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Abstract

Objectives—The potential effect of hormonal contraception on HIV-1 acquisition and
transmission represents an important public health issue. Several observational studies have
suggested an association between the use of hormonal contraception, in particular injectable depot
medroxyprogesterone acetate (DMPA), and an increased risk of HIV-1 acquisition and
transmission. We and others have previously demonstrated that DMPA acts as a potent inhibitor of
innate and adaptive immune mechanisms. The study presented here addresses the
immunomodulatory properties of several common progestins with a potential to replace DMPA.

Study design—To identify safe alternatives to DMPA, we tested the effect of commonly used
progestins on the function of human primary T cells and plasmacytoid dendritic cells (pDCs)
obtained from the blood of healthy premenopausal women.

Results—Medroxyprogesterone acetate (MPA) inhibited the activation of T cells and pDCs in
response to T cell receptor and Toll-like receptor (TLR)-mediated activation at physiological
concentrations. Etonogestrel (ETG) exerted a partial suppressive activity at high concentrations. In
sharp contrast, norethisterone (NET) and levonorgestrel (LNG) did not exhibit detectable
immunosuppressive activity.

Conclusion—Evidence indicating the immunosuppressive properties of DMPA strongly
suggests that DMPA should be discontinued and replaced with other forms of long-term
contraception. Since NET and LNG do not exert immunosuppressive properties at physiological
concentrations, these progestins should be considered as alternative contraceptives for women at
high risk of HIV-1 infection.
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Introduction

Contraception represents a critical component of preventive health care. It provides women
with a control over their reproductive health, reduces the number of unintended pregnancies,
decreases maternal and infant mortality and morbidity, reduces recourse to abortion, lowers
the risk of mother-to child transmission of HIV-1, and provides additional benefits including
reduction of poverty and improved access to education. The use of injectable hormonal
contraceptives is highly popular as it provides multiple advantages over other forms of
contraception including high effectiveness and a long-term effect [1, 2]. Depot
medroxyprogesterone acetate (DMPA; Depo-Provera), a progestin-only contraceptive
typically administered in the form of a 3-monthly intramuscular injection, is one of the most
commonly used contraceptives in sub-Saharan Africa and other areas with high HIV-1
prevalence [1, 2]. It is estimated that 20-50 million women worldwide use DMPA and the
number is steadily increasing [1, 3, 4]. In some countries, DMPA is the method of choice for
over 50% of women using modern methods of contraception [1, 2]. Unfortunately, multiple
observational studies suggest an association between the use of hormonal contraception and
increased risk of HIV-1 acquisition and transmission [5-12]. In most studies, the adjusted
hazard ratio of HIV-1 acquisition associated with the use of DMPA is higher than that linked
to the use of oral contraceptives or other forms of contraception [7-13]. Many studies do not
distinguish between the two most common forms of injectable contraception, DMPA and
norethisterone enanthate (NET-EN), and little attention has been placed on differential
pharmacological and biological effects of these two contraceptives. Recent re-analysis of
data by Heffron et al. showed that, within the injectable users, women outside of South
Africa (consistent with DMPA usage) had higher HIV-1 risk (adjusted HR = 3.9) than
women living in South Africa where NET-EN is used more widely [13]. None of the three
studies that specifically assessed the effect of NET-EN found a significant association with
HIV-1 acquisition [3, 14, 15]; however, more data is urgently needed. Non-human primate
studies demonstrate that DMPA enhances the risk of SIV acquisition via vaginal exposure
and suggest that DMPA increases viral levels in the acute phase of infection and reduces the
protective effect of prior immunization [16-19]. Recently, we have demonstrated that MPA
suppresses the production of key T cell-derived regulators of cellular and humoral immunity
involved in the induction of immune response to invading pathogens including IFNvy, I1L-2,
IL-4, IL-6, IL-12, MIP-1a, and TNFa [20]. Importantly, MPA inhibits the function of pDCs
and reduces the production of IFNa in response to Toll-like receptor (TLR) -7, -8 and -9
ligands. Furthermore, MPA prevents the downregulation of HIV-1 coreceptors CXCR4 and
CCR5 on activated T cells and causes increased replication of HIV-1 in activated peripheral
blood mononuclear cells (PBMCs) [20]. Immunosuppressive properties of DMPA have been
consistently demonstrated in various models [4, 5, 16-18, 20-29].

