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Abstract

Objective: Female sex hormones have a pro-inflammatory effect, which may help to minimize
inflammation. Estrogen's immunoregulatory properties play a significant role in the bi-directional
neuroendocrine-immune activity in females. As a result, sex hormones can play a role in men's high
mortality rate from coronavirus-2019 (COVID-19). It is aimed to clarify the role of 17-estradiol (E2) in the
battle against COVID-19.

Materials and methods: Until April 2021, a study on PubMed was performed. COVID-19, 17-estradiol
(E2), immunoregulatory properties, pregnancy, menopausal symptoms, hormonal therapy,
ER/ expression on immune cells, and mortality were some of the concepts used in the search.

Results: Regulation of pro-inflammatory immune processes against COVID-19 appears to be associated
with increased immune function (pro-inflammatory), anti-inflammatory regulation, and antiviral defense.
Women with a severe coronavirus infection had higher serum IgG antibody levels than men, and their IgG
production was faster in the early stages of infection. 17-estradiol (E2) levels of blood will increase by
100-fold during pregnancy. COVID-19 in pregnant women had a 15-fold lower mortality rate than other
women. While menopause replacement therapy (MRT) for pre/post-menopausal women and its
effectiveness in reducing COVID-19 infection is debatable.

Conclusion: MRT may be considered as a viable treatment option for pre/post-menopause women with
coronavirus, referring to the fact that sex hormones reduce inflammatory responses and modulate
ACE2 expression. The task's difficulty and achieving the desired outcome seem to be challenging.
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Introduction glucocorticoids, dehydroepiandrosterone (DHEA),
Profiles of steroidal hormones: Sex hormones that and androgens are ineffectively lower in patients than
have a pro-inflammatory effect may reduce the in healthy people. For example, androgens have an
inflammatory response. In both men and women, anti-inflammatory effect, while estrogens have a
pro-inflammatory effect. An enhanced immune
response to infections must be stimulated during the
Correspondence: growth of the reproductive system to protect its
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the lymphocytes, macrophages, and dendritic cells
(DC) shows that sex hormones can be a significant
regulator in immune responses. Sex hormones
influence both the immune and reproductive systems.
Immune responses to diseases and vaccines are
stronger in women than in men. Females, on the other
hand, have a higher incidence of autoimmune diseases.
Interestingly, during pregnancy, the same immune
response shifts to accommodate the alien fetus and
avoid rejection. The mother of the seahorse produces
the eggs, but the father carries them, cultivates them
during gestation, and gives birth to them. The immune
response of the male seahorse changes during the
parental stage, according to studies (1, 2).

Estradiol and progesterone are important
modulators  of inflammatory and behavioral
processes. These steroid hormones have peripheral
and neurological effects, as well as anti-inflammatory

effects, by reshaping immune cells and stimulating
antibody production through genomic effects on
nuclear hormone receptors (3, 4) (Figure 1).
Estrogens receptors expression on the immune
cells: All immune cells express estrogen receptors
(ERs), which act as transcriptional regulators for
cellular function. CD4+ T lymphocytes, for example,
express ERa messenger RNA at a higher level than
ER, while B cells express ERP at a higher level than
ERa messenger RNA in human peripheral blood
mononuclear cells. Both ERs have low expression in
CD8+ T cells and monocytes in the peripheral blood
(4). These results indicate that higher
estrogen/progesterone levels and higher receptor
expression during pregnancy promote fetal growth
and prevent it from being excreted by the mother.
Despite the difficulty of pregnancy immunology, the
immune system must be able to protect the mother.
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Figure 1: Steroid hormones and reshaping of immune cells

17B-estradiol (E2) in the high physiological concentration inhibits the pro-inflammatory cytokines by
macrophages for production: interleukin 6 (IL-6), interleukin 1B (IL-1B), and tumor necrosis factor a (TNF-a),
and chemokine CCL2, therefore blocking migration of neutrophils and monocytes into inflamed regions.
Progesterone (P4) suppresses pro-inflammatory cytokines production by macrophages and dendritic cells:

interleukin 1B (IL-18) and interleukin 12 (IL-12).

