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ARTICLE INFO ABSTRACT

Keywords: Gender-bias in COVID-19 severity has been suggested by clinical data. Experimental data in cell and animal
Estrogen receptors models have demonstrated the role of sex hormones, particularly estrogens, in viral infections such as in COVID-
COVID-19 19. SARS-CoV-2 uses ACE2 as a receptor to recognize host cells, and the protease TMPRSS2 for priming the Spike
BEAS-2B . 1o pmps . . . . .

GPER1 protein, facilitating virus entry into cells. However, the involvement of estrogenic receptors in SARS-CoV-2
Gender infection are still being explored. Thus, in order to investigate the role of estrogen and its receptors in COVID-

19, the estrogen receptors ERa, ERp and GPER1 were overexpressed in bronchial BEAS-2B cell, and then
infected with SARS-CoV-2. Interestingly, the levels of ACE2 and TMPRSS2 mRNA were higher in SARS-CoV-2-
infected cells, but no difference was observed in cells with estrogen receptors overexpression. GPER1 can be
involved in virus infection or replication, since its higher levels reduces SARS-CoV-2 load. On the other hand,
pharmacological antagonism of GPER1 enhanced viral load. Those data suggest that GPER1 has an important
role in SARS-CoV-2 infection.

1. Introduction

On March 11, 2020 the World Health Organization declared that
COVID-19 became a pandemic. This devastating disease is caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a beta
coronavirus which was first identified in Wuhan city (China) in late
2019, and rapidly spread around the world.

A common route of transmission is the respiratory tract, whose cells
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express the ACE2 (Angiotensin Converting Enzyme 2) as the main re-
ceptor that SARS-CoV-2 uses to recognize mammalian and non-
mammalian cells (Li et al., 2005) (Hoffmann et al., 2020), via the
Spike glycoprotein (composed by S1 and S2 subunits) (Walls et al.,
2020), more specifically through the RBD (receptor binding domain) site
(Gabutti, d’Anchera, Sandri et al., 2020).

The most frequent initial clinical characteristics of COVID-19 are
fever, cough, and flu symptoms. Lung inflammation, cytokine storm and
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thromboembolic disease are often associated with COVID-19 patients’
deaths (Scialpi et al., 2020) (Poyiadji et al., 2020). The disease is
characterized by lung injury, with a clinical finding by the ground-glass
opacity in radiologic computed tomography (Guan et al., 2020), that can
evolve to an acute respiratory distress syndrome (ARDS) and respiratory
failure.

