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Objective: The primary objective of this study was to examine the levels of serum
EZH2 in patients diagnosed with bladder cancer, and subsequently evaluate its
potential as a biomarker for both the diagnosis and prognosis of bladder cancer.

Methods: Blood samples were obtained from 115 bladder cancer patients and
115 healthy persons. We measured the EZH2 concentrations in the serum of
these subjects via enzyme-linked immunosorbent assay (ELISA). To assess the
diagnostic performance of serum EZH2 in detecting bladder cancer, we plotted
receiver operating characteristic (ROC) curves and calculated their
corresponding area under the curve (AUC). We also used the Cox regression
model and log-rank test to investigate the correlation between EZH2 levels and
clinicopathological characteristics, and survival rates of bladder cancer patients.

Results: Serum EZH?2 levels were significantly higher in bladder cancer patients
when compared to those in healthy persons. Serum EZH2 levels exhibited a
significant correlation with TNM stage, lymph node metastasis, muscle invasion,
and tumor size. At a cutoff value of 8.23 ng/mL, EZH2 was able to differentiate
bladder cancer patients from healthy persons, with an AUC of 0.87, a sensitivity of
81.31%, and a specificity of 78.42%. High EZH2 levels correlated with poor overall
survival rates and progression-free survival rates of bladder cancer patients.

Conclusions: Serum EZH?2 levels were elevated in bladder cancer patients, and
patients with higher serum EZH2 levels exhibited a poorer prognosis. This
indicates that serum EZH2 could be a novel biomarker for bladder cancer
diagnosis and prognosis. Such findings could improve the prognosis of bladder
cancer patients by facilitating early detection and continuous monitoring.
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Introduction

Bladder cancer is a frequently diagnosed malignancy, ranking
fourth in global cancer diagnoses and eighth among causes of
cancer-related deaths in men (1, 2). This disease is primarily
divided into two categories: non-muscle invasive bladder cancer
(NMIBC) and muscle-invasive bladder cancer (MIBC) (3, 4).
Transurethral resection of the bladder tumor (TURBT) is the
primary treatment for NMIBC, while MIBC is typically treated
with a combination of radical cystectomy and cisplatin-based
chemotherapy (3, 5). However, the long-term effectiveness of
these treatments is significantly compromised due to tumor
recurrence and resistance to chemotherapy (6, 7). Previous
studies have shown that early diagnosis and continuous
monitoring can improve the survival rates of bladder cancer
patients (8, 9).

The early detection and continuous monitoring of bladder
cancer have consistently presented challenges in the field of
urology, largely due to the lack of highly sensitive and specific
methods (10, 11). Although cystoscopy is widely utilized as the gold
standard for identifying bladder cancer, it is not a viable screening
method owing to its invasive nature and high cost (12). At present,
urine exfoliative cytology serves as the standard screening technique
for bladder cancer. It effectively detects high-grade bladder cancer
but is less successful in identifying low-grade and early-stage cases
(13). Furthermore, the accuracy of cytology is heavily dependent on
the pathologist’s expertise, rendering it an inefficient screening test
(13). While the US Food and Drug Administration has approved
several urinary biomarkers, their usefulness has been limited due to
low specificity and high data heterogeneity (14-16). Therefore,
there is a pressing need to identify highly sensitive, specific, and
noninvasive biomarkers for early diagnosis and continuous
monitoring of bladder cancer.

EZH2 is a crucial component of the Polycomb Repressive
Complex 2 (PRC2) and acts as a critical regulator in various
cellular functions, including differentiation, proliferation, and
stem cell renewal (17, 18). Its fundamental role in cellular biology
highlights its importance in maintaining normal cellular processes.
However, the dysregulation of EZH2 can lead to significant
pathological consequences. Increasing evidence links the impaired
EZH2 function to the onset and progression of various cancers,
such as prostate, bladder, colorectal, and breast cancers (19-21).
This connection is particularly noteworthy because it implies a
critical role of EZH2 in cancer biology, influencing tumor initiation
and progression. Previous studies indicate that EZH2 is
overexpressed in bladder cancer tissues, playing an important role
in tumor metastasis and recurrence. Additionally, studies have
shown that inhibiting EZH2 activity can significantly suppress the
proliferation and metastasis of bladder cancer cells (20, 22, 23).
Therefore, EZH2 holds the potential as a diagnostic and prognostic
biomarker for bladder cancer, offering new insights into the
disease’s initiation, progression, and response to treatment.

In the present study, we examined the expression patterns of
EZH2 in both bladder cancer tissues and serum samples of patients.
We further assessed its diagnostic performance and prognostic
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implications for bladder cancer patients. The findings of our
study may improve the prognosis of bladder cancer patients
through early diagnosis and continuous monitoring.

