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ABSTRACT 
Background: Fibrosis can define as the development of excessive fibrous tissue in an organ or tissue. In the 

situation of the uterus, leiomyoma or scar tissue may involve fibrosis state. The main feature of fibrosis in 

myoma is the existence of disordered smooth muscle cells and collagen that can be recognized via histological 

examinations in addition to extracellular component deposition. Leiomyoma is the most public uterine disorder 

that is mainly consists of smooth muscle cells, myo-fibroblast, and an obvious content of extracellular matrix. 

The myofibroblast in myoma lesion produced an elevated content of ECM. This paper displays the fibrotic 

circumstantial in leiomyoma and the mechanisms related to deposition of ECM components.  

Methods: this study involved (50) patients of 18-80 years old women diagnosed with benign uterine fibroid. 

Tumor samples were attained by consent from women undergoing hysterectomy or myomectomy at the Al 

Karama Teaching Hospitals in Kut, Wasit Province, Iraq between October 2022 to March 2023. samples from 

normal and fibroid were subjected to routein histological processing and subsequently stained with routein 

stains for general description, Masson Trichrome stain, Van Gieson's stain to visualize collagen content and 

histochemical stain (Alcian Blue-Periodic Acid Schiff) to evaluate the profile of mucins secreted via tumor 

cells.Normal myometrium and myoma tissue expression of TGF β1 growth factor was compared using 

immunohistochemical staining. Qupath and Image J programs were used to analysis the content of fibrous tissue 

within normal and myoma tissue. 

Results: Microscopical results revealed that myoma have a proliferation of overlap fusiform cells organized in 

bundles alienated by variable amounts of connective tissue fibers, enclosed peripherally by a pseudo capsule. 

Special stained sections analysis revealed deposition of extracellular martix components specially collagen 

fibers that vary within each nodular fibroid (intrafascicular, interfascicular) enclosed myocytes that reflect the 

state of fibrosis that appears as blue – green colors enclosed in Masson's trichrome stain, while in Van Gieson's 

stain appears as red color. Proliferative tumor cells were revealed via Alcian Blue-PAS stain in dark blue color. 

results showed distribution of perivascular fibers in myoma as compared with normal adjacent myometrium, 

which appears in red color in Van Gieson's stain. Immunostaining recorded the significantly higher intensity of 

TGF-β in the leiomyoma tissue than in the normal myometrium (P < 0.05). The effects of the TGF-β1 inhibitor 

significantly differed between normal myometrium and leiomyoma tissue, with a greater decrease in cell 

survival in the leiomyoma tissue (P < 0.05).  

Conclusion: highly fibrous tissue contents showed within myoma and perivascular than adjacent myometrium, 

these fibrous tissues were detected via special colours in both Masson Trichrome and Van Gieson's stains. The 

fibrous tissue within leiomyoma showed higher intensity to TGF than normal myometrium.  

 

1. Introduction 

Tissue fibrosis is defined as the excessive or uncontrolled deposition of extracellular matrix ECM 

proteins [1]. It is frequently associated pathophysiologicly with a wide range of disorders [2]. Due to 

their excessive invention and deposition, these proteins are abundant in uterine fibroids, which are 

induced by aberrant proliferation of smooth muscle cells and fibroblasts [3]. Uterine leiomyomas, 

commonly referred as fibroids or myomas, are the primary non-malignant neoplasms affecting the 

female reproductive system [4]. The precise etiology of these tumors remains uncertain; however, there 

is evidence suggesting that steroid hormones and growth factors, along with their receptors, may have 

to significant impact their pathogenesis [5]. 

The main key feature of leiomyoma includes single or multiple firm circumscribed masses occupying 

any site within uterine layers, these masses are identified to have a smooth muscle constituent and often 

exhibit a significant (ECM), composed of fibroblasts, and purportedly leading to a predominance of 

collagen fibers [6]. The presence of a fibrous and collagenous component in these tumors justifies the 

vernacular name "fibroid" that is commonly used [7]. Histologically, leiomyomas consist of fascicles 

of smooth muscle cells that are intricately intertwined; resulting in whorl-like patterns, the stroma 

surrounding the embedded smooth muscle cells primarily comprises collagen fibers [8, 9]. The 