E2 or P4 in high concentration stimulate anti-inflammatory cytokines: CD4+ T-helper cell, interleukin 4, and
interleukin 10 productions, and favor Th2-type anti-inflammatory responses. E2 and P4 also enhance the
expansion of regulatory T cells (Treg), therefore promoting immune tolerance.

E2 stimulates B cells for production of antibody (1).
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Maternal Immune changes: During pregnancy,
the maternal immune system undergoes the most
significant changes in order to protect the mother and
her fetus from infections while avoiding harmful
immune responses against her fetus. Some portions of
the immune system are strengthened while others are
suppressed during pregnancy. Although there is little
evidence to validate common suppression of the
maternal immune system during pregnancy, it should
be noted that many molecules/cells of the maternal
immune system have an essential role in the
development of the placenta and the fetus. The pro-
inflammatory/anti-inflammatory processes must be
balanced, and the T helper 1/T helper 2 immune cells
must change during pregnancy (5). The pattern of
pregnancy immune tolerance is a balance of both
innate/adaptive immune systems that can protect the
fetus from infection while not interfering with the
mother's health. Pregnancy is thus not only a chronic
disease that does not inhibit the immune system, but
it is also a special condition that modulates the
immune system (6). Finally, the fetus is completely
grown and ready for birth during the Ilast
immunological period of pregnancy, which is
achieved by re-inflammation. With the influx of
immune cells into the myometrium during the labor
stage, an inflammatory process occurs once more. The
uterus contracts, the baby is expelled, and the placenta
ruptures in this pro-inflammatory area. It can be either
a  pro-inflammatory/anti-inflammatory  condition,
depending on the stage of pregnancy (7-9) (Figure 2).

Pinna et al. announced in March 2020 that the
initial positive test for COVID-19 in asymptomatic
pregnant women increased immediately after
delivery, indicating that the incidence of coronavirus

infection increased hospitalization in the intensive
care unit. They reported that Mortality in pregnant
women is 15 times lower than in other women against
COVID-19 (1). We must agree that pregnancy
immunology clashes with the maternal immune
system's complexity during pregnancy. More
understanding of this relationship will aid in the
provision of appropriate care for patients
experiencing pregnancy difficulties, as well as the
development of public policies to assist pregnant
women during pandemics.

Coronavirus: In the last two decades, after severe
acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS), COVID-19 (Corona-
virus-disease-2019) as coronavirus disease is the third
respiratory infection that was firstly defined in Asia
(10, 11). The first report of COVID-19 was in
December 2019 in Wuhan, China. Coronavirus of
Wuhan 2020 belongs to the Beta coronavirus (12).
The Coronaviridae family is the causative agent of
respiratory, intestinal, hepatic, and neurological
diseases in humans and animals. Coronaviruses are
the largest group of positive- sense RNA viruses with
a wide range of natural hosts. The first coronavirus in
1937 was isolated from chicken embryos (13).
Coronaviruses have been widely distributed and have
been found as human pathogen since the 1960s.
These zoological viruses are common between
animals and humans. The name coronavirus is due to
the presence of a structure with a crown on its surface
(like the sun) under an electron microscope.
Coronavirus is a member of the orthocoranavirinae
sub-family with four types that was differentiated by
their protein classification: Alpha, Beta, Gamma and
Delta coronaviruses (14).
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Figure 2: Maternal immunity changes during pregnancy
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1- Feature of the female reproductive system
response to the coronavirus: Epidemiological
findings from the SARS epidemic and the COVID-19
pandemic show a general feature of increased disease
severity and mortality in men compared to women
(3). In contrast, female patients had more active T
cells than male patients during SARS-CoV-2
infection. Women with severe coronavirus infection
have a higher concentration of serum IgG antibody
compared with men, and the 1gG generation in the
primary phases of infection is stronger in females
than in males. Significantly, a weak T cell response
was negatively associated with patients' age and was
linked with worse disease severity in men than
women (4). Immune mechanisms indicate a more
severe virus infection response in post-menopausal
women (Immuno-senescence). Therefore, estrogens
and progesterone can play a protective role against
direct antiviral activity in women.

