.45) 0.001324
Genetic Model

Dominant C/C 65 (38.2%) 102 (60%) - 1.000 (ref.) -
C/A-A/A 105 (61.8%) 68 (40%) 16.111 2.42(1.57–3.75) 0.000060

Recessive A/A 12 (7.1%) 8 (4.7%) - 1.000 (ref.) -
C/C-C/A 158 (92.9%) 162 (95.3%) 0.850 0.65 (0.26–1.63) 0.356552

OVER DOMINANT C/C-A/A 77 (45.3%) 110 (64.7%) 12.941 2.21(1.43–3.42) 0.000321
C/A 93 (54.7%) 60 (35.3%)

Table 7  Genotype and allele frequency of CYP1A2-3860 G/A (rs2069514) in Cancer and control groups
SNP Genotype BLC.A.(n = 170) Healthy (n = 170) X2 Odds (95% Cl) P
CYP1A2.-3860.G<.A
(rs2069514)

G/G 86(0.51) 109(0.64) - 1.000 (ref.) -
G/A 72(0.42) 55(0.32) 3.632 1.54(0.99 − 0.239) 0.056665
A/A 12(0.07) 6(0.04) 2.112 2.08(0.76–5.67) 0.146167
Allele Frequencies
G 244(0.72) 273(0.8) - 1.000 (ref.) -
A 96(0.28) 67(0.2) 6.786 1.60(1.12–2.29) 0.009187
Genetic Model

Dominant G/G 86 (50.6%) 109 (64.1%) - 1.000 (ref.) -
G/A-A/A 84 (49.4%) 61 (35.9%) 6.361 1.75(1.13–2.69) 0.011665

Recessive G/G-G/A 158 (92.9%) 164 (96.5%) 2.112 2.08(0.18–1.36) 0.146167
A/A 12 (7.1%) 6 (3.5%) - 1.000 (ref.) -

OVER DOMINANT G/G-A/A 98 (57.6%) 115 (67.7%) 3.632 0.65(0.42–1.01) 0.056665
C/A 72 (42.4%) 55 (32.4%) - 1.000 (ref.) -
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variants inherited from a single parent. Four distinct hap-
lotypes were examined based on the allelic combinations 
of rs762551 and rs2069514.

Haplotype 1 (C/C): The first haplotype, characterized 
by the C/C genotype of the SNP CYP1A2.163 C.A, was 
observed in 65 individuals (38.2%) in the bladder cancer 
patients, while it was present in 102 individuals (60%) in 
the control group. In the codominant model, this haplo-
type yielded an AIC of 8 and a BIC of 23.3. In the domi-
nant model (C/C), it was found in 65 individuals (38.2%) 
in the bladder cancer patients and 102 individuals (60%) 

in the control group, with AIC and BIC values of 6 and 
17.5, respectively. In the recessive model (C/C-C/A), 
it was present in 158 individuals (92.9%) in the bladder 
cancer patients and 162 individuals (95.3%) in the control 
group, with AIC and BIC values of 6 and 17.5. Finally, in 
the over-dominant model (C/C-A/A), it was observed in 
77 individuals (45.3%) in the bladder cancer patients and 
110 individuals (64.7%) in the control group, with AIC 
and BIC values of 6 and j17.5 (Table 8).

Haplotype 2 (C/A): The second haplotype, character-
ized by the C/A genotype of the SNP CYP1A2.163 C.A, 

Table 8  Haplotype analysis of CYP1A2.163 C.A and CYP1A2.3860.G.A bladder cancer
SNP Model Genotype GROUP.BLC.A GROUP.Healthy_Control AIC BIC
CYP1A2.163 C.A Co-dominant C/C 65 (38.2%) 102 (60%) 8 23.3

C/A 93 (54.7%) 60 (35.3%)
A/A 12 (7.1%) 8 (4.7%)

Dominant C/C 65 (38.2%) 102 (60%) 6 17.5
C/A-A/A 105 (61.8%) 68 (40%)

Recessive C/C-C/A 158 (92.9%) 162 (95.3%) 6 17.5
A/A 12 (7.1%) 8 (4.7%)

Over- Dominant C/C-A/A 77 (45.3%) 110 (64.7%) 6 17.5
C/A 93 (54.7%) 60 (35.3%)

