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Background. Cervicovaginal CD4+ T cells are preferential targets for human immunodeficiency virus (HIV) infection and
have consequently been used as a proxy measure for HIV susceptibility. The ECHO randomized trial offered a unique
opportunity to consider the association between contraceptives and Th17-like cells within a trial designed to evaluate HIV risk.
In a mucosal substudy of the ECHO trial, we compared the impact of initiating intramuscular depot medroxyprogesterone
acetate (DMPA-IM), copper-IUD, and the levonorgestrel (LNG) implant on cervical T cells.

Methods. Cervical cytobrushes from 58 women enrolled in the ECHO trial were collected at baseline and 1 month after
contraceptive initiation. We phenotyped cervical T cells using multiparameter flow cytometry, characterized the vaginal
microbiome using 16s sequencing, and determined proteomic signatures associated with Th17-like cells using mass spectrometry.

Results.  Unlike the LNG implant or copper-IUD, DMPA-IM was associated with higher frequencies of cervical Th17-like
cells within 1 month of initiation (P =.012), including a highly susceptible, activated population co-expressing CD38, CCR5, and
a4p7 (P=.003). After 1 month, women using DMPA-IM also had more Th17-like cells than women using the Cu-IUD (P=
.0002) or LNG implant (P=.04). Importantly, in women using DMPA-IM, proteomic signatures signifying enhanced mucosal
barrier function were associated with the increased abundance of Th17-like cells. We also found that a non-Lactobacillus-
dominant microbiome at baseline was associated with more Th17-like cells post-DMPA-IM (P =.03), although this did not
influence barrier function.

Conclusions. Our data suggest that DMPA-IM-driven accumulation of HIV-susceptible Th17-like cells might be counteracted
by their role in maintaining mucosal barrier integrity.

Clinical Trials Registration. NCT02550067.
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The randomized Evidence for Contraceptive Options and
HIV Outcomes (ECHO) trial found no differences in human

immunodeficiency virus (HIV) incidence between women as-
signed to intramuscular depot medroxyprogesterone acetate
(DMPA-IM), a copper T intrauterine device (Cu-IUD), or
2-rod levonorgestrel (LNG) implant [1], adding to our under-
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Importantly, ECHO offered a unique opportunity to explore
contraceptive-induced biological changes, particularly those
pertinent to HIV susceptibility. Cervical CD4+ T cells, espe-
cially T-helper 17 (Th17) cells, are preferential targets for HIV
due to their cell-surface markers [6-10], and have been used as a
proxy for HIV susceptibility [11]. An increase in these HIV tar-
get cells, whether a result of contraceptive use, or other factors,
would consequently increase HIV risk. However, Th17 cells may
also play a protective role in the context of HIV acquisition, by
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mediating mucosal immunity and barrier repair [12, 13]. It re-
mains vital to understand the relationship between contraceptive
use and Th17 target cells, particularly within the ECHO trial
where HIV seroconversion was an endpoint. Therefore, we con-
ducted a nested substudy evaluating the impact of contraceptive
initiation on cervical Th17-like cells.

METHODS

Ethics Statement

This study was approved by the Human Research Ethics
Committees of the Universities of Cape Town (HREC 371/
2015) and Washington (STUDY00000261) and FHI360
(523201). All women provided informed written consent.

ECHO Trial

The ECHO trial (Clinicaltrials.gov ID NCT02550067) enrolled
7829 women to 3 contraceptive arms: the Cu-IUD, DMPA-IM,
and LNG-implant [1]. These women were sexually active, HIV
seronegative, and seeking contraception. Women were exclud-
ed if they received DMPA, norethisterone enanthate (Net-EN),
an implant, or IUD in the previous 6 months; were pregnant;
had a hysterectomy; or had known sexually transmitted infec-
tions (STIs). At enrollment, participants were screened for
Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG).
Treatment was provided for curable STIs and bacterial vagino-
sis diagnosed syndromically, according to national guidelines
or, for CT/NG, diagnosed etiologically.

