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Background & Objective: Bladder cancer is the fourth most prevalent malignancy and 

lacks reliable biomarkers for predicting tumor stage, grade, and clinical outcomes. This 

study aimed to evaluate the association between thrombomodulin (TM)–positive cell 

rate (PR) and tumor grade, stage, and recurrence in patients with bladder cancer. 

Methods: This prospective observational pilot study was conducted at the Urology Clinic 

of Sina Hospital, Tehran, between March and December 2022. A total of 51 patients 

diagnosed with bladder cancer following cystoscopy and transurethral resection of 

bladder tumor (TURBT) were enrolled. Of these, 11 patients with stage T2 disease 

underwent radical cystectomy. TM expression was assessed by immunohistochemical 

staining, and the PR score was calculated. The remaining 40 patients underwent follow-

up cystoscopy 3 months post-TURBT to assess for recurrence or progression. Statistical 

analyses were performed using SPSS version 26, with comparisons of quantitative 

variables conducted using ANOVA and t tests. 

Results: The mean age of participants was 66.73 ± 11.00 years, and 46 were male. The 

mean TM PR value was 25.51 ± 6.24. No significant differences in TM PR values were 

observed among different tumor grades (p = 0.144) or stages (p = 0.815). Additionally, 

there were no significant differences in TM PR values or PR scores between patients 

with and without recurrence at 3-month follow-up cystoscopy (p = 0.144 and p = 0.085, 

respectively). 

Conclusion: TM PR values did not correlate with tumor grade, stage, or recurrence 

in this cohort of bladder cancer patients. Further studies with larger sample sizes and 

longer follow-up periods are warranted. 
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Introduction 

Bladder cancer is diagnosed in over 430,000 

individuals worldwide each year, ranking as the fourth 

most common cancer in men and the eleventh in 

women (1,2). Diagnosis is typically confirmed through 

histopathological evaluation of tissue obtained via 

transurethral resection of the bladder tumor (TURBT) 

(3). While most urothelial carcinomas (UCs) are 

detected at an early stage, approximately 25% present 

at an advanced stage (2). In aggressive UC variants 

with poor clinical outcomes, there is an urgent need for 

sensitive and specific immunohistochemical (IHC) 

markers—or combinations of markers—to confirm 

urothelial origin and guide treatment decisions (4,5). 

Prostate-specific antigen (PSA) has long served as 

a pioneering biomarker in prostate cancer diagnosis 

and prognosis, revolutionizing urology and oncology 

since its discovery in the 1970s. PSA testing has 

significantly improved early detection, disease 

monitoring, and risk stratification in prostate cancer 

patients (6). Beyond PSA, other biomarkers such as 

CXCR2 and CXCR3 have demonstrated diagnostic and 

prognostic utility in urinary tract malignancies, 

including renal cell carcinoma (7). 

IHC markers are essential for distinguishing 

urothelial carcinoma from other malignancies and for 

identifying the primary site of metastatic tumors. 

Commonly used markers include CK7, CK20, p63, 

thrombomodulin, GATA3, and Uroplakin II, all of 

which are helpful in confirming the urothelial origin of 

tumors (8,9). Additional markers like 34βE12 (a high-

molecular-weight cytokeratin) assist in differentiating 

benign from malignant lesions through basal cell 

identification, while alpha-methylacyl-CoA racemase 

(AMACR) aids in detecting malignant prostate or 
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urothelial lesions due to its overexpression in 

neoplastic glands (10–12). 

Thrombomodulin (TM) is a transmembrane protein 

primarily expressed by vascular endothelial cells, 

playing a central role in coagulation by enhancing 

protein C activation (13–15). Although TM is a 

sensitive marker for urothelial cells, its specificity is 

limited (16), as it is also expressed in various other cell 

types, including mesothelial cells (17,18), 

keratinocytes (19,20), syncytiotrophoblasts (21), 

synovial cells (22), mesangial cells of the kidney (23), 

and platelets (24). 

Currently, bladder cancer lacks clinically validated 

biomarkers for accurately predicting disease stage and 

clinical outcomes (25). Therefore, there is a substantial 

need to identify reliable biomarkers capable of 

assessing tumor aggressiveness or stratifying 

recurrence risk in patients with bladder cancer (26). 

Although a few studies have examined the relationship 

between TM expression and bladder cancer 

characteristics, their findings have been inconsistent. 

The present study aimed to evaluate the association 

between TM expression and the grade and stage of 

bladder cancer. Additionally, we sought to determine 

whether TM could serve as a useful laboratory marker 

for predicting recurrence, thereby supporting clinical 

decision-making. The overarching objective was to 

assess the potential of thrombomodulin as a prognostic 

biomarker to aid in predicting outcomes and improving 

patient management in bladder cancer. 

 

Materials and Methods 
Patients 

This observational, prospective pilot study was 

conducted following approval from the Institutional 

Review Board (IRB) at Tehran University of Medical 

Sciences 

(IR.TUMS.SINAHOSPITAL.REC.1401.033). The 

study was carried out at the Urology Clinic of Sina 

Hospital, a tertiary care center located in Tehran, Iran. 