CYP1A2.3860.G.A Co-dominant G/G 86 (50.6%) 109 (64.1%) 6 17.5
G/A 72 (42.4%) 55 (32.4%)
A/A 12 (7.1%) 6 (3.5%)

Dominant G/G 86 (50.6%) 109 (64.1%) 6 17.5
G/A-A/A 84 (49.4%) 61 (35.9%)

Recessive G/G-G/A 158 (92.9%) 164 (96.5%) 8 23.3
A/A 12 (7.1%) 6 (3.5%) 6 17.5

Over- Dominant G/G-A/A 98 (57.6%) 115 (67.7%) 6 17.5
C/A 72 (42.4%) 55 (32.4%)

Fig. 3  Linkage Disequilibrium (LD) heat map of CYP1A2 SNPs associated with rs762551 and rs2069514
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showed a prevalence of 93 individuals (54.7%) in the 
bladder cancer patients and 60 individuals (35.3%) in the 
control group. Notably, in the codominant model, no 
AIC or BIC values were provided. This haplotype did not 
appear to exhibit a distinct dominant or recessive pattern 
in the dataset (Table 8).

Haplotype 3 (G/G): The third haplotype, defined by 
the G/G genotype of the SNP CYP1A2.3860.G.A, was 
found in 86 individuals (50.6%) in bladder cancer patients 
and 109 individuals (64.1%) in the control group in the 
codominant model. The AIC and BIC values were both 
6 and 17.5, respectively. In the dominant model (G/G), 
this haplotype was observed in 86 individuals (50.6%) in 
the bladder cancer patients and 109 individuals (64.1%) 
in the control group, with AIC and BIC values of 6 and 
17.5. In the recessive model (G/G-G/A), it was present 
in 158 individuals (92.9%) in the bladder cancer patients 
and 164 individuals (96.5%) in the control group, with 
AIC and BIC values of 8 and 23.3. For the over-dominant 
model (G/G-A/A), it was seen in 98 individuals (57.6%) in 
the bladder cancer patients and 115 individuals (67.7%) 
in the control group, with AIC and BIC values of 6 and 
17.5 (Table 8).

Haplotype 4 (G/A): The fourth haplotype, represented 
by the G/A genotype of the SNP CYP1A2.3860.G.A, was 
present in 72 individuals (42.4%) in the bladder cancer 
patients and 55 individuals (32.4%) in the control group 
in the codominant model. Unfortunately, AIC and BIC 
values were not provided for this haplotype. This hap-
lotype did not appear to exhibit a distinct dominant or 
recessive pattern in the dataset (Table 8).

Discussion
Bladder cancer’s (BLCA) etiology is still not fully under-
stood. Genetic factors and many different pathways may 
have an impact on the development and progression of 
BLCA [21]. Researchers have discovered genetic poly-
morphisms (GPMs) in several genes that may be asso-
ciated with BLCA. CYP1A2 plays a significant role in 
the metabolism of carcinogenic aromatic and hetero-
cyclic amines, inhibiting this enzyme’s activity may be 
a straightforward way to stop the growth of malignan-
cies in humans carried on by aromatic and heterocyclic 
amines. Genetic variations within the CYP1A2 gene are 
recognized to have multifaceted implications for cancer 
development [16]. Studies investigating the relationship 
between CYP1A2 polymorphisms and susceptibility to 
bladder cancer have yielded divergent results [22]. Ele-
vated in vivo expression of CYP1A2 has been postulated 
as a risk factor for cancers affecting the bladder, colon, 
and rectum, where exposure to substances like aromatic 
amines and heterocyclic amines (HAs) has been impli-
cated in the etiology of the disease [10, 11]. Further-
more, specific polymorphisms within the CYP1A2 gene 

have been demonstrated to influence CYP1A2 expres-
sion. Polymorphisms within the 5’ noncoding promoter 
region of the CYP1A2 gene [-3860G/A (rs2069514), 
-2467T/delT (rs3569413)], as well as intron 1 [-163 C/A 
(rs762551)], have been found to modify CYP1A2 expres-
sion in individuals who smoke [12].

