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Abstract In recent years, there has been a growing interest in the role of immune, alloimmune and autoimmune processes
in the pathogenesis of spontaneous preterm birth and recurrent pregnancy loss. The association between an inflammatory
response and preterm labor has been established. Indeed, many women suffering from preterm labor have elevated
inflammatory markers such as tumor necrosis factor alpha, interleukin 6 and matrix metaloproeinase 8. The role of immune
processes in the pathogenesis of recurrent pregnancy loss has also been widely researched. Progesterone induces many
physiologic effects necessary for healthy pregnancy, and progestagens supplementation has been used as an approach to
prevent preterm labor and recurrent pregnancy loss. Progestagens also have potent anti-inflammatory and immunomod-
ulatory actions. Because preterm labor and recurrent pregnancy loss are associated with abnormal inflammation, pro-
gestagens may maintain healthy pregnancy through both endocrine and immunologic actions. These immunologic actions,
such as suppression of Th1- and Th17-related responses, enhancement of regulatory T cell (Tregs) activity and suppression
of inflammation, may also be involved in pregnancy-induced remission of certain autoimmune diseases such as rheumatoid
arthritis (RA) and multiple sclerosis (MS). Accordingly, there is growing interest in the potential therapeutic role of
progestagens in the treatment of MS and RA. In this review, we suggest that biologic autoimmune modulators, especially
those which affect immune pathways similar to progestagens, may provide more potent and specific effects, and hence
better results than progestagens, in preventing preterm labor and recurrent pregnancy loss.
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In recent years, there has been growing interest in the role
of immune, alloimmune and autoimmune processes in the
pathogenesis of spontaneous preterm birth and recurrent
pregnancy loss (RPL).

Significant evidence has accumulated regarding the role
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of intrauterine inflammation in preterm labor, especially
when it occurs early in gestation [1]. Women with preterm
labor often have elevated blood inflammatory markers such
as tumor necrosis factor alpha (TNF-a), interleukin 6 (IL-
6) or matrix metaloproeinase 8 (MMP-8). The association
of elevated maternal blood inflammatory markers with
preterm labor appears to be independent of intra-amniotic
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inflammation [2]. This suggests that maternal immune
responses rather than infection of the conceptus are
important drivers of inflammation-associated preterm birth.
This hypothesis is supported by recent data showing sig-
nificant correlations between maternal IL-6, TNF-o0 and
other inflammatory gene polymorphisms and risk of
spontaneous preterm birth [3]. Moreover, in a systemic
review including 17 primary studies compromising 6,270
participants, IL-6 in cervicovaginal fluid and IL-6 and
C-reactive protein (CRP) in amniotic fluid were predictive
of spontaneous preterm birth in asymptomatic women [4].

RPL is associated with certain autoimmune diseases
(ADs), most notably the antiphospholipid syndrome (APS),
for which RPL is a diagnostic criterion [5]. Again, this
suggests that abnormalities in the maternal immune
response negatively impact pregnancy outcomes. However,
the mechanisms linking AD to RPL remain obscure.

Progesterone for preterm labor

Progesterone (pregn-4ene-3, 20-dione) is a steroid hor-
mone that is critical for maintenance of early pregnancy; in
the first 7-9 weeks of gestation, it is produced by the
corpus luteum. Its name is based on this function—pro-
gestational steroidal ketone. Before 7 weeks of gestation,
surgical removal of the corpus luteum or administration of
a progesterone antagonist will result in abortion [6, 7].
After 7-9 weeks of gestation, the placenta assumes pro-
gesterone production, and there is a gradual increase in
serum levels throughout pregnancy, reaching levels that are
up to 5,000 times higher at term than those in non-pregnant
women [8].

There is also compelling evidence that progestagens
supplementation may help prevent preterm birth in
women who have suffered from a previous spontaneous
preterm singleton birth and in women with a short cervix
on ultrasound examination in the current pregnancy [9,
10].

The mechanism by which progestagens delay or prevent
preterm births is less clear. The classic theory was that
progestagens delay preterm birth in these women by
maintaining uterine muscle (myometrium) quiescence—
that is, preventing premature contractions that could lead
to further shortening and even dilatation of the cervix.
Progestagens act to maintain uterine quiescence by inhib-
iting the expression in myometrial cells of genes whose
downstream products are involved in uterine contraction,
e.g., prostaglandins, oxytocin receptors and gap junction
proteins [11, 12]. However, there is a growing under-
standing that progestagens ability to prevent preterm labor
involves their immunomodulatory and anti-inflammatory
actions [13].
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Progestagens for recurrent pregnancy loss

Another indication for progestagen therapy in obstetrics is
RPL, especially in unexplained RPL. A meta-analysis of
four trials, including 225 women suffering from RPL,
showed that progestagen supplementation significantly
decreased the miscarriage rate compared to placebo or no
treatment [14]. However, all the trials included in the meta-
analysis used synthetic progestagens rather than progester-
one itself. Moreover, methodologic limitations of these trials
mean that additional trials are required. There is currently an
ongoing trial of micronized progesterone for the treatment of
RPL—the PROMISE study (ISRCTN 92644181), results of
which are eagerly awaited. The ability of progestagen sup-
plementation to prevent RPL is believed to arise from both
the hormone’s effect on the uterus leading to successful
implantation [14] and immune modulation [15, 16].

Progestagens and immunity

Progestagens have many immunomodulatory effects,
which are mainly immunosuppressive. These effects are
achieved through direct actions on cells of both the innate
and adaptive immune systems.

