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ABSTRACT

Keywords:
Autoimmune diseases Autoimmune diseases (AIDs) are a heterogeneous group of disor-
Steroid hormones ders in terms of clinical manifestations, pathogenesis, and preva-
Androgens lence, and there is no agreement to date on a common
Estrogens classification.

Adaptive immune responses are responsible for the existence of
AlIDs, although innate immunity is also involved in misguiding the
immune response against self-antigens.

Hormones, in general, and in particular steroid hormones, play a
critical role in the physiology and pathology of the immune sys-
tem, especially in adaptive immunity. Hormonal factors, alone or
in relation to age, sex, and reproductive status, are involved in
conditioning the onset of a number of AIDs. There is a well-defined
sexual dimorphism for human AlDs.

At the same time, the classic view has been that steroid hormones
have well-defined effects, with one type, estrogens, being “pro-
inflammatory” and the other two progestogens (progesterone and
its synthetic analogs) and androgens being “anti-inflammatory.”
Although this view has been considered too simplistic and seems
contradicted by numerous observations, it remains valid: pro-
gestogens and androgens are immunosuppressive and therefore
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protective against AIDs, whereas estrogens are immune-
stimulatory and therefore pathogenic in AIDs.
© 2019 Elsevier Ltd. All rights reserved.

Introduction

Autoimmune diseases (AIDs) represent a heterogeneous group of disorders in terms of pathogen-
esis, clinical manifestations, and prevalence; their classification has varied with time but, unfortu-
nately, without a common agreement to date on classification criteria. Hayter and Cook [1]| have
proposed an assessment of prevalence, spectrum, and case definition on the basis of a number of
features, which has led to their identification of 81 AlDs. Fortyfive of them have been associated with
well-defined autoantigens. Among these, half are rare with a prevalence of <1/10 and a female bias is
present in the high prevalence ones such as Multiple Sclerosis (MS), in which the gender bias could be
related to a possible hormonal association [2]. Autoimmunity is the mirror image of tolerance,
reflecting the loss of tolerance to “self’ that can take place in several different ways, as there is no single
cause responsible for autoimmunity. The breakdown of tolerance, which should discriminate between
“self” and “non-self" at the earliest stage of adaptive immunity development, can lead to an attack of the
body's own structures as if they were foreign through various mechanisms. Sometimes “self” cells may
display “non-self" antigens (Ags), such as intracellular viruses, Plasmodium falciparum, or drugs, which
are unavoidably destroyed in the process of eliminating the intruder.

Molecular mimicry can take place in the presence of particular viral and bacterial components and
families of phylogenetically highly conserved proteins such as heat shock proteins. They are expressed
in prokaryotic and eukaryotic cells under physiological conditions, and in response to various forms of
stress, they can trigger an aberrant immune reaction to common antigenic epitopes in persistent
chronic infections in which cross-reactive cells are generated [3]. Alteration of “self’ proteins and
structures by various agents such as oxidative stress can lead to modifications that result in trans-
formations, where “self’-Ags are no longer ignored by the immune system but seen as foreign, thus
triggering immune reactions [4]. Occasionally, late developing or sequestered “self” Ags such as lens,
sperm, and myelin, come into contact with the immune system only at a later stage and are treated as
“non-self" structures [5]. Furthermore, Ag presentation by non-professional Antigen-presenting cells
can give rise to self-reactivity. Self-reactive B cells can be stimulated by “polyclonal activators,” which
override the usual triggering requirements [6]. Moreover, a deficiency in the regulatory pathway can
represent a crucial key point for allowing autoimmune reactions [7,8]. Finally, autoimmunity can
phenocopy Mendelian inherited disorders characterized by mutations of autoantigens, and a common
feature of these proteins is the presence of repeat and coiled-coil domains and their frequency is in
contrast with random samples of the human proteome spectrum [1].

Adaptive immune responses are the protagonists responsible for the existence of AIDs, although
innate immunity is also involved in the aberrant immune response against “self’-Ags.

