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ABSTRACT Genital infections with Chlamydia trachomatis can lead to uterine and ovi-
duct tissue damage in the female reproductive tract. Neutrophils are strongly associated
with tissue damage during chlamydial infection, while an adaptive CD4 T cell response
is necessary to combat infection. Activation of triggering receptor expressed on myeloid
cells-1 (TREM-1) on neutrophils has previously been shown to induce and/or enhance
degranulation synergistically with Toll-like receptor (TLR) signaling. Additionally, TREM-1
can promote neutrophil transepithelial migration. In this study, we sought to determine
the contribution of TREM-1,3 to immunopathology in the female mouse genital tract
during Chlamydia muridarum infection. Relative to control mice, trem1,3~/~ mice had
no difference in chlamydial burden or duration of lower-genital-tract infection. We also
observed a similar incidence of hydrosalpinx 45days postinfection in trem1,3~/~ com-
pared to wild-type (WT) mice. However, compared to WT mice, trem1,37/~ mice devel-
oped significantly fewer hydrometra in uterine horns. Early in infection, trem7,3~/~ mice
displayed a notable decrease in the number of uterine glands containing polymorpho-
nuclear cells and uterine horn lumens had fewer neutrophils, with increased granulo-
cyte colony-stimulating factor (G-CSF). trem1,3~/~ mice also had reduced erosion of the
luminal epithelium. These data indicate that TREM-1,3 contributes to transepithelial neu-
trophil migration in the uterus and uterine glands, promoting the occurrence of hydro-
metra in infected mice.

KEYWORDS Chlamydia, TREM-1, neutrophils, PMNs, hydrosalpinx, hydrometra,
Chlamydia trachomatis, genital disease, mouse

he most common sexually transmitted bacterial infection in women is caused by

Chlamydia trachomatis (1). Infection is often asymptomatic and goes undetected,
leading to ongoing inflammation that causes pelvic inflammatory disease with seque-
lae such as chronic pelvic pain, ectopic pregnancy, and/or infertility (2-4). Excessive
neutrophil recruitment in the upper genital tract during chlamydial infection contrib-
utes to long-term damage (5-7). It is well established that in mucosal tissues, neutro-
phils can promote epithelial damage and disrupt barrier function when they cross
from the basal side of the epithelium into the lumen (6, 8-11). Therefore, identification
of the precise mechanisms that induce neutrophil recruitment, transepithelial migra-
tion (TeM), and activation in the genital mucosa could reveal potential therapeutic tar-
gets to alleviate sequelae during chlamydial infections.

Neutrophils express G-protein-coupled, Fc, adhesion, cytokine, and pattern recogni-
tion receptors on their surfaces, which are activated during pathogenic infections
(reviewed in reference 12). However, the combination of activation signals that contrib-
ute to neutrophil-mediated tissue damage during chlamydial infection in the genital
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tract remains unclear. A recently described set of receptors, known as triggering recep-
tors expressed on myeloid cells (TREM), has been discovered to modulate myeloid cell
activation. TREM-1 is found primarily on monocytes and neutrophils and can inde-
pendently activate these cells or synergize with Toll-like receptor activation (13-15).
TREM-1 is an Ig-like receptor that associates with DNAX activation protein of 12 (DAP-
12) to initiate downstream activation of phosphatidylinositol 3-kinase (PI3K) and
extracellular signal-regulated kinase (ERK) (16). There are multiple reports of potential
ligands for TREM-1 (17-19), which can bind to TREM-1 and result in NF-xB and nuclear
factor of activated T cells (NFAT) activation, causing proinflammatory cytokine/chemo-
kine release, production of reactive oxygen species (ROS), and degranulation (reviewed
in reference 20).

