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Core Circadian Clock Proteins (CLOCK and BMAL1) in Non-
Muscle-Invasive Urothelial Carcinoma: Links to Histopathology
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ABSTRACT

Introduction: This study aims to evaluate the immunohistochemical expression of core circadian clock proteins, circadian locomotor
output cycles kaput (CLOCK) and brain and muscle ARNT-like protein 1 (BMAL1), in patients with non-muscle-invasive urothelial
carcinoma (NMIBC) and to determine their potential role in predicting disease progression.

Methods: A total of 34 patients diagnosed with NMIBC who subsequently developed either progressive (n=20) or non-progressive
(n=14) recurrence were included. Sixty-eight specimens from initial and recurrent biopsies, with a minimum 3-month interval, were
analyzed. The expression of CLOCK and BMAL1 was quantified by independently assessing staining intensity and the percentage of
positive cells, both of which were then used to calculate the H-score for each antibody. Statistical analyses were performed using SPSS
25.0, with significance set at p<0.05.

Results: The mean age of 34 patients was 64.4+10.8 years. Significant stage migration was observed between initial and subsequent
biopsies (p=0.01), with 9% of cases progressing to muscle-invasive disease. Progressive recurrence was significantly associated with
initial pathological stage and grade (p=0.02), particularly in non-invasive papillary urothelial carcinoma (pTa) high-grade tumors
(p=0.01). Peritumoral inflammatory infiltration was identified in 37% of cases and was significantly more frequent in high-grade
stages (p=0.02) and invasive stages (p<0.01). Strong CLOCK expression was found in 99% of cases, while BMALT expression was
significantly milder in pTa tumors (p=0.04). However, changes in CLOCK or BMAL1 H-scores (AH-score) and shift work history were not
significantly associated with time to disease progression (p>0.05).

Conclusion: Our findings suggest that CLOCK protein activation occurs early and remains stable during the pathogenesis of urothelial
carcinoma, while BMAL1 expression correlates with the pT stage. However, within this cohort, these circadian regulators did not serve
as independent prognostic markers for disease progression. Further studies with larger sample sizes are needed to elucidate the
complex role of the circadian system in tumor evolution.
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Introduction

Bladder cancer is one of the most common malignancies of the
urinary tract, with urothelial carcinoma representing the vast majority
of cases (1). At the time of initial diagnosis, approximately 75% of
patients present with non-muscle-invasive urothelial carcinoma
(NMIBC). Despite various treatment modalities, NMIBC is characterized
by a high rate of recurrence and a significant risk of progression to
muscle-invasive disease, which necessitates lifelong surveillance and
impacts patient quality of life (2). Identifying reliable biomarkers that
can predict the risk of progression is therefore crucial for optimizing
management strategies (3).
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In recent years, the role of the circadian rhythm—the internal
biological clock that regulates physiological processes over a 24-
hour cycle—has gained prominence in cancer research (4-7). At the
molecular level, this system is governed by a set of core clock genes,
including circadian locomotor output cycles kaput (CLOCK) and brain
and muscle ARNT-like 1 (BMALT1). These genes form a transcriptional-
translational feedback loop that regulates cell cycle progression, DNA
repair, and apoptosis. Disruptions in this system, often caused by
lifestyle factors such as shift work, have been classified as potential
carcinogens and are increasingly linked to the development and
aggressiveness of various cancers (8).
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In the context of bladder cancer, the expression patterns of CLOCK and
BMAL1 and their association with tumor behavior remain an area of
active investigation (9). On the other hand, the molecular influence
of circadian regulators on disease progression remains incompletely
understood.

This study aims to evaluate the immunohistochemical expression
of CLOCK and BMALT in patients who were diagnosed with NMIBC at
their first biopsy and who subsequently developed either progressive
or non-progressive recurrence. By comparing the H-scores of these
markers in sequential biopsies and analyzing the relationship of these
scores with clinical parameters—such as shift-work history and time to
progression—we seek to determine whether circadian clock proteins
have potential as prognostic indicators in the clinical course of urothelial
carcinoma.

Methods

Case Selection and Preparation

This study was approved by the Scientific Research Ethics Committee
No. 2 of Basaksehir Cam and Sakura City Hospital (decision no: 84,
date: February 4, 2026). Due to the retrospective design of the study
and the use of anonymized data, informed consent was not required
in accordance with the Ethics Committee’s decision and institutional
regulations.

