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Abstract

The role of progesterone (P4) in the regulation of the local (uterine) and systemic innate immune
system, myometrial expression of connexin 43 (Cx-43) and cyclooxygenase 2 (COX-2) and the onset
of parturition was examined in: 1) naive mice delivering at term; 2) E16 mice treated with RU486
(P4-antagonist) to induce preterm parturition; and 3) in mice treated with P4 to prevent term

parturition.

In naive mice, myometrial neutrophil and monocyte numbers peaked at E18 and declined with the
onset of parturition. In contrast, circulating monocytes did not change and although neutrophils
were increased with pregnancy, they did not change across gestation. The myometrial mMRNA and
protein levels of most chemokines/cytokines, Cx-43 and COX-2 increased with, but not before,

parturition.

With RU486-induced parturition, myometrial and systemic neutrophil numbers increased before and
myometrial monocyte numbers increased with parturition only. Myometrial chemokine/cytokine
mRNA abundance increased with parturition, but protein levels peaked earlier at between 4.5 and
9h post RU486. Cx-43, but not COX-2, mRNA expression and protein levels increased prior to the

onset of parturition.
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In mice treated with P4, the gestation-linked increase in myometrial monocyte, but not neutrophil,
numbers was prevented and expression of Cx-43 and COX-2 was reduced. On E20 of P4
supplementation, myometrial chemokine/cytokine and leukocyte numbers, but not Cx-43 and COX-2

expression, increased.

These data show that during pregnancy P4 controls myometrial monocyte infiltration, cytokine and
prolabour factor synthesis via mRNA dependent and independent mechanisms and, with prolonged

P4 supplementation, P4 action is repressed resulting in increased myometrial inflammation.

Introduction

The uterus is a key site of immune activity during human pregnancy and labour [1-3]. As pregnancy
advances the myometrium is invaded by increasing numbers of monocytes, dendritic cells and
neutrophils. These cells, in addition to their immune roles, may modulate pregnancy outcome by

influencing myometrial function [4].

Murine monocytes exist as, at least, two phenotypically and functionally distinct subsets; these are
distinguished by levels of the cell surface marker Ly-6C, which is higher on monocytes in the bone
marrow and immediately after they have migrated into the circulation. Sunderkétter et al. showed
that the Ly-6C™ bone marrow derived blood monocyte matures over the course of 3 days, with Ly-6C
expression declining until the mature monocyte becomes part of the Ly-6C*° monocyte subset [5] [6,
7]. The Ly-6C™ monocyte subset is preferentially recruited to sites of active inflammation [5, 8, 9] by
the production of chemokine ligand 2 (CCL2), which is also known as monocyte chemoattractant
protein 1, and which stimulates Ly-6C™ monocyte egress from the bone marrow and extravasation
into tissue [8]. Tagliani et al. demonstrated that the uterus actively recruits the Ly-6C™ monocyte
subset rather than the Ly-6C'° subset during gestational development [10]. Nevertheless, the timing
and pattern of recruitment of monocyte subsets into the uterus in late gestation and prior to labour

has not yet been investigated. The uterine macrophage population has been reported to increase in
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density during pregnancy until labour [11-13], suggesting that macrophages may play a key role in
parturition [2]. Recent evidence indicates that blood monocyte trafficking to the uterus is central to
expansion of the macrophage population during pregnancy [13]. CCL2 production may be influenced
by progesterone (P4) and uterine stretch [14-16]; since P4 withdrawal initiates a rise in CCL2
expression while continued P4 administration prevented the increase in CCL2 expression in the
gravid horn of unilateral pregnant rats [16]. A role for colony-stimulating factor 1 (CSF-1, is also
known as macrophage-CSF), which enhances cell differentiation into macrophages, has also been
suggested as in ovariectomised mice, low levels of CSF-1 correlated with low uterine macrophage
numbers suggesting that sex steroids tightly regulate CSF-1 production, indirectly controlling uterine

macrophage density [17].

The regulation and function of the increase in the myometrial macrophage, monocyte and
neutrophil numbers around the time of labour is still unclear and the subject of on-going research.
The studies by Norman et al, in the human, highlighted the association between labour and
inflammation, demonstrating an intense myometrial leukocyte infiltration in association with
increased cytokine expression [1-3]. Further, inflammation has been found to play a central role in
virtually all myometrial gene array studies of labouring myometrium [18-24]. Inflammatory cells can
exert a direct or indirect effect on myometrial contractility, the former by enhancing ROCK activity
and the latter via increased cytokine and prostaglandin synthesis [25, 26]. Importantly, P4 can
reverse the effect of monocytes on myometrial contractility [26], consistent with a mutually
antagonist relationship between P4 and inflammation, which forms the basis of several theories for

the onset of human labour [27-29].

Many studies have considered the uterus in isolation, not considering that immune changes in the
uterus may reflect changes in the systemic immune system. Further, while P4 has been shown to

regulate uterine monocyte trafficking, it could exert effects on the systemic immune system,
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potentially controlling both the local (myometrial) and systemic immune system. In this study, we
initially investigated the behaviour of the innate immune system in CD-1 mouse pregnancy, studying
the changes in myometrial immune cell trafficking in the context of the changes in other
reproductive tissues (placenta and decidua) and the systemic immune system (blood, lung and liver);
we then compared these to local and circulating cytokine levels and related them all to the changes
in myometrial prolabour factor levels. The role of P4 in regulating these local and systemic responses
was then evaluated by administration of RU486 to produce acute P4 withdrawal and P4

supplementation to reverse late gestation withdrawal.

Materials and Methods

Animal study ethical statement and husbandry conditions

CD1 outbred mice were purchased from Charles River (Margate, UK) at 6-8 weeks of age and
subsequently housed in open cages at 21 + 1°C, on a 12:12 light/dark cycle, and given Harlan Teklad
2018 Global Diet rodent food and water ad libitum. Female mice were mated overnight with males
and the day a copulatory plug was observed was designated embryonic day 0 (EO). Stud males were
singly housed, whilst females were group housed with up to 5 others until E18 at which time they

were singly housed to litter down.

The health status of all animals was monitored daily and all mice due to enter a treatment arm were
inspected to assure good health prior to initiation of the protocol. The daily subcutaneous injection
sites were varied to minimise discomfort to the animals and monitored for any abnormal response.
Animals were monitored by infra-red CCTV (RF Concepts, Ireland) from E18 (or E16 in the RU86

treatment arm) and physical inspection in the lead up to labour, in case of labouring complications.

All experiments were performed in accordance with the Animals (Scientific Procedures) Act 1986,

under Home Office Licenses 70/6909 & 70/7518, with approval from the Animal Welfare & Ethical
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Review Boards of Imperial College and University College London. The 3Rs and ARRIVE guidelines
were consulted and implemented in completion of this study and in the production of this

manuscript.

Leukocyte trafficking dynamics during late gestation and labour

The leukocyte populations and subsets were analysed in late gestation and labour in the uterus and
systemically to gain a global understanding of the response to pregnancy and labour. The lungs,
liver, blood and uterus of CD-1 mice were collected from naive virgin non-pregnant mice (n=3 mice)
and from time-mated mice. In the pregnant mice (E16, E17 and E18 and after the spontaneous
delivery of at least one pup for the labouring samples, n=6 dams per group), myometrium, decidua
and placentas were also collected (gating strategies described previously [30]). Postnatal samples

were obtained within 24 hours post delivery.

Progesterone and RU486 treatment

Animals were selected for each treatment arm randomly, with control and P4 treated animals
injected alongside each other to avoid bias i.e. E16 control group treated alongside E16 P4 group
(although housed in different cages). Injections and tissue collections were performed at the same
time each day and the animals returned to their home cage unless they were due to labour that day,
at which point they were singly housed with suitable nest boxes and nesting materials. Due to
pregnancy rates and to again avoid collection bias, multiple RU486 time point collections were
performed on the same day, whilst labouring samples were collected over various days. We mated
enough animals to ensure that we had a minimum of 6 animals at each time point. This sample size
was chosen based on previous in vivo work [31], the requirements for statistical normality testing
and on initial pilot study results. When the mating proved to be more successful than expected, we
used the excess animals to increase numbers at different time points. For tissue collection in all

treatment groups, animals were briefly anaesthetised using 5% isoflurane (in 1.5L/min oxygen) and a
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cardiac puncture performed using a heparinised syringe, followed by immediate cervical dislocation.
The excised tissues immediately processed for flow cytometry or snap frozen on dry ice prior for

later molecular analysis.

Control Group: Mice were administered daily subcutaneous peanut oil (P4 vehicle control) injections
from gestational day 14 (E14) until gestational day 18 (E18) and an additional subcutaneous injection

of DMSO (RU486 vehicle control) on gestational day 16 (E16).

For tissue collection, animals were briefly anaesthetised using 5% isoflurane (in 1.5L/min oxygen)
and a cardiac puncture performed, followed by immediate cervical dislocation on gestational days
16 (n=6 dams), 17 (n=8 dams), 18 (n=6 dams) and in labour (n=6 dams), which was identified
following delivery of at least the first pup. Tissues were immediately processed for flow cytometry or

snap frozen on dry ice prior to molecular analysis.

RU486 Model of Preterm Labour: Mice were administered daily subcutaneous peanut oil (P4 vehicle
control) injections from E14 until E16 and a subcutaneous injection of 150ug of RU486 dissolved in
20uL DMSO on E16 at 10am. Tissues were collected at 4.5h (n=8 dams), 9h (n=8 dams), 13.5h (n=6
dams) post-RU486 administration and upon delivery of at least the first pup (labour) which took
place approximately 18h post-RU486 administration (n=7 dams). Tissues were immediately

processed for flow cytometry or snap frozen on dry ice prior to molecular analysis.

