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The role of CDK8 gene polymorphisms
in bladder cancer susceptibility and prognosis:
a study in the Chinese Han population

Zhilong Li"", Min Su', Qin Li', Xuelian Zheng', Yaping Song', Yanyun Wang', Bin Zhou'" and Lin Zhang'"

Abstract

Background Cyclin-dependent kinase 8 (CDK8) has been implicated in various tumors, with its role differing across
tumor types. However, the association between CDK8 polymorphisms and bladder cancer (BC) remains unclear. This
study investigated the association between CDK8 polymorphisms and BC susceptibility and prognosis.

Methods This case-control study included 271 patients with BC and 381 healthy controls. Two-tag single-nucleotide
polymorphisms in the CDK8 gene (1517083838 and rs7992670) were genotyped using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). Statistical analyses were performed using SNPstats and SPSS
software to assess genetic associations.

Results The AG/AA genotypes of rs17083838 were associated with a significantly reduced risk of BC under the
dominant model (P<0.001, odds ratio [95% confidence interval] =0.50 [0.33-0.76]). Stratified analysis revealed that
the AG genotype of rs17083838 increased the risk of postoperative recurrence in patients with stage IV BC (P=0.007).
For rs7992670, females with the AG/AA genotype exhibited a 2.07-fold higher risk of BC than males, whereas smokers
with the same genotype showed a 2.13-fold higher risk than non-smokers. The GG genotype of rs7992670 was
associated with better overall survival in patients with stage Ill BC (P=0.023). Among patients with recurrent muscle-
invasive BC, those with the GG/AA genotype showed significantly improved survival compared with those carrying
the AG genotype (P=0.023).

Conclusions CDK8 polymorphisms influence BC susceptibility and prognosis, with rs17083838 showing a protective
effect and rs7992670 being associated with increased risk and survival outcomes in specific subgroups.

Impact This study highlights the potential of CDK8 polymorphisms as biomarkers for BC susceptibility and prognosis,
emphasizing the need for further research.
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Introduction

Bladder cancer (BC) is the ninth most common form of
cancer globally, accounting for 61,3791 new cases and
22,0349 BC-related deaths estimated in 2022 [1]. Accord-
ing to the GLOBOCAN 2020 data, China’s annual BC
mortality has reached 39,393 cases, accounting for 18.5%
of global BC mortality, indicating the substantial public
health challenge of this disease in China [2]. BC imposes
large personal, social, and economic burdens, with the
highest prevalence in developed communities globally
[3]. At diagnosis, approximately 70% of patients with BC
have non-muscle-invasive bladder cancer (NMIBC), 20%
have muscle-invasive bladder cancer (MIBC), and 10%
have metastatic disease [4]. Compared with NMIBC,
patients with MIBC have worse prognoses and account
for a large proportion of deaths [5, 6].

The multistep accumulation of genetic, epigenetic,
and environmental factors plays an important role in the
development and progression of BC [7-9]. Advanced
age, male sex, and tobacco smoking are the main risk fac-
tors for the development of BC [10]. Globally, BC-related
mortality rates in men are nearly three times higher than
those in women. Age-standardized mortality rates (ASR)
per 100,000 person-years vary by region, with rates in
men generally ranging from 2.7 to 9.2 and those for
women ranging from 0.8 to 1.8 [2]. Cigarette smoking is
the strongest contributor to the increased incidence of
BC in Western countries [11]. Additionally, individuals
with a family history of BC have nearly double the risk of
developing the disease [12—14], indicating a genetic pre-
disposition to bladder carcinogenesis. For instance, the
variant form of the hormone gene 3-beta-hydroxysteroid
dehydrogenase type 2 (HSD3B2) has been associated with
an increased risk of BC in the New Hampshire popula-
tion [15].

Cyclin-dependent kinase 8 (CDK8), a member of CDK
family, is encoded by the CDK8 gene located on chromo-
some 13q12.13. It is a nuclear serine-threonine kinase
that regulates cell cycle and proliferation at the tran-
scriptional level [16]. Studies have reported that variants
in CDK8 cause intellectual disabilities and congenital
anomalies [17]. The role of CDK8 in tumors appears to be
divergent and highly context-dependent. It functions as
an oncogene that accelerates proliferation and migration
in most tumors, such as colon cancer [18], leukemia [19],
clear cell renal cell carcinoma [20], breast cancer [21],
oral squamous cell carcinoma [22], non-small cell lung
cancer [23] and gastric cancer [24]. Conversely, CDK8
acted as a tumor suppressor in intestinal and endometrial
tumors [25]. Mutations in CDK8 were found to be associ-
ated with poor prognosis in Chinese patients with renal
cell carcinoma [20]. Recently, Min et al. [26] reported that
polymorphisms in CDK8 (rs17083838 and rs7992670) are
associated with an increased risk of cervical cancer in
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Han women from Southwest China, with the A allele of
both single-nucleotide polymorphisms (SNPs) being sig-
nificantly more frequent in patients with cervical cancer.
Analysis of BC clinical samples revealed a notable preva-
lence (4.11%) of CDK8 gene amplification [27]. However,
an association between CDK8 mutations and BC sus-
ceptibility has not been established. The present study
assessed the association between polymorphic variants in
CDK8 and BC susceptibility. Two tag SNPs (rs17083838
and rs7992670) were selected, and their prevalence was
determined in 271 unrelated patients with BC and 381
healthy controls from a Chinese Han population.

Materials and methods

Clinical characteristics and follow-up of subjects

Human peripheral blood samples were obtained with the
approval from the Ethics Committee of West China Sec-
ond University Hospital and West China Hospital, Sich-
uan University (Medical Research Project Approval No.
017, 2012). Informed consent was obtained from all par-
ticipants. A total of 271 patients with BC and 381 healthy
volunteers were enrolled at the West China Hospital
between 2015 and 2020. None of the healthy participants
had a personal or family history of BC or other serious
diseases. Patients with a history of cancer or metastatic
cancer from other origins were excluded, and none had
undergone radiotherapy or chemotherapy. Information
regarding intravesical Bacillus Calmette-Guérin treat-
ment was not specifically collected because the study
primarily focused on genetic associations rather than
treatment outcomes. The follow-up information of the
participants was obtained by telephone calls every 6
months for 5 years.

