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 Lobular capillary hemangioma (LCH) is a benign vascular tumor that often 

affects the oral mucosa and skin. Oral pyogenic granuloma ((PG) might be 

caused by hormonal stimulation, medications, and \or traumatic reasons. 

The highest frequency was observed in teenagers, young adults, and 

pregnant women, with a 2:1 female predilection. Gingiva, lips, tongue, 

buccal mucosa, and palate are also often involved. Angiogenic activity is 

shown by the substantial capillary growth in pyogenic granulomas. During 

pregnancy and puberty, sex steroid hormones directly or indirectly affect 

oral cellular proliferation, differentiation, and growth. This study aims to 

compare the expression of angiogenic factors (VEGF, ERG) and sex-

hormone receptors(AR, ER, PR) in gingival and extra-gingival lobular 

capillary hemangiomas (PG). Eighty of (40 male, 40female) oral lobular 

capillary hemangioma tissue blocks dating from 1979 to 2017 were 

obtained from the Oral & Maxillofacial Pathology Department/College of 

Dentistry/University of Baghdad. Immunohistochemical -monoclonal 

antibodies to ERG, VEGF, ER, AR, and PR (Dako) were used following 

slide cutting and deparaffinization. The Envision visualization system 

(K8000Dako) to detect studied markers and immunohistochemical staining 

process was done via Dako Autostainer Plus. Patients with P.G ranged in 

age from 12 to 59 years, with a median age of 30.57.  Immunoexpression 

of vascular endothelial growth factor (VEGF) and ERG were detected in 

all (100%) of the studied cases. 40% of the total (80) PG cases showed 

positive results for ER, while Progesterone receptor positivity was 

identified in 16.25 percent of the total patients examined. Females had a 

much greater proportion of ER; PR-positive patients than males, with 

statistically significant differences between the genders. Androgen receptor 

positivity was identified in 20% of the total (80) studied cases, with men 

having a greater rate of positive cases than females. There is a highly 

significant relationship between the immunological expression of VEGF 

and ERG with the development of pyogenic granuloma. Oral PG vascular 

proliferation is associated with ERG and VEGF immune expression. Oral 

lobular capillary hemangioma may not directly respond to tissue estrogen, 

androgen, and progesterone levels, but these receptors may play a role in 
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both direct and indirect ways in PG development. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Lobular capillary hemangioma (also known as, Pyogenic Granuloma) is a benign vascular proliferative lesion 

that commonly arises in the oral mucosa and skin. It is often induced by local irritants, hormonal influence, 

or both. Although the term Pyogenic Granuloma (PG) was frequently used, it was a misnomer, since no pus 

was produced and it was not granulation tissue. Hullihen first described it histologically in 1844, and Hartzell 

coined the name in 1904. The incidence rate of lobular capillary hemangioma of the oral cavity was twice 

more prevalent in females and often occurs in the second and third decades of life as well as during pregnancy. 

The gingiva is the most frequent site for PG occurrence, although it was occur in the anther sites as, lips, 

tongue, and buccal mucosa of the oral cavity. Often, it takes the form of an asymptomatic exophytic growth. 

Generally, the maximum size of a lesion is 2.5 cm [1], [2]. Histopathologically, the pyogenic granuloma 

appears as an exophytic mass that is often encased in epidermal collarets, while the tumor's core exhibited a 

capillary-like lobular structure divided by fibrous bands. The stroma is somewhat edematous, which is more 

noticeable under the ulcerated lesion's surface [3], [4]. Angiogenesis has a role in lobular capillary 

hemangioma etiopathogenesis. Prior studies have pointed out that oral pyogenic granuloma has a greater 

expression of angiogenic factors than normal gingiva [5], [6]. A wide range of angiogenic biomarkers has 

been discovered as possible regulators of PG's different biological processes of angiogenesis, including 

stimulation of endothelial cell proliferation, vascular permeability, and angiogenesis promotion [7]. The 

factor that promotes the development of vascular endothelial cells (VEGF) may have a role in the etiology of 

oral pregnancy tumors based on increased VEGF expression as revealed by immunohistochemistry [8- 10]. 

