Disturbed Serum Levels of Adipocytokines may underlie the development of Uterine Leiomyoma
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Abstract
Objectives: To evaluate the relation between serum adipocytokines' levels and the development of uterine leiomyoma (UL) in symptomatic (Group II) or asymptomatic (Group III) women.
Patients & Methods: 60 women presenting by pelvic pressure manifestations, secondary infertility, or recurrent pregnancy loss (RPL) with (Group II) or without (Group III) abnormal uterine bleeding (AUB) were enrolled in the study. Thirty women who UL-free and were of cross-matched age and BMI to were collected as control group (Group I). All women underwent complete clinical and ultrasonographic evaluation and gave blood samples for ELISA estimation of serum tumor necrosis factor-α (TNF-α), adiponectin and leptin
Results: Serum levels of TNF-α and leptin were significantly higher in samples of women of group II in comparison to levels estimated in blood samples of women of group I and III with significantly higher levels in blood samples of women of group III than in group I. Serum levels of adiponectin estimated in blood samples obtained from patients of groups II and III were significantly lower than in samples of group I with non-significant differences between levels estimated in samples of groups II and III. Statistical analyses defined high serum TNF-α and leptin as significant positive predictors, while high serum adiponectin was a significant negative predictor for UL presence. The Automatic Linear Modeling analysis defined high serum levels of TNF-α as the most important predictor for presence of UL and its manifestations.
Conclusion: The prevalence of UL is high and may not be present by AUB but disturbed fertility. Development of UL might be considered as a consequent event to disturbed adipocytokines levels. Estimation of serum TNF-α in woman suspected to have UL is indicated for its diagnostic probability and relation to the multiplicity of symptoms.
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Introduction
Uterine leiomyoma (UL) is one of the most common benign pelvic tumors in females of reproductive years that originates from mesenchymal or connective tissues (1). Despite the high prevalence of UL, its underlying pathogenesis is not fully elucidated (2).
Multiple mechanisms were supposed for the development of uterine smooth muscle tumors as early-life exposure of the myometrium to endocrine-disrupting chemicals that were found to be associated with a high risk of UL prevalence in adulthood (3).  Also, the metabolites of di(2-Ethylhexyl)phthalate, which is a reproductive and developmental environmental toxicant, showed significant direct associations with the development of benign uterine and ovarian tumors (4). Also, the development of a benign tumor of the uterine smooth muscles was found to be related to hypovitaminosis D (5) and disturbed inflammatory/anti-inflammatory axis in direction of inflammation and (6).
Tumor necrosis factor (TNF) is a prototypic member of the TNF/TNFR superfamily (7), which comprises 19 ligands and 30 receptors, all of which represent a therapeutically relevant target in a wide range of human diseases (8). The TNF-alpha (TNF-α) gene is present as a single copy gene on human chromosome 6 (9) and its expression is regulated at the transcriptional level by several factors, including nuclear factor-kappa b (NFκB) and nuclear factor activated T cells (10). Also, TNF-α production is regulated at the translational level via the UA-rich sequence in the 3′ untranslated region of human TNFα mRNA (11).
TNF-α is a pleiotropic cytokine that can be produced by different cell types (12). TNF-α is one of the adipocyte-derived proteins including leptin, insulin, and interleukin (IL)-6 (13) and all are capable of significantly influencing the growth and proliferation of tumor stroma and malignant cells (14) through increasing the expression of vascular endothelial growth factor-A (15).

Objectives
This study aimed to evaluate the relationship between adipose tissue secreted adipocytokines and the development of UL in symptomatic or asymptomatic women.