DNA extraction and genotyping

Genomic DNA was isolated from 200pL of EDTA-anti-
coagulated blood using a DNA extraction kit (BioTeke,
Peking, China). Two tag SNPs of CDK8 were selected
according to the CHB (Han Chinese in Beijing, China)
population data from the HapMap Project using SNPinfo
Web Server (RRID: SCR_010589) [28]. Polymerase chain
reaction (PCR) primers were designed using Primer3
(RRID: SCR_003139) version 4.1.0 (https://bioinfo.ut.
ee/primer3/) [29]. Genotyping was conducted using a
polymerase chain reaction-restriction fragment length
polymorphism (PCR-PFLP) assay. Each 10pL reac-
tion contained 1uL of genomic DNA together and 5uL
of 2xTaq plus Master Mix (Biosharp, Hefei, China),
according to the manufacturer’s instruction. PCR was
carried out in a thermocycler (Eppendorf, Hamburg,
Germany) using the following cycling conditions: 95 °C
for 3 min, followed by 34 cycles of 95 °C for 3 s, 58 °C
for 30 s, 72 °C for 30 s, with a final extension at 72 °C for
10 min. Negative controls in which DNA was replaced
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with water, were used to detect potential contamina-
tion. The PCR products of rs17083838 and rs7992670
were digested using the restriction enzymes Mspl and
Mboll (New England BioLabs, Inc. MA, USA). Details
of the primer sequences, PCR conditions, restriction
enzymes, and lengths of the digested products are shown
in Table 1. Finally, the digested fragments were separated
on 6% polyacrylamide gels and stained with 1.0 g/L sil-
ver nitrate. In addition, approximately 10% of the samples
were randomly selected to repeat the assay, yielding con-
cordant results. The genotypes of these two SNPs were
also confirmed by DNA sequencing analysis.

Statistical analysis

Statistical analyses were performed using the IBM
SPSS Statistics (version 26; IBM Corp., Armonk, NY,
USA; RRID: SCR_016479). Genotypic association tests
in a case-control pattern were performed using the
SNPSTATS (RRID: SCR_002142) online analysis soft-
ware [30], assuming codominant, dominant, recessive,
and over-dominant genetic models. Hardy—Weinberg
equilibrium was calculated using the chi-squared test.
We applied the Bonferroni correction method to control
for the risk of false positives due to multiple tests, adjust-
ing the significance threshold from P<0.05 to P<0.005
(0.05/10) or P<0.0125 (0.05/4). Differences with P<0.005
or P<0.025 were considered significant. Odds ratios (OR)
and 95% confidence intervals (95% CI) were used to eval-
uate the effects of the different genotypes and alleles. The
associations between CDKS8 genotypes and patient out-
comes (recurrence and death) were first assessed using
Kaplan—Meier analysis and the log-rank test. Stratified
analyses were performed to evaluate these associations in
different subgroups according to age, sex, smoking status,
tumor stage, tumor grade, clinical stage, and metastatic
status. Multivariate Cox proportional hazards regression
models were used to estimate the independent effects of
significant factors, adjusting for age at first diagnosis, sex,
smoking status, tumor grade, and clinical stage.

Results

Clinical and pathological characteristics of the study
population

In total, 271 patients and 381 healthy controls were
included in this study. Patient diagnoses were confirmed
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based on the histopathological analysis. According to the
2024 American Urological Association (AUA) [31]/Euro-
pean Association of Urology (EAU) guidelines and the
TNM staging system [32], patients were classified as hav-
ing NMIBC (stage Ta-T1) and MIBC (stage T2-T4) based
on pathological staging. As shown in Table 2, the median
age was 66 and 60 years in the patient and control groups,
respectively. When age was analyzed as a continuous
variable, no significant difference were observed between
patients and controls (P=0.093). However, when using
the median age of 63 years as a cut-off point for dichoto-
mization, the chi-square test revealed a significant differ-
ence in age distribution between the two groups, with a
higher proportion of subjects older than 63 years in the
patient group than that in the control group (55.72% vs.
44.62%, P<0.01). Regarding sex distribution, males were
predominant in the patient group (79.70%), whereas the
control group had a more balanced sex ratio (48.03%
males, P<0.001). The proportion of smokers was simi-
lar between patients and controls (52.03% vs. 49.34%,
P=0.551).

All diagnoses were confirmed through histopatho-
logical analysis and evaluation of their clinical charac-
teristics. Based on the pathological findings, 59.78% of
the patients presented with high-grade tumors, while
40.22% had low-grade tumors. In terms of tumor inva-
sion, 51.66% and 48.34% of patients were diagnosed with
NMIBC and MIBC, respectively. Detailed clinical stag-
ing revealed that most patients were diagnosed at early
stages, with 51.66% at stage I and 28.41% at stage II,
whereas advanced stages were less common, with 12.18%
at stage III and 7.75% at stage IV.

SNP genotyping results and consistency validation

For rs17083838, the amplification product for geno-
type A was a 194 bp fragment, while genotype G was
digested with Mspl into 126 bp and 68 bp fragments.
On polyacrylamide gel electrophoresis, the GG geno-
type showed a single band at 126 bp (the 68 bp band was
not displayed), with no band at 194 bp (Fig. 1A). The
AA genotype exhibited a single band at 194 bp, whereas
the AG genotype showed bands at both 194 and 126 bp
(the 68 bp band was not displayed). For rs7992670, the
amplification product for genotype A was a 151 bp frag-
ment, while genotype G was digested by Mboll into

Table 1 Primer sequences and reaction conditions for genotyping two Tag SNPs in CDK8