The study included 34 patients over the age of 18 who were diagnosed
with NMIBC at their initial biopsy. These patients presented with either
progressive or non-progressive recurrences between June 1, 2020, and
January 1, 2026, at the Clinic of Pathology of University of Health Sciences
Turkiye, Basaksehir Cam and Sakura City Hospital. The progression
was defined solely by an increase in stage [e.g., non-invasive papillary
urothelial carcinoma (pTa) to pT1/pT2]. Cases were included regardless
of sex. A minimum interval of three months between the two biopsies
was required, while transurethral resection (TUR) procedures performed
solely for residual tumor sampling were excluded. Consequently, 68
bladder TUR and radical cystectomy specimens with sufficient tumor
tissue were identified for analysis.

Clinical and Histopathological Parameters

Clinical data and archival records were retrospectively analyzed for the
following parameters: age, sex, shift work history (<1 year), and survival
status. Specimen-related data included the type (TUR or cystectomy)
and tumor dimensions (mm), with the latter derived from cystoscopic
or macroscopic measurements. Recurrence status (non-progressive vs.
progressive) was determined by comparing the first and second biopsies.
Other recorded variables included the inter-biopsy interval (months), pT
stage, histological grade (low/high), presence of carcinoma in situ (CIS),
and peritumoral inflammatory infiltration (PTI), categorized according
to the presence of lymphocytes and plasma cells.

Immunohistochemical Staining and Evaluation

The paraffin block most representative of the tumor was selected.
Sections of 2 um thickness were prepared from these blocks and placed
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on positively charged slides. Staining was performed with CLOCK (JA12-
33) rabbit monoclonal antibody (1/50 dilution) and BMAL1 rabbit
polyclonal antibody (1/50 dilution) on the Ventana Medical System
BenchMark ULTRA/ISH automated stainer, using the Ultraview Universal
DAB Detection Kit. For each case, two CLOCK slides and two BMALT1 slides
were obtained from both the first and second biopsies. Neural tissue
served as a positive control for BMAL1, and colon adenocarcinoma
served as a positive control for CLOCK.

Immunohistochemical evaluation of tumor cells was based on
cytoplasmic and/or membranous staining for the CLOCK antibody
and nuclear staining for the BMAL1 antibody. For both antibodies,
the extent of staining in tumor cells was determined as a percentage.
Staining intensity was scored as 0 (no staining), 1 (mild), 2 (moderate),
and 3 (strong). The H-score was calculated using the formula (1 x 1%+)
+ (2 X 2%+) + (3 X 3%+), taking into account the percentage of cells
corresponding to each intensity level (10). The resulting scores ranged
from 0 to 300. Immunohistochemical scoring was performed by two
pathologists, and interobserver agreement was assessed.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics (version 25.0).
Categorical variables were expressed as frequencies and percentages,
while continuous variables were presented as mean and standard
deviation or median (minimum—maximum), as appropriate. The chi-
square and Fisher’s exact tests were employed to compare categorical
data. Normality of the data was assessed using the Shapiro—Wilk test.
Accordingly, the Mann—-Whitney U test was used to compare non-
normally distributed continuous variables. For paired categorical data,
the McNemar—Bowker test of marginal homogeneity was performed.
Correlation coefficients were evaluated using Spearman’s rho. A p value
<0.05 was considered statistically significant.

Results

Demographic and Clinical Findings

The mean age of the 34 patients was 64.4+10.8 years (range: 41-86), and
85% (n=29) were male. Seven patients (20%) had a history of shift work.
Additionally, there were two deaths (6%) in the series, and the causes of
death were unrelated to the primary malignancy. Of the 68 specimens
collected from the initial and subsequent biopsies, 64 were obtained
via TUR, and 4 were cystectomy specimens (all from the second biopsy).
The mean tumor diameter was 30.4+13.4 mm. In terms of progression,
59% (n=20) of cases were classified as non-progressive and 41% (n=14)
as progressive. The median interval between biopsies was 4 months
(range: 3-20 months) for non-progressive cases and 3 months (range:
3-29 months) for progressive cases.