In the adaptive immune system, leukocytes express
specific nuclear and membrane progesterone receptors
[17], and progestagens have effects in both B cells and T
cells. Important effects appear to be mediated through T
helper (Th) cells. High levels of progesterone, such as
those found in pregnancy, suppress the development and
functions of Thl and Th17 cells while inducing the func-
tion and development of Th2 and Treg cells [17, 18]. This
shift toward increased Treg/Th2 activity and reduced Thl/
Th17 is possibly involved in the remission of multiple
sclerosis (MS) and rheumatoid arthritis (RA) during preg-
nancy and could also explain the increased susceptibility of
pregnant women to infection by intracellular pathogens
such as Listeria monocytogenes, HSV-2 and HIV [19-21].

Progestagens may also dampen humoral immunity by
suppressing immunoglobulin class switch recombination in
B cells—a process required for B cells to manufacture
highly active antibodies (Abs), either protective or self-
reactive (autoimmune) [22]. During pregnancy, progester-
one and other pregnancy hormones alter posttranslational
glycosylation of autoAbs, rendering them less capable of
inducing inflammation [23, 24]. Progestagens have addi-
tional effects on components of the innate immune system.
Progestagens can program dendritic cells (DCs) that favor
the differentiation of Treg cells and not Thl or Th17 cells
[25]. Progestagens also suppresses the production of sev-
eral pro-inflammatory cytokines such as TNF-a, IL-1f3, IL-
6 IL-8 and IL-23 [13, 26].
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Due to the increasing recognition of progestagens’
immunomodulatory effects and their potential roles in
remission of RA and MS during pregnancy, it has been
postulated that progestagens may have a therapeutic
potential for these ADs, in both sexes and outside of
pregnancy. A clinical trial is presently being performed to
examine the potential benefit of progestagens for the
treatment and prevention of MS relapses [27].

Biologics for prevention of recurrent pregnancy loss
and preterm birth

Improved understanding of the pathophysiology underlying
RA has led to the development of targeted treatments,
termed biologic disease modifying anti-rheumatic drugs
(bDMARD:s). In the case of RA, the main biologic treatment
approaches achieving good clinical impact are blockade of
the inflammatory cytokines TNF-a, IL-1B or IL-6, B cell
depletion and disruption of T cell co-stimulation. We pos-
tulate that some of these biologic treatments could, like
progestagens, help prevent preterm labor and RPL.

In the case of preterm labor, both TNF-o and IL-6 have
been reported to be involved in preterm birth caused by
inflammatory processes [1], and their inhibition may lead
to better results in preventing preterm labor.

TNF-o inhibitors were the first approved bDMARDs
and for patients with persistently active RA; the combi-
nation of TNF-a inhibitors and methotrexate has proven to
be safe, well tolerated and effective therapy [28]. Toc-
ilizamab is a humanized antihuman IL-6 receptor antibody
with proven therapeutic effect in patients with RA when
administered parenterally [29, 30]. The drug may cause
dyslipidemia but is generally well tolerated [31].

Of these drugs, TNF-o inhibitors have been the most
extensively studied in pregnancy. TNF-a inhibitors have
been classified by the FDA as pregnancy Category B drugs,
meaning that animal reproduction studies have not shown
any risk to the fetus, but there are no adequate and well-
controlled studies in human pregnancy. TNF-a inhibitors like
all the biologics are IgG molecules (either completely or
partially). Fetal exposure to IgG is very low during organo-
genesis, but placental transfer starts at the beginning of the
second trimester and increases until term. The biologics do
not seem to be teratogenic but do increase the risk of infec-
tion after birth when given in late pregnancy [32]. Therefore,
there may be some barriers to future investigation into pos-
sible role for biologics in the prevention of preterm labor.

In the case of RPL, the possible benefit of immunotherapy
has been widely assessed. In a Cochrane review including 20
trials involving paternal cell immunization, trophoblast
membranes transfusion, third party donor leukocytes and
intravenous immune globulin and immunotherapy provided

no significant beneficial effect over placebo in improving the
live birth rate when all patients with two or more miscar-
riages were analyzed as one homogeneous group [33].
However, subgroup analysis has shown that immunomodu-
lation, whether paternal leukocyte immunization [34, 35] or
intravenous immunoglobulin treatment [36], may be highly
effective on certain subgroups of patients.

In RPL, approximately 40 % of miscarriages are due to
embryonic aneuploidy. Immunotherapy cannot prevent
aneuploid embryos from being lost. Hence, further research
is required focusing on the possible benefit of specific bi-
ologics in the prevention of RPL with chromosomally
normal embryos. This hypothesis is strengthened by a
recent study conducted on women suffering from RPL and
increased peripheral NK-cell number and/or activity. This
study showed that etanercept (a TNF-a blocker) immuno-
therapy significantly decreased NK-cell activity. This
effect was significantly higher in women with subsequent
pregnancy success, but not in those with pregnancy failure
[37]. Additionally, work with the Th-2 cytokine G-CSF has
shown promising results in RPL [38].

Summary

It has been 37 years since Siiteri first named progestagens
as nature’s immunosuppressants [39]. We believe that
better understanding of the immunomodulatory actions of
progesterone during healthy pregnancy could identify
inflammatory pathways in PTL and PRL that would be
amenable to therapeutic targeting by existing immuno-
modulatory drugs.
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