SNPs Primer sequence (5'—3’) Wild/Mu- Annealing tem- Restriction Digest condition Product
tated allele  perature (°C) enzyme size
(bp)
rs17083838 F: TCTGTTGCACTTGCCATATCA G/A 58 Msp | 37°C A: 194
R: TCCAAAGACTTTCAAAGACACTCA 45 min G:126+68
157992670 F: TTTCATGCAGATACCACGTCA G/A 58 Mbo I 37°C A: 151
R: TGGATTCACGGGTTCGTTAT 30 min G:113+38
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Table 2 The clinicopathological features of patients with bladder cancer and health controls
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Characteristics Patients(n=271) Controls(n=381) Pvalue
Age
Median (first quartile, third quartile) 66 (56,73) 60 (49,75) 0.093
age < median(63)(n[%]) 120[44.28%) 211[55.38%)] <0.01
age> median(63)(n[%]) 151[55.72%] 170[44.62%)
Sex (n[%])
Male 216[79.70%] 183[48.03%] <0.001
Female 55[20.30%) 198[51.97%]
Smoking status (n[%])
Smoker 141[52.03%) 188[49.34%] 0.551
Nonsmoker 130[47.97%] 193[50.66%]
Tumor stage (n[%])
MIBC 131[48.34%]
NMIBC 140[51.66%)
Tumor grade (n[%])
High grade 162[59.78%)
Low grade 109[40.22%)
Clinical stage (n[%])
I(Ta-TTNOmMO) 140[51.66%)
[(T2NOMO) 77[28.41%)]
[I(T3NOMO, T4aNOMO) 33[12.18%)]
V(T4bNOMO, TNNNnMO,TnNnMn, n> 1) 21[7.75%)]
A
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Fig. 1 Genotypes of CDK8 rs17083838 and rs7992670 on the 6% polyacrylamide gels. (A) Genotypes of rs17083838. M: marker; Line 1 and 4: GG geno-
type. Line 2 and 5: AA genotype. Line 3 and 6: AG genotype. (B) Genotypes of rs7992670. M: marker; Line 1 and 4: GG genotype. Line 2 and 5: AG genotype.

Line 3 and 6: AA genotype

113 bp and 38 bp fragments. On polyacrylamide gel
electrophoresis, the GG genotype showed a single band
at 113 bp (the 38 bp band was not displayed), with no
band at 151 bp (Figure 1B). The AA genotype showed a
single band at 151 bp, whereas the AG genotype showed
bands at both 151 and 113 bp (the 38 bp band was not

displayed). Sanger sequencing was performed on ampli-
fication products from 30 randomly selected samples,
and the results were consistent with the RELP genotyping
results, indicating that the RFLP genotyping method had

high accuracy.
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Association between CDK8 gene polymorphisms and BC

The genotype and allele frequencies of both tag SNPs
(rs17083838 and rs7992670) conformed to Hardy—Wein-
berg equilibrium (P> 0.05) in both patients (P=0.061 and
P=0.21, respectively) and controls (P=0.56 and P=0.21,
respectively). For rs17083838, significant associations
with BC were observed in multiple genetic models.
Under the codominant model, the AG genotype showed
a significantly lower frequency in patients compared to
that in controls (14.8% vs. 27.3%), conferring a protec-
tive effect against BC (OR=0.50, 95% CI: 0.33-0.76,
P<0.001). Similarly, in the dominant model, the com-
bined AG/AA genotypes were associated with reduced
BC risk (16.6% vs. 29.1%, OR=0.53, 95% CI: 0.35-0.80,
P=0.002). The over-dominant model also revealed a
protective effect of the AG genotype (14.8% vs. 27.3%,
OR=0.50, 95% CI: 0.33-0.76, P=0.001). Additionally, the
A allele frequency was significantly lower in BC patients
than that in healthy controls (9% vs. 15%, OR=0.61, 95%
CI: 0.42-0.88, P<0.001), suggesting a protective role.
However, for rs7992670, no significant association was
detected between genotype/allele frequencies and BC
risk in any of the genetic models. The distributions of
the genotypes and alleles for both SNPs are presented in
Table 3. All ORs were adjusted for age, sex, and smoking
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status to control potential confounding variables. The
crude ORs are provided in Supplementary Tables 1 to
show the impact of confounders.

Linkage disequilibrium and haplotype analysis

The two SNPs exhibited low linkage disequilibrium
(rs17083838 vs. rs7992670, D’ = 0.2586, r*=0.0071), sug-
gesting independent inheritance. Haplotype analysis
identified the haplotype AA (rs17083838- rs7992670),
which included a low-risk A allele at rs17083838 and was
associated with reduced BC susceptibility (P=0.0026,
OR=0.27, 95% CI: 0.11-0.63; Table 4). All ORs were
adjusted for age, sex, and smoking status to control
potential confounding variables. The crude ORs are pro-
vided in Supplementary Tables 2 to show the impact of
confounders.

Association between CDK8 gene polymorphisms and
clinical characteristics of patients with BC

The stratified analysis investigated the associations
between two SNP genotypes (rs17083838 and rs7992670)
and clinical characteristics in patients with BC. The anal-
ysis was stratified by age (<63 vs. >63 years), sex (male
vs. female), smoking status (smoker vs. non-smoker),
tumor stage (MIBC vs. NMIBC), tumor grade (high

Table 3 Distribution of SNPs in CDK8 between patients and controls and their polymorphisms with genetic susceptibility to BC

Model Genotype Patients Controls Logistic regression
n[%] nl[%] OR(95% Cl) Global P value

rs17083838

Codominant GG 226([83.4%)] 270[70.9%)] 1 <0.001
AG 40[14.8%] 104[27.3%] 0.50(0.33-0.76)
AA 5[1.8%] 7[1.8%] 1.06(0.30-3.70)

Dominant GG 226([83.4%) 270[70.9%)] 1 0.002
AG/AA 45[16.6%] 111[29.1%)] 0.53(0.35-0.80)

Recessive GG/AG 266[98.2%)] 374[98.2%] 1 0.74
AA 5[1.8%] 711.8%] 1.23(0.35-4.35)

Over-dominant GG/AA 231[85.2%] 277172.7%] 1 0.001
AG 40[14.8%) 104[27.3%] 0.50(0.33-0.76)

Allele G 492[91%] 644(85%] 1 <0.001
A 50[9%] 118[15%] 0.61(0.42-0.88)

rs7992670

Codominant GG 94[34.7%)] 118[31.0%] 1 0.34
AG 140[51.7%) 196[51.4%] 0.88(0.61-1.28)
AA 37[13.7%] 67017.6%) 0.68(041-1.14)