The effect of hormonal contraception on HIV-1 acquisition and transmission represents a
critical global public health issue. Recent WHO meeting on programmatic and research
priorities for contraception for women at risk of HIV identified the research addressing the
association between various methods of hormonal contraception and HIV acquisition and
transmission as a top priority, with an emphasis on injectables and other long-term methods
[30]. Accumulated studies indicating the immunosuppressive properties of DMPA [4, 5, 16—
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18, 20-29], and the epidemiological evidence demonstrating an association between DMPA
use and increased risk of HIV-1 and other infections [5-13, 31-35] strongly suggest that the
use of DMPA should be discontinued, especially in areas with high HIV-1 prevalence.
However, withdrawal of DMPA from family planning programs without offering equally
effective forms of contraception is not warranted as it could result in a sharp increase in
unwanted births, unsafe abortions, and maternal and infant mortality. In some regions up to
nine additional maternal deaths could occur for every case of HIV-1 averted [36-38].
Replacement of DMPA with condoms would result in a significant increase of unintended
pregnancies due to high failure rates [37]. Thus, it is critical to identify contraceptive
regimen that could effectively replace DMPA without exerting undesired side effects.

Most family planning programs strongly favor long-term methods of contraception due to
higher efficacy, reliability, and ease of use. Norethisterone (NET)-based injectables are
commonly used in resource-limited countries [1, 3, 9, 31, 39-41]. Levonogestrel (LNG) or
etonogestrel (ETG)-releasing devices or implants are highly effective and reversible methods
of long-term contraception [42-44]. ETG, LNG, and NET are considered for use in HIV-1-
endemic areas; however, their safety in regard to the effect on immune system and HIV-1
transmission has not been validated [1, 3, 4, 9, 39, 40, 45]. Identification of contraceptives
that do not suppress the protective properties of the immune system is critical for the
selection of safe hormonal contraception in areas with high HIV-1 prevalence [4, 36, 37, 40].
In order to find safe alternatives to DMPA, we analyzed the effect of commonly used
progestins on the adaptive and innate immune system. Importantly, the presented data
indicate that, at physiological levels, NET and LNG do not suppress cytokine production by
activated T cells or pDCs.

Materials and Methods

Study participants and sample collection

Materials

All procedures involving the use of human subjects were approved by the Institutional
Review Board of the University of Alabama at Birmingham. Informed consent was obtained
from all participants. All volunteers were recruited at UAB, Birmingham, Alabama. The
volunteers were healthy pre-menopausal women; blood was collected at 10 to 22 days post
last menstruation. 100 ml of acid citrate dextrose (ACD)-treated blood was collected by
personnel trained in phlebotomy.

All cell culture reagents were obtained from Mediatech Inc. (Manassas, VA), unless
indicated otherwise. Etonogestrel was obtained from Bosche Scientific (New Brunswick,
NJ); all other synthetic hormones were purchased from Sigma-Aldrich (St. Louis, MO).
Antibodies for flow cytometry were purchased from eBioscience, (San Diego, CA), unless
listed otherwise. Progesterone (P4; pregn-4-ene-3,20-dione), medroxyprogesterone acetate
(MPA; 17a-hydroxy-6a-methylprogesterone acetate), norethisterone (NET; 19-nor-17a-
ethynyltestosterone), levonorgestrel (LNG; L-norgestrel), and etonogestrel (ETG; 3-keto-
desogestrel) were dissolved in DMSO (Mediatech Inc., cell culture grade) at a concentration
of 10 mM and stored in aliquots at —80°C prior use. Aldrithiol-2-inactivated HIV-1 virus
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(AT2-HIV, MN strain, lot P3944) and microvesicle-only control (lot P4176) were obtained
from the AIDS and Cancer Virus Program, National Cancer Institute, Frederick, MD.