Studies using the intracellular pathogens Leishmania major, influenza virus, and lym-
phocytic choriomeningitis virus (LCMV) have demonstrated that TREM-1 deficiency results
in reduced disease, thus improving overall outcome (21, 22). Conversely, during extracellu-
lar infections with pathogens such as Klebsiella pneumoniae and Pseudomonas aeruginosa,
TREM-1 or TREM-1,3 deficiency led to increased pathogen loads and poor outcomes (23,
24), likely as a result of an impaired innate immune response. In an Escherichia coli sepsis
model, TREM-1 blockade increased mouse survival by reducing the host’s systemic proin-
flammatory response (14). TREM-1,3 expression also contributed to neutrophil TeM in the
murine lung during P. geruginosa infection (24). Together, these findings demonstrate an
important role for TREM-1,3 in neutrophil proinflammatory activation and TeM during
pathogenesis.

Our lab recently discovered that the TREM-1 signaling pathway is one of the top 10
gene transcriptional pathways upregulated in the whole blood of C. trachomatis-
infected women with endometritis (25). To address the hypothesis that TREM-1 con-
tributes to genital tract pathology during chlamydial infection, we infected mice defi-
cient for TREM-1,3 (trem1,37/7) with Chlamydia muridarum in the genital tract and
determined infection course, immune cell recruitment, and endpoint pathology in
uterine horns and oviducts. We show that TREM-1 is exclusively expressed on myeloid
cells in the genital tracts of infected mice and that loss of TREM-1,3 reduces uterine
horn pathology but not oviduct pathology. TREM-1,3 was not essential for clearing
chlamydial infection, as infection burden and course in trem1,3~/~ mice mirrored those
in wild-type (WT) mice. Though there was no reduction in the incidence of hydrosal-
pinx at day 45 postinfection, trem1,3~/~ mice had a significantly reduced incidence of
hydrometra. At 7 days postinfection, we observed that trem7,37/~ mice had a reduced
number of uterine glands containing polymorphonuclear cells (PMNs), and reduced
neutrophil transmigration into the uterine horn accompanied with increased levels of
granulocyte colony-stimulating factor (G-CSF). We also observed reduced epithelial
erosion 21 days postinfection in trem1,3~/~ mice. Together, our data indicate a contrib-
utory role for TREM-1,3 in neutrophil TeM, luminal epithelial erosion, and hydrometra
in mouse uteri during C. muridarum infection.

RESULTS

TREM-1 is predominantly expressed on neutrophils in the female mouse
genital tract during chlamydial infection. TREM-1 is expressed at high levels on
monocytes and neutrophils, but it is also expressed at low levels on T cells and muco-
sal lung epithelial cells (reviewed in reference 26). To determine the cell types that
express TREM-1 in the mouse female genital tract during infection, we infected mice
with C. muridarum, excised the uterine horns 7 days postinfection to generate single-
cell suspensions, and determined surface expression of TREM-1 on multiple cell types
by flow cytometry. TREM-1 was not detected on cells that did not express the leuko-
cyte marker CD45, which includes stromal and epithelial cells. In CD45" cells, TREM-1
was not expressed on nonmyeloid cells (CD11b~) but was detected on one-third of mye-
loid cells (CD11b*). While a small percentage of monocytes (CD11b* Ly6C* Ly6G™)
expressed TREM-1, the majority of neutrophils (CD11b* Ly6C* Ly6G™) expressed TREM-1
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FIG 1 TREM-1 is expressed on myeloid cells in the genital tract during C. muridarum infection. C57BL/6) WT (n=5) and trem1,3~/~ (n=4)
mice were infected with 3 x 10° IFU of C. muridarum, and genital tracts were harvested 7 days later. Uterine horn cell suspensions were
analyzed for TREM-1 expression in hematopoietic and nonhematopoietic cells by flow cytometry. Representative plots of live-cell subtypes
for WT (A) and trem1,37/~ mice (B) from one of two experiments are shown. All gates were drawn using appropriate FMO plots.

(Fig. 1A). As expected, myeloid cells from trem1,3~/~ mice lacked TREM-1 surface expres-
sion (Fig. 1B).