P4 Model of Prolonged Gestation: Mice were administered a daily subcutaneous injection of 2mg P4
dissolved in 40uL peanut oil from E14 until gestational day 20 (E20) and an additional subcutaneous
injection of DMSO (RU486 vehicle control) on gestational day 16 (E16). Tissues were collected on
days 16 (n=7 dams), 17 (n=8 dams), 18 (n=7 dams), 19 (n=9 dams) and 20 (n=7 dams). They were
immediately processed for flow cytometry or snap frozen on dry ice prior to molecular analysis.

Circulating P4 levels were maintained on this regimen until E20 (supplementary figure 1B).
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Leukocytes were differentiated between vascular and tissue populations by staining with CD45. In
the myometrium, the greater majority of leukocytes were within the tissue, conversely, in the lung

and liver, the majority were shown to be a marginalised intravascular (supplementary figure 2).

To label dividing cells in vivo, 100ul 10mg/ml BrdU in sterile 1x DPBS was administered by
intraperitoneal injection (BD Pharmingen, New Jersey, USA) 6 hours before a subcutaneous injection
of 150ug of RU486 (n=3 mice) or DMSO vehicle control (n=3 mice). Blood and myometrial samples
were collected at labour or 24 hours post BrdU injection and processed according to the

manufacturer’s instructions (as described previously [30]).

CCR2 antagonist administration: Pregnant mice at E16 were given 10mg of the selective CCR2
antagonist RS504393 (n=6 dams) (Abcam, Cambridge, UK) by oral gavage 8 hours after subcutaneous
injection of 150ug RU486. RS504393 was dissolved in DMSO at a concentration of 4mg/ml, and
diluted 1:20 with PBS so that DMSO concentration was reduced to 5% thereby obtaining a final
concentration of 2mg/kg for in vivo administration. 5% DMSO in PBS was used as the vehicle control
(n=6 dams). This dose was selected based on CCR2 blockade experiments by Furuichi et al. and
Kitagawa et al. [32, 33]. Blood, lung and myometrial samples were collected at labour or 12 hours

after RS504393 oral gavage.

Cell preparation and flow cytometry

Blood was immediately mixed with 5mM EDTA and stored at 4°C until analysis within 12h. The lungs,
sections of liver, myometrium, decidua and placentas were weighed and then immediately
homogenised using a gentleMACS M tube (Miltenyi Biotec Ltd, Surrey, UK) containing 1ml of IC
fixation buffer (eBioscience, Hatfield, UK) for 1min, diluted with 5ml of PBS, 2% FBS, sodium azide
0.1% 2mM EDTA and washed twice by centrifugation (400xg for 5min) prior storage on ice. The
homogenate was then strained through a 40um nylon cell strainer (BD Falcon, Oxford, UK) and the
cell suspension was then centrifuged at 400xg for 5min. Cells were then resuspended in

permeabilizing medium PBS, 0.1% sodium azide, 0.5% BSA and 0.2% saponin and then incubated
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with antibodies at 4°C for 30min. The following fluorophore-conjugated rat anti-mouse MAbs
antibodies were used: Ly6C (HK1.4), Grl (RB6-8C5), NK1.1 (PK136), F4/80 (Cl:A3-1), CD45 (30-F11)
(BioLegend Cambridge UK) COX-2 (M-19) (Santa Cruz Biotechnology, Santa Cruz, CA) CD86 (B7-2),
CD11b (M1/70), MHCII (AMS-32.1), F4/80 (BM8) (eBioscience). After staining, lysis of red blood cells
was performed using FACS lysing solution (BD). Cell counts were determined using AccuCheck
counting beads (Invitrogen, Paisley UK). Samples were run using CyAn ADP Beckman Coulter flow

cytometer and Cell Quest 3.3 software. Data were analysed using FlowJo version 7.6.5.

Multiplex cytokine assays

Tissue lysates were prepared from snap frozen myometrium and lung samples in Bio-Plex® Cell Lysis
buffer (BioRad, Hertfordshire UK) and a Precellys®24 (Stretton Scientific Ltd, UK) homogeniser
following the manufacturer’s instructions. Total protein concentrations were quantified using a DC™
Protein Assay (BioRad, Hertfordshire UK). Whole blood was mixed with 5mM EDTA immediately and
centrifuged at 1,000g for 15 minutes and aliquots of plasma were stored at -70°C until assayed. 25ul
of plasma and 250pug of total protein from tissue was added to a commercially available Bio-Plex
Pro™ Mouse Cytokine 23-plex (normal gestation and parturition samples — lung, myometrium and
serum) or a custom-made Bio-Plex Pro™ Mouse Cytokine assay (P4 and RU486 study — myometrium)
(analytes measured include: IL-1a, IL-1B, IL-4, IL-6, IL-10, IL-12p40, IL-12p70, G-CSF, IFN-y, KC/CXCL1,
MCP-1/CCL2, RANTES/CCL5, TNF-a and MIP-2/CCL20) and performed according to the

manufacturer’s instructions.

Quantitative RT-PCR analysis

Total RNA was extracted from tissue using an RNeasy kit and Qiashredder (Qiagen Ltd, UK). The
concentration of RNA in each sample was measured by NanoDrop ND1000 spectrophotometer
(ThermoFisher Scientific, UK). 1.0ug RNA was converted to cDNA using the MuLV reverse

transcriptase system (Applied Biosystems Ltd., Warrington, UK), according to manufacturer's
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protocols. Primer sets were designed using Primer3 software (NCBI) and obtained from Invitrogen
(Supplementary Table 1). Quantitative PCR was performed in the presence of SYBR Green (Roche
Diagnostics Ltd, UK), and amplicon yield was monitored by Rotor Gene R-G 3000 (Corbett Research,

Australia).

Statistical analysis

All data were tested for normality using a Kolmogorov-Smirnoff test. Normally distributed data were
analysed using a Student t test for 2 groups and an analysis of variance (ANOVA) followed by a
Bonferroni post hoc test for 3 groups or more. Data that were not normally distributed were
analysed using a Mann Whitney test for unpaired data and when comparing 3 groups or more a
Kruskal-Wallis test, with a Dunn’s Multiple Comparisons post hoc test. p<0.05 was considered

statistically significant.

Results

Initially, in naive mice, we determined the changes in the local and systemic innate immune system,
myometrial cytokine levels and prolabour gene expression in late mouse pregnancy. Then, we

investigated the role of P4 in these changes by (i) provoking P4-withdrawal by administering RU486
(a P4 antagonist) on E16 and (ii) preventing the usual systemic withdrawal of P4 by giving 2mg of P4

daily from E14.

Naive pregnant CD-1 mouse: Immune cell trafficking in normal pregnancy

To evaluate innate cell trafficking by flow cytometry, we focused on neutrophils, Ly-6C™ monocytes
and macrophages as the principle myeloid subpopulations implicated in previous studies. Data for
Ly6c'© monocytes were obtained, but only for blood and lungs, where these populations can be

identified clearly and distinguished from resident macrophages [34]. The non-pregnant mice were
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sacrificed at different stages of the estrous cycle and this may account for the variation in the cell

numbers.

(i) Myometrium: Myometrial neutrophil density peaked on E18 (vs. NP, E16 and E17 p<0.0001,
Fig.1A), but decreased with the onset of labour (vs. E18, p<0.05 Fig.1A). Similarly, Ly-6C™" monocyte
subset cell density increased (E18 vs. E16, p<0.05 and E18 vs. NP, p<0.001, Fig.1B) and decreased
with labour (p<0.01, Fig.1B). (ii) Decidua: Cell numbers did not change significantly in the decidua
(supplementary Figure 3A&B). (iii) Placenta: Cell numbers did not change significantly in the placenta
(supplementary Figure 3C&D). (iv) Blood: Neutrophils increased (NP vs. E16, p<0.05, NP vs. E17 &
E18, p<0.01, Fig.1C) and tended to decline with the onset of labour (Fig.1C). The Ly-6C" monocyte
population did not change significantly (Fig.1D). (v) Lungs: Neutrophil numbers peaked on E17 (vs.
NP, p<0.05, supplementary Figure 3E) and remained stable thereafter. The Ly-6C™ monocyte
population peaked on day 18 (p<0.05) and tended to decline with the onset of labour
(supplementary Figure 3F). (vi) Liver: Neutrophils peaked on E17 (vs. E16, p<0.05) and remained
stable thereafter (supplementary Figure 3G). The Ly-6C" monocyte population remained unchanged
(supplementary Figure 3H). The Ly-6C*° monocyte populations in blood and lungs remained

unchanged and were not studied further (supplementary figure 4A&B).

Myometrial macrophage numbers were greater during pregnancy (E16, E17, E18 vs. NP, p<0.05, 0.01
and 0.001 respectively, supplementary figure 5A), but declined with the onset of labour (p<0.05,
supplementary figure 5A). Placental and decidual macrophage numbers did not change through
pregnancy (supplementary figure 5B&C). And the markers of macrophage activation remained stable
(COX-2) or declined (CD-86) with advancing gestation in myometrium and decidua (supplementary
figure 6A-D). The reduction in myometrial macrophage numbers was not related to increased rates
of apoptosis (supplementary figure 7A). In post-natal studies, both neutrophils and Ly-6C™" monocyte

populations increased in the myometrium and decidua (all p<0.05, supplementary figure 8A-D). In
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contrast, macrophage numbers declined further in the myometrium (p<0.01, supplementary figure

9A) and tended to decline in the decidua too (supplementary figure 9B).