Substudy of Biological Mechanisms

Cervical cytobrushes from 80 Cape Town women were collect-
ed and processed [14]. Cervicovaginal secretions were collected
by a disposable menstrual cup inserted for 45 minutes, then re-
moved and placed in a 50-mL sterile tube. A lateral vaginal wall
swab was collected through use of a speculum and placed into
Digene transport media. Samples were transported to the labo-
ratory within 4 hours of collection, at 4°C. Menstrual cup secre-
tions were processed [14], diluted 4:1 in phosphate-buffered
saline, and stored at —80°C. The swab was stored at —80°C.
Researchers were blinded to the assigned contraceptive arm un-
til the analyses were complete.

Multiparameter Flow Cytometry

Cytobrush cells were phenotyped ex vivo at enrollment and
post—contraception initiation from the same 80 women, of
whom 63 women completed both study visits (Cu-IUD, n=
24; DMPA-IM, n=22; LNG implant, n=17). Cytobrushes
were flushed approximately 30 times with transport media us-
ing a disposable Pasteur pipette before transferring to a fresh
tube and flushing with an additional 6 mL of media. Cells
were centrifuged at 300 x g for 10 minutes at 4°C. The cell pel-
let was stained with CD3, CD4, CD8, CD38, HLA-DR, CCR6,
CCR10, CCRS5, and 04P7 (Supplementary Table 1), then

acquired on a BD LSRII using FACSDiva. Post-compensation
analysis was performed using FlowJo (TreeStar), Pestle and
Spice [15]. Gating was based on fluorescence-minus-one con-
trols. Samples with less than 100 live CD3+ events were exclud-
ed from further analyses [16], resulting in n =58 participants
with matched samples at 2 time points (Cu-IUD, n=23;
DMPA-IM, n = 20; LNG implant, n =15). Gating and analysis
were independently checked.

Microbial 16S rRNA Gene Sequencing

Bacterial gDNA was extracted using the DNeasy Powersoil
HTP 96 kit (Qiagen) from thawed lateral wall swabs following
the manufacturer’s protocol. The V3-V4 hypervariable region
of the bacterial 16S rRNA gene was amplified using modified
universal primers. Dual-index barcodes and Illumina sequenc-
ing adaptors were attached using polymerase chain reaction
(PCR) primers [17], and amplicons were pooled in equimolar
amounts for sequencing with Illumina MiSeq platform
(300-bp paired-end). Following demultiplexing, raw reads
were processed using DADA2 and samples with less than
2000 reads were excluded. Taxonomic annotation was carried
out using the Ribosomal Database Project’s Naive Bayesian
classifier. Sequence classification was trained against the Silva
training set version 132 (https:/github.com/itsmisterbrown/
updated_16S_dbs). Run-specific contamination filtering was
performed using microfiltR (https:/github.com/itsmisterbrown/
microfiltR). Sequencing runs were merged using custom scripts
(https://github.com/itsmisterbrown/marker_gene_dataset_
merging_functions).

Classification of Microbial Communities

Partition around medoids (PAM) clustering of community
profiles using Bray-Curtis distance on relative abundance
transformed taxonomic profiles resulted in the identification
of 5 community state types (CSTs) [18]. CSTs III-A and I-B
were dominated by Lactobacillus taxa. CST IV-B was primarily
comprised Gardnerella vaginalis. CSTs IV-A and IV-D were
the most diverse and associated with clinical bacterial vaginosis
diagnosis.

