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Abstract  This review shows the leading role of inflammation, its mediated activation of immune cells (macrophages, T1 

helper cells, and others) and overexpression of proinflammatory cytokines in the growth of uterine fibroids. Cytokines 

stimulate angiogenesis and cell proliferation, lead to fibrous changes and remodeling of the extracellular matrix in fibroid 

tissue. Inflammation control may serve as a special target in the treatment strategy for uterine fibroids, which requires a more 

detailed consideration of the place of inflammation in the pathophysiology of fibroids in subsequent studies. 
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1. Introduction 

Uterine fibroids (leiomyomas) are benign tumors that 

originate from the myometrium and include smooth muscle 

and connective tissue. The prevalence of uterine fibroids 

ranges from 25% in women of reproductive age to 70% in 

premenopausal women, with serious complications requiring 

surgery, mainly hysterectomy, occurring in about 25% of 

cases [1]. The growth of fibroids disrupts the configuration 

of the uterus, the structure of its tissue and leads to a symptomatic 

manifestation of the disease with heavy menstrual bleeding 

and subsequent iron deficiency anemia, pelvic pain, impaired 

function of neighboring organs (flatulence, urination disorders) 

[2]. Uterine fibroids have a negative impact on reproductive 

outcomes, including the risk of recurrent miscarriage, 

premature birth, surgical delivery, postpartum hemorrhagic 

and purulent-septic complications [3,4], as well as impaired 

fertility [5]. Uterine fibroids are a significant problem for 

health and, consequently, quality of life due to an increased 

risk of hysterectomies, which are performed in a third of 

cases due to uterine fibroids [6].  

It has been proven that sex steroids are crucial for the 

development and maintenance of fibroid growth. Estradiol 

and progesterone initiate the formation of mitogenic effects 

by mature myocytes, to which neighboring immature, 

undifferentiated myometrial cells respond with the growth  

of a fibroid node. Contrary to the beliefs that existed until 

recently, new data indicate the combined effect of estradiol 

and progesterone in maintaining the growth of the myomatous 

node. The action of progesterone is aimed at the proliferation 

of fibroid cells, and estradiol increases the availability of 

progesterone receptors inside cells [7]. Inflammation may be  
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a necessary link in the pathogenesis of uterine fibroids.  

There is evidence indicating an increase in the expression  

of pro-inflammatory cytokines in uterine fibroids [8]. These 

cytokines can interact with a number of growth factors and 

affect the growth of fibroids, which is regulated by estrogen and 

progesterone. Despite the available data, the pathophysiology 

of uterine fibroids remains unclear and requires further 

study. 

The aim of the study was to determine the place of the 

inflammatory factor in the pathogenesis of uterine fibroids. 

2. Materials and Methods 

The analysis of literary sources of recent years has been 

carried out using the PubMed, Medline, WHO and Medscape 

databases. 

3. The Results of the Study 

Uterine leiomyoma is a monoclonal tumor that occurs 

under the influence of gene mutations in smooth muscle 

tissue from a single progenitor cell, or fibroid stem cells [9]. 

It is believed that in myometrial stem cells, the Wnt protein, 

whose secretion depends on estrogen, stimulates β-catenin. 

The activated Wnt/β-catenin signaling pathway is responsible 

for cell proliferation and preservation of tissue homeostasis 

[10]. In somatic mutation with enhanced function of the 

mediator complex subunit 12 (MED12) gene, β-catenin 

regulation is disrupted [11], which can lead to uncontrolled 

proliferation of leiomyoma cells [12]. The cellular composition 

of the resulting tumor clone is heterogeneous and includes 

smooth muscle cells, vascular smooth muscle cells, fibroblasts, 

and myofibroblasts [13]. It is suggested that uterine hypoxia, 

abnormal methylation, or abnormal estrogen signaling may 

play a crucial role in the transformation of myometrial stem 
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cells into fibroid stem cells [14]. Further proliferation and 

clonal expansion occurs in response to steroid hormones  

via paracrine signaling originating from the surrounding 

differentiated cells of the myometrium and leiomyoma. 

