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Objective: This study aims to investigate the immune system dysregulation in
endometriosis, focusing on cytokine imbalances, immune cell malfunctions, and
epigenetic modifications to identify potential diagnostic markers and individualized
therapeutic options. Method: A total of 240 female participants, including 100
endometriosis patients and 50 healthy controls, were included in the study. Data were
collected through cytokine measurements (IL-6, TNF-a, VEGF), immune cell profiling
(Th1/Th2 dynamics, Treg/Th17 ratios, macrophage M1/M2 patterns), and epigenetic
analysis (DNA methylation and microRNA expression) in blood and endometrial tissue
samples. Results: Endometriosis patients exhibited significant immune imbalance with
elevated levels of IL-6, TNF-a, and VEGF, disrupted Th17/Treg ratios, reduced NK cell
activity, and an M2-dominant macrophage pattern, all contributing to chronic
inflammation and tissue expansion. Novelty: The study highlights the role of epigenetic
modifications and immune cell dysfunction in endometriosis, providing novel insights
into its immunopathology. The findings support the development of precision medicine
approaches targeting immune signaling pathways and biomarker-based therapies to

Immunotherapy in Uzbekistan improve treatment outcomes.

INTRODUCTION

Endometriosis exists as a chronic and estrogen-dependent gynecological condition
that affects 10% of all reproductive-age women across the world which produces
persistent pelvic pain together with dysmenorrhea and dyspareunia while also causing
infertility. The medical condition consists of endometrial tissue growing abnormally
outside the uterus where it finds placement especially in the peritoneum and ovaries and
pelvic tissue, and the insufficient understanding of endometriosis pathogenesis causes
difficulties in accurate diagnosis and effective treatments alongside high relapse rates
due to its widespread prevalence among women [1]. Current understanding of
endometriosis development through retrograde menstruation along with coelomic
metaplasia and stem cells does not provide a complete explanation of its occurrence [2].
Disease onset and persistent factors heavily depend on impairments within the immune
system according to contemporary research. Ectopic endometrial cells avoid
immunological removal by receiving support from the immune system through
combined mechanisms of inflammation and evasion and new blood vessel development
[3]. The immune dysregulation involves incorrect cytokine creation together with
modified immune cell operations and changes to how immune response pathways
respond [4]. The treatment options for endometriosis are restricted because it displays
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heterogeneous characteristics while only offering hormonal suppression combined with
surgical intervention as the main therapeutic approaches [5]. The treatments generate
important adverse effects together with brief symptom reduction but the disease tends to
appear recurrently. The identification of innovative diagnostic tools along with
individualized treatments that address immune system abnormalities becomes crucial
because of immediate medical necessity, and this research examines the endometriosis-
related immunological processes by studying how cytokines disrupt balance and how
immune cells function while inspecting epigenetic control [6]. The study investigates
both individualized therapeutic alternatives through immunomodulatory therapy
alongside biomarker-based precision medicine. The research presents findings to
advance the creation of better and individualized treatment methods for endometriosis
management [7].

RESEARCH METHOD
Literature Review

Endometriosis is a chronic inflammatory gynecological disorder affecting 10-15%
of reproductive-age women worldwide, including a significant proportion in Uzbekistan,
where an increasing number of infertility cases are linked to this disease [8]. The
pathogenesis of endometriosis is complex, involving hormonal imbalances, immune
dysfunction, and epigenetic alterations that contribute to the persistence of ectopic
endometrial tissue . Although theories such as retrograde menstruation, coelomic
metaplasia, and stem cell involvement attempt to explain its origin, recent studies
emphasize that immune system dysregulation plays a fundamental role in the
development and progression of endometriosis [9].

One of the key findings in endometriosis is the presence of chronic inflammation,
maintained by an abnormal cytokine profile in the peritoneal fluid and serum of patients.
Elevated levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), interleukin-
1 beta (IL-1P), and vascular endothelial growth factor (VEGF) create an inflammatory
microenvironment that promotes lesion survival, angiogenesis, and immune escape
mechanisms [10]. IL-6 has been identified as a major contributor to the chronicity of
inflammation, sustaining the activation of immune cells and facilitating the immune
evasion of ectopic endometrial tissue . TNF-a plays a crucial role in tissue remodeling
and fibrosis, exacerbating adhesion formation and increasing pain severity in patients
with advanced endometriosis. VEGF overexpression has been shown to drive aberrant
neovascularization, ensuring a continuous blood supply to ectopic implants and allowing
their proliferation outside the uterine environment [11].

Immune system dysfunction in endometriosis is also characterized by an
imbalance in T-helper (Th) cell subpopulations, particularly an increased Th17/Treg
ratio. A dominance of Th17 responses leads to excessive production of IL-17, which
promotes the recruitment of inflammatory cells and further amplifies tissue damage and
lesion progression. In contrast, regulatory T cells (Tregs), which are responsible for
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immune suppression and tolerance, are functionally impaired, leading to insufficient
immune regulation and prolonged inflammation [12].