Dominant GG 94[34.7%)] 118[31.0%] 1 032
AG/AA 177165.3%) 263[69.0%] 0.83(0.59-1.19)

Recessive GG/AG 234[86.3%] 314[82.4%)] 1 0.18
AA 37[13.7%] 67[17.6%] 0.74(0.46-1.16)

Over-dominant GG/AA 131[48.3%] 185[48.6%] 1 097
AG 140[51.7%]) 196[51.4%] 1.01(0.72-1.41)

Allele G 328[61%] 432[57.0%]) 1 0.16
A 214[39%] 330[43.0%] 0.84(0.65-1.08)

All ORs and their 95% Cls are adjusted for age, sex, and smoking status; the values in boldfaced indicate significant difference (P<0.005). OR: odds ratio; Cl:

confidence interval
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Table 4 Haplotype frequencies of CDK8 in BC patients and controls
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Haplotype rs17083838 rs7992670 Controls (%) Patients (%) OR (95% Cl) Pvalue
1 G G 47.04% 53.04% 1 -

2 G A 3747% 37.74% 0.87(0.66-1.14) 0.31

3 A G 9.65% 7.48% 0.73(0.45-1.19) 0.21

4 A A 5.84% 1.74% 0.31(0.13-0.74) 0.0081

All ORs and their 95% Cls are adjusted for age, sex, and smoking status; bold values denote statistically significant results (P <0.0125). OR: odds ratio; Cl: confidence

interval

Table 5 The association between two SNPs genotypes and clinical characteristics of patients with BC in dominant model

Characteristics rs17083838 Genotype Pvalue® rs7992670 Genotype Pvalue?
GG AG/AA GG AG/AA

Age
<63 years old 101(84.2%) 19(15.8%) 0.81 46(38.3%) 74(61.7%) 0.18
>63 years old 125(82.8%) 26(17.2%) 48(31.8%) 103(68.2%)

Sex
Male 179(82.9%) 37(17.1%) 0.23 78(36.1%) 138(63.9%) 0.034
Female 47(85.5%) 8(14.6%) 16(29.1%) 39(70.9%)

Smoke
Smoker 120(85.1%) 21(14.9%) 0.26 42(29.8%) 99(70.2%) 0.0098
Nonsmoker 106(81.5%) 24(18.5%) 52(40%) 78(60%)

Tumor stage
MIBC 110(84%) 21(16%) 0.69 44(33.6%) 87(66.4%) 0.62
NMIBC 116(82.9%) 24(17.1%) 50(35.7%) 90(64.3%)

Tumor grade
High grade 136(84%) 26(16.1%) 0.68 55(34%) 107(66%) 0.99
Low grade 90(82.6%) 19(17.4%) 39(35.8%) 70(64.2%)

Recurrence
Recurrent 69(87.3%) 10(12.7%) 0.12 28(35.4%) 51(64.6%) 0.83
Nonrecurrent 157(81.8%) 35(18.2%) 66(34.4%) 126(65.6%)

Metastasis
Metastatic 38(79.2%) 10(20.8%) 0.19 19(39.6%) 29(60.4%) 0.38
Nonmetastatic 188(84.3%) 35(15.7%) 75(33.6%) 148(66.4%)

The P values in boldfaced indicates significant difference. ® The P value was adjusted by age, sex, smoking status, tumor stage, tumor grade, recurrence status and

metastasis status

vs. low), recurrence status, and metastasis status. For
rs7992670, significant associations were observed in sex
and smoking status subgroups (Table 5). After adjusting
for other clinical factors, the AG/AA genotypes were sig-
nificantly more prevalent in female patients than that in
male patients (70.9% vs. 63.9%, P=0.034, OR =2.07, 95%
CI: 1.04—4.66). Additionally, the A allele carriers showed
a higher frequency in smokers than that in non-smok-
ers (70.2% vs. 60%, P=0.0098, OR=2.13, 95% CI: 1.19—
3.70). Based on these observations, we further analyzed
the interaction between rs7992670 and smoking status
on BC risk among females using the dominant genetic
model adjusted for age. Interestingly, a different pattern
was observed when examining the case-control analy-
sis, specifically within the female population. Among
female smokers, carriers of the A allele were associated
with significantly decreased disease risk (OR=0.12, 95%
CIL: 0.04-0.39), whereas no such effect was observed in
female non-smokers (OR =1.04, 95% CI: 0.50-2.16). This

apparent contradiction with the overall population find-
ings suggests complex gene-environment interactions
that may be sex-specific. The p-value for the interaction
was 0.08, which approached statistical significance. Nota-
bly, the study cohort included only 55 female patients
with BC, with only four patients being smokers (three
with the AG genotype and one with the AA genotype),
which may limit the robustness of these findings and
warrant validation in larger studies. For rs17083838, no
significant associations were found with any clinical char-
acteristics, with the GG genotype being predominant
(approximately 80—85%) across all groups. Furthermore,
neither SNP was significantly associated with age, tumor
stage, tumor grade, recurrence, or metastatic status. All
analyses used a dominant genetic model with p-values
adjusted for potential confounding factors.
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Impact of SNP genotypes on BC prognosis: univariate and
multivariate analyses

Overall survival and recurrence analysis in the entire cohort
Among the 271 enrolled patients, 47 (17.34%) died and
79 (29.2%) experienced disease recurrence during the
follow-up period. We performed Kaplan—Meier and Cox
regression analyses focusing on recurrence-free survival
(RFS) and overall survival (OS) to explore potential prog-
nostic factors. Kaplan—Meier analysis revealed no signifi-
cant association between rs17083838 or rs7992670 and
either OS or RFS across all genetic models. In the mul-
tivariate Cox regression analysis for RFS, after adjusting
for demographic and clinicopathological characteristics
(including age, sex, smoking status, clinical stage, tumor
stage, tumor grade, and metastasis status) and SNP geno-
types, metastasis status emerged as the only independent
risk factor for disease recurrence (HR=~3.5, 95% CI: 2.0—
6.3, P<0.001). For OS, the multivariate model identified
metastasis (HR~35.728, 95% CI: 14.5-88.1, P<0.001)
and recurrence status (HR=2.09, 95% CI: 1.06-4.12,
P<0.05) as independent prognostic factors.