Both humoral response and cell-mediated immunity are involved in autoimmune processes that
take place in a large variety of autoimmune reactions. T helper (Th) cells are the directors of both
antibody-mediated and cell-mediated responses. Because a high degree of complexity and sophisti-
cation underlies most immunological phenomena, their network has become much larger than the
initial Th1/Th2 paradigm [9] including several other T cell subsets such as Th17 [10], T regulatory (Treg)
populations [11], and T follicular helper (Tfh) cells [12], which are also involved in regulating auto-
immune processes. In contrast to the classic Th1 and Th2 cells, which represent a rather stably
polarized T cell subset, CD4" Th cell differentiated subpopulations are characterized by a remarkable
grade of heterogeneity and plasticity, which implies that their initial differentiation does not represent
an endpoint in their development. This plasticity can be a key feature in the development of auto-
immune reactions [13].

B cells play a crucial role in protecting against pathogens and can also contribute to harmful immune
responses in many autoimmune diseases by producing antibodies (Abs) directed toward “self’-Ags, by
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presenting “self“-Ags, and by producing pro-inflammatory cytokines. Human and mouse Systemic Lupus
Erythematous (SLE) studies have shown that hyper-responsiveness of B cells due to defects in the
regulation of B cell antigen receptor signaling or increased signaling through the nuclear-sensing Toll-like
receptors can alter the selection of autoreactive B cells and promote the production of pathogenic auto-
Abs [14]. CD22 contributes to the regulation of autoimmunity. Some recent data suggest that targeting
CD22 can suppress pathogenic B cell responses. Genetic variants of CD22 or enzymes involved in the
glycosylation of ligands of CD22 have been linked to susceptibility to human AIDs [15]. Autoimmunity is
also connected with the cytokine and chemokine pathways that trigger and regulate the type of innate
and acquired immune response along with a multiplicity of genetic influences at the level of T cell and B
cell subsets and of the hormonal influence on the immune system [16].

Role of steroid hormones

Hormones play a critical role in the physiology and pathology of the immune system, especially in
adaptive immunity (Table 1). The classic view is that female steroid hormones have well-defined ef-
fects, with estrogens being “pro-inflammatory” and progesterone (P) and synthetic progestins being
“anti-inflammatory”; this view is too simplistic, and contradicted by numerous observations [17].

Indeed, estrogens can interact with modifiable environmental factors. For example, in experimental
autoimmune encephalomyelitis (EAE), the mouse model of MS, vitamin D3 (D3) acts in an estrogen-
dependent manner: ovariectomy eliminates and 17B-estradiol (E2) can restore D3-mediated EAE
protection. In addition, E2 and D3 interact synergistically within CD4"T cells to prevent this demye-
linating disease through a cooperative amplification loop involving E2 and calcitriol [18,19].

Table 1
T Helper Cells and Immunity.

T HELPER CELLS AND IMMUNITY

Th1 cells are mainly involved in immunity against intracellular pathogens and autoimmunity. They are induced by IL-12
during naive T cell priming through the activation of their STAT-1, which, in turn, activates T-bet, the master regulator of
Th1 cell differentiation. They secrete IFN-v, IL-2, TNF-o, and TNF-f (LTa) [65—68] and are responsible for cell-mediated
inflammatory reactions, delayed-type hypersensitivity, and tissue injury in infectious and autoimmune diseases.

Th2 cells arise during naive T cell priming in the presence of IL-4 through the activation of STAT-6, which, in turn, activates
GATA-3, the master regulator of Th2 cell differentiation. They are mainly involved in immunity against extracellular
pathogens, allergy, and atopy and also play a role in autoimmunity. They secrete amphiregulin and cytokines IL-4, IL-5,
and IL-13 [45,65,67,69,70] and are associated with B-cell antibody production.