Proteomic Analysis of Cervicovaginal Secretions

Cervicovaginal secretions were analyzed by label-free tandem
mass spectrometry as described previously [19]. Samples were
centrifuged at 14 000 x g for 20 minutes at 4°C, followed by pro-
tein determination by bicinchoninic acid (BCA) assay
(Millipore). Protein from each sample (25 g) was denatured us-
ing urea exchange buffer (8 M, 50 mM HEPES [4-(2-hydroxye
thyl)-1-piperazineethanesulfonic acid], pH 8.0) then filtered us-
ing Nanosep filter cartridges (10 kDa). Samples were reduced
and alkylated with 25 mM DTT (dithiothreitol) and 50 mM io-
doacetamide (IAA), respectively, before overnight trypsin dige
stion (2 pg/100 pg protein). Desalting of peptides was pe
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rformed by reverse-phase liquid chromatography (Agilent
1200). Equal amounts of peptide were then analyzed using a
nano-flow Easy 1000 system connected in-line to an Orbitrap
Q Exactive mass spectrometer (ThermoFisher Scientific).
Database searches were carried out using the Mascot search en-
gine (version 2.4; Matrix Science) using the SwisProtKB Human
database (UniProt, 2018). Results were analyzed using Scaffold
Q+ software (version 4.9.0; Proteome Software), and protein
identifications were restricted to those that passed a <1% false
discovery rate (FDR) at the protein level, <0.1% FDR at the
peptide level, and had more than 2 unique peptides/protein.
Label-free protein abundance was calculated using Progenesis
QI software (Nonlinear Dynamics).

Statistical Analysis

Prism 9 (GraphPad) was used for Wilcoxon matched pairs,
Mann-Whitney U tests, and Kruskal-Wallis to compare fre-
quencies of cells. Regression analyses between Th17-like cells
and the microbiome were performed in SPSS Statistics version
27 (IBM Corporation). Post-DMPA-IM protein levels and
Th17-like cells were normalized by baseline to calculate a
log, fold-change (L2FC) value. Protein L2FCs were correlated
to their matched Th17 L2FC value using the Pearson’s method
(P<.05). Pathway analysis was performed on proteins that
passed a critical value of a=0.05 using both Ingenuity
Pathway Analysis (QIAGEN) and DAVID Knowledgebase
(Bioinformatics). The Benjamini-Hochberg method was used
to adjust for multiple testing. A P value of <0.05 was consid-
ered statistically significant.

RESULTS

Baseline and 1-month cytobrushes were collected from 80 Cape
Town women, a median of 4.3 weeks apart (interquartile range
[IQR], 4-9.4 weeks). Participants were similar between arms,
with no differences in age, body mass index, or STI prevalence
(Table 1).

We studied cervical CD4+ T cells before and after contracep-
tive initiation using flow cytometry. The gating strategy is shown
in Supplementary Figure 1. At baseline, the frequency of CD4+ T
cells was similar across study arms (Supplementary Figure 2A),
and contraception did not alter this (Figure 1A and 1B).
However, DMPA-IM use was associated with a reduced frequency
of CD4+ HLA-DR+ T cells compared with baseline (P=.008)
and with Cu-IUD (P=.002; Figure 1C). Contraceptives did not
alter CCRS5 (Figure 1D) or 047 (Figure 1E) expression.

We next examined the impact of contraceptives on Th17-like
HIV target cells, identified by expression of CCR6 and CCR10
(CCR6+ CCR10—) [20-22]. There were no differences in the
frequency of cervical Th17-like cells between contraceptive
arms at baseline (Supplementary Figure 2B). Of note, only
the initiation of DMPA-IM resulted in a significant increase

Table 1. Baseline Characteristics According to Randomized Arm
Cu-lUD DMPA-IM LNG Implant
(n=23) (n=20) (n=15) P
Age,? years 22 (20-28) 24 (22-25) 22 (20-25) 0.80
BMI,? kg/m? 29 (26-38) 27 (23-32) 26 (22-32) 0.14
Days since last menstrual 17 (11-27) 20.5 (10.3-29) 21 (12.3-30.5) 0.51
period®

Genital infections, n (%)

