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Abstract: Sex hormones are key determinants of gender-related differences and regulate growth and
development during puberty. They also exert a broad range modulation of immune cell functions,
and a dichotomy exists in the immune response between the sexes. Both clinical and animal models
have demonstrated that androgens, estrogens, and progestogens mediate many of the gender-specific
differences in immune responses, from the susceptibility to infectious diseases to the prevalence
of autoimmune disorders. Androgens and progestogens mainly promote immunosuppressive or
immunomodulatory effects, whereas estrogens enhance humoral immunity both in men and in
women. This study summarizes the available evidence regarding the physiological effects of sex
hormones on human immune cell function and the underlying biological mechanisms, focusing on
gender differences triggered by different amounts of androgens between males and females.

Keywords: androgens; estrogens; progesterone; sex hormones; granulocytes; lymphocytes; immune system

1. Introduction

The immune system protects the body against infections similarly in men and women,
although women display stronger innate and adaptive immune responses than men [1],
making them less susceptible to microbial infections and able to fight viruses in a more
efficient way [2]. On the other hand, women are also more frequently affected by autoim-
mune disorders, such as systemic lupus erythematosus, multiple sclerosis, and rheumatoid
arthritis [3]. The reasons behind these sex differences in the immune system are a topic
of current study and gender difference therefore needs to receive more attention. Ex-
perimental and clinical data indicate contributing factors such as genetics and hormonal
influences [1,4]. Indeed, the hormonal interactions among gonadal steroids, adrenal glu-
cocorticoids, growth hormone (GH), and prolactin lead to immunological dimorphism in
the sexes [5]. Sex hormones include androgens, estrogens, and progestogens that, besides
controlling reproduction, influence both physical and mental health and well-being [6,7].
Their importance was recently evidenced in the context of the COVID-19 pandemic with the
identification of the role of testosterone (Te) in modulating cytokine release and determining
disease severity and outcome [8,9].

Sex hormones play a role in modulating immune cells, influencing: (1) the differ-
entiation from common progenitors cells, (2) lifespan and survival, as well as (3) their
capacity to respond to infections and malignancies (e.g., with regards to phagocytic activity,
cytokine secretion, production of antibodies) [10]. Androgens represent a group of gonadal
and adrenal-derived hormones, and the most biologically relevant androgens are Te, di-
hydrotestosterone (DHT), A*-androstenedione (A*), and dehydroepiandrosterone sulfate
(DHEA-S). The biological actions of androgens are mediated by the androgen receptor
(AR), a member of the steroid hormone nuclear receptor family, and a ligand-dependent
nuclear transcription factor [11]. Androgens act on target tissues via the AR in a DNA
binding-dependent manner, regulating the transcription of target genes, or in a DNA
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binding-independent manner, triggering phosphorylation of second messenger signaling
cascades (Figure 1) [12]. The evidence for the effects on AR-negative immune cell types
has led the hypothesis that androgens can also exert indirect actions, possibly mediated by
other mechanisms through which steroid hormones exert their effects on immune cells. For
example, progesterone can exert its action on immune cells by binding to the other receptor.
An alternative mechanism that can be used by sex hormones can depend on their lipophilic
nature, which can integrate into the membrane exerting a function on immune cells. Further
studies are needed to elucidate the mechanisms of interaction between immune cells and
steroid hormones [13].

Immune cells
expressing AR

Testosterone

) Neutrophils
Direct - P Monocytes
DNA Binding (o ® Mast cells
m T and B immature
lymphocytes
5a-R 6
! ()
(AR ©
Indirect m Immune cells not
DNA Binding expressing AR

Eosinophils
Dendritic cells

Natural killer cells
0 Tand B mature
lymphocytes

Figure 1. Schematic representation of AR pathway. AR activation by Testosterone, converted
to DHT via 5a-reductase causes receptor dimerization and translocation to the nucleus. In the
nucleus, AR binds to DNA directly or through cofactors. Eosinophils, DCs, NKs, and both T and
B mature lymphocytes do not express AR and the actions of androgens on these cell types are
indirectly mediated. Abbreviations: 5x-R, 5x-reductase; AR, androgen receptor; CoF, cofactor; DHT;
dihydrotestosterone; P, phosphorylation; SHBG, sex hormone-binding globulin; Testosterone.