Cytokine production in vitro

PBMCs were cultured in phenol red-free RPMI medium containing 10% heat-inactivated
charcoal dextran-scrubbed fetal bovine serum (Atlanta Biologicals, Lawrenceville, GA), 2
mM GlutaMAX (Invitrogen, Carlsbad CA), 100 1U/ml penicillin, and 100 pg/ml
streptomycin. Isolated PBMCs were incubated in the presence of the solvent (DMSQ) alone
or indicated concentrations of progestin and activated for an additional 24 hrs with T cell
activation/expansion MACSI microbeads coated with antibodies against CD2, CD3, and
CD28 antigens (Miltenyi Biotec, Auborn, CA) at 1:2 bead to cell ratio in the presence or
absence of progestins. The concentration of IFNy in the media was determined by ELISA
(eBiosciences); the concentrations of 26 cytokines and chemokines were determined using
the 26-plex MILLIPLEX Human Cytokine/Chemokine Panel kit (Millipore, Billerica, MA)
as described [20].

pDC activation and intracellular cytokine staining assay

PBMCs (1.5 x 106 cells/ml) were pre-incubated for 6 hrs in the presence or absence of
hormones and subsequently stimulated with either 0.2 ug/ml TLR-7/8 ligand R848
(Invivogen, San Diego, CA), 2 uM TLR-9 ligand CpG ODN2216 (Hycult Biotech, Uden,
The Netherlands), or 900 ng/ml p24CA equivalent AT2-inactivated HIV-1. 1 pl of GolgiPlug
(BD biosciences, San Diego, CA) was added to the cell culture immediately following the
addition of R848, or 6 hrs post- addition of CpG or AT2 HIV, respectively. 20 hrs post the
initiation of stimulation, cells were collected and stained for pDC markers (CD123-PE-Cy7
(eBioscience) and CD303-APC (BCDA-2; Miltenyi)). Cells were permeabilized using the
Cytofix/Cytoperm kit (BD) and stained intracellularly with IFNa-PE (BD) and TNFa-FITC
mAbs. Samples were analyzed on LSR-II flow cytometer (BD) and data analysis was
performed using the FACSDiva (BD) software [20].

Statistical Analysis

Data were analyzed using Student’s t-test. A standard level of statistical significance a =
0.05 was used; all reported p-values are two-sided. GraphPad Prism 5 (GraphPad Software
Inc., LaJolla, CA) statistical and graphing software package was used. Heat maps were
created with Matrix2png (http://www.bioinformatics.ubc.ca/matrix2png/).

Results
MPA but not NET or LNG inhibits cytokine production by activated T cells

To compare the potential immunomodulatory effects of progestins, PBMCs obtained from
healthy female volunteers were incubated with T cell-activating MACSi microbeads coated
with antibodies against CD2, CD3, and CD28 antigens in the absence or presence of
increasing concentrations of progesterone (P4), MPA, NET, LNG, or ETG. As demonstrated
in Figure 1A, MPA exerted a significant inhibitory effect on the production of IFNy by
CD2/CD3/CD28-stimulated PBMCs at a concentration of 1078 M and higher. At 1076 M,
ETG displayed a significant inhibition of T cell function compared to untreated control but
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not compared to cells treated with P4. In contrast, NET and LNG did not exert a significant
suppressive effect on IFNy production compared to P4 at any concentration tested. In
contrast to a previous study where the immunosuppressive effect of MPA was observed at a
minimal concentration of 10~/ M [20], here we report a significant suppressive effect at
concentrations as low as 1078 M. Due to the low solubility of LNG in ethanol, the stock
solutions of progestins in the current study were prepared in DMSO. This is in contrast to
the previous study where all progestin stock solutions were prepared in ethanol [20]. To test
the putative effect of the solvent, the suppressive properties of MPA dissolved in DMSO or
ethanol were directly compared. As shown in Supplemental Figure 1, MPA dissolved in
DMSO consistently exerted its suppressive effect on T cells at a lower concentration than
MPA dissolved in ethanol. The mechanism underlying the effect of the solvent on progestin-
mediated T cell suppression /7 vitrois unclear.

Importantly, the inhibitory effect of MPA on cytokine production was not limited to IFNy.
As shown in the heat map representation in Figure 1B, the presence of 1078 M or 10~/ M
MPA caused a significant reduction in the production of IL-1p, IL-4, IL-13, GM-CSF, and
TNFB by PBMCs incubated with TCR-activating microbeads. In contrast, the effect of NET
on cytokine production by activated PBMCs was comparable or lower than that of P4.

