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BACKGROUND  
Despite recent achievements regarding the pathogenesis of leiomyoma, the exact mechanisms and role of angiogenesis are not well understood. 
According to the existing evidence, the excess of steroids, their influence on the apoptosis mechanisms, and the expression of local growth 
factors may stimulate the formation of leiomyomas in women of reproductive age. 
OBJECTIVES 
The present study aimed to ascertain the pathophysiological mechanisms underlying angiogenesis disorders and shed light on the function of 
steroids in this process. 
METHODS  
The central and peripheral parts of the 42 postsurgical uterine leiomyoma nodes were examined with the aim of assessment of angiogenetic 
changes in the proliferating, recurrent, and latent leiomyomas, using (i) hematoxylin and eosin (H and E), and Masson’s trichrome stain of 
formalin-fixed paraffin-embedded sections, and (ii) immunohistochemistry evaluation of estrogen receptor (ER), progesterone receptor (PR), 
and CD34 (transmembrane phosphoglycoprotein protein encoded by the CD34) markers.   
RESULTS  
The small proliferative leiomyomas (1-2 cm) are characterized by prominent angiogenesis with a dominance of small and medium-caliber 

aberrant vessels. The tendency to decrease intranodal blood vessels with the growth of tumor nodes (3-4 cm in size) indicates to depletion of 

resources of the autonomous vascular collector (tumor bed), after which the leiomyomata may enter the recurrence phase with the formation 

of a new locus of angiogenesis. The uniform distribution of the blood vessels throughout the proliferative leiomyoma node indicates that tumor 

growth occurs throughout the whole vascular collector.  The depletion of the capacity of angiogenesis has an inhibitory effect on the growth of 
latent nodes and increases the risk of the secondary lesion because of blood supply alterations.    
CONCLUSIONS  
Angiogenesis plays an important role in the progression of leiomyoma. The tumor growth occurs throughout the whole vascular bed (in the 
central and peripheral parts of the leiomyomata) and not from a single smooth muscle cell. 
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BACKGROUND 
ccording to the existing evidence, angiogenesis is an 
essential element in the regulation of tumor growth.1 It 
is well known that leiomyomas are characterized by 

markedly remodeled, diminished number of vessels compared 
to the surrounding healthy myometrium,2 which causes severe 
hypoxia of the tumorous tissue.3 There is evidence of a 
decrease in the function of angiogenic growth factors in the 
case of leiomyoma as well. 

There are various viewpoints regarding the growth of 
leiomyomas in the uterine body.4-8 The myometrium 
experiences active myocyte proliferation and myometrial 
hyperplasia (MMH). The majority of leiomyomas develop in 
hypoxic sites of MMH, which is recognized as a precursor of 
leiomyoma.9,10 The small leiomyomas are less vascular 
compared to myometrium,11,12 and the smallest (1-3 mm) ones 
are almost avascular with nodular growth due to diffusion 

from the surrounding myometrial vascular network.13 
According to existing considerations the excess of steroids, 
alterations of the apoptosis mechanisms, and expression of 
local growth factors may increase the frequency of 
leiomyomas in women of reproductive age.14-17 

Despite recent achievements in the knowledge of the 
pathology exact mechanisms of leiomyoma is still obscure, the 
precise role of leiomyoma precursor cells is not well 
understood, and the radical hysterectomy is the only 
successful treatment option because of the ineffectiveness of 
conservative measures.  

In the present study, we aimed to ascertain the 
pathophysiological mechanisms underlying angiogenesis 
disorders and shed light on the function of steroids in this 
process. 

ABSTRACT 

A 

DOI:  10.52340/GBMN.2023.01.01.07 

https://doi.org/10.52340/GBMN.2023.01.01.07


 

The Georgian Biomedical News 
ISSN (Online): 2720-8796   ISSN (Print): 2720-7994 

Downloaded from gbmn.org. For personal use only. No other uses without permission. 

Copyright © 2022. All rights reserved. 