TREM-1,3 contributes to pathology in the uterine horns but not the oviducts.
TREM-1 activation of neutrophils leads to ROS production and degranulation (27, 28),
which can impact chlamydial growth and tissue pathology. To determine the contribu-
tion of TREM-1 to chlamydial pathogenesis, we used a mouse strain in which trem3
was deleted with trem71 (24). trem3 is a pseudogene in humans, shares high sequence
homology with trem1, and lies adjacent to trem7 on the genome (29). Further, both
TREM-1 and TREM-3 activate shared signaling pathways (29, 30), suggesting overlap-
ping functions. As such, both trem? and trem3 were deleted to mimic a human
response (24). WT and trem1,3~/~ mice were infected with C. muridarum, and cervico-
vaginal swabs were obtained at intervals over 45days and assessed for chlamydial
DNA by quantitative PCR (qPCR). We observed no difference in chlamydial burden or
infection kinetics over a 45-day period in the trem1,3~/~ mice compared to WT mice
(Fig. 2A). At 45days postinfection, mice were sacrificed, and genital tracts were
assessed for gross pathology. Mice deficient in TREM-1,3 had an incidence of hydrosal-
pinx similar to that of wild-type mice (Fig. 2B and C). Chlamydial infection commonly
results in cystic dilatation in the uteri of mice, in which glands are swollen and filled
with fluid (31-33), a phenomenon termed hydrometra. Although trem7,37/~ mice had
numbers of oviducts exhibiting hydrosalpinx, similar to those of WT mice, they
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FIG 2 trem1,37/~ mice had reduced incidence of hydrometra. (A) C57BL/6J WT (n=5) and trem1,37/~
(n=4) mice were infected with 3 x 10° IFU C. muridarum. Chlamydial shedding was determined from
vaginal swabs taken at the indicated days postinfection and quantified by qPCR using standard curve
measuring copy numbers for the chlamydial MOMP gene. Data are means =+ standard errors of the
means (SEM) and are representative of 3 experiments. (B) H&E staining of histological sections of
genital tracts from 2 representative mice from each group 45days postinfection. Arrows indicate
hydrosalpinx (open arrows) and hydrometra (solid arrows). Numbers of oviducts exhibiting
hydrosalpinx and glands in the uteri exhibiting hydrometra were quantified in each mouse, and data
from 3 experiments were combined. n=16 (WT) and 15 (trem1,37/") (C). Hydrosalpinx incidence was
classified as unilateral (one side) or bilateral (both sides). Data are means = SD. *, P < 0.05.

developed significantly fewer glands exhibiting hydrometra in their uteri (Fig. 2B and
C). Therefore, TREM-1,3 signaling contributes to uterine pathology during infection.
TREM-1,3 contributes to neutrophil transepithelial migration. To investigate the
possible contributing factors that led to hydrometra, we assessed histological sections
from 7 days postinfection. We found the presence of PMNs in the uterine horn glands in
WT mice, which was less frequent in trem1,3~/~ mice (Fig. 3). However, we were unable to
accurately quantify glandular size and number of PMNs present due to limitations of sin-
gle-plane histological sectioning. Therefore, we sought to determine if TREM-1,3 deficiency
altered neutrophil infiltration during Chlamydia infection in the uterine horns. We observed
similar bacterial loads and frequencies of immune cell infiltrates, including monocytes and
neutrophils, in single-cell suspensions of whole uterine horn tissues at 7 days postinfection
(see Fig. ST1A and B in the supplemental material). Immunohistochemical staining for neu-
trophils revealed prominent infiltrates in the lumens of both WT and trem1,37~/~ mice
7 days postinfection. However, increased densities of neutrophils were observed at the ba-
sal surface of the uterine horn luminal epithelium in trem1,3~/~ mice compared to WT
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FIG 3 trem1,37/~ mice had reduced number of uterine horn glands with polymorphonuclear cell
presence. C57BL/6J WT and trem1,37/~ mice were infected with 3 x 10° IFU C. muridarum, and genital
tracts were harvested 7 days postinfection. Representative H&E staining of histological sections of
uterine horn glands from WT and trem1,3™/~ mice with (solid arrows) and without (open arrows)
PMNs. The glands in the uterine horns containing PMNs were counted in each mouse. Data are
means * SD. n=13 from 3 independent experiments. **, P <0.01.

