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Introduction

Steroid sex hormones are cholesterol-derived molecules 
known to influence craniofacial growth and develop-
ment (Wang et al., 2015), tooth dimension (Ribeiro et al., 
2013) and also play an essential role in bone metabolism 
(Shiau et al., 2014). Testosterone is one of  the most 
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Abstract

Background: Skin-related disorders and periodontitis are distinct diseases that have been 
associated with altered levels of testosterone. Understanding the mechanisms through 
which testosterone mediates gingival enlargement in animals and humans is crucial for 
preventing or treating this condition. In this study, we investigated the impact of differ-
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migration, but the higher dose did not alter cell proliferation. Those effects were related 
to both androgen and estrogen receptors activation, as evidenced by the dihydrotestos-
terone and drug interaction groups. 

Conclusions: Testosterone association with sex hormone receptor antagonists flutamide 
and fulvestrant suggests that not only androgen receptors, but also estrogen receptors, 
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potent androgenic hormones and can be enzymatically 
converted by 5α-reductase to produce its most powerful 
metabolite, dihydrotestosterone. Dihydrotestosterone 
has a high affinity with the androgen receptor (Mawhin-
ney and Mariotti, 2013). Likewise, some target cells such 
as skin fibroblasts (Harada, 1992) are prone to aromatize 
testosterone, but not dihydrotestosterone, into estradiol 
through aromatase activity (Mariotti and Mawhinney, 
2013). In both men and women, testosterone aromati-
zation is one of  main extragonadal sources of  estradiol 
(Mariotti and Mawhinney, 2013) and therefore, it is 
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reasonable to assume that many of  the effects of  tes-
tosterone may occur through the activation of  estrogen 
receptors instead of  androgen receptor (Callewaert et 
al., 2010).

Several diseases such as diabetes and metabolic 
syndrome (Svartberg, 2007), cardiovascular and renal 
diseases (Rogers et al., 2007), as well as skin disorders 
(i.e acne vulgaris, alopecia, and hirsutism) (Slominski 
et al., 2013) have been associated with altered levels 
of  sex hormones. Testosterone supplementation has 
been shown to prevent loss of  tibial mass and improve 
femoral stiffness in male and female rats (Yarrow et 
al., 2008b), and also retard mucosal wound healing 
processes (Engeland et al., 2008), which suggests its 
influence on both hard and soft tissue cells. More spe-
cifically, androgens and androgen receptors regulate 
wound healing processes through modulating inflamma-
tory cytokines such as transforming growth factor beta 
(TGF-β), interleukin (IL)-6 and tumor necrosis factor 
alpha (TNF-α) (Gilliver et al., 2006).

Estrogen receptors and one sex hormone precursor, 
dehydroepiandrosterone, have been shown to dampen 
pro-inflammatory cytokines (Mills et al., 2005), whereby 
cutaneous wound healing is facilitated by estrogen recep-
tor activation (Romana-Souza et al., 2014). Moreover, a 
recent study reported the stimulatory effects of  estra-
diol, dehydroepiandrosterone, and dehydroepiandros-
terone-sulfate on dermal fibroblasts and epithelial cells 
migration (Pomari et al., 2015).

Our previous work showed that both sub and su-
praphysiological levels of  testosterone were related to 
gingival enlargement in male rats (Steffens et al., 2012). 
These results suggested a potential role for androgens 
and their receptors in modulating biological responses 
of  connective tissue cells of  the periodontium. In hu-
mans, anabolic androgenic steroid abuse in athletes has 
also been associated with gingival enlargement (Ozcelik 
et al., 2006). More recently, we demonstrated that phar-
macological blockage of  androgen or estrogen receptors 
affect gingival tissue expression of  several cytokines and 
growth factors during periodontal disease progression 
(Steffens et al., 2019) and repair (Steffens et al., 2018), 
suggesting an interplay between androgens and both 
sex hormone receptors. Therefore, understanding 
the mechanisms through which testosterone mediates 
gingival enlargement are crucial for preventing or treat-
ing the clinical manifestation of  this condition in men 
or women under androgen treatment. Thus, the purpose 
of  the present study was to investigate the impact of  
different doses of  androgens, the role of  aromatase 
inhibition, and the effects of  testosterone association 
with sex hormone receptor antagonists or aromatase 
inhibitors on human gingival fibroblast proliferation 
and migration in vitro.

