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ABSTRACT 
Background:Bladder cancer (BC) is the most common malignant tumor affecting the urinary system and is ranked as the tenth 
most frequently diagnosed malignancy worldwide. Apolipoprotein A1 (ApoA-I), a key component of high-density lipoprotein 
(HDL), plays a vital role in maintaining cholesterol homeostasis. Numerous studies have highlighted the crucial involvement of 
apolipoprotein A1 (APOA1) in tumor growth, invasion, and metastasis. This study aimed to evaluate the ratio of APOA1 in urine 
to serum among patients diagnosed with bladder cancer and explore the role of changes in this biomarker. 

Materials and Methods: A total of 56 paired blood and urine samples were obtained from bladder cancer patients. The 
participants included both genders, with an average age of 65.24 ± 10.40years. Additionally, 56 samples from healthy individuals 
served as controls. Apolipoprotein A1 levels in serum and urine were quantified using the ELISA technique. 
Results:The mean concentrations of apolipoprotein A1 in serum and urine in the bladder cancer group were significantly 
elevated compared to the control group with p-values of <0.01. A moderate positive correlation was observed between serum and 
urine apolipoprotein A1 concentrations (r=0.49, p<0.01). 
Conclusion:The elevated levels of serum and urine apolipoprotein A1 observed in bladder cancer patients suggest their potential 
use as biomarkers for early detection of the disease. However, urine apolipoprotein A1 appears to be a more reliable biomarker 

compared to serum levels, owing to its stronger association with bladder cancer and reduced interference from other medical 
conditions. 
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INTRODUCTION 

Bladder cancer (BC) is recognized as the most 
frequently occurring malignancy of the urinary tract 

and is the tenth most common cancer worldwide. The 

disease predominantly affects males, with an 

estimated male-to-female ratio of approximately 4:1. 

In 2020, global statistics revealed that bladder cancer 

ranked among the top 10 cancers, accounting for over 

0.57 million newly diagnosed cases [1]. 

Tobacco use remains the most significant risk factor 

for bladder cancer. Occupational and environmental 

exposure to harmful chemicals further elevates 

disease risk. Male gender and advancing age have 
also been strongly associated with increased 

susceptibility to bladder cancer. Diagnostic methods 

include imaging of the upper urinary tract and 
cystoscopy, which are utilized to identify visual 

features of gross or microscopic hematuria, 

depending on its severity and potential malignancy 

[4-6]. 

Lipid profiles have been extensively studied in 

bladder cancer. Among apolipoproteins, ApoA1 and 

ApoB are of particular interest. ApoA1, the main 

protein component of HDL, is essential for 

cholesterol metabolism and transport. It maintains 

lipoprotein structural integrity and facilitates 

solubility due to its amphipathic nature. Moreover, 
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ApoA1 modulates lipid metabolic enzymes, acting as 

both an activator and inhibitor [7]. 

HDL particles vary significantly in size and 

composition. Their primary function is reverse 

cholesterol transport, where HDL particles or lipid-
free ApoA1 collect cholesterol from peripheral cells 

and transport it to the liver for excretion. About 70% 

of ApoA1 synthesis occurs in the liver, while the 

remaining 30% is produced in the intestines. ApoA1 

forms complexes with lipids such as phospholipids, 

cholesterol, and ceramides, facilitated by ATP-

binding cassette transporter A1 (ABCA1). Lecithin-

cholesterol acyltransferase (LCAT) utilizes ApoA1 as 

a coenzyme to esterify cholesterol. Transporters like 

ABCA1, ATP-binding cassette G1 (ABCG1), and 

scavenger receptor class B1 (SR-B1) regulate HDL 

size and composition [8]. 
Blood lipids and apolipoproteins, historically 

associated with cardiovascular diseases, and are now 

being studied for their role in cancer. Animal studies 

suggest that specific apolipoproteins influence tumor 

growth by altering immune cell activity. 

Apolipoproteins and lipid levels are increasingly 

recognized for their prognostic value in various 

cancers. For example, ApoA1 has been implicated in 

tumor development, invasion, and chemotherapy 

response [9]. 

Urine proteomics represents a promising approach 
for identifying early-stage biomarkers of bladder 

cancer. Variations in urine protein content and 

composition may provide insights into the disease's 

origin, progression, and prognosis, as urine is in 

direct contact with bladder epithelial cells. Compared 

to plasma sampling, urine collection is minimally 

invasive and more convenient. Several proteins in 

urine have been evaluated as potential biomarkers for 

bladder cancer. Non-invasive urine-based proteomic 

biomarkers are particularly appealing due to their 

cost-effectiveness and potential for early disease 

detection [10]. This study aimed to evaluate the ratio 
of APOA1 in urine to serum among patients 

diagnosed with bladder cancer and explore the role of 

changes in this biomarker. 