ARs are expressed in several tissues, mainly in the reproductive organs [14] and also
in both myeloid and lymphoid-derived immune cells [15]. They have been identified in the
bone marrow (BM) of men and women, and in stromal cells, endothelial cells, macrophages,
and myeloid precursors [16].

Estrogen receptors (ERs) regulate both the innate and adaptive immune pathways
in response to circulating estrogen levels. Each of the three ERs (ERx, ER(, and the G
protein-coupled receptor) play a role in immune cell development, differentiation, and
function [17], besides regulating the main physiological processes in the reproductive,
endocrine, nervous, skeletal, and cardiovascular systems in both women and men [18].

The expression of progesterone receptors (PRs) in immune cells, although not ubiqui-
tous [19], indicates an involvement of progesterone (P4) in both the innate and adaptive
immune systems. Two significant isoforms of PR, PRA and PRB, mediate most of the
physiological functions in humans. Both are present in the endometrial epithelium dur-
ing the proliferative phase of the menstrual cycle, and their expression increases linearly
with estrogen levels. The PRs are also expressed in the pituitary, hypothalamus, testis,
epididymis, prostate, and mammary glands [20].

Androgens and P4 mostly promote immunosuppressive or immunomodulatory effects,
whereas estrogens enhance the humoral immunity both in men and in women [1].

The aim of this review is to summarize the available findings on the effects of sex
hormones on human immune cells, both on the innate and adaptive components of the
immune system focusing on the sex differences in immune responses.
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2. Innate Immune Cellular Components
2.1. Neutrophils

Neutrophils, alongside their hematopoietic progenitor cells, express ARs and andro-
gens exert a stimulatory role with regards to their differentiation [16], granulopoiesis, and
cytokine production [13,21]. Both ERs and PRs are also expressed in neutrophils and con-
tribute to regulate neutrophilic functions [17,22]. In women, the spontaneous apoptosis of
the neutrophils is markedly delayed compared to men, and the administration of estradiol
(Ep) and progesterone (P4) further increases the lifespan of neutrophils in males and fe-
males (Table 1) [23]. A differential maturation status is also present, with a more immature
phenotype observed in men compared to women, which translates into an altered response
to cytokine stimulation, and a decreased ability to form neutrophil extracellular traps
(NETs) [24].

Female sex hormones (estrogens and progestogens) act at the mitochondrial level,
reducing cytochrome C (Cyt C) export, and thus cleavage and caspase activity, leading to
increased peripheral concentrations [25]. In addition, female sex hormones enhance the
primary bactericidal mechanism in neutrophils via the intracellular production of reactive
oxygen intermediates (ROI), such as superoxide radicals. Differences in neutrophils exist
not only between the sexes, but also among women in different physiological conditions,
being higher in fertile women both during the luteal phase and during pregnancy [13]
(Table 1). Neutrophils are influenced by the human chorionic gonadotropin (hCG) produced
by the placenta trophoblast, which binds the LH/CG receptor (LH/CGR), conferring
fetal tolerance by: 1) promoting neutrophilic invasion of the decidua, placenta, and fetal
membranes, 2) inducing a specific regulatory T (T-reg) subpopulation with proangiogenic
properties, and 3) promoting NETs formation to protect the embryo [26]. Instead, low
concentrations of hCG inhibit proliferation and induce apoptosis in human neutrophils by
inhibiting neutrophilic function and activation [27].

Table 1. Biological and clinical effects of androgens on immune cell types.

Biological/Clinical Effects Hemogram Ref.
Cell Type Female Male
Neutrophils 1 Apoptosis J Maturation 1 Concentration [13,25,28]
Monocytes J Pro-inflammatory cytokines 1 Differentiation 1 Concentration [29,30]
| Pro-inflammatory cytokines | Pro-inflammatory cytokines NA [15,31]
Macrophages — N
1 M2 polarization 1 M1 polarization NA [32]
Natural killer / / No effects [29]
. . | Pro-inflammatory cytokines
Dendritic cells 1 IFN« production 1 CD16* in hypogonadic No effects [29,33,34]
. - Correlation between DHT levels
+
B lymphocytes +CD5" immature/transitional at birth and CD5" B cells number No effects [29,35-37]
B cells T memory B cells L
1 B cells lymphopoiesis
+ + :
T lymphocytes CD4 . 1 CD4" T cells 1 CDA T cells subpop.ulatlon No effects [29,38]
in postmenopausal in gonadal castration
Th1/Th2 1 Thl 1 Th2 / [38]
. 1 in treated adrenal 3 .
Tregs insufficiency patient T Toregs [39-41]
+ .
T lymphocytes CD8 T CD8™ T cells in / No effects [29,42]

postmenopausal females

Abbreviations: NA, not applicable.