distinguishing features of the uniform cells include eosinophilic fibrillary cytoplasm and cigar-shaped 
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nuclei [10, 11]. In general fibrosis is promoted and stimulated by a number of different cytokines and 

growth factors [12, 13] These variables are controlled by steroid hormones, are thought to be the 

hormones' ultimate effectors, Proteins called growth factors regulate the rate at which cells divide, and 

this ability confers a wide range of biological effects. Several different kinds of cells secreted it. The 

majority of these factors' effects on target cells are mediated by interactions with receptors located on 

the cell surface [14]. One such element is transforming growth factor-ß (TGF-ß), which play a 

significant role in the etiology of fibrotic disorders via affects numerous cellular processes, including 

proliferation, differentiation, migration, and apoptosis [15]. Cells of the immune system, blood vessels, 

and connective tissue all express transforming growth factor; Reliable studies show that TGF- and 

connective tissue growth factor cooperate to promote chronic fibrosis [16]. 

2. Methodology  

Study Cases 

A total of 50 cases involving women aged 18 to 80 years were included in this study. Fibroid samples 

were obtained with consent from women undergoing hysterectomy or myomectomy at the Al Karama 

Teaching Hospitals in Kut, Wasit Province, Iraq during October 2022 to March 2023. Relevant details, 

such as patients' ages, parities, as well as menstrual histories, were documented from the departments 

of gynecology and pathology. The uterine samples underwent thorough evaluation by hospital 

pathologists who utilized established histopathologic criteria for diagnosis. The specimens were 

visually documented through, capturing details such as the numbers, shape, and location of the tumors. 

All the gathered specimens were transported to the pathology laboratory in a solution containing 10% 

formalin for the purpose of conducting routine and specialized histological preparations. 

Tissue Processing 

After immersion in a 10% buffered formalin solution. A total of six myoma sections were extracted 

from tumors that exhibited adequate dimensions, with four of these sections obtained from the outer 

region of the tumor and two from the inner region. Additionally, samples of myometrium and 

endometrium were collected from a significant number of patients. With four of these sections obtained 

from the region of the tumor and two from the inner region. The immobilized tissues underwent 

standard processing procedures, being embedded in paraffin, sectioned at a thickness of 4-5 

micrometers, and subsequently stained with routine hematoxylin and eosin stain. Special stains, 

including Masson trichrome stain, Van Gieson's stain, were used to visualize collagen content, and a 

histochemical stain (Alcian Blue-Periodic Acid Schiff) was applied to evaluate the mucin produced by 

tumor cells. 

Immunohistochemical staining 

Dewax and hydrate the paraffinzed section, section incubated with E-IR-R217C (3% H2O2) for 10 min 

to eliminate endogenous peroxidase activity. Wash with PBS or TBS, 2 min×3 times. Then add E-IR-

R217A (Normal Goat Blocking Buffer, incubate at 37°C for 30 min. Shake off any excess liquid. 

Section were incubated with TGFβ1 primary monoclonal antibody (TGF β1 Mouse (5D2): E-AB-

22215) at 4c overnight then washed with PBS and dried. Secondary antibody E-IR-R217B 

(Polyperoxidase-anti-Mouse/Rabbit IgG), were added and incubated at room temperature then Washed 

in PBS three times. Prepare DAB Working Solution DAB (E-IR-R217D). Washed the sections with 

deionized water dismiss the chromogenic reaction, then counterstaining, dehydrated, clearing and 

covering. 

TGFβ scoring 

TGFβ staining was designated semi quantitatively, where score 0 presented less than 1% of cells as 

negative; score 1: 1-12% of cells; score 2: 12-27% of cells; score 3: 27-50% of cells; score 4: 51-76% 

of cells; and score 5: more than 76% of cells. The intensity of staining was classified as strong, 

moderate and poor. In this manner, TGF expression data compared between myoma and normal 
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myometrium [17].  

Statistical analysis: computerized software statistical for the social sciences program (SPSS version 

24) was used to analyze the data. By using the Pearson Chi-square test, assessment of TGF immune 

expression and pathological parameters had been calculated. A P value of ≤ 0.05 is considered as 

statistically significant. 