mice (Fig. 4A), suggesting a reduction in neutrophil TeM in the absence of TREM-1,3.
Indeed, histological scoring at 7 and 21 days postinfection in the uterine lumen of
trem1,3~/~ mice revealed a reduced presence of PMNs (Fig. 4B).

To calculate the percentage of total neutrophils that had migrated into the lumen, we
collected uterine horn lavage fluid, prepared cell suspensions from uterine tissues after la-
vage, and analyzed them by flow cytometry. Lavage fluid from both WT and trem1,3~/~
mice contained large numbers of neutrophils. However, the fraction of total tissue neutro-
phils (Ly6C* Ly6G™") that migrated to the lumen was reduced in trem1,3~/~ mice compared
to WT (Fig. 4C), revealing TREM-1,3's contribution to neutrophil TeM in infected uteri. We
found no difference in the fractions of total tissue monocytes (Ly6C* Ly6G™) in uterine
lumens between trem1,3~/~ and WT mice (data not shown). Interestingly, despite similar
neutrophil recruitment to the uterine horns between WT and trem1,3~/~ mice and a
reduced infiltration of neutrophils in the lumen of trem7,3~/~ mice, at 7 days postinfection
we observed increased G-CSF protein in whole-uterine-tissue homogenates (Fig. 4D).
However, we observed no difference in CXCL1 (KC) or CXCL2 (MIP-2) proteins in the uterine
horn homogenates between WT and trem1,3~/~ mice (Fig. S1C), while IL-13, TNF-a, and
CCL2 (MCP-1) levels were below the level of detection in WT and trem71,3~/~ mice (data
not shown). Together, our data indicate an association between reduced hydrometra and
glandular PMN infiltration, which could be the result of reduced PMN TeM.

trem1,3~/~ mice have reduced epithelial erosions in the uterine horns. Neutrophils
in the lumen can cause damage to epithelial barriers by releasing toxic granules (34).
To determine if the defect in neutrophil TeM would impact epithelial erosion, WT and
trem1,37/~ mice were evaluated for epithelial erosion by histological scoring at 7, 21,
and 45 days postinfection. Mice deficient for TREM-1,3 had slightly reduced erosion
scores 7 days postinfection and significantly reduced erosion scores 21 days postinfec-
tion (Fig. 5). At 45 days postinfection, despite WT mice having more extensive hydro-
metra than trem1,37/~ mice, both WT and trem1,37/~ mice were able to repair their
uterine epithelium (Fig. 5). Histological scoring revealed no difference in the extent of
dilatation or lymphocyte infiltration in the uterine horns (Fig. S2) at 7, 21, and 45 days
postinfection. We also observed no difference in PMN or mononuclear cell infiltration,
dilatation, or epithelial erosion in the oviducts (Fig. S3). These data suggest that TREM-
1,3 contributes to epithelial erosion in the uterine horns during infection.

