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Abstract

Steroid hormones have been in use for more than a half a century as contraceptive agents, and
only now are researchers elucidating the biochemical mechanisms of action and non-target
effects. Progesterone and synthetic progestins, critical for women'’s health in the US and
internationally, appear to have important effects on immune functioning and other diverse
systems. Apart from the contraceptive world is a separate field that is devoted to understanding
progesterone in other contexts. Based on research following a development timeline parallel
to hormonal contraception, progesterone and 17-hydroxyprogesterone caproate are now
administered to prevent preterm birth in high-risk pregnant women. Preterm birth researchers
are similarly working to determine the precise biochemical actions and immunological effects
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collaborative research

of progesterone. Progesterone research in both areas could benefit from increased
collaboration and bringing these two bodies of literature together. Progesterone, through
actions on various hormone receptors, has lifelong importance in different organ systems and
researchers have much to learn about this molecule from the combination of existing

literatures, and from future studies that build on this combined knowledge base.
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Introduction

Progesterone, progestins, and progestogens

Progesterone is a C-21 steroid hormone first identified and
characterized by Willard Myron Allen in 1933. C-21
steroid hormones contain 21 carbons and are also referred
to as pregnanes. This class of signaling molecules also
includes corticosteroids. Dr Allen named the compound
progesterone, shortened from ‘progestational steroid
ketone’. Many different synthetic agents that bind
the progesterone receptor (PR), termed ‘progestins’, are
now used for contraception, preterm birth prevention,
hormone therapy, and as treatment for a wide range of

gynecologic conditions. As the number of available
compounds has grown, so too has our understanding of
how they differ in terms of metabolism, pharmacokinetics,
potency, binding affinity for the PR and other steroid
receptors, and effects on diverse cell types. The term
‘progestogen’ encompasses both natural and synthetic
compounds that bind the PR.

The need for contraceptive technology

Half of pregnancies in the USA are unintended (1, 2, 3).
About half of women in the USA will have an unintended
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pregnancy by age 45, and one in three will have an
abortion (4). Worldwide, the situation is more dire as
women with unintended pregnancy often do not have
access to safe abortion or obstetric care. Over 280 000
maternal deaths occurred in 2010 and 7.9% were due to
unsafe abortion (5). Improvements in contraceptive access
as well as advancements in contraceptive technology are
needed to address these issues (6). Reducing unmet need
for family planning represents one of the most effective
strategies for improving maternal health (7), and proges-
togens remain one of the most promising avenues for
contraceptive research and development. However, there
is evidence indicating that current methods of hormonal
contraception, particularly injectable progestins, may
increase women'’s risk of HIV acquisition and transmission
to male sex partners (8). Lack of other contraceptive
options, especially for women at highest risk, is a critical
barrier to progress towards optimizing women'’s reproduc-
tive health.

Progesterone for preterm birth prevention

In 2006, progesterone and 17o-hydroxyprogesterone
caproate (17-OHPC) re-emerged as effective therapies for
pregnant women at high risk for preterm delivery (delivery
at <37 weeks gestation). In turn, scientists studying the
mechanisms of normal and preterm birth and the role of
reproductive hormones made important discoveries
regarding progestins, the PR, and related steroid receptors.
Research in preterm and normal labor has highlighted the
impact of progesterone on immune functioning.

Bringing two worlds together

Biochemists continue to elucidate the mechanisms of
action of different progestins in order to identify the safest
and most effective compounds for widespread use in
contraceptives and preterm birth prevention, but research
in these areas tends to occur in a vacuum. Researchers in
both areas would benefit from following the other
separately evolving field. This article aims to bring
together these two related literatures, discuss the state of
the science of the physiology of progestins and progester-
one for these indications, and determine what conclusions
may be drawn about the differential effects of progestins
on various organ systems, particularly the immune
system, and how these findings might impact the
development of contraceptive and preterm birth preven-
tion methods.
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Progesterone: diverse roles in different
systems

It is estimated that steroid receptors first appeared in living
organisms approximately half a billion years ago. The
mineralocorticoid, glucocorticoid, progesterone, and
androgen receptors are very closely related members of the
nuclear-receptor super-family, thought to arise in multi-
cellular animals (9, 10). Structurally similar receptors exist
in all vertebrates, and are present in some invertebrates such
as mollusks, proving their ancient origins (11, 12).