3. Results and discussion 

Microscopic Examination 

Microscopically myoma exhibit a proliferation of fusiform cells organized in bundles that overlap, 

separated by variable amounts of fibrous connective tissue, and peripherally enclosed by the presence 

of a pseudo capsule formed through the compression of adjacent tissues as shown in figure 1 (a, b, c, 

d). myometrium in Leiomyoma appears as a well differentiated bundle of smooth muscle interlacing 

within the tumor mass contrasting with the adjacent myometrium where the bundles run coarsely 

parallel to the long axis of the body of the uterus.The myometrium samples in their natural state 

exhibited ECM and smooth muscle bundles that retained their integral structural composition, The 

myometrium next to the unaffected tissue in the uterus had a comparatively less ordered structure while 

myoma appeared as nodular structures formed by collagen fibers islands within the ECM and discrete 

clusters of smooth muscle bundles lacking a consistent orientation as showed in figure 4. 

Sections with Masson's trichrome and Van Gieson's stains were employed to examine uterine fibroids 

and neighboring myometrium. The analysis revealed different concentration of collagen fibers in 

myoma reflecting the state of fibrosis and appearing as blue color while myocytes appeared in red color 

in Masson's trichrome stain as showed in figure 1 (b), In sections stained with Van Gieson's stain, 

collagen fibers appeared as red in color, as depicted in figure 1 (c).These collagen fibers produced by 

a proliferative tumor cells were demonstrated via Alcian Blue-Periodic Acid Schiff stain figure 1 (d). 

Fibroid nodules showed different amount of collagen fibers deposition between myocytes. These 

myocytes appeared irregular shape with long nuclei as seen in figure 2. These nodules demonstrating 

variable degrees of collagenous stroma appearing as little, medium or heavy collagenous content 

stained blue in Masson's trichrome stain as shown in figure 2 (a), while appearing red in Van Gieson's 

stains, as depicted in figure 3 (b). 

The degree of fibrosis was determined by observing at the amount of extracellular fibrous matrix within 

tumor area that reflects both collagenous matrixes around blood vessels and between muscle fascicles 

figures 3. The tumors' collagen deposition could be intrafascicular, interfascicular, or a mix of the two 

as showed in (figures 3, 4) that show deposition of collagen fibers appear in blue-green colors within 

intrafascicular, interfascicular figure 4. These fibers arranged in different orientation (loss of regularity 

form) and enclosed myocytes with various concentrations and varied fibrous contents which appear in 

figure analysis image J (figures 5, 6). According to figure.7 , section of Leiomyoma contain a number 

of blood vessels within ECM and these vessels enclosed by variable amount of collagenous stroma that 

appears in red color in Van Gieson's stain as demonstrated in figure7. 

ICH staining with TGF documented high to moderate expression in leiomyoma lesion compared with 

normal myometrium (figure8). Myometrium sections with leiomyoma showed variable intensity as 

low, moderate and strong (figure 9) which reflect the effect of TGF on deposition and differentiation 

of extracellular matrix (ECM) cells especially smooth muscle cells, fibroblasts and myofibroblasts 

(figure 10).  The content of ECM components in myomal stroma related to the level of fibrosis state.  

At intensity level varied in myoma tissue, 20 (66.6%) of 30 myoma sample showed strong intensity to 

TGF, 7 (23.3%) of 30 showed moderate intensity while 3 only (10%) showed low intensity. As 

compared with normal myometrium TGF expression, the highest intensity recorded in 5 (25%) of 20 

samples, 2 (10%), 13 (65%) as moderate and low intensity respectively (Table 1). IHC data analysis 

showed that all myometrium samples recorded positive reaction to TGF transformation growth marker 

50 (100%) of 50 samples distributed between normal and myoma lesion (table 1).  
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Figure 1: microscopic sections of uterine showed leiomyoma enclosed by psudocapsule separated 

normal myometrium and well-differentiate myoma organized as a bundle of smooth muscle cells 

interlacing in the tumor mass H&E stain (a), Masson's trichrome stain (b), Van Gieson's stain (c), 

Alcian Blue-Periodic Acid Schiff stain (d) 4x. 