DISCUSSION
While Chlamydia infections can be cured via antibiotic therapy, upper-genital-tract
damage as a result of an overly robust host immune response can be irreversible.
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FIG 4 trem1,3~/~ mice had reduced neutrophils in the uterine horn lumen. Infected C57BL/6J WT and trem1,37/~ mice
were harvested 7 and 21 days postinfection. (A) Immunohistochemical staining with antineutrophil antibody of
representative histological sections 7days postinfection. Neutrophils are highlighted in brown using DAB as the
detection chromogen, and solid arrows indicate the basal portion of the uterine horn luminal epithelium. (B)
Histological sectioning of the uterine horns was scored for polymorphonuclear cell (neutrophil) infiltration into the
lumen 7 days postinfection (dpi). At 7dpi, n=13 for 3 experiments combined. At 21dpi, n=14 for 2 experiments
combined. **, P<0.01. (C) Lavage fluid was collected from excised uterine horns, and neutrophils in lavage fluid and
tissues after lavage were quantified by flow cytometry. The percent total neutrophils in the lumen is the percentage
of the ratio of lavage neutrophils to lavage and tissue neutrophils. n=14 (WT) and 12 (trem1,37/7). Data are means =
SEM. (D) In an independent experiment, tissue homogenates were prepared from uterine horns excised from mice
7 days postinfection and analyzed for G-CSF by Luminex. n=6. **, P < 0.01.

Understanding the molecular and cellular mechanisms that induce tissue damaging
inflammation would aid development of adjunctive therapies to prevent sequelae.
Neutrophils are strongly associated with chronic tissue damage in the female repro-
ductive tract during chlamydial infection. In this study, we investigated the contribu-
tion of TREM-1,3, an activation receptor highly expressed on neutrophils, to chlamydial
pathogenesis. Using the mouse model of genital Chlamydia infection, we demon-
strated that TREM-1,3 does not contribute to infection control but contributes to neu-
trophil-induced pathology in the uterine horns.

The contribution of TREM-1,3 to chlamydial immunopathology but not to infection
clearance is consistent with other infection models which also rely on a T cell response
to combat infection. Specifically, mice deficient in TREM-1 expression were able to con-
trol Leishmania major and influenza virus infections similarly to WT mice while having
reduced immunopathology from infiltrating neutrophils (21). Similarly, TREM-1-defi-
cient mice infected with LCMV displayed reduced hepatic injury that is commonly
associated with infiltrating neutrophils (22). The lack of an effect of TREM-1,3 deficiency
on chlamydial burden is not surprising, given that Chlamydia spp. are obligately intra-
cellular pathogens and the primary mechanism for control of infection is adaptive Th1
T cells (35-38), while neutrophils are dispensable in primary infection and play only a
supportive role in secondary infections (6, 38, 39).

In our infection model, we observed a reduction in neutrophil-associated immuno-
pathology in the uterus during chlamydial infection, indicating TREM-1,3’s ability to
enhance the tissue-damaging inflammatory response. However, we did not observe
any reduction in hydrosalpinx occurrence in TREM-1,3-deficient mice, suggesting that
either TREM-1,3’s role is confined to the uteri or that alternate receptors which contrib-
ute to oviduct pathology, such as Toll-like receptor 2 (TLR2) (40), tumor necrosis factor
receptor (TNF-R) (41), and/or interleukin 1 receptor (IL-1R) (42), are too damaging in
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FIG 5 trem1,3”/~ mice had reduced uterine horn epithelial erosions. Genital tracts from infected
C57BL/6J WT and trem1,37/~ mice were harvested 7, 21, and 45 days postinfection. Representative
H&E staining of the uterine horn luminal epithelium from histological sections of WT and trem1,37/~
mice. Solid arrows indicate intact epithelium, and open arrows indicate eroded and/or disrupted
epithelium. Semiquantitative scoring of epithelial erosion was performed on all sections. Sections
were scored from 1 to 4 as described in Materials and Methods. At day 7 postinfection, n=12 (WT)
and 13 (trem1,37/7) for three combined experiments. At day 21 postinfection, n=14 for two
combined experiments. At day 45 postinfection, n=16 (WT) and 15 (trem1,37/") for three combined
experiments. *, P < 0.05.

the oviduct to allow a contribution of TREM-1,3 to be observed. Alternatively, the frag-
ile nature of the oviducts compared to the uteri could also make the tissue more sus-
ceptible to neutrophil-induced damage, masking the contribution of TREM-1,3 to TeM.
We speculate that since TREM-1,3 synergizes with TLRs to enhance myeloid cell activa-
tion (27), blockade of TREM-1,3 in combination with TLR2 could enhance the protective
effects of TLR2 deficiency and reveal a contributory role for TREM-1,3 in the oviducts.