Setting: 
Prospective comparative observational study

Design: 
Obstetrics and Gynecology Department, Faculty of Medicine, Benha University

Patients & Methods
Women presented with abnormal uterine bleeding (AUB), pelvic pressure manifestations, secondary infertility, or recurrent pregnancy loss (RPL) to gynecology outpatients' clinics since Jan 2020, were eligible for evaluation. All women were evaluated for age, weight, and height for calculation of body mass index (BMI) in kg/m2 and family, medical and obstetric history. Details of the presenting symptoms were inquired and clinical examination was performed and ultrasound imaging workup was conducted.  
Exclusion criteria
	Intrauterine pathologies other than UL, endocrinopathy causing dysfunctional uterine bleeding, urinary pathologies causing mimicking symptoms, overt diabetes mellitus, coagulopathies, inflammatory conditions elsewhere in the body. 
Inclusion criteria and Grouping
1. Women who presented with AUB and other clinical manifestations suggestive of the presence of UL and US findings assured its presence and were free of other pathologies causing similar clinical picture were enrolled as UL symptomatic group (Group II).  
2. Women who presented by secondary infertility, RPL, or pelvic pressure manifestations and were free of AUB, but UL was discovered during US imaging, and were free of exclusion criteria and were of cross-matched age and BMI to women of group II were collected as asymptomatic group UL (Group III).  
3. A similar number of women who were free clinically and on US imaging of UL and were of cross-matched age and BMI to women of group II were collected as the control UL-free group (Group I) 

Laboratory investigations
Blood sampling
All study participants gave a 5 ml blood sample that was withdrawn under complete aseptic conditions, allowed to clot, and then centrifuged at 3000 rpm for 10 minutes to separate serum. Serum was collected in a sterile Eppendorf tube and stores at -80oC till be assayed. Blood samples were collected and numbered by an assistant who was blinded about the diagnosis.
Laboratory investigations
Serum levels of TNF-α, adiponectin, and leptin were measured using enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer's instructions and were read using a 96 well microplate ELISA reader (Dynatech. MR 7000)
1. Human TNF-α was measured with the enzyme-linked immunoassay (ELISA) kit (catalog no. ab181421, Abcam Inc., San Francisco, USA) by quantitative sandwich enzyme immunoassay technique (16).
2. Human adiponectin was measured with the enzyme-linked immunoassay (ELISA) kit (catalog no. ab99968, Abcam Inc., San Francisco, USA) by quantitative sandwich enzyme immunoassay technique (17).
3. Human leptin was measured with the enzyme-linked immunoassay (ELISA) kit (catalog no. ab179884, Abcam Inc., San Francisco, USA) by quantitative sandwich enzyme immunoassay technique (18).

Statistical analysis 
Obtained data were presented as mean, standard deviation, numbers, and percentages. Results were analyzed using One-way ANOVA for analysis of variance between groups, and Mann-Whitney and Chi-square tests (X2 test) for analysis of non-numeric data. Spearman's correlation analysis was applied to evaluate correlations between studied variables. Receiver characteristic curve (ROC) analysis was used to determine the predictors of presence of UL among the correlated variables as judged by the area under curve (AUC) with the its significance was evaluated versus the standard curve (AUC=0.5). The automatic linear modeling analysis was used to determine the importance of the variables for prediction of outcomes. Statistical analysis was conducted using IBM® SPSS® Statistics (Version 22, 2015; Armonk, USA) for Windows statistical package. P value <0.05 was considered statistically significant.

Results
During the study duration, 43 women had presented with symptomatic UL (AUB & other manifestations) that was assured by US imaging; 13 women were excluded for not fulfilling the inclusion criteria and 30 women were enrolled in group II. Fifty-eight women free of AUB and had UL on US imaging were evaluated, 28 women were excluded and 30 women were included as group II (Fig. 1). 
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There were non-significant differences between the enrolled women as regards age, BMI, and several previous pregnancies; however, women of group II had significantly lower and women of group III had a non-significantly lower number of living offspring in comparison to women of group I (Table 1).

Table 1: Enrolment data of patients of the three groups 

	

Variable
	Group I (UL-free)
	Group II (Symptomatic UL)
	Group III (asymptomatic UL)
	Significance of difference between groups

	
	
	
	
	I vs. II
	I vs. III
	II vs. III

	Age (years)
	37±3.9
	39.4±5.6
	40.4±4.1
	0.111
	0.139
	0.675

	Weight (kg)
	91.6±7.7
	93.7±6.1
	92.4±7.5
	0.489
	0.901
	0.759

	Height (cm)
	169.5±3.5
	170.2±2.5
	169.4±3.5
	0.677
	0.992
	0.601

	BMI* (kg/m2)
	<30
	7 (23.3%)
	5 (16.7%)
	4 (13.3%)
	0.779
	0.511
	0.895

	
	30-35
	20 (66.7%)
	21 (70%)
	21 (21%)
	