Materials and Methods

Cell Culture
Primary human gingival fibroblasts were cultivated ac-
cording to a protocol approved by the Human Ethics 
Committee of  São Paulo State University (UNESP) 
- School of  Dentistry at Araraquara, São Paulo, Brazil 
(CAAE 48882715.4.0000.5416). An established proto-
col was used for gingival tissue collection (Basso et al., 
2016a). Briefly, after specimen collection, the samples 
were immersed in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Gibco, Life Technologies, Grand Island, NY, 
USA). Subsequently, fibroblasts were isolated by enzy-
matic digestion using 3 mg/ml of  type I collagenase 
(Worthington Biochemical Corp., Lakewood, NJ, USA), 
as described elsewhere (Basso et al., 2016a; Basso et al., 
2016b). Thereafter, fibroblasts were cultured in 75 cm² 
flasks with DMEM (with phenol red, high glucose and 
L-glutamine) supplemented with 10% of  fetal bovine se-
rum (FBS; Gibco) and antibiotics (10.000 U/ml of  peni-
cillin and streptomycin) at 37ºC, 95% relative humidity 
and 5% CO2 (Thermo Scientific REVCO, Waltham, 
MA, USA). The medium was replaced every 2-3 days 
with supplemented DMEM until cells reached 80% to 
90% of  confluence (approximately 5 days). Cells were 
trypsinized using 5 ml of  0.25% trypsin/EDTA (Gibco) 
for 10 min, and fibroblasts between 4th and 8th passages 
were used. Groups used in fibroblasts according to its 
pharmacological concentration were: control (Ethanol 
≤0.1%), testosterone (1 nM; 10 nM; 100 nM; 1 µM; 
Durateston, MSD, Campinas, SP, Brazil), dihydrotestos-
terone (1 nM; 10 nM; 100 nM; 1 µM; Sigma-Aldrich, St. 
Lous, MO), anastrozole (ANA; 10 nM; Sigma-Aldrich, 
St. Louis, MO), flutamide (FLU; 10 nM; Sigma-Aldrich, 
St. Louis, MO, USA), fulvestrant (FUL; 10 nM; Sigma-
Aldrich, St. Louis, MO), testosterone+anastrozole (1 nM 
+ 10 nM), testosterone+flutamide (1 nM + 10 nM) and 
testosterone+fulvestrant (1 nM + 10 nM).

Cell Migration
Cell migration was assessed based on in vitro wound 
healing protocols (Lackler et al., 2000; Mumford et al., 
2001). Fibroblasts cells were seeded into 24-well plates 
(8×104 cell/well) and grown in a humidified atmosphere 
for 24h. After 24h of  serum starvation (Sobral et al., 
2012), an in vitro scratch wound was created by scraping 
the cell monolayer with a sterile 5 ml pipette tip (Basso 
et al., 2012), which is sufficient to visualize the gap in 
the cell monolayers. Subsequently, the cells were washed 
twice with PBS and the pharmacological treatments 
were performed for 72h to allow migration into the 
scratch (Basso et al., 2012; Kirker et al., 2012). Thereafter, 
fibroblasts cells were fixed with 70% ethanol and stained 
with 0.1% crystal violet for 15 min. The scratch wound 
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images were taken on a digital camera (Leica DFC295; 
Leica Microsystems, Germany) coupled to a stereomi-
croscope (Leica MZ6) with a 2.5x magnification. The 
margins of  cell monolayers were outlined using the 
polygonal tool of  Photoshop CC 2015 (Adobe Systems 
Inc., San Jose, CA, USA) and the scratch wound area 
was measured at three random points of  each well using 
ImageJ (National Institutes of  Health, United States). 
The areas were then calculated to represent fold-change 
to the respective control group. 

Cell Proliferation

Fibroblast proliferation was determined using Alamar-
Blue (Gibco) assay (Bhardwaj and Kundu, 2012). 
Initially, fibroblasts cells were cultured in 24-well plates 
(3×104 cells/well) in humidified atmosphere (37oC and 
5% CO2) for 24h. After replacing the culture medium 
with serum-free DMEM, the pharmacological treat-
ments were performed for 72h. Afterwards, cells were 
incubated with 10% AlamarBlue at 37ºC and 5% CO2, 
for 4h. The AlamarBlue supernatant was transferred 
(100 µl) into 96-well plates and samples were analyzed 
by a fluorimeter (Synergy H1, BioTek, Winooski, VT, 
USA) at 570/600 nm.