Studies have reported reduced neutrophil migration in the absence of TREM-1 sig-
naling (21, 43), and a study by Klesney-Tait et al. (24) linked TREM-1,3 to neutrophil
TeM in the lung, which was essential for murine host defense against P. aeruginosa
infection. Mice deficient in TREM-1,3 had decreased infiltration of neutrophils into the
bronchiolar airspace, which resulted in increased bacterial burden and mortality. They
further showed the deficit in neutrophil migration was likely a result of ROS production
(28). Our results showed some reduction in neutrophil TeM into the uterine horn
lumen but no effect on neutrophil or lymphocyte tissue infiltration or rate of bacterial
clearance. The comparatively reduced effect that we observed of TREM-1,3 deficiency
on neutrophil transmigration suggests that additional neutrophil receptors are
engaged during chlamydial infection to elicit transmigration. Additionally, loss of epi-
thelial polarity, cytotoxicity, and barrier disruption induced by chlamydial infection (44)
surely provides access for neutrophils to migrate into the lumen in the absence of
TREM-1,3 activation.

Interestingly, we observed increased levels of G-CSF in uterine homogenates from
trem1,37/~ mice. G-CSF binds to its receptor (G-CSFR) on neutrophils. Therefore, we
speculate that reduced neutrophils in the uterine lumen of trem1,37/~ mice result in
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increased unbound detectable G-CSF. In support of this, in arthritis and LPS-induced
lung injury models, neutrophil recruitment is followed by a reduction in detectable G-
CSF (45, 46). Although effects of TREM-1,3 on TeM were mild in our model, our data
revealed a reduction in uterine horn epithelial erosion in TREM-1,3-deficient mice dur-
ing infection. However, the mechanism by which TREM-1,3 promotes epithelial erosion
is unclear. We suspect that it is a result of reduced neutrophil TeM or neutrophil activa-
tion, and both should be considered in further investigations.

It is well established that the formation and function of uterine glands are critical to
support egg implantation and fetal growth by providing the necessary nutrients for
development (reviewed in reference 47). A common characteristic of genital chlamyd-
ial infections in mice is hydrometra, an accumulation of fluid that enlarges uterine
glands, which do not repair themselves. This chronic pathology has been shown to
cause obstruction and prevent efficient uterine contraction, which aids in fertility in
mice (48-50). Here, we report a reduction in the number of uterine glands containing
PMNs early during infection and a reduction in the occurrence of hydrometra in the ab-
sence of TREM-1,3. The exact mechanism of uterine hydrometra is not clear. It could be
a result of neutrophil inflammation and damage that causes excessive epithelial and
inflammatory cell debris in the glands, leading to blockade that causes eventual fluid
accumulation. Epithelial cell death could release damage-associated molecular pat-
terns (DAMPs) and pathogen-associated molecular patterns (PAMPs), which lead to fur-
ther immune activation in uterine glands. Our data from trem1,3~/~ mice suggest that
TREM-dependent epithelial erosion resulting from neutrophil TeM likely contributes to
hydrometra. However, a direct link between epithelial erosion and hydrometra requires
further investigation. In humans, histopathological analysis of Chlamydia-induced en-
dometritis is associated with increased PMNs in the endometrial glands (51, 52), mak-
ing hydrometra in mice analogous to pathology observed in humans.

Given the strong association between chlamydial infections and endometritis (53),
more efforts are needed to mitigate immunopathology incurred in the endometrium
during infection. A common feature of chlamydial infection in women is neutrophil
infiltration in the lumen of glands in the endometrium (52, 54), similar to what is seen
in the mouse model. Since TREM-1 has a role in tissue damage in the uteri of mice, this
receptor may be a suitable therapeutic target to reduce endometrial inflammation dur-
ing chlamydial infection without compromising host defense responses important in
infection resolution. Further, identification and blockade of other neutrophil innate
inflammatory receptors in combination with TREM-1 blockade may reduce excessive
damage in the upper genital tract during chlamydial infection.