Patients and methods
Study population

This research got its approval from the Ethics Committee of
The First Affiliated Hospital of Chengdu Medical College (No.
21824535), and in strict compliance with the ethical guidelines of
the Declaration of Helsinki. All participants provided their written
informed consent. From October 2017 to May 2019, the study
recruited patients who had newly been diagnosed with bladder
cancer. Inclusion criteria were (1): over 18 years old (2); having a
bladder cancer diagnosis confirmed by histopathological
examinations (3); not having received any anti-cancer treatments
such as chemotherapy or radiotherapy (4); having no other
malignancies, and (4) possessing complete patient information.
Patients with conditions like diabetes, autoimmune diseases,
organ failures, or hematological diseases were excluded from the
study. Ultimately, a total of 115 bladder cancer patients were
included in the study.

Diagnoses of bladder cancer were made based on histological
findings, and tumor stages were determined using the World Health
Organization’s (WHO) tumor-node-metastasis (TNM) staging
system (24). The study hospital has a physical examination center
that offers physical examination services to individuals. These
services include the collection of medical history, ultrasound
examinations for the urinary system and liver, tumor marker
tests, liver and renal function tests, CT scans, urine analysis, urine
exfoliative cytology, and so on. We conducted a review of the
physical examination reports and selected 115 healthy individuals
as control subjects for the study. These control individuals displayed
normal results on physical examination reports and had no history
of malignancy, bladder disease, or other urological conditions.
Demographics between bladder cancer patients and healthy
control subjects were present in Supplementary Table 1.

The definition of disease progression adheres to the guidelines
established by the International Bladder Cancer Group. For non-
muscle invasive bladder cancer, progression is defined as an
increase in T stage from CIS or Ta to T1; development of >T2 or
lymph node (N+) disease or distant metastasis (M1); or an increase
in grade from low to high. In the case of muscle-invasive bladder
cancer, progression after treatment is defined by a tumor relapse
with pathological evidence in the bladder with tumor stage >pT2 or
distant relapse as N1-3 or M1 (25, 26).

Data collection and follow—-up
Clinicopathologic data and demographic data were retrieved

from the electronic medical record system of the study hospital.
After a 12-hour fasting period, blood samples were collected from
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all participants. These samples were then centrifuged at 2000 g for 5
minutes at room temperature to isolate the serum. The resulting
serum samples were transferred into Eppendorf tubes and
preserved at -80°C refrigerator for future analysis. After collecting
all the serum samples, they were analyzed in the same batch. EZH2
concentrations in serum samples were determined with a
commercially available ELISA kit according to the protocol of
the manufacturer.

The overall survival (OS) refers to the survival duration from
the initial diagnosis to either the date of death from any cause or the
date of the last follow-up. The progression-free survival (PFS) was
defined as the period during which patients with bladder cancer live
without disease progression or death after treatment. The follow-up
protocol was structured with bi-monthly visits for the first two
years, followed by quarterly visits for the next two years, and then
semi-annual visits thereafter. The follow-up period ended in
July 2023.

Immunohistochemistry

Tissue specimens were immersed in a 4% paraformaldehyde
solution and kept at room temperature for a duration of two days.
Then they were embedded in paraffin and sliced into sections with a
4 um thickness. These sections underwent dewaxing and
dehydration, followed by antigen retrieval immersing in a citric
acid solution. The sections were blocked by 10% goat serum to
inactivate endogenous peroxidases and eliminate the impact of non-
specific staining.

They were then incubated with primary antibody of anti-EZH2
which was obtained from Abcam. We didn’t stain the primary
antibody when we set negative control. After washed three times
with PBS, the sections were incubated with an HRP-labeled goat
anti-mouse secondary antibody. After another three times PBS
washing, the sections were stained with diaminobenzidine to
display the expression intensity. The EZH2 expression intensity
were analyzed by pathologists under a Zeiss LSM500 microscope
(Zeiss International, Oberkochen, Germany).

Statistical analysis

Statistical analyses were carried out by using the SPSS software
(Version 31.0, Chicago, IL, USA). For continuous data, the
independent-sample t-test was applied, while the chi-square test
or Fisher’s exact test was used for categorical data. The receiver
operating characteristic (ROC) curve was employed to assess the
diagnostic performance of serum EZH2 levels for identifying
bladder cancer. We used the Kaplan-Meier method to plot the
survival curves, and the log-rank test was used to analyze the
statistical significance between the two curves. Finally, to identify
prognostic factors associated with bladder cancer survival, we
performed both univariate and multivariate Cox proportional
hazards regression analyses. We checked the fitness of the Cox
regression model with Cumulative Sums of Martingale-Based
Residuals as described in the previous study (27).
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Results

EZH2 expression levels were elevated in
both bladder cancer tumor tissues and
serum samples of bladder cancer patients

EZH2 expression levels were significantly higher in bladder
cancer tumor tissues when compared to those in adjacent normal
bladder tissues (Figure 1). Moreover, EZH2 levels in the serum of
bladder cancer patients were significantly higher than those in
healthy control individuals, and the median serum EZH2 levels
were 36.23 ng/ml and 8.12 ng/ml, respectively (Figure 2). In order to
confirm that serum EZH?2 originated from the bladder cancer
tumor tissues, we compared serum EZH2 levels before and after
the surgical resection of bladder cancer tumors. Blood samples were
collected from bladder cancer patients one week following their
surgeries. It showed that EZH2 levels were significantly decreased
after surgery, although they remained significantly higher than
levels observed in healthy control individuals (Figure 2).