Androgen deprivation therapy (ADT) in patients affected by castration-sensitive
prostate cancer leads to neutropenia [43] and to an aberrant neutrophilic phenotype, with



Int. J. Mol. Sci. 2023, 24, 6302

40f12

more banded and immature neutrophils [28]. Furthermore, hypogonadal men treated with
Te show an increased number of neutrophils (Table 1) [30] with a reduction in superoxide
anion and lipid peroxidation, and an increase in nitric oxide concentrations [44].

Androgen-mediated immunosuppressive effects have been described with regards
to cytokine production in males: hypogonadal men treated with Te replacement therapy
show suppression of the neutrophilic proinflammatory cytokines Tumor Necrosis Factor
alpha (TNF-o), Interleukin 6 (IL-6), and Interleukin 1 beta (IL-1$3), and augmented anti-
inflammatory cytokine Interleukin 10 (IL-10) [45]. The androgens show a proliferating effect
on the neutrophils not only in men, but also in the context of polycystic ovary syndrome
(PCOS)-affected women, a condition characterized by hyperandrogenism, which frequently
features neutrophilia [46]; interestingly, the use of anti-androgens (e.g., flutamide) reverses
the effects on the neutrophilic count [47].

2.2. Monocytes

Monocytes express ARs, ERx (and to a minor extent ER(3), as well as PRs [48,49], and
thus sex hormones may exert direct modulating effects on this cell type [15,16].

Immune sex differences have been observed in the development of the myeloid lineage:
men show greater BM monocyte differentiation with an increased blood concentration com-
pared to women. These differences are partly attributable to AR-androgen signaling, which,
even if not influencing the total BM cell numbers, directly affects monocyte development,
and modulates the turnover of mature blood monocytes [50,51]. In vitro studies show an
increase in IL-1p and IL-12 in male compared with female monocytes treated with Te [51],
and a reduction in IL-6 production [45]. Collectively, these data suggest that androgens
have an effect in determining the production of cytokines in the monocytes differently in
male and female.

Te replacement therapy in hypogonadal men is shown to increase the concentrations of
circulating monocytes [52,53]. These results also suggest an androgen-mediated stimulation
of the differentiation in the myeloid lineage progenitor cells [30]. Moreover, sex differences
are also detected in the release of monocyte cytokines: the production of a major pro-
inflammatory cytokine Interleukin 12 (IL-12) and IL-13 monocytes is detected in men with
respect to women [51] (Table 1). In addition, the secretive activity in both male and female
monocytes is influenced by androgens: the chronic administration of Te in hypogonadal
type II diabetes mellitus (T2DM) patients causes the reduction, or complete abrogation, in
the secretion of the monocyte pro-inflammatory cytokines IL-6, IL-13, and TNF-oc [29].

On the other hand, by studying the effects of the administration of estrogens in vivo,
it is possible to determine how women using contraceptives containing estrogens and pro-
gestogens show a decrease in the production of the pro-inflammatory cytokines interferon
gamma (IFN-y) and TNF-a by monocytes. In addition, an in vivo study suggested how sex
hormones are only partly involved in the IL-6 monocytic cytokine production difference
between men and women [54].

2.3. Macrophages

Macrophages express ARs [55], as well as all ERs, and the PR [48,56]. As such, sex
hormones are able to exert direct regulating effects on this cell type.

Human macrophages are subject to hormonal modulation effects. In vitro Te admin-
istration exerts an anti-inflammatory action, determining a reduction in the expression
of pro-inflammatory cytokines TNF-« and IL-13 (whereas IL-6 is not affected). Andro-
gens reduce the polarization towards the M1 macrophages regulating the inflammatory
pathways [15].

On the other hand, estrogens act via ERx to determine an increase in M2 gene ex-
pression and polarization [32], although E, administration does not affect their concentra-
tions [31] (Table 1).
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Furthermore, DHT is able to induce the cytotoxic capacity of the macrophages to
directly target and kill cells in a concentration-dependent manner [57], and DHT is able to
switch the macrophage’s phenotype towards M1 polarization [57].