Th17 cell priming of naive T cells is regulated by the activation of STAT-3 in the presence of IL-6 and TGF-f, which, in turn,
activates RORyt, the main regulator of Th17 cell differentiation. They are involved in immune responses against
extracellular pathogens and autoimmunity [71]. They secrete GM-CSF, IL-17A, IL-17AF, IL-17F, IL-21, and IL-22 and display
strong cell plasticity in the presence of IL-17/IFNy double-producing cells [72,73]. Plasticity and functional variability of
Th17 and Treg cells imply a relationship between Th17 and Treg cells. Both Th17 and Tregs are reciprocally related to each
other; for example, TGF-f links the development of Th17 cells to that of FoxP3+Tregs. It was shown that TGF-$ induces the
differentiation of Tregs, whereas the combination of Tregs with IL-6 or IL-21 results in the induction of Th17 cells and
inhibition of Treg differentiation [74], thereby giving rise to autoimmunity.

Treg cells are induced by the presence of TGF-B, which primes naive T cells activating STAT-5, which, in turn, activates
Foxp-3, their X-linked master transcription factor. Tregs are involved in maintaining the immune homeostasis and
tolerance; therefore, they are vitally important in preventing autoimmunity [75,76]. They secrete IL-10 and TGF-p, and
they rule out the immunoregulatory processes of immune responses. Treg cells, like Th17 cells, display a high grade of
plasticity, and this feature enhances the risk for autoimmunity. In addition, female gender and hormonal influences
regulate Foxp-3 expression, which is critical for the gender bias of AIDs [77]. A strictly regulated balance between T
effector cells and Tregs is at the basis of a finely regulated immune response [50,78,79].

Tfh cells are primed by IL-6 and IL-21 from naive T cell with the induction of STAT-3 that activates Bcl-6, their main
lineage transcription factor. These cells are found in the periphery within B cell follicles of secondary lymphoid organs.
Within the germinal centers of lymph nodes, they play a critical role in mediating the selection and the survival of B cells
that proceed to differentiate into either plasma cells capable of producing high-affinity Abs or memory cells and are
implicated in auto-Ab production in AIDs [80—82]. They secrete IL-21, which activates B cells and promotes Ab
production.

Abbreviations: STAT-1 = Signal transducer and activator of transcription, T-bet = T-box transcription factor TBX21, IL =
Interleukin, IFN = Interferon gamma, TNF = Tumor Necrosis Factor alfa, LTa. = Lymphotoxin alfa, RORyt = RA-related orphan
receptor gamma, GM-CFS = granulocyte macrophage colony stimulating factor, FoxP3 = forkhead box P3, Bcl-6 = B-cell lym-
phoma 6 protein.
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In addition, there is clinical and experimental evidence that estradiol confers protection against
HIV and other sexually transmitted infections, through the enhancement of CD4" T cell antiviral
immunity [20].

However, P, despite being one of the major players in creating pregnancy immunotolerance, sus-
tains cytokine expression, thereby enhancing proliferation of immune cells. Indeed, a recent investi-
gation probed the respective role of P and E2 in regulating IL-15 messenger RNA (IL-15 mRNA) and its
secretion in human endometrial stromal cells (ESCs) in vitro. IL-15 stimulates lymphocyte proliferation
and migration and seems to be involved in regulating the proliferation and differentiation of uterine
natural killer cells (NKs). When ESCs were treated with P alone or P plus E2, there was a significant
increase in IL-15 mRNA levels, whereas E2 alone was not able to increase IL-15 mRNA expression [21].

Hormonal factors, alone or in relation to age, sex, and reproductive status, are involved in condi-
tioning the onset of a number of AIDs. There is a well-defined sexual dimorphism for human AIDs
(Table 2) [22], e.g., SLE, MS, and autoimmune thyroid diseases (ATDs) seem to affect women primarily
during reproductive years; however, the highest incidence of Rheumatoid Arthritis (RA) is seen after
menopause. Experimental and epidemiological evidence indicates that in humans, sex steroids can
modulate the genetic risk of AIDs [23]. In specific diseases such as Hashimoto's thyroiditis, differences
in the sex-related prevalence may be observed in almost every age group [24]. In other instances, such
as MS, female-to-male ratios seem to increase with age. In 2006, Orton et al. [25] carried out a lon-
gitudinal study of MS and proposed that the disproportional increase in incidence per se and with age
in women might have an environmental origin, although probably associated with interactions be-
tween genetic and environmental factors. This trend has been confirmed by more recent studies
[26—28].