Chronic inflammation occupies a special place in the 

pathophysiology of uterine fibroids. It has been suggested 

that an inadequate inflammatory response promotes the transition 

of myometrial smooth muscle cells into a myofibroblast,    

a more proliferating phenotype, i.e., the addition of an 

additional fibrotic function gives this cell proliferating 

qualities. Cellular transformation into the myofibroblastic 

phenotype is the key to the establishment and progression of 

fibrogenesis [15].  

Myofibroblasts are activated by inflammation, injury or 

mechanical action on tissues, hypoxia and oxidative stress. 

In normal transient inflammation, fibroblasts transform into 

myofibroblasts and produce extracellular matrix proteins 

such as collagen, fibronectin, and versican, which are aimed 

at repairing and restoring tissue homeostasis [16]. However, 

chronic inflammation in the uterus leads to inappropriate 

activation of fibroblasts, disrupts the processes of apoptosis 

of these cells, excessive accumulation of extracellular matrix 

and fibrosis occurs, which is emphasized in a number of 

studies as one of the important aspects of the pathogenesis of 

uterine fibroids [17]. It has been shown that uterine fibroids 

include 50% more extracellular matrix than peripheral 

myometrium, which confirms that uterine leiomyoma is    

a typical fibrous pathology [18]. It is assumed that the 

extracellular matrix serves as a reservoir for growth factors, 

cytokines, chemokines, angiogenic mediators and proteases, 

which are considered as growth stimulators of uterine 

fibroids [19]. 

More and more evidence indicates that local chronic 

inflammation creates a microenvironment that promotes  

the development of uterine fibroids. Consideration of the 

chronic inflammatory condition as a central link in the 

pathophysiology of uterine fibroids is confirmed by the 

presence of high expression of proinflammatory cytokines  

in fibroids, including interleukin (IL)-1β, IL-6, IL-13, IL-15, 

tumor necrosis factor (TNF)-α, granulocyte-macrophage 

colony-stimulating factor (GM-CSF) and erythropoietin, 

which interact with estrogens and progesterone, initiating  

the growth of fibroids [20]. Moreover, the presence of 

macrophages, lymphocytes, leukocytes and other immune 

cells in uterine fibroids was revealed, which is relatively 

more than in the peripheral tissue from the node [20]. 

Single-cell RNA sequencing has identified various populations 

of immune cells, such as T cells, natural killer (NK) cells, 

and B cells in uterine fibroids. Increased regulation of genes 

involved in leukocyte migration, cytokine production, and 

regulation of the inflammatory response in uterine fibroids 

compared with normal myometrium has been identified [13]. 

A significantly high number of naive CD4+ and central 

memory T cells, regulatory T cells, cytotoxic T cells, and T1 

helper cells were detected in fibroids, while the number    

of terminal effector memory cells, NK cells, and T2 helper 

cells was significantly reduced compared to women without 

uterine fibroids [21]. Also, using the method of mass cytometry, 

a significantly greater presence of NK cells, common 

macrophages, M2 macrophages, and ordinary dendritic cells 

was found inside the fibroid node and surrounding tissue 

compared with the peripheral myometrium [8].  

Despite the presence of resident tissue macrophages,    

in response to inflammation or damage, monocytes and 

macrophage precursors are released from the bone marrow 

and enter the damaged area [22]. Signals transmitted by 

cytokines and growth factors lead to the proliferation of both 

newly arrived and resident macrophages. Macrophages are 

polarized into M1 or M2 macrophages [23]. M1 macrophages 

are a “pro-inflammatory phenotype" that produce chemokines, 

matrix metalloproteinases (MMPs), and other inflammatory 

mediators in response to inflammation. In addition to cytokines, 

M1 macrophages secrete several growth factors, such as 

platelet-derived growth factor (PDGF), transforming growth 

factor-β1 (TGF-β1), insulin-like growth factor-1 (IGF-1), 

and vascular endothelial growth factor-alpha (VEGF-α) [24]. 