Subsequent studies focussed on the trafficking of neutrophil and Ly-6C™ monocytes in the

myometrium, placenta, blood and lungs only.

Naive pregnant mouse: Myometrial and systemic cytokine levels

We investigated whether the leukocyte migration into the myometrium was due to a chemokine
gradient and associated with increased inflammatory cytokine levels by measuring chemokine and
cytokine mRNA and protein levels in the myometrium. IL-16, IL-6, CCL2 and CXCL2 mRNA expression
increased in labouring myometrium (p<0.05-0.01 Fig. 2A-D). Myometrial CCL2 protein levels (p=0.06,
E16 vs. E18), CXCL1 and IL-6 tended to increase with gestation, but were not significantly increased
until the onset of labour (Fig. 2E-H). Interestingly, the mRNA and protein levels of IL-1a and, to a
lesser extent, IFNy declined from day 17 to labour (supplementary figure 10A&E and C&G), in
parallel with circulating P4 levels (supplementary figure 1A). CCL5 mRNA increased with labour but
protein levels remained unchanged, GM-CSF levels of both mRNA and protein remained unchanged

(supplementary figure 10B&F and D&H).

Circulating levels of IL-1B, IL-6 and TNFa remained unchanged with advancing gestation and
parturition (supplementary figure 11B-D). IL-1a levels were higher on day 17 than 16 and during
parturition than on day 18 (both p<0.05, supplementary figure 11A). CCL2 levels increased
significantly with the onset of labour compared to E18 (p<0.05, supplementary figure 11E). Levels of
CXCL1 were greater on day 17 of pregnancy compared to levels on days 16 and 18 (both p<0.05,
supplementary figure 11G). Interestingly, G-CSF (essential for neutrophil mobilisation) levels

behaved similarly (day 17 vs. day 16, p<0.01 and vs. day 18 <0.001, supplementary figure 11J).

Since the changes in circulating cytokines were slight, subsequent studies focussed on the

myometrial cytokine levels.
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Naive pregnant mouse: Myometrial pro-labour factor levels

The expression of Cx-43 and COX-2 mRNA peaked in labour (p<0.05-0.01 vs. days 16-18 and p<0.05-
0.001 vs. days 16-18 respectively, Fig.3A&B). Protein levels of COX-2 and Cx-43 also peaked in labour

(p<0.05 vs. day 18 and p<0.001 vs. day 18 respectively, Fig.3C&D).

Naive pregnant mouse: systemic P4 levels

P4 levels in the serum were measured throughout late gestation and in non-pregnant animals
(supplementary figure 1A). Circulating P4 levels decline from gestation day 14 to labour, which
correlates with an increase in infiltrating leukocytes to the myometrium. To investigate the
relationship between P4 and leukocyte dynamics further, we studied the impact of RU486 (a P4 and
glucocorticoid receptor antagonist) administration and P4 supplementation (supplementary figure

1B) on leucocyte trafficking, myometrial cytokine and prolabour levels.

The role of P4: RU486

Administration of 150ug of RU486 on E16 resulted in preterm labour within 17.3+1.0h (mean £SEM,
supplementary figure 12). Samples were obtained before treatment, at 3 intermediate time points

(4.5, 9 and 13.5h post RU486) and in labour.

RU486: Immune cell trafficking

(i) Myometrial neutrophil cell density increased with time after RU486 administration, and was

significantly raised at 9h and during parturition vs. E16 values (p<0.05 and p<0.001 respectively, Fig.
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4A). Myometrial Ly-6C™ monocyte density increased with the onset of parturition (p<0.001 vs. all
time points, Fig. 4B). (ii) Placental Ly-6C™" monocyte density declined with time (E16 vs. 4.5, 9 and
13.5 hours, all p<0.01, supplementary figure 13B), although levels increased again in labour (vs. 9h,
p<0.05, supplementary figure 13B); there was no effect on neutrophil numbers. (iii) Blood neutrophil
numbers peaked at 9h (vs. E16, p<0.05, Fig. 4C); Ly-6C™" monocytes increased to a peak at 9h then
declined before rising again in parturition (both p<0.05, Fig.4D). (iv) Lung neutrophil (labour vs. E16
and vs. 13.5h, p<0.01 and 0.05 respectively, supplementary figure 13C) and Ly-6C™ monocyte
(labour vs. E16, p<0.001, supplementary figure 13D) numbers peaked with parturition. (v)
Macrophage numbers increased in the myometrium, but not placenta, with parturition (p<0.05 vs.

E16 and 9 hours, supplementary figure 14A&B).

RU486: Myometrial cytokine levels

Cytokine mRNA expression only increased with parturition (/L-18, IL-6, CCL2 and CXCL1, Fig.5A-D);
however, protein levels of IL-6, CCL2 and CXCL1 all rose earlier, peaking at 9h (p<0.05-0.01 vs. E16,
Fig.5F-H). A similar phenomenon was observed for IL-1a and TNFa (supplementary figure 15A&B,
E&F). CXCL2 mRNA levels did not change, but protein levels peaked at 9h post RU486
(supplementary figure 15D&H). The mRNA levels of IL-4, IL-10 and IFN all remained stable, while
their protein levels peaked at 4.5h and declined thereafter (supplementary figure 16A-C and E-G).
Like IL-1B (Fig.5A&E), CCL5 mRNA levels peaked in labour, but protein levels remained unchanged

(supplementary figure 16C&G).

RU486: Myometrial pro-labour factor levels

The expression of Cx-43 mRNA peaked in labour (p<0.01 vs. E16 and E17 and p<0.05 vs. 4.5h, Fig.6A)

and of COX-2 mRNA tended to increase to labour; protein levels of Cx-43 peaked at 13.5h (p<0.0001
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vs. day E16, Fig.6D) and of COX-2 declined to a nadir in labour (p<0.05 vs. E16, Fig.6E). OTR mRNA
peaked at 9 hours (supplementary figure 17A), despite multiple attempts, the western analysis for

OTR was inconsistent (data not shown).

RU486: Myometrial MAPK and NFkB

The phosphorylation of p38 peaked at 9h (<0.05 vs. E16 and labour, Fig.7A) and was higher at 4.5h
than in labour (p<0.05, Fig.7B). INK phosphorylation was greater at 4.5h vs. labour (p<0.01) and at
9h vs. labour (p<0.05, Fig.7B). The phosphorylation of c-jun peaked at 4.5h (p<0.05 vs. E16, Fig.7C).
Both ERK1/2 and p65 phosphorylation tended to increase, peaking at 9h (supplementary figure

18A&B).

RU486: CCR2 antagonist

The delivery time after PTL induced by RU486 in vehicle controls and mice given the CCR2 antagonist
RS504393 was similar (supplementary figure 19). Although circulating Ly-6C™ monocytes (p<0.05,
supplementary figure 20F) and myometrial neutrophils (p<0.05, supplementary figure 20A), but not

Ly-6C™ monocytes (p=0.062, supplementary figure 20B), were significantly reduced.

The role of P4: P4 supplementation

Mice were given a daily subcutaneous injection of 2mg P4 dissolved in 40uL peanut oil from E14
until E20 when the animals were culled. On E20, the pups were dead and appeared to be wedged
into the pelvis. Pair-wise comparisons were made with vehicle treated mice to E19; samples from P4

supplemented mice on E18, E19 and E20 were then compared longitudinally.
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Initial studies were carried out in non-pregnant CD-1 mice given 2mg of P4 in 40ul peanut oil via a
subcutaneous injection daily for 5 days. Only the cell density (cells/g) of myometrial neutrophils

declined with P4 treatment (p<0.05, supplementary figure 21A).

P4 supplementation: Immune cell trafficking

(i) Myometrium: P4 supplementation had no effect on neutrophil numbers (they were actually
higher on E19 in the P4 treated group p<0.01, Fig.8A), but did reduce the prelabour infiltration of Ly-
6C™ monocytes (E17 p<0.01 and E18 p<0.001, Fig.8B). From day 18 in P4-supplemented mice,
neutrophils (E18 vs. E19, p<0.05, Fig.8C) and monocytes (E18 vs. E19 and E20, p<0.01, Fig.8D)
increased on E19 and remained high on E20. (ii) Placenta: On E19, neutrophils (p<0.001,
supplementary figure 22A) and Ly-6C™" monocytes (p<0.0001, supplementary figure 22B) were lower
in the P4-supplemented group. Neutrophils (E20 vs. E18, p<0.0001 and E20 vs. E19, p<0.001
supplementary figure 22C) and monocytes (E20 vs. E19 and E18, both p<0.0001, supplementary
figure 22D) were higher on E20 in the P4 supplemented mice. (iii) Peripheral blood neutrophils
(p<0.01, Fig.8E) and Ly-6C™" monocytes (p<0.01, Fig.8F) were lower in P4 supplemented pregnant
mice on E19. On E20 in P4-supplemented mice, neutrophils (E20 vs. E18, p<0.01 and E20 vs. E19,
p<0.001 Fig.8G) and monocytes (E20 vs. E18, p<0.05 and E20 vs. E19 p<0.001, Fig.8H) were
increased. (iv) Lungs: On E19, Ly-6C™ monocytes were lower in the P4-supplemented animals
(p<0.01, supplementary figure 22F). Again, on E20 in P4-supplemented mice, neutrophils (E20 vs.
E18, p<0.05, supplementary figure 22G) and monocytes (E20 vs. E19 and E18, p<0.01 and p<0.001
respectively, supplementary figure 22H) were higher. (v) Macrophages: Myometrial (p<0.05) and
placental (p<0.01) macrophages were lower in P4 treated mice on E19, (supplementary figure 23
A&B). However, in contrast to other cell types, macrophage numbers did not rise from E18, but
actually declined in the myometrium (p<0.05, supplementary figure 23C) and remained static in the

placenta (supplementary figure 23D).
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P4 supplementation: Myometrial cytokine levels

Cytokine mRNA expression was greater with parturition in vehicle treated mice compared to E19 P4
treated mice (/L-6, p<0.05, Fig.9B; IL-1ax and TNFa, p<0.05 and p<0.01 respectively, supplementary
figure 24A&B and IL-10 supplementary figure 25C). However, protein levels were unchanged in all
cases (Fig.9E-H and supplementary figures 24E-H and 25D-F) except for CCL2, where they were

greater in vehicle treated mice on E18 (p<0.05, Fig.9G).