It is clear that there is a difference in gender-like severity of coro-
navirus disease (Channappanavar et al., 2017) (Sharma et al., 2020).
Men are more susceptible to hospitalization by COVID-19 than women,
with elevated mortality cases revealed in some epidemiological data-
bases (https://globalhealth5050.0rg/the-sex-gender-and-covid-19-pro
ject/). A meta-analysis study has shown higher rates of infection and
mortality in male patients (Li et al., 2020). The men’s vulnerability to
severe clinical stage has been hypothesised to be related to the lifestyle
and health conditions, but recently published reviews are linking sex
hormones, especially estradiol, to an elevated protection in women
(Stilhano et al., 2020) (Suba, 2020) (Breithaupt-Faloppa et al., 2020)
(Newson, Manyonda, R. et al., 2021). Estrogen is present in higher
concentrations in premenopausal women than men, and it promotes
several beneficial effects in organismal protection, such as inhibition of
inflammation and regulating immune responses (Scully et al., 2020).
Therefore, some studies have suggested that the Hormone Replacement
Therapy (HRT) containing estrogen (more specifically estradiol) could
be beneficial against COVID-19 cytokine storm and also reduce mor-
tality from COVID-19 (Al-Kuraishy et al, 2021). Importantly, as
SARS-CoV-2 main route of cell entry is via ACE2 binding, and since then
some gender differences in ACE2 have been observed in human airway
cells (Kalidhindi et al., 2020), it is important to investigate the actions of
estrogens in SARS-CoV-2 infection. Regarding the estrogen intracellular
signalling, it is mediated by classic genomic and rapid (non-genomic)
actions. The genomic actions involve the activation of classic nuclear
estrogen receptors, ERa and ERB, which mediate the gene transcription
by their own actions by ligand-receptor to ERE (estrogen response
element) complex or via activation of other transcription factors (Couse
and Korach, 1999) (O’Lone et al., 2004). The rapid actions of estrogen
involve pathways such as ERK-MAPK and PI3K-AKT, mainly via mem-
brane receptors activation. In addition, there are mobilization of second
messengers such as cyclic AMP and Ca®", via activation of GPER1, a G
protein-coupled estrogen receptor, mediating the intracellular responses
cascade (Filardo et al., 2002) (Revankar et al., 2005). These intracellular
signaling mediated by estrogen can modulate several pathways, and
despite the molecular mechanism involved in SARS-CoV-2 infection are
unknown, several papers have shown that these receptors play an
important role in lung function, in maturation and maintenance of
alveolar homeostasis, and in immune system (Kalidhindi et al., 2019)
(Massaro et al., 2007) (Massaro and Massaro, 2006) (Millas and Duarte
Barros, 2021). In addition, recent studies have suggested that estrogen
can be involved in ACE2 and TMPRSS2 expression, leading to reduction
of the cellular invasion by SARS-Cov-2 (Kalidhindi et al., 2020) (Lemes
et al., 2021) (Stelzig et al., 2020; Leach et al., 2021).

Despite the evidence that estrogen has a role in COVID-19, the
involvement of estrogenic receptor in modulating virus infection or
replication is still unclear. Thus, in this work we overexpressed estrogen
receptors ERa, ERp and GPER1 in a human lung cell line, and performed
pharmacological treatment, in order to investigate the potential
participation of those receptors in SARS-CoV-2 infectiveness. This could
be relevant for evaluating hormone-related treatments in COVID-19.

2. Material and methods
2.1. Cell culture, estrogen receptors overexpression and treatments

A549 and BEAS-2B cells lines were cultivated in DMEN-F12 (Dul-
becco’s Modified Eagle Medium-Nutrient Mixture F-12) without phenol

red, supplemented with 10% fetal bovine serum FBS (Gibco) and 0.02
mg/ml gentamicin, maintained in 5% CO2 atmosphere at 37 °C.
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Confluent 100 mm cell plates were trypsinized (trypsin-EDTA 0.05%),
centrifuged and plated in for standard procedures. For BEAS-2B cultures,
the cell plates were coated with type I collagen (Sigma), for better cell
adherence. The following procedures were approved by the Institutional
Ethics Committee (number 6864310320 CEP-UNIFESP).

In order to deliver the plasmids into the cells, we used the nucleo-
fection method. For this, plated cells (1 x 10°) were trypsinized and
resuspended in 100 pL of Nucleofector® Solution, to which 5 pg of
plasmids for estrogen receptors were added: ERa (Addgene plasmid #
49498; http://n2t.net/addgene:49498; RRID:Addgene_49498; pcDNA-
HA-ER WT was a gift from Sarat Chandarlapaty); ERp (‘pCDNA3.1-
nv5-ER §’ (Addgene plasmid # 22770; http://n2t.net/addgene:22770;
RRID:Addgene_22770; pCDNA3.1-nv5-ER beta was a gift from Donald
McDonnell); GPER1 (#RG203027, Origene) and Luciferase (pLenti CMV
V5-LUC Blast (w567-1) was a gift from Eric Campeau (Addgene plasmid
# 21474; http://n2t.net/addgene:21474; RRID:Addgene_21474). The
cells were added into a specific cuvette and were placed in the nucleo-
fector (Nucleofector 2b Device, Lonza). After the nucleofection, cells
were carefully resuspended in culture medium containing DMEM-F12
with 10% FBS at a confluence of 1 x 10° cells per well and transferred
to 24-well plates. The cell cultures were incubated for 48 h under
standard conditions before being infected.