Chlamydia trachomatis 4(17.4%) 6 (30%) 4 (26.7%) 0.63
Neisseria gonorrhoeae 2 (8.7%) 3 (15%) 1(6.7%) 0.75
Bacterial vaginosis (BV),” n (%)
Positive 10 (43.56%) 10 (50%) 7 (46.7%) 0.73
Intermediate 3 (13%) 2 (10%) 0 (0%)
Negative 10 (43.5%) 8 (40%) 8 (53.3%)
Demographics, n (%)
Never married 23 (100%) 20 (100%) 14 (93.3) 0.26
Married 0 (0%) 0 (0%) 1(6.7%)
Primary school education 1 (4.3%) 0(0%) 0(0%) 0.71
Secondary education 22 (95.7%) 20(100%) 14 (93.3%)
Post-secondary 0 (0%) 0 (0%) 1(6.7%)
education
Sexual risk behavior in the last 3 months, n (%)
>1 partner 2 (8.7%) 4 (20%) 1(6.7%) 0.46
1 partner 21(91.3%) 16 (80%) 14 (93.3%)
New partner 0(0%) 4 (20%) 0(0%) 0.01
Condomless sex 19 (82.6%) 13 (65%) 9 (60%) 0.31
Condom use (always) 4(17.4%) 7 (35%) 6 (40%) 0.14
Condom use (often) 0(0%) 0(0%) 1(6.7%)
Condom use (sometimes) 13 (566.5%) 11 (65%) 8 (563.3%)
Condom use (never) 6 (26.1%) 2 (10%) 0 (0%)

Abbreviations: BMI, body mass index; Cu-lUD, copper T intrauterine device; DMPA-IM,
intramuscular depot medroxyprogesterone acetate; LNG, 2-rod levonorgestrel.

#Values are median and interquartile range.

By Nugent scoring: score of 0-3 is negative, score of 4-6 is intermediate, score of 7-10 is
positive.

in the frequency of Th17-like cells, compared with baseline
(P=.012; median change, 12.8%; Figure 2A). At 1 month,
women using DMPA-IM had 1.7-fold higher frequencies of
Th17-like cells compared with women using the Cu-IUD
(P=.0002) and 1.2-fold more than women using an LNG im-
plant (P =.04; Figure 2B). Furthermore, DMPA-IM induced a
significant increase in the frequency of activated, CD38+
Th17-like cells compared with baseline (P = .044; median differ-
ence, 9.2%; Figure 2C), such that women using DMPA-IM had
significantly higher frequencies of activated Th17-like cells com-
pared with Cu-IUD (P =.026; median, 32.6%) but not the LNG
implant (P=.215; median, 39.3%) at 1 month (Figure 2D).
DMPA-IM use was also associated with a decrease in the fre-
quency of HLA-DR+ Th17-like cells (P =.004; median differ-
ence, —4.2%; Figure 2E), although the levels of these cells at 1
month was similar across study arms (medians: 10.4%, 8.28%,
and 9.18% for Cu-IUD, DMPA-IM, and LNG implant, respec-
tively; Figure 2F). The activation profile of Th17-like cells
was significantly skewed 1 month after DMPA-IM initiation
compared with baseline (P=.044), and this was also
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Figure 1. Frequencies of cervical CD44 T cells in women randomized to the
Cu-IUD (n=23; red), DMPA-IM (n = 20; blue), or LNG implant (n = 15; green) at
baseline and 1 month after initiating contraception. Graphs show the differences
pre-post contraceptive initiation for the frequencies of cervical (4) CD4+ T cells,
(B) CD38+ CD4+ T cells, (C) HLA-DR+ CD4+ T cells, (D) CCR5+ CD4+ T cells,
and (£) a4B7+ CD4+ T cells. The horizontal bars indicate the median. Statistic-
al comparisons were performed using the Wilcoxon matched-pairs tests for match-
ed data or the Kruskal-Wallis test with false discovery rate correction for
cross-sectional data. Abbreviations: Cu-IUD, copper T intrauterine device; DMPA-
IM, intramuscular depot medroxyprogesterone acetate; LNG, 2-rod levonorgestrel.

significantly different compared with the Cu-IUD (P=.024;
Figure 2G).