These molecules stimulate cell proliferation and angiogenesis, 

the transformation of fibroblasts into myofibroblasts, which 

is necessary for the healing of the damaged area, in particular, 

through the production of extracellular matrix components 

[19]. Next, macrophages are polarized into M2 macrophages, 

which are considered an “anti-inflammatory phenotype” and 

produce anti-inflammatory cytokines to suppress and resolve 

inflammation. Prolonged activation of M1 macrophages 

leads to continuous production of pro-inflammatory mediators, 

which contributes to persistent inflammation and progression 

of tissue fibrosis [25].  

Zannotti A, et al. [26] proposed a possible phase 

mechanism of leiomyoma development, according to which 

cellular leiomyoma, considered as the first step in tumor 

transformation, contains low levels of extracellular matrix 

proteins, but a higher level of infiltration of CD68-positive 

macrophages, as well as leukocytes and mast cells [20], 

which may be a response to an inflammatory stimulus. 

During inflammation, some cells of the cellular leiomyoma 

transform into myofibroblasts, followed by increased 

production of extracellular matrix proteins [17]. This is 

confirmed by the fact that a common leiomyoma, which can 

be considered a late-phase tumor, contains more extracellular 

matrix mass and a reduced number of macrophages [20]. 

Differentiation of myofibroblasts can be caused by several 

cellular pathways, signals from neighboring cells, including 

cytokines, steroid hormones and growth factors, and physical 

factors such as extracellular matrix stress [25]. Cytokines are 

signaling peptides produced by many immunocompetent 

cells. They bind to specific receptors on target cells to transmit 

signals that activate numerous genes involving transcription 

factors from the family of nuclear factors, such as nuclear 

factor kappa B (NF-κB) [27]. This process regulates cell 

proliferation, growth, and apoptosis. Сytokines also interact 

with growth factors and determine the remodeling processes 

of the extracellular matrix [20].  

Comparison of myometrial progenitor cells and myometrial 

fibroid progenitor cells showed that myometrial progenitor 



 American Journal of Medicine and Medical Sciences 2025, 15(10): 3671-3675 3673 

 

 

cells exhibit significantly higher levels of Th2 pathway 

cytokines and significantly lower levels of Th1/Th17 cytokines 

[14]. Increased levels of G-CSF, IL-1α, IL-1β, IL-6 and 

VEGF-A were found in women with uterine fibroids, compared 

with those in healthy individuals [28]. Similarly, another 

study found pronounced trends in the expression of interferon 

α2, IL-1α, and platelet growth factor AA (PDGF-AA), but 

significantly lower levels of GM-CSF and IL-1 receptor 

antagonist (IL-1RA) in patients with uterine fibroids [8].  

TNF-α is a key pro-inflammatory cytokine that plays an 

important role in infection control and antitumor effects. 

TNF-α expression levels were higher in uterine fibroids 

compared with peripheral myometrium, moreover, serum 

TNF-α levels were significantly higher in women with 

symptomatic uterine fibroids than in healthy individuals, and 

TNF-α levels correlated with tumor size [29]. There is also 

evidence indicating that there are no differences in TNF-α 

levels in women with uterine fibroids compared with healthy 

individuals [30]. TNF-α increases the expression of matrix 

metalloproteinase (MMP)-2, stimulates cell migration by 

activating the kinase signaling pathway, and activates the 

NF-κB signaling pathway in fibroid smooth muscle cells 

[31]. These data indicate that TNF-α expression caused by 

inflammation plays an important role in cell migration and 

extracellular matrix remodeling in fibroids. 

IL-1β is a potent pro-inflammatory cytokine and plays   

a crucial role in several inflammatory and autoimmune 

diseases. In uterine fibroids, IL-1β is involved in extracellular 

matrix remodeling, activates mesenchymal stem cells and 

the NF-κВ pathway [32]. In a review by Ishikawa H, et al.  