2.4. Natural Killer Cells

NK cells are reported to express high levels of ERx in most of the subpopulations
examined and, also PRs in some [58]. Of note, NK cells do not express ARs [16] and
androgens interact without direct binding to DNA.

The in vivo administration of DHEA to postmenopausal women with adrenal andro-
gen deficiency is shown to increase the circulating CD8*/CD56" NKs and decrease the
CD4* lymphocytes, also inhibiting the T cell mitogenic and IL-6 responses, the two prin-
cipal exogenous signals that induce the proliferation and differentiation of T cells [59].
However, the most distinctive NK gender difference is evidenced by their role in preg-
nancy. This is due to large granular lymphocyte cells (LGL), which are abundant in the
endometrium, expressing an NK-like phenotype. LGL increase in number during the
first trimester reaching up to almost 70-80% of all endometrial leukocytes, and decreasing
afterwards [60] (Table 1). The most abundant lymphocytic subpopulation in the uterus is
represented by CD56" NKs, which accumulates in the decidual tissues and differentiates
into decidual NKs (dNKs). In vitro and in vivo experiments show how dNKs modulate tro-
phoblast invasion by producing IL-8, CXCL10, and various vascular angiogenic factors [61].
Uterine NK levels also change under different physiologic states, e.g., during the menstrual
cycle, with an increase in the proliferative phase, reaching a maximum in the late secretory
phase. These differences are influenced by an increase in E2 concentrations, and also by
gonadotropins, such as human chorionic gonadotropin (hCG) and luteinizing hormone
(LH) [62]. Uterine NK cells do not express progesterone receptors but their function is
indeed affected by progesterone [63].

2.5. Eosinophils

The AR is not expressed by eosinophils [16], although androgen modulation influences
their characteristics by controlling their infiltration into tissues [64]. ERo and Erf3 are
expressed in eosinophils and are involved in the pro-inflammatory process [65]; also PR
was identified in eosinophils [66].

Female patients affected by severe hirsutism and treated with anti-androgenic drugs
develop dyspnea with a restrictive ventilatory defect. The bronchoalveolar lavage shows
an increased number of eosinophils, of CD8" T cells, and of neutrophils, which disappear
after anti-androgenic drug withdrawal [67]. PCOS-affected patients, with pathologically
increased androgenic concentrations, are affected by low-grade chronic inflammation in
the peripheral blood and ovaries, with elevated peripheral eosinophilic granulocytes,
lymphocytes, and monocytes [68].

These data point toward a correlation between the concentration of androgens and
eosinophilic influx, and also to an involvement of androgens in anti-inflammatory ef-
fects [64] (Table 1).

2.6. Mast Cells

MCs express ARs, Erx, and PRs [69,70]. The hormonal androgenic influence on MCs
is complex: some studies show how their effects depend not only on sex, but also on the
tissues from which the cells were isolated. MCs isolated from different tissue samples, such
as men’s foreskin and women’s breast skin, express ARs, although women'’s cells express
lower AR levels than men [71] (Table 1). In vitro human MC E; treatment has determined
both an enhanced degranulation [70] and a reduced secretion of the pro-inflammatory
cytokines IL-6 and TNF-a. Conversely, treatment with Te did not influence these processes.

Perinatal androgens can have a significant impact on MC development [72] and an
in vitro experiment showed the subsistence of hormonal dose-dependent effects (direct,
synergistic, or inhibitory) [71]. A possible mechanism to explain the sexually dimorphic
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response of MCs to steroids is that sex steroids can activate the intracellular signaling
pathways in MCs in a sex-dependent manner [72]. Thus, it will help to understand
many MC-related pathophysiological alterations such as asthma and other allergic and
inflammatory diseases [73], which have a different prevalence in women compared to men.

2.7. Dendritic Cells

Dendritic cells (DCs) derive from common dendritic progenitor cells, which can
develop both into myeloid-derived DCs (mDCs) or lymphoid-derived (pDCs) cells. mDCs
do not express ARs [74], and to date, there is no evidence about the expression of pDCs and
ARs in common dendritic progenitor cells. Androgens interact with DCs without directly
binding to DNA, similar to NKs. Decidual DCs express PRs and are highly responsive to
high local concentrations of progesterone [63]. Estrogen enhances the differentiation of
immature DCs into mature functional DCs [75].