2- Female Sex hormones & immune-protective
feature against Coronavirus: Estrogens display potent
immune-modulating functions in influenza infection,
which can lead to a more suitable innate immune
response in the lungs. While this modulation processes
have been associated with decreased pro-inflammatory
cytokine/chemokine responses prior to clinical disease
(15-17). Further, SARS-CoV-2 and SARS-CoV both
produce deadly pneumonia with the same apparent
female protection. In 2017, Channappanavar and
colleagues reported that SARS-CoV infection
modeling in  mice associated with increased
susceptibility to SARS-CoV in male mice compared to
female mice. In comparison to male mice, female mice
had lower virus titers and lower infiltration with
inflammatory immune cells (monocytes, macrophages,
and neutrophils) for producing fewer inflammatory
cytokines such as IL-6, IL-1, and TNF-, as well as
fewer chemokines (CCL2). Pulmonary injury was
lower in female mice with lower mortality (20%)
compared to male mice (80%) with improved vascular
leakage, and alveolar edema. Their findings about
ovariectomized mice or female mice were treated by
17p-estradiol  (E2) inhibitor showed augmented
mortality. As a result, they hypothesized that E2
signaling plays a crucial protective role in mice infected
with SARS-CoV and that this sex distribution is similar
to that seen in patients with COVID-19 (18) (Figure 3).

3- E2 receptors: ER-2 genome & virus: In
human nasal epithelial cell culture, Pretez and et al.,
looked at this basal-sex disparity (hNEC). They
exposed endogenous E2, raloxifene, and bisphenol A
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to hNEC cultures from adult male and female donors.
E2 binds to the estrogen receptor (ER-a), which is
essential for the human reproductive system's
physiological hemostasis. To see whether these
results were sex-linked, cell cultures were infected
with the seasonal influenza-A virus. In cell culture
based on the ER-2 genome, E2 reduced viral titers,
and the genomic ER antagonist ICI 182,780 was able
to reverse E2's antiviral effects. The results of these
study showed that treating of hNECs with E2 had no
effect on secretion of interferon/chemokine, but
considerably reduced cell metabolic processes in
human respiratory epithelial cells were infected with
influenza-A virus. Beta-estrogen receptors (ER-B)
were responsible for the substantial reduction in
influenza-A virus replication (19).

The genomic and non-genomic actions of estrogen
can activate nuclear estrogen receptor alpha (ER-a),
ER-B and membrane G- protein- coupled estrogen
receptor (GPER1). These signaling pathways are
linked to anabolic defensive effects in the lungs (20),
cardiovascular system (21) and immune system (22).
Stelzig et al. in 2020 reported that E2 can modulate
the level of ACE2 gene expression (23). In 2021,
Lemes et al showed that E2 can be a possible
therapeutic target for promoting cell defense against
SARSCoV?2 in an experimental study on VERO E6
cells with 17estradiol (24). Acute lung injury in mice
models shows that female mice have better immune
protection than male mice (25), which can be
enhanced by estrogen replacement in ovariectomized
mice (26). E2 molecule decreases the permeability of
the pulmonary arteries and edema associated with
pulmonary vasoconstriction by increasing levels of
prostacyclin and nitric oxide (NO) (27, 28) (Figure 4).

Estrogen has been shown to influence virus
replication and maturation, but no evidence has been
given for SARS-CoV-2. Estrogen is well known to be
involved in inflammatory responses to pathogens and
infections, and ERs have been associated with virus
gene transcription suppression. For example in
hepatocytes infection by the hepatitis B virus (HBV),
the interaction between ER-a and virus gene
expression done by hepatocyte nuclear factor 4o
(HNF)-40 with binding to HBV enhancer 1. The
interaction between the hepatitis C model and
17-estradiol (in vitro) was able to interrupt the virus
life cycle, and Fulvestrant (anti-estrogen) was able to
block this effect (29). Estradiol's modulatory function
in systemic and pulmonary inflammatory responses
has been confirmed by numerous studies.
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Male and female 9-month-old mice (n=4-5 mice per group) were infected with 5000 PFU MA15
and lungs for titer (A), staining of viral antigen in the lungs at different times post infection (B),
gross pathology and vascular leakage in the lungs of naive male and female mice infected with
MA15 (C), and its histology (D) with inflammation and edema scores were determined at day 4
post infection (E). Statistical significance was determined as described in Materials and

Methods. *P<0.05 (18).