Progesterone has diverse effects on myriad systems. It
plays arole in pair bonding in birds (13), body fluid balance
in humans (14), sexual differentiation in fish (15), and
sexual receptivity in mice (16). In human males and
females, progesterone has been found to have various
reproductive and non-reproductive functions, including
immunomodulation, neuroprotection, and inhibition of
cholesterol synthesis (17, 18, 19). Progesterone is one of
several hormones, including Vitamin D, aldosterone, and
cortisol, which all compete for similar receptor sites in both
brain and peripheral tissue. Receptor binding and sub-
sequent effects depend on the metabolic condition (20).

The role of progesterone in reproductive functioning
is complex in both pregnant and nonpregnant women.
In a normal menstrual cycle, progesterone is critical for
preparing the endometrium for implantation of the
embryo and, if implantation occurs, it is needed to
maintain the pregnancy (21, 22). If pregnancy does not
occur, bleeding occurs in response to progesterone with-
drawal. Progesterone also is responsible for ovulation
suppression during the luteal phase. In pregnant women,
progesterone promotes uterine quiescence but, through
different receptors, also makes a contribution to the
cascade of events leading to labor (23).

Diverse signaling pathways

Progesterone was traditionally believed to act only
through the progesterone and other steroid receptors via
gene transcription and translation of genes into proteins.
The PR is one of the best-described transcription factors.
However, it also acts through many non-genomic mech-
anisms that do not require steroid receptors and protein
transcription. Such actions are considerably faster and
may play crucial roles in several organ systems, especially
the brain. Non-genomic actions of progesterone include
activation of intracellular signaling pathways through
modulation of cell surface receptors, ion channels, and
secondary messenger cascades (24). Through these
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mechanisms, as well as the traditional PR pathway,
progesterone helps regulate cell viability in the brain.
Other examples of rapid non-genomic effects include
acceleration of oocyte maturation and stimulation of the
acrosomal reaction in spermatozoa (25). Some of these
effects are mediated through a different kind of PR,
sometimes referred to as ‘membrane PRs’, which may act
via inhibitory G-proteins (26).

Progestins in pregnancy
Biochemical effects of progesterone in normal pregnancy

In humans and some primates, unlike other mammals,
labor is not precipitated by systemic withdrawal of
progesterone. Rather, a so-called functional withdrawal
of progesterone occurs prior to term or preterm labor due
to mechanisms including increased catabolism and
changes in availability and type of PRs (27). Furthermore,
inhibition of corticotropin-releasing hormone (CRH) in
both the brain and placenta, and antagonism with the
transcription factor nuclear factor-kappa B (NFkB) are also
important mechanisms that account for the efficacy of
progesterone in the prevention of preterm labor (19).

Studies have examined the presence of various PRs
within the myometrium at different stages in pregnancy
(28). In myometrial samples taken at the onset of labor,
there is a change in the ratio of two different PRs (PR-A and
PR-B), leading to differential activation of progesterone-
responsive genes. This enables progesterone to have very
different effects during this period of time compared to its
effects during earlier stages of pregnancy. Recent evidence
suggests that myometrial cells are PR-B dominant through
most of pregnancy and promote a quiescent state through
anti-inflammatory actions. When labor occurs, PR-A
expression rises and allows progesterone to stimulate
pro-inflammatory gene expression, and inhibit the
anti-inflammatory actions of PR-B (23). Furthermore,
PR co-activators decrease significantly in normal term
pregnancy and during labor. These changes make the
myometrium more sensitive to contractile stimuli and
are key to labor timing in humans (27).

Placental expression of CRH is also a key determinant
of steroid hormone production and gestational length in
humans. The placenta produces CRH, which increases
exponentially in pregnancy, leading to increased cortisol
production by the fetal adrenal glands, as well as direct
effects on the myometrium, decidua, and amnion.
CRH levels are strongly associated with birth timing.
Progesterone interacts with placental CRH in complex
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ways (19, 29); it both inhibits CRH production in the
placenta and attenuates the effects of CRH. Progesterone
also competes with cortisol for the same receptor sites.
The effect of progesterone on CRH activity depends on
gestational age and the ratio of different PRs.