Correlations between EZH?2 levels and
clinicopathological characteristics of
bladder cancer patients

To determine the association between serum EZH?2 levels and
clinicopathological characteristics of categorical variables, bladder
cancer patients were divided into two groups based on the median
EZH2 levels (Table 1). Serum EZH2 levels were considered as
continuous variables when compared with clinicopathological
characteristics of continuous variables (Table 2). The findings
revealed that EZH2 levels were significantly correlated with
clinicopathological characteristics including TNM stage, lymph
node metastasis, muscle invasion, and tumor size (Tables 1, 2).
However, there was no significant correlation between EZH?2 levels
and other clinicopathological characteristics such as gender, tumor
differentiation, age, height, weight, and BMI (Tables 1, 2).

Diagnostic performance of serum EZH2
levels for detecting bladder cancer

A total of 115 bladder cancer patients and 115 healthy control
individuals were included in ROC curve analyses to assess the
diagnostic performance of serum EZH2 levels for detecting bladder
cancer. The data showed that at an optimal cut-off value of 8.23 ng/
ml, EZH2 levels could effectively distinguish bladder cancer patients
from healthy individuals. The area under the ROC curve (AUC) was
0.87 (95% CI: 0.526-0.963, p < 0.0001), with a sensitivity of 81.31%
and a specificity of 78.42% (Figure 3).

Identification of risk factors for overall
survival rate and progression-free survival
rate of bladder cancer patients

We used both univariate and multivariate Cox proportional
hazards regression analyses to identify prognostic factors for
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FIGURE 1

EZH2 expression levels in bladder cancer tumor tissues and adjacent normal bladder tissues.

bladder cancer patients. The univariate analysis showed that factors
like tumor differentiation, lymph node metastasis, muscle invasion,
age, tumor size, and EZH2 levels were risk factors for overall
survival rates (Table 3). When adjusting for potential
confounding factors, including age, tumor differentiation, tumor
size, lymph node metastasis, and muscle invasion, the multivariate
analysis identified the muscle invasion (HR = 3.25, 95%Cl: 1.48-
5.42, p = 0.021), tumor size (HR = 2.24, 95%Cl: 1.52-3.42, p =
0.004), and EZH2 levels (HR = 3.07, 95%Cl: 2.11-5.09, p = 0.006) as
independent risk factors for overall survival rates (Table 3).

P < 0.0001
P = 0.002

50+

40-

30+ P =0.003

20+

10-

Serum EZH2 (ng/ml)

FIGURE 2

EZH2 expression levels in the serum of bladder cancer patients before
and after surgery, and healthy control individuals. An independent-
sample t test was used to analyze the statistical significance between
the two groups. A p < 0.05 was considered statistically significant.
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We further evaluated progression-free survival rates, and found
that factors like tumor differentiation, lymph node metastasis,
muscle invasion, tumor size, and EZH2 levels were risk factors for
progression-free survival rates (Table 4). Upon adjusting for
confounding factors, including, tumor differentiation, tumor size,
lymph node metastasis, and muscle invasion, only the tumor
differentiation (OR = 1.84, 95%Cl: 1.08-3.92, p = 0.013), muscle
invasion (OR = 2.51, 95%Cl: 1.18-4.62, p = 0.001), and EZH2 levels
(OR = 2.48, 95%Cl: 1.33-4.24, p = 0.008) emerged as independent
risk factors for progression-free survival rates (Table 4).

Survival differences between bladder
cancer patients with high serum EZH2
levels and low serum EZH2 levels

The above findings indicated that EZH2 was an independent
risk factor for both overall survival rate and progression-free
survival rate of bladder cancer patients. We further used Kaplan-
Meier analysis to assess the survival difference between bladder
cancer patients with high serum EZH2 levels and low serum EZH2
levels based on the median EZH2 levels. The data showed that the
high-EZH2 group had significantly lower overall survival rate
compared to the low-EZH2 group (HR: 2.37, 95% CI: 1.03-4.31,
p = 0.013) (Figure 4A). Additionally, we assessed progression-free
survival rate and found that the high-EZH2 group had lower
progression-free survival rate than the low-EZH2 group (HR:
3.42,95% CI: 1.31-5.61, p = 0.003) (Figure 4B).

Discussion

Bladder cancer is one of the most aggressive and deadly
malignancies (1, 2). The poor survival rates of bladder cancer
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TABLE 1 Correlations between EZH2 levels and clinicopathological characteristics of bladder cancer patients for categorical variables.