 

                 (a)                                                        (b)                                                        (c) 

Figure 2: microscopic sections of leiomyoma stained with three stains show fascicles of smooth 

muscle bundle interlacing with collagen fibers within tumor mass as multi nodular myoma in H&E 

stain (a), Masson's trichrome stain (b), Van Gieson's stain (c) 10x. 
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(a)                                                  (b)                                                      (c) 

Figure 3: microscopic sections of myoma show red color myocytes within intrafascicular, 

interfascicular collagen fibers in blue colour stained in Masson's trichrome stain (a) , red color in Van 

Gieson's stain (b), Alcian Blue-Periodic Acid Schiff stain (c), 100x. 
 

 

(a)                                                     (b)                                                (c) 

Figure 4: microscopic section of leiomyoma stained in Masson's trichrome stain showed varies level 

of collagen deposition within ECM appears in mild -moderate blue-green colours around red colour 

myocytes (a), intensely blue colour fibres (b) (c), 10x. 

 

Figure 5: microscopic section of myoma showed various levels of collagen fibers deposition within 

ECM appears in green colour by using (image J). 
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Figure 6: surface plot show sections of myometrium with Leiomyoma showed various levels of 

collagen fibres deposition within ECM appears in green colour by using (image J). 

 

(a)                                                      (b)                                                     (c) 

Figure 7: microscopic sections of uterine leiomyoma showed different numbers and size of blood 

vessels within the stroma in H&E stain (a) Van Gieson's stain, 100X. (b) Alcian Blue-Periodic acid 

Schiff stain (c), 100X 

 

(a)                                                                                      (b) 

Figure 8: Microscopic section of TGFβ1 immunostaining in (a) normal myometrium showed low 

TGF expression. (b)  leiomyoma showed moderate TGF expression, 100x. 

Table1: Intensity of TGF-β staining in normal myometrium compared to leiomyoma lesions 

cases N. 
Negative 

expression 

Poor 

intensity 

 Moderate 

intensity 

 Strong 

intensity 
P-valu 

Normal 

myometrium 
20 0 (100%) 13 (65%) 2 (10%) 5 (25%) 

0.001 

Myoma lesion 30 0 (100%) 3(10%) 7 (23.3) 20 (66.6%) 

Discussion 

 This study presents evidence for the presence of fibrous tissue within myometrium with Leiomyoma 

foci that appears as nodules that contain from irregular myocytes within fibrous ECM, Identification 

was based on both microscopically and immunohistochemical criteria. Microscopically, In normal 

myometrium, the myocytes existing within few or little amount of fibrous ECM as compared with 

adjacent and leiomyoma foci myometrium that showed a bundle of smooth muscle interlacing in tumor 

mass with excessive construction of ECM or of collagen fibers deposition which consider the main 

feature of uterine fibroid, this description was agreed with Aleksandrovych et al., [18] which he 

described the Leiomyoma as a production of bundle fusiform cells separated by variable aggregates of 

fibrous connective tissue also he refers that the ECM formed islands in leiomyoma tissue samples, and 

the smooth muscle bundles were arranged in asymmetrical groupings, the majority of spindle cells had 
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elongated nuclei. Muscle bundles create nodular forms in leiomyoma foci. Tissue samples taken from 

healthy myometrium showed intact structures supported by smooth muscle bundles. The surrounding 

myometrium was less structured structurally than the unaltered tissue (from the "healthy" uterus) and 

this was agreed with the findings of this study.  

The result of both Masson's trichrome and Van Gieson's stains showed variable amount of collagenous 

matrix within myoctyes and also around the blood vessels, these collagen fibers appear as blue color 

in Masson's trichrome stain while in red color in Van Gieson's stain with different orientation which 

confirm previous studies showing that the finding of Giuliani et al [19] which he refers that leiomyoma 

have an abnormal collagen fibril construction and orientation, suggesting that its  essential to study the 

interaction of collagen fibers and the variations in fibrous ECM may play a role in the pathogenesis of 

leiomyomas. Thus, the study of specific collagen parameters, such as collagen bundles size and 

orientation, turns out to be particularly interesting because its morphometry should conclude specific 

cellular performances [20] As a result, the amount of collagenous ECM deposition within fascicular 

mass and around blood vessels determine the degree of fibrosis which is agree with the detailed 

explanation of Flake, [21] which he classified the fibrosis in uterine Leiomyoma according to the 

amount of collagenous deposition. 

IHC TGF result was accepted with Bhat et al. [22] which they confirm the high expression of 

leiomyoma tissue to TGFβ1 than normal myometrium. The explantation for the results include some 

reasons like the profound impact of estrogen and progesterone on leiomyoma growth is primarily 

linked to their capacity to stimulate the mRNA production of various growth-promoting substances. 