[9] indicated a significant decrease in the expression of IL-1β, 

IL-6, and IL-10; and a significant increase in the expression 

of cyclooxygenase (COX)1, COX2, and VEGF in the 

endometrium of women with uterine fibroids, which is 

associated with increased regulation of inflammatory 

pathways in the endometrium. In contrast, Plewka A, et al. 

[33] noted an increase in the levels of IL-1β and NF-κВ    

in uterine fibroids compared with healthy myometrium in 

women of reproductive and perimenopausal age. Higher 

levels of IL-1b were associated with large fibroids in women 

of reproductive age, whereas no such association was found 

in perimenopausal age. In addition, there was no correlation 

between the level of NF-kB and the size of fibroids [33]. An 

immunohistochemical analysis conducted by de Mezer M, et 

al. [34] determined that the level of IL-1β was significantly 

lower in the fibroid thickness compared with the surrounding 

myometrium and myometrial tissue samples in healthy 

individuals. The authors noted a significant positive correlation 

between the concentration of IL-1β and a decrease in the 

level of NF-kB in the fibroid center [34]. 

Interleukin 6 (IL-6) is a pleiotropic cytokine, has 

pro-inflammatory properties, and at the same time regulates 

inflammation, demonstrating an anti-inflammatory effect.  

A decrease in the level of IL-6 in the endometrial tissue of 

women with uterine fibroids has been reported [9]. There are 

also data showing the absence of significant differences in 

the level of IL-6 in the blood serum of women with and 

without uterine fibroids [35]. In another study, IL-6 levels 

measured in uterine fibroids, peripheral myometrium, and 

healthy uterine tissue did not differ significantly [34]. Thus, 

it is possible that IL-6 does not play a role in the development 

of uterine fibroids, but these data should be clarified in 

further studies. 

The central participant in myofibroblastic differentiation 

is transforming growth factor-β (TGF-β). TGF-β1 triggers 

the production of alpha smooth muscle actin (α-SMA) in 

fibroblasts, which leads to their differentiation into 

myofibroblasts [36]. α-SMA is a protein that participates in 

the contraction of smooth muscles and the creation of 

mechanical stress in cells [37]. Increased expression of 

TGF-β in the blood serum of women with fibroids was 

revealed, and the size of fibroids was tightly correlated  

with the level of TGF-β [38]. Для миомы матки характерно 

повышение уровня TGF-β3 [39]. Significantly higher 

levels of TGF-β3 in fibroids and blood serum were found in 

women with symptomatic fibroids than in healthy individuals, 

and these levels decreased significantly after administration 

of ulipristal acetate (UPA), a selective progesterone receptor 

modulator [36]. Experimental studies have shown that UPA 

reduces the size of fibroids by inhibiting TGF-β3-mediated 

extracellular matrix formation in cultured fibroid cells [39]. 

In addition, there was a significant decrease in the number  

of cells expressing IL-6 and IL-10 in uterine fibroids with a 

reduction reaction to UPA, compared with in fibroids 

without a reaction [40]. All this indicates that the inhibition 

of TGF-β3 expression under the influence of UPA causes  

its anti-inflammatory effect and is one of the possible 

mechanisms for reducing the volume of myomatous nodes. 

Nuclear factor kappa В (NF-κВ) is a transcription factor 

that is mainly found in the cytoplasm of cells. After 

activation, it translocates into the nucleus and regulates   

the expression of numerous genes. NF-κВ plays a crucial 

role in regulating the inflammatory response involved in the 

development of many malignancies and chronic diseases, 

including uterine fibroids [41,42]. The canonical NF-κВ 

pathway can be triggered by innate and adaptive immune 

responses [27], including pro-inflammatory cytokines. In 

vivo studies have demonstrated that inhibition of the NF-κВ 

pathway reduces the expression of proinflammatory 

cytokines such as IL-6 and IL-1b, which leads to a decrease 

in the size of fibroids [42]. This once again highlights the 

role of inflammation in the growth of uterine fibroids. 

In recent years, the relationship of obesity, hypertension, 

hyperlipidemia, and diabetes mellitus with uterine fibroids, 

which develop against the background of a local and systemic 

inflammatory environment, has been actively studied [43]. 