Transcriptional regulator protein (ERG) is the nuclear proto-oncogene that is recognized as a key regulator 

of endothelial cell angiogenesis as well as apoptosis. Generally, ERG is a valuable diagnostic marker for 

several tumors with vascular origin. For instance, its IHC expression is documented in hemangiomas, 

hemangioendothelioma, Kaposi sarcomas, and angiosarcomas have been reported even better than other 

relevant markers [11- 14]. Oral cellular proliferation, differentiation, and growth are all influenced (directly 

and or indirectly) by sex steroid hormones. Estrogen may impact squamous epithelium cytodifferentiation. 

Sex- Hormones expression also increases the barrier's resistance to bacterial attack, as well as collagen 

formation and tissue repair. (ER, PR, and AR) may influence the effectiveness of antibodies, cytokines, and 

other immune response chemicals. Previous studies have shown that there is a correlation between the number 

of AR-receptors on fibroblasts and the thickness of gingivae because of the AR effect on matrix tissue 

synthesis. Human gingival tissues exposed to IL-1 exhibited an increase in androgen metabolic activity and 

in vitro experiments have shown that DHT-production was increased in inflamed gingiva. In addition; 

progesterone reduces interleukin 6 synthesized by human gingival fibroblasts and increases prostaglandin E2 

levels in the gingival sulcus. Furthermore, periodontal tissues prone to higher inflammation may develop near 

the end of the hormone stage when sex steroid hormone levels fluctuate [15- 17]. The most frequently 

observed benign vascular lesions during infancy and adolescence, infantile hemangiomas and pyogenic 

granulomas [18]. This study aims to evaluate and compare the immunohistochemical expression of 

angiogenic factors (VEGF, ERG) and sex-hormone receptors (AR, ER, PR) in gingival and extra-gingival 

lobular capillary hemangiomas (PG) to determine their potential role in the etiopathogenesis of oral pyogenic 

granulomas. 
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2. Material and Methods 

Eighty Formalin-fixed, paraffin-embedded tissue blocks(40 male,40female) were collected from the archives 

of the Oral & Maxillofacial Pathology Department/College of the Dentistry/University of Baghdad ranging 

from 1979 to 2017. Clinicopathological information was collected from the appropriate histopathology 

reports that were included with the tissue blocks, which included the patient's age, gender, and site. To confirm 

the diagnosis in each of the 80 patients, two expert pathologists examined H & E sections. The tissue 

specimens were cut into tissue slices (thickness of 4 m) using a microtome. The immunohistochemical 

procedure was done after slide deparaffinization through incubation slides for one hour at 60 Celsius, using 

the Envision visualization system (K8000Dako) on monoclonal antibodies: VEGFs(M727329-8 Anti-VEGF, 

DAKO, 1:25dilution) and ERG (IR65961-2 Anti-ERG (Ready-to-Use DAKO,), AR (AR M-356201-2, 

DAKO, 1:50 dilution), PR (PR-IS068, Dako, ready to use), and estrogen receptor (ER-IS657, DAKO, ready 

to use). After heat-induced epitope retrieval, monoclonal antibodies were employed (PT-LINK, 97 C). The 

Polymer Conjugate Envision FLEX was used in conjunction with DAB chromogen (K 8000, DAKO, 

Glostrup, Denmark) for visualization. Dako Autostainer plus was used for the immunohistochemical staining 

procedure. Hematoxylin and eosin were used to counterstain the sections. Section of normal human 

cerebellum was used for VEGF positive control, while the prostate cancer tissue section was utilized as an 

ERG, AR-positive control, and breast-cancer tissue blocks for ER. PR positive control. Each 

immunohistochemical run was accompanied by appropriate positive and negative controls. 

 

2.1 Statistical analysis 

Data were compared using the Chi-Squared test for non-parametric data, and the t-test, and One Way 

ANOVA. The Pearson correlation coefficient was calculated using MedCalc software version 19.2.6 

(MedCalc Software, Ostend, Belgium). Parametric data are represented as mean and standard deviation, 

whereas non-parametric data are given as frequency and percentage. Differences between variables were 

setting as significant at 5% (P<0.05) and highly significant at 1% (P<0.01). 

