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ABSTRACT 
 

Background: Uterine leiomyoma is the most common benign smooth muscle tumor of unknown 
aetiology. Progesterone may contribute to leiomyoma growth through the induction of B-cell 
lymphoma-2 (BCL-2) protein in leiomyoma cells. This study aims to determine the patterns of B-
cell lymphoma-2 (BCL-2) and progesterone receptor (PR) expression in uterine leiomyomas seen 
at LTH, Ogbomoso, over a five-year period using immunohistochemical techniques. 

Methods: This was a hospital-based retrospective study of histologically diagnosed leiomyomas in 
the histopathology department of a teaching hospital between January 2012 and December 2016. 
A total of 141 cases of uterine leiomyomas were semi-quantitatively analysed 
immunohistochemically for PR and BCL-2 antigens. 

Results: Immunohistochemical analysis showed that out of 141 cases studied, 74 (52.5%) and 118 
(83.7%) were positive for BCL-2 and PR, respectively. Among the 141 cases, 23 (16.3%) were 
negative for both PR and BCL-2. There was a moderate positive correlation between the 
immunohistochemical expression of BCL-2 and PR antigens, with a p-value < 0.001 (Pearson 
correlation = 0.563). 

Conclusion: This study showed that the majority of women with leiomyomas expressed both 
progesterone receptor and B-cell lymphoma-2 antigens. Therefore, selective women with 
leiomyomas could benefit from progesterone receptor modulators instead of undergoing invasive 
procedures such as myomectomy or hysterectomy. 
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INTRODUCTION 

Leiomyomas, also known as fibroids, are benign neoplasms of 
the uterus that are common among women of reproductive 
age. Their growth varies significantly among individuals, as 
factors such as hormones, genetics, and pregnancy influence 
their development. [1,2] Typically, they grow slowly over time, 
with fluctuations in growth rates, particularly during the 
menstrual cycle, pregnancy, and menopause. [1] 

More importantly, the initial event in the pathogenesis of 
leiomyomas remains unknown. However, it is widely believed 
that ovarian steroid hormones play a significant role in their 
development and maintenance. [2,3] Current evidence from 
clinical, biochemical, histological, molecular, and 
pharmacological studies suggests that progesterone and its 
receptor (PR) play important roles in the growth and 
development of uterine leiomyomas. [2,3] Some researchers 
have reported an increased concentration of PR in leiomyoma 
tissue compared with adjacent myometrium. [4–6] 
Additionally, studies have shown that progesterone suppresses 
apoptosis and stimulates the proliferation of leiomyoma cells 
in cell culture, whereas PR modulators inhibit cellular 
proliferation and induce apoptosis in these cells by acting on 
the BCL-2 gene. [7,8] 

BCL-2 antigen is a product of the BCL-2 anti-apoptotic gene 
and was initially discovered in B-cell lymphomas. The BCL-2 
gene encodes a 26-kDa protein localized in mitochondrial and 
perinuclear membranes. [9,10] B-cell lymphoma-2 antigen 
plays a crucial role in tumor growth by preventing apoptotic 
cell death, either by extending the lifespan of certain cells or 
promoting cell replication. In addition to prolonging cell 
survival, the BCL-2 protein can facilitate cell replication by 
reducing the requirement for growth factors. [10] 

The interaction between progesterone and BCL-2 is an active 
area of research aimed at understanding the mechanisms 
behind fibroid development and exploring targeted treatment 
options. Some studies have shown that progesterone 
contributes to leiomyoma growth by inducing BCL-2 antigen 
expression in leiomyoma cells. [5,11] In Nigeria, there is a 
paucity of information on the expression of BCL-2 protein and 
PR in uterine leiomyomas. To address this gap, this study will 
investigate the expression of BCL-2 and progesterone receptors 
in uterine leiomyomas at Ladoke Akintola University Teaching 
Hospital (LTH), Ogbomoso. The aim is to determine the 
patterns of PR and BCL-2 expression in leiomyomas over five 
years using immunohistochemical techniques. 

MATERIALS AND METHODS 

Study design, population, and setting  

This study was a five-year retrospective cross-sectional 
analysis of all histologically diagnosed cases of uterine 
leiomyomas at the Department of Morbid Anatomy, Ladoke 
Akintola University Teaching Hospital (LTH), Ogbomoso, Oyo 
State, Nigeria, between January 2012 and December 2016. LTH 
is a tertiary health institution located in the Southwest 
geopolitical zone of Nigeria and serves as a referral center for 
Oyo, Kwara, and Osun States. The Department of Morbid 

Anatomy provides routine histopathology services and has the 
expertise and resources for diagnostic tissue processing. 
Immunohistochemical analyses were carried out at the 
Department of Pathology, University of Ilorin Teaching Hospital 
(UITH), Ilorin, Kwara State, where the required facilities were 
available. 