Total (115)

Characteristics

EZH2 levels

Low (62) High (53)

Gender 0.718
Male 65 36 29

Female 50 26 24

Tumor differentiation 0.670
Well and moderate 67 35 32

Poor 48 27 21

TNM stage 0.001
I+ 11 58 40 18

I+ IV 57 22 35

Lymph node metastasis < 0.0001
No 64 45 19

Yes 51 17 34

Muscle invasion 0.003
No 54 37 17

Yes 61 25 36

A chi-square test analyzed the statistical significance. A p <0.05 was considered statistically significant and marked in bold text.

patients may be due to the lack of early detection and continuous
monitoring (28, 29). Imaging examinations and cystoscopy are
commonly used methods for diagnosing bladder cancer and
detecting its recurrence. They are standard clinical procedures,
but they are not viable for large-scale screening due to their
invasive nature and high cost (12). Numerous studies and cancer
prevention guidelines recommend that early diagnosis and
continuous monitoring are essential for effectively reducing
bladder cancer related mortality (30-32). The serum levels of
tumor markers are closely correlated with the onset, progression,
and recurrence of tumors (30). Therefore, identifying new
biomarkers with high sensitivity and specificity for both early
detection and continuous monitoring of bladder cancer holds the
potential to significantly improve patient survival rates.

In this study, we found that EZH2 expression levels were
significantly elevated in bladder cancer tumor tissues and serum

TABLE 2 Correlations between EZH2 levels and clinicopathological
characteristics of bladder cancer patients for continuous variables.

Serum EZH2 levels (ng/ml)

Variables
r p-value
Age (year) -0.13 0.637
Height (cm) -0.27 0.361
Weight (kg) 0.25 0.194
BMI (kg/m?) 0.34 0.219
Tumor size (cm) 0.68 < 0.0001

Data are analyzed by Pearson correlation analysis. A p-value < 0.05 was considered
statistically significant and marked in bold text.
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samples of bladder cancer patients (Figure 2). Moreover, at an
optimal cut-off value of 8.23 ng/ml, EZH2 could effectively
distinguish bladder cancer patients from healthy individuals, with an
AUC of 0.87 (95% CI: 0.526-0.963, p < 0.0001), a sensitivity of 81.31%,
and a specificity of 78.42% (Figure 3). These findings suggested that
serum EZH2 levels had a good diagnostic performance for detecting
bladder cancer. Given the efficiency, convenience, and cost-effectiveness
of serum tumor markers in cancer screening, serum EZH2 holds the
potential as a biomarker for bladder cancer screening (33). It could be
helpful in facilitating the early detection of bladder cancer.

We also found that following the surgical removal of bladder
tumors, the serum levels of EZH2 showed a significant decline
(Figure 2). This indicates that the elevated serum EZH?2 levels might
indeed stem from the bladder tumor tissues. However, even after
surgery, serum EZH2 levels in bladder cancer patients remained
notably higher when compared to those in healthy individuals
(Figure 2). This discrepancy could be attributed to the short one-
week period between the surgery and the subsequent postoperative
blood sample collection. Such a brief interval might not provide
adequate time for the complete degradation of the circulating EZH2
protein in the blood. On the other hand, the sustained high levels of
serum EZH2 after surgery could be attributed to residual tumor
cells still circulating in the blood stream, which have not been fully
eradicated by the immune system or chemotherapy treatments. It’s
important for future research to investigate the typical duration
required for EZH2 levels to normalize after surgery, as this could
help monitor tumor recurrence.

The recurrence rate of bladder cancer after surgery is high,
especially for muscle-invasive bladder cancer (34). It is currently
recognized that tumor differentiation, tumor size, lymph node
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FIGURE 3

The receiver operating characteristic curve of EZH2 level for
detecting bladder cancer. The area under the curve (AUC) was 0.87
(95% Cl: 0.526-0.963, p < 0.001), with a sensitivity of 81.31% and a
specificity of 78.42%.

10.3389/fonc.2024.1303918

metastasis, and pathological stage are risk factors for predicting
bladder cancer recurrence (35, 36). In this study, we found that
serum EZH2 levels were significantly associated with factors
including TNM stage, tumor size, muscle invasion, and lymph
node metastasis (Tables 1, 2). This indicates that serum EZH2
could be a meaningful biomarker for predicting the recurrence of
bladder cancer. This study also demonstrated that bladder cancer
patients with higher serum EZH?2 levels had lower overall survival
rate and progression-free survival rate than patients with lower serum
EZH2 levels (Figure 4). These findings suggest that serum EZH2
could serve as a biomarker for predicting prognosis in patients with
bladder cancer. Therefore, it suggests that patients with high serum
EZH2 levels should receive close post-surgical monitoring to detect
any signs of recurrence or progression. Overlooking such indicators
might result in some patients developing muscle-invasive bladder
cancer, ultimately necessitating a radical cystectomy and having a
poor prognosis (37, 38).

Several biomarkers have been approved by the FDA for the
diagnosis and follow-up of bladder cancer, such as BTA TRAK,
NMP22, NMP22, and BTA stat (30). However, they have not yet
been integrated into clinical guidelines. The main reason for this is their
absence in current clinical decision-making processes. As a result, the
potential additional benefits of these molecular markers in diagnosing

TABLE 3 Identification of risk factors for overall survival rate using a Cox regression model.