The concept of metabolic inflammation implies a chronic 

mild inflammatory response to excess nutrients and energy. 

For example, in obesity, adipose tissue secretes various 

pro-inflammatory cytokines and adipokines, including leptin 

and adiponectin. There is evidence that an impaired adipokine 

profile stimulates angiogenesis and cell proliferation, as well 

as alters antitumor immune responses [44]. Key adipokines 

are involved in the pathophysiology of leiomyoma: leptin 
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stimulates cell proliferation and angiogenesis by suppressing 

apoptosis in leiomyoma cells [45], on the contrary, adiponectin 

exhibits anti-inflammatory and antitumor properties. A weak 

correlation has been established between an increase in 

visceral adipose tissue and the risk and size of uterine 

leiomyoma in women [46]. There was a significant increase 

in leptin levels in women with uterine fibroids, which also 

indicates that aberrant changes in adipokines may be associated 

with inflammation and the subsequent development of 

leiomyoma [30].  

4. Conclusions 

Uterine fibroids as a typical fibrotic disease are characterized 

by excessive accumulation of extracellular matrix in the 

tumor tissue. In this case, inflammation serves as a trigger 

mechanism that provokes the growth of clonal cells, 

differentiation of fibroblasts into myofibroblasts, followed 

by remodeling of the extracellular matrix. Increased activation 

and accumulation of immune cells, increased expression of 

many pro-inflammatory cytokines in fibroid tissue indicate 

an important role of inflammation in the pathogenesis of uterine 

fibroids. Based on this, the regulation of local inflammation 

in fibroids and adjacent myometrium may represent a new 

therapeutic strategy for the treatment of this disease. 

 

REFERENCES  

[1] Stewart EA, Cookson CL, Gandolfo RA, Schulze-Rath R. 
Epidemiology of uterine fibroids: a systematic review. BJOG. 
2017; 124(10): 1501-1512. doi: 10.1111/1471-0528.14640.  

[2] Giuliani E, As-Sanie S, Marsh EE. Epidemiology and 
management of uterine fibroids. Int J Gynaecol Obstet. 2020; 
149(1): 3-9. doi: 10.1002/ijgo.13102.  

[3] Pérez-Roncero GR, López-Baena MT, Ornat L, Cuerva MJ, 
Garcia-Casarrubios P, Chedraui P, et al. Uterine fibroids and 
preterm birth risk: A systematic review and meta-analysis. J 
Obstet Gynaecol Res. 2020 Sep; 46(9): 1711-1727.  
doi: 10.1111/jog.14343.  

[4] Coutinho LM, Assis WA, Spagnuolo-Souza A, Reis FM. 
Uterine Fibroids and Pregnancy: How Do They Affect Each 
Other? Reprod Sci. 2022; 29(8): 2145-2151.  
doi: 10.1007/s43032-021-00656-6.  

[5] Pritts EA. Uterine Leiomyomas and Reproduction. Obstet 
Gynecol. 2025; 145(1): 39-45. doi: 10.1097/AOG.00000000
00005748.  

[6] Marsh EE, Al-Hendy A, Kappus D, Galitsky A, Stewart EA, 
Kerolous M. Burden, Prevalence, and Treatment of Uterine 
Fibroids: A Survey of U.S. Women. J Womens Health 
(Larchmt). 2018; 27(11): 1359-1367.  
doi: 10.1089/jwh.2018.7076.  

[7] Yang Q, Ciebiera M, Bariani MV, Ali M, Elkafas H, Boyer 
TG, et al. Comprehensive Review of Uterine Fibroids: 
Developmental Origin, Pathogenesis, and Treatment. Endocr 

Rev. 2022; 43(4): 678-719. doi: 10.1210/endrev/bnab039.  

[8] Boos D, Chuang TD, Abbasi A, Luzzi A, Khorram O. The 
immune landscape of uterine fibroids as determined by mass 
cytometry. F S Sci. 2024; 5(3): 272-282.  
doi: 10.1016/j.xfss.2024.06.004.  