Additionally, activated estrogen and progesterone receptors engage with cytoplasmic elements 

involved in cell proliferation and viability pathways, thereby triggering their activation, the 

inflammation in the uterus due to infection, menstruation, mechanical injuries and oxidative stress 

enhance the EMT pathway to form myofibroblasts that produce ECM as a response to the effect of 

several cytokines and growth factors. In normal circumstances, this process can repair tissues damaged. 

However, it can also lead to fibrosis if there is no control or the deregulation of the controlling pathways 

is too high [23]. 

Typically, the process of fibrosis progression comprises of three distinct stages. Commencing with an 

organ injury, there is a subsequent activation of fibroblast into myofibroblast. Following this, the 

myofibroblast releases an excessive amount of (ECM) components, consequently enhancing the size 

and rigidity of the tumor tissue, Ultimately, the stiff nature of the ECM provides a conducive 

environment for the proliferation of fibroid cells [24]. 

The uterine fibroid primarily consists of benign smooth muscle cells which are distributed within a 

significant amount of extracellular matrix (ECM). This ECM, in return, contains numerous activated 

fibroblast cells, also known as myofibroblast cells, In a non-injured state, fibroblasts remain in a 

dormant condition. However, under acute or chronic stress conditions, these fibroblasts become 

activated and transform into myofibroblasts, ultimately leading to the synthesis of ECM components. 

In cases of chronic inflammation, myofibroblast cells are continuously stimulated by cytokines and 

inflammatory mediators such as TGF. In non-malignant cells, TGF-β inhibits cell proliferation and 

promotes programmed cell death [25]. 

Transforming growth factor-beta (TGF-β) serves as a cytokine with potent chemoattractant properties. 

This particular factor, which plays a role in recruiting and activating fibroblasts, is widely recognized 

as a potent profibrogenic cytokine implicated in fibrosis across various organs [26]. TGF is initially 

secreted in a latent complex form, necessitating extracellular activation for its signaling and activity. 

Due to its tissue-specific expression and interactions with receptors and regulatory molecules, this 

ligand elicits a diverse array of cellular responses [27]. The presence of chronic inflammation is a 

critical factor in promoting the synthesis and release of TGF-β, while estrogen and progesterone 

hormones are also acknowledged for their ability to enhance TGF-β production in fibroblasts [28]. In 

leiomyoma tissue, the expression of TGF-β1 was reported to be fivefold higher. The activation of the 
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phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) signaling pathway in fibroblast cells by 

TGF-β is primarily responsible for the transition of fibroblasts to myofibroblasts. This transformation 

leads to the excessive production and accumulation of extracellular matrix (ECM) components.This 

explains the higher levels of TGF-β1  in myoma cells compared to healthy cells, and thus the appearance 

of fibrosis in our lliomyoma samples. Numerous investigations have demonstrated that TGF-β not only 

induces proliferation of smooth muscle cells but also plays a role in the development of uterine 

leiomyoma [14, 29].  

Immunohistochemical staining results of Jung and his team, Bhat et al., [22] showed  significant higher 

intensity of TGF-β in the leiomyoma tissue than in the normal myometrium. Chegini et al. [30]  

presented TGF-β receptors as signal transducers of TGF-β in leiomyoma and normal adjacent 

myometrium, which are prominently expressed in leiomyoma. Lee and his team [31] offered that TGF-

β3 was increased in leiomyoma in comparison to normal myometrium. Dragnei, 2013 also refers that 

immunoreactivity of leiomyomas samples to TGF- β 1 was higher than in normal myometrium. another 

articles showed a higher level of TGF-β in leiomyoma than in the myometrium according to patient 

menstrual cycle. Azam et al., (2021) refers that TGF-β1 reaction was more obviously in healthy 

myometrium with high intensity features compared to myoma.  

4. Conclusion and future scope 

The extracellular matrix deposition, particularly the interstitial collagen fibers, exerts fibrosis in uterine 

leiomyoma samples that show a disordered pattern which increased compared to the adjacent 

myometrium. Due to three types of special dyes, the intensity of the coloring of these fibers varied and 

reflected the severity of fibrosis. 
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