With prolonged P4 supplementation (E18-E20), although mRNA levels for inflammatory cytokines
and chemokines remained stable, the respective protein levels rose in all cases except CCL5 and

GCSF (supplementary figures 26 and 37).

P4 supplementation: Myometrial pro-labour factor levels

Surprisingly, on E17, Cx-43 and OTR mRNA expression was greater in P4-supplemented mice (p<0.05
and p<0.001 respectively, Fig.11A and supplementary figures 17B), on E18 mRNA expression was
similar and on E19, the expression of Cx-43, COX-2 and OTR mRNA was greater in labouring vehicle
treated mice (all p<0.01 Fig.11A&B and supplementary figures 17B). Cx-43 and COX-2 mRNA
expression did not change with prolonged P4 treatment (Fig.11C&D). In all cases, there were no

differences in the protein levels (Fig.11E-H).

P4 supplementation: Myometrial MAPK and NFkB

P4 treatment had no consistent effect of MAPK/NFkB activation. The phosphorylation of p38 was

greater in vehicle treated mice on E17 only (p<0.05, Fig.12B), JNK in P4-supplemented mice on E19
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(p<0.05, Fig.12C) and c-jun on E16 in vehicle treated mice (Fig.12H). There were no differences in

ERK1/2 and p65 phosphorylation (supplementary figure 28).

The role of P4: myometrial levels of inflammatory cytokines in labour

Myometrial cytokine levels were compared in mice after a spontaneous and RU486 induced onset of
parturition and on day 19 of P4 treatment. Interestingly, only CCL2 levels were greater in the RU486-

induced labour than in the spontaneous labour (p<0.05, supplementary figure 29E).

The results of the studies are summarised in Table 1.

Discussion

This study shows that during pregnancy (i) there is a P4-regulated monocyte infiltration into the
myometrium, (ii) P4 regulates cytokine and prolabour factor synthesis in the myometrium via mRNA
dependent and independent mechanisms and, (iii) with prolonged P4 supplementation, P4
repression of prolabour gene expression was maintained, but its ability to control the local and
systemic innate immune system was lost, consistent with the development of a limited functional

withdrawal of P4 action in mouse parturition.

In terms of immune function, we found increased immune cell infiltration of the myometrium but
not in the decidua or placenta prior to parturition. However, despite the marked increase in
leukocyte extravasation, there was no co-incident increase in inflammatory cytokines, either at the
mRNA or protein level, raising the possibility that inflammation occurs only after the onset of labour
and questioning the role of leukocytes and inflammatory cytokines in the onset of labour. Indeed, in
RU486-induced parturition, the CCL-2-mediated increase in myometrial leukocyte infiltration was

reduced by treatment with a CCR2 antagonist, but the interval to parturition was not affected.
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These data are important as they show that P4 prolongs gestation through the repression of
myometrial pro-labour and inflammatory gene expression. The former seems to be mediated
through repression of mMRNA expression, but the latter seems to be mediated through both an
mMRNA dependent and independent mechanism, perhaps involving MAPK-regulation of TTP as we
have recently reported to occur in human labour (Lei et al, 2017 unpublished observation). Finally,
they show that a functional withdrawal of P4-action does occur, albeit limited to myometrial
cytokine levels, but importantly, this occurs without any change in mRNA expression, hinting that
our failure to identify a consistent mRNA signature of parturition in the human may be because the
important changes occur at the protein level, perhaps induced through a change in kinase activity.
Equally, the myometrium is not a homogeneous tissue, it contains many different cell types and P4
dependent effects will be modulated by changes in myometrial cell content and their relative P4-
responsiveness. Similarly, the mismatch between mRNA and protein may be due to the

heterogeneity of the tissue or possibly differences in protein and mRNA assay sensitivity.

Naive mouse studies:

Myometrium-leukocyte changes: We found that leukocytes increased in the myometrium only,
intriguingly peaking on E18 and declining with parturition, only to increase again post delivery. These
changes occurred in the absence of changes in the leukocyte numbers in the decidua or placenta,
which implies the existence of a specific myometrial immune regulation. Our monocyte and
neutrophil data are similar to those of Shynlova et al, but differ in that the postnatal increase was
less marked, perhaps because our samples were obtained up to 24 hours post delivery, rather than

by 6 hours [13].

We found no change in macrophage (CD11b+, F4/80high cells) densities in any reproductive tissues
or in their activation markers in contrast to the myometrial data of Shynlova et al, who found that
myometrial macrophage numbers were higher on E18 compared to E15 [13] and the decidual data

from Hamilton et al, who found that in the rat, macrophage numbers increased immediately before
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parturition [11]. Both Shynlova et al and we found that macrophage numbers declined in the
myometrium post delivery, at a time when macrophages might have been expected to be playing an

active role in tissue repair/remodelling.

The increase in myometrial leukocyte density was associated with a trend for an increase in the
levels of CXCL1, CCL2 and CCL5 between E17 and E18, but with no change in gene expression.
Shynlova et al, also related myometrial cytokine levels to leukocyte numbers, on E15, E18, the day of
parturition and post delivery of mouse pregnancy; they found that macrophages were highest on
E18, but neutrophils and monocytes peaked in postnatal samples, with no significant increase on
E18 compared to E15, similar to the changes in myometrial chemokines, which were only measured
at 3 times points, E15, after the onset of parturition and post delivery, missing E18 [13]. In an earlier
paper, Shynlova et al studied myometrial CCL2 levels in rat pregnancy in more detail and found that
the levels of both mRNA and protein increased before the onset of labour on day 22 of gestation,
consistent with the trends we observed [16]. The authors related the increase in CCL2 to a pre-
parturition increase in macrophage numbers as assessed by immunohistochemistry [16] and
suggested that the increase in myometrial CCL2 was stretch induced and triggered by the decline in

systemic P4 levels.

Systemic leukocyte changes: Circulating neutrophils were higher during pregnancy than in non-
pregnant mice, but did not change in late pregnancy and actually tended to decline with parturition.
In the lung and liver, marginated (i.e. adherent to the vessel endothelium) neutrophils peaked on
E17, while monocytes interestingly peaked on day 18. As shown in supplementary Figure 4, most of
these cells were intravascular, and were termed marginated, rather than infiltrating as seen for
virtually all myometrial leukocyte populations. The increase in marginated neutrophils may simply
reflect the increase in circulating numbers, whereas the increase in monocytes occurred on the
background of stable circulating numbers and implies a systemic activation with increased trapping

of cells within the pulmonary microcirculation. Whether the increase in circulating leukocytes

ps: // academni c. oup. cont bi ol repr od/ advance-arti cl e-abstract/doi/ 10. 1093/ bi ol re/ i ox146/ 4628035
ge London user



contributed to the increase in myometrial leukocytes is uncertain. In the naive mice, the similarity in
the patterns suggests that they may be related, but the absence of any change in placenta or
decidua implies either that immune suppression restricted the influx of leukocytes in these sites or

that local factors contributed to the increase in the myometrium.

Pro-labour factors: Cx-43 and COX-2 mRNA and protein each increased with the onset of parturition.
Shynlova et al in the mouse and Helguera et al in the rat, reported similar changes, but both only
used 1 time point prior to labour, E15 (mouse) and E21 (rat) respectively, making direct comparisons
with the current study difficult [16]*, Arthur et al, in a more detailed study of myometrial gene
expression in the rat, found no pre-labour increase in either Cx-43 or COX-2 mRNA [36]. Similarly,
previously, we showed no difference in Cx-43 or COX-2 mouse myometrial protein levels between
E16 and E18 samples [31], supporting the idea that the increase in prolabour protein levels is tightly
temporally regulated, with the increase occurring very close to or simultaneously with the onset of

labour.

The role of P4:

Giving RU486 on E16 triggered parturition 17 hours later and, conversely, supplementing P4 from
E14 prevented the onset of term labour. At 4.5 hours after RU486, neutrophil numbers increased in
the myometrium, blood and lung; the myometrial MAPK system was activated and the myometrial
levels of several cytokines and Cx-43 increased. These data suggest that the increase in
inflammation and prolabour factors in spontaneously labouring mice may take place within hours of
the onset of labour and, consequently, defining whether inflammation occurs prior to the onset of
parturition, with the implication of a possible causative role, will be difficult. In humans, although
there is evidence of an increase in transcription factor activation in early labour, there is no increase
in cytokine levels until labour is established suggesting that inflammation is a consequence rather
than a cause of labour (see above for comments about differential assay sensitivity and myometrial

composition,[37]). This may well be true in the mouse as well as, but this awaits further studies.
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RUA486 is both a PR and GR antagonist, some its effects may be related to inhibition of GR. Also, in
contrast to the gradual decline in P4 levels in normal pregnancy, RU486 acutely blocks P4 action,

completely changing the time-scale of the decline in P4 action.