Importantly, no significant associations were detected
between the two tag SNPs and RFS or OS in any genetic
model (Supplementary Table 3). These consistent find-
ings across all genetic models suggest that while metas-
tasis and recurrence status are robust prognostic
indicators, the genetic polymorphisms rs17083838 and
rs7992670 are unlikely to affect patient survival or the
risk of disease recurrence directly.

Stratification analysis by tumor stage in all patients with BC

Further stratified analysis using the Kaplan—Meier
codominant genetic model revealed a significant associa-
tion between the rs17083838 polymorphism and post-
operative recurrence risk in stage IV patients (?=0.007).
Patients with the AG genotype exhibited the highest risk
of recurrence, with a rapidly increasing trend observed
during the early follow-up period. Patients with the GG
genotype showed a moderate risk of recurrence, with

Cumulative incidence of relapse stratified by codominant rs17083838 genotypes
(AA vs AG vs GG) in Stage IV patients

B

GG
_MAA
08 TAG
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a cumulative recurrence rate of approximately 60% at
60 months. In contrast, no recurrence was observed
throughout the follow-up period in patients with AA
genotype (Fig. 2A). These findings suggested that the AG
heterozygous genotype of rs17083838 may be an impor-
tant genetic marker for predicting postoperative recur-
rence in patients with stage IV disease. Similar results
were observed in the over-dominant genetic model
(P=0.002; Fig. 2B).

Additionally, the study found that rs7992670 polymor-
phism was significantly associated with OS in patients
with stage III disease (Fig. 3). Specifically, under the
recessive model analysis (P=0.023), patients with the
GG/AG genotypes had significantly better prognoses
than those with the AA genotype. The 5-year survival
rate of the GG/AG genotype carriers was approximately
65%, whereas it decreased significantly to approximately
35% for the AA genotype carriers (Fig. 3A). In the domi-
nant model analysis, although statistical significance was
not reached (P=0.050), the data suggested a trend toward
better survival for GG genotype carriers compared with
the AA/AG genotype carriers. The 5-year survival rate of
patients with the GG genotype was approximately 80%,
whereas that of patients with the AA/AG genotype was
approximately 40% (Fig. 3B). In the codominant model
(P=0.040), patients with the GG genotype exhibited
the best survival outcomes, with a 5-year survival rate
of approximately 80%. In contrast, patients with the AA
genotype had the worst prognosis, with a 5-year survival
rate of approximately 35%. In contrast, those with the AG
genotype showed intermediate survival outcomes, with a
5-year survival rate of approximately 45% (Fig. 3C). These
findings suggest that the GG genotype at the rs7992670
locus may be a protective factor associated with favorable
prognosis. In contrast, the AA genotype may represent a
risk factor for poor prognosis.

Cumulative incidence of relapse stratified by overdominant rs17083838
genotypes (GGI/AA vs AG) in Stage IV patients

o
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GG/AA- censored
—+AG- censored

P=0.002
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Fig. 2 The association between rs17083838 polymorphism and postoperative recurrence risk in stage IV patients. A, codominant model; B, over-domi-

nant model
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A Survival curves stratified by recessive rs7992670 genotypes (GGIAG vs AA) in Stage |l patients B Survival curves stratified by dominant rs7992670 genotypes (GG vs AGIAA) in Stage Ill patients
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Fig. 3 The association between rs7992670 polymorphism and overall survival in stage Il patients. A, recessive model; B, dominant model; C, codominant

model

Subgroup analyses and prognostic factors in patients with
MIBC and NMIBC

According to the 2024 AUA/EAU guidelines [31] and
the TNM staging system [32], patients were categorized
into NMIBC (Ta-T1) and MIBC (T2-T4) based on patho-
logical staging. Stratified analyses were performed for
NMIBC and MIBC groups. No significant associations
were observed between SNPs and either OS or RFS in
these subgroups (Supplementary Tables 4 and 5).

NMIBC The rs17083838 polymorphism showed signifi-
cant prognostic relevance in female patients with NMIBC.
Significant associations were observed in the codominant
(GG vs. AA vs. AG; P=0.011), dominant (GG vs. AA/
AG; P=0.025), and over-dominant models (GG/AA vs.
AG; P=0.003) (Supplementary Fig. 1A—C). Survival curve
trends indicated that patients with the GG genotype
generally exhibited the best survival outcomes, whereas
those with the AG genotype had poorer prognoses. This
suggests that the rs17083838 polymorphism may be an
important prognostic marker in female patients. In non-
smoking patients, the over-dominant model (GG/AA vs.
AQG) analysis of rs17083838 revealed significant differ-
ences between genotypes (P=0.044), with GG/AA geno-

type carriers showing significantly better OS compared
with AG genotype carriers (Supplementary Fig. 1D).
Survival analysis of patients with NMIBC also revealed
significant prognostic correlations with the rs7992670
polymorphism in different populations. Among patients
with low-grade tumors, the over-dominant model (AA/
GG vs. AG) survival curves showed statistically signifi-
cant differences (P=0.036), with patients with the AA/
GG genotype exhibiting significantly better OS than
those with the AG genotype (Supplementary Fig. 2A).
Additionally, in older patients aged > 63 years, the domi-
nant model (GG vs. AA/AG) analysis of rs7992670 dem-
onstrated statistical significance (P=0.049), with GG
genotype carriers exhibiting a better survival advantage
(Supplementary Fig. 2B). In the smoking group (Supple-
mentary Fig. 2C), cumulative recurrence incidence analy-
sis under the recessive model (GG/AA vs. AG) showed
significant differences (P=0.046), with GG/AG genotype
carriers exhibiting a higher recurrence risk than those
with the AA genotype. Conversely, in the non-smoking
group, the recessive model also showed significant dif-
ferences (P=0.046) but with an opposite trend, where
GG/AG genotype carriers exhibited a lower recurrence
risk (Supplementary Fig. 2D). These findings suggest that
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Survival curves stratified by overcodominant rs7992670 genotypes (GG/AA vs AG) in relapsed patients
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Fig. 4 Association of rs7992670 polymorphism with overall survival in relapsed MIBC patients

these two genetic polymorphisms may serve as important
prognostic markers for specific populations, including
females, non-smokers, smokers, patients with low-grade
tumors, and older patients.