Next, the expression of the HIV co-receptors CCR5 and
a4p7 was measured. Generally, CCR5 was expressed on the ma-
jority of cervical Th17-like cells (median, 74%; IQR, 63.75-
86.5%; Figure 3A), with no differences at baseline
(Supplementary Figure 2B). Neither DMPA-IM nor the LNG
implant induced changes in the frequency of CCR5+
Th17-like cells (Figure 3A). However, women using the
Cu-IUD had a substantial decrease in the frequency of
CCR5+4 Th17-like cells compared with baseline (P =.038; me-
dian difference, —13.3%). Nonetheless, there were no differenc-
es in the frequency of CCR5+4 Th17-like cells between study
arms after 1 month of contraceptive use (Figure 3B). The den-
sity of CCR5 per cell (measured by the median fluorescent in-
tensity [MFI]) was significantly increased in women using the
Cu-IUD (P=.004; median difference, 800 units; Figure 3C),
suggesting there are fewer CCR5+ cells for HIV to infect, but
these may be more susceptible to HIV on an individual cell
basis. Despite this, the MFI of CCR5 was similar between
contraceptive arms post-initiation (Figure 3D). Unlike CCRS5,
fewer than one-quarter of cervical Th17-like cells expressed
a4p7 (median, 22.3%; IQR, 15.15-35%; Figure 3E). Although
not statistically significant, 12 of 58 women (n=5, n=>5, and
n=2 in DMPA-IM, LNG-implant, or CU-IUD arms, respec-
tively) had an approximately 3-fold increase in the frequency
of 047, with post-contraceptive expression exceeding 75% in
6 of 12 of these women. There were no differences in a4p7+
Th17-like cells between study arms at 1 month (Figure 3F),
and none of the contraceptives induced MFI changes
(Figure 3G and 3H). Thus, DMPA-IM use was associated with
an increase in activated Th17-like cells, but unexpectedly had lit-
tle effect on the overall expression of HIV co-receptors [11, 23].

Since HIV entry into cells may depend on the co-expression
of cell-surface markers [6], we assessed co-expression of these
markers across study arms. Overall, Th17-like cells expressing
CCR5 alone were the most highly abundant, irrespective of
study arm or time point (median, 28.5%; IQR, 17.73-39.01%;
Figure 4). Compared with baseline, only DMPA-IM initiation
resulted in an increased frequency of CD38+ CCR5+ a4p7+
Th17-like cells, a population likely to be highly HIV susceptible
(P=.003), while both the Cu-IUD and LNG implant induced
decreases in other Thl17-like populations (Figure 4A). We
next compared the most abundant subsets (median frequency
>5%) between contraceptive arms at 1 month (Figure 4B).
The frequency of CD38+ CCR5+ 04p7+ Thl7-like cells was
higher in women using progestin-only contraceptives com-
pared with those using the Cu-IUD (DMPA-IM [median,
10.05%] vs Cu-IUD [median, 3.9%]; P=.005; and LNG im-
plant [median, 9.82%] vs Cu-IUD; P=.014; Figure 4B) but
similar between DMPA-IM and LNG implant (P=.247).
Therefore, DMPA-IM initiation led to a significant increase
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Figure 2. The frequency of activated Th17 HIV target cells in women randomized to the Cu-IUD (n = 23; red), DMPA-IM (n = 20; blue), or LNG implant (n = 15; green). (4)
The frequency of Th17-like cells (CCR6+ CCR10-) before and after initiation of contraception. (B) The cross-sectional comparison of Th17 frequency post-contraceptive ini-
tiation across study arms. (C) The frequency of CD38+- Th17 cells before and after initiation of contraception. (D) The cross-sectional comparison of CD38+ Th17 frequency
post-contraceptive initiation across study arms. (£) The frequency of HLA-DR+ Th17 cells before and after initiation of contraception. (F) The cross-sectional comparison of
HLA-DR+ Th17 frequency post-contraceptive initiation across study arms. The horizontal bars indicate the median. (G) Proportions of activated Th17 cells expressing different
combinations of CD38 and HLA-DR. Statistical comparisons were performed using the Wilcoxon matched-pairs tests for matched data or the Kruskal-Wallis with false dis-
covery rate correction for cross-sectional comparisons. Abbreviations: Cu-IUD, copper T intrauterine device; DMPA-IM, intramuscular depot medroxyprogesterone acetate;
HIV, human immunodeficiency virus; LNG, 2-rod levonorgestrel; Th17, T-helper 17.
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Figure 3. The expression of HIV receptors CCR5 and 437 on Th17 target cells in women randomized to the Cu-IUD (n = 23; red), DMPA-IM (n = 20; blue), or LNG implant
(n=15; green). (A) The frequency of CCR5+ Th17 before and after initiation of contraception. (B) The cross-sectional comparison of CCR5+ Th17 frequency post-
contraceptive initiation across study arms. (C) The MFI of CCR5 on Th17 cells before and after initiation of contraception. (D) The cross-sectional comparison of CCR5
MFI post-contraceptive initiation across study arms. (£) The frequency of a47+ Th17 cells before and after initiation of contraception. (F) The cross-sectional comparison
of @437+ Th17 frequency post-contraceptive initiation across study arms. (G) The MFI of a4f37 on Th17 cells before and after initiation of contraception. (H) The cross-
sectional comparison of a4B7 MFI post-contraceptive initiation across study arms. Th17 cells were defined as CD4+ CCR6+ CCR10—. The horizontal bars indicate the
median. Statistical comparisons were performed using the Wilcoxon matched-pairs tests for matched data or the Kruskal-Wallis with false discovery rate correction for
cross-sectional comparisons. Abbreviations: Cu-IUD, copper T intrauterine device; DMPA-IM, intramuscular depot medroxyprogesterone acetate; LNG, 2-rod levonorgestrel;
MRI, median fluorescent intensity; Th17, T-helper 17.
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in susceptible Th17-like cells from baseline and, in comparison,
to women using Cu-IUD.