Studies have determined how androgen hormones exert an influence on male human
DC subsets, although such pathways are still not well clarified [76]. The effects of androgen
(Te) withdrawal on the production of the pro-inflammatory cytokines in pDCs (IL-6, IL-
13, TNF-) was analyzed in a male population affected by T2D with partial androgen
deficiency: the reduction, or complete abrogation, in both spontaneous and ex vivo pro-
inflammatory cytokine production was detected, with respect to the controls [29] (Table 1).
The distribution and functional status of various peripheral blood DC subsets was also
compared, and no statistically significant differences were detected between various DC
groups, even if the hypogonadal patients showed a slightly higher number of CD16* DCs
that express the activation/degranulation-associated marker CD107b. It was detected
how CD16* number reaches statistical significance after inflammatory stimulation (in vitro
CpG nucleotide DNA sequence), also highlighting a CD107b inverse correlation with Te,
compared to the controls (Table 1) [34]. A similar inverse correlation was determined for
LH and follicle-stimulating hormone (FSH), highlighting how some DC subgroups are
influenced by their action [34]. To deepen the correlation between Te and CD107b, the
effects of androgen replacement were checked on the DCs of hypogonadal men (both mDCs
and pDCs) and it was found that Te replacement determined the overexpression of CD107b
by the DCs [77].

The DCs also show immune gender differences, both in early infancy and adulthood.
The male pDCs IFN-« production responses to the TLR7/8 agonist R-848 challenge are
lower than the female responses in early infancy, and such a difference may be attributed to
the male surge of androgens during the first 6 months of life (Table 1) [33]. To explain mi-
crobial and viral infections, different pathogenic responses in male and female children are
also proposed with an involvement of the pDCs-mediated TLRs response. The androgenic
influence on human pDCs is confirmed by the in vitro treatment of DHT, which shows
a relevant reduction in IFN-« expression [33]. The pDCs in adults show immune gen-
der differences, including peripheral blood leukocyte stimulation by TLR7, which induce
higher IFN-o production in women than in men [78]. They display a correlation with the
pathogenesis of auto-immune diseases, whose incidence is higher in women compared to
men. The studies on systemic lupus erythematosus (SLE) highlight a relevant role for pDCs
and IFN-« production [79]. Another relevant connection is found between sex differences
in pDCs and pathogenesis in the HIV-1 single-stranded viral infection. The activation of
pDCs via the elevated expression of TLR7 and IFN-«, is prognostic indicator for the clinical
progression of HIV-1. The pDCs in women are detected to produce more IFN-o responding
to the HIV-1 infection and stronger CD8" activation than the male pDCs [80].

3. Adaptive Immune System
3.1. B Lymphocytes
Mature B lymphocytes do not express ARs on their surface [76], and Te treatment does

not influence their peripheral blood concentration in humans [30]. However, immature
B cells (both pro-B and pre-B stages) express ARs [76], (Table 1), suggesting how an
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androgen-mediated action can influence the development of immature B cells, rather
than acting on mature lymphocytes [76]. Estrogen controls B cell differentiation, activity,
function and, unlike CD4 cells, B lymphocytes have more ERf3 than Erc [75]. B lymphocyte
development occurs in the intersinusoidal spaces of the BM in association with a sessile
population of stromal cells, multipotent stem cells located within BM stroma, which give
rise to osteoblasts and adipocytes, and secrete a variety of cytokines that affect lymphocyte
growth and differentiation. Importantly, BM stromal cells express ARs [16].

Gender differences are observed in human B cell subsets, such as CD5" B cells
(one-fifth of normal peripheral blood B cells in early adulthood): a prospective study
in 3-8 year-old children showed that female have lower concentrations in CD5* and a
higher number of memory phenotype B cells than male [81]. In addition, CD24"CD38" B
cells, immature transitional B cells that, in normal individuals exert suppressive effects by
IL-10 production but are quantitatively altered and/or functionally impaired in individuals
with various autoimmune diseases, resulted in lower levels in young women compared to
men [35]. Furthermore, a positive correlation between DHT levels at birth and higher CD5*
B cells is determined in men in comparison to women [82](Table 1).