MIBC In patients with recurrent MIBC, dominant
model analysis (GG/AA vs. AG) revealed that GG/AA
genotype carriers had significantly higher overall survival
rates than those with AG genotype carriers (P=0.023).
Over a 60-month follow-up period, the survival rate for
patients with the GG/AA genotype remained around 70%,
dropping to approximately 30% for patients with the AG
genotype (Fig. 4). These findings suggest that the GG/AA
genotype may be a favorable prognostic marker for OS in
patients with recurrent MIBC.

Discussion

Multiple large-scale genome-wide association stud-
ies (GWAS) have explored the genetic susceptibility to
BC [33-35], with subsequent research analyzing the
mechanisms of specific SNPs from various perspec-
tives. These include the Hippo signaling pathway, where
WWCI rs755813 shows protective effects in Chinese
populations [36]; carcinogen metabolism processes,
where AKRIC2 rs7087341 influences tobacco carcino-
gen metabolism [37]; epigenetic regulation, where SOD2
rs5746136 affects BC risk through m6A modification
[38]; and SNP-SNP interactions showing significant dif-
ferences across ethnic groups [39]. Kourie et al's review
[40] identified 343 SNPs in 197 genes associated with
BC, including several cell cycle-related genes. Although
CDK family members, such as CDKI1, CDK2, CDK4, and
CDKB®6, have been studied, CDK8, an important member

of this family in BC genetic susceptibility, has not been
sufficiently explored. Multiple studies have revealed that
CDKS is associated with various cancers, with divergent
roles across tumor types [18—-23]. Among various cancer
types, BC demonstrates a considerable CDK8 amplifica-
tion frequency of 4.11% in clinical specimens [27]. How-
ever, the relationship between CDK8 polymorphisms and
BC susceptibility has not yet been reported. We collected
peripheral blood samples from 271 patients with BC and
381 healthy controls. The genotypes of the two tag SNPs
in CDK8 were determined using PCR-RFLP. Based on
linkage disequilibrium (LD) analysis of the HapMap CHB
population, four major tag SNPs exist within the CDK8
gene region: rs17083838, rs543474, rs17538850, and
1$7992670. We prioritized the two tagged SNPs located
at opposite ends of the gene region because the LD anal-
ysis indicated that these SNPs represented different LD
blocks with minimal correlations. This selection strat-
egy aimed to capture more diverse genetic information
through the most distantly located tag SNPs rather than
closely linked variants.

Our study identified a significant association
between CDK8 polymorphisms and the risk of BC. For
rs17083838, we found that the AG/AA genotype was
associated with decreased BC risk (OR=0.50), contra-
dicting the findings of Min et al. [26]. Their research on
Southwest Chinese Han women with cervical cancer
reported that the A allele of rs17083838 was significantly
more frequent in patients with cervical cancer compared
to that in controls (25% vs. 12%, P<0.0001). This sug-
gests that rs17083838 may play a tissue-specific role in
different cancer types. Regarding rs7992670, our results
showed that females and smokers carrying the AG/AA
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genotype had a 2.07-fold and 2.13-fold increased risk
of BC, respectively (P=0.034 and P=0.0098). Interest-
ingly, Min et al’s study [26] revealed similar trends, find-
ing that the A allele of rs7992670 was more prevalent in
the cervical cancer group compared to that in controls
(52% vs. 45%, P=0.026). This consistency across dif-
ferent cancer types suggests that rs7992670 may play a
conserved role in cancer susceptibility, particularly in
specific subgroups. The contrasting effects of rs17083838
and similar trends for rs7992670 across these two studies
highlight the complex nature of CDK8 polymorphisms in
cancer development. These findings suggest that CDK8
genetic variations may contribute to cancer risk through
diverse mechanisms influenced by tissue type and patient
characteristics.

The JAK/STAT pathway is implicated in cell prolifera-
tion, cell cycle progression, and apoptosis in BC [41]. As
a critical regulator of this pathway, CDK8 specifically
phosphorylates STAT1 at S727, which selectively modu-
lates over 40% of the interferon-responsive genes. This
phosphorylation event can positively or negatively regu-
late downstream gene expression, potentially influenc-
ing BC cell proliferation, survival, and immune evasion
by altering cytokine responses and inflammatory signal-
ing [42]. Building on this understanding, Steinparzer et
al. further elucidated the specificity of this mechanism,
demonstrating that CDKS8, but not its paralog CDK19,
phosphorylates the STAT1 transcription factor during
IFN-y stimulation. Importantly, CDKS inhibition directly
blocked the activation of JAK-STAT pathway transcrip-
tion factors. This molecular mechanism exists in BC,
where CDK8 regulates the pathway that influences inter-
feron signaling and tumor immune surveillance, thereby
contributing to disease progression [43]. However, a
direct association between CDK8 and BC has not been
fully elucidated. In this study, we focused on tag SNPs
that can be regarded as haplotype representatives of spe-
cific regions. Our findings revealed that rs17083838 in
CDK8 was associated with a decreased risk of BC, con-
sistent with previous observations that modulation of the
JAK/STAT pathway activity affects BC cell proliferation
[41].