In order to assess the direct participation of GPERI1, cells were pre-
treated with 17p-estradiol (E2, 10~7 M), GPER1 agonist (G1, 1077 M)
and antagonist (G15, 1078 M) compounds (Tocris Biosciences), for 1 h
prior to SARS-CoV-2 infection. G15 was also pre-treated 30 min before
E2 and G1 co-treatment. DMSO was considered as vehicle for all treat-
ments since all drugs were diluted in 0.1% DMSO.

2.2. Virus expansion and infection protocol

For this study, SARS-CoV-2 isolated from a Brazilian patient (EPI -
ISL_413016), was kindly provided by Prof Paolo Zanotto (University of
Sao Paulo), Prof. Jose Proenca Mddena (State University of Campinas)
and Prof Edison Durigon (University of Sao Paulo). All experiments for
the propagation, titration and infection of SARS-CoV-2 in vitro were
carried out at the BSL-3 lab at Biological Institute (Sao Paulo, Brazil).
The expansion was performed until the fifth passage, and then the vi-
ruses were collected. For virus expansion, VERO CCL-81 (African green
monkey kidney) cells plated at 100% of confluence in tissue culture
flasks, were incubated with SARS-CoV-2 in DMEM-F12 medium (sup-
plemented with 1% FBS). After 1 h, supplementation with FBS was
adjusted to 10% and incubation extended to more 40 h. At the end,
supernatant was collected, and plaque assay was performed (Cugola
et al., 2016). A titter of 3,3 x 10° plaque-forming units (PFU/mL) was
obtained and stored at —70 °C. For the infection experiments, 1 x 10°
BEAS-2B cells were exposed to SARS-CoV-2 using the MOI 0.2 (Multi-
plicity of Infection) (for 2 h at 37 °C. After incubation, supernatants were
removed, and cells rinsed with PBS. Then, cells cultured were kept for
more 24 h in culture medium (DMEM-F12 and FBS 10%). At the end of
experiment, the cells had their total RNA extracted for PCR-qPCR assays,
as described in (Lemes et al., 2021).