MATERIALS AND METHODS

Mice. Age-matched wild-type C57BL/6J mice were purchased from The Jackson Laboratory (Bar
Harbor, ME; 000664) and acclimated to the animal facility at the University of North Carolina at Chapel
Hill (UNC-CH) for at least 7 days prior to experiments. For this study, we obtained mice deficient in trem1
and trem3 from Julia Klesney-Tait at the University of lowa Carver College of Medicine (24). Genetic dele-
tion of trem1,3 was confirmed by genomic PCR with the primers TCTCTCCATCTATGCATCCACCC (F1),
TCCCAAGAGCAGGCACAAGA (F2), and TCTTGCCGCTGATTGGTTCA (R) as previously described (24). All
mice were housed at the UNC-CH animal facility in a pathogen-free environment, and studies were
approved by the IACUC.

Chlamydia muridarum infection. Chlamydia muridarum strain Nigg stocks were propagated and
titrated in L929 monolayers as previously described (55). Stocks were stored in sucrose-sodium phos-
phate-glutamic acid (SPG) buffer at 80°C until use. Eight- to 10-week-old mice were administered 2.5 mg
Depo-Provera (medroxyprogesterone acetate [Upjohn]) in 100 ul sterile phosphate-buffered saline (PBS)
subcutaneously 7 to 10 days prior to infection to induce anestrous. Mice were anesthetized intraperito-
neally with 10 ul/gram weight of sodium pentobarbital (5 mg/ml) in sterile PBS and infected intravagi-
nally with 3 x 10° inclusion-forming units (IFU) in 20 ul SPG buffer. At the indicated time points, chla-
mydial shedding was assayed with cervicovaginal swabs of each mouse that were rotated 10 times.
Swabs were collected in 1 ml SPG buffer, and DNA was extracted using a Quick-DNA miniprep kit (Zymo
D3024). The amount of chlamydial DNA in extracts was quantified by qPCR using primers against ompA
(encoding major outer membrane protein [MOMP]) as previously described (56).

Flow cytometry. Uterine horns were excised from mice postmortem and processed for flow cytome-
try analysis. For uterine horn lavages, uterine horns were cut 2 mm above the cervix and below the ovi-
ducts. Two hundred microliters of Hanks balanced salt solution (HBSS) (without Ca or Mg) with 5% fetal
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bovine serum (FBS) was carefully pipetted through each uterine horn with a 200-ul pipet tip and col-
lected. The remaining tissue and uterine horns that had not been subjected to lavage were processed as
previously described (57). Briefly, single-cell suspensions of tissues were obtained by mincing of tissue
and digestion with collagenase for 60 min at 37°C. Digested tissues were filtered through a 70-um filter
followed by a 40-um filter to obtain single-cell suspensions. Cells were stained with Zombie UV live/
dead stain (BioLegend 423107) diluted 1:500 in PBS. Cells were washed with cell stain buffer (BioLegend
420201) and resuspend in Fc block (BD 553142). Cells were stained using the following antibodies with
conjugated fluorophores: anti-CD45-peridinin chlorophyll protein (PerCP)-Cy5.5 (BD clone 30-F11), anti-
CD11b-allophycocyanin (APC) (BioLegend clone M1/70), anti-Ly6G-fluorescein isothiocyanate (FITC)
(BioLegend clone 1A8), anti-Ly6C-BV605 (BioLegend clone HK1.4), anti-F4/80-phycoerythrin (PE)-Dazzle
(BioLegend clone BMS8), anti-TREM-1-PE (R&D FAB1187P), anti-CD3-APC/Cy7 (BioLegend clone 17A2),
and/or anti-CD8a—-PE/Cy7 (BioLegend clone 53-6.7). Gating for immune cells was performed as previ-
ously described using appropriate fluorescence minus one (FMO) controls (57). Cells were washed 3
times in cell stain buffer and fixed in 2% formaldehyde. Cells were analyzed on an LSR Il flow cytometer
(BD) at the UNC Flow Cytometry Core, and data were analyzed using Cytobank (58).