Furthermore, according to data from The Cancer
Genome Atlas, molecular alterations in the RTK/RAS/
PI3K/AKT/mTOR pathway are common in BC. Multiple
independent studies have demonstrated the frequent
overactivation of the PI3K signaling pathway in muscle-
invasive or metastatic BC. The high frequency of PI3K
signaling deregulation in BC, combined with the avail-
ability of small-molecule inhibitors, makes it a promis-
ing therapeutic target. Notably, activation of the PI3K/
AKT/mTOR pathway in BC is associated with PIK3CA
mutations (21-25%) and loss of PTEN expression (39—
94%) [44]. Although direct evidence in BC is limited,
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compelling studies in breast cancer have demonstrated
significant functional interactions between CDK8/19 and
the PI3K/AKT/mTOR pathway. In HER2-positive breast
cancer, the synergistic effects of CDK8/19 inhibitors
and HER2-targeting drugs are partly mediated through
the PI3K/AKT/mTOR pathway [45]. Given the critical
role of the PI3K/AKT/mTOR pathway in BC progres-
sion and the established regulatory functions of CDK8
in transcriptional reprogramming, investigating the rela-
tionship between CDKS8 expression and the activation
of the PI3K/AKT/mTOR pathway in BC is an important
research direction. Studies have demonstrated that the
mTOR signaling pathway is significantly dysregulated
in CDK8-deficient cells [19], a correlation that is par-
ticularly important in BC, as the mTOR pathway regu-
lates critical processes such as cell growth, survival, and
metastasis. As a transcriptional regulator, CDK8 likely
influences BC progression by modulating the expres-
sion of mTOR pathway components. CDK8 regulates
the activity of STAT transcription factors, particularly by
enhancing transcriptional activity through STAT1S727
phosphorylation [19], while the STAT signaling pathway
plays a crucial role in BC cell proliferation and invasion.
Large cohort studies have revealed a significant positive
correlation between CDK8 and mTOR pathway mem-
bers in patients with acute myeloid leukemia and acute
lymphoblastic leukemia, with CDK8-deficient cells show-
ing deregulation of the mTOR signaling pathway and
increased sensitivity to mTOR inhibitors [19], suggest-
ing that similar regulatory relationships may exist in BC.
Moreover, considering CDK8 has been shown to exert
kinase-independent functions in leukemia [19], future
studies should explore whether similar mechanisms exist
in BC. This could provide new insights into developing
CDKS8-targeted therapeutic strategies for BC. These find-
ings suggest that CDK8 genetic variations and expression
levels may influence BC susceptibility, progression, and
treatment response by regulating multiple critical sig-
naling pathways, particularly the PI3K/AKT/mTOR and
JAK/STAT pathways. The potential synergistic effects of
CDKS8/19 and PI3BK/AKT/mTOR pathway inhibitors, as
demonstrated in breast cancer models, warrant investiga-
tion as a promising therapeutic strategy for BC.
Although the initial analysis revealed no significant
differences between the two tag SNPs and patient out-
comes in the entire cohort, subsequent stratified analyses
revealed several important associations. For rs17083838,
the AG genotype was associated with a higher recurrence
risk in stage IV patients (P=0.007) while showing a sig-
nificant prognostic value in NMIBC females (P=0.011)
and non-smokers (P=0.044). In patients with recurrent
MIBC, GG/AA genotypes demonstrated higher survival
(approximately 70% at 60 months) than AG (approxi-
mately 30%, P=0.023). For rs7992670, stage III patients
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with the GG genotype showed better survival (= approxi-
mately 80% at 5 years) than those with AA genotype
(approximately 35%, P=0.040). In patients with NMIBC,
AA/GG genotypes were associated with better survival
in low-grade tumors (P=0.036), and the GG genotype
was associated with better prognosis in older patients
aged>63 years (P=0.049). In contrast, opposite recur-
rence trends were observed between smokers and non-
smokers. These findings highlight the importance of
personalized risk assessments based on genetic varia-
tions in specific patient populations. In multivariate Cox
regression analysis, metastasis status remained an inde-
pendent factor influencing both OS (HR =35.728, 95% CI:
14.5-88.1, P<0.001) and RES (HR=3.5, 95% CI: 2.0-6.3,
P<0.001). Together, these results underscore the critical
role of metastasis in determining patient outcomes and
suggest that genetic variations may serve as additional
prognostic markers in specific patient subgroups.
Smoking is one of the main risk factors for BC devel-
opment [3, 10, 11, 46], accounting for slightly less than
50% of cases [47]. An analysis of 10 population-based
Japanese cohorts revealed a strong association between
smoking and BC risk, with a risk reduction observed after
long-term smoking cessation [48]. In our study, patients
who smoked developed BC at a younger average age. The
percentage of patients with MIBC, high tumor grade,
recurrence, metastasis, and late clinical stage was higher
among smokers than that in non-smokers (Supplemen-
tary Table 6). However, no significant association was
observed between smoking status and BC progression.
China consumes more cigarettes than any other country
globally [49]. The prevalence of smoking is 30%, with 57%
of men and 3% of women representing approximately
one-third of the world’s smoking population [50]. How-
ever, the incidence rate of BC in China (7.3 per 100,000
in men) is below the global average (9.6 per 100,000 in
men) [51] which suggests that genetic background also
contributes to BC development. Our study found signifi-
cant associations between rs7992670 and sex as well as
smoking status subgroups. Notably, we observed a com-
plex gene-environment interaction pattern, and in the
overall population, the AG/AA genotypes were associ-
ated with a higher BC risk in females and smokers; how-
ever, carriers of the A allele demonstrated significantly
reduced disease risk among female smokers. The A allele-
carrying subgroup of rs7992670 had a higher frequency
of patients who were smokers (70.2% vs. 60%, P=0.0098,
OR=213, 95% CIL 1.19-3.70), suggesting a greater
impact of smoking on these individuals. Additionally,
our study revealed the AG/AA genotype of rs7992670
had a significantly higher percentage in female patients
than that in male patients (70.9% vs. 63.9%, P=0.034,
OR=2.07, 95% CI: 1.04—4.66). This is particularly note-
worthy, as BC is generally more common in men than
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that in women, with global incidence and mortality rates
in men being approximately four times those in women
[46, 51, 52]. Sex hormones may play a crucial role in this
process, with estrogen levels in females potentially inter-
acting with the function of rs7992670, thereby altering its
impact on the risk of BC. Previous studies have shown
that estrogen receptors can regulate the expression of
various cancer-related genes [53-55], and the region
containing rs7992670 may include estrogen response
elements or influence related signaling pathways. Addi-
tionally, smoking-related carcinogens may have different
metabolic pathways across the sexes, which could explain
the sex-specific effects we observed. Aromatic amines
produced by smoking require activation through specific
enzyme systems to exert their carcinogenic effects [56,
57], and the activity of these enzyme systems may be co-
regulated by genetic variations and sex hormone levels.
Notably, our study included a limited sample of female
patients with BC (only 55), with only four female smok-
ers, which may have affected the stability of our results.
Therefore, these findings should be validated in larger
cohorts. Future studies should expand the sample size,
particularly the proportion of female smokers, and com-
bine functional studies to reveal the molecular mecha-
nisms underlying rs7992670’s role in BC development
and its interaction with sex and smoking factors. Further-
more, our findings emphasize the importance of strati-
fied analysis in genetic association studies, especially
when exploring the risk factors for complex diseases such
as BC. The consideration of sex and environmental fac-
tors (such as smoking) may reveal important associations
that are masked in the overall population analyses. This
has potential clinical significance for developing person-
alized prevention and treatment strategies, particularly
for patients of different sexes and lifestyles.