Characteristics Univariate analysis Multivariate analysis Adjusted
p-value

HR (95%Cl) HR (95%Cl)

Gender

Male 1.00 (Reference) 1.00 (Reference)

Female 0.87 (0.49-2.26) 0.191 1.04 (0.72-2.67) 0.215

Tumor differentiation

Well and moderate 1.00 (Reference) 1.00 (Reference)

Poor 1.24 (0.53-2.61) 0.014 0.91 (0.42-2.71) 0.151

Lymph node metastasis

No 1.00 (Reference) 1.00 (Reference)

Yes 1.57 (1.13-2.16) 0.014 1.16 (0.62-2.21) 0.102

Muscle invasion

No 1.00 (Reference) 1.00 (Reference)

Yes 4.35 (2.47-6.31) 0.017 3.25 (1.48-5.42) 0.021

Age (year) 2.49 (1.02-4.79) 0.001 1.07 (0.57-2.98) 0.086

Height (cm) 1.18 (0.82-2.93) 0.247 0.86 (0.43-2.74) 0.172

Weight (kg) 1.19 (0.42-2.48) 0.421 0.95 (0.62-2.37) 0.427

BMI (kg/mz) 0.85 (0.47-2.13) 0.092 1.18 (0.81-2.92) 0.532

Tumor size (cm) 3.73 (2.05-6.03) 0.0001 2.24 (1.52-3.42) 0.004

EZH2 levels (ng/ml) 3.51 (1.29-5.28) 0.0002 3.07 (2.11-5.09) 0.006

CI, Confidence interval; HR, hazard ratio. Adjusted for potential confounding factors, including age, tumor differentiation, tumor size, lymph node metastasis, and muscle invasion. A p < 0.05

was considered statistical significance and marked in bold text.
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TABLE 4 Identification of risk factors for progression-free survival rate using a Cox regression model.

Characteristics Univariate analysis Multivariate analysis Adjusted
p-value
HR (95%Cl) HR (95%Cl)
Gender
Male 1.00 (Reference) 1.00 (Reference)
Female 1.05 (0.82-2.04) 0.083 091 (0.63-2.31) 0.126

Tumor differentiation
Well and moderate 1.00 (Reference) 1.00 (Reference)
Poor 2.37 (0.68-3.74) 0.001 1.84 (1.08-3.92) 0.013

Lymph node metastasis

No 1.00 (Reference) 1.00 (Reference)

Yes 1.84 (1.13-3.72) 0.007 0.92 (0.63-1.57) 0.256

Muscle invasion

No 1.00 (Reference) 1.00 (Reference)

Yes 3.72 (1.35-5.42) 0.005 2.51 (1.18-4.62) 0.001
Age (year) 0.92 (0.61-1.53) 0.304 1.15 (0.72-1.45) 0.154
Height (cm) 0.84 (0.41-1.51) 0.076 1.18 (0.83-1.61) 0.254
Weight (kg) 1.14 (0.81-2.56) 0.576 0.81 (0.44-1.73) 0.092
BMI (kg/m®) 0.92 (0.53-1.57) 0.264 1.05 (0.74-1.77) 0.346
Tumor size (cm) 2.82 (1.81-5.24) 0.002 1.15 (0.82-1.61) 0.094
EZH2 levels (ng/ml) 4.32 (2.18-6.13) 0.003 2.48 (1.33-4.24) 0.008

CI, Confidence interval; HR, hazard ratio. Adjusted for confounding factors, including, tumor differentiation, tumor size, lymph node metastasis, and muscle invasion. A p < 0.05 was considered
statistical significance and marked in bold text.

bladder cancer are still unverified. Therefore, there is an urgent need to Compared to cystoscopy and imaging methods, assessing serum
develop protocols and conduct prospective trials to establish a ~ EZH2 offers benefits such as simplicity, speed, reproducibility, non-
foundation for the future integration of these molecular markers into  invasiveness, and cost-effectiveness. It could be valuable for large-
clinical decision-making. Our preliminary study found that serum  scale patient screening and risk stratification before surgery, guiding
EZH2 has the potential to be a biomarker for bladder cancer diagnosis ~ both the selection of treatment plans and post-operative
and prognosis. However, further studies are needed to validate  monitoring. However, our research has its limitations that should

the findings. be acknowledged. Firstly, as the study was carried out in a single
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FIGURE 4

The Kaplan—Meier curves were used to compare the overall survival rate (A) and progression-free survival rate (B) between high-EZH2 group and
low-EZH2 group. The log-rank test was used to analyze the statistical significance between the two curves. A p < 0.05 was considered
statistically significant.
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medical center, the results may not be generalized to other medical
centers. Secondly, the study population and control population
were relatively small, and the selection bias couldn’t be completely
ruled out. Thirdly, further large-scale population-based prospective
studies are needed to confirm the efficiency of serum EZH2 as a
biomarker for bladder cancer screening and monitoring. Fourthly,
we did not explore the underlying mechanisms that associated with
the elevated levels of serum EZH2 in bladder cancer patients, which
is a field that deserves further study.