The role of progesterone in pregnancy maintenance
and in labor initiation is complex and varies throughout
pregnancy depending on the state of myometrial receptors
and other factors. Nonetheless, clear evidence for the
importance of progesterone in pregnancy maintenance
comes from the known effects of selective PR modulators
(SPRMs). This class of medications includes mifepristone,
with primarily antagonistic effects, and ulipristal acetate,
with tissue selective mixed agonist and antagonist activity
(30). Mifepristone is highly effective for pregnancy
termination, particularly in a regimen combined with
the prostaglandin analog misoprostol (31). Ulipristal
acetate is used for emergency contraception up to 5 days
after unprotected intercourse. It reliably inhibits ovulation
as a primary mechanism of action but also promotes
endometrial effects that prevent implantation of an
embryo (32).

Progesterone and the prevention of preterm labor

In the 1950s, when the first progestins were synthesized
for contraceptive use, progesterone and the natural
adrenal progestogen 17a-hydroxyprogesterone (17-OHP)
were initially used to prevent spontaneous abortion.
Early studies failed to show that this practice was
beneficial (33, 34). In 1951 and 1954 studies by Eichner,
women who had preterm premature rupture of mem-
branes were given progesterone to delay the onset of labor
(33, 34, 35, 36). In 1960, in a study by Fuchs, large doses of
progesterone were administered to women to treat threat-
ened preterm labor (37). These trials, however, were
largely unsuccessful. Later, it was found that in order
to prolong pregnancy duration, progesterone must be
administered long before clinical preterm labor (38).

In the obstetric setting, studies have almost exclu-
sively evaluated natural progesterone and progestogens
for their effects on preterm birth due to concerns regarding
fetal exposure. In early studies, synthetic progestins, but
not natural progesterone, were found to have either a
feminizing or virilizing effect on children who were
exposed in utero (39). In doses higher than those currently
used in practice, natural progesterone exposure in utero
has been associated with behavioral changes and slightly
delayed sexual maturation. Other studies have suggested
an increased risk of hypospadias among male offspring of
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women using progesterone in early pregnancy (40, 41).
However, this is not a major concern for women using
progesterone for prevention of preterm labor, as the
therapy does not begin until at least 16 weeks’ gestation.

17-OHPC, the synthetic ester derivative of 17-OHP
formed from caproic acid, is the major progestin used
today to prevent recurrent preterm birth among women
with a prior preterm delivery (38, 42). Several reviews and
meta-analyses have summarized the clinical trials evalu-
ating progesterone for the prevention of preterm labor
(43, 44). Modern obstetrical practice shifted towards the
use of progesterone in high-risk women after the publi-
cation of two large randomized trials in 2003 (38, 45). The
Meis study found that weekly i.m. injection of 17-OHPC
significantly decreased the percentage of preterm deliv-
eries among women with singleton pregnancies who had a
history of prior spontaneous preterm birth. The relative
risk with 17-OHPC for preterm delivery at <37 weeks was
0.66 (0.54-0.81), P<0.001. This same regimen has not
been effective in several studies of women with twin or
triplet pregnancies (46, 47, 48). Oral micronized progester-
one has also been shown to be effective among women
with singleton pregnancies who have a prior spontaneous
preterm birth. In one study, 29/74 women in the oral
progesterone group vs 44/79 women in the placebo group
had a preterm delivery at <37 weeks (P=0.002) (49).
Decreased risk of preterm delivery has been achieved with
vaginal progesterone gel, though one study showed no
effect (50).

Natural progesterone is vaginally administered to
prevent preterm birth among women at risk due to
sonographically diagnosed short cervix (51). In a large
study using vaginal micronized progesterone capsules, the
risk of preterm birth <34 weeks among women with
cervical length of 15 mm or less between 20 and 25 weeks
gestation was 19% vs 34% in the placebo group (relative risk
(RR) 0.56, 0.36-0.86, P=0.02) (51). Similar results were
observed in another study of vaginal progesterone in
women with a short cervix measuring 10-20 mm at
enrollment (52). A more recent study concluded that
vaginal progesterone was equally effective as cerclage in
this setting (53). Aswith 17-OHPC, vaginal progesterone has
not been shown to be effective in twin pregnancies (54, 55).