Histopathological Findings

Analysis of the 68 specimens revealed that 70% (n=48) were pTa,
26% (n=17) were invasive urothelial carcinoma involving the lamina
propria (pT1), and 4% (n=3) were invasive urothelial carcinoma with
muscularis propria involvement (pT2, all from cystectomy specimens).
Significant stage migration was observed between the initial and



subsequent diagnoses (p=0.01). Specifically, while only 12% (n=4) of
cases were classified as pT1 at the initial diagnosis, this proportion
increased to 39% (n=13) at the second diagnosis. Additionally, 9%
(n=3) of cases progressed to muscle-invasive bladder cancer (pT2)
during follow-up.

Among the 48 pTa cases, 61% (n=29) were high-grade and 39%
(n=19) were low-grade. A statistically significant association was
observed between pathological stage/grade and disease progression
(p=0.02). Specifically, progressive recurrence was significantly more
prevalent in the pTa high-grade group than in the pTa low-grade
group (p=0.01). The detailed distribution of pathological stages and
grades at initial diagnosis and at recurrence is summarized in Table
1.

CIS was identified in 13 cases (19%). PTI was detected in 25 cases (37%).
On initial biopsy, PTI was significantly more frequent in high-grade
than in low-grade pTa cases (p=0.02) (Figure 1). Furthermore, when all
biopsies were evaluated, PTI was significantly lower in pTa cases than
in invasive stages (p<0.01). However, no significant associations were
found between disease progression and age, sex, shift work history,
survival status, or the presence of CIS or PTI (p>0.05).

Immunohistochemical Findings

CLOCK expression was similar between the first and second biopsies.
Strong expression was observed in the majority of cases (99%, n=66),
with mean H-scores of 281.4+37.5 in the first biopsy and 278.2+56.5
in the second.
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BMAL1: The mean H-score was 94.7£85.4 in the initial biopsy and
83.5+105.7 in the subsequent biopsy. Notably, pTa cases demonstrated
significantly higher rates of mild expression compared with other stages
(p=0.04).

Representative images illustrating strong CLOCK and mild BMAL1
expression in a non-invasive low-grade pTa are provided in Figure 2.

Progression and H-Score Correlation

Statistical analyses (Mann-Whitney U and univariate logistic regression)
showed no significant difference or association between the change in
H-score (AH-score) and disease progression. Furthermore, Cox regression
analysis indicated that CLOCK and BMAL1 AH-scores had no significant
effect on the time to progression.

Discussion

This study is a pioneering effort examining the expression levels of
CLOCK and BMAL1, core components of the circadian rhythm, and the
impact of changes in these levels (AH-score) on disease progression in
patients with NMIBC. The risk of progression remains one of the most
critical factors in the surveillance and treatment planning of bladder
cancer patients.

Limited epidemiological evidence exists; however, basic research
consistently links circadian disruption to bladder cancers (11). In this
context, circadian syndrome—exemplified by night-shift workers—has
been suggested as a potential risk factor influencing the recurrence and
prognosis of NMIBC (12). Despite existing literature associating circadian

Table 1. Distribution of pathological stage and grade in initial and second diagnoses, and their association with tumor progression status

Pathological stage and Initial diagnosis Subsequent

grade (n=34) diagnosis (n=34) Dol
pTa low-grade 10 (29%) 9 (26%)

pTa high-grade 20 (59%) 9 (26%) o
pT1 4 (12%) 13 (39%)

pT2 0 (0%) 3 (9%)

Non-progressive recurrence Progressive recurrence

(n=20) (n=14) pvalue
9 (45%) 1(7%)
8 (40%) 12 (86%)

0.01%*
3 (15%) 1(7%)
0 (0.0%) 0 (0%)

*McNemar-Bowker/Marginal homogeneity test, **Fisher’s exact test. pTa: Non-invasive papillary urothelial carcinoma

. h ¥ S o v, e . v
Figure 1. Lymphoplasmacytic inflammatory infiltration surrounding the peritumoral area within the papillary fibrovascular core in a non-invasive high-grade
papillary urothelial carcinoma (x10)
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Figure 2. (a) H&E staining of non-invasive low-grade papillary urothelial carcinoma (x20). Immunohistochemical analysis showing (b) strong expression of CLOCK

b 3 = oo

and (c) mild expression of BMAL1 in non-invasive low-grade papillary urothelial carcinoma (x20). H&E: Hematoxylin and eosin

rhythm disruption with increased cancer risk, our cohort did not
demonstrate a statistically significant relationship between a history of
night-shift work and disease progression. This discrepancy may suggest
that the impact of circadian disruption is more pronounced during the
tumor initiation phase than during the progression phase.