A total of fifty-one patients, who were clinically 

diagnosed with bladder cancer, were enrolled in the 

study between March and December 2022.  All cases 

included in the study were histologically confirmed as 

transitional cell carcinoma (TCC). The 

histopathological classification was confirmed through 

cystoscopy and biopsy, with all specimens being 

evaluated by experienced pathologists at the hospital’s 

pathology department.  

Patients provided informed written consent for the 

collection and storage of their medical information and 

tissue samples. Clinical data, including patient 

demographics, treatments, and outcomes, were 

obtained from medical records. Subsequently, 

Cystoscopy and TURBT procedures were performed. 

Radical cystectomy was conducted for eleven patients 

with T2 pathological stage. Three months after 

TURBT, the remaining 40 patients underwent 

cystoscopy to assess for recurrence and progression. 

The primary tumor's pathological stage was 

determined based on the 2010 American Joint 

Committee on Cancer TNM criteria: Stage I (T1N0M0), 

Stage II (T2N0M0), Stage III (T3N0M0 and T4aN0M0), 

and Stage IV (T4bN0M0, TanyN1-3M0, and TanyNanyM1) 

(27).  

 

 

Figure 1. Immunohistochemistry staining, (A) DAPI 

(B) Thrombomodulin (C) Merged of DAPI and 

thrombomodulin  

 

Immunohistochemistry 

Immunohistochemical (IHC) staining was 

performed on tissue microarray (TMA) sections. The 

TMA was constructed using 1-mm tissue cores, with 

two cores per patient, prepared using a manual tissue 

arrayer (Beecher Instruments, Silver Spring, MD). 

Thrombomodulin expression was assessed using a 

monoclonal antibody (clone 1009, dilution 1:10; 

Dako). 

Briefly, 4-μm-thick paraffin-embedded sections 

were deparaffinized in xylene and rehydrated through 

a graded series of ethanol. Staining was conducted 

using a BOND-MAX autostainer (Leica Biosystems). 

Slides were incubated with the primary 

thrombomodulin antibody, followed by application of 
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a visualization reagent containing secondary goat anti-

mouse immunoglobulin and horseradish peroxidase 

(HRP) conjugated to a dextran polymer backbone. 

Chromogenic detection was performed using 3,3′-

diaminobenzidine (DAB), and slides were 

counterstained with Mayer’s hematoxylin. 

Representative thrombomodulin-stained slides are 

shown in Figure 1. 

 

Results 
A total of 51 patients with bladder cancer were 

included in the study, with a mean age of 66.73 ± 11.00 

years. Of these, 46 were male. Among the participants, 

29 had low-grade tumors, and 20 patients presented 

with recurrent bladder cancer. The mean 

thrombomodulin (TM) positive rate (PR) value was 

25.51 ± 6.24. In terms of TM PR scoring, 11 patients 

had a score of 1, while the remaining patients had a 

score of 2 (Table 1). 

Table 2 presents the relationship between tumor 

characteristics and TM PR values. No significant 

differences in TM PR values were observed among 

patients with different tumor grades (p = 0.144) or 

tumor stages (p = 0.815). Additionally, there were no 

significant differences in either TM PR values or TM 

PR scores between patients with and without 

recurrence on cystoscopy at 3 months post-TURBT (p 

= 0.144 and p = 0.085, respectively). 

Moreover, a multivariable logistic regression 

analysis was performed to evaluate the relationship 

between TM PR values and three-month post-TURBT 

cystoscopy results as well as tumor grade, while 

adjusting for age, BMI, and admission status (new case 

vs. recurrence). The analysis revealed no significant 

associations (Table 3). 

 

Table 1. Clinicopathological Characteristics 

Variable Mean ± SD / n (%) 

Age Years 66.73 ± 11.00 

BMI Kg/m2 24.31 ± 3.42 

Gender 
Male 46 (90.2%) 

Female 5 (9.8%) 

Tumor grade 
Low grade 29 (56.9%) 

High grade 22 (43.1%) 

Tumor Stage 

Ta 12 (23.5%) 

T1 28 (54.9%) 

T2 11 (21.6%) 

Admission status 
New case 31 (60.8%) 

recurrence 20 (39.2%) 

Cystoscopy (three months 

later) 

Normal 30 (75.0%) 

recurrence 10 (25.0%) 

TM PR score 

0 0 (0%) 

1 11 (21.6%) 

2 40 (78.4%) 

3 0 (0%) 

TM PR value  25.51 ± 6.24 

TM: thrombomodulin, PR: positive cell rate 

 

Table 2. Relation of tumor characteristics and TM PR 

Variable TM PR value (Mean ± SD) p-value 

Tumor grade 
Low grade 26.62 ± 6.81 

0.144 
High grade 24.04 ± 5.18 

Tumor Clinical Stage 

Ta 26.53 ± 6.48 

0.815 T1 25.19 ± 6.94 

T2 25.19 ± 3.61 

Cystoscopy (three 

months later) 