Over 30 years ago, Grossman [29] described some of the interrelationships between the immune
and reproductive systems, involving pituitary, gonadal steroid, and thymic hormones. Grossman
quoted early experimental evidence showing that transplantation of gonads in castrated rats of both
sexes produced immune suppression [30]. In 1994, Van Vollenhoven and McGuire [31] reported that, as
sex hormones possess marked immunomodulatory properties, attempts have been made at treating
AIDs with various steroids (Table 3). Unfortunately, estrogen therapy has not shown promise in RA,

Table 2
Sex Differences in Human Autoimmune Diseases. Adapted from Mc Combe et al., 2009 [42].

Disease Female:Male Ratio
Systemic
SLE (388) 13.1:1 (African American), 8.7:1 (white)

Sjogren's Syndrome
Endocrine
Type 1 diabetes
Grave's disease
Hashimoto's thyroiditis
Gastrointestinal and liver
Ulcerative colitis
Crohn's disease
Primary biliary cirrhosis
Celiac disease
Rheumatological
Ankylosing spondylitis
Rheumatoid arthritis
Psoriatic arthritis
Neurological
Multiple sclerosis
Myasthenia gravis
Guillain-Barré syndrome
CIDP
Skin
Psoriasis
Scleroderma

4:1 (Israel); 8.7:1 (Denmark)

0.5:1 (Sweden); 0.8:1 (Denmark)
3.5:1
5.2:1

1:1
1.3:1
9:1
1.8:1

1:3
2.7:1
1:1

1.9:1 (Canada); 2,4:1 (Japan); 4.3:1 (Wales)
2:1

0.9:1

0.6:1

0.8:1 (Italy); 1.1:1 (Denmark)
4:1
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despite epidemiological data suggesting possible benefits. However, testosterone supplementation in
men has produced mild improvements.

As recently noted by Hughes and Choubey [32], the mechanisms through which an AID leads to loss
of immune tolerance are not necessarily the same as those involved in subsequent immune-mediated
injury. Thus, sex hormone action may produce different effects depending on disease risk and disease
activity. Hence, the observed contrasting results may be due to the fact that dimorphism in the
manifestations of AIDs seems to involve not only immunomodulation by sex steroids but also non-
hormonal factors encoded by genes on the X and Y chromosomes [33].

Both androgens and estrogens regulate the balance of the cytokine-related AIDs. Estrogens in
general have immunostimulatory roles, in particular suppressing T and B cell lymphopoiesis and
activating B cell functions [34]. However, androgens and progestogens are immunosuppressive and are
able to counteract pathways affected by estrogens [35,36]. Specifically, P affects CD4" T cell differen-
tiation and cytokine production, leading to an increase in IL-4 production and Treg differentiation as
well as reduced Interferon-y (IFN-v) production, reduced T cell proliferation, and T cell-dependent Ab
production [37].

Estrogens

Several investigations have addressed in detail the effects of estrogens on AlDs. In two compre-
hensive early reviews, Grossman [29] and Grossman et al. [38] expressed the opinion that estrogens
depress specific subsets of thymocytes, thereby depressing several cell-mediated immune responses.
Grossman and Grossman et al. further suggested that estrogens downregulate thymocyte function by
decreasing the release of thymic polypeptides, leading to the depression of T lymphocyte activity. They
concluded that estrogens “depress most, if not all, the major functions attributed to the cell-mediated
immune system.”