Non-muscle-invasive bladder carcinoma is characterized by a high
recurrence rate; approximately 15%—61% of patients experience
recurrence within one year, and 31%—78% within five years following TUR
of bladder tumor (13). Non-invasive high-grade urothelial carcinoma, in
particular, exhibits a high recurrence rate of up to 80% and can rapidly
advance despite its initially non-invasive nature (14). Conversely, non-
invasive low-grade pTa is associated with a similarly high recurrence
risk (30%-80%) but carries a significantly lower risk (<5%) of progression
to muscle-invasive disease (15). A key observation in our study was the
strong association between the initial pathological status and the risk of
progressive recurrence. This finding aligns with established literature,
which suggests that while pTa low-grade tumors frequently recur, their
risk of progression to muscle-invasive disease remains relatively low.
Conversely, pTa high-grade tumors represent a more heterogeneous
and unpredictable group, exhibiting a significantly higher propensity for
upstaging and aggressive clinical behavior.

PTI is a common immune response that frequently correlates with a
more favorable prognosis and increased recurrence-free survival in
high-grade urothelial carcinoma. While chronic inflammation may
drive tumor progression, localized immune cell infiltration often serves
as a host defense mechanism, potentially indicating better clinical
outcomes (16,17). In our study, the significant association between PTI
and high-grade tumors is consistent with existing literature. However,
the finding that high-grade tumors with PTI did not demonstrate a
significant difference in progression represents a departure from some
previous reports. These results should be further validated in larger
cohorts, as our current findings may be influenced by the limited
sample size.

The immunohistochemical findings regarding CLOCK and BMAL1 in our
study are particularly noteworthy. In contrast to the results of Litlekalsoy
et al. (9), who reported a decrease in CLOCK expression and an increase
in BMAL1 expression across 27 urothelial carcinoma cases—especially
in high-grade instances—our study demonstrated consistently strong
CLOCK expression and mild BMAL1 expression. Specifically, strong CLOCK
expression was detected in 99% of cases in both the initial and recurrent
biopsies. Conversely, BMAL1 expression was more variable and generally
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lower in pTa cases. These observations suggest that CLOCK activation
in our patient group occurs early and remains a stable feature of the
tumor’s evolutionary process, regardless of histological grade or disease
progression.

BMAL1 expression is closely associated with disease progression and
prognosis in urothelial carcinoma. Generally, an increase in BMAL1
levels is linked to tumor aggressiveness and poor survival rates (18).
Our finding in pTa cases with significantly reduced BMAL1 expression
provides an important clue that circadian clock proteins may be
associated with the invasive potential and stage of the tumor.

However, the lack of a significant difference in the change in CLOCK and
BMAL1 H-scores between the progressive and non-progressive groups
limits the utility of these markers standalone predictors of progression.
These results indicate that although circadian proteins are present in
urothelial carcinoma, progression is likely driven primarily by classical
histopathological features and other molecular pathways that remain to
be fully elucidated.

Study Limitations

Several limitations of this study should be noted, primarily the relatively
small sample size, which limits statistical power and the generalizability
of the results. The single-center retrospective design, combined with a
short median interval between biopsies, may not fully reflect long-term
molecular evolution or progression patterns of urothelial carcinoma.
Additionally, the limited data on lifestyle factors and the semi-
quantitative nature of the immunohistochemical H-score evaluation
may have constrained the identification of significant associations
between circadian regulators and disease progression.

Conclusion

This study explores the role of circadian rhythm components, CLOCK
and BMALT1, in the progression of non-muscle-invasive bladder cancer.
Our findings suggest that although these markers are widely expressed,
changes in their expression over time do not independently predict
disease progression. The consistently strong CLOCK expression observed
across biopsies indicates that it may be an early and stable feature of
bladder carcinogenesis, whereas the association of BMALT with pTa
cases links circadian proteins to the tumor’s invasive potential. Although
PTI serves as a host defense mechanism in high-grade tumors, the initial
pathological grade remains the most robust predictor of progressive
recurrence. While circadian disruption may influence tumor initiation



rather than progression, these findings warrant further validation in
larger cohorts to address the limitations of the current sample size.
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