2.3. Western and RT-qPCR

The Western blot assay was performed for quantification of estrogen
receptors and ACE2/TMPRSS2. Briefly, 5 x 10° BEAS-2B and A549 cells
were incubated for 48 h in cultured medium, and then were lysed in
RIPA buffer (150 mM NaCl; 1% NP-40; 0.5% deoxycholic acid; 0.1%
SDS; 50 mM Tris pH 8.0; 2 mM EDTA), with protease and phosphatase
inhibitors. 15-30 pg of protein were electrophoresed in SDS-PAGE,
transferred onto a PVDF membrane that were blocked (5% non-fat dry
milk) and incubated with primary antibodies ERa (MC-20, sc-542, Santa
Cruz Biotechnology, 1:1000), ERp (MC10, Thermo Fisher Scientific,
1:2000), GPER1 (ab39742, Abcam, 1:2000), ACE2 (ab15348, Abcam
1:2000) and TMPRSS2 (sc515727, Santa Cruz Biotechnology, 1:1000)
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and secondary antibodies tagged with HRP (Horsearedish Peroxidase).
The bands were revealed with ECL and photodocumented in a UVITEC
system (Cambridge). For comparing protein quantification from
different cell types (BEAS-2B x A549), which has different patterns of
housekeeping proteins expression (data not shown), the values pre-
sented in histograms correspond to the optical density of bands. For
comparing BEAS-2B protein quantification, GAPDH (68795, Sigma,
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1:5000) housekeeping protein quantification and normalization was
used. Band intensity levels were quantified by ImageJ software.
Quantitative real-time PCR to detect SARS-CoV-2 were performed as
described in detail by Corman et al. (2020) (Corman et al., 2020). The
plated cells were collected and had their RNA extracted by the RNeasy
Mini Kit, according to (Lemes et al., 2021). For ACE2, TMPRSS2, ESR1,
ESR2 and GPER1 gene expression analyses, RT-qPCR was performed. For
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Fig. 1. Characterization of protein and gene expressions of estrogen receptors, ACE2 and TMPRSS2 in the BEAS-2B and A549 cell lines. Representative Western blot
image for ERa (A1), ERp (B1) and GPER1 (C1) of BEAS-2B and A549 cells cultured during 48 h under standard conditions (37 °C and 5% CO2), along with basal gene
expression (by RT-qPCR) of ESR1 (A2), ESR2 (B2) and GPER1 (C2). D and E are relative values of the gene (by RT-qPCR) and protein (Western blot) expression of
ACE2 (D) and TMPRSS2 (E) of BEAS-2B and A549 cells cultured for 48 h under standard conditions, according to the expression of the endogenous gene (RPL53) by
RT-gPCR, or relative optical density for Western blot. Values correspond to the mean + SEM. Student’s unpaired t-test, parametric between BEAS-2B and A549
groups was applied. p*<0.05, p**<0.001, p***<0.0001. N = 2 (E1), N = 3 (Al, B1, Cl, D1), N = 4 (A2, B2, C2, E2), N = 6 (D2).
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this mRNA extracted was quantified in Nanodrop (Thermo Fisher Sci-
entific) and used as template to cDNA synthesis by High-Capacity Kit
(Thermo Fisher Scientific). For RT-qPCR assay, cDNA samples were
added with the SYBR-Green reagent (Qiagen) and primer pairs for ACE2
(Fw: 5'-CATTGGAGCAAGTGTTGGATCTT-3’; Rv: 5-GAGCTAATGCATG
CCATTCTCA-3'); TMPRSS2 (Fw 5'-CCTCTAACTGGTGTGATGGCGT-3’;
Rv 5-TGCCAGGACTTCCTCTGAGATG-3"); ESR1 (Fw: 5 CAGCGTG
GCCCTGGTTGGAA-3’; Rv: 5’ACAGCAACGGTCCCCACCCT); ESR2 (Fw:
5'GGTCGGCAGACCACAAGCCC-3’; Rv 5'CTGGCGCAACGGTTCCCACT)
GPER1 (Fw: 5'CTCCCTGCAAGCAGTCTTTC-3’; Rv: 5'CGGCAAATT
TGTTTTCTGCT-3'); and RPL35 (Fw: 5 CGAGTCGTCCGGAAATCCAT3’;
Rv: 5 GGCTTGTACTTCTTGCCCTTG3'). The quantification method used
was the relative comparison 222€T to the endogenous gene RPL35
(Livak and Schmittgen, 2001). For virus quantification, as described in
(Lemes et al., 2021), the following primers and probes were used:
SARS-CoV-2 nucleocapsid (N) primer Fw 5' CACATTGGCACCCGCAATC
3’; primer Rv 5 GAGGAACGAGAAGAGGCTTG 3’; Probe 5 FAM-
ACTTCCTCAAGGAACAACATTGCCA-BBQ 3’. RNase P primer Fw 5
AGATTTGGACCTGCGAGC 3’; primer Rv 5 GAGCGGCTGTCTCCA-
CAAGT 3’; Probe 5 FAMTTCTGACCTGAAGGCTCTGCGCG-BHQ 3°.