	
	

	
	>35
	3 (10%)
	4 (13.3%)
	5 (16.7%)
	
	
	

	
	Mean 
	31.2±3.5
	32.4±2.3
	32.2±2.7
	0.136
	0.215
	0.828

	Gravidity ǂ
	3 [2-3]
	3 [2-4]
	3 [2-4]
	0.187
	0.379
	0.603

	Living offspring ǂ
	3 [2-3]
	2 [1-3]
	2 [2-3]
	0.041
	0.054
	0.697


Data are presented as mean and standard deviation, numbers and percentages, median and interquartile range [IQR]ǂ; BMI: Body mass index; *: BMI<30 indicate overweight; BMI30-35: indicates obesity; BMI: >35 indicates morbid obesity; P1: indicates the significance of the difference between groups I & II; P2: indicates the significance of the difference between groups I & III; P3: indicates the significance of the difference between groups II & III, P<0.05 indicates the significant difference; P>0.05 indicates the non-significant difference.

	All patients of groups II and III were presenting varied symptoms related to the presence of UL, however, the frequency of symptoms and median several symptoms were significantly (P=0.0005 & 0.00038, respectively) higher in patients of group II than in patients of group III. Regarding US findings in patients of groups II and III, there were non-significant differences between both patients of both groups as regards several detected UL, their multiplicity, location, and whether it is sessile or pedunculated (Table 2).

Table 2: presenting symptoms and US data of patients of groups II and III. 

	
	Group II (Symptomatic UL)
	Group III (asymptomatic UL)
	P-value

	Presenting symptoms

	Dysmenorrhea
	7 (26.7%)
	5 (16.7%)
	0.0005

	Bleeding
	Polymenorrhea 
	13 (43.3%)
	0
	

	
	Menorrhagia
	10 (33.3%)
	0
	

	
	spotting in between cycles
	7 (23.3%)
	0
	

	Secondary infertility
	6 (20%)
	7 (23.3%)
	

	Urinary troubles
	12 (30%)
	13 (43.3%)
	

	Rectal troubles
	8 (33.3%)
	8 (26.7%)
	

	Recurrent pregnancy loss
	4 (13.3%)
	6 (20%)
	

	Median number of symptoms ǂ
	2 [1-3]
	1 [1-1.25]
	0.00038

	US findings

	Number of the ultrasound detected UL
	Solitary 
	18 (60%)
	23 (76.6%)
	0.328

	
	Two 
	7 (23.3%)
	5 (16.7%)
	

	
	Multiple 
	5 (16.7%)
	2 (6.7%)
	

	
	Median [IQR]
	1 [1-2]
	1 [1-1.25]
	0.231

	Location of the ultrasound detected UL
	Intramural 
	7 (23.3%)
	15 (50%)
	0.095

	
	Submucous 
	19 (63.4%)
	13 (43.3%)
	

	
	Subserosal 
	4 (13.3%)
	2 (6.7%)
	

	Shape of the ultrasound detected UL
	Pedunculated 
	7 (23.3%)
	4 (13.3%)
	0.317

	
	Sessile 
	23 (76.7%)
	26 (86.6%)
	


Data are presented as numbers and percentages, mean and standard deviation, median and interquartile range (IQR) ǂ; P: indicates the significance of the difference between groups II & III, P<0.05 indicates the significant difference; P>0.05 indicates the non-significant difference.

Serum levels of TNF-α and leptin estimated in blood samples obtained from patients of group II were significantly higher in comparison to levels estimated in blood samples of women of group I (P1<0.001, respectively) and in blood samples of women of group III (P3<0.001, respectively). Similarly, serum levels of TNF-α and leptin estimated in blood samples obtained from patients of group III were significantly higher in comparison to levels estimated in blood samples of women of group I (P2=0.001 & 0.035 respectively). On the other hand, serum levels of adiponectin estimated in blood samples obtained from patients of groups II and III were significantly lower in comparison to levels estimated in blood samples of women of group I (P1 & P2<0.001, respectively) with non-significantly (P3=0.404) lower serum levels of adiponectin in blood samples of patients of group II in comparison to levels estimated in blood samples of patients of group III, (Table 3; Figures 2).