RU486, myometrium leukocyte changes: After RU486 treatment, myometrial neutrophil numbers
increased significantly at 9h and in labour, and Ly-6C™ monocyte numbers increased at the time of
labour. Myometrial chemokine levels, including CCL2, CXCL1 and CXCL2, increased from 4.5-9h,
intriguingly without any increase in mRNA abundance myometrium total RNA, and probably
accounted for the increase in myometrial leukocyte numbers. The apparent differential effect on
neutrophils and monocytes, although typical of the classical kinetics of these two cell types, are
difficult to explain given the similar changes in chemotactic factors. An increase in inflammatory
cytokine mRNA abundance was only detectable in labour, but again the actual protein levels of all
but IL-1pB, increased at between 4.5 and 9h (more striking changes were seen for IL-4, IL-10 and IFNy,
supplementary data). Similar to myometrial Ly-6C"™" monocyte numbers, myometrial macrophage
numbers increased after the onset of RU486 induced parturition, suggesting that the change may be
a consequence rather than a cause of parturition. Interestingly, Shynlova et al did not find any
difference in myometrial macrophage, neutrophil or monocyte numbers in RU486-induced
parturition compared to E15 levels and although they did report increases in IL-6 at mRNA and
protein levels, chemokine levels were also not increased [13]. The absence of any significant change
in myometrial cytokine levels in Shynlova et al’s study may be because the analysis included
postnatal samples in which cytokine levels were markedly raised, possibly obscuring the significance

of the changes seen at the time of RU486-induced parturition [13].

RU486, Systemic leukocyte changes: In the present study, RU486 administration increased circulating
neutrophils before the onset of labour, but lung margination for both neutrophils and Ly-6C""
monocytes only increased after the onset of labour. These data show that RU486 regulates the

systemic as well as the local maternal immune system, affecting neutrophil bone marrow release
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and to a lesser extent neutrophil and monocyte activation. RU486 restores adaptive humoral and
cellular immune function in LPS immunosuppressed mice, supporting a systemic effect [38]. RU486
acts as both a glucocorticoid and P4 receptor antagonist, meaning either pathway may be
responsible for these effects, but since we observed increased lung margination for neutrophils
(E17) and Ly-6C" monocytes (E18) in the naive mouse coincident with the decline in circulating P4, it
suggests that this is a progesterone-mediated effect and consequently that P4 regulates both the

systemic and local innate immune system.

RUA486, pro-labour factors: As reported by Shynlova et al [13], Cx-43 mRNA and protein levels
appeared to increase in tandem, although a non-significant increase in Cx-43 protein levels appeared
to occur before changes in mRNA abundance. Interestingly, the MAPK system was also activated
between 4.5 and 9h and, in another study, myocardial p38 activation has been associated with
enhanced translation of COX-2 mRNA, whereby COX-2 protein levels were increased without any
change in mRNA expression [39]. This may explain the increase in protein levels without any
apparent change in mRNA abundance. Although, in the present study after RU486, COX-2 mRNA did
not change significantly and protein levels actually declined. We found a similar increase in cytokine
levels in human myometrium in established labour with out any apparent increase in mRNA levels
(Lei et al, unpublished data). These changes were associated with p38 activation and a decline in
tristetraprolin (TTP), which is a key member of TIS11 family, which has been implicated in mRNA

transcription, splicing, polyadenylation, translation and degradation [40].

P4 supplementation, myometrium leukocyte changes: Unlike the repressive effect of P4
supplementation on myometrial CCL2 levels and consequently the Ly-6C"™" monocyte population, P4
supplementation had no effect on CXCL1/2 levels or neutrophil migration into the myometrium,
despite the fact that P4 represses CXCL1 and CXCL2 in vascular endothelial cultures [41]. These data
suggest that P4 supplementation has differential effects on myometrial chemokine expression and

that an increase in neutrophils alone is not sufficient to induce parturition. RU486 increased both
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monocyte and neutrophil myometrial infiltration, in association with an increase in CCL2, CXCL1 and
CXCL2, suggesting that P4 may repress both monocyte and neutrophil chemotactic factors.
Myometrial cytokine levels, were similar in both P4-supplemented and naive mice with the
exception of CCL2 on E18, which were higher in naive mice, perhaps accounting for the difference in
myometrial Ly-6C™ monocytes numbers. Indeed, Tagliani et al. found that Ly-6C™" monocyte
infiltration into the myometrium at E9/10 was CCR2 mediated [10]. In terms of pro-labour factors,
intriguingly, both Cx-43 and OTR mRNA abundance was greater in the P4-supplemented mice on
E17, but at the onset of labour the abundance of Cx-43, OTR and COX-2 mRNA was consistently
greater in the myometrium of the control, vehicle treated mice. However, no difference could be

seen at the protein level at any point.

The changes in the RU486-treated and P4-supplemented mice suggest that P4 regulates CCL2 levels
and consequently myometrial Ly-6C™ monocyte numbers. To test this hypothesis, we administered
the CCR2 antagonist RS 504393 8h after RU486 administration during the phase of monocyte
mobilization from the bone marrow into the blood and before myometrial infiltration. The reduction
in circulating Ly-6C™ monocyte numbers by RS 504393 confirmed effective blockade of the CCR2
receptor, however Ly-6C™ monocytes were not significantly reduced in the myometrium, although
there was a trend (p=0.0628). It is possible that Ly-6C™ monocyte infiltration had started prior to RS
504393 administration or that other factors, such as CCL5 or CCL20 [42, 43], also contributed to
myometrial Ly-6C™ monocyte recruitment. Interestingly, the neutrophil cell density in the
myometrium was significantly reduced by CCR2 antagonism. Neutrophil CCR2 expression is induced
by chronic inflammation and found in a mouse model of polymicrobial sepsis [44, 45]. It is possible
that the administration of RU486 induced neutrophil CCR2 expression, or that pregnancy itself
induces such a change. However, P4 supplementation did not inhibit the increase in myometrial
neutrophil numbers, suggesting that RU486 makes neutrophils sensitive to CCL2 rather than any
pregnancy induced effect. Further, in a study using broad-spectrum chemokine inhibitors (BSCl) in

an inflammation-induced mouse model of preterm labour, parturition was delayed to term in 36% of
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BSCI treated mice and this coincided with a significant reduction in myometrial neutrophil numbers
[46]. However, BSCI treatment alone did not delay the spontaneous onset of parturition at term,

suggesting that different pathways mediate the spontaneous onset of labour.

P4 supplementation and systemic leukocyte changes: P4 supplementation prevented the labour-
associated increase in both neutrophil or Ly-6C™" monocyte numbers in the blood and, for Ly-6C""
monocytes, in the lungs. This may be a direct effect of P4 on bone marrow release or leukocyte

activation, but it could also be mediated though P4-inhibition of parturition.

Effect of P4 supplementation on pro-labour factors: In terms of pro-labour factors, both Cx-43 and
OTR mRNA (supplementary figure 17) were greater in the P4-supplemented mice on E17, but the
onset of labour the expression Cx-43, OTR and COX-2 mRNA was consistently greater in the
myometrium of the control, vehicle treated mice. However, no difference could be seen at the
protein level at any point, perhaps because of the lack of sensitivity of the western blotting,
although Cx-43 tended to be higher in the control mice. Not surprisingly, we failed to see any
consistent changes in MAPK/c-Jun activation with P4 supplementation, since, as we saw in the
RU486 study, these pathways are tightly temporally regulated close to the onset of labour, further,
activation of the MAPK/AP-1 system is followed by de-activation and a persisting repression which

will make it appear that activity is reduced [47].

Functional P4 withdrawal: With advancing gestation in the naive mice, we observed a trend for
chemokine levels to increase with no evidence of an increase in mRNA expression. We observed a
similar, but more marked occurrence after RU486 and with prolonged P4-supplementation. The
effect of RU486 implies that inhibition of P4 action results in an increase in chemokine levels
independent of mMRNA expression. The similar pattern after prolonged P4-supplementation suggests
the development of a functional withdrawal of P4 action, a phenomenon suggested to underpin the

onset of human labour. The trends in chemokine levels at the end of naive mouse pregnancy suggest
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that this process may also be active during naive mouse pregnancy. Interestingly, the disconnect
between mRNA abundance and protein levels was not observed for prolabour factors and while
their expression was increased at the end of naive mouse pregnancy and after RU486, there was no
increase with prolonged P4 gestation. Leukocyte numbers were increased in all compartments with
prolonged P4 supplementation, this may be secondary to the change in chemokine levels, but raises
the possibility of a systemic withdrawal of P4 effects. Alternatively, the prolonged pregnancy may
have resulted in an inflammatory response and secondary increase in leukocyte numbers,
particularly since the at the time of culling the pups were dead and appeared to wedged into the

pelvis.