Statistical Analysis
Software (GraphPad Prism 5.0, La Jolla, CA, USA) 
was used to perform the statistical analysis of  cell pro-
liferation, adhesion, and cell migration. The normal 
distribution was tested using the Kolmogorov-Smirnov 
normality test. If  normality criteria were met, significant 
differences among the different doses of  testosterone 
or dihydrotestosterone were verified by one-way analysis 
of  variance (One-way ANOVA) and Tukey’s post-hoc 
test. The non-parametric Kruskal-Wallis and Dunn’s 
multiple comparison tests were performed otherwise. 
For the analysis of  interactions between testosterone 
and flutamide, fulvestrant or anastrozole, 2-way ANOVA 
with Tukey correction for multiple comparisons was 
performed. Statistically significant differences were 
considered when p<0.05. 

Results

Response to androgen treatment with/without 
antagonists of sex hormone receptors
Photomicrographs illustrated a large cell-free area in 
the control group, whereas a reduced cell-free area 
can be observed in some treated groups (Fig. 1A). All 
tested dihydrotestosteronedoses statistically increased 
fibroblast migration (p<0.01), as evidenced by the lower 
scratch area. On the other hand, only the lower (1nM) 
and higher (1μM) doses of  testosterone had the same 
significant effect (p<0.01). Testosterone+flutamide and 

testosterone+fulvestrant increased by 45% and 57% 
fibroblasts cell repopulation, respectively (p<0.0001), 
which was significantly greater than cell migration pro-
moted by testosterone alone (p<0.01). Those observa-
tions seem to be derived from the impact of  flutamide or 
fulvestrant in the medium, which significantly increased 
cell migration (p<0.01; Fig. 1B). 

Fluorimeter analysis showed that, except for tes-
tosterone 1µM, all treatments statistically increased 
fibroblast cell proliferation (p<0.05; Fig. 2). 

Response to aromatase inhibitor with/without 
testosterone administration
Aromatase inhibitor anastrozole was used to prevent 
the aromatization of  testosterone to estradiol in vitro. 
Anastrozole and testosterone+anastrozole significantly 
increased in 30% (p<0.0001) and 39% (p<0.0001) 
gingival fibroblasts migration, respectively. Those ef-
fects were significantly greater than those observed 
when testosterone 1nM was used alone (p<0.05; Fig. 3).

Fluorimeter analysis showed that anastrozole and 
testosterone+anastrozole significantly increased fibro-
blasts proliferation in approximately 19% (p<0.01) and 
14% (p<0.05), respectively (Fig. 4).

Discussion

Sex steroids are often described as major regulators of  
wound healing (Gilliver et al., 2006; Romana-Souza et al., 
2014), bone turnover (Shiau et al., 2014), skin immunity 
(Slominski et al., 2013), and ultimately may influence 
periodontal disease progression and repair (Steffens 
et al., 2015; Steffens et al., 2018; Steffens et al., 2019). 
Testosterone replacement therapy in late onset hypog-
onadism has been shown to be beneficial (Bhasin et al., 
2018), although this treatment has not been evaluated 
for clinical or radiographic parameters of  periodontitis 
(Chaves et al., 2019). Anabolic androgenic steroid abuse 
in athletes, with or without medical prescription, has 
been found to be associated with gingival enlargement 
(Ozcelik et al., 2006). Results of  previous investigations 
by the present research team demonstrated that andro-
gens levels significantly increased the gingival tissue mass 
(i.e., connective tissue area) in a ligature-induced model 
of  periodontitis in rats (Steffens et al., 2012), suggesting 
that androgens could modulate fibroblast proliferation 
and activity. More recently, we used androgen receptor 
blockage to understand the role of  androgens in peri-
odontal repair in female rats (Steffens et al., 2018). The 
results from these studies suggested that both androgen 
and estrogen receptors can modulate periodontal hard 
and soft tissues, but they seem to act through different 
pathways (Steffens et al., 2018). In the presentr study, 
designed to better understand our previous findings, we 
investigated the influence of  different concentrations of  
testosterone and dihydrotestosterone (a non-aromatizable 
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Fig. 1: Cell migration after dihydrotestosterone (DHT) and testosterone (T) association to 10nM 
flutamide (T+FLU) or fulvestrant (T+FUL) on HGF scratch wound. (A) photomicrographs after 
staining with 0.1% crystal violet. Dotted lines indicate the edge of the scratch wound after cell 
exposure to T, DHT, T+FLU or T+FUL, for 72 h (Scale bar: 1.0 mm). (B) Quantification of the 
cell migration assay (fold-change). Lower scratch areas represent increased cell migration. The 
results of three separate experiments are presented as mean (SD) fold-change to control group. 
Control group refers to ethanol ≤1%. n=7/group; **P<0.01 ***P<0.001 ****P<0.0001 compared 
to control group, unless otherwise connected; ##P<0.01 ####P<0.0001 compared to T1nM. 
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Fig. 2: The absorbance values at 570 nm indicate cell proliferation 
following HGF exposure to (A) testosterone (T), (B) DHT, and 
(C) T association to 10nM flutamide (T+FLU) or fulvestrant 
(T+FUL), for 72h. The results of three separate experiments 
are presented as mean (SD) fold-change to control group. 
Control group refers to ethanol ≤ 1%. n=7/group; *P<0.05 
compared to control; **P<0.01 ***P<0.001 compared to control.
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Fig. 3: Cell migration after 10nM anastrozol (ANA) or testosterone association to ANA (T+ANA) on HGF 
scratch wound (A). Dotted lines in photomicrographs indicate the edge of the scratch wound after cell 
exposure to testosterone (T), ANA, or T+ANA, for 72 h (Scale bar: 1.0 mm). (B) Quantification of the cell 
migration assay (fold-change). Lower scratch areas represent increased cell migration. The results of three 
separate experiments are presented as mean (SD) fold-change to control group. Control group refers to 
ethanol ≤1%. n=7/group; **P<0.01****P<0.0001 compared to control; #P<0.05 ###P<0.001 compared to T1nM.