Inclusion and exclusion criteria 

All cases of histologically confirmed uterine leiomyomas 
diagnosed during the study period were considered. Cases with 
poor tissue preservation, incomplete clinical data, or 
inadequate tissue samples for immunohistochemistry were 
excluded from the study. 

Sample size calculation 

A sample size calculation was carried out using the finite 
population correction formula to determine the minimum 
number of uterine leiomyoma cases required for 
immunohistochemical analysis. 

Yamane formula was used: n=N/1+N.e2  

Where: 

n = sample size 

N = population size (total number of histologically confirmed 
uterine leiomyomas during the study period) = 215 

e = precision = 0.05 (5%) 

The calculated minimum sample size was approximately 139. 
However, to improve the reliability of results and account for 
possible tissue loss or inadequate staining, the sample size was 
adjusted to 141 cases. Only the most representative formalin-
fixed paraffin-embedded (FFPE) tissue blocks were selected 
for immunohistochemical studies.  

Sampling was guided by the inclusion and exclusion criteria to 
ensure quality and consistency in analysis. 

Specimen processing and immunohistochemistry 

Archived Hematoxylin and Eosin-stained slides were reviewed, 
and representative FFPE tissue blocks were retrieved. 
Immunohistochemical staining was performed using the avidin-
biotin-peroxidase complex technique. Monoclonal antibodies 
used included PR mouse monoclonal antibodies and BCL-2 
mouse monoclonal antibodies (Elabscience, USA). Semi-
quantitative evaluation of immunostaining was performed 
using the Allred scoring system. [12,13] 

Statistical analysis 

Data were analyzed using IBM SPSS version 23.0 (IBM Corp, 
Armonk, NY, USA). Descriptive statistics were used to 
summarise patient demographics and immunohistochemical 
results. The Pearson correlation coefficient was used to assess 
the relationship between PR and BCL-2 expression. A p-value 
of less than 0.05 was considered statistically significant.  

 

Ethical considerations 
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Ethical approval for this study was obtained from the Ethical 
Review Committee of LTH, Ogbomoso (Approval Reference 
Number:  LTH/OGB/EC/2017/155). This study used archived 
anonymized tissue samples; therefore, informed consent was 
not applicable. All patient data were handled with strict 
confidentiality, and all datasets were securely stored on a 
password-protected computer system. The study adhered to 
the ethical standards outlined in the Declaration of Helsinki. 

RESULTS 

The study included 141 cases of uterine leiomyomas, with 
patients ranging in age from 26 to 85 years. The mean age at 
presentation was 40.44 years (±9.96 SD). Among the cases 
studied, 67 (47.5%) were negative for BCL-2 
immunoexpression, while 19 (13.5%), 34 (24.1%), and 21 
(14.9%) cases showed low, moderate, and high 
immunoreactivity, respectively (Figure 1). For PR expression, 
23 (16.3%) cases were negative, while 7 (5.0%), 44 (31.2%), and 
67 (47.5%) cases showed low, moderate, and high expression, 
respectively (Table 1). 

(Table 1) summarizes the immunoreactivity of PR and BCL-2 in 
uterine leiomyomas. A total of 23 (16.3%) cases were negative 
for both PR and BCL-2, while 74 (52.5%) cases showed positive 
expression for both markers. A moderate positive correlation 
was observed between the immunohistochemical expression of 
PR and BCL-2, with a Pearson correlation coefficient of 0.563 
and a statistically significant p-value of <0.001. 

 

Figure 1. Graph showing the relationship between age, 
progesterone receptor, and BCL-2.  

 

Figure 2. Photomicrograph showing immunopositivity for 
progesterone receptor in uterine leiomyoma with brownish nuclear 
immunostain. (IHCx40). Figure 3. Photomicrograph showing 
immunopositivity for B-cell lymphoma-2 antigen in uterine 
leiomyoma with brownish cytoplasmic immunostain. (IHCx40).  