Functional significance of the myometrial leukocyte infiltration: In naive mice, myometrial neutrophil
and Ly-6C™ monocyte numbers increased before the onset of parturition, suggesting that they may
have a role in its onset. However, there was no evidence of any increase inflammatory cytokine
levels until labour was established, suggesting that although leukocyte numbers were increased that
the onset of labour was not mediated through an increase in inflammatory cytokine levels. It is
possible that the increase in inflammatory cytokine levels occurred later, closer to the onset of
parturition and we explored this possibility with RU486 and found that neutrophil numbers
increased rapidly after RU486 administration co-incident with the increase in inflammatory cytokine
levels raising the possibility that P4 controls the onset of parturition through regulating leukocyte
numbers and their release of cytokines. However, although P4 supplementation prevented the onset
of labour, it only repressed the increase in myometrial Ly-6C" monocyte, but not neutrophil,
numbers, suggesting that neutrophils are not sufficient on their own to drive the onset of labour.
Indeed, depletion of neutrophils did not prevent inflammation induced preterm labour in the mouse
[48, 49], questioning the importance of neutrophils in the process of mouse parturition. Given these
data, we gave a specific CCL-2 antagonist, RS504393, after RU486 administration. The CCL-2
antagonist reduced the increase in myometrial neutrophils and, to a lesser extent, Ly-6C""

monocytes, but did not prevent or even delay RU486-induced parturition. Together, these data
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suggest that the ability of RU486 to induce parturition is independent of its ability to increase
myometrial leukocyte numbers and, conversely, that the ability of P4 to prolong pregnancy is
independent of its ability to delay myometrial Ly-6C™ monocyte infiltration. Overall, these data add
more weight to the suggestion that despite being present in abundant numbers, leukocytes have no

role in the process of mouse parturition.

The anti-inflammatory properties of P4: P4 has been shown to repress inflammation in a number of
experimental situations. Originally, in cell line experiments, P4 acting via the progesterone receptor
B isoform has been shown to inhibit NFkB activation [50]. Similarly, in primary human myometrial
cells, myometrial cell lines and human myometrial explants, P4 has been shown to exert a similar
effect [27, 51, 52]. However, latterly, P4 has been shown to inhibit the AP-1 system through the
induction of MKP-1 expression [47]. On the basis of these data, we chose to study the MAPK/AP-1
and p65/NFkB systems in this study. The data here, particularly with RU486, support the idea that P4
acts via inhibition of the MAPK-AP-1 system to inhibit pro-inflammatory gene expression and limit

the inflammatory cell myometrial infiltration.

Conclusion: These data show that P4 represses myometrial pro-labour and inflammatory gene
expression through mRNA dependent and independent mechanisms, the latter possibly involving
p38 inhibition and the prevention of mMRNA translation. They cast further doubt on the importance
of inflammation in the onset of labour, showing that inhibition of the RU486-induced leukocyte
infiltration does not delay the onset of parturition. Further, they demonstrate that a functional
withdrawal of P4-action does occur and that this is associated with increases in inflammatory
cytokines in the absence of any change in mRNA levels, suggesting that assessing the myometrial

proteome may hold promise in our search to understand the onset of human labour.

Funding statement: This work was funded by the ICTrust (Infection and preterm labour -

ICTRUST/JOHNSON WSCR_P38294)

Downl oaded from https://acadeni c. oup. con bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user

on 24 November 2017



References

10.

11.

12.

13.

14.

15.

16.

17.

Osman |, Young A, Ledingham MA, Thomson AJ, Jordan F, Greer IA, Norman JE. Leukocyte
density and pro-inflammatory cytokine expression in human fetal membranes, decidua,
cervix and myometrium before and during labour at term. Mol Hum Reprod 2003; 9:41-45.
Thomson AJ, Telfer JF, Young A, Campbell S, Stewart CJ, Cameron IT, Greer IA, Norman JE.
Leukocytes infiltrate the myometrium during human parturition: further evidence that
labour is an inflammatory process. Hum Reprod 1999; 14:229-236.

Young A, Thomson AJ, Ledingham M, Jordan F, Greer IA, Norman JE. Immunolocalization of
proinflammatory cytokines in myometrium, cervix, and fetal membranes during human
parturition at term. Biol Reprod 2002; 66:445-449.

Hunt JS. Immunologically relevant cells in the uterus. Biol Reprod 1994; 50:461-466.
Sunderkotter C, Nikolic T, Dillon MJ, Van Rooijen N, Stehling M, Drevets DA, Leenen PJ.
Subpopulations of mouse blood monocytes differ in maturation stage and inflammatory
response. J Immunol 2004; 172:4410-4417.

Hilgendorf I, Gerhardt LM, Tan TC, Winter C, Holderried TA, Chousterman BG, Iwamoto Y,
Liao R, Zirlik A, Scherer-Crosbie M, Hedrick CC, Libby P, et al. Ly-6Chigh monocytes depend
on Nr4al to balance both inflammatory and reparative phases in the infarcted myocardium.
Circ Res 2014; 114:1611-1622.

Yona S, Kim KW, Wolf Y, Mildner A, Varol D, Breker M, Strauss-Ayali D, Viukov S, Guilliams M,
Misharin A, Hume DA, Perlman H, et al. Fate mapping reveals origins and dynamics of
monocytes and tissue macrophages under homeostasis. Immunity 2013; 38:79-91.
Geissmann F, Jung S, Littman DR. Blood monocytes consist of two principal subsets with
distinct migratory properties. Immunity 2003; 19:71-82.

Robbins CS, Chudnovskiy A, Rauch PJ, Figueiredo JL, Iwamoto Y, Gorbatov R, Etzrodt M,
Weber GF, Ueno T, van Rooijen N, Mulligan-Kehoe MJ, Libby P, et al. Extramedullary
hematopoiesis generates Ly-6C(high) monocytes that infiltrate atherosclerotic lesions.
Circulation 2012; 125:364-374.

Tagliani E, Shi C, Nancy P, Tay CS, Pamer EG, Erlebacher A. Coordinate regulation of tissue
macrophage and dendritic cell population dynamics by CSF-1. J Exp Med 2011; 208:1901-
1916.

Hamilton S, Oomomian Y, Stephen G, Shynlova O, Tower CL, Garrod A, Lye SJ, Jones RL.
Macrophages infiltrate the human and rat decidua during term and preterm labor: evidence
that decidual inflammation precedes labor. Biol Reprod 2012; 86:39.

Hunt JS, Manning LS, Mitchell D, Selanders JR, Wood GW. Localization and characterization
of macrophages in murine uterus. J Leukoc Biol 1985; 38:255-265.

Shynlova O, Nedd-Roderique T, Li Y, Dorogin A, Nguyen T, Lye SJ. Infiltration of myeloid cells
into decidua is a critical early event in the labour cascade and post-partum uterine
remodelling. J Cell Mol Med 2013; 17:311-324.

Conrady CD, Zheng M, Mandal NA, van Rooijen N, Carr DJ. IFN-alpha-driven CCL2 production
recruits inflammatory monocytes to infection site in mice. Mucosal Immunol 2013; 6:45-55.
Khorooshi R, Babcock AA, Owens T. NF-kappaB-driven STAT2 and CCL2 expression in
astrocytes in response to brain injury. J Immunol 2008; 181:7284-7291.

Shynlova O, Tsui P, Dorogin A, Lye SJ. Monocyte chemoattractant protein-1 (CCL-2)
integrates mechanical and endocrine signals that mediate term and preterm labor. J
Immunol 2008; 181:1470-1479.

Wood GW, Hausmann E, Choudhuri R. Relative role of CSF-1, MCP-1/JE, and RANTES in
macrophage recruitment during successful pregnancy. Mol Reprod Dev 1997; 46:62-69;
discussion 69-70.

Downl oaded from https://acadeni c. oup. con bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user

on 24 November 2017



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bisits AM, Smith R, Mesiano S, Yeo G, Kwek K, MacIntyre D, Chan EC. Inflammatory aetiology
of human myometrial activation tested using directed graphs. PLoS Comput Biol 2005;
1:132-136.

Bollapragada S, Youssef R, Jordan F, Greer |, Norman J, Nelson S. Term labor is associated
with a core inflammatory response in human fetal membranes, myometrium, and cervix. Am
J Obstet Gynecol 2009; 200:104.e101-111.

Breuiller-Fouche M, Germain G. Gene and protein expression in the myometrium in
pregnancy and labor. Reproduction 2006; 131:837-850.

Esplin MS, Fausett MB, Peltier MR, Hamblin S, Silver RM, Branch DW, Adashi EY, Whiting D.
The use of cDNA microarray to identify differentially expressed labor-associated genes
within the human myometrium during labor. Am J Obstet Gynecol 2005; 193:404-413.
Mittal P, Romero R, Tarca AL, Gonzalez J, Draghici S, Xu Y, Dong Z, Nhan-Chang CL,
Chaiworapongsa T, Lye S, Kusanovic JP, Lipovich L, et al. Characterization of the myometrial
transcriptome and biological pathways of spontaneous human labor at term. J Perinat Med
2010; 38:617-643.

Weiner CP, Mason CW, Dong Y, Buhimschi IA, Swaan PW, Buhimschi CS. Human
effector/initiator gene sets that regulate myometrial contractility during term and preterm
labor. Am J Obstet Gynecol 2010; 202:474.e471-420.

IIT'INVALID CITATION !,

Hutchinson JL, Rajagopal SP, Yuan M, Norman JE. Lipopolysaccharide promotes contraction
of uterine myocytes via activation of Rho/ROCK signaling pathways. Faseb j 2014; 28:94-105.
Rajagopal SP, Hutchinson JL, Dorward DA, Rossi AG, Norman JE. Crosstalk between
monocytes and myometrial smooth muscle in culture generates synergistic pro-
inflammatory cytokine production and enhances myocyte contraction, with effects opposed
by progesterone. Mol Hum Reprod 2015; 21:672-686.