The immunological effects of 17-OHPC and natural
progesterone appear to play a major role in birth timing.
Progesterone inhibits the transcription factor NFkB,
inhibiting COX2 and the production of prostaglandins,
which are known to promote labor (56, 57). NFkB is
stimulated by pro-inflammatory cytokines including
tumor necrosis factor alpha (TNFa), lipopolysaccharides,
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and interleukin 1 beta (IL1B). Conversely, NFkB promotes
the synthesis of cytokines, and additionally increases
expression of the oxytocin receptor and inhibitory PR
isoforms (19). Pretreatment of reproductive tissues with
progesterone appears to decrease cytokine-mediated
inflammation (58, 59). In a large preterm birth study,
women with singleton pregnancies who received
17-OHPC had decreased IL1B noted on cervical swabs
and decreased cervical shortening (60). Thus progesterone
exhibits anti-inflammatory effects that help to inhibit
labor onset.

Treatment with 17-OHPC or progesterone appears to
significantly reduce the risk of spontaneous preterm birth
among high-risk women and decrease the risk of perinatal
morbidity. The treatment has few adverse effects. As with
certain progestin contraceptives, the only contraindica-
tions are hormone-sensitive cancers, active liver disease,
and uncontrolled hypertension (61). The most common
side effects are injection site reactions for 17-OHPC, and
vaginal irritation for vaginally-administered progesterone
(38, 48). Studies have not consistently shown any
increased risks of adverse pregnancy outcomes such as
stillbirth, gestational diabetes, or fetal anomalies (62).

While progesterone treatment appears to have an
important place in obstetric practice, the exact biochemi-
cal mechanisms of action are not known. Progesterone has
anti-inflammatory effects in the normal physiology of
pregnancy and labor, but supplemental progesterone has
inconsistent effects and has not proven to be beneficial in
some settings such as multiple gestations. One study
demonstrated that subjects with twin pregnancy who
received 17-OHPC had higher levels of C-reactive protein
and delivered at an earlier gestational age (47). Use of
17-OHPC and progesterone for preterm labor prevention
has been shown to be effective in some clinical settings,
but further research is needed to determine why pro-
gesterone therapy does not universally lead to increased
length of gestation.

Progestins in contraception
The development of progestins for contraception

Figure 1 illustrates the timeline for development of
progestin contraceptives. In the 1920s, scientists observed
that steroid extracts administered to animals inhibited
fertility. In 1942, Russell Marker identified a technique to
convert diosgenin, a steroid precursor, from Mexican yams
into progesterone. Carl Djerassi later developed an
efficient technique to synthesize large volumes of steroid
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1920’s

Observation that progesterone administration inhibited fertility
in animals

Difficult to synthesize large quanities for medical use

<

1930°s

Progesterone recognized as important for implantation and
maintenance of pregnancy

Used as treatment for threatened miscarriage and preterm labor

<

1942

Russel Marker identifed technique to convert diosgenin into progesterone

<

1951

Carl Djerassi developes norethindrone and noethynodrel, the
first two synthetic progetins

Gregory Pincus and M C Chang discover that norethindrone
and norethynodrel inhibit ovulation in rabbits

<

1951-

1960

Pincus continues human studies of contraceptive pills and
advocates for their marketing

Multiple studies conducted to test the efficacy of
progesterones in the prevention of preterm birth

<

1960

First contraceptive pill is approved by the FDA

Figure 1
A timeline of the history of progesterone development.

hormones using microbiologic fermentation. He also
found that more pronounced progestational activity
occurred after the removal of the 19-carbon of yam-
derived progesterone. This led to the development of
norethindrone and norethynodrel, the first two synthetic
progestins allowing for further studies of progesterone in
pregnancy and contraception.

Oral progestin products were initially contaminated
with mestranol, a form of estrogen. Subsequent clinical
trials indicated that women experienced unscheduled
bleeding (bleeding which occurs during use of active
hormones) when purer progestin was administered, and
thus estrogen was added to the first oral contraceptive pill
(OCP) approved for use in 1960. In the decade following
its approval, the estrogen—progestin OCP was found to
confer an increased risk of thrombosis and death. These
rare but serious risks led to efforts to decrease the estrogen

dose in contraceptive products or eliminate the estrogen
altogether. There has since been successful development
of both short- and long-acting effective progestin-only
contraceptives.