Table 1. Immunoreactivity of progesterone receptor and b-
cell lymphoma-2 antigens expressed in uterine leiomyomas 
studied between 2012 and 2016 

 
 
 
P
R 

BCL-2 Negati
ve 

Low Modera
te 

High Total  

Negativ
e 

23(16.3
%) 

0 0 0 23(16.3
%) 

Low 3(12.1%
) 

4(2.8%) 0 0 7(5.0%) 

Modera
te 

26(18.4
%) 

8(5.7%) 9(6.4%) 1(0.7%) 44(31.2
%) 

High 15(10.6
%) 

7(5.0%) 25(17.7
%) 

20(14.2
%) 

67(47.5
%) 

Total 67(47.5
%) 

19(13.5
%) 

34(24.1
%) 

21(14.9
%) 

141(100
%) 

P value <0.001 (PR: Progesterone receptor) 

DISCUSSION 

In leiomyomas, there is a complex relationship between BCL-2 
and progesterone. Progesterone, a reproductive hormone, 
influences fibroid growth by promoting cellular proliferation 
and regulating gene expression. BCL-2, an anti-apoptotic 
protein involved in cell survival, may be influenced by 
progesterone signaling pathways within tumor cells, 
potentially contributing to their growth and persistence. [3,5] 

Among reproductive-age women, the relationship between 
BCL-2 and progesterone in leiomyomas has been documented 
in several studies. [5,14–17] During the menstrual cycle, 
progesterone levels fluctuate, affecting the growth and 
biology of leiomyoma cells. These hormonal changes may 
influence BCL-2 expression, contributing to the growth and 
maintenance of leiomyomas. [16,17] 

This study found that progesterone receptors (PR) and BCL-2 
antigens were expressed in 83.7% and 52.5% of uterine 
leiomyomas, respectively. Additionally, 74 patients (52.5%) 
expressed both PR and BCL-2, and a moderate correlation was 
observed between the immunohistochemical expression of 
BCL-2 and PR antigens in uterine leiomyomas, with a p-value 
of less than 0.001. This suggests that PR and BCL-2 expression 
play a significant role in leiomyoma development. Various 
studies have shown that PR promotes the growth of 
leiomyomas by upregulating BCL-2 expression in leiomyoma 
cells. [5,7,18] Yin et al demonstrated that the human BCL-2 
promoter region binds to progesterone and regulates BCL-2 
expression in leiomyoma cells. [7] Similarly, Matsuo et al 
observed that progesterone may contribute to leiomyoma 
growth by inducing BCL-2 expression. [5] Furthermore, studies 
have shown that progesterone receptor modulators mediate 
growth inhibition and apoptosis in leiomyoma cells by reducing 
BCL-2 expression. [6,19] Islam et al also highlighted that 
selective progesterone receptor modulators (SPRMs), such as 
mifepristone and ulipristal acetate can reduce fibroid volume 
and symptoms by modulating BCL-2 expression and induce 
apoptosis in leiomyoma cells. [19] 

In this study, 23 (16.3%) of the leiomyomas reviewed did not 
express either PR or BCL-2 antigens. This finding suggests that 
other mechanisms are involved in leiomyoma growth and 
development. Research has shown that progesterone and its 
receptor play roles in various pathways of tumorigenesis. 
[3,20] One such pathway is oestrogen-progesterone signaling. 
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[3] Ishikawa and colleagues found that oestradiol induces PR 
expression in leiomyoma cells. [18] Besides estrogen-
progesterone interaction, Maruo and his group in Japan found 
that progesterone downregulates insulin-like growth factor-I 
(IGF-1) expression in human leiomyoma cells. [21] Their 
findings suggest that growth factor signaling may interact with 
progesterone signaling in tumorigenesis. Other studies have 
also concluded that receptors for various growth factors, such 
as insulin, insulin-like growth factor, epidermal growth factor 
(EGF), platelet-derived growth factor (PDGF), and 
transforming growth factor-beta (TGF-β), are expressed in 
leiomyomas and may contribute to tumor growth. [15,22,23] 
Additionally, in leiomyoma cells, progesterone, through its 
receptor, can activate the PI3K/AKT pathway, and an AKT 
inhibitor has been shown to promote apoptosis in leiomyoma 
cells despite the presence of progestins. [6] The findings of this 
study and the literature suggest that progesterone signaling 
and apoptosis via BCL-2 expression are part of the complex 
pathways involved in leiomyoma development. [3,15] 