Cytokine expression. After preparation of single-cell suspensions for flow cytometry, 1/20 of each
cell suspension was isolated and diluted 1:2. After a freeze-thaw cycle to lyse cells, supernatants were
collected, and total protein was quantified using a bicinchoninic acid (BCA) assay kit (Pierce 23225).
Supernatants were assayed for cytokines using a Milliplex MAP mouse cytokine/chemokine magnetic
bead panel (Millipore MCYTOMAG-70K) containing beads with antibodies against mouse G-CSF, IL-18,
CXCL1 (KC), CXCL2 (MIP-2), CCL2 (MCP-1), and TNF-a following the manufacturer’s protocol. Analysis
was performed using a Bio-Rad MAGPIX multiplate reader with Bio-Plex Manager MP software (Bio-Rad).
Cytokine concentrations were normalized to total protein levels in each sample. Samples that fell below
the level of detection were reduced to half of the lower level of detection.

Immunohistochemistry. Genital tracts of mice were removed postmortem and placed in 10% for-
malin in PBS for 24 h. Tissues were rinsed with PBS for 24 h and embedded in paraffin. Sections of the
genital tract were cut longitudinally 4 um thick and stained with hematoxylin and eosin (H&E). The
method for counting uterine glands exhibiting hydrometra was previously described (33). Histological
scoring was performed using a previously described semiquantitative 4-tier rating system (59). The
endocervix, uterine horns, oviducts, and mesosalpinx were evaluated for polymorphonuclear cells
(PMNs), mononuclear cells, plasma cells, dilatation, chronic inflammation, and fibrosis. To detect neutro-
phils, paraffin-embedded sections were deparaffinized and rehydrated using a series of graded alcohols.
Heat-induced epitope retrieval was performed using pH 6.0 buffer (Thermo TA-135-HBL), after which en-
dogenous peroxidase activity was quenched with 3% hydrogen peroxide. Sections were blocked in 10%
normal goat serum for 1 h and then incubated overnight at 4°C with rat anti-neutrophil antibody
(Abcam AB2557) diluted 1:100. Sections were then incubated in biotinylated goat anti-rat IgG (Jackson
112-065-167) diluted 1:500 for 1 h at room temperature. Signal was amplified with a Vectastain Elite
ABC-HRP kit (Vector Laboratories PK-6100), per the manufacturer’s instructions and detected using the
chromogen DAB (3,3'-diaminobenzidine) (Thermo TA-125-QHDX). Finally, sections were counterstained
with hematoxylin (Thermo 6765003), dehydrated with a series of graded ethanols, cleared with xylene,
and coverslipped with DPX mounting medium (EMS 13512).

Statistical analysis. For chlamydial shedding data from multiple time points, experiments were per-
formed twice. All statistical analysis was performed using GraphPad’s Prism 9.0 software. Statistical sig-
nificance was determined using two-way analysis of variance (ANOVA) with Sidak’s multiple comparison.
Statistical significance for hydrometra incidence was determined using a t test with Welch's correction.
Statistical analysis for chlamydial IFU in tissue was performed using nonparametric Mann-Whitney test.
Cell counts, measured by flow cytometry, were determined for each cell type, and each cell type was cal-
culated as a percentage of the total live-cell population. Statistical analysis performed on cell type quan-
tification was performed using two-way ANOVA with Sidak’s multiple-comparison test. For histological
scoring, statistical significance was determined using a nonparametric Mann-Whitney test. n values for
each experiment are included in the figure legends.
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