Table 3: Laboratory findings in samples obtained from patients of the three groups 

	
Variable
	Group I (UL-free)
	Group II (Symptomatic UL)
	Group III (asymptomatic UL)
	Significance of difference between groups

	
	
	
	
	P1
	P2
	P3

	Serum TNF-α level (ng/ml)
	4.62±0.9
	7.25±1.3
	5.7±1
	<0.001
	0.001
	<0.001

	Serum adiponectin level (ng/ml)
	16.3±2.9
	11.55±3.1
	12.6±3.1
	<0.001
	<0.001
	0.404

	Serum liptin level (ng/ml)
	5.8±1.85
	12.9±3.2
	7.34±1.7
	<0.001
	0.035
	<0.001


Data are presented as a mean and standard deviation; TNF: Tumor necrosis factor; P1: indicates the significance of the difference between groups I & II; P2: indicates the significance of the difference between groups I & III; P3: indicates the significance of the difference between groups II & III, P<0.05 indicates the significant difference; P>0.05 indicates the non-significant difference.
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Spearman's correlation analysis defined a positive significant correlation between older age, high serum levels of TNF-α and leptin, while the defined negative significant correlation between serum adiponectin levels and diagnosis of UL especially multiple myomata, irrespective of being symptomatizing or not and with the multiplicity of symptoms if present. Spearman's correlation analysis illustrated the deleterious effect of the presence of UL especially if symptomatizing as manifested by a negative significant correlation between the presence of UL especially that symptomatizing and with multiple presenting symptoms and number of living offspring (Table 4).

Table (4): Spearman's correlation analysis of age, BMI, obstetric histories and serum cytokines' levels and presence of UL and its related manifestations.

	Variables 
	Presence of UL
	Multiplicity of UL
	Symptomatizing UL
	Multiplicity of symptoms

	
	Rho.
	p
	Rho.
	p
	Rho.
	p
	Rho.
	p

	Age 
	0.366
	<0.001
	0.382
	<0.001
	0.183
	0.084
	0.414
	<0.001

	BMI
	0.117
	0.272
	0.125
	0.242
	0.078
	0.465
	0.132
	0.213

	Gravidity
	0.143
	0.180
	0.288
	0.006
	0.119
	0.263
	0.271
	0.010

	No. of living offspring
	-0.265
	0.011
	-0.215
	0.042
	-0.163
	0.125
	-0.211
	0.046

	Serum TNF-α
	0.597
	<0.001
	0.587
	<0.001
	0.638
	<0.001
	0.568
	<0.001

	Serum adiponectin
	-0.557
	<0.001
	-0.468
	<0.001
	-0.378
	<0.001
	-0.487
	<0.001

	Serum leptin 
	0.590
	<0.001
	0.637
	<0.001
	0.777
	<0.001
	0.621
	<0.001


Rho: Spearman's correlation coefficient; UL: Uterine leiomyoma; BMI: Body mass index; TNF-α: Tumor necrosis factor-α.

ROC curve analysis of patient's demographic and clinical data and serum cytokines' levels for prediction of the presence of UL excluded BMI and multigravidity as predictors and stratified the other variables in decreasing order of significance as high serum level of TNF-α and leptin and older age as the significant specific according to AUC which signifies the positive predictive value of each variable, and defined low serum levels of adiponectin as the significant sensitive predictor for the presence of UL (Fig. 3). Moreover, Regression analysis, Stepwise methods, excluded age as a predictor and defined high serum TNF-α and leptin as significant positive predictors, while high serum adiponectin was a significant negative predictor for UL presence (Table 5).
    
Table (5): ROC curve and Regression analyses.