A major feature of endometriosis is the reduction in natural killer (NK) cell
cytotoxicity, failing to eliminate ectopic endometrial cells that should otherwise be
targeted by the immune system. Research in Uzbekistan has confirmed that women with
moderate to severe endometriosis exhibit significantly lower NK cell activity, correlating
with more extensive adhesions and increased pain intensity [13].

Methodology

Research examines immune system disorders in endometriosis through
assessments of cytokines together with measurements of immune cell ratios and studies
of epigenetic modifications in patients with the condition [14]. The researchers collected
archived medical records from 2022 through 2024 at I. Irgashev N4 Maternity Hospital in
Uzbekistan. A retrospective cohort study was chosen to assess immune markers along
with clinical results among 150 participants including 100 women who received
endometriosis histological diagnosis and 50 healthy participants without evidence of the
disease through laparoscopic examination [15]. The collected medical records contained
information regarding patient demographics and clinical history and disease severity
and treatment history. The research obtained samples from peripheral blood and
peritoneal fluid from a particular group of patients who received laparoscopic treatment
during their surgical procedures. The researchers evaluated pro-inflammatory cytokines
IL-6 and TNF-a along with IL-1p and VEGF using enzyme-linked immunosorbent assay
(ELISA). Flow cytometry techniques were utilized to study immune cells between T-
helper cell subpopulations (Th1, Th2, Th17, and Treg) and natural killer (NK) cells as well
as macrophage M1/M2 ratio during analysis. A study of epigenetic modifications
occurred through analysis of microRNA expression (miR-21, miR-451) and DNA
methylation dynamics within FOXP3 and STAT3 immune regulatory genes using the
combination of RT-qPCR alongside bisulfite sequencing.

The data analysis ran on SPSS 26.0 software produced by IBM located in USA. The
statistic analysis included Mann-Whitney U and Student’s t-test for continuous variables
depending on variable distribution patterns while the chi-square test applied to
categorical variables. Spearman’s rank correlation coefficient determined the connection
patterns between immune cell profiles, disease severity and cytokine levels. The research
utilized logistic regression for diagnosis and staging of endometriosis based on immune
profiles at a p < 0.05 statistical significance level. A study approval came from the Ethics
Committee at I. Irgashev N4 Maternity Hospital while following all the principles
outlined in the Declaration of Helsinki. All recorded data went through a patient
confidentiality protection process by undergoing anonymization protocols. Since the
research relied on historical patient data the ethics board accepted foregoing individual
consent from participants. The researchers selected a retrospective cohort design since it
enabled extensive analysis and reduced the ethical problems that come with prospective
studies. Combined research of cytokines with measurements of immune cells combined
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with epigenetic investigations produces extensive knowledge about immune system
abnormalities in endometriosis, reliable epigenetic data outcomes stem from the
combination of RT-qPCR and bisulfite sequencing approaches together with flow
cytometry which provides accurate immune cell quantification. The inclusion of subjects
who match the disease group's age makes the research data more valid for comparison
purposes. Through the integration of immunological research with molecular findings
and clinical analysis this research has developed a solid approach to study immune-
related mechanisms of endometriosis. This research supports the development of specific
biomarker tests that will enhance early endometriosis detection and individualized
therapeutic treatment methods for patients in Uzbekistan as well as worldwide.

RESULTS AND DISCUSSION

Researchers reviewed endometriosis-related immune system dysfunction by
examining cytokine levels together with immune cell response and epigenetic
modifications between 100 endometriosis patients with confirmed histological diagnosis
and 50 controls selected from patients at I. Irgashev N4 Maternity Hospital in Uzbekistan.
The research data shows that elevated IL-6 levels contribute to persistent inflammation
as well as immune system evasion mechanisms. The increased TNF-a levels create two
negative effects: fibrosis and adhesion formation that lead to worsened pain intensity
along with impairment of fertility potential. The high levels of VEGF proteins provide
substantial evidence about how angiogenesis drives endometriotic lesion progression.
Table 1 presents a comparison of cytokine and immune cell profiles between the
endometriosis and control groups, demonstrating statistically significant differences (p <
0.001) across all markers.

Table 1. Comparison of Cytokine and Immune Cell Profiles Between Endometriosis
and Control Groups.