Fast actions through coupling with membrane
receptors can help maintain pulmonary microvascular
flow in stressful conditions like hypoxia, which could
be an adjunct therapy for patients with COVID-19 (28).

4- Hormone replacement therapy (HRT):
Estrogen replacement: The first study of the Women's
Health Initiative (WHI) findings for hormone therapy
trials was almost ten years ago. Early results from the
WHI in 2002 gave the impression that HRT could
increase the risk of breast cancer, heart disease, and
stroke in women by a small amount. Experiments on a
variety of animal models have shown that estrogen
replacement in ovariectomized animals has a largely
neuroprotective effect, and thus can lower the risk of
Alzheimer's disease (30).
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5- Hormone replacement therapy (HRT): is it a
risk or a benefit? Menopause is a hormonal and
natural process that all women go through and it is
impossible to go through without experiencing any
side effects, so women can expect it. While estrogen
replacement therapy or estrogen + progesterone may
help with menopause symptoms, it may also increase
the risk of certain diseases. By interfering with
feedback and feedforward mechanisms, MHT
(menopausal hormone therapy) can disrupt hormonal
homeostasis in women. Various phenotypic and
metabolic changes occur during the menopausal
process, influencing body weight, adipose tissue
distribution, and energy consumption, as well as
insulin secretion and sensitivity.
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COVID-19 and Hormone Therapy

Viral infection:
tvirus-specific CD8 Tcells
| transcription of virus genes
| virus trafficking

Lung:
|neutrophil recruitment |edema
llocal cytokine release
| INOS expression

i

= G

Immune response:
|Th1/Th2 ratio
tlymphocyte and DC numbers
1INF-y

Cardiovascular system:
1eNOS
JET-1
Iplatelet aggregation

Figure 4: Effects of 17B-estradiol in different compartments/systems

When taken together, these factors can increase
the risk of type 2 diabetes in women (T2DM) (31).
Estrogen may relieve symptomatic menopause, lower
chronic disease rates, and increase health-related
guality of life for women who are candidates for
MHT. MHT has fewer complications, particularly for
women in the early stages of menopause (32). Early
MHT perimenopause intervention is advised to
preserve energy metabolic homeostasis and improve
average life expectancy. Numerous studies have
shown that menopausal obesity is the product of a
complex network of neural and endocrine and
metabolic pathways in which ovarian hormone plays
an important role. During the menopausal process,
the increased risk of weight gain, central
accumulation of body fat and energy metabolism
disorders leads to increased CVD and overall
mortality in women (33). It's debatable whether MHT
has detrimental or beneficial effects on the
cardiovascular (CV) system. As a result, the impact
of MHT on body mass, body fat redistribution, and
insulin resistance contribute to protective cardio
metabolic effects. In comparison to men, women
develop atherosclerosis and clinical cardiovascular
diseases (CVD) at a later age, particularly in the post-
menopausal period (34). A systematic review and
meta-analysis of randomized controlled trials (RCTSs)
and observational studies to assess the connection
between menopausal hormone therapy and
cardiovascular disease in 2020 by Kim et al showed
that before beginning therapy in post-menopausal
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women, the underlying condition and the timing of
initiation should be carefully considered (35).
MacLennan and et al. reported that early HT
initiation from around menopause may be helpful for
certain cognitive domains, whereas late HT initiation
may be detrimental. The timing of HT initiation
appears to be crucial. A sample size of 2,500 women
will be needed to completely test these hypotheses
and further investigate these patterns by route and
form of HT regimen in this population (36). Despite
these, there is still debate about the CVD risks and
benefits of MHT. As a result, the importance of
additional research evaluating the following variables
has been emphasized: estrogen dosage, route of
delivery, timing after menopause, length of use, other
hormone effects, pre-existing pathology, and age has
been emphasized (35).