Adult men and women show relevant gender differences in their B cells. Men affected
by rheumatoid arthritis, showing low Te levels as pathological markers, present an en-
hanced B cell lymphopoiesis [83]. In addition, prostate cancer-affected patients subjected to
ADT show an enhanced B cell lymphopoiesis [84]. Furthermore, men, with higher serum Te
levels, have lower antibody responses to the trivalent inactivated seasonal influenza vaccine
(TIV) [85], while women produce higher levels of antibodies than men in immunological
responses to infections and vaccinations [86].

3.2. T Lymphocytes

Mature T cells do not express ARs on their surface, which makes them not sensitive to
exogenous androgen modulation effects [30]. In contrast, both classical ARs, are expressed
on the surface of CD4*CD8" T cellular subsets [76]. In addition, double-negative (DN) and
double-positive (DP) T cells also express classical ARs [38], as do thymic epithelial cells [87]
and BM stromal cells [16]. This evidence highlights a theoretical androgen-modulation
effect on the development and maturation of T cells. ER o in T cells suppresses the
responses of follicular helper T cells and prevents autoimmunity. [88]. Estrogen modulates
all subsets of T cells that include CD4* (Th1, Th2, Th17, and Tregs) and CD8* cells [75]. The
expression of the PR was upregulated in the luteal phase of the menstrual cycle in CD8*
but not in CD4* [89].

Androgens influence T cell subpopulations in both women and men. Healthy men
undergoing gonadal castration (via GhRH agonists administration) show a reduction in
CD4*CD25" T cell subpopulations, in comparison to untreated controls [90] (Table 1).
Postmenopausal women with adrenal androgen deficiency and subjected to DHEA admin-
istration show a decrease in CD4* and an increase in CD8* T cells [38] (Table 1). Thl-type
immune T-cell responses (pro-inflammatory) are more abundant in women, with respect
to Th2-type responses (anti-inflammatory), which are expressed more in men [91]. Clini-
cal evidence shows how females are afflicted with autoimmune T cell-mediated diseases
(e.g., multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus) more fre-
quently than men [3], pointing to a theoretical androgen influence as a protective factor
against autoimmune diseases. The influence of androgens on autoimmune regulatory
gene transcription (AIRE), which provides strong protection against autoimmunity, is
stronger in men than in women [92]. In addition, T regulatory cells (T-regs), a T cell
subpopulation tasked with immune system modulation in keeping anti-antigen tolerance
and thus preventing autoimmune diseases [93], are also markedly higher in men [39]
(Table 1). Women affected by adrenal insufficiency and who are subjected to in vivo an-
drogen supplementation show an increase in T-regs number [40]. Upon further study,
the FOXP3 transcription factor, a regulator of T-reg function and cell development, was
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examined and it was shown that Te treatment enhanced FOXP3 expression, thus exerting
an androgen-mediated influence on T-regs [41].

4. Conclusions

The role of androgens is complex due to an intricate crosstalk with multiple organ
systems, cellular processes, and metabolism into various bioactive compounds. The data
discussed in this review support gender differences in the immune system that make men
more prone to risk of microbial infections and less proficient in virus clearing, although
more protected against autoimmune diseases, with respect to women. The level of male
physiological androgens constitutes one of the factors contributing to establishing these
sex differences. In fact, it was demonstrated that androgen hormones have been shown to
affect more AR-positive immune cells. However, androgens also influence AR-negative
cells, suggesting the existence of secondary mechanisms. The differential effects of testos-
terone on the circulation of neutrophils and monocytes and not on other cell types have
been highlighted.

Since neutrophils and monocytes all derive from a common myeloid ancestor within
the bone marrow, the selective upregulation of these cell types suggests that testosterone
probably promotes the differentiation of a multipotential hematopoietic progenitor in the
myeloid lineage.

Although the detected androgenic effects vary according to the different cells and
different hormone levels, a relevant anti-inflammatory effect on immune cells was demon-
strated. However, this androgenic influence is only one of the many factors that con-
tribute to the immune response bias between men and women. The influence of immune-
modulation E2 hormones should be considered. More attention should be given to genetic
expression, a factor that must be analyzed due to its importance in the sex bias determi-
nation of immune cells. However, it should be noted that gender differences in immune
cell function represent a relatively novel field, with many open questions that necessitate
attention and further research.

Overall, these findings highlight the great complexity of the topic, and that there are
secondary mechanisms that need to be analyzed and deepened to dissect such biological
networks. The current androgen replacement therapy protocols and their therapeutical
implications also require further investigation to examine the immunological response.
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