Several prognostic scoring models and risk stratifi-
cation systems exist for NMIBC [31, 58—61]. In these
models, clinicopathological features serve as primary
assessment indicators, whereas demographic character-
istics are less frequently employed. Currently, only the
CUETO scoring model incorporates age and sex as prog-
nostic factors, identifying poorer prognoses in female
patients with T1 G3 tumors [58]. Based on the SEER-
Medicare cohort findings, older age was significantly
associated with poorer oncological outcomes among
patients with NMIBC [62]. Russell et al. [63] found that
younger patients with BC (<50 years) demonstrated sig-
nificantly better survival outcomes than older patients
(50-70 years), particularly in NMIBC (HR=0.43, 95%
CI: 0.28-0.64), highlighting the importance of age strati-
fication in prognostic assessment of BC. Radkiewicz et
al. [64] demonstrated that female patients with BC, par-
ticularly those with muscle-invasive tumors, have a sig-
nificantly worse prognosis than males (adjusted HR 1.24,
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95% CI: 1.14-1.34), with survival disadvantages mainly
occurring within 2 years after diagnosis, emphasizing the
necessity of sex-stratified analysis in BC management.
Although smoking is the most significant risk factor for
BC, it has not been included as an assessment parame-
ter in the existing prognostic scoring models. The COB-
LAnCE study emphasized the importance of establishing
a large-scale prospective cohort to investigate gene-envi-
ronment interactions in BC [65].

Our study attempted to reveal significant interactions
between CDKS8 genetic polymorphisms and these tra-
ditionally considered limited-value predictive factors,
providing new insights into improving existing prog-
nostic assessment systems. This analysis revealed sig-
nificant associations between CDK8 polymorphisms and
clinical factors. The rs17083838 polymorphism showed
prognostic significance in female patients with NMIBC
under multiple genetic models (codominant P=0.011,
dominant P=0.025, and over-dominant P=0.003), with
the GG genotype showing the best survival outcome.
These findings not only support the molecular rationale
for including sex as a prognostic factor in the CUETO
model but also provide potential molecular mechanisms
explaining the poorer prognosis in female patients. The
age-related analysis demonstrated rs7992670’s prognos-
tic value in older patients with NMIBC aged >63 years
(P=0.049), with carriers of the GG genotype showing
better survival rates. These results suggest that age may
influence disease prognosis by regulating gene expres-
sion, providing new theoretical support for incorporat-
ing age into prognostic assessments. Regarding smoking
status, rs17083838 was significantly associated with
non-smoking (P=0.044), whereas rs7992670 displayed
opposite recurrence trends between smokers and non-
smokers (P=0.046). These interactions revealed, at the
molecular level, how smoking modulates disease pro-
gression through gene expression.

These findings have significant clinical implications,
supporting the integration of genetic polymorphism
testing with traditional clinical factors to construct a
comprehensive prognostic assessment system. This inte-
gration may not only improve predictive accuracy, par-
ticularly for specific populations (such as females, older
individuals, and smokers), but also provide new evidence
for developing individualized treatment strategies. From
a clinical perspective, these SNPs may serve as valuable
biomarkers for BC risk assessment and treatment plan-
ning. For instance, rs17083838 genotyping may help
identify individuals with lower BC susceptibility who
may benefit from modified screening protocols, whereas
1s7992670 could be particularly useful for risk stratifica-
tion in female patients and smokers. Furthermore, the
stage-specific prognostic associations we observed sug-
gest their potential utility in tailoring follow-up strategies
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and treatment intensity based on patients’ genetic pro-
files. Our research indicates that certain traditionally
considered limited-value predictive factors may gain
new clinical significance when combined with molecu-
lar markers, thereby offering important implications for
improving NMIBC prognostic assessment systems.

Conclusion

This study provides novel insights into the role of CDK8
polymorphisms in BC. Our findings demonstrate that
the AG genotype of rs17083838 confers a protective
effect against BC susceptibility. In contrast, the AG/AA
genotypes of rs7992670 are significantly associated with
increased BC risk in specific populations, particularly
in females and smokers. Stratified analyses revealed dis-
tinct prognostic implications of these polymorphisms
across different patient subgroups, with rs17083838
showing significant prognostic value in stage IV patients,
female patients with NMIBC, and non-smokers, whereas
1s7992670 demonstrated prognostic relevance in stage
III patients and older patients with NMIBC. When inte-
grated with traditional clinical factors, these genetic
variations may enhance risk stratification and prognos-
tic assessment of patients with BC. Future investigations
should explore the integration of these genetic markers
into clinical prediction models and examine whether tar-
geted interventions based on CDKS8 pathway alterations
can improve patient outcomes. However, our study has
several limitations. First, analyzing only two tag SNPs
does not comprehensively cover all genetic variations
within the CDK8 gene region. Second, the study popula-
tion was geographically restricted to southwestern China.
We prioritized these representative SNPs for the initial
investigation due to resource constraints. Future research
should include additional tag SNPs identified through LD
plot, recruit larger and more diverse cohorts, and exam-
ine CDK8 expression differences between tumors and
normal adjacent tissues. Despite these limitations, our
findings provide valuable molecular evidence supporting
the integration of genetic markers into personalized BC
management and prognostic models.
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