Cytokine/Immune Endometriosis Group Control Group p-

Cell (Mean * SD) (Mean * SD) value
IL-6 (pg/mL) 23.5+3.2 82+15 < 0.001
TNF-a (pg/mL) 18729 54+12 <0.001
IL-1P (pg/mL) 154+2.6 4108 <0.001
VEGF (pg/mL) 482+53 195+£28 < 0.001
Th17/Treg Ratio 3.5%0.8 1.8+0.5 <0.001
NK Cell Activity (%) 421 +£5.7 68.4 £6.2 < 0.001
M2 Macrophages (%) 68.3+4.9 427 +£3.8 <0.001

As shown in Table 1, immune cell distributions together with cytokine levels
exhibit notable distinctions (p < 0.001) between the two study groups. The endometriosis
group showed elevated ratios of Th17 cells compared to regulatory T cells (3.5 + 0.8 vs.
1.8 £ 0.5, p < 0.001). The existence of increased Thl7 cells exceeding Tregs in
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endometriosis patients creates a chronic inflammatory atmosphere that allows ectopic
lesions to maintain themselves. The overproduction of IL-17 drives both immune cell
migration into affected areas and worsens tissue destruction, resulting in sustained
inflammation.

Serum-treated NK cells processed fewer target cells for destruction in the
endometriosis cohort compared to healthy subjects (42.1% £ 5.7 vs. 68.4% + 6.2, p < 0.001).
These results indicate systemic immune regulatory failure in endometriosis patients. The
decreased numbers of NK cells limit their ability to eliminate aberrant endometrial cells,
which leads to prolonged lesion survival. The number of M2 macrophages exceeded M1
macrophages by a significant margin in endometriosis patients (68.3% + 4.9 vs. 42.7% +
3.8, p < 0.001). The presence of M2 macrophages promotes disease progression through
tissue repair functions, angiogenesis, and immune regulatory mechanisms, aiding lesion
escape from immune recognition. Prior studies also suggest M2 macrophages are
associated with fibrosis and stabilization of ectopic endometrial tissue.

The immune alterations are visually summarized in Figure 1, which highlights the
cytokine and immune cell distribution between the endometriosis and control groups.
Figure 1.

Cytokine and Immune Cell Distribution in Endometriosis and Control Groups

The figure illustrates that endometriosis patients experience elevated
inflammatory activity while their immune systems operate abnormally. Scientific
research indicates endometriosis represents a systemic disease because it includes long-
term immune dysfunction, chronic inflammation, immune evasion, and altered immune
cell behavior. The statistically significant differences (p < 0.001) observed reinforce the
clinical relevance of these immune changes. These findings support the use of cytokine
and immune cell profiling as diagnostic and prognostic tools.

The study combines molecular, immunological, and clinical data to demonstrate
that immune dysfunction is a defining feature of endometriosis. International research
supports these results, suggesting that immunomodulatory treatments —such as TNF-a
inhibitors, IL-6 antagonists, and immune checkpoint inhibitors—could benefit
Uzbekistani endometriosis patients. Future research should focus on immune-based
therapies and precision medicine to improve diagnostic accuracy and personalize
treatment strategies.
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Figure 1. Cytokine and Immune Cell Distribution in Endometriosis and Control
Groups
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The presented figure showcases data which demonstrates that endometriosis
patients experience elevated inflammatory activity while their immune system operates
abnormally.

Scientific research indicates endometriosis represents a systemic disease because
it includes long-term immune dysfunction as well as chronic inflammation together with
immune evasion functions and changed immune cell activity patterns. The research
results show statistically meaningful differences (p < 0.001) that prove immune
alterations found in endometriosis are clinically significant. The observed results
establish cytokine and immune cell analysis as valuable tools which can potentially aid
in diagnosis and prognosis determination. The study combines molecular,
immunological and clinical data to demonstrate that immune dysfunction stands as the
primary characteristic of endometriosis. International research supports the findings
which present opportunities for immunomodulatory treatments using TNF-a inhibitors
and IL-6 antagonists and immune checkpoint inhibitors to benefit Uzbekistani
endometriosis patients. Upcoming research needs to study both immune-based
treatments and precision medicine methods to enhance diagnostic precision and
personalized therapy approaches.

CONCLUSION

Fundamental Finding : The research unequivocally demonstrates that Uzbek
women with endometriosis exhibit significant immune dysfunction, as evidenced by
altered cytokine profiles, immune cell distributions, and macrophage polarization
patterns. Elevated levels of IL-6, TNF-a, IL-13, and VEGF, along with disrupted
Th17/Treg ratios and reduced NK cell cytotoxicity, contribute to chronic inflammation,
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tibrosis, and tissue adhesions. Implication : These findings imply that routine immune
profiling, including cytokine measurements and immune cell analysis, should become
part of the diagnostic process for endometriosis. Furthermore, targeted therapies using
TNEF-a inhibitors, IL-6 antagonists, and immune checkpoint inhibitors may provide a
new avenue for treating severe, recurrent cases. Limitation : The study’s limitations
include its focus on a specific geographic population, which may affect the
generalizability of the results to other regions or ethnic groups. Future Research : Future
research should explore genetic and epigenetic factors influencing immune response in
endometriosis, particularly in the context of precision medicine. Longitudinal studies are
also needed to evaluate the efficacy of immunomodulatory therapies and their impact on
disease progression and recurrence in diverse populations.
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