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ABSTRACT:

Background: Non-muscle-invasive bladder cancer (NMIBC) represents a major
proportion of newly diagnosed bladder cancer cases and remains associated with a
substantial risk of recurrence. N-myc downstream-regulated gene 1 (NDRGT1) is an
intracellular protein involved in cellular differentiation, stress responses, and signaling
pathways related to tumor biology. Although altered NDRG1 expression has been
reported in bladder cancer, evidence regarding its circulating serum concentration in
newly diagnosed NMIBC remains limited.

Objective: To compare serum NDRG1 concentrations between patients with
histopathologically confirmed newly diagnosed non-muscle-invasive bladder transitional
cell carcinoma (NMIBC-TCC) and healthy controls.

Materials and Methods: This hospital-based case-control study included 150
participants, comprising 75 patients with histopathologically confirmed newly diagnosed
NMIBC-TCC and 75 apparently healthy controls. Serum NDRG1 concentrations were
measured using a commercially available enzyme-linked immunosorbent assay (ELISA).
Statistical analyses were performed using the independent-samples Student’s t-test and
the Chi-square test, with p < 0.05 considered statistically significant.

Results: Patients with NMIBC-TCC were significantly older than healthy controls and
included higher proportions of males and urban residents, whereas smoking status and
family history did not differ significantly between the two groups. Mean serum NDRG1
concentration was marginally higher in patients than in controls (0.996 £ 0.127 vs. 0.965
+ 0.143 ng/mL); howevet, the difference was not statistically significant (p = 0.158).

Conclusion: Serum NDRG1 concentrations did not differ significantly between
patients with newly diagnosed NMIBC-TCC and healthy controls. Further studies
involving larger cohorts, different disease stages, and longitudinal follow-up are
warranted to clarify the clinical and prognostic relevance of circulating NDRGT1 in
bladder cancer.

1. INTRODUCTION

Bladder cancer is a major malignancy of the urinary tract, with urothelial carcinoma representing the predominant histological
type. A substantial proportion of patients present with non-muscle-invasive disease, which comprises papillary tumors
classified as Ta, tumors invading the lamina propria (T1), and carcinoma in situ (CIS). [1] Although non-muscle-invasive
bladder cancer (NMIBC) is confined to the mucosa or lamina propria, its clinical management remains challenging because of
the substantial risk of recurrence and the potential for disease progression in a subset of patients. [2] The diagnosis of non-
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muscle-invasive bladder transitional cell carcinoma (NMIBC-TCC) relies primarily on cystoscopic assessment and
histopathological evaluation of tumor tissue, creating continued interest in molecular and circulating biomarkers that may

complement established diagnostic approaches and provide additional biological information in localized disease. [3,4]

N-myc downstream-regulated gene 1 (NDRGT) is a stress-responsive intracellular protein belonging to the NDRG family and
is structurally related to the a/B-hydrolase superfamily, although it lacks conventional hydrolase enzymatic activity. [5]
NDRGT1 participates in diverse cellular processes, including cellular differentiation, growth regulation, stress adaptation, and
maintenance of epithelial integrity; its expression is also responsive to cellular conditions such as hypoxia. Its biological
functions are associated with signaling pathways involved in proliferation, apoptosis, migration, and invasion, including
PI3K/AKT, NF-xB, and WNT/B-catenin signaling. [6(] NDRG1 expression is also tegulated by transcriptional factors,
including c-Myc and N-Myc, further supporting its involvement in tumor-related cellular processes and tumor biology. [7]

The role of NDRG1 in cancer is highly context-dependent and varies according to tumor type, molecular environment,
subcellular localization, and associated signaling pathways. In several malignancies, NDRG1 has been associated with
suppression of epithelial-to-mesenchymal transition (EMT), reduced cell migration and metastatic potential, whereas
increased NDRG1 expression has been linked to tumor progression and pro-oncogenic phenotypes in other cancer types. [8]
This biological heterogeneity has also been observed in urothelial bladder carcinoma, where increased NDRGT1 expression
has been associated with higher tumor grade, advanced stage, lymphovascular invasion, and other aggressive tumor
characteristics. [9] Thus, the biological significance of NDRGT1 requires interpretation within the specific molecular and
cellular context of the disease in which it is evaluated. [10]

Importantly, NDRG1 has been investigated at the cellular and tissue levels, whereas evidence regarding its circulating
presence and clinical significance remains limited. As an intracellular protein, its expression and localization within cells may
not directly correspond to its circulating concentration, which has been detected in plasma and serum under different
pathological conditions. [11,12] Therefore, tissue expression and circulating NDRG1 represent distinct biological
measurements and should not be considered interchangeable; alterations in bladder tumor tissue expression should not be

assumed to correspond directly to changes in serum NDRGT.