Discussion

Individual age and gender are strong predictors of
coronavirus in 2019 (COVID-19), do such factors
indicate preferential treatment options? This study
focuses on the gender differences in estradiol
function and its immune-protective role in women
against coronavirus infection. Studies on severe acute
respiratory syndrome (SARS) and the Middle East
respiratory syndrome (MERS) showed that men have
a tendency to develop more severe infections than
women. The X chromosome is recognized which
contains the largest number of immune-related genes
of the whole human genome. Numerous studies have
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been performed on the X chromosome to understand
the role of its genes in the development and attack of
autoimmunity (37), but paradoxically, increased
immune function in women is associated with the
possibility of improving inflammatory processes and
autoimmune diseases. The incidence rate of
autoimmune diseases is 8-9 times higher in women
compared to men (38). Estrogen receptors (ERa/p)
are expressed in most immune cells. This expression
confirms the prominent role of ERs on
innate/adaptive immune function responses. For
example, the important influence of estrogen and its
receptors on B cell, dendritic cell functions are well
recognized in lupus. In lupus this immune-protective
effect of ERa is multifactorial, or in arthritis models,
ERa agonists act to facilitate the immune-protective
effect. Therefore, ERo. modulating function can be a
significant target for autoimmunity therapeutic (39).
E2 influences the expression of human angiotensin-
converting enzyme 2 (ACEZ2) protein (as the host cell
receptor), which can have a significant role in
coronavirus uptake (40).

In  women, regulation of pro-inflammatory
immune processes against COVID-19 appears to be
associated  with  increased  anti-inflammatory
regulation, and antiviral defense (41).

Anti-inflammatory regulation (inflammatory
machinery): This effect on the innate immune system
induces reduction of the secretion of inflammatory
cytokines by monocytes and macrophages, delay on
the neutrophil apoptosis, and increasing the
expression of neutrophil annexin 1 without increasing
activation of them (42, 43). Experimental findings
show that leukocyte function, macrophage
phagocytosis, and an increase in anti-inflammatory T
lymphocytes are more efficient and quick in women
compared to men (44). Population of the dendritic
cell is signaled by E2 through the ER-a (45). The
intracellular ERs activation can able shorten the
lipopolysaccharide-induced (LPS) pro-inflammatory
phase by triggering the resolution of inflammation in
RAW264.7 (intrinsic/extrinsic  programs). This
activity can regulate the SOCS3 and STAT3
signaling pathways which associate with E2
facilitation for the progress of the inflammatory
procedure to the IL10-dependent ‘“acquired
deactivation” phenotype. This process is able to
respond to tissue remodeling and the repair of
homeostatic circumstances (46). This theory that E2
has a significant role in protection against chronic
inflammatory diseases is impressed by the menstrual