VOLUME 1. ISSUE 1. JANUARY-MARCH 2023 

2023

METHODS 
We have studied the postsurgical uterine leiomyoma 
biomaterials of 42 patients with an average age of  31±10 
years. The central and peripheral parts of the tumor nodes 
(including modified small, medium, and large caliber blood 
vessels) were examined with the aim of assessment of 
angiogenetic changes in the proliferating, recurrent, and latent 
leiomyomas by the following methods: 

• Hematoxylin and eosin (H and E), and Masson’s 
trichrome stain of  formalin-fixed paraffin-embedded 
sections for the evaluation of histological architecture 
of biomaterials; 

• Immunohistochemistry evaluation of angiogenesis 
and estrogen receptor (ER), progesterone receptor 
(PR), and CD34 (transmembrane 
phosphoglycoprotein protein encoded by the CD34) 
markers. 

SPSS version 22 software was used for statistical analysis.  
The p-values were provided by Mann-Whitney tests. A value of 
p<0.05 was considered to be statistically significant. 

RESULTS  
The active proliferation and hypercellularity (Fig1A, Fig1B, and 
Fig1C) with the intense angiogenesis (Fig1D) were detected in 
the small nodes of leiomyoma. The initial phase of nodular 
growth was characterized by the tendency of fibrosis and 
collagenization (Fig1E). The new proliferation (Fig1F), 
formation of the abundant anastomoses, and growing capillary 
net (Fig1G) were typical for the period of recurrence. Finally, 
the diffuse collagenosis and areas of the secondary lesions 
were denoted in the latent period (Fig1H). 

FIGURE 1. Hematoxylin and eosin, and Masson’s trichrome stained formalin-
fixed paraffing-embadded sections of uterine body leiomyoma nodes 
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A, B, C, and D: 0.3-2 cm size nodes with proliferation, hypercellularity, and 
intense angiogenesis; E: up to 3 cm size growing node with fibrosis and 
collagenization; F and G: up to 6 cm size node with new proliferation, 
anastomoses, and capillary net; H: 7-15 cm size nodes with the diffuse 
collagenosis and areas of secondary lesions. Leika 1000 Led. MC170HD, x 
0.65 

On the periphery and in the central part of the proliferative 
nodules in size of 1-2 cm, a large number of blood vessels were 
detected. With the growth of nodes (up to 3-4 cm), the 
percentage of avascular areas increased dramatically.  

A large number of vessels were detected in the central part 
and periphery of the recurrent tumorous nodes (in size of 4-8 
cm) and surrounding muscles as well.  However, in the case of 
latent leiomyomas, there was an evident decrease in the 
number of vessels compared to proliferative and recurrent 
nodules. 

The quantitative assessment of unusual/aberrant blood 
vessels in the central and peripheral parts of leiomyomata 
showed the following: 

• Abundant vascularization of nodes and surrounding 
muscle tissues, with the presence of aberrant blood 
vessels, the number of which progressively decreased 
with the growth of nodes, to absolute disappearance in 
latent forms of leiomyoma;  

• The equal number of aberrant vessels in the periphery and 
the central parts of the proliferative and recurrent nodes. 
It should be noted that in case of recurrent leiomyomas, 
the density of aberrant vascularization was higher in the 
center of the node than in the periphery; 

• Low number of aberrant blood vessels in the latent 
leiomyoma nodes. 

The quantitative assessment of small, medium, and large 
blood vessels in the central and peripheral parts of 
leiomyomata showed the following: 

• The high number of small blood vessels in small 
proliferation nodes (up to 1 cm); 

• The high number of medium-caliber blood vessels in 
proliferation nodes up to 2 cm in size; 

• The leaping decrease in the number of small blood vessels 
with the growth of the node; 

• The high number of large blood vessels in the surrounding 
muscular tissue compared to small size leiomyoma nodes; 

• The high number of large blood vessels in both the 
periphery of the recurrent nodes and surrounding muscle 
tissue; 

• The low number of large blood vessels in the latent nodes, 
compared to other types of nodes and surrounding muscle 
tissue. 

An immunohistochemical study revealed a high content of 
SD34 marker in a small node (up to 1 cm) of proliferative 
leiomyoma (Fig.2A), with a tendency to decrease with node 
growth up to 2 cm (Fig.2B) and a dramatic reduction in nodes 
up to 3 cm in size (Fig.2C). As for recurrent nodes, the 
concentration of the SD34 marker is high (Fig.2D), and in latent 
nodes (Fig.2E) decreased, on the contrary.  