Evidence regarding circulating NDRGT1 in bladder cancer remains limited, with an Iragi case-control study reporting
significantly higher serum NDRG1 concentrations in patients with bladder cancer than in healthy controls. [13] However,
differences in patient selection, disease spectrum, clinicopathological characteristics, and analytical conditions may influence
circulating biomarker concentrations. [14] In this context, the relevance of serum NDRGT specifically in patients with
histopathologically confirmed, newly diagnosed localized NMIBC-TCC remains insufficiently established. Accordingly, the
present study investigated serum NDRGT1 concentrations in patients with histopathologically confirmed, newly diagnosed
localized NMIBC-TCC and healthy controls using a case-control design. The study focused on patients with newly diagnosed
localized disease and healthy controls to determine whether serum NDRGT concentrations differed between the two groups.

2. MATERIALS AND METHODS
2.1 Study Design and Setting

This hospital-based case-control study was conducted at the Department of Biochemistry, College of Medicine, University of
Baghdad, Iraq, between June 2025 and February 2026. A total of 150 participants were enrolled, including 75 patients with
histopathologically confirmed newly diagnosed NMIBC-TCC and 75 apparently healthy controls. Patients were recruited
from Ghazi Hariri Hospital for Surgical Specialties, Baghdad, Iraq. The diagnosis of NMIBC-TCC was established by
histopathological examination of tissue specimens obtained following transurethral resection of the bladder tumor (TURBT).
The study protocol was approved by the Ethics Committee of the College of Medicine, University of Baghdad, and written
informed consent was obtained from all participants before enrollment. All study procedures were conducted in accordance

with the ethical principles outlined in the Declaration of Helsinki.
2.2 Eligibility Criteria

Patients were included if they were adults with newly diagnosed, histopathologically confirmed urothelial (transitional cell)
carcinoma of the bladder, comprising pathological stages Ta, T'1, and CIS. Patients with benign bladder tumors, muscle-
invasive or metastatic bladder cancer, other malignancies, acute lower urinary tract infection, or those considered unfit for

surgery were excluded. The control group consisted of apparently healthy individuals recruited from the community and
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companions of patients attending the study hospital, with no previous history of bladder cancer or other known malignant

disease.
2.3 Blood Sample Collection and Serum Preparation

Approximately 6 mL of venous blood was collected aseptically from each participant between 8:30 a.m. and 1:30 p.m. into gel
separator tubes. Following complete clot formation, the blood samples were centrifuged at 4000 rpm for 10 minutes. The
separated serum was transferred into appropriately labeled Eppendotf tubes and stored at —80°C until biochemical analysis.

2.4 Determination of Serum NDRG1

Serum NDRGT1 concentrations were measured using a commercially available Human NDRG1 ELISA kit (Protein NDRGI,
FineTest®, Wuhan, China; Catalog No. EH1617), according to the manufacturet’s instructions. All serum samples were
analyzed under the same laboratory conditions. Absorbance was measured at 450 nm using an ELISA microplate reader, and
NDRGI1 concentrations wete determined from the standard cutve. The results were expressed as ng/mlL.

2.5 Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as mean * standard deviation (SD), whereas categorical variables were presented as frequencies and
percentages. Differences between the patient and control groups were assessed using the independent-samples Student’s t-test
for continuous variables and the Chi-square test for categorical variables. A two-tailed p-value of <0.05 was considered

statistically significant.
3. RESULTS
3.1 Participant Characteristics

A total of 150 participants were enrolled in this case-control study, comprising 75 patients with histopathologically confirmed
newly diagnosed NMIBC-TCC and 75 healthy controls. This study showed significant differences between the two groups in
terms of age, sex, and residence. The NMIBC-T'CC group had a significantly older demographic, with 73.3% of patients aged
50 or older (p = 0.001). Sex also differs significantly, as males comprise 80% of the NMIBC-TCC group compared to 64% of
the controls (p = 0.029). Urban living is significantly more prevalent in the NMIBC-TCC group (76%) than in the control
group (60%; p = 0.036). Conversely, no significant difference was detected between the study groups and smoking status (p =
0.739) or family history of bladder cancer (p = 0.821). The demographic characteristics of the study participants are presented
in Table 1.

Table 1. Demographic Characteristics of Study Participants

Study groups
Variable NMIBC-TCC group (%) Control group (%) p-value
n="175 n=175
Age (years)
<50 20 (26.7) 41 (54.7)
0.001
250 55 (73.3) 34 (45.3)
Gender
Male 60 (80.0) 48 (64.0)
0.029
Female 15 (20.0) 27 (36.0)
Residence
Rural 18 (24.0) 30 (40.0) 0.036
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Urban 57 (76.0) 45 (60.0)
Smoking
Smoker 31 (41.3) 29 (38.7)
0.739
Nonsmoker 44 (58.7) 46 (61.3)
Family history of bladder cancer
Yes 12 (16.0) 11 (14.7)
0.821
No 63 (84.0) 64 (85.3)

* Significant difference between percentages using Pearson Chi-square test at 0.05 level.
3.2 Serum NDRG1 Concentration

Serum NDRGT1 concentrations were evaluated in patients with NMIBC-TCC and healthy controls. The mean serum NDRG1
concentration was marginally higher in patients with NMIBC-TCC than in healthy controls (0.996 * 0.127 vs. 0.965 * 0.143
ng/mL); however, the difference was not statistically significant (p = 0.158). The results ate summarized in Table 2.

