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Abstract  The article investigates immunological features of chronic prostatitis in young men depending on the presence 

of metabolic syndrome. Levels of pro-inflammatory (IL-2, TNF-α) and anti-inflammatory cytokines (IL-4), as well as 

vascular endothelial growth factor (VEGF), were analyzed in blood serum and ejaculate. The data reveal significant 

differences between groups of patients with chronic prostatitis with and without metabolic syndrome. Metabolic syndrome 

was shown to amplify inflammation, angiogenesis, and cytokine imbalance, emphasizing the need for a personalized 

approach to treatment.  
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1. Introduction 

The immune system is a key link in maintaining the  

body's health, providing protection against infections and 

controlling homeostasis. It is responsible for recognizing and 

neutralizing pathogens, as well as eliminating damaged or 

abnormal cells. One of the main mechanisms by which the 

immune system performs its functions are cytokines - small 

protein molecules that serve as signals between cells 

[2,5,8,15,16,17]. 

Cytokines play a crucial role in regulating immune and 

inflammatory responses. They participate in the activation 

and differentiation of immune cells, coordinate interactions 

between them, and influence the intensity and duration of the 

immune response [1,6,9,11]. 

Metabolic syndrome, characterized by conditions such as 

obesity and insulin resistance, contributes to changes in the 

cytokine profile in the body [3,7,12,14]. 

Understanding the general importance of the immune 

system and the role of cytokines is important for developing 

new approaches to the diagnosis and treatment of chronic 

prostatitis, especially in combination with metabolic syndrome. 

The study of immune markers can provide valuable information 

on the pathogenesis of the disease and potential points of 

therapeutic intervention [4,10,13]. 
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Purpose of the study: The levels of pro- and 

anti-inflammatory cytokines and vascular growth factor in 

the blood serum and ejaculate of men with chronic prostatitis 

were studied depending on the presence of metabolic syndrome 

at a young age. 

2. Materials and Methods of Research 

To carry out this research work, 45 young men aged 27 to 

44 years with chronic prostatitis who applied to the urology 

department of the Bukhara Regional Multidisciplinary Medical 

Center were examined in the period from 2023 to 2024. This 

cohort was divided into two subgroups: The main group   

(n = 20) - men with chronic prostatitis in combination with 

metabolic syndrome; the comparison group (n = 25) - men 

with chronic prostatitis without metabolic syndrome. 

The diagnosis was established based on clinical and 

functional data in accordance with the international consensus 

on the diagnosis and treatment of urological diseases (ICD-10). 

The diagnoses were verified based on a thorough collection 

of anamnesis, clinical, laboratory (general blood test, urine 

test) biochemical blood test, instrumental (ultrasound, CT, 

MRI). Particular attention was paid to the duration of the 

pathological process, previous and concomitant diseases. 

Interleukins were determined in blood serum and ejaculate 

using the solid-phase enzyme immunoassay method, according 

to the attached instructions. The set uses a "sandwich" version 

of the solid-phase enzyme immunoassay. The "Cytokine" 

test set was used to determine IL-2, 4 and TNFα, VEGF (St. 

Petersburg, Russia). 
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3. Research Results and Their Discussion 

In the first stage of our study, we examined the level of 

pro- and anti-inflammatory cytokines (IL-2, IL-4, TNFa)  

and vascular growth factor (VEGF) in the blood serum of 

patients with chronic prostatitis without metabolic syndrome 

(comparison group, n = 25). 

 

Figure 1.  Cytokine levels in patients with chronic prostatitis without 

metabolic syndrome (comparison group), (pg/ml, P≤0.05) 

IL-2 is a key cytokine that stimulates T-lymphocyte 

proliferation, which reflects the adaptive response of the 

body to the inflammatory process in the prostate. In the 

control group, this indicator was 13.2±0.17 pg/ml, while in 

patients with chronic prostatitis without metabolic syndrome 

(CP without MS) it was slightly higher - 14.4±0.09 pg/ml 

(Fig. 1). A slight increase in the IL-2 level in patients with 

CP without MS compared to the control group may indicate 

activation of the cellular component of immunity in conditions 

of chronic inflammation. 

IL-4 plays an important role in the differentiation of 

T-helpers of the second type (Th2) and stimulates the production 

of antibodies, which may indicate an adaptive immune 

response in conditions of chronic inflammation. In the 

control group, this indicator was 8.53±0.11 pg/ml, while in 

patients with chronic prostatitis without metabolic syndrome 

(CP without MS) it was significantly higher - 11.7±0.11 

pg/ml (Fig. 1). An increase in the IL-4 level in patients with 

CP without MS may indicate increased activation of the 

humoral component of immunity. 

TNF-α is a key inflammatory mediator involved in 

maintaining chronic inflammation and activating immune 

cells. In the control group, this indicator was 27.4±0.09 pg/ml, 

while in patients with CP without metabolic syndrome     

it increased to 32.4±0.25 pg/ml. The difference between  

the groups was an increase of 1.18 times compared to the 

control group. This result reflects increased activation of the 

inflammatory response in patients with chronic prostatitis. 

VEGF is a key regulator of vascular permeability and 

growth of new vessels, which is important for maintaining 

the inflammatory process and tissue regeneration. In the 

control group, this indicator was 163.7±0.48 pg/ml, while  

in patients with CP without MS it was significantly higher   

- 223.5±1.05 pg/ml. The difference between the groups 

corresponds to an increase in the VEGF level by 1.37 times 

compared to the control group. Increased VEGF levels in 

patients with CP without MS may indicate activation of 

angiogenesis in response to chronic inflammation in the 

prostate tissue. 