The expression of the estrogen receptors (ERs) was 
insignificant in the small (1-2 cm in size) proliferative nodes 
(Fig.3A and Fig3B), with a tendency to increase in the nodes up 
to 3 cm in size (Fig.3C), and the significant increase in the 
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recurrent nodes (Fig.3D). No estrogen receptors (ERs) were 
found in the latent nodes.  

FIGURE 2. Expression of transmembrane phosphoglycoprotein protein 
encoded by the CD34 in the different types of leiomyoma nodes 

     
A B C D E 

A and B: The high content of SD34 marker in a small node (up to 1 cm) of 
proliferative leiomyoma; B: The decreased expression of SD34 in the node up 
to 2 cm in size; C: The dramatic reduction of SD34 in the node up to 3 cm in 
size; D: The high concentration of SD34 in the recurrent nodes; E: The 
decreased concentration of SD34 in the latent nodes. Leika 1000 Led. 
MC170HD, x 0.65 

FIGURE 3. Expression of estrogen receptors (ER) in the different types of 
leiomyoma nodes 

    
A B C D 

A: Insignificant expression of ERs in the small (1-2 cm in size) proliferative 
nodes; C: Increased expression of ERs in the nodes up to 3 cm in size; D: 
Significant expression of ERs in the recurrent nodes. Leika 1000 Led. 
MC170HD, x 0.65 

The expression of the progesterone receptors (PRs) was 
high in all types of leiomyomata with a tendency to increase 
with node growth (Fig.4).  

FIGURE 4. Expression of progesterone receptors (PRs) in the different types 
of leiomyoma nodes 
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A: The expression of PRs in the proliferative leiomyoma node up to 1 cm in 
size; B: The expression of PRs in the proliferative leiomyoma node up to 2 cm 
in size; C: The expression of PRs in the proliferative leiomyoma node up to 3 
cm in size; D: The expression of PRs in the recurrent leiomyoma node; E: The 
expression of PRs in the recurrent leiomyoma node. Leika 1000 Led. MC170HD, 
x 0.65 

DISCUSSION 
The proliferative leiomyomas up to 1 cm in size were 
characterized by a well-developed (45%), evenly distributed 
network of blood vessels, 24.3% of which was aberrant and 
16.2% of small caliber vessels.  

47.4% of proliferative nodes up to 2 cm in size were 
supplied with medium caliber blood vessels, 23.7% of which 
were localized in the center of the node and 21.1% - on the 
periphery. The share of aberrant vessels was 13.2%. 

The index of vascularization of the proliferative 
leiomyomas 3-4 cm in size was only 15%. The tumorous tissue 
was mainly supplied with small and large vessels. The 
proportion of medium-caliber vessels was 13.2% and the 
aberrant vessels 2.6%. 

An immunohistochemical study showed a tendency to 
decrease the SD34 expression and increase the number of 
estrogen receptors (ERs) with the growth of proliferative 
leiomyomas. The expression of the progesterone receptors 
(PRs) was high in all types of leiomyomata with a tendency to 
increase with node growth. 

Proliferative leiomyomas in size of 1-2 cm are characterized 
by prominent angiogenesis with a dominance of small and 
medium-caliber aberrant vessels, which indicates a crucial role 
of angiogenesis in the progression of leiomyoma. 

The tendency to decrease intranodal blood vessels with the 
growth of tumor nodes (3-4 cm in size) indicates to depletion 
of resources of the autonomous vascular collector (tumor 
bed), after which the leiomyomata may enter the recurrence 
phase with the formation of a new locus of angiogenesis. 

The uniform distribution of the blood vessels throughout 
the proliferative leiomyoma node indicates that tumor growth 
occurs throughout the whole vascular collector. Our finding 
contradicts the theory of leiomyoma development "from a 
single smooth muscle cell."1,7,8,11,14 

The depletion of the capacity of angiogenesis has an 
inhibitory effect on the growth of latent nodes and increases 
the risk of the secondary lesion because of blood supply 
alterations.   

CONCLUSIONS 
Angiogenesis plays an important role in the progression of 
leiomyoma.  

The tumor growth occurs throughout the whole vascular 
bed (in the central and peripheral parts of the leiomyomata) 
and not from a single smooth muscle cell.   
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