 

3. Results 

80 samples of oral pyogenic granuloma (40 male, 40 female) were included in the present study (lobular 

capillary hemangioma). The age range of patients with P.G was 12-59 years, with a mean of 30.57 years table 

(1). The immune expression of the studied markers (VEGF, ER, AR, and PR) was detected in varying degrees 

in the lesional endothelial cells, stromal cells (inflammatory and mesenchymal cells), and the surface 

epithelium. While immunoexpression of ERG was detected exclusively within endothelial cells. The 

percentage and number of positive numbers of the studied markers are shown as follows. The presence of 

vascular endothelial growth factor (VEGF) and ERG immunoexpression were detected in all (100% of the 

analyzed cases). There was no statistically significant difference in the mean of the positive percentage of 

VIEGF-score\ ERG immunoexpressions between males and females or intraoral sites tables (2,3,4). Estrogen 

receptor positivity was detected in 40% of the total (80) oral pyogenic granuloma cases, compared to 48% of 

those considered estrogen receptor-negative. Females exhibited a greater rate of positive cases, 24 (75%) than 

males, 8 (25%) with highly significant gender differences tables (2,3,4). According to the ANOVA test, the 

higher positive percentages of ER expression (P< 0.01) were recorded on both the surface and stroma of the 

gingiva and the lip, respectively (table 3). According to Pearson's Correlation Coefficient analysis, a 

statistically significant relationship was found between the positive immunoexpression of Estrogen receptors 

and the age of the patient's table (5). Progesterone receptor positivity was identified in 13 (16.25%) of the 

total (80) examined cases, while 67 (83.75%) were classified as progesterone receptor-negative. Females had 

a higher percentage of positive cases (10%) than men (3%) with a statistically significant gender difference 

(2-4). Androgen receptor-positive expression was detected in 20 (20%) of the total (80) investigated cases, 

with a higher percentage of positive cases in males than females table (2-4). According to the study's results, 
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the lips had the greatest AR-positive percentage. There is a highly significant correlation between VEGF and 

ERG immune expression and pyogenic granuloma table (5). 

 

Table (1) age distribution of studied cases 

 Minimum Maximum Mean ±SD P value 

Male 12 58 29.77 15.01 
0.640ns female 13 59 31.37 14.14 

All 12 59 30.57 14.52 

*SD=stander deviation 

 

Table (2) the positivity rate of studied markers in respect to gender (n=80) 

Marker
s 

gender no Total % 

VEGF 
male 40 

100% 
Female 40 

ERG 
male 40 

100% 
female 40 

Estrogen receptor 
male 8  

40% female 24 

Androgen receptor 
male 15 

20% 
female 5 

Progesterone receptor 
male 3 

16.25% 
female 10 

 

Table (3) Positive immune-scores of the studied marker (ERG, VEG, ER, AR, PR) with gender 

Gender 
VEGF ERG ER PR AR 

Male Positive- 
score 

Mean(SD
) 

67.4 (13.507) 77.5 (7.623) 41.31(4.276) 29.8(14.18) 37.59(11.52) 

female Positive- 
score 

Mean(SD
) 

67.3 (11.27) 78.5(6.98) 50.09(7.161) 30.17(13.67) 40.43(12.95) 

P-value 0.97ns 0.054ns 0.003* 0.096ns 0.06ns 

 

Unpaired t-test P<0.05 was selected to improve significant differences. 

 

Table (4) expression positive-score percentage in relation to site for studied marker(VEGF,ERG, 

ER,PR,AR) 

marker 
Gingiv

a 
Mean(SD
) 

Palate 
Mean(SD
) 

Lips 
Mean(SD
) 

Tongue 
Mean(SD
) 

Buccal 
Mean(SD
) 

p-value 
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VEGF-

postive% 

63.56(13.145)a 67.44(12.149)a 71.38(11.690)a 70.00(11.443)a 64.38(12.601)a 0.300ns 