Differences in contraceptive progestins

Removal of the 19-carbon in natural progesterone to
develop a more potent synthetic progestational agent was
an early breakthrough in steroid hormone bioengineering.
Many new progestins have been developed since the
advent of norethindrone and norethynodrel. In general,
the aim is to develop compounds that have stronger
effects, particularly on the ovary and endometrium, and
that have improved safety and menstrual cycle control,
reduced side effects, and desirable noncontraceptive
benefits.
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Progestin compounds display differing binding
affinities to the PR, androgen receptor, estrogen receptor,
glucocorticoid receptor, and mineralocorticoid receptor.
Currently available contraceptive progestins are related
to either natural testosterone or progesterone (Fig. 2) (63).
The 19-nortestosterone derivatives include 13-methyl-
gonanes such as levonorgestrel and desogestrel, and
estranes such as norethindrone and norethynodrel. Two
antiandrogenic progestins, dienogest and drospirenone,
are both structurally related to testosterone, but lack
an ethinyl group at carbon 17. The progestins that
are structurally related to progesterone include the
17-hydroxyprogesterone derivatives (pregnanes), or
19-norprogesterone derivatives (norpregnanes).

Because divisions according to chemical structure do
not necessarily correlate with differences in biological
activity, progestins are more often grouped according to
when they were developed. First and second generation
progestins such as medroxyprogesterone acetate (MPA),
levonorgestrel, and norethindrone are potent PR agonists,
but also target other steroid receptors in undesirable ways.
Norethindrone and levonorgestrel are androgenic while
MPA binds to the glucocorticoid receptor (64), potentially
leading to negative effects on bone density and immune
functioning. Third and fourth generation progestins have
been designed to have strong progestational activity while
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lacking androgenic activity. Some, such as drospirenone
and cyproterone acetate, have anti-androgenic and anti-
mineralocorticoid activity, possibly leading to desirable
non-contraceptive benefits in certain patients (65). Most
data regarding the differences between different progestins
are from in vitro biochemical studies. Further studies are
needed to determine whether these translate to actual
clinical differences.

Current progestin methods: mechanism of action and
efficacy

Historically, ovulation suppression was the major goal for
contraceptives. In higher doses, progestin methods pro-
vide reliable suppression of ovulation. Methods such as
injectable depot medroxyprogesterone acetate (DMPA),
combined OCPs, and the subdermal implant all have this
effect. Low-dose progestin-only pills and the levonorges-
trel intrauterine system (LNG-IUS), however, do not
provide sufficient amounts of progestin for consistent
ovulation suppression and rely instead on cervical and
endometrial effects for contraceptive efficacy (66).
Cervical mucus thickening, possibly along with other
cervical changes, is believed to be a major mechanism of
action of all progestin methods of contraception, includ-
ing the LNG-IUS (67). Rapid changes in cervical mucus

Synthetic
progestins

Structurally
related to
progesterone

Structurally
related to
testosterone
1
Non-ethinylated

Pregnanes Norpregnanes
(methyl group at
carbon 10) (no methyl group
at carbon 10)
—_——

Acetylated
(acetate group
at carbon 17)

Non-acetylated

L Dydrogesterone

Medrogestone
Medroxyprogesterone
acetate
Megestrol acetate
Chlormadinone
acetate
Cyproterone acetate

Figure 2

1

Acetylated Non-acetylated

(acetate group
at carbon 17) L

(ethinyl group at

(no ethinyl group at
carbon 17)

I_ Dienogest

Drospirenone

Ethinylated

carbon 17)

Estranes

13-Ethylgonanes
‘Gonanes’

Remedesione (ethyl group at carbon 13)
Peregestone Norethindrone
L Nomegestrol Jrimegestone Norethindrone
acetate acetate Levonorgestrel
Nesterone Ethynodiol Desogestrel
diacetate Norgestimate
Norethynodrel Gestodene
Lynestrenol
Tibolone

Classification of synthetic progestins. Reprinted from Edelman AB, Cherala G & Stanczyk FZ 2010 Metabolism and pharacokinetics of contaceptive steroids in
obese women: a review. Contraception 82 314-323, with permission from Elsevier.
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consistency occur within hours of progestin administration
(68). Changes in tubal motility, sperm motility, and egg
penetrability are also observed in response to progesterone
within the female reproductive tract (69, 70, 71).