 

MATERIAL AND METHODS 

This case-control study involving 112 participants. 

The participants were divided into two groups: the 

first included 56 patients diagnosed with bladder 

cancer. The second group comprised 56 healthy 

controls with normal bladder tissue and no history of 

renal or systemic diseases. 

Patients presenting with pelvic pain and hematuria 

underwent initial diagnostic imaging, including 

ultrasound and CT scans. Those diagnosed with 

bladder tumors had the lesions removed via 

transurethral resection under general or spinal 
anesthesia. Tumors were subsequently subjected to 

histopathological examination to assess their 

diagnosis, stage, and grade. 

Venous blood samples (~10 mL) were collected from 

all participants, transferred into gel tubes, allowed to 

clot, and centrifuged at 3000 rpm for 10 minutes to 

separate the serum. The serum was stored in labeled 

Eppendorf tubes at −80°C. Apolipoprotein A1 

(APOA1) concentrations were measured in both 

serum and urine using a sandwich enzyme-linked 

immunosorbent assay (ELISA) technique. 

The assay employed APOA1 kits capable of dose-
dependent quantification across a variety of human 

biological samples, including blood, serum, urine, 

and cell culture supernatants. These kits allow direct 

APOA1 quantification without requiring prior 

purification. A standard curve was created by plotting 

optical density (OD) values (Y-axis) against APOA1 

concentrations (X-axis) to determine relative and 

absolute concentrations. Regression analysis was 

utilized to establish the best-fit regression line for 

accurate calculations. 

 

RESULTS 

As presented in Table 1, the gender distribution in 

both groups is similar, with a male predominance 

(82.14%) in both cases and controls. However, a 

significant difference was observed in the age 

distribution between the two groups. The cases 

exhibited a higher proportion of older individuals, 

particularly in the age group >70 years, where 25% 

of cases were represented, compared to only 1.79% 

of controls. This finding suggests that age may be a 

distinguishing factor between the two cohorts. 

Despite these differences in age distribution, the 
mean age for both groups did not differ significantly 

(64.54 ± 11.85 years for cases vs. 65.93 ± 8.94 years 

for controls), with a p-value of 0.48, indicating no 

substantial age-related confounding. 

The smoking status further distinguishes the two 

groups. A significant difference in smoking 

prevalence was observed, with 80.36% of cases being 

smokers compared to only 12.5% of controls, 

yielding a p-value of <0.01. This suggests that 

smoking may be an important factor associated with 

the cases, likely contributing to the 
pathophysiological mechanisms under investigation. 
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Table 1: Basic profile of study participants 

Variable 
Cases Control P Value 

n % n %   

Gender           

Male 46 82.14 46 82.14 
1 

Female 10 17.86 10 17.86 

Age group (years)           

<41 0   7 12.50 

<0.01 

41-50 13 23.21 9 16.07 

51-60 12 21.43 24 42.86 

61-70 17 30.36 15 26.79 

>70 14 25.00 1 1.79 

Age (mean ± SD) 64.54 ± 11.85 65.93 ± 8.94 0.48 

Smoking           

Yes 45 80.36 7 12.50 
<0.01 

No 11 19.64 49 87.50 

In Table 2, the analysis of serum and urine 

Apolipoprotein A1 (APOA1) levels revealed striking 

differences between the two groups. Serum APOA1 

levels were markedly higher in the cases (493.41 ± 
165.56 ng/ml) compared to controls (88.97 ± 31.06 

ng/ml), with a p-value of < 0.01, indicating a highly 

significant difference. Similarly, urine APOA1 levels 

also demonstrated a significant difference between 

groups, with cases showing substantially higher 

levels (928.84 ± 294.66 ng/ml) than controls (227.78 

± 98.17 ng/ml), again with a p-value of < 0.01. These 
results underscore the potential of APOA1 as a 

biomarker of interest in the context of the studied 

condition. 