B-cell lymphoma-2 (BCL-2) is unique in being localized to the 
inner mitochondrial membrane, where it functions as an 
oncogene by blocking programmed cell death. [9,10] Various 
agents that interfere with BCL-2 or other anti-apoptotic BCL-2 
family proteins act as chemo-sensitizers, making it easier for 
conventional anti-tumor drugs to induce cell death. [9, 24,25] 
In view of this, Vogler et al emphasized that the BCL-2 family 
proteins are central regulators of apoptosis, and their 
dysregulation can lead to tumorigenesis, making them 
potential targets for therapeutic intervention in leiomyomas. 
[9] Castro et al also demonstrated that high concentrations of 
genistein induce autophagic cell death in human uterine 
leiomyoma cells, suggesting that targeting autophagy 
pathways could be a novel therapeutic approach. [24] Ura et 
al identified specific phosphoproteins involved in the inhibition 
of apoptosis and promotion of cell survival in leiomyomas, 
highlighting potential molecular targets for therapy. [26] 

Furthermore, drugs such as selective progesterone receptor 
modulators (SPRMs), vitamin D, and epigallocatechin gallate 
act by modulating PR or repressing BCL-2 gene expression in 
leiomyomas. [19,26–29] These drugs could be beneficial for 
leiomyomas that stain positively for both PR and BCL-2, 
offering an alternative to surgical interventions such as 
hysterectomy and myomectomy, which may be associated with 
life-threatening complications. [26] Medical management of 
leiomyoma was also discussed by Laughlin-Tommaso and 
Stewart, who advocated for individualized medicine 
approaches in the management of uterine leiomyomas, 
emphasizing the need for personalized therapies based on the 
molecular profile of the tumors to improve patient outcomes. 
[30] 

It is, therefore, essential to identify patients who could benefit 
from such medical therapies using immunohistochemistry for 
PR and BCL-2 on biopsy specimens. This approach could reduce 
the risk of complications associated with surgical treatment. 
Consequently, immunohistochemistry should be considered an 
ancillary investigation in the diagnosis and management of 
uterine leiomyomas. Patients with positive immunostaining for 
PR and BCL-2, especially those with recurrent nodules after 

myomectomy or those who prefer medical treatment, could 
benefit from progesterone receptor modulators.  

Limitations and Strengths of the Study 

A limitation of this study is that it was conducted in a single 
center, which may limit the generalizability of the findings. Its 
retrospective design relied on archival tissues and incomplete 
clinical data, which may affect result accuracy. The absence 
of normal myometrial controls in all cases, lack of tumor 
stratification, and reliance on manual immunohistochemistry 
scoring could introduce bias and reduce precision. Additionally, 
other molecular markers that could further elucidate 
leiomyoma pathogenesis were not evaluated. Also, the study 
period (2012–2016) may be considered outdated; it still offers 
significant insight into the expression of BCL-2 and PR in 
leiomyomas. Future research using advanced diagnostic 
methods may further validate and expand upon these findings. 

Despite these limitations, the study's strength lies in its 
provision of immunohistochemical data on PR and BCL-2 
expression in leiomyomas, contributing valuable insights into 
the molecular mechanisms underlying leiomyoma 
development. This study also highlights the potential role of 
immunohistochemistry in guiding non-surgical treatment 
options for uterine leiomyomas. It also serves as a valuable 
baseline for future research and supports the need for larger, 
multi-center studies incorporating advanced molecular 
methods. 

CONCLUSION 

This study demonstrated that the majority of women with 
leiomyomas expressed both progesterone receptor and BCL-2 
antigens. Therefore, selective women with leiomyomas could 
benefit from progesterone receptor modulators instead of 
undergoing invasive procedures such as myomectomy or 
hysterectomy.   

Immunohistochemical staining for PR and BCL-2 should be 
considered in clinical practice to guide treatment decisions for 
women with uterine leiomyomas. Women diagnosed with 
leiomyomas should receive comprehensive counseling on both 
medical and surgical treatment options, considering their 
immunohistochemical profile. Patients with positive PR and 
BCL-2 immunostaining should be considered for medical 
therapy using progesterone receptor modulators as an 
alternative to surgical interventions. Pathology laboratories 
should incorporate immunohistochemistry into their routine 
diagnostic protocols for uterine leiomyomas to enhance 
treatment stratification. 

Future studies should involve multiple centers to validate 
findings across different populations and healthcare settings. 
The establishment of a national leiomyoma (fibroid) registry is 
recommended to collect data on various factors contributing 
to leiomyoma growth and development, facilitating future 
research. This is to investigate various molecular pathways 
involved in leiomyoma pathogenesis to identify new 
therapeutic targets. Also, additional biomarkers beyond PR and 
BCL-2 should be studied to provide a more comprehensive 
understanding of leiomyoma development and potential 
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targeted therapies, which should be affordable and effective 
medical therapies for leiomyomas, particularly in resource-
limited settings. 
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