In 2006, the topic was again reviewed by Cutolo et al. [39], starting from the premise that estrogens
enhance humoral immunity, whereas androgens, progestogens, and glucocorticoids suppress humoral
immunity. They pointed out the complexity of the situation because a number of conditions may affect
either ovarian or placental estrogen production or its peripheral conversion rate. These include not
only physiological situations (such as the two phases of the menstrual cycle, pregnancy, the post-
partum, and peri- and postmenopause) but also other conditions (such as age, chronic stress, altered
circadian rhythms, and inflammatory conditions) and the effects of medications (corticosteroids, oral

Table 3
Recommended use of sex hormones in rheumatic diseases. Adapted from Van Vollenhoven and McGuire, 1994 [31].

Disease Hormone intervention Recommendations and observations
Rheumatoid Estrogen-containing oral ~ Recommended
arthritis contraceptive therapy

Estrogen replacement
therapy
Therapeutic use of estrogen Investigational

Strongly recommended

Systemic lupus
erythematosus

Ankylosing
spondylitis

Therapeutic use of
testosterone
Estrogen-containing oral
contraceptive therapy
Progesterone-only oral
contraceptive therapy
Estrogen replacement
therapy

Danazol

Nortestosterone
Dehydroepiandrosterone
Human chorionic
gonadotropin

Estrogen

Bromocriptine

Investigational; might be considered in men with low serum testosterone
To be avoided or used with caution under close monitoring

Recommended, except when hypercoagulability or history of
thromboembolic disease exists

May be used in most patients; relatively contraindicated in active systemic
lupus erythematosus but cautiously recommended in inactive systemic
lupus erythematosus

Modest benefits in systemic lupus erythematosus-related cytopenias

Not indicated in men; investigational in women, probably no benefit

No studies to date in men; investigational in women, probable benefit
Investigational, possible benefit for men

Investigational, possible benefit for women
Investigational, possible benefit
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contraceptives, and hormonal steroid replacement). They reported that in some AIDs (e.g., RA and SLE),
there is an enhanced peripheral conversion of androgens [testosterone, dehydroepiandrosterone
(DHEA), and dehydroepiandrosterone sulfate (DHEAS)] to estrogens. Their view is supported by studies
showing low circulating androgen levels in women with SLE [40] and RA [41] that have been inter-
preted as indicating accelerated peripheral conversion to estrogens, through a pathogenic mechanism
involving inflammatory cytokines that are able to stimulate peripheral aromatase expression.

Without negating the effect of estrogens, McCombe et al. [42] have argued that if the increased
prevalence of autoimmunity in women was entirely due to sex hormones, then estrogens per se should
predispose to autoimmunity, but this is not the case. Estrogen receptors (ER) are present on many cells
of the immune system. Consequently, estrogens could theoretically modulate damage caused by
autoimmune injury. The enhancement of Th2 responses induced by the estradiol-driven conversion of
CD25~ to CD25" Treg cells may, at high doses, improve the clinical picture in Th1-mediated AIDs.
Moreover, certain mechanisms (such as estrogen-enhanced Ab production in response to Ag immu-
nization) can differ among different estrogens [43].

Laffont et al. [44] have focused their attention on estrogens or ER agonists as potent neuroprotective as
well as anti-inflammatory agents, in EAE. Estradiol-mediated protection from EAE may be exercised
through two non overlapping mechanisms: an anti-inflammatory effect, when the hormone is admin-
istered before the disease is induced, and a neuroprotective action, once the disease has progressed.