The vaginal microbiome may also influence HIV susceptibil-
ity, and since Th17 cells mediate antibacterial immunity, we
next evaluated whether the vaginal microbiome influenced
the abundance of Th17-like cells in the context of contraceptive
use. Using available sequencing data (n = 47), 5 CSTs were iden-
tified at baseline, with no clear separation by contraceptive arm
(Figure 5A). Overall, CSTs III-A, and IV-D were the most com-
mon, comprising 27.7% and 29.8% of women, respectively.
Women were grouped according to whether they had baseline
Lactobacillus spp.—dominant microbiota (CSTs III-A or I-B) or
not (CSTs IV-A, IV-B, or IV-D). Only 15 of 47 women (32%)
had a Lactobacillus-dominant (LD) microbiome at baseline,
with nearly half of them randomized to DMPA-IM (7/15;
46%). Cervical Th17-like cell frequencies were similar between
baseline and 1 month in women with an LD vaginal microbiome
and those without (Figure 5B). Interestingly, the initiation of
DMPA-IM resulted in an increase in Th17-like cell abundance
in women with non-LD microbiomes (P = .03) but not in wom-
en with LD microbiomes. Women using DMPA-IM also had
higher frequencies of Th17-like cells at 1 month, compared
with those using the Cu-IUD (Figure 5C), in both the LD (P=
.025) and non-LD groups (P=.008). Similarly, women with
non-LD microbiomes using DMPA-IM had elevated Th17-like
cells compared with those using the LNG implant (P=.043),
but not in the subgroup of LD women. Finally, the microbiome
at baseline or after 4 weeks of contraceptive use was not associ-
ated with Thl7-like cell post-DMPA-IM
(Figure 5D). These data suggest that the microbiome could

abundance

play a role in the contraceptive-induced accumulation of
Th17-like cells and should be investigated further.

To better understand potential pathways accompanying ele-
vated Th17-like cells in women using DMPA-IM, we interrogat-
ed cervicovaginal proteome signatures related to Th17-like
cells. We identified 634 proteins by mass spectrometry in sam-
ples collected at baseline and post-DMPA-IM initiation. Of
these, 87 of 634 (13.7%) proteins were significantly correlated
with increased Th17-like cells post-DMPA
Pathway negatively