Next, we studied the level of cytokines in a subgroup of 

men with chronic prostatitis in combination with metabolic 

syndrome (main group, n=20). 

 
Figure 2.  Cytokine levels in patients with chronic prostatitis with 

metabolic syndrome (main group), (pg/ml, P≤0.05) 

In the control group, the IL-2 level was 13.2±0.17 pg/ml, 

and in patients with CP with MS it increased to 15.1±0.11 

pg/ml, which corresponds to a 1.14-fold increase in the level 

compared to the control group. 

In patients with CP with MS, the level of interleukin-4 

(IL-4) was 17.8±0.10 pg/ml, which is 2.09 times higher than 

in the control group (8.53±0.11 pg/ml) (p<0.05) (Fig. 2). 

The level of tumor necrosis factor-α (TNF-α) in patients 

with chronic prostatitis with metabolic syndrome (CP with 

m.s.) was 45.7±0.28 pg/ml, which is 1.67 times higher than 

in the control group (27.4±0.09 pg/ml) (p<0.05). 

When analyzing the level of vascular endothelial growth 

factor (VEGF), it was found that in patients with chronic 

prostatitis with metabolic syndrome (CP with m.s.), it was 

significantly increased by 1.67 times and amounted to 272.6 

±2.65 pg/ml than in the control group (163.7±0.48 pg/ml) 

(p<0.05). 

Thus, a significant increase in the levels of the studied 

markers in groups of patients with chronic prostatitis, 

especially in the main group, is associated with increased 

inflammation and metabolic disorders. Increased IL-2 

indicates activation of the cellular component of immunity 

and chronic inflammation. Increased IL-4 reflects activation 

of the humoral component of immunity and cytokine imbalance, 

which is more pronounced in patients with metabolic syndrome. 

Increased TNF-α confirms increased inflammation, since 

this cytokine is a key mediator of inflammation actively 

produced by macrophages. Increased VEGF indicates 

activation of angiogenesis, which is associated with hypoxia 

of prostate tissues and vascular dysfunction, especially 

pronounced in patients with metabolic syndrome. 

At the next stage of our research, we examined the levels of 

cytokines IL-2, IL-4, TNF-α and VEGF in the ejaculate of 
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men in the control group and in patients with chronic prostatitis 

without metabolic syndrome (comparison group, n=25). 

 
Figure 3.  IL-2 level in ejaculate in patients with chronic prostatitis 

without metabolic syndrome (comparison group), (pg/ml, P≤0.05) 

The IL-2 level in the control group was 11.4±0.12 pg/ml, 

and in patients with CP without MS it increased to 13.8±0.11 

pg/ml, which is 1.21 times higher than in the control (Fig. 3). 

The IL-4 level in the control group was 16.2±0.10 pg/ml, 

and in the CP group without MS it increased to 18.7±0.28 

pg/ml, which is 1.15 times higher than in the control. 

The level of TNF-α was 42.6±0.53 pg/ml in the control 

group and increased to 51.3±0.54 pg/ml in patients with CP 

without MS, which is 1.2 times higher than in the control. 

The VEGF level in the control group was 325.8±2.85 

pg/ml, and in patients with CP without MS it increased to 

397.5±2.40 pg/ml, which is 1.22 times higher than in the 

control. 

Thus, patients with chronic prostatitis without metabolic 

syndrome show a moderate but statistically significant 

increase in all studied cytokines compared to the control 

group. These changes reflect the activation of inflammatory 

and immune mechanisms, as well as the involvement of 

angiogenesis in the pathogenesis of chronic prostatitis. 

Next, the levels of cytokines IL-2, IL-4, TNF-α and VEGF 

in the ejaculate of men in the control group and in patients 

with chronic prostatitis with metabolic syndrome (main 

group, n = 20) were studied. 

The IL-2 level in the control group was 11.4±0.12 pg/ml, 

while in patients with CP with MS it increased to 17.5±0.11 

pg/ml, which is 1.54 times higher than in the control (p≤0.05) 

(Fig. 4). 

The IL-4 level in the control group was 16.2±0.10 pg/ml, 

and in patients with CP with MS it reached 25.4±0.30 pg/ml, 

which is 1.57 times higher than in the control (p≤0.05). 

The level of TNF-α in the control group was 42.6±0.53 

pg/ml, and in patients with CP with MS it increased to 

59.4±0.49 pg/ml, which is 1.39 times higher than in the 

control. 

The VEGF level in the control group was 325.8±2.85 

pg/ml, while in patients with CP with MS it increased to 

452.7±3.03 pg/ml, which corresponds to an increase of 1.39 

times compared to the control. 

 
Figure 4.  IL-2 level in ejaculate in patients with chronic prostatitis with 

metabolic syndrome (main group), (pg/ml, P≤0.05) 

4. Conclusions 

Patients with chronic prostatitis and metabolic syndrome 

show a significant increase in all studied cytokines in the 

blood serum and ejaculate compared to the control group. 

These changes reflect a pronounced cytokine imbalance, as 

well as the involvement of angiogenesis in the pathogenesis 

of the disease. The data obtained confirm the significant 

impact of metabolic syndrome on the enhancement of 

inflammatory and immune disorders in chronic prostatitis. 
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