[9] Ishikawa H, Kobayashi T, Kaneko M, Saito Y, Shozu M, 
Koga K. RISING STARS: Role of MED12 mutation in the 
pathogenesis of uterine fibroids. J Mol Endocrinol. 2023; 
71(4): e230039. doi: 10.1530/JME-23-0039.  

[10] Liu J, Xiao Q, Xiao J, Niu C, Li Y, Zhang X, et al. 
Wnt/β-catenin signalling: function, biological mechanisms, 
and therapeutic opportunities. Signal Transduct Target Ther. 
2022; 7(1): 3. doi: 10.1038/s41392-021-00762-6.  

[11] Mittal P, Shin YH, Yatsenko SA, Castro CA, Surti U, 
Rajkovic A. Med12 gain-of-function mutation causes leiomyomas 
and genomic instability. J Clin Invest. 2015 Aug 3; 125(8): 
3280-4. doi: 10.1172/JCI81534.  

[12] Ono M, Yin P, Navarro A, Moravek MB, Coon JS 5th, 
Druschitz SA, et al. Paracrine activation of WNT/β-catenin 
pathway in uterine leiomyoma stem cells promotes tumor 
growth. Proc Natl Acad Sci USA. 2013; 110(42): 17053-8.  
doi: 10.1073/pnas.1313650110.  

[13] Goad J, Rudolph J, Zandigohar M, Tae M, Dai Y, Wei JJ, et al. 
Single-cell sequencing reveals novel cellular heterogeneity in 
uterine leiomyomas. Hum Reprod. 2022; 37(10): 2334-2349. 
doi: 10.1093/humrep/deac183 

[14] Orciani M, Caffarini M, Biagini A, Lucarini G, Delli Carpini 
G, Berretta A, et al. Chronic Inflammation May Enhance 
Leiomyoma Development by the Involvement of Progenitor 
Cells. Stem Cells Int. 2018; 2018: 1716246.  
doi: 10.1155/2018/1716246.  

[15] Moretti L, Stalfort J, Barker TH, Abebayehu D. The interplay 
of fibroblasts, the extracellular matrix, and inflammation in 
scar formation. J Biol Chem. 2022; 298(2): 101530.  
doi: 10.1016/j.jbc.2021.101530.  

[16] Saad EE, Michel R, Borahay MA. Immunosuppressive tumor 
microenvironment and uterine fibroids: Role in collagen 
synthesis. Cytokine Growth Factor Rev. 2024; 75: 93-100.  
doi: 10.1016/j.cytogfr.2023.10.002.  

[17] Islam MS, Ciavattini A, Petraglia F, Castellucci M, Ciarmela 
P. Extracellular matrix in uterine leiomyoma pathogenesis: a 
potential target for future therapeutics. Hum Reprod Update. 
2018; 24(1): 59-85. doi: 10.1093/humupd/dmx032.  

[18] Giuliani A, Greco S, Pacilè S, Zannotti A, Delli Carpini    
G, Tromba G, et al. Advanced 3D Imaging of Uterine 
Leiomyoma's Morphology by Propagation-based Phase-Contrast 
Microtomography. Sci Rep. 2019; 9(1): 10580.  
doi: 10.1038/s41598-019-47048-0.  

[19] Governini L, Marrocco C, Semplici B, Pavone V, Belmonte  
G, Luisi S, et al. Extracellular matrix remodeling and 
inflammatory pathway in human endometrium: insights from 
uterine leiomyomas. Fertil Steril. 2021; 116(5): 1404-1414. 
doi: 10.1016/j.fertnstert.2021.06.023.  

[20] Protic O, Toti P, Islam MS, Occhini R, Giannubilo SR, 
Catherino WH, et al. Possible involvement of inflammatory/ 
reparative processes in the development of uterine fibroids. 
Cell Tissue Res. 2016; 364(2): 415-27.  
doi: 10.1007/s00441-015-2324-3.  