initiation.
analysis proteins associated with
Th17-like cell numbers included inflammatory pathways, in-
cluding the acute phase response, the liver X receptor (LXR)/ret-
inoid receptor (RXR) activation, and movement of neutrophils
(P <.001; Figure 6A). In contrast, increases in Th17-like cells
positively correlated with proteins involved in mucosal barrier
integrity, including epithelial cell-cell adhesion junction
proteins (P <.0001), protease inhibition (P <.0001), actin cy-
toskeletal components (P =.0006), and cell-matrix adhesion
(P=.0094; Figure 6A). Hierarchical clustering showed a well-
defined association between increased abundance of Th17 cells
with tight junction and structural proteins, while antiproteases,

known to play a role in wound healing and tissue maintenance,

were found to decrease (Figure 6B). Although the microbiome
did not significantly impact Th17-associated proteins in women
using DMPA-IM, an LD microbiome was more prevalent with
increased Th17-associated proteins involved in cell-cell adhe-
sion (Supplementary Figure 3), suggesting a relationship be-
tween mucosal barrier disruption, Th17 cells, and the
microbiome. Overall, our important findings suggest that
Th17-like cells in the genital tract maintain mucosal barrier
function in the context of DMPA-IM use. Thus, any increased
risk of HIV infection in women using DMPA-IM due to in-
creased HIV target cell availability is likely abrogated by the
same Th17-like cells promoting mucosal barrier integrity.

DISCUSSION

Mucosal Th17 cells make efficient HIV targets [8, 24, 25], evi-
denced by their profound depletion in early infection [20, 26].
We compared the consequences of contraceptives on local HIV
target cells in the ECHO study, the only randomized contracep-
tive trial conducted to date.

DMPA-IM had the most pronounced effect on cervical
Th17-like cells. Women assigned to DMPA-IM had signifi-
cantly increased frequencies of Th17-like cells compared with
baseline and compared with women assigned to Cu-IUD or
LNG implant after 1 month. We also observed an increase in
an activated, HIV-susceptible Th17-like cell population co-
expressing CCR5 and 04p7 (CD38+ CCR5+ 04f7+) after 1
month of DMPA-IM use. However, there was no increased ac-
tivation or abundance in the total CD4+ T-cell population,
consistent with some previous findings [23] and highlighting
the need for deeper examination of susceptible subsets.

We initially hypothesized that women using DMPA-IM
would experience higher HIV incidence rates related to an in-
creased abundance or activation of cervical Th17-like cells [3,
26-28]. Although we could not directly measure associations
between Th17-like cells and HIV acquisition, the ECHO trial
reported no increased risk of HIV in DMPA-IM users com-
pared with others. However, we still observed an increased
abundance of cervical Th17-like cells post-DMPA-IM initia-
tion, in direct contrast to the prediction that increased HIV tar-
get cell infiltration would translate to higher HIV risk.

Our key finding was the Th17-associated increase in mucosal
barrier proteins in women using DMPA-IM. Although we as-
cribe Th17 cells to the role of HIV target cells, their primary
role is in maintenance of barrier integrity [12, 13]. Our data
suggest that the DMPA-IM-driven accumulation of
HIV-susceptible Th17-like cells might be counteracted by their
role in maintaining the epithelial barrier of the female genital
tract. Previously, DMPA-IM has been associated with compro-
mised barrier function, including a reduction in epithelial re-
pair proteins, which may be a mechanism by which HIV risk
is increased [29, 30]. Consequently, our data showing
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Figure 5. The effect of the vaginal microbiome at baseline on the abundance of Th17-like cells in women randomized to the Cu-IUD (n = 17; red), DMPA-IM (n = 17; blue),
or LNG implant (n = 13; green). (A4) Relative abundance of the different vaginal bacterial species in each participant at baseline, where data were available (n = 47). The CSTs
are shown above the panel. The color of the dots at the bottom of the panel indicates which contraceptive arm the participant was randomized to (red for CU-IUD, blue for
DMPA-IM, and green for LNG implant). (B) Th17 cell frequency before and after initiation of contraception in women with a Lactobacillus-dominant (CSTs I1I-A or I-B; n = 15)
or non—Lactobacillus-dominant microbiome (CSTs IV-A, IV-B, or IV-D; n = 32). Statistical comparisons were performed using the Wilcoxon matched-pairs tests. (C) The cross-
sectional comparison of Th17 frequency post-contraceptive initiation across study arms in women with a Lactobacillus-dominant or non—Lactobacillus-dominant microbiome.
Statistical comparisons were performed using Kruskal-Wallis with false discovery rate correction. (D) Linear associations between women with Lactobacillus-dominant
microbiomes at baseline (pre) and at month 1 post-DMPA-IM (post) and Th17-like cell abundance post-DMPA-IM initiation. The associations are shown as a B-coeffici-
ent with error bars representing the 35% confidence interval. Abbreviations: CST, community state type; Cu-IUD, copper T intrauterine device; DMPA-IM, intramuscular depot
medroxyprogesterone acetate; HIV, human immunodeficiency virus; LNG, 2-rod levonorgestrel; Th17, T-helper 17.
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Figure 6. Proteome signatures associated with Th17 cell levels in women randomized to DMPA-IM. Cervicovaginal samples taken at baseline and post-DMPA-IM ini-
tiation (n = 20) were analyzed by label-free mass spectrometry. Longitudinal differences in Th17-like cells and proteins were correlated using Pearson’s R test, which found
13.7% of proteins to be significantly correlated (P=.05). (A) Pathway annotation using IPA and DAVID bioinformatics identified 5 unique biological pathways increased and 6
decreased with the increase in Th17-like cells. (B) Hierarchical clustering showing the associations between the increase in Th17 cells and corresponding increase in mucosal
barrier integrity proteins. Abbreviations: DMPA-IM, intramuscular depot medroxyprogesterone acetate; Th17, T-helper 17.