Conclusions

Serum EZH2 levels were elevated in bladder cancer patients,
and patients with higher serum EZH2 levels exhibited a poorer
prognosis. This indicates that serum EZH2 could be a novel
biomarker for bladder cancer diagnosis and prognosis. Such
findings could improve the prognosis of bladder cancer patients
by facilitating early detection and continuous monitoring.
Nonetheless, further research is needed to fully understand its
clinical significance and potential contribution to bladder

cancer care.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Ethics
Committee of The First Affiliated Hospital of Chengdu Medical
College (No. 21824535). The studies were conducted in accordance
with the local legislation and institutional requirements. The human
samples used in this study were acquired from a by- product of
routine care or industry. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

References

1. Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer: A review. JAMA (2020)
324(19):1980-91. doi: 10.1001/jama.2020.17598

2. Wolfs JRE, Hermans TJN, Koldewijn EL, van Kerkhof D. Novel
urinary biomarkers ADXBLADDER and bladder EpiCheck for diagnostics of
bladder cancer: A review. Urol Oncol (2021) 39(3):161-70. doi: 10.1016/
j.urolonc.2020.11.014

3. Wang W, Qiu J, Qu P, Chen H, Lan J, Chen H, et al. Regulator of cullins-1
(ROC1) negatively regulates the Gli2 regulator SUFU to activate the hedgehog
pathway in bladder cancer. Cancer Cell Int (2021) 21(1):75. doi: 10.1016/
j.ccell.2020.12.005

4. Long Q, An X, Chen M, Wang N, Sui S, Li Y, et al. PUF60/AURKA axis
contributes to tumor progression and Malignant phenotypes in bladder cancer. Front
Oncol (2020) 10:568015. doi: 10.3389/fonc.2020.568015

Frontiers in Oncology

10.3389/fonc.2024.1303918

Author contributions

FL: Writing - original draft, Investigation. PW: Data curation,
Validation, Writing — review & editing. JY: Writing — review & editing,
Formal analysis, Methodology. GX: Writing — review & editing, Funding
acquisition, Supervision. JFY: Validation, Investigation, Writing — review
& editing. WL: Supervision, Conceptualization, Writing — original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This project
was supported by Chengdu Medical Scientific Research Project
(No. 2023084).

Acknowledgments

We extend our thanks to all the participants of the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1303918/
full#supplementary-material

5. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced
bladder cancer in 2020. CA Cancer J Clin (2020) 70(5):404-23. doi: 10.3322/caac.21631

6. Kohada Y, Hayashi T, Hsi RS, Yukihiro K, Sentani K, Goto K, et al. Recurrence-
and progression-free survival in intermediate-risk non-muscle-invasive bladder cancer:
the impact of conditional evaluation and subclassification. BJU Int (2021) 127(4):473—
85. doi: 10.1111/bju.15209

7. Okamura S, Yoshino H, Kuroshima K, Tsuruda M, Osako Y, Sakaguchi T, et al.
EHHADH contributes to cisplatin resistance through regulation by tumor-suppressive
microRNAs in bladder cancer. BMC Cancer (2021) 21(1):48. doi: 10.1186/s12885-020-
07717-0

8. Henning GM, Barashi NS, Smith ZL. Advances in biomarkers for detection,
surveillance, and prognosis of bladder cancer. Clin Genitourin Cancer (2021) 19
(3):194-8. doi: 10.1016/j.clgc.2020.12.003

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1303918/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1303918/full#supplementary-material
https://doi.org/10.1001/jama.2020.17598
https://doi.org/10.1016/j.urolonc.2020.11.014
https://doi.org/10.1016/j.urolonc.2020.11.014
https://doi.org/10.1016/j.ccell.2020.12.005
https://doi.org/10.1016/j.ccell.2020.12.005
https://doi.org/10.3389/fonc.2020.568015
https://doi.org/10.3322/caac.21631
https://doi.org/10.1111/bju.15209
https://doi.org/10.1186/s12885-020-07717-0
https://doi.org/10.1186/s12885-020-07717-0
https://doi.org/10.1016/j.clgc.2020.12.003
https://doi.org/10.3389/fonc.2024.1303918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

9. Dudley JC, Schroers-Martin J, Lazzareschi DV, Shi WY, Chen SB, Esfahani MS,
et al. Detection and surveillance of bladder cancer using urine tumor DNA. Cancer
Discov (2019) 9(4):500-9. doi: 10.1158/2159-8290.CD-18-0825

10. Farling KB. Bladder cancer: Risk factors, diagnosis, and management. Nurse
Pract (2017) 42(3):26-33. doi: 10.1097/01.NPR.0000512251.61454.5¢

11. Fang S, Liu Y, Dai H, Gao T, Zeng L, Sun R, et al. Association of metabolic
syndrome and the risk of bladder cancer: A prospective cohort study. Front Oncol
(2022) 12. doi: 10.3389/fonc.2022.996440

12. Tse RT, Zhao H, Wong CY, Cheng CK, Kong AW, Peng Q, et al. Urinary cell-
free DNA in bladder cancer detection. Diagnostics (Basel) (2021) 11(2). doi: 10.3390/
diagnostics11020306

13. Shariat SF, Karam JA, Lotan Y, Karakiewizc PI. Critical evaluation of urinary
markers for bladder cancer detection and monitoring. Rev Urol (2008) 10(2):120-35.