2.4. Statistical analysis

The results were presented as mean + standard error (SEM). All data
were analysed using the GraphPad Prism version 8.0 (GraphPad Soft-
ware) by using One-way ANOVA and Student’s unpaired t-test. It was
accepted as statistically significant p < 0.05.
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3. Results

3.1. Characterization of lung-derived cellular types based on estrogen
receptors, ACE2 and TMPRSS2 expression

We first evaluated the basal protein and gene expression levels of
ERa (Fig. 1A1; ESR1 - Fig. 1A2), ERp (Fig. 1B1; ESR2 - Fig. 1B2), and
GPER1 (Fig. 1C1; GPER1 - Fig. 1C2) in lung-derived cell lines. The data
presented in Fig. 1 suggest that BEAS-2B and A549 have similar protein
and gene expressions of ERa and ERpP. Regarding the expression of
GPER1, the data suggest that BEAS-2B cells express significantly higher
levels of GPER1 than A549 cells, both proteins and gene expression.
Despite ACE2 gene expression levels are higher in BEAS-2B cells than in
A549 cells (Fig. 1D2), the ACE2 protein levels are similar (Fig. 1D1).
TMPRSS2 expression are similar between the cell lines (Fig. 1E1 and
1E2). Interestingly, data from our group indicate that BEAS-2B cells
have less infectiveness of SARS-CoV-2 kinetics than A549 (data not
shown, manuscript under revision). Thus, due to the evident differences
on the basal expression of estrogen receptors (mainly GPER1) the next
experiments were performed with the BEAS-2B cell line to verify the
potential participation of estrogen receptors in SARS-CoV-2 infection.

3.2. Overexpression of ERa, ERf and GPER1 in BEAS-2B — effects on
ACE2 and TMPRSS2 and viral loads

In order to evaluate the potential activity of each estrogen receptor in
SARS-CoV-2 infection, BEAS-2B cell line were nucleofected with plas-
mids containing the genes that encodes ERa, ERf and GPER1 (ESR1,
ESR2 and GPER1), using the Luciferase plasmid as nucleofection plasmid
control. Gene expression data indicate that plasmid overexpression was
highly efficient (Fig. 2A) in BEAS-2B cells.
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The next step was infecting the cell models with SARS-CoV-2. After
48 h of nucleofection with plasmids containing the genes of ERa, ERp
and GPER1 and Luciferase (plasmid control), cells were infected or not
with SARS-CoV-2 for 24 h at MOI 0.2. As shown in Fig. 2B, despite the
infection per se enhanced the expression of ACE2, it was observed
similar levels of ACE2 expression among cells overexpressing estrogen
receptors, compared to the control plasmid. Regarding TMPRSS2
expression, SARS-CoV-2 infection elevated this gene expression, and
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only the group of cells overexpressing ERp presented higher TMPRSS2
levels, compared to control plasmid (Fig. 2C). Finally, the analysis of
viral infection indicated a modulation of viral load in cells that over-
expressed GPER1 compared to the control group. The reduction of viral
load in cells overexpressing GPER1 may indicate the participation of this
receptor during SARS-CoV-2 infection or replication (Fig. 2D). Never-
theless, these data do not allow to assume a direct correlation between
the decrease in viral load observed in the overexpression of GPER1 and
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the expression of ACE2 or TMPRSS2 (Fig. 2B and C).
3.3. Infection of SARS-CoV-2 in cells is modulated by GPER1 ligands

The participation of the GPER1 receptor was also evaluated using
pharmacological tools, as the overexpression of this receptor showed a
significant difference in the reduction of SARS-CoV-2 viral load
(Fig. 2D). Initially wild type BEAS-2B cells were exposed to GPER1
antagonist, G15 at 10~ M during 1 h prior to SARS CoV-2 infection. This
concentration was chosen based on Pisolato et al. (2016) (Pisolato et al.,
2016) and previous standard experiments (data not shown). The
antagonism of GPER1 (with G15 treatment) promoted an increase in
viral load in BEAS-2B cells, compared to the control vehicle (DMSO)
(Fig. 3A). On the other hand, the treatment of cells with G1 (GPER1
selective agonist) at 1077 M (chosen based on previous standard ex-
periments) during 1 h prior to SARS CoV-2 infection has significantly
reduced SARS-CoV-2 viral load (Fig. 3B), indicating that GPER1 function
is also negatively correlated to coronavirus infection or replication. In
order to reinforce the contribution of GPER1 to the estrogenic signaling
and its participation in SARS-CoV-2 infection, we treated cells with
17p-estradiol (E2 -10~7 M), based on previous study published by our
group (Lemes et al., 2021), showing a reduction in viral load, compared
to control vehicle (Fig. 3C). In addition, it was noted that both G1 and E2
treatment for 1 h significantly increased GPER1 expression (Fig. 3D),
indicating that upon those treatments there are an upregulation of
GPER1, which can contribute to reduce viral loads. Furthermore, the
pre-treatment with G15 antagonist (for 30 min before agonists) blocked
the effects of both G1 (Fig. 3B) and E2 (Fig. 3C) in reducing the viral
load, which strengthen the hypothesis that GPER1 function is involved
in inhibition of coronavirus infection or replication.