ERG-

postive% 

81.00(5.046)a 80.63(6.561)a 79.06(6.865)a 78.13(7.473)a 78.13(7.473)a 0.278ns 

 
ER-

positive% 

43.3 (16.82)a 43.25 (10.68)a 48.19 (8.01)a 38.5 (12.44)c 43.2 (11.52)a 0.666ns 

 
PR- positive % 

19.75 (3.182)c 24.9 (6.025)c 23.67 (6.807)b 24.25 (3.182)a 23 (0.000)c 0.867ns 

 
AR- positive % 

37.67 (8.08)a 32.69(.12.68)b 44.38 (5.20)c 26.17 (4.04)d 43.5 (2.12)c 0.128ns 

One Way (ANOVA) tests=non-significant, ** significant at P≤0.01, Mean of same lower case letter have no 

significant differences according to (L.S.D.) test 

 

Table (5) correlation between immune-expression studied markers and the pyogenic granuloma 

ERG ERG VEG

F 

ER AR PR 

VEGF 0.246* 1.00    

ER 0.10 0.09 1.00   

A

R 

-0.04 -0.02 0.00 1.00  

PR 0.21 0.08 0.1 0.12 1.00 

*Significant correlation at P<0.05, (by using Pearson correlation coefficient) 

 

4. Discussion 

The angiogenic process is anticipated to be involved in the development of oral pyogenic granuloma, a type 

of benign tumor. The significant capillary development in pyogenic granulomas could be seen with prominent 

histological examination. A study by [5] suggested that angiogenesis has a crucial role in the etiopathogenesis 

of pyogenic granulomas. Angiogenesis is regulated by the interaction of many elements, including angiogenic 

triggers and inhibitors. The balanced relation between activators & inhibitors of angiogenesis may "turn on" 

or "turn off" the Angiogenic switching, resulting in vessel development or degeneration [8], [19]. All of the 

PG specimens evaluated in the present study showed positive VEGF immunohistochemical expression 

(100%) and were mostly in lesional endothelial and stromal cells (inflammatory and mesenchymal cells). 

These findings agreed with previous researches that demonstrated the presence of VEGF in the cytoplasm of 

endothelial cells and stromal (macrophages and fibroblasts) of pyogenic granulomas [9], [19- 21]. VEGF has 

been identified as a key regulator of angiogenesis and tumor progression in vascular tumors. VEGF protein 

lacking results in abnormal vascular endothelial cell differentiation as well as vascular disorganization [22]. 

For that reason, better diagnosis and treatment for patients with pyogenic granuloma of the oral cavity was 

essential. Additionally, this research demonstrates distinct immunohistochemical staining in oral lobular 

capillary hemangioma using a new generation vascular marker (ERG), potentially improving diagnostic 
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accuracy. The E26 transformation-specific (ETS)-related protein (ERG) is a transcription factor that belongs 

to the ETS family of transcription factors. Previous research has shown that ETS factors are necessary for 

vascular endothelial gene activation. The ERG protein has a role in the regulation of angiogenesis and is 

expressed mostly in the nuclei of blood vessels and lymphatic endothelial cells [23- 25]. ERG protein 

expression has been used as a diagnostic marker for pyogenic granuloma in previous studies, but to our 

knowledge, no study has examined the role of ERG protein in oral pyogenic granuloma. The current study's 

findings indicated that all examined specimens exhibited positive immunohistochemical staining with ERG 

[26], [27]. During angiogenesis, ERG protein is down-regulated to facilitate the breakdown of endothelial 

cell (EC) cell-cell connections and apoptosis. It also stimulates VE-cadherin expression, providing vessel 

stability and survival signals [28]. [29] suggested that ERG influences vascular development through the 

Notch and Wnt signaling pathways. 

 

Through transcriptional stimulation of Cyclin D1, Wnt/b-catenin signaling enhances endothelial cell 

proliferation and cell cycle progression. Mice lacking endothelium ERG protein exhibit impaired cardiac 

development and increased tissue inflammation in various organs. Furthermore, stimulation of the angiogenic 

system could be activated from both angiogenesis promotion and inhibiting apoptosis signals in pyogenic 

granuloma tissue cells, one of the suggested mechanisms to unravel the dual role of sex hormones pyogenic 

granuloma pathogenesis [30]. Three binding sites for estrogen receptor and progesterone receptor were 

detected in the present study; squamous epithelium, stromal cells (inflammatory and mesenchymal cells), and 

a few lesional endothelial cells. As well, our study results showed there is a statistically significant difference 

in ER-positive expression between males and females (P-value <0.01). Additionally, progesterone receptor 

positivity showed statistically highly significant differences between males and females (P-value <0.01). [32] 

demonstrated strong positive for estrogen receptors in both the endothelium and mucosal epithelium in their 