Condon JC, Hardy DB, Kovaric K, Mendelson CR. Up-regulation of the progesterone receptor
(PR)-C isoform in laboring myometrium by activation of nuclear factor-kappaB may
contribute to the onset of labor through inhibition of PR function. Mol Endocrinol 2006;
20:764-775.

Hardy DB, Janowski BA, Corey DR, Mendelson CR. Progesterone receptor plays a major
antiinflammatory role in human myometrial cells by antagonism of nuclear factor-kappaB
activation of cyclooxygenase 2 expression. Mol Endocrinol 2006; 20:2724-2733.

Pieber D, Allport VC, Hills F, Johnson M, Bennett PR. Interactions between progesterone
receptor isoforms in myometrial cells in human labour. Mol Hum Reprod 2001; 7:875-879.
Edey LF, O'Dea KP, Herbert BR, Hua R, Waddington SN, MacIntyre DA, Bennett PR, Takata M,
Johnson MR. The Local and Systemic Immune Response to Intrauterine LPS in the Prepartum
Mouse. Biol Reprod 2016; 95:125.

Maclntyre DA, Lee YS, Migale R, Herbert BR, Waddington SN, Peebles D, Hagberg H, Johnson
MR, Bennett PR. Activator protein 1 is a key terminal mediator of inflammation-induced
preterm labor in mice. Faseb j 2014; 28:2358-2368.

Furuichi K, Wada T, lwata Y, Kitagawa K, Kobayashi K, Hashimoto H, Ishiwata Y, Asano M,
Wang H, Matsushima K, Takeya M, Kuziel WA, et al. CCR2 signaling contributes to ischemia-
reperfusion injury in kidney. J Am Soc Nephrol 2003; 14:2503-2515.

Kitagawa K, Wada T, Furuichi K, Hashimoto H, Ishiwata Y, Asano M, Takeya M, Kuziel WA,
Matsushima K, Mukaida N, Yokoyama H. Blockade of CCR2 ameliorates progressive fibrosis
in kidney. Am J Pathol 2004; 165:237-246.

Patel BV, Tatham KC, Wilson MR, O'Dea KP, Takata M. In vivo compartmental analysis of
leukocytes in mouse lungs. Am J Physiol Lung Cell Mol Physiol 2015; 309:L639-652.

Helguera G, Eghbali M, Sforza D, Minosyan TY, Toro L, Stefani E. Changes in global gene
expression in rat myometrium in transition from late pregnancy to parturition. Physiol
Genomics 2009; 36:89-97.

Downl oaded from https://acadeni c. oup. con bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user

on 24 November 2017



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Arthur P, Taggart MJ, Zielnik B, Wong S, Mitchell BF. Relationship between gene expression
and function of uterotonic systems in the rat during gestation, uterine activation and both
term and preterm labour. J Physiol 2008; 586:6063-6076.

Singh N, Herbert B, Sooranna GR, Orsi NM, Edey L, Dasgupta T, Sooranna SR, Yellon SM,
Johnson MR. Is myometrial inflammation a cause or a consequence of term human labour? J
Endocrinol 2017; 235:69-83.

Rearte B, Maglioco A, Balboa L, Bruzzo J, Landoni VI, Laborde EA, Chiarella P, Ruggiero RA,
Fernandez GC, Isturiz MA. Mifepristone (RU486) restores humoral and T cell-mediated
immune response in endotoxin immunosuppressed mice. Clin Exp Immunol 2010; 162:568-
577.

Streicher JM, Ren S, Herschman H, Wang Y. MAPK-activated protein kinase-2 in cardiac
hypertrophy and cyclooxygenase-2 regulation in heart. Circ Res 2010; 106:1434-1443.

Ciais D, Cherradi N, Feige JJ. Multiple functions of tristetraprolin/TIS11 RNA-binding proteins
in the regulation of mMRNA biogenesis and degradation. Cell Mol Life Sci 2013; 70:2031-2044.
Goddard LM, Ton AN, Org T, Mikkola HK, Iruela-Arispe ML. Selective suppression of
endothelial cytokine production by progesterone receptor. Vascul Pharmacol 2013; 59:36-
43,

Le Borgne M, Etchart N, Goubier A, Lira SA, Sirard JC, van Rooijen N, Caux C, Ait-Yahia S,
Vicari A, Kaiserlian D, Dubois B. Dendritic cells rapidly recruited into epithelial tissues via
CCR6/CCL20 are responsible for CD8+ T cell crosspriming in vivo. Immunity 2006; 24:191-
201.

Ravindran R, Rusch L, Itano A, Jenkins MK, McSorley SJ. CCR6-dependent recruitment of
blood phagocytes is necessary for rapid CD4 T cell responses to local bacterial infection. Proc
Natl Acad Sci US A 2007; 104:12075-12080.

Bhagwanjee A, Govender K, Reardon C, Johnstone L, George G, Gordon S. Gendered
constructions of the impact of HIV and AIDS in the context of the HIV-positive
seroconcordant heterosexual relationship. J Int AIDS Soc 2013; 16:18021.

Johnston B, Burns AR, Suematsu M, Issekutz TB, Woodman RC, Kubes P. Chronic
inflammation upregulates chemokine receptors and induces neutrophil migration to
monocyte chemoattractant protein-1. J Clin Invest 1999; 103:1269-1276.

Shynlova O, Dorogin A, Li Y, Lye S. Inhibition of infection-mediated preterm birth by
administration of broad spectrum chemokine inhibitor in mice. J Cell Mol Med 2014;
18:1816-1829.

Lei K, Georgiou EX, Chen L, Yulia A, Sooranna SR, Brosens JJ, Bennett PR, Johnson MR.
Progesterone and the Repression of Myometrial Inflammation: The Roles of MKP-1 and the
AP-1 System. Mol Endocrinol 2015; 29:1454-1467.

Rinaldi SF, Catalano RD, Wade J, Rossi AG, Norman JE. Decidual neutrophil infiltration is not
required for preterm birth in a mouse model of infection-induced preterm labor. J Immunol
2014; 192:2315-2325.

Timmons BC, Mahendroo MS. Timing of neutrophil activation and expression of
proinflammatory markers do not support a role for neutrophils in cervical ripening in the
mouse. Biol Reprod 2006; 74:236-245.

Kalkhoven E, Wissink S, van der Saag PT, van der Burg B. Negative interaction between the
RelA(p65) subunit of NF-kappaB and the progesterone receptor. J Biol Chem 1996;
271:6217-6224.

Allport VC, Pieber D, Slater DM, Newton R, White JO, Bennett PR. Human labour is
associated with nuclear factor-kappaB activity which mediates cyclo-oxygenase-2 expression
and is involved with the 'functional progesterone withdrawal'. Mol Hum Reprod 2001;
7:581-586.

Downl oaded from https://acadeni c. oup. con bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user

on 24 November 2017



52. Georgiou EX, Lei K, Lai PF, Yulia A, Herbert BR, Castellanos M, May ST, Sooranna SR, Johnson
MR. The study of progesterone action in human myometrial explants. Mol Hum Reprod

2016; 22:877-889.

Figure 1 (A-D) Inflammatory cells
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Figure 1 A-D. Neutrophil and Ly-6C™ monocyte cell density in the A&B myometrium and C&D blood

from non-pregnant and pregnant on gestation days 16, 17, 18 and labouring CD1 mice was

quantified using Flow Cytometry (cells/g or ml). Data are expressed as individual data points with

median and interquartile range superimposed. Non-pregnant, E16, E17 and E18 cell densities were

compared using a One-way ANOVA with Bonferroni post-test when normally distributed and a

Kruskal-Wallis with Dunns post test when it was not. (*= p<0.05, ** =p<0.01, ***=p<0.001 and

***%=p<0.0001, n=6-14).
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Figure 2 A-L Myometrial cytokine mRNA expression and protein levels
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Figure 2 A-H. Myometrial cytokine (IL-1pB, IL-6, CCL2 and CXCL1) mRNA expression (housekeeping
gene Hprt) and levels (pg/ml) measured by quantitative rtPCR and multiplex respectively. Data are
expressed as individual data points with median and interquartile range superimposed and were
compared using a One-way ANOVA with Bonferroni post-test when normally distributed and a

Kruskal-Wallis with Dunns post test when it was not. (*= p<0.05 and ** =p<0.01, n=6).
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Figure 3 A-D Prolabour factor mRNA expression and protein levels
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Figure 3 A-D. Myometrial connexin 43 (Cx-43, A&C) and cyclo-oxygenase 2 (COX-2, B&D) mRNA
expression (housekeeping gene Hprt) and protein levels measured by quantitative rtPCR and
western analysis respectively. Data are expressed as individual data points with median and
interquartile range superimposed and were compared using a One-way ANOVA with Bonferroni
post-test when normally distributed and a Kruskal-Wallis with Dunns post test when it was not. (*=

p<0.05, ** =p<0.01 and ***=p<0.001, n=6).