	                Analyses
Variables 
	ROC analysis
	Regression analysis

	
	AUC
	SE
	p
	95% CI
	Β-value
	P

	Age 
	0.723
	0.057
	0.001
	0.612-0.835
	Excluded 

	BMI
	0.572
	0.069
	0.271
	0.437-0.706
	

	Gravidity
	0.583
	0.061
	0.201
	0.464-0.702
	

	Serum TNF-α
	0.866
	0.038
	<0.001
	0.792-0.939
	0.257
	0.022

	Serum adiponectin
	0.159
	0.041
	<0.001
	0.078-0.240
	-0.339
	<0.001

	Serum leptin 
	0.861
	0.039
	<0.001
	0.786-0.937
	0.234
	0.027


AUC: Area under the curve; SE: Standard error; CI: Confidence interval; β: Standardized coefficient; BMI: Body mass index; TNF-α: Tumor necrosis factor-α.
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Fig. (3): ROC curve analysis of studied variables for prediction of the presence of UL

The Automatic Linear Modeling analysis of correlated variables concerning its importance for the prediction of the presence of UL and its related manifestations excluded BMI and gravidity as important predictors for the presence of UL and stratified the other variables according to its importance as high serum levels of TNF-α, lower serum levels of adiponectin and high serum levels of leptin and old age in decreasing order of importance (Fig. 4). For prediction of the presence of multiple UL, high serum leptin and older age are the important predictors (Fig. 5), while for the presence of symptomatizing UL high serum level of TNF-α, low serum level of adiponectin, and high BMI are the important predictors (Fig. 6) and high serum TNF-α and leptin, and low serum adiponectin with multigravidity are the important predictors for a multiplicity of presenting symptoms, (Table 6, Figures 4-7).

Table (6): The automatic Linear Modeling analysis for variables as important predictors for the UL presence, multiplicity, and manifestations

	Variables 
	Presence of UL
	Multiplicity of UL
	Symptomatic UL
	Multiplicity of symptoms

	Old age 
	13%
	41%
	Excluded 
	Excluded 

	High BMI
	Excluded
	Excluded
	7%
	

	Multigravidity
	
	
	Excluded 
	21%

	High serum TNF-α
	44%
	
	77%
	44%

	Low serum adiponectin
	24%
	
	16%
	10%

	High serum leptin 
	19%
	59%
	Excluded 
	25%


UL: Uterine leiomyoma; BMI: Body mass index; TNF-α: Tumor necrosis factor-α.
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Fig. (4): Automatic Linear Modeling of patients' enrolment data and cytokines' levels as important predictors for the presence of UL.

[image: G:\Wagdy-TNF\Screenshot 2022-02.png]
Fig. (5): Automatic Linear Modeling of patients' enrolment data and cytokines' levels as important predictors for a multiplicity of UL.
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Fig. (6): Automatic Linear Modeling of patients' enrolment data and cytokines' levels as important predictors for the presence of symptomatic UL.
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Fig. (7): Automatic Linear Modeling of patients' enrolment data and cytokines' levels as important predictors for the presence of multiple symptoms of UL. 