 American Journal of Medicine and Medical Sciences 2025, 15(10): 3671-3675 3675 

 

 

[21] Liu ZQ, Lu MY, Sun RL, Yin ZN, Liu B, Wu YZ. 
Characteristics of Peripheral Immune Function in Reproductive 
Females with Uterine Leiomyoma. J Oncol. 2019; 2019: 
5935640. doi: 10.1155/2019/5935640. 

[22] Wang Z, Du K, Jin N, Tang B, Zhang W. Macrophage in liver 
Fibrosis: Identities and mechanisms. Int Immunopharmacol. 
2023; 120: 110357. doi: 10.1016/j.intimp.2023.110357.  

[23] Martinez FO, Gordon S. The M1 and M2 paradigm of 
macrophage activation: time for reassessment. F1000Prime 
Rep. 2014; 6: 13. doi: 10.12703/P6-13.  

[24] Oishi Y, Manabe I. Macrophages in inflammation, repair and 
regeneration. Int Immunol. 2018; 30(11): 511-528.  
doi: 10.1093/intimm/dxy054.  

[25] Wen JH, Li DY, Liang S, Yang C, Tang JX, Liu HF. 
Macrophage autophagy in macrophage polarization, chronic 
inflammation and organ fibrosis. Front Immunol. 2022; 13: 
946832. doi: 10.3389/fimmu.2022.946832.  

[26] Zannotti A, Greco S, Pellegrino P, Giantomassi F, Delli 
Carpini G, Goteri G, et al. Macrophages and Immune Responses 
in Uterine Fibroids. Cells. 2021; 10(5): 982.  
doi: 10.3390/cells10050982.  

[27] Yu H, Lin L, Zhang Z, Zhang H, Hu H. Targeting NF-κB 
pathway for the therapy of diseases: mechanism and clinical 
study. Signal Transduct Target Ther. 2020; 5(1): 209.  
doi: 10.1038/s41392-020-00312-6.  

[28] Dhanani Z, Jimenez Ramirez N, Nguyen J, Rosenberg- 
Hasson Y, Naseri S, Lum D, et al. Differences in menstrual 
cytokine profiles of women with and without symptomatic 
uterine fibroids. F S Sci. 2023; 4(4): 339-340.  
doi: 10.1016/j.xfss.2023.09.006.  

[29] Ciebiera M, Włodarczyk M, Wrzosek M, Wojtyła C, Błażej 
M, Nowicka G, et al. TNF-α serum levels are elevated in 
women with clinically symptomatic uterine fibroids. Int J 
Immunopathol Pharmacol. 2018; 32: 2058738418779461. 
doi: 10.1177/2058738418779461.  

[30] Mahdi HS. Assessment pro-inflammatory factors and 
cytokines in uterine fibroid. JOGC Research. 2025; e721476. 

[31] Wang Y, Feng G, Wang J, Zhou Y, Liu Y, Shi Y, et al. 
Differential effects of tumor necrosis factor-α on matrix 
metalloproteinase-2 expression in human myometrial and 
uterine leiomyoma smooth muscle cells. Hum Reprod. 2015; 
30(1): 61-70. doi: 10.1093/humrep/deu300.  

[32] Alsharidah M, Elsafadi M, Al Rugaie O, Mahmood A, 
Mohany KM, A Al-Regaiey K, et al. Mesenchymal stem cells 
treated with Interleukin-1 beta for mediation of an inflammatory 
response in human tissues. Cell Mol Biol (Noisy-le-grand). 
2024; 70(10): 30-36. doi: 10.14715/cmb/2024.70.10.5.  

[33] Plewka A, Madej P, Plewka D, Kowalczyk A, Miskiewicz A, 
Wittek P, et al. Immunohistochemical localization of selected 
pro-inflammatory factors in uterine myomas and myometrium in 
women of various ages. Folia Histochemica Cytobiologica. 
2013; 5173–83. doi: 10.5603/FHC.2013.0011 

[34] de Mezer M, Dolata N, Markowska J, Krzyżaniak M, Naskręt 
-Grochowalska A, Żurawski J, et al. Immunohistochemical 
expression of IL-1β, IL-6, and NF-κβ in fibroids. Front Immunol. 
2025; 16: 1571585. doi: 10.3389/fimmu.2025.1571585.  