In a very recent, comprehensive review, Moulton [45] again stressed that progesterone and an-
drogens are immunosuppressive and therefore protective against AIDs, whereas estrogens are
immune-stimulatory and therefore pathogenic in AIDs. Aire, a key molecule in central tolerance, has
been found to be present at lower levels in postpubertal females than in males; therefore, estrogen-
mediated regulation of the T cells repertoire selection is important in central tolerance and contrib-
utes to autoimmunity [46]. Moreover, estrogens influence CD4™ T cell activation, cytokine production,
differentiation, and regulatory functions with an impact on physiological processes and AIDs [47].
Different studies show that the effect of estrogens on immune responses depends on specific con-
centrations and expression of specific receptor subtypes, thus indicating a tissue-specific targeting. The
role of estrogens in autoimmunity is complex and presents an intriguing dichotomy regarding its ef-
fects on different AIDs. SLE worsens during pregnancy, while MS, RA, ATD, and others improve due to
the maternal shift from Th1 to Th2 immune response. The Th1 to Th2 shift has been reported to provide
protection from immune rejection and enhancement of antibody production for passive transfer of
immunity to the fetus. In SLE, the shift to a Th2 immune response enhances autoantibody production
[48]. In postmenopausal women, estrogen deficiency is crucially involved in the chronic inflammatory
reaction mediated by IL-17, which leads to osteoporosis. IL-17 is also implicated in the pathogenesis of
inflammatory arthritis including RA, and estrogen administration is able to reverse IL-17-mediated
bone destruction [49]. Furthermore, lower numbers of Tregs are found in the postmenopausal
period of estrogen decline, indicating an impaired Treg-mediated suppressive function on T effector
cells and protective effects on bone metabolism [50].

The dichotomy of the role of estrogens in autoimmunity can explain contribution of estrogen to SLE
pathogenesis, worsening the disease in humans and murine models, while offering immune protection
in other AIDs such as MS and RA [51].

Progestogens

The basic effects of progestogens on the immune systems will be considered in another chapter of
this issue [52]. The action of progestogens is only mentioned here for ease of reference. Overall, P and
C,; synthetic progestins exert a suppressive action on the immune system. Forty years ago, it was
suggested that P is responsible for the decreased immune responses observed during pregnancy [53]. P
also influences Abs production, especially of those that are asymmetrically glycosylated and therefore
unable to trigger immune effector mechanisms. Asymmetric Abs are thought to be self-protective [54].
The immunomodulatory effects are generally considered as anti-inflammatory; they differ from those
of estrogens and androgens and may confer protection from injury in general [55].

Hughes [30] has pointed out that both P and synthetic progestins impact on the risk of
immune-mediated injury and do so in a number of ways depending on their concentrations,



30 M. Benagiano et al. / Best Practice & Research Clinical Obstetrics and Gynaecology 60 (2019) 24—34

affinity for receptors expressed in immune organs, and the immune cells or tissues targeted by
immune attack. Whereas at physiological levels, P may enhance pathways related to SLE path-
ogenesis, at the concentrations found during gestation, it may suppress disease activity in RA
and MS.

Androgens

Androgens have also been implicated in regulating the immune system and in modulating the
immune response. Almost all the actions of androgens are considered to be immunosuppressive
[36,56]. Androgens modulate the development of B cell populations and regulate the function of
immuno-competent T cells by depressing the T lymphocyte response [31]. Different androgens
probably act differently on the immune system [31], which may have relevance when discussing
progestogens, as some progestogens that are used clinically have androgenic activity, as shown in
Table 4.

An example of how complex the situation may become is illustrated with cyproterone acetate (CPA),
a progestin with marked antiandrogenic activity. An early report [57] found that CPA exerts a strong
immunosuppressive effect in mice. This may seem paradoxical because, as an antiandrogen, CPA would
be expected to stimulate immune function. However, cyproterone also has marked progestational
activity; therefore, it may be that — at least in mice — the immunosuppressive action of the progestin
dominates. In addition, despite the progestational properties, CPA has a pharmacological profile similar
to that of the antiprogestin mifepristone [58].

Overall, it can be stated that testosterone administration in mice causes thymic atrophy, and male
mouse castration produces thymic hypertrophy [59,60].

In Moulton's review [45], there is updated information of the mechanism of action of androgens on
the immune system, stressing that low testosterone levels are associated with high levels of B cells and
antibody responses. Moulton [45] concluded that androgens promote B lymphopoiesis through either
an intrinsic mechanism on B cells or a direct action on bone marrow stromal cells. Androgens also act to
limit the peripheral lymphoid compartment and their suppression leads to an increase in peripheral
lymphoid populations.