Downl oaded from https://acadeni c. oup. cont bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user
on 24 Novenber 2017



Figure 4 A-D RU486 flow data
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Figure 4 A-D. Neutrophil and Ly-6C™ monocyte cell density in the A&B myometrium and C&D blood
from pregnant CD-1 mice given 150ug of RU486 dissolved in 20uL DMSO on E16 at 10am. Samples
were obtained at 4.5h intervals thereafter until the onset of parturition at approximately 17-18h
post RU486 administration. Cell density (cells/g or cells/ml) was quantified using Flow Cytometry.
Data are expressed as individual data points with median and interquartile range superimposed and
were compared using a One-way ANOVA with Bonferroni post-test when normally distributed and a

Kruskal-Wallis with Dunns post test when it was not. (*= p<0.05 and ***=p<0.001, n=6-10).
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Figure 5 A-P RU486 myometrial cytokine mRNA/protein levels
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Figure 5 A-H. Myometrial cytokine (IL-1pB, IL-6, CCL2 and CXCL1) mRNA expression (housekeeping
gene Hprt) and levels (pg/ml) measured by quantitative rtPCR and multiplex respectively. In
myometrial samples from pregnant CD-1 mice given 150ug of RU486 dissolved in 20uL DMSO on E16
at 10am. Samples were obtained at 4.5h intervals thereafter until the onset of parturition at
approximately 17-18h post RU486 administration. Data are expressed as individual data points with
median and interquartile range superimposed and were compared using a One-way ANOVA with
Bonferroni post-test when normally distributed and a Kruskal-Wallis with Dunns post test when it

was not. (*= p<0.05, ** =p<0.01, ***=p<0.001 and ****=p<0.0001, n=6).
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Figure 6 A-F RU486 prolabour factor mRNA and protein levels
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Figure 6 A-D. Myometrial connexin 43 (Cx-43, A&C) and cyclo-oxygenase 2 (COX-2, B&D) mRNA
expression (housekeeping gene GAPDH) and protein levels measured by quantitative rtPCR and
western analysis respectively. In myometrial samples from pregnant CD-1 mice given 150ug of
RU486 dissolved in 20pL DMSO on E16 at 10am. Samples were obtained at 4.5h intervals thereafter
until the onset of parturition at approximately 18h post RU486 administration. Data are expressed
as individual data points with median and interquartile range superimposed and were compared
using a One-way ANOVA with Bonferroni post-test when normally distributed and a Kruskal-Wallis

with Dunns post test when it was not. (*= p<0.05, ** =p<0.01 and ****=p<0.0001, n=5-8).
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Figure 7 A-C RU486 MAPK phosphorylation
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Figure 7 A-C. Myometrial (A) phospho-p38 (p38, (B) phospho-JNK (pJNK) and (C) phospho-cjun (p-c-
jun) measured by western analysis in myometrial samples from pregnant CD-1 mice given 150ug of
RU486 dissolved in 20pL DMSO on E16 at 10am. Samples were obtained at 4.5h intervals thereafter
until the onset of parturition at approximately 18h post RU486 administration. Data are expressed
as individual data points with median and interquartile range superimposed and were compared
using a One-way ANOVA with Bonferroni post-test when normally distributed and a Kruskal-Wallis

with Dunns post test when it was not. (*= p<0.05 and ** =p<0.01, n=5-8).
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Figure 8 A-H P4 supplementation flow data
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Figure 8 A-H. Neutrophil and Ly-6C™ monocyte cell density in the myometrium (A-D) and blood (E-H)
from pregnant control mice and CD-1 mice given 2mg progesterone daily dissolved in 40ulL peanut
oil from E14 until E20. Cell density (cells/g) was quantified using Flow Cytometry. Comparative data
(P4 supplemented vs. vehicle) shown until E19 (A&B, E&F), when vehicle treated mice delivered.
Thereafter, the data are shown between E18-E20 for P4 supplemented mice alone (C&D, G&H). The
data are expressed as individual data points with median and interquartile range superimposed.
Paired data were analysed using an unpaired t-test when normally distributed and a Mann Whitney
test when data was not. Longitudinal data were compared using a One-way ANOVA with Bonferroni
post-test when normally distributed and a Kruskal-Wallis with Dunns post-test when it was not. (**

=p<0.01 and ***=p<0.001, n=6-10).
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Figure 9 A-H P4 supplementation cytokine mRNA/protein levels

IL-1p IL-6 ccL2 CXCL1
A B C D
.69 4,50 ';' 1,159 0.0
E'N i L] i gngu- »
i E %eom E“‘U
E z
Eam E E . < gnuu .
£ e Eqmm . . Ioig §M!—$°£% | § % T e o io
= - -
200 46000 - ? hd a0l % e “ wosed
o gt L

A
%

> R .ﬁ"o" L b an‘-a' o (‘;i‘ a* q=
Q;ff Qf j‘ﬁ & A E Lfr & fu’ & & F 8 F fu’b <& f & h#@# & J,J\ &
& & b‘” i & &

& & & &
E F G H
150 10 10 1908
*
. - . _ — = ok .
% 10 T 2 E - ;
2 o o - L
= o 2
3w . o 1w . g 3 i '% g W'i‘ﬁ'%' $?$
. .
. st es® it h vE v W $
3_&?‘1;&.“;_@5{; & e“; -z?;g;\“’"‘ o §t'@‘ ® "l‘ - ,in"i,tr'e: ;_%7; '?«'n-:‘ ﬁ,‘:}é‘ % .30:; t;dz-ilé‘; ,@\t.@m = o g cr.""1 -a'«‘i e qb-tf"‘
q . L ‘}6‘\ J L L] B‘ q 6‘ K
A A A & ¥ & & &
u"‘P} qf ] q

Figure 9 A-H. Myometrial cytokine (IL-1pB, IL-6, CCL2 and CXCL1) mRNA expression (housekeeping
gene GAPDH) and levels (pg/ml) measured by quantitative rtPCR and multiplex respectively. In
myometrial samples from pregnant control mice and CD-1 mice given 2mg progesterone dissolved in
40pL peanut oil from E14 until E20. Comparative data (P4 supplemented vs. vehicle) shown until E19
(A&B, E&F), when vehicle treated mice delivered. Thereafter, the data are shown between E18-E20
for P4 supplemented mice alone (C&D, G&H). The data are expressed as individual data points with
median and interquartile range superimposed and were analysed using an unpaired t-test when

normally distributed and a Mann Whitney test when data was not. (*= p<0.05, n=6).
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Figure 10 A-H P4 supplementation cytokine mRNA/protein levels E18-20
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Figure 10 A-H. Myometrial cytokine (IL-1B, IL-6, CCL2 and CXCL1) mRNA expression (housekeeping

gene GAPDH) and levels (pg/ml) measured by quantitative rtPCR and multiplex respectively. In

myometrial samples on E18, 19 and 20 from pregnant CD-1 mice given 2mg progesterone dissolved

in 40uL peanut oil from E14 until E20. Data are expressed as individual data points with median and

interquartile range superimposed and were compared using a One-way ANOVA with Bonferroni

post-test when normally distributed and a Kruskal-Wallis with Dunns post test when it was not. (*=

p<0.05 and ** =p<0.01, n=6).
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Figure 11 A-H. Myometrial connexin 43 (Cx-43, A,C,E&G) and cyclo-oxygenase 2 (COX-2, B,D,F&H)
mMRNA expression (housekeeping gene GAPDH) and protein levels measured by quantitative rtPCR
and western analysis respectively. In myometrial samples obtained from pregnant control mice and
CD-1 mice given 2mg progesterone dissolved in 40uL peanut oil from E14 until gestational E20.
Comparative data shown until E19 and longitudinal data E18-E20. Data are expressed as individual
data points with median and interquartile range superimposed. Paired data were analysed using an
unpaired t-test when normally distributed and a Mann Whitney test when data was not.
Longitudinal data were compared using a One-way ANOVA with Bonferroni post-test when normally
distributed and a Kruskal-Wallis with Dunns post test when it was not. (*= p<0.05 and ** =p<0.01,

n=5-8).

Downl oaded from https://acadeni c. oup. cont bi ol reprod/ advance-articl e-abstract/doi/10. 1093/ bi ol re/ i ox146/ 4628035
by University Col | ege London user
on 24 Novenber 2017



Figure 12 A-F P4 supplementation MAPK activity.
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Figure 12 A-F. Myometrial phospho-p38 (p38, A&D), phospho-JNK (pJNK, B&E) and phospho-cjun (p-
c-jun, C&F) measured by western analysis in myometrial samples obtained from pregnant control
mice and CD-1 mice given 2mg progesterone dissolved in 40pL peanut oil from E14 until gestational
E20. Comparative data shown until E19 and longitudinal data from E18-E20. Data are expressed as
individual data points with median and interquartile range superimposed. Paired data were analysed
using an unpaired t-test when normally distributed and a Mann Whitney test when data was not.
Longitudinal data were compared using a One-way ANOVA with Bonferroni post-test when normally

distributed and a Kruskal-Wallis with Dunns post-test when it was not. (*= p<0.05, n=5-8).
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Table 1. A summary of the results in the naive, RU486 treated and P4 supplemented mice.

Feature Naive mouse RU486 P4 Prolonged P4
supplementation | E18-E20

Myometrial Increased E16-E18 | Increased 4.5hto | Reduced Ly-6C™ | Increased
leukocyte parturition monocyte neutrophil and Ly-
infiltration 6C™" monocyte
Placental None Reduced Ly-6C™ Reduced Increased
leukocyte monocyte neutrophil and Ly- | neutrophil and Ly-
infiltration 6C™" monocyte 6C™" monocyte
Systemic Increased Increased Reduced Increased
leukocyte neutrophil and Ly- | neutrophil and Ly- | neutrophil and Ly- | neutrophil and Ly-
numbers 6C" monocyte 6C™" monocyte 6C" monocyte 6C™ monocyte
Myometrial Significantly Significantly Reduced CCL2 Increase in all
chemokine levels |increased with increased before | levels

parturition only parturition
Myometrial Significantly Significantly No significant Increase in all
inflammatory increased with increased before | difference
cytokine levels parturition only parturition
Prolabour factors | Significantly Significantly No significant No increase in

increased with increased before | difference levels

parturition only parturition
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