MPA but not NET or LNG inhibits cytokine production by activated pDCs

pDCs represent a key immune population functioning as a sentinel recognizing early viral
and bacterial infections via TLR-7/8 and TLR-9. Suppression of pDC function may tip the
balance between viral replication and immune control at an early stage of infection towards
the benefit of the virus. We have recently shown that the activation of pDCs is modulated by
MPA [20]. To address the effect of other commonly used progestins, PBMCs were pre-
incubated with P4, MPA, NET, LNG or ETG for 6 hours prior to stimulation with AT-2-
inactivated HIV-1 virus, TLR-7/8-specific ligand R848, or TLR-9-specific ligand CpG.
Following 20 hours of stimulation, the intracellular production of IFNa and TNFa in pDCs
defined as CD123*CD303* cells was determined [20]. As demonstrated in Figure 1C, MPA
inhibited HIV-1, R848, and CpG-induced IFNa and TNFa production by stimulated pDCs
at concentrations as low as 1078 M and10~" M. ETG exerted a significant suppressive effect
on pDCs at 1078 M. In contrast, NET and LNG did not display a significant suppressive
effect on cytokine production by activated pDCs.

In addition to the analysis of intracellular cytokine production, cytokine and chemokine
levels in cell culture supernatants of HIV-1-stimulated PBMCs were analyzed. As shown on
Figure 1D, MPA suppressed the production of IP-10 (CXCL-10) and chemotactic protein-1
(MCP-1) in response to HIV-1 at concentrations as low as 1078 M.

Discussion

The effect of hormonal contraception on HIV-1 acquisition and transmission represents a
critical global public health issue and a topic of extensive scientific and public discussion [5,
31, 36-39]. This study confirms that MPA suppresses innate and adaptive immune
mechanisms at a physiological concentration [5, 20, 22, 26, 28, 29]. MPA inhibited the
production of IFNy, IL-1p, IL-4, IL-13, GM-CSF, and TNFp by TCR-activated T cells and
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reduced the production of IFNa and TNFa by pDCs in response to stimulation with HIV-1
and TLR-7/8 and 9 ligands. The active suppression by MPA of pDCs and T cell effector
mechanisms may favor the proliferation of a founder viral population over immune control
at an early stage of infection and therefore may contribute to the observed increase in HIV-1
acquisition in DMPA users.

Following administration of 150 mg DMPA by intramuscular injection, the serum
concentration of MPA reaches up to 6.5 x 1078 M (25 ng/ml) within days after injection and
decreases to about 0.3 to 2 x 1078 M (1 to 9 ng/ml) in the following weeks [46-50]. In this
study, the immunosuppressive effect of MPA in vitrowas observed at 1 x 1078 M. ETG
exhibited partial immunosuppressive activity at 1078 M, a concentration that is likely above
the estimated physiological levels in contraceptive users [45, 46]. In sharp contrast, the
effect of NET and LNG on pDC and T cell function was not significantly different from that
of unmodified progesterone.

Progestins are designed to act primarily via the progesterone receptor (PR); however, they
exert various side effects due to their diverse affinities to other members of the steroid
receptor family [45, 46]. In addition to binding to PR, MPA binds with a high affinity to the
glucocorticoid receptor (GR; Ky of 4 — 11 nM) that is expressed at high levels in multiple
immune cell types [46, 51]. Indeed, the affinity of MPA for GR is higher than that of its
natural ligand cortisol [52]. GR is a well-established regulator of immune system. The MPA-
GR complex suppresses the transcription of GR-regulated genes by direct interaction with
nuclear factor kB (NFxB) and activator protein-1 (AP-1), by modification of the basal
transcriptional machinery, chromatin remodeling, and repression of the induction of NFxB
inhibitor 1xB [23, 24, 51, 53-60]. Interestingly, HIV-1-infected patients display
glucocorticoid hypersensitivity associated with reduced T cell function possibly due to
specific binding of Vpr to the GR co-activating motif [57, 61-63]. Thus, the sensitivity of
immune cells to the effect of GR-binding progestins may be significantly enhanced in the
context of HIV-1 infection. In a sharp contrast to MPA, NET and LNG have low affinity to
GR and do not appear to mediate transrepression of genes involved in immune regulation [4,
45, 46, 63-65]. ETG binds GR with intermediate affinity [66, 67]. Since the GR regulates
transcription of a variety of genes involved in immunity and inflammation [68, 69], the
differential affinity progestins to GR (MPA >> ETG > LNG ~ NET) is consistent with the
hypothesis that progestins exert their effect on immune mechanisms primarily via the GR [4,
20, 45, 46, 51, 57, 63]. Of particular interest for public health policies are the relative effects
of the two most commonly used injectable contraceptives, DMPA and NET-EN. NET-EN,
typically administered as a 200 mg 2-monthly injectable, is manufactured and distributed at
costs similar to DMPA [70]. Both injectable contraceptives have been shown to be highly
effective and safe [65]. However, accumulating evidence suggests that DMPA but not NET-
EN exerts immunosuppressive properties and increases HIV-1 infectivity [3-5, 14, 63].