14. Soputro NA, Gracias DN, Dias BH, Nzenza T, H, Sethi K. Utility of urinary
biomarkers in primary haematuria: Systematic review and meta-analysis. BJUI
Compass (2022) 3(5):334-43. doi: 10.1002/bco2.147

15. Piao XM, Kang H, Kim WJ, Yun SJ. Prominence of urinary biomarkers for
bladder cancer in the COVID-19 era: From the commercially available to new
prospective candidates. Investig Clin Urol (2021) 62(5):500-19. doi: 10.4111/
icu.20210194

16. Oeyen E, Hoekx L, De Wachter S, Baldewijns M, Ameye F, Mertens I. Bladder
cancer diagnosis and follow-up: the current status and possible role of extracellular
vesicles. Int ] Mol Sci (2019) 20(4). doi: 10.3390/ijms20040821

17. Park SH, Fong KW, Mong E, Martin MC, Schiltz GE, Yu J. Going beyond
Polycomb: EZH2 functions in prostate cancer. Oncogene (2021) 40(39):5788-98. doi:
10.1038/s41388-021-01982-4

18. Collinson A, Collier AJ, Morgan NP, Sienerth AR, Chandra T, Andrews S, et al.
Deletion of the polycomb-group protein EZH2 leads to compromised self-renewal and
differentiation defects in human embryonic stem cells. Cell Rep (2016) 17(10):2700-14.
doi: 10.1016/j.celrep.2016.11.032

19. Varambally S, Dhanasekaran SM, Zhou M, Barrette TR, Kumar-Sinha C, Sanda
MG, et al. The polycomb group protein EZH?2 is involved in progression of prostate
cancer. Nature (2002) 419(6907):624-9. doi: 10.1038/nature01075

20. Ramakrishnan S, Granger V, Rak M, Hu Q, Attwood K, Aquila L, et al.
Inhibition of EZH2 induces NK cell-mediated differentiation and death in muscle-
invasive bladder cancer. Cell Death Differ (2019) 26(10):2100-14. doi: 10.1038/s41418-
019-0278-9

21. Hirukawa A, Smith HW, Zuo D, Dufour CR, Savage P, Bertos N, et al. Targeting
EZH2 reactivates a breast cancer subtype-specific anti-metastatic transcriptional
program. Nat Commun (2018) 9(1):2547. doi: 10.1038/s41467-018-04864-8

22. Wang M, Guo C, Wang L, Luo G, Huang C, Li Y, et al. Long noncoding RNA
GAS5 promotes bladder cancer cells apoptosis through inhibiting EZH2 transcription.
Cell Death Dis (2018) 9(2):238. doi: 10.1038/s41419-018-0264-z

23. Tang SH, Huang HS, Wu HU, Tsai YT, Chuang M]J, Yu CP, et al. Pharmacologic
down-regulation of EZH2 suppresses bladder cancer in vitro and in vivo. Oncotarget
(2014) 5(21):10342-55. doi: 10.18632/oncotarget.1867

Frontiers in Oncology

09

10.3389/fonc.2024.1303918

24. Paner GP, Stadler WM, Hansel DE, Montironi R, Lin DW, Amin MB. Updates
in the eighth edition of the tumor-node-metastasis staging classification for urologic
cancers. Eur Urol (2018) 73(4):560-9. doi: 10.1016/j.eururo.2017.12.018

25. Kamat AM, Apolo AB, Babjuk M, Bivalacqua TJ, Black PC, Buckley R, et al.
Definitions, end points, and clinical trial designs for bladder cancer: recommendations
from the society for immunotherapy of cancer and the international bladder cancer
group. J Clin Oncol (2023) 41(35):5437-47. doi: 10.1200/JC0.23.00307

26. Lamm D, Persad R, Brausi M, Buckley R, Witjes JA, Palou J, et al. Defining
progression in nonmuscle invasive bladder cancer: it is time for a new, standard
definition. J Urol (2014) 191(1):20-7. doi: 10.1016/j.jur0.2013.07.102

27. Borgan O, Zhang Y. Using cumulative sums of martingale residuals for model
checking in nested case-control studies. Biometrics (2015) 71(3):696-703. doi: 10.1111/
biom.12308

28. Chen X, Zhang J, Ruan W, Huang M, Wang C, Wang H, et al. Urine DNA
methylation assay enables early detection and recurrence monitoring for bladder
cancer. J Clin Invest (2020) 130(12):6278-89. doi: 10.1172/JCI139597

29. Christensen E, Birkenkamp-Demtroder K, Sethi H, Shchegrova S, Salari R,
Nordentoft I, et al. Early detection of metastatic relapse and monitoring of therapeutic
efficacy by ultra-deep sequencing of plasma cell-free DNA in patients with urothelial
bladder carcinoma. J Clin Oncol (2019) 37(18):1547-57. doi: 10.1200/JCO.18.02052