Fig. 4: The absorbance values at 570 nm indicate cell 
proliferation after HGF exposure to testosterone (T), 10nM 
anastrozole (ANA), and T association to ANA (T+ANA). The 
results of three separate experiments are presented as mean (SD) 
fold-change to control group. Control group refers to ethanol 
≤1%. n=7/group; *P<0.05 **P<0.01 compared to control.

androgen) on gingival fibroblast cells proliferation, adhe-
sion and migration in vitro. The rationale for the use of  
different doses of  androgens is that lower and higher 
levels of  serum testosterone were found to be related to 
significant alveolar bone loss in a rat model of  ligature-
induced periodontal disease (Steffens et al., 2014). Since 
many cells express the encoding gene for aromatase and 
5α-reductase enzymes (Simpson, 2003; Aggarwal et al., 

2010), we also evaluated the impact of  testosterone as-
sociation with androgen receptor antagonist flutamide, 
estrogen receptor antagonist fulvestrant, or aromatase 
inhibitor anastrozole. Furthermore, as testosterone 
and 17β-estradiol effects were abrogated by a 10-fold 
higher concentration of  antagonists of  sex hormone 
receptors (Stamatiou et al., 2011; Campelo et al., 2012), 
a 10 nM dose of  flutamide, fulvestrant or anastrozole 
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was used in association with testosterone 1 nM. To our 
knowledge, there is no previous work that used such a 
comprehensive methodology to include these hormones 
and receptor modulators to study hormone interplay in 
those target cells. 

It has been documented that many drugs can modu-
late androgens metabolism and 5α-reductase activity in 
fibroblasts in vitro (Soory and Tilakaratne, 2003). Yet, 
androgens effects on human fibroblasts vary across 
the different studies. Our results confirmed previous 
findings that reported the proliferative effects of  an-
drogens on fibroblasts (Coletta et al., 2002; Almeida et 
al., 2005). We also showed that testosterone and dihy-
drotestosterone treatments increased fibroblast migra-
tion. These results are in accordance with earlier studies 
that reported the stimulatory effects of  androgens on 
embryonic (Castoria et al., 2011) and dermal (Pomari et 
al., 2015) fibroblast migration. 