All hormonal methods of contraception are progestin-
containing. Some also have an estrogen component,
including the OCP, contraceptive patch, and contra-
ceptive vaginal ring. It is the progestin component,
however, that is primarily responsible for contraceptive
efficacy (61). Hormonal contraceptives are variable in
terms of route of administration and frequency of
administration. Contraceptive pills (both progestin-only,
and combined estrogen and progestin) require daily use,
whereas the transdermal patch is placed weekly, and the
vaginal ring is placed monthly. These methods are highly
effective with perfect use, but in practice low compliance
and continuation lead to an annual failure rate of 9% for
the pill, patch, and vaginal ring (72).

Long-acting hormonal methods that are not user-
dependent (requiring placement and removal by a
healthcare provider) such as the subdermal implant and
LNG-IUS have failure rates of <1% (72, 73), making them
some of the most effective contraceptive strategies avail-
able. They are also effective for years (up to 3 years for the
etonogestrel implant and up to 5 years for the LNG-IUS).
Through IUDs, local paracrine effects of progestins on the
cervix and endometrium lead to arguably higher contra-
ceptive efficacy than systemic oral, transdermal, and
vaginal progestins, or other combined progestin/estrogen
contraceptives (74). This efficacy may be reinforced due to
the nature of the delivery system that mostly eliminates
the possibility of noncompliance or user error.

The bleeding profile and hormonal side effects of the
LNG-IUS and contraceptive implants have led to high
discontinuation rates in some studies (75, 76). However,
the necessity of a trained provider for insertion may be the
primary deterrent to use with both insertion and removal
proving challenging for patients with scant access to
health care. Ease of insertion and removal, and high costs
have limited the availability of these effective methods in
resource-poor areas (77, 78, 79, 80, 81).

The progestin levonorgestrel is also widely used for
emergency contraception. The current regimen of 1.5 mg
orally as a one-time dose is FDA-approved for use within
72 h after unprotected intercourse, though there is
evidence that it is still effective for up to 5 days. The
failure rate is ~2-3% (79). Levonorgestrel appears to be
less effective than the copper intrauterine device (IUD)
and the SPRM ulipristal acetate for emergency contra-
ception, and it may not be effective in overweight and
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obese women. The main mechanism of action is delayed
ovulation. There is no evidence that levonorgestrel is
effective for emergency contraception after ovulation has
occurred (80).

Unscheduled ‘breakthrough’ bleeding is the most
common side effect with progestin-only contraceptives,
and frequently leads to early discontinuation of these
methods (76). Unscheduled bleeding refers to vaginal
bleeding during active hormone use, as opposed to the
scheduled bleeding occurring during hormone-free periods,
such as during the placebo week of OCPs. Initial use of
DMPA, the etonogestrel implant, progestin-only pills, and
the LNG-IUS are associated with frequent bleeding
episodes, often for 6 months or longer, and unpredictable
bleeding can also continue to occur throughout use of these
products. Decreasing the length of this so-called ‘adjust-
ment period’ is an active area of research. Mifepristone,
estrogen, and other hormonal and nonhormonal medi-
cations are all potential means to improve the bleeding
profile of progestin methods (81, 82, 83).

Adverse effects of progestin-containing contraceptives
can include bone density loss with prolonged use of DMPA
(84), increased risk of HIV transmission among users of
injectable contraception (85), decreased insulin sensitivity,
and possible increased heart disease and breast cancer risk
in menopausal hormone therapy users (86, 87, 88, 89). The
only contraindication for all progestin methods of contra-
ception is a history of breast cancer (90). Some methods
are also contraindicated in active liver disease and
uncontrolled hypertension. However, many positive
effects of progestin contraceptives exist including mark-
edly decreased risk of endometrial cancer (91), decreased
menstrual blood loss, and decreased dysmenorrhea (92).

Progestin-containing contraceptives are safe and highly
effective for pregnancy prevention (72). Different delivery
systems with either systemic or primarily local effects, as
well as newer progestins, have led to greater choices for
patients and physicians. Continued development and
improvement upon current contraceptive methods could
provide safer, easier to use, and more effective drugs and
devices, which may decrease unintended pregnancies.

Immunological effects of contraceptive progestins

Progesterone plays a critical role in immune functioning
within the female reproductive tract. Early studies of PR
knockout mice found evidence for a strong anti-inflam-
matory effect, particularly in the presence of estrogen (93).
Further studies have determined that certain progestins
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can exhibit immunological effects by binding to different
types of receptors, particularly the glucocorticoid receptor.