Previous research has explored the association 
between CYP1A2 polymorphisms and the risk of blad-
der cancer, with varying outcomes [13]. Specifically, prior 
investigations have examined the connection between 
CYP1A2-163  C/A and − 3860 G/A polymorphisms 
and susceptibility to bladder carcinoma. Sun et al. con-
ducted a meta-analysis to investigate the relationship 
between CYP1A2-163  C/A polymorphisms and cancer 
risk in various genetic models [23]. In the comprehen-
sive meta-analysis of available data, a significant associa-
tion between the CYP1A2-163  C/A polymorphism and 
cancer risk was discerned [24, 25]. In the present study, 
we focused on two single-nucleotide polymorphisms 
(SNPs) within the CYP1A2 gene, namely rs762551 and 
rs2069514. Our analysis revealed a noteworthy associa-
tion between rs762551 and an elevated risk of bladder 
cancer (BLCA), while no statistically significant associa-
tions were observed between rs2069514 and BLCA sus-
ceptibility. These findings underscore a robust correlation 
between genetic variants of CYP1A2-163  C/A and the 
propensity for BLCA development. Notably, this study 
represents the first to establish a relationship between 
these SNPs in CYP1A2 and BLCA, based on a Pakistani 
cohort. It was observed that individuals diagnosed with 
bladder cancer exhibited significantly higher frequencies 
of the − 163 A allele compared to appropriately matched 
healthy control subjects. The frequencies of CC, CA, 
and AA genotypes were 36%, 45%, and 19% in BLCA 
patients, which significantly deviated from the frequen-
cies in the control group (59.00%, 32%, and 9%, respec-
tively). The AA genotype exhibited a robust association 
with an increased risk of bladder cancer. In contrast, 
for rs2069514, there were no discernible differences in 
genotype and allele frequencies between the BLCA and 
control groups. The frequencies of AA, GA, and GG gen-
otypes were 48%, 41%, and 11% in BLCA patients, which 
did not significantly differ from the frequencies observed 
in the control group (59.00%, 34%, and 7%, respectively).

The outcomes of our investigation align with a study 
conducted in a Chinese population by Yong Zeng et 
al., which also found that the A allele of the CYP1A2 
rs762551 (-163, C/A) SNP was linked to an increased 
risk of BLCA [26]. Our findings further corroborate the 
results reported by Wen-Xia Sun et al., who indicated 
a significant protective effect of the rs762551 CYP1A2 
SNP homozygous mutant on bladder cancer within a 
Caucasian population [8, 19, 23]. Li Zhenzhen et al., in 
their examination of rs762551, noted that carriers of the 
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C-allele had an elevated risk of cancer under one allele 
genetic model (C-allele vs. A-allele) but not under other 
models. Our subgroup analysis extended these findings 
and revealed a significant association under both domi-
nant and recessive models. As for rs2069514, Li Zhen-
zhen et al. found no significant association with cancer 
risk across any genetic model (allele contrast, codomi-
nant, dominant, or recessive model), consistent with the 
observations of our present study [25].

Conclusion
In conclusion, this investigation sheds light on a robust 
association between CYP1A2 gene polymorphisms, par-
ticularly the − 163  C/A allele, and an increased suscep-
tibility to bladder cancer (BLCA). The meticulous odds 
ratio (OR) analysis underscores the significance of the 
rs762551 (CYP1A2-163  C/A) and rs2069514 (CYP1A2-
3860G/A) variants, positioning them as potential genetic 
markers for heightened BLCA risk. The C/A genotype of 
rs762551 displays a notable prevalence in BLCA cases, 
accompanied by an OR of 2.21, while the A/A genotype 
suggests an increased risk, though statistical significance 
eludes. Correspondingly, the rs2069514 G/A genotype 
implies susceptibility to BLCA, and the A/A genotype 
hints at a potential correlation. Haplotype analysis fur-
ther refines comprehension, unveiling distinct combina-
tions, with particular prominence accorded to the C-G 
haplotype. These revelations furnish invaluable insights 
into the genetic underpinnings of BLCA, laying a sturdy 
groundwork for personalized therapeutic strategies. Nev-
ertheless, the imperative for extended research across 
diverse populations persists, ensuring the robust valida-
tion of these associations and the refinement of translat-
ing genetic insights into effective clinical strategies for 
managing bladder cancer.
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