Regarding the role of  sex hormones receptors in 
modulating cellular biological response, previous studies 
reported that testosterone mediated inhibitory activity 
on human fibroblasts (Chung et al., 2014) was sup-
pressed by androgen receptors antagonists flutamide and 
nilutamide, respectively. Besides, tamoxifen, a selective 
estrogen receptor modulator, inhibited dihydrotestos-
terone synthesis in response to phenytoin or estradiol 
in fibroblasts (Soory and Tilakaratne, 2003). The inhibi-
tory effects of  fulvestrant were described on mammary 
fibroblast aromatase activity (Long et al., 1998) and on 
transfected human mammary epithelial cells (Duss et 
al., 2007). To the best of  our knowledge, this is the first 
study showing that testosterone association to a 10-fold 
higher concentration of  flutamide, fulvestrant or anas-
trozole resulted in increased fibroblast cell proliferation 
and migration. Our results also suggested that those 
modulators (flutamide, fulvestrant or anastrozole) alone 
are capable of  significantly altering cell migration and 
proliferation. It is possible that the stimulatory effects 
of  testosterone+flutamide on fibroblasts might have 
occurred due to testosterone aromatization to estradiol 
(Simpson, 2003) and activation of  estrogen receptors 
(Stevenson et al., 2009; Pomari et al., 2015), whereas 
testosterone+fulvestrant and testosterone+anastrozole 
enhanced androgens effects, which might have occurred 
through androgen receptors activation (Almeida et al., 
2005). This hypothesis is consistent with previous re-
sults in which both testosterone and estradiol increased 
dermal fibroblast and epidermal keratinocyte viability in 
a dose-dependent manner (Pomari et al., 2015).

Our results should be interpreted understanding 
that in the present study, fibroblast cell cultures were 
established with phenol red-medium, which is known 
to be a weak agonist of  estrogen receptor (Berthois et 
al., 1986; Welshons et al., 1988). In the culture of  tumor 
cells, phenol red significantly stimulates cell prolifera-

tion in a dose-dependent manner (Berthois et al., 1986). 
Therefore, during serum starvation and pharmacological 
treatments, it is reasonable to assume that phenol red 
may have interacted with estrogen receptors and influ-
enced the mechanisms involved in the interplay between 
testosterone and sex hormone receptors. Nevertheless, 
both control and treatment groups were treated under 
the same conditions, which allows us to make direct 
comparisons between groups. Also, it is rather unlikely 
that phenol red had fully inhibited testosterone con-
version into dihydrotestosterone (Mäkelä et al., 1990). 
Besides, the estrogenic activity of  phenol red may vary 
due to impurities introduced during the manufacturing 
process of  cell culture medium (Welshons et al., 1988), 
which may affect its final concentration in the medium 
(Souza Santos et al., 2017).

We have used anastrozole to prevent testosterone 
conversion to estradiol, therefore isolating aromatase 
effect in vitro. The impact of  testosterone+anastrozole 
was comparable to that of  dihydrotestosterone, as 
expected. However, anastrozole treatment alone also 
increased the ability of  fibroblasts to repopulate in vitro 
wound area, apart from increasing fibroblast cell prolif-
eration. It was previously demonstrated that letrozole, a 
nonsteroidal aromatase inhibitor, induced papillomatous 
gingival growth of  pregnant baboons (Reynolds et al., 
2004). Although a recent study reported the reverse 
effects of  anastrozole on dermal fibroblasts (Pomari et 
al., 2015), we shall not exclude the hypothesis that anas-
trozole might have the potential to trigger cell signaling 
pathways in fibroblast cell migration and proliferation. 
In fact, the precise nature of  anastrozole interactions 
with aromatase enzyme is not fully understood (Hong 
et al., 2011) and requires further investigation. 

In summary, our results suggest that the gingival en-
largement previously observed (Steffens et al., 2012) may 
be due to androgens ability to modulate fibroblast cells 
proliferation and migration, which occurs through both 
activation of  androgen and estrogen receptors. Some 
limitations of  our study should be acknowledged and 
taken into consideration in future research: mechanistic 
studies should be developed to better understand anas-
trozole, flutamide and fulvestrant stimulatory effects on 
cells proliferation and fibroblast migration in vitro– for 
example, should they involve JNK MAP kinase and/
or WNT signaling like in drug-induced gingival over-
growth? (Trackman & Kantarci, 2015); pharmacological 
modulation of  cells in vitro may be less effective than cell 
biology techniques of  protein expression modulation; 
and the choice of  the ‘right dose’ for further experi-
ments are highly subjective, since concentrations vary 
to produce different biological responses. Furthermore, 
it should be noted that this is an in vitro study, using cell 
culture and, therefore, all the results should be inter-
preted with the caution of  all in vitro studies. 
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We concluded that testosterone and dihydrotestos-
terone treatments promoted gingival fibroblast prolifera-
tion and migration, and that those actions are mediated 
by both androgen and estrogen receptors. 
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