Normal 26.41 ± 6.74 
0.144 

recurrence 22.75 ± 6.61 

TM: thrombomodulin, PR: positive cell rate 
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Table 3. Relation between tumor characteristics and TM PR using logistic regression 

Variable Odds Ratio 95% CI p-value 

Tumor grade 0.932 0.847 – 1.025 0.146 

Cystoscopy (three 

months later) 
0.916 0.813 – 1.032 0.148 

 

Discussion 
This study offers a distinct perspective by focusing 

on Iranian bladder cancer patients treated with TURBT 

and cystectomy, in contrast to previous studies 

conducted in other populations (29,30). In Iran, the 

standard approach to bladder cancer predominantly 

involves surgical treatments such as TURBT for non–

muscle-invasive cases and radical cystectomy for 

muscle-invasive bladder cancer (MIBC), with limited 

use of bladder-sparing therapies (31). This treatment 

consistency may facilitate more reliable associations 

between tumor stage, grade, and recurrence outcomes. 

Moreover, the Iranian population—underrepresented 

in global research—presents unique genetic, 

environmental, and healthcare-related factors that 

could influence tumor biology and clinical outcomes. 

As such, evaluating the prognostic utility of biomarkers 

like thrombomodulin (TM) within this context is 

warranted. 

In this observational pilot study, TM PR values did 

not significantly differ across tumor grades (p = 0.144) 

or stages (p = 0.815). Similarly, no significant 

difference was found in TM PR values or PR scores 

between patients with and without recurrence, as 

assessed by cystoscopy three months post-TURBT (p 

= 0.144 and p = 0.085, respectively). 

In a prospective single-center pilot study by 

Tongwiis et al. involving 35 patients, TM expression 

was significantly reduced in bladder tumor tissues 

compared with normal bladder tissues (p = 0.010). 

Consistent with our findings, no significant association 

was observed between TM expression and tumor grade 

or two-year recurrence (p = 0.83 and p = 0.89, 

respectively). However, unlike our results, they 

identified a significant correlation between TM 

expression and cancer stage (p = 0.039) (29). 

Watt et al. investigated TM immunoexpression in 

98 individuals using IHC, analyzing tissue cores from 

transitional cell carcinoma (TCC), squamous cell 

carcinoma (SCC), adenocarcinoma, sarcoma, and 

normal tissues. TM scores were higher in TCC and 

SCC compared with adenocarcinoma and sarcoma 

(30). Moreover, TM expression decreased across 

increasing tumor stage and grade, and lower survival 

rates were observed in patients with TM scores below 

3.0. These findings support previous research 

suggesting that TM may serve as a positive prognostic 

marker, independent of tumor grade or stage (16,32). 

Conversely, Parker et al. found no significant 

difference in TM expression in noninvasive tumors and 

reported a sensitivity of 69% and specificity of 96% for 

urothelial lesions using anti-TM antibodies (33). 

Similarly, Mhawech et al. reported TM expression in 

87% of urothelial carcinoma cases—comparable to the 

100% expression observed in our cohort—and noted a 

sensitivity of 48.9% and specificity of 100% (34). 

In another study, plasma and urinary TM levels 

were evaluated in 57 bladder cancer patients and 10 

healthy controls using ELISA. Urinary TM levels were 

significantly reduced, while plasma TM levels were 

elevated in patients with bladder cancer. Notably, SCC 

patients had higher plasma TM levels compared with 

those with TCC. The sensitivity and specificity were 

90% and 86% for urinary TM and 76% and 80% for 

plasma TM, respectively (35). 

Previous studies have also proposed a protective 

role for TM in cancer. Reduced TM expression has 

been linked to poor prognosis in metastatic lung, 

breast, and colorectal cancers (36,37). Although the 

molecular mechanisms underlying this effect are not 

fully understood, one hypothesis posits that TM 

downregulation promotes tumor cell migration by 

increasing vimentin expression and decreasing E-

cadherin expression (38,39). 

The relatively small sample size is a primary 

limitation of this study. Larger, multicenter studies are 

necessary to validate our findings and establish a more 

robust and generalizable biomarker profile for bladder 

cancer. Future research should incorporate 

simultaneous evaluation of TM tissue expression, 

serum levels, and urinary biomarkers. This 

comprehensive approach could provide more definitive 

evidence to support TM’s role in diagnosis and 

prognosis. Additionally, incorporating patient 

demographic factors such as family history and 

educational background may offer further insight into 

the influence of sociocultural variables on immune 

status and tumor marker expression. 

 

Conclusion 
This study indicates that there was no significant 

correlation between the TM PR values and the grade, 

stage, or recurrence of bladder cancer. However, this 

observation warrants further investigation with larger 

sample sizes and extended follow-up periods. 
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