In summary, we show that MPA suppresses innate and adaptive immune responses at
physiological concentrations whereas NET and LNG do not exert immunosuppressive
properties. The results of this study, previous studies indicating immunosuppressive
properties of DMPA [5, 16-18, 21-27], and multiple epidemiological studies suggesting an
association between DMPA use and increased risk of HIV-1 and other infections [5-9, 11,
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12, 32-35, 40] constitute strong arguments against the continuous use of high-dose
injectable DMPA in women at risk of HIV-1 infection. Importantly, it must be emphasized
that, in the settings where no other form of highly effective contraception is available, the
overall benefit of the use of DMPA outweighs the potential associated risks as the
availability of effective methods of contraception is critical for reducing maternal morbidity
and mortality. Modeling studies suggest that even if DMPA increases the risk of HIV-1
acquisition, depending on the region, withdrawal of DMPA would have a negative overall
effect on public health [36-38]. Thus, DMPA must not be simply withdrawn; it must be
gradually replaced with alternative forms of contraception with lower probability of a
detrimental effect on HIV-1 acquisition. NET-EN or LNG-based contraceptive agents and
devices represent promising candidates for safe alternatives to DMPA. Importantly, women
using any form of hormonal contraception should be strongly advised to use condoms, male
or female, as recommended by recent WHO guidelines [30]. Large-scale randomized
controlled study addressing the safety of individual progestins in respect to immune
competence and HIV-1 acquisition is urgently needed to inform policy responses in regions
with varied risk of HIV-1 infection and access to medical and contraceptive services.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications

The presented data suggest that, at physiological levels, the progestins NET and LNG do
not suppress cytokine production by immune cells and should be considered as
alternatives to DMPA; however, more /1 vivotesting is needed to confirm this data.
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Figure. 1. MPA but not NET or LNG suppresses cytokine production by activated mononuclear
cellsand pDCs

A) PBMCs obtained from healthy female volunteers were incubated for 24 hrs in the
presence of vehicle (Meh; DMSO) or indicated concentrations of progestins and activated for
an additional 24 hrs with microbeads coated with antibodies against CD2, CD3, and CD28
antigens. Graph represents the concentration of IFNy in the culture media. Data are
normalized values relative to vehicle control; mean + standard error of the mean (SEM) of
three donors is shown. B) Heat map representation of the effect of P4, MPA, and NET on
cytokine production by mononuclear cells stimulated with microbeads coated with
antibodies against CD2/CD3/CD28. Data are presented as normalized values relative to
vehicle; means of three independent experiments are presented. * denotes statistically
significant difference (p < 0.05) compared to P4-treated samples at respective
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concentrations. C) Graphic representation of the effect of P4, MPA, NET, LNG, and ETG at
the indicated concentrations on intracellular production of IFNa and TNFa by pDCs
stimulated with AT2-inactivated HIV-1, R848, or CpG. Normalized data from three
independent donors corrected for background are presented. D) Effect of P4, MPA, and NET
on the accumulation of IP-10 (CXCL10) and MCP-1 in cell culture supernatants of HIV-1-
stimulated PBMCs. Data from three independent experiments are normalized to vehicle
control £ SEM. P4, progesterone; MPA, medroxyprogesterone acetate; NET, norethisterone;
LNG, levonorgestrel; ETG, etonogestrel. * denotes statistically significant difference (p <
0.05) of progestin-treated samples compared to the P4-treated samples.

Contraception. Author manuscript; available in PMC 2016 May 20.



	Abstract
	Introduction
	Materials and Methods
	Study participants and sample collection
	Materials
	Cytokine production in vitro
	pDC activation and intracellular cytokine staining assay
	Statistical Analysis

	Results
	MPA but not NET or LNG inhibits cytokine production by activated T cells
	MPA but not NET or LNG inhibits cytokine production by activated pDCs

	Discussion
	References
	Figure. 1