Discussion
Uterine leiomyoma (UL) is frequent among women in the childbearing period irrespective of being symptomatic or asymptomatic as evidenced by the detection of UL in women who had asymptomatic UL who presented by recurrent pregnancy loss, secondary infertility, or pelvic pressure manifestations. Similarly, Sevostyanova et al. (19) documented that in women of reproductive age, typical symptoms of UL are associated with reproductive failure with activation of adaptive immunity, angiogenic factors, and inflammatory cell reactions.
Moreover, US imaging of women had asymptomatic UL detected uterine myomata sessile or pedunculated; submucous, subserous, or intramural with the non-significant difference in the frequency in comparison to women who had symptomatic UL. These findings go in hand with Szkodziak et al. (20) who reported a frequency of UL of 20-50% and documented that these UL are mostly asymptomatic, and patients are usually present with pressure symptoms as pelvic pain syndrome, urination disorders, and constipation. Also, Spyropoulou et al. (21) in a systemic review for the coincidence of UL and pregnancy, found UL affects 2-10% of pregnant women and are usually asymptomatic, being subserous pedunculated or subserous and fundal, and may be associated with pregnancy complications. Recently, Gursoy et al. (22) documented that UL has a prevalence of about 40% among women of reproductive age and are most often asymptomatic and presents with manifestations other than uterine bleeding.
 Patients who had symptomatic UL mainly had presented by variant forms of abnormal uterine bleeding, despite the presence of pressure symptoms and secondary infertility, and recurrent pregnancy loss. These presenting manifestations are coincident with that previously documented by the North American Menopause Society (23) and the recent Clinical Practice Guideline on the Management of Uterine Fibroids (24) which documented that women with symptomatic UL experience heavy uterine bleeding, bulk symptoms, miscarriages, and pregnancy complications. 
Estimated serum levels of adipocytokines showed significant differences between women who had UL and control women and women with symptomatizing UL than women who had asymptomatic UL. Moreover, there were significant correlations between estimated serum adipocytokines' levels and just presence of UL, the multiplicity of UL, and the presence and multiplicity of UL-related symptoms. These findings indicated a possible pathogenic role of disturbed adipocytokines' milieu for the development of UL and for the progression to be symptomatizing.   
The detected significantly higher levels of serum leptin and significantly lower adiponectin levels in women had UL indicated a contradictory effect of both adipocytokines on the development of UL. In support of this assumption, Strzałkowska et al. (2) reported that under physiological conditions, leptin contributes to the formation of myomas, while adiponectin inhibits the development of leiomyomas through insulin-dependent or estrogen-dependent pathways. Meanwhile, the detected increased serum levels of TNF-α, which was found to contribute to the development of UL through inhibition of apoptosis with increased migration and fibrosis of leiomyomas (2), will disturb the equilibrium between leptin and adiponectin in direction of UL development and enlargement.  
These findings and recently documented associations support the previous study which found the presence of inflammatory cells in UL may contribute to excessive extracellular matrix production, tissue remodeling, and leiomyoma growth through TNF-α induced increased expression of the pro-fibrotic factor activin-A mRNA in myometrial and leiomyoma cells (25). Thereafter, another study suggested that TNF-α may be one of the key factors responsible for The transformation of the uterine smooth muscle cells into abnormal, immortal cells, capable of the clonal division leading to UL formation (26).  Experimentally, human endometrial stromal cells prepared from the endometrium of patients affected by UL were found to display higher TNF expression associated with increased expression of selective markers for the neuronal differentiation and the nerve growth factor in leiomyoma tissue in comparison to adjacent normal uterine tissues (27). Recently, pathological fibrosis, which represents a typical feature of UL was attributed to an uncontrolled tissue repair secondary to dysregulation of macrophage proliferation, accumulation, and infiltration that was activated by increased TNF-α expression levels (28).
The current study detected significantly higher serum TNF-α levels in women with symptomatic UL than in women who had asymptomatic UL with a positive significant correlation between serum TNF-α levels and presence and multiplicity of symptoms, which indirectly indicated the severity of affection. These results are coincident with that previously reported by Ciebiera et al. (29) who detected a significant increase of serum TNF-α in women who had symptomatic UL in comparison to UL-free women and found elevated TNF-α serum concentration could be used as a predictor for ULs in selected populations. In support of the importance of estimation of serum TNF-α, Sevostyanova et al. (19) recommended estimation of serum TNF-α in pregravid preparation of women, including IVF program.  
Despite the obtained results and previously documented relation between adipocytokines and development of UL, BMI showed no significant correlation with either the presence of UL or its related symptoms and considering the non-significant differences between BMI of the study and control women; thus certain women may have a higher susceptibility for the development of UL than others and this could be attributed to genetic background. In line with this assumption, Altinkaya et al., (2019) (30) suggested that P72R/P72R genotype may be associated with the development of uterine leiomyoma. Ha et al. (31) found rs2239359 polymorphism, which causes a missense mutation in Fanconi anemia complementation group A, may be associated with the UL proliferation rate. Moreover, the rs1625895 (13494G>A) variant of the TP53 gene was associated with UL localization with patients who had the 13494GG genotype had significantly more often subserous UL, while patients with heterozygous variant (13494GA genotype) had more often intramural UL (32).

Conclusion:
	The prevalence of UL is high and may not be present by AUB but disturbed fertility. Development of UL might be considered as a consequent event to disturbed adipocytokines levels. Estimation of serum TNF-α in women suspected to have UL is highly indicated for its diagnostic probability and its relation to a multiplicity of symptoms.

Limitation
The study was limited to being observational study and follow-up of these women who had UL after interferences were needed to determine the prognostic ability of estimation of these cytokines especially for women who had uterus preserving interferences. 
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Fig. (2): Serum cytokines' levels estimated in patients of studied groups
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