Clinically, there is evidence that androgens can protect against autoimmune diseases. Androgens
also have different effects in both sexes. In men with MS, transdermal testosterone treatment signif-
icantly reduced delayed-type hypersensitivity skin recall responses and decreased the proportion of
CD4™ T cells, while increasing NK cell levels [61,62]. However, in females, transdermal testosterone
administration in mild-to-moderate SLE did not significantly affect disease activity, quality of life, or
sexual functioning. However, the authors stated that the increased use of steroids in the placebo group
may have confounded the results [63].

Another androgen assessed in SLE is DHEA. In 2007, a Cochrane review of seven RCTs (842 par-
ticipants; 839 women and only 3 men) concluded that DHEA had little clinical effect on disease activity
in patients with mild/moderate AID. However, one trial showed evidence of stabilization or
improvement in 8.3% more patients than those treated with placebo [64].

Table 4

Relative potencies of synthetic progestins. Adapted from Greer et al., 2005 [83].
Progestin (1 mg) Progestational Activity Androgenic Activity®
Norethisterone 1.0 1.0
Norethisterone acetate 1.2 0.6
Ethynodiol diacetate 14 1.6
Levonorgestrel 5.3 8.3
DI norgestrel 2.6 4.2
Norgestimate 13 1.9
Norelgestromin 13 1.9
Desogestrel 9.0 34
Drospirenone 1.5 0.0

¢ Progestational and androgenic activity are relative to 1-mg dose of norethisterone.
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Conclusions

The modulatory effect of steroid hormones on the immune system has been well established,
although the simple view that estrogens have a stimulatory action, while progestogens and androgens
are immunosuppressive, is no longer acceptable.

The situation is complicated by the fact that different classes of synthetic progestins have different,
sometimes opposite, additional activities (androgenic, antiandrogenic, glucocorticoid, anti-
glucocorticoid, etc.).

Finally, estrogens seem to have a double role in autoimmunity, contributing to worsening SLE
pathogenesis, while offering immune protection in other AIDs such as MS and RA.
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Practice points

Autoimmune disorders represent a heterogeneous group of diseases in terms of clinical
manifestations, pathogenesis, and prevalence. At present, there is no agreement on a
common classification.

e Autoimmunity is the mirror image of tolerance. Loss of tolerance to one's own substances
can take place in several different ways; therefore, there is no single cause responsible for
autoimmunity. The breakdown of tolerance can lead to an attack of the body's own struc-
tures, as if they were foreign through various mechanisms.

e Sex steroid hormones may positively or negatively influence the course of an autoimmune

disease, depending on the type of immune mechanism involved in its pathogenesis.

Steroid hormones play a critical role in the physiology and pathology of the immune system,

especially in adaptive immunity. The classic view that female steroid hormones have well-

defined effects, with estrogens being “pro-inflammatory” and progesterone and synthetic
progestins being “anti-inflammatory,” is presently considered too simplistic.

Hormonal factors, alone or in relation to age, sex, and reproductive status, are involved in

conditioning the onset of a number of human autoimmune diseases, with a female-to-male

ratio of 2:1.

e Overall, estrogens seem to play a double role in autoimmunity. While in SLE pathogenesis

they contribute to the worsening of the disease, they provide immune protection in other

AlDs such as MS and RA.

Research agenda

e Progesterone and synthetic progestins are considered both anti-inflammatory and immu-
nosuppressant. At the same time, synthetic progestins belong to at least 4 different families
with different estrogenic, anti-estrogenic, androgenic, anti-androgenic, or glucocorticoid-like
activities. Given this reality, it is important to evaluate the effects of individual classes of
progestins on autoimmune diseases.

e Estrogens are considered pro-inflammatory and immunostimulant. Classic studies refer to
the effect of estradiol and presently several new estrogens are being utilized clinically. The
effect of these new compounds on autoimmune diseases should be investigated.

e There is insufficient information of the effect of androgens on autoimmune diseases in
women.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.bpobgyn.2019.03.

001.
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