maintained mucosal barrier function are in agreement with the
lack of greater HIV incidence in women using DMPA-IM in
the ECHO trial. We found no link between the microbiome
and Th17-associated mucosal barrier proteins, although others
have reported detrimental changes in barrier function-associ-
ated protein signatures during dysbiosis [31].

Previous reports suggest that DMPA-IM impacts Th17 cells
by influencing the vaginal microbiome [32]. Here, women with
non-LD microbiomes at baseline had more Th17-like cells
post-DMPA-IM. However, the sample size for our analysis
was small, and these data need to be interpreted cautiously.
Studies also show that women with moderate dysbiosis using
hormonal contraception had mucosal barrier protein profiles
similar to women with LD microbiomes [31]. Based on our
findings, we may consider that hormonal contraception may
promote mucosal barrier function through the accumulation
of Th17-like cells, despite vaginal dysbiosis.

The differences in Th17-like cell abundance between contra-
ceptives may reflect differences in pharmacodynamic properties
[3]. Indeed, the increase in Th17-like cells post-DMPA-IM co-
incides with peak concentrations of medroxyprogesterone ace-
tate (MPA), suggesting a transient effect [3, 33, 34], which may
be too short-lived to substantially increase HIV risk [32, 35]. In
line with our proteomic analyses, Th17-like cells may also be ac-
cumulating in response to transient MPA-induced epithelial
thinning [29, 36, 37]. Th17-like cells may return to baseline lev-
els once MPA concentrations plateau.

Our findings have implications for the use of cervical
Th17-like cells as a proxy for HIV risk. If we consider a mini-
mum threshold of target cells required to impact HIV acquisi-
tion risk, the sampling method used to collect cervical cells is
particularly relevant. Cytobrushes collect relatively superficial
cervical intraepithelial cells, which are easily accessible to lumi-
nal HIV. However, the abundance of cervical cells is unlikely to
correspond to that of vaginal, endometrial, or submucosal
HIV-susceptible cells, which have the potential to be infected,
either by cell migration or contact with HIV in the instance
of reduced barrier function [38, 39].

In conclusion, we report an increase in the abundance of
highly susceptible, cervical Th17-like HIV target cells in wom-
en using DMPA-IM, evident within 1 month of initiation.
Importantly, proteomic signatures related to enhanced muco-
sal barrier function corresponded to the abundance of
Th17-like cells in these women. Thus, the DMPA-IM-driven
accumulation of HIV-susceptible Th17-like cells might be
counteracted by their role in maintaining mucosal barrier

integrity.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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