Finally, BEAS-2B cells overexpressing GPER1 were treated with the
E2 and G1 agonists. It is possible to observe that E2 treatment and
GPER1 overexpression have a synergistic effect in reducing the viral
load (Fig. 3F), suggesting that not only the expression of the receptor but
also its function can be combined to protect cells from SARS-CoV-2. In
addition, pre-treatment with G15 in the presence of agonists increased
the viral load compared to the control vehicle, evidencing that the
synergistic effects of pharmacological treatment and genetic modulation
were blocked by the GPER1 antagonist (Fig. 3E and F).

4. Discussion

Gender differences in COVID-19 have been recently explored due
their severity discrepancies. Studies suggests that sex hormones, espe-
cially estrogen, may have a protective role on this variability, and it is
important to investigate the participation of estrogen receptors in SARS-
CoV-2 pathology. In this study, we aimed to evaluate the receptors
involved in estrogenic signaling in a pulmonary cell line, by over-
expressing estrogen receptors and evaluating SARS-CoV-2 infection. We
observed that no alterations in ACE2 and TMPRSS2 expression was
found in cells that overexpressed estrogen receptors, despite higher
levels of ACE2 due to the SARS-CoV-2 infection per se were found.
Interestingly, GPER1 overexpression promoted a reduction in virus load
and the same was observed with GPER1 agonism, which highlights the
importance of investigating the cellular signaling related to estrogen in
COVID-19.

The primary site of SARS-CoV-2 infection is the respiratory tract, and
the cytokine storm that occurs rapidly in lungs contributes to the death
of these patients (Mehta et al., 2020). In regard to the beneficial effects
of sex hormones in the respiratory tract, it is important to know that the
protective effect of estrogen on pulmonary inflammation has already
been studied in different diseases that lead to an exacerbated inflam-
matory response (Fuentes et al., 2019). In COVID-19 research, for
instance, a large world database study conducted by Seeland et al.
(2020) have found that perimenopause and menopause women taking
17p-estradiol has more than 50% of reduced risk to develop severe
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COVID-19, and for young and middle-aged women the risk of fatality
were not correlated to hormone replacement probably due to the high
estrogen levels at this age (Seeland et al., 2020). Therefore, the role of
estrogen and its receptors must be further investigated in COVID-19
(Stilhano et al., 2020).