MPA binds to the glucocorticoid receptor with greater
affinity than any other progestin, and with greater affinity
than even cortisol. MPA has been shown to suppress
human cytokine production, leading to anti-inflamma-
tory and immunosuppressive properties. The link between
injectable progestins (notably DMPA) and HIV trans-
mission has accelerated research on progestins, particu-
larly MPA, and immune modulation (85). A recent study
showed that DMPA administered to mice infected with
tuberculosis led to decreased cytokine levels (TNFa, IL6,
IL10, and G-CSF) (94). Furthermore, DMPA-treated mice
infected with tuberculosis had a higher bacterial load in
their lungs, suggesting that the contraceptive can affect
disease severity. Another recent study found that contra-
ceptive doses of MPA enhanced the depletion of CD4+
T-cells through actions on the glucocorticoid receptor,
similar to cortisol and dexamethasone (95). Norethister-
one (a second generation progestin) and progesterone did
not have this effect. Interestingly, asthma symptoms may
be decreased among women taking OCPs, possibly related
to effects on T-cell functioning (96).

These findings suggest that choice of progestin for
contraception might affect HIV susceptibility and pro-
gression. A study by Africander et al. (97) found that
MPA decreased expression of the pro-inflammatory
RANTES gene through actions on the androgen receptor
within cells of the ectocervix, but up-regulated this same
gene in vaginal epithelial cells. In contrast, progesterone
was found to up-regulate the expression of RANTES as
well as the inflammatory cytokines IL6 and IL8 in both
cell types.

While glucocorticoid receptor agonist activity by
progestins such as MPA has negative effects on the
immune system, the literature is inconsistent with regards
to natural progesterone and its affinity for the gluco-
corticoid receptor. Though newer progestins are being
designed to more closely resemble progesterone, it is not
known precisely what effect this natural compound has on
the immune system at contraceptive doses. Effects vary
according to which cell type is being studied. Further-
more, it is unknown whether immunologic effects of
synthetic progestins are due solely to their binding to the
glucocorticoid receptor, or whether these effects could be
mediated by binding to the PR itself. Obstetrics research
has illustrated that progesterone works by suppressing the
inflammatory signals that lead to myometrial contractions
and preterm labor. This effect is mediated through the PR.

4:R88

Conclusions

In evaluating the effects of contraceptive progestins, we
can look at the effects of pregnancy, a naturally high
progesterone state. The resurgence of progesterone for the
prevention of preterm birth has provided a wealth of new
research in this area, and has provided new insights into
the effects of exogenous progesterone. In addition, contra-
ception research can provide important information for
the study of progestins in the context of pregnancy
progression and preterm birth. We now know more
about progesterone than ever. By bringing these two
literatures together, it is possible for further connections
to be made that could benefit patients at risk of preterm
birth and those who wish to prevent pregnancy.

As biochemical pathways of progestin effects are
revealed, we have an opportunity to develop novel
compounds that may be more effective and specifically
targeted, with fewer adverse effects. New drugs and devices
could provide better options for patients that minimize
risks and maximize therapeutic outcomes. For instance,
we may be also able to design contraceptive agents that
have minimal immunological effects, or engineer proges-
tins that target only PR-B to promote uterine quiescence
regardless of the ratio of myometrial receptor populations.

A better understanding of the interaction between
proinflammatory and anti-inflammatory signaling path-
ways in different tissues and organ systems may provide
insight into the mechanisms of action and nontarget
effects of these compounds. For instance, are there
different types of PRs within the cervix compared to the
vagina and endometrium that lead to differential
expression of inflammatory markers? Similarly, preterm
birth researchers might benefit from the approach taken
by contraceptive researchers: If the pro-inflammatory
pathways during labor are mediated through a specific
type of PR, perhaps a compound can be designed to
provide targeted blockade of this pathway.

These are only a few examples of areas in which ongoing
research regarding progestin in contraception and preterm
birth prevention may inform each other. Future studies in
each area will likely continue to inform the other field, and
may open new avenues for study and cooperation. Future
research evaluating progestins should take into account the
work in both contraception and preterm birth prevention in
order to explore these, and hitherto unposed questions.
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