1994 study of oral granulomas in both males and females. as well, In [31] studied the immunohistochemical 

expression of ER and PR in pyogenic granuloma of the oral cavity. The study concluded that even though 

they detected ER and PR in the studied cases, there were no statistical differences in the immunoexpression 

between the studied groups [32]. In contrary to our results, A study in 2017 on pyogenic granuloma by [33] 

showed a negative immune expression for both estrogen receptor and progesterone receptor [33]. The absence 

of sex hormone and hormone receptor expression does not rule out a hormonal influence on the development 

of such lesions. The receptor expression may occur transiently in oral lobular capillary hemangioma during 

puberty and pregnancy [34]. Our results showed that the squamous epithelium, stromal cells (inflammatory 

and mesenchymal cells), and a few lesional endothelial cells all exhibited positive binding sites for androgen 

receptor immune expression. There was no statistically significant correlation between Androgen receptor 

immunoexpression scores on the surface and stroma and patient age. To our knowledge, it is the first study 

that evaluates androgen receptors in oral pyogenic granuloma by an immunohistochemical method. 

Androgens, by interaction with AR, rapidly increase the rate of nitric oxide (NO) synthesis in human 

endothelial cells by phosphorylation/activation of endothelial nitrous oxide synthase (eNOS). The activation 

of eNOS has been blocked by anti-androgen drugs or AR suppression. Dihydrotestosterone (DHT) activation 

for AR in vitro could result in the enhancement of angiogenic activities such as EC proliferation, migration, 

and tubulogenesis through VEGF-related pathways in male animal models. In addition, previous studies 

found that both male and female AR mutant mice had poor revascularization during ischemia [35- 37]. 

Pearson's correlation analysis was used to determine the degree of correlation between research indicators. 

Immunohistochemistry analysis revealed a significant connection between the immunohistochemical 

expression proteins of VEGF and ERG. The VEGF-receiving cell undergoes phenotypic modifications that 

equip it with features of a 'tip' cell, including the development of many filopodial projections and enhanced 

migration. 
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The surface of a tip cell expresses DLL4, which interacts with and stimulates Notch receptors on neighboring 

stalk cells. For angiogenesis responses to be successful, it is critical to coordinate these dynamic cellular 

activities [38- 40]. ERG promotes the Dll4 (Delta-like ligand 4)\NOTCH 4 pathway for VEGF-dependent 

endothelial activation throughout angiogenesis. [41] showed that ERG promoted the formation of new blood 

vessels and increased the stability of newly formed vessels in vitro. Birdsey et al study in 2015 showed that 

overexpression of ERG increases VEGF-dependent angiogenic activity and improves the stability of newly 

formed blood vessels in living organisms. 

 

5. Conclusions 

Our results showed that ERG and VEGF immune-expression is correlated with vascular proliferation in oral 

PG. Although hormone receptors were not identified in all samples analyzed, the hormonal impact cannot be 

ruled out, as previously suggested. This clearly shows that oral lobular capillary hemangioma (PG) might not 

react directly to estrogen and progesterone levels in the tissue and that these receptors may have a role in both 

the direct and indirect development of oral lobular capillary hemangioma (PG). Furthermore, we suggest that 

the presence of inflammatory infiltrates is essential for the angiogenic activity of these lesions 

 

 
Figure (1) positive control for AR, ERG, (prostate carcinoma) 10x 

 

 
Figure (2) positive control for ER,PR (breast cancer) 10x 
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Figure (3) VEGF positive control (human cerebellum ) 40x 

 

 
Figure (4) positive immunoexpression of VEGF in PG 10x (inset 40x) 

 

 
Figure (5) positive nuclear ERG expression inPG.10x (inset 40 x) 
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Figure (6) PR positive immune-expression of PG.10x (inset 40 x)          figure (7) ER-positive expression 

in PG  10x (inset 40 x) 

 

 
Figure (8) AR. positive immune expression in PG 10x (inset 40 x) 
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