Estrogen treatment can modulate the expression of important genes
and proteins related to SARS-CoV-2 entry in cells. For example, Stelzig
et al. (2020) have reported that 17p-estradiol reduced ACE2 gene
expression in human bronchial epithelial cells from a female donor
(Stelzig et al., 2020), and our group have shown a reduction in TMPRSS2
gene expression in VERO E6 cells after 17f-estradiol treatment (Lemes
etal., 2021). Kalidhindi et al. (2020) have shown that, in airway smooth
muscle cells exposed to testosterone, ACE2 expression was increased in
both men and women, while treatment with estrogen resulted in
decreased ACE2 levels (Kalidhindi et al., 2020). In fact, those studies
revealed an important role of nuclear receptors in modulating the
expression of ACE2 and TMPRSS2. Wang et al. (2021) have shown a
positive correlation of ESR1 and ACE2 gene expression in the human
atrium (Wang, Sun, J et al., 2021). Our data showed that SARS-CoV-2
infection in BEAS-2B cells per se (without pharmacological treatment)
increased ACE2 and TMPRSS2 mRNA (Fig. 2B and C), corroborating
with our previous data in VERO E6 cells (Lemes et al., 2021). Moreover,
we showed that virus infection further increased TMPRSS2 gene
expression levels in cells overexpressing Erp (compared to the control)
(Fig. 2C), although it did not result in modulation of SARS-CoV-2 viral
load (Fig. 2D). As the TMPRSS2 expression was not directly modulated
by ERp overexpression (mock group, Fig. 2C), it is plausible to conceive
that other mechanisms mediated by estrogenic signaling can be involved
in SARS-CoV-2 viral load alterations, and further investigations are
necessary to understand this complex signaling in COVID-19. For
instance, no further modulation of ACE2 and TMPRSSZ2 gene expression
was seen in cells that overexpressed GPER1 (Fig. 2B and C), although a
sharp reduction in viral load was observed in this group (Fig. 2D).
Altogether those findings reinforce the existence of multiple factors
other than TMPRSS2 and ACE2 gene expression modulation to deter-
mine the virus entry into the cells, such as seen in the presence of GPER1
overexpression (Fig. 2D).

There are very few reports associating the role of GPER1 in virus
infections. Accordingly, a very recent work has shown the importance of
GPER1 for Influenza A infection. Harding et al. (2021) have found that
GPER1 is found in foetal tissues, which in turn protect the foetus against
organism response by suppressing interferon I, counteracting immune
overstimulation that could be harmful for the foetus. With G15 treat-
ment, an antagonist of GPER1, the viral infection worsened and even-
tually led to death of new-borns, reinforcing the role of GPER1 in
organism protection (Harding et al., 2021). In addition, according to the
Consensus database (The Protein Atlas - https://www.proteinatlas.
org/ENSG00000164850-GPER1 /tissue) there is a high expression of
GPERI1 gene in lungs, reinforcing the importance of deeper investigation
of this receptor in coronavirus infection. The data presented here show
that treatment with G15 increased SARS-CoV-2 viral load in bronchial
cell line (Fig. 3A), while in the presence of the G1 (GPER1 agonist) the
SARS-CoV-2 was reduced in this cell line (Fig. 3B). Importantly, estrogen
(17p-estradiol) treatment also promoted a reduction in viral load
(corroborating our previous data in Lemes et al. (2021) (Lemes et al.,
2021). Additionally, when both treatments were associated in the
presence of G15 (GPER1 antagonist), this protective effect (reduction in
viral load) was reversed (Fig. 3B and C), thus supporting the hypothesis
that GPER1 can be adjusting the cellular response against coronavirus.
Our results showed that 17p-estradiol and G1 treatment led to the
upregulation of GPER1 (Fig. 3D), but it is not known how GPER1
overexpression would be acting. A possible explanation is that this re-
ceptor may be translocated to the cell membrane, which could prevent
the virus entry or replicate through the activation of the rapid intra-
cellular signalling pathways, such as via EGFR (epidermal growth factor
receptor) signaling or the PI3K-Akt pathway (Prossnitz and Barton,
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2009). Finally, here we showed that in cells overexpressing GPER1,
17p-estradiol treatment further reduced SARS-CoV-2 viral load
compared to control group (and this effect was blocked by antagonist
G15) (Fig. 3F), suggesting that both the presence of GPER1 receptors
and its functionality are important to reduce virus infection or replica-
tion in BEAS-2B cells.

5. Conclusion

Overall, the collective data suggest that GPER1 has a crucial role in
SARS-CoV-2 infection in vitro, and additional studies in other cell lines,
animal models and translational approaches should be further investi-
gated to unravel the potentially beneficial role of estrogen in COVID-19.
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