[35] Konenkov VI, Koroleva EG, Orlov NB, Prokof’ev VF, 
Shevchenko AV, Novikov AM, et al. Blood serum levels of 
proinflammatory cytokines (IL-1β, IL-6, TNFα, IL-8, IL-12p70, 
and IFNγ) in patients with uterine myoma. Bull Exp Biol Med. 
2018; 165: 698–701. doi: 10.1007/s10517-018-4245-0  

[36] Ciebiera M, Włodarczyk M, Wrzosek M, Męczekalski B, 
Nowicka G, Łukaszuk K, et al. Role of Transforming Growth 
Factor β in Uterine Fibroid Biology. Int J Mol Sci. 2017; 
18(11): 2435. doi: 10.3390/ijms18112435.  

[37] Vallée A, Lecarpentier Y. TGF-β in fibrosis by acting as a 
conductor for contractile properties of myofibroblasts. Cell 
Biosci. 2019; 9: 98. doi: 10.1186/s13578-019-0362-3.  

[38] Kamalipooya S, Zarezadeh R, Latifi Z, Nouri M, Fattahi A, 
Salemi Z. Serum transforming growth factor β and leucine- 
rich α-2-glycoprotein 1 as potential biomarkers for diagnosis 
of uterine leiomyomas. J Gynecol Obstet Hum Reprod. 2021; 
50(3): 102037. doi: 10.1016/j.jogoh.2020.102037.  

[39] Lewis TD, Malik M, Britten J, Parikh T, Cox J, Catherino WH. 
Ulipristal acetate decreases active TGF-β3 and its canonical 
signaling in uterine leiomyoma via two novel mechanisms. 
Fertil Steril. 2019; 111(4): 806-815.e1.  
doi: 10.1016/j.fertnstert.2018.12.026.  

[40] Szydłowska I, Grabowska M, Nawrocka-Rutkowska J, Kram 
A, Piasecka M, Starczewski A. Markers of Inflammation and 
Vascular Parameters in Selective Progesterone Receptor 
Modulator (Ulipristal Acetate)-Treated Uterine Fibroids. J Clin 
Med. 2021; 10(16): 3721. doi: 10.3390/jcm10163721. 

[41] Ramadass V, Vaiyapuri T, Tergaonkar V. Small Molecule 
NF-κB Pathway Inhibitors in Clinic. Int J Mol Sci. 2020; 
21(14): 5164. doi: 10.3390/ijms21145164.  

[42] Chuang TD, Ton N, Rysling S, Khorram O. In Vivo Effects  
of Bay 11-7082 on Fibroid Growth and Gene Expression:   
A Preclinical Study. Cells. 2024; 13(13): 1091.  
doi: 10.3390/cells13131091.  

[43] AlAshqar A, Patzkowsky K, Afrin S, Wild R, Taylor HS, 
Borahay MA. Cardiometabolic Risk Factors and Benign 
Gynecologic Disorders. Obstet Gynecol Surv. 2019; 74(11): 
661-673. doi: 10.1097/OGX.0000000000000718.  

[44] Sánchez-Jiménez F, Pérez-Pérez A, de la Cruz-Merino L, Sánchez 
-Margalet V. Obesity and Breast Cancer: Role of Leptin. 
Front Oncol. 2019; 9: 596. doi: 10.3389/fonc.2019.00596.  

[45] Renehan AG, Zwahlen M, Egger M. Adiposity and cancer 
risk: new mechanistic insights from epidemiology. Nat Rev 
Cancer. 2015; 15(8): 484-98. doi: 10.1038/nrc3967.  

[46] Sun K, Xie Y, Zhao N, Li Z. A case-control study of the 
relationship between visceral fat and development of uterine 
fibroids. Exp Ther Med. 2019; 18(1): 404-410.  
doi: 10.3892/etm.2019.7575. 

 

 
Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

 


