Journal of Reproductive Immunology 117 (2016) 57-65

Contents lists available at ScienceDirect

JOURNAL OF
REPRODUCTIVE
IMMUNOLOGY

Journal of Reproductive Immunology

journal homepage: www.elsevier.com/locate/jreprimm

Reproductive aspects of systemic lupus erythematosus @CmMﬂk

Ozgur Oktem (MD)?"-*, Hande Yagmur (MD)?, Hale Bengisu (MD)?,
Bulent Urman (MD)?"

2 Koc University, School of Medicine, Department of Obstetrics and Gynecology, The division Reproductive Endocrinology and Infertility, Istanbul, Turkey
b American Hospital Women’s Health Center, Assisted Reproduction Unit, Comprehensive Cancer Care and Fertility Preservation Programs, Istanbul, Turkey

ARTICLE INFO ABSTRACT

Article history: Systemic lupus erythematosus (SLE) is an auto-immune systemic disease showing a strong predilection
Recefved 24 Apfll 2016 for women of reproductive age. Higher prevalance of SLE among young women are in part accounted
Received in revised form 27 May 2016 for by the effects of estrogen hormone on immune system. The key pathophysiological features of this

Accepted 4 July 2016 disease are the generation of autoantibodies and the deposition of antibody-antigen complexes in the

basal membranes of the organs where they evoke inflammatory responses and injury. Young females

I(eyworfls: diagnosed with SLE are more prone to developing a multitude of adverse reproductive and obstetric
Systemic lupus erythematosus . . . . e . i . . . .
Estrogen outc.omes, espec1al!y in thg presenFe of active disease. Our mptlvatloq in Wl‘ltll.'lg this reynew article is to
Immunity outline the recent interesting findings of molecular and clinical studies showing multi-faceted roles of
Reproductive outcome estrogen hormone in both normal immune function and auto-immunity and to provide an update on the
Fertility preservation ovarian function and other poor reproductive outcomes in young females with SLE.

Amenorrhea © 2016 Elsevier Ireland Ltd. All rights reserved.
Infertility

Chemotherapy

Lupus complications

Contents
B O 15 (o LT (o) o 57
2. SECTION-1: estrogen in auto-immunity and lupus: emerging evidence from clinical and molecular studies.................c.ccooiiiiiiiiiiinnnn... 58
3. SECTION-2: reproductive function in women with systemic IUpus erythemMatoSUS. . .........ettuuiee it et tiee et iie et iae et iieeeeiaeeeenaaaas 59
3.1. Pathophysiological mechanisms of abnormal reproductive function in SLE............ooiuiiiiiiiiiiiiie it iie e iie e iaaans 59

3.2. The impact of cytotoxic immunosuppressive therapies on ovarian function and the predictors of ovarian failure in women with SLE..... 60
3.3. Strategies to preserve fertility of women with SLE
Conflict of interest
Funding........coovvviiiiiiiiin i .

(S 1 Lol P

immune systemic disease showing a strong predilection for women
of reproductive age. The key pathophysiological features of this dis-
ease are the generation of autoantibodies and the deposition of
antibody-antigen complexes in the basal membranes of the organs
where they evoke inflammatory responses and injury. Higher
prevalance of SLE among young women are in part accounted
for by the effects of estrogen hormone on immune system. Our
aim in writing this review article is to provide an update on 1)
the clinical and molecular evidences showing multifaceted role of
estrogen in immunity and auto-immunity, 2) the impact of SLE
and its treatment regimens on reproductive function and current
fertility preservation strategies in women suffering from this dis-

1. Introduction

Females generally develop stronger immune responses to anti-
genic stimuli than males. Perhaps, as a results of this gender
difference they are more prone to developing autoimmune diseases
than men. Systemic lupus erythematosus (SLE) is such an auto-
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Fig. 1. The schematic illustration of how estrogen hormone induces changes in the immune system that render women more susceptible to developing SLE. Estrogen
hormone promotes the differentiation of Ty2 cells and maturation of B cells into antibody producing plasma cells; activates Ty17 lymphocytes to amplify auto-immune
and inflammatory responses; abrogates self-tolerance by suppressing Tregs lymphocytes; and stimulates dendritic cells to produce inflammatory cytokines. accelerated

differentiation, maturation, and secretion of proinflammatory cytokines.

2. SECTION-1: estrogen in auto-immunity and lupus:
emerging evidence from clinical and molecular studies

The effects of estrogen are not confined to reproduction but
also extend to the immune system as recent studies revealed an
extensive interaction between estrogen and immune cells. There
is a female predominance of SLE and other autoimmune diseases
during the reproductive age, when the systemic effects of estro-
gen predominate. A number of observational studies support the
potential role of estrogen in predisposing to SLE. For instance, one
study compared the female-to-male ratio of SLE in different age
groups to analyze the effect of estrogen on immune system. Their
results showed that the female/male ratio is 3:1 in pre-pubertal
children whereas the ratio increases up to 15:1 in adults, then
drops to 8:1 after menopause (Lahita, 1999). The Nurse’s Health
Study demonstrated that early menarche and the use of estrogen
containing regimens increases the risk for SLE in women (hazard
ratios of 1.5-2.1) (Buyon et al., 2005; Costenbader et al., 2007). In
a similar manner, the use of gonadotropins for ovulation induc-
tion increases the rate of SLE flares compared to clomiphene (27%
vs. 6% of the cycles) (Huong et al., 2002). Immune cells (B cells, T
cells, monocytes, dendritic macrophages) express cognate estro-
gen receptors ERa and ERP (nuclear isoforms and/or membrane
receptors) (Lee and Chiang 2012). By binding to these receptors
and activating several signaling pathways, estrogen plays impor-
tant roles in both immunity and in the female predominance of
auto-immunity. Estrogen-induced changes in the immune system
are illustrated in the Fig. 1. There is a switch from a type 1 (Ty1) to
a type 2 (Ty2) T helper subset in SLE (Liblau et al., 1995; Constant
and Bottomly 1997). The resultant imbalance between Tyl and
Ty2 cytokine production may contribute to the pathogenesis of SLE
Estrogen may support the development of T helper 2 subset lym-
phocytes, B cell hyperactivity and more antibody production, while
testosterone may have the opposite effects, promoting T helper 1
activity (Lee and Chiang 2012) (Fig. 2). Estrogen also fosters the
differentiation of B cell into antibody-producing plasma cells by
stimulating the expression of IL-21, which is a critical mediator of
this transformation and found at higher levels in serum, periph-
eral blood mononuclear cells (PBMCs), and T helper cells of SLE
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Fig.2. Contributory factors causing menstrual irregularity, ovarian failure and infer-
tility in women with systemic lupus erythematosus.

SLE involves many organ systems. The ovarian function can be compromised both
autoimmune oophorotis; and by gonadotoxic effects of cyclophosphamide. In addi-
tion, hormonal imbalances and altered hypothalamic pituitary ovarian axis can
further contribute to ovarian dysfunction culminating in menstrual irregularity,
infertility and ovarian failure.
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