30. Schmitz-Drager BJ, Droller M, Lokeshwar VB, Lotan Y, Hudson MA, van Rhijn BW,
et al. Molecular markers for bladder cancer screening, early diagnosis, and surveillance: the
WHO/ICUD consensus. Urol Int (2015) 94(1):1-24. doi: 10.1159/000369357

31. Khadjavi A, Mannu F, Destefanis P, Sacerdote C, Battaglia A, Allasia M, et al.
Early diagnosis of bladder cancer through the detection of urinary tyrosine-
phosphorylated proteins. Br ] Cancer (2015) 113(3):469-75. doi: 10.1038/bjc.2015.232

32. Powles T, Bellmunt J, Comperat E, De Santis M, Huddart R, Loriot Y, et al.
Bladder cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-
up. Ann Oncol (2022) 33(3):244-58. doi: 10.1016/j.annonc.2021.11.012

33. Sturgeon CM, Lai LC, Duffy MJ. Serum tumour markers: how to order and
interpret them. BMJ (2009) 339:b3527. doi: 10.1136/bmj.b3527

34. Teoh JY, Kamat AM, Black PC, Grivas P, Shariat SF, Babjuk M. Recurrence
mechanisms of non-muscle-invasive bladder cancer - a clinical perspective. Nat Rev
Urol (2022) 19(5):280-94. doi: 10.1038/s41585-022-00578-1

35. Chamie K, Litwin MS, Bassett JC, Daskivich TJ, Lai J, Hanley JM, et al.
Recurrence of high-risk bladder cancer: a population-based analysis. Cancer (2013)
119(17):3219-27. doi: 10.1002/cncr.28147

36. Mitra AP, Quinn DI, Dorff TB, Skinner EC, Schuckman AK, Miranda G, et al.
Factors influencing post-recurrence survival in bladder cancer following radical
cystectomy. BJU Int (2012) 109(6):846-54. doi: 10.1111/j.1464-410X.2011.10455.x

37. Ravvaz K, Walz ME, Weissert JA, Downs TM. Predicting nonmuscle invasive
bladder cancer recurrence and progression in a United States population. J Urol (2017)
198(4):824-31. doi: 10.1016/j.juro.2017.04.077

38. Yim MS, Ha YS, Kim IY, Yun SJ, Choi YH, Kim WJ. HMOX]1 is an important
prognostic indicator of nonmuscle invasive bladder cancer recurrence and progression.
J Urol (2011) 185(2):701-5. doi: 10.1016/j.juro.2010.09.081

frontiersin.org


https://doi.org/10.1158/2159-8290.CD-18-0825
https://doi.org/10.1097/01.NPR.0000512251.61454.5c
https://doi.org/10.3389/fonc.2022.996440
https://doi.org/10.3390/diagnostics11020306
https://doi.org/10.3390/diagnostics11020306
https://doi.org/10.1002/bco2.147
https://doi.org/10.4111/icu.20210194
https://doi.org/10.4111/icu.20210194
https://doi.org/10.3390/ijms20040821
https://doi.org/10.1038/s41388-021-01982-4
https://doi.org/10.1016/j.celrep.2016.11.032
https://doi.org/10.1038/nature01075
https://doi.org/10.1038/s41418-019-0278-9
https://doi.org/10.1038/s41418-019-0278-9
https://doi.org/10.1038/s41467-018-04864-8
https://doi.org/10.1038/s41419-018-0264-z
https://doi.org/10.18632/oncotarget.1867
https://doi.org/10.1016/j.eururo.2017.12.018
https://doi.org/10.1200/JCO.23.00307
https://doi.org/10.1016/j.juro.2013.07.102
https://doi.org/10.1111/biom.12308
https://doi.org/10.1111/biom.12308
https://doi.org/10.1172/JCI139597
https://doi.org/10.1200/JCO.18.02052
https://doi.org/10.1159/000369357
https://doi.org/10.1038/bjc.2015.232
https://doi.org/10.1016/j.annonc.2021.11.012
https://doi.org/10.1136/bmj.b3527
https://doi.org/10.1038/s41585-022-00578-1
https://doi.org/10.1002/cncr.28147
https://doi.org/10.1111/j.1464-410X.2011.10455.x
https://doi.org/10.1016/j.juro.2017.04.077
https://doi.org/10.1016/j.juro.2010.09.081
https://doi.org/10.3389/fonc.2024.1303918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Serum EZH2 is a novel biomarker for bladder cancer diagnosis and prognosis
	Introduction
	Patients and methods
	Study population
	Data collection and follow&minus;up
	Immunohistochemistry
	Statistical analysis

	Results
	EZH2 expression levels were elevated in both bladder cancer tumor tissues and serum samples of bladder cancer patients
	Correlations between EZH2 levels and clinicopathological characteristics of bladder cancer patients
	Diagnostic performance of serum EZH2 levels for detecting bladder cancer
	Identification of risk factors for overall survival rate and progression-free survival rate of bladder cancer patients
	Survival differences between bladder cancer patients with high serum EZH2 levels and low serum EZH2 levels

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