156  Vol. 15, No. 3, September 2021

http://jfrh.tums.ac.ir

cycle and pregnancy. The occurrence of disorders is
accompanied by powerful components of the
inflammatory process. As a side effect of menopause,
metabolic diseases (osteoporosis, atherosclerosis,
diabetes), and arthritis are symptoms of ovarian
function loss (47). Fertile female mammals are less
vulnerable to these diseases than male mammals (48).
Estrogens are effective in treating metabolic
dysfunction and vascular disease by modulating
inflammatory processes. Although the connection
between the two fields is still unclear, estrogens' anti-
inflammatory properties on metabolism regulation
have been suggested (49). Estrogen has anti-
inflammatory effects on the vascular system through
a variety of mechanisms, including direct antioxidant
effects, nitric oxide (NO) development, suppression
of the renin-angiotensin system and cytokines, and
inhibition of vasoconstriction (50). Therefore, the
complexity of the E2 performance is enormous.
Maciuszek et al. in 2020 showed that E2 decreased
LPS-stimulated expression of intermediated genes in
pro-inflammatory/anti-inflammatory processes in-
vitro, but did not alter ERs gene expression. Their in-
vivo study showed that E2-treated induced
upregulation of gene expression of pro-
inflammatory/anti-inflammatory mediators (51).
Antiviral defense: Influenza infection model in
mice showed a larger morbidity and mortality in
female mice than males. It is associated with higher
induction of pro-inflammatory cytokines and
chemokines (TNFa, IFNy, IL-6 and CCL2) in
females. Administration of high doses of estradiol in
this modeling of mice could defend female mice
against injuring extreme inflammatory responses in
the lung by the recruitment of neutrophils. In the
lung, the ER-a response was able to increase TNFa
and IFNy production through virus-specific CD8 + T
cells (52). Production of the type I Interferon (IFNs)
of CD8 + T cells has a control role in the
maintenance of immune homeostasis. The ability of
plasmacytoid dendritic cells (pDCs) to produce IFN1
is faster and more abundant than others. The
prominent role of IFN-1 in pDC-related diseases is
important. Deficiency of IFN-1 production can
severely increase some allergic reactions and the risk
of viral infections, and its high production can cause
autoimmune reactions (53). In women, the protective-
immune function of E2 is directly related to the
ovarian cycle. When E2 levels are higher, for
example in pregnancy, this cycle is affected by an
increase in the T cell population (54). The pattern of
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Th1/Th2 cytokine is widely known for allergies,
infection, and autoimmunity diseases. Pregnancy
appears to be accompanied by a Th2 pattern. The
synthesis of type-1 cytokines (IFN- and IL-2) and
type-2 cytokines (IL-10) did not differ between
ovarian cycle phases. The output of the type-2
cytokine IL-4, on the other hand, was significantly
higher in the luteal phase of the ovarian cycle than in
the follicular phase. The immune response is moved
toward a Th2-type response during the luteal phase of
the ovarian cycle, as evidenced by increased IL-4
development during this phase of the cycle. Increased
levels of progesterone and 17-E2 in the luteal phase
of the ovarian cycle may play a role in the immune
response's shift to a type-2 response, according to
these findings, therefore, the Th2 pattern tends to be
associated with pregnancy (55).

MRT in post-menopausal women with COVID-
19: cannot be considered as an appropriate treatment.
According to research, the timing of hormone therapy
(HT) activation seems to be very important. Early
onset HT initiation may be beneficial, while delayed
onset HT initiation may be harmful. While MRT is
recommended for pre/post-menopausal women, its
effectiveness in reducing COVID-19 infection is
debatable. Menopause is an independent risk factor
for COVID-19. E2 is negatively correlated with
COVID-19’s severity probably due to their regulation
of cytokines related to immunity and inflammation.
Female's health and post-menopausal have
significantly higher IL-6 responses to acute stress
(56). A substantial number of patients also had signs
of acute stress disorder, but these were often mild to
moderate. The results of Parker and et al.'s study in
2021 showed a total of 58 subjects were enrolled
which at the start of the study, 36% of the participants
had elevated anxiety symptoms and 29% had elevated
depression symptoms. After two weeks of follow-up
9% had raised anxiety symptoms, 20% had raised
depression symptoms, and 25% had mild-to-moderate
acute stress disorder symptoms. Discharge to home
was not linked to a reduction in psychological
symptoms (57).

Conclusion

If inflammatory responses are maintained over time,
they can have clinical consequences for the
development and maintenance of inflammatory-
related diseases that are common in older women.
Therefore, High levels of interleukin-6 in menopausal

» Journal of Family and Reproductive Health

http://jfrh.tums.ac.ir

women can more rapidly lead patients with
coronavirus into the cytokine storm which is
characterized by immune dysregulation and hyper
inflammation. MRT intervention for post-menopausal
women with coronavirus infection, in acute or
persistent traumatic distress, should focus on
evidence-based trauma strategies to address the
unique challenges of COVID-19.
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