 

Table 2: APOA1 values in cases and controls 

Group Cases (Mean ± SD) Controls (Mean ± SD) p Value 

Serum Apolipoprotein A1 (ng/ml) 493.41 ± 165.56 88.97 ± 31.06 < 0.01 

Urine Apolipoprotein A1 (ng/ml) 928.84 ± 294.66 227.78 ± 98.17 < 0.01 

Lastly, the diagnostic performance of serum and 

urine APOA1 was evaluated in Table 3. The 

sensitivity and specificity for serum APOA1 in 

identifying cases were 89.5% and 97.0%, 

respectively, with an area under the receiver 

operating characteristic (ROC) curve of 0.934, and a 

p-value of <0.001, demonstrating excellent 

discriminative ability. Urine APOA1 showed even 

stronger performance, with a sensitivity of 89.8% and 

specificity of 94.4%, coupled with an area under the 

ROC curve of 0.940, also yielding a p-value of 

<0.001. These findings suggest that both serum and 

urine APOA1 levels hold significant diagnostic value 

for distinguishing between cases and controls, with 

urine APOA1 showing slightly superior diagnostic 

performance. 

 

Table 3: Sensitivity and specificity of APOA1 for BC 

Variable(s) Area Cut off Sensitivity Specificity p-value 

Serum Apolipoprotein A1 (ng/ml) 0.934 > 120.30 89.5% 97.0% <0.001 

Urine Apolipoprotein A1 (ng/ml) 0.940 > 383 89.8% 94.4% <0.001 

 

DISCUSSION 

The average age of the population under study was 

65.24 ± 10.40 years, with individuals over 60 being 

the most affected demographic, similar to previoius 

studies [9,10]. 

Among adult males aged above 60 years, urinary 

bladder cancer was the most frequently observed 

malignancy. Similarly, Iranian other have identified 

individuals older than 60 years as the most 
susceptible to bladder cancer development [11,12]. 

When considering smoking as a risk factor, the 

findings align with both national and international 

studies. This research demonstrated that smoking is 

the primary risk factor for bladder cancer, consistent 

with the National Cancer Institute (NCI) data, which 

indicates smoking contributes to 66.7% of bladder 

cancer cases [13]. Other studies also linked high 

smoking prevalence to an elevated risk of bladder 

cancer [14]. 

The average serum apolipoprotein A1 (ApoA1) 

levels in patient groups were significantly higher than 

those in control groups, with a p-value ≤ 0.001. 
While serum ApoA1 levels are associated with 

various conditions such as obesity, fatty liver disease, 

cardiovascular diseases, and diabetes, they cannot be 
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definitively regarded as cancer-specific markers 

[15,16]. 

Urinary ApoA1 levels in patients were also higher 

than those in control groups. Consequently, urinary 

ApoA1 has the potential to serve as a marker for 
bladder cancer diagnosis and monitoring following 

treatment. However, ApoA1 in urine is linked to 

several malignancies, as supported by this and related 

studies. Urine proteome analysis has emerged as a 

promising tool for diagnosing bladder cancer [17]. 

This study aimed to evaluate the expression levels of 

ApoA1 in the blood and urine of bladder cancer 

patients. The results indicated significantly elevated 

ApoA1 levels in the voided urine of cancer patients 

compared to benign and healthy control groups. This 

study further demonstrated high sensitivity and 

specificity for bladder cancer detection using this 
biomarker [18]. 

Several studies have highlighted that increased 

urinary ApoA1 levels provide high specificity and 

sensitivity, aiding in bladder cancer diagnosis. 

Research by Yongcheng He et al. found that elevated 

pre-surgical urinary ApoA1 levels are associated with 

improved cancer-specific survival and overall 

survival in patients with non-muscle-invasive bladder 

cancer (NMIBC). ApoA1 may serve as a valuable 

predictor for determining optimal treatment strategies 

[19]. 
Jae-HakAhn from Seoul, Korea, reported that kinase 

activation by ApoA1 promotes tumor angiogenesis, 

and ApoA1 is a key component of high-density 

lipoproteins. Using two-dimensional electrophoresis 

and mass spectrometry, ApoA1 was evaluated as a 

potential biomarker for bladder cancer. The findings 

revealed increased ApoA1 expression, confirmed 

through Western blot analysis. Sensitivity and 

specificity were 89.2% and 84.6%, respectively, 

based on 379 urine samples. Additional studies 

independently validated ApoA1's role in bladder 

cancer, with sensitivity ranging from 92–95% and 
specificity from 85–92% [18]. 

 

CONCLUSION 

Based on the study results, including elevated serum 

and urine APOA1 levels in the patient group 

compared to the control group and the data presented 

in this study demonstrating high sensitivity and 

specificity, it can be concluded that urinary 

apolipoprotein A1 is a reliable biomarker for 

detecting and distinguishing bladder cancer. 
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