Table 2. Comparison of Serum NDRG1 Concentrations

Study groups
Variable NMIBC-TCC group (n= 75) Control group (n=75) p-value
Mean * SD Mean * SD
NDRGI (ng/mlL) 0.996 + 0.127 0.965 + 0.143 0.158

* Significant difference between two independent means using Student's t-test at the 0.05 level.
4. DISCUSSION

The present study demonstrated no statistically significant difference in serum NDRGT1 levels between patients with
histopathologically confirmed localized NMIBC-TCC and healthy controls (0.996 + 0.127 vs. 0.965 £ 0.143 ng/mL, p =
0.158). This finding suggests that serum NDRG1 may have limited utility for distinguishing patients with localized NMIBC-
TCC from healthy individuals. NDRGT1 is an intracellular protein involved in cellular differentiation, proliferation, stress
responses, and multiple signaling pathways associated with tumor biology. [15] Alterations in tissue expression may not
necessarily correspond to changes in circulating NDRG1 concentrations, as tissue and circulating measurements represent
distinct biological compartments. [12] These findings suggest that circulating NDRG1 may not adequately reflect tissue-
specific molecular alterations in localized NMIBC-TCC.

Previous investigations of NDRG1 in bladder cancer have included tissue-based studies, whereas evidence regarding serum
NDRG1 remains limited. Tissue-based studies have demonstrated altered NDRG1 expression and have linked its
upregulation to EMT, tumor progression, and poor clinical outcome. [16] NDRG1 has also been evaluated in urine as a
noninvasive biomarker of bladder cancer, with urinary NDRG1 levels showing associations with pathological stage and tumor
grade. [17] Direct comparison between the present serum-based findings and previous tissue- and urine-based reports should
be interpreted with caution because biological specimens provide distinct information. Accordingly, serum, urine, and tissue
NDRGT assessments should be considered complementary rather than directly comparable.

The biological significance of NDRG1 appears to be highly dependent on tumor type, molecular characteristics, and disease
stage. [10] Previous evidence has shown that NDRG1 may function either as a tumor suppressor or as a tumor promoter
depending on the cellular context and the signaling pathways involved. [18] This biological heterogeneity may account for the
inconsistent patterns of NDRG1 expression reported across different malignancies. The absence of a significant difference in
circulating NDRGT1 observed in the present study should be interpreted within this biological context rather than as evidence

against its involvement in bladder carcinogenesis.
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Unlike the present findings, an Iraqi case-control study reported significantly higher serum NDRGT1 levels in patients with
bladder cancer than in healthy controls, suggesting a potential diagnostic role for this biomarker. [13] The discrepancy
between the two studies may be explained by differences in patient selection, disease stage, clinicopathological characteristics,
sample size, and analytical methodology. In addition, the present study was restricted to patients with histopathologically
confirmed localized NMIBC-TCC, whereas variation in disease spectrum may substantially influence circulating biomarker
concentrations. These methodological and clinical differences provide a plausible explanation for the contrasting findings
between the two studies.

From a diagnostic perspective, the present findings suggest that serum NDRG1 alone may have limited utility for
distinguishing patients with localized NMIBC-TCC from healthy individuals. Nevertheless, this observation does not exclude
the biological relevance of NDRG1 in bladder cancer, as its diagnostic utility may depend on the biological specimen analyzed
and the context in which it is evaluated. Recent advances in bladder cancer research support the integration of multiple
biomarkers rather than reliance on a single molecular marker for diagnostic decision-making. [19] Serum NDRG1 may

therefore have greater value when interpreted alongside other established biomarkers.

Overall, the present findings suggest that serum NDRG1 may not adequately reflect tissue-specific molecular alterations in
localized NMIBC-TCC. Future studies evaluating molecular markers across different disease stages and biological
compartments may help clarify their clinical relevance. [20] Combining serum and tissue NDRG1 assessment in larger
cohorts may help determine whether circulating NDRG1 has a potential role within multimarker diagnostic strategies rather
than as a stand-alone biomarker.

5. LIMITATIONS

Several limitations should be considered when interpreting these findings. The relatively modest sample size and single-center
case-control design may limit the generalizability of the results and the ability to detect smaller differences in serum NDRGT1
concentrations. In addition, NDRG1 is primarily an intracellular protein, and its serum concentration may not directly reflect
tissue-specific molecular alterations. Differences in demographic characteristics between the study groups may also have
introduced potential confounding that was not fully addressed in the present analysis. Finally, serum NDRGT1 was assessed at
a single time point at initial diagnosis, precluding evaluation of longitudinal changes or prognostic outcomes such as
recurrence and disease progression. Further multicenter studies with larger cohorts and longitudinal follow-up are warranted
to clarify the clinical significance of circulating NDRG1 in NMIBC.

6. CONCLUSION

Serum NDRG1 concentrations did not differ significantly between patients with histopathologically confirmed newly
diagnosed NMIBC-TCC and healthy controls. Further studies involving larger cohorts, different disease stages, and
longitudinal follow-up are warranted to determine whether circulating NDRG1 has clinical or prognostic relevance in
NMIBC.
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