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CONDENSATION AND SHORT TITLE:

Condensation: Amnion epithelial cells produce exosomes whictcfion in a paracrine fashion
to exert pro-inflammatory effects on myometrial aetidual cells and may be an important

component of parturition.

Short title: Exosomes: paracrine mediators of parturition

Implications and Contributions:

A. This study was conducted to investigate what eshnion epithelial cell derived exosomes
may play in human parturition.

B. Amnion epithelial cell derived exosomes, geretainder control and oxidative stress
conditions, are taken up by myometrial, decidua placental (BeWo) cells. The exosomes
from both conditions significantly increased inflanatory cytokine load and activated NF-kB in
maternal cells.

C. What this study adds to our knowledge: Thisgindicates that fetal derived exosomes may
be an important contributor to the pathogenestsuofian parturition.
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Abbreviations used in this manuscript

AEC- Amnion epithelial cells

CD —Cluster differentiation

cffTF - Cell free fetal telomere fragments

CFSE - Carboxyfluorescein succinimidyl ester

CSE- Cigarette smoke extract

DAPI - 4’,6-diamidino-2-phenylindole

DAMPs - Damage associated molecular pattern markers
DNA — Deoxy ribonucleic acid

ELISA - Enzyme Linked Immunosorbent Assay

EMT - Epithelial mesenchymal transition

EtOH —Ethyl alcohol

FBS — Fetal bovine serum

FFPE - Formalin-fixed paraffin-embedded

HMGB - High mobility group box

HI - Heat Inactivated

HBSS - Hanks Balanced Salt Solution

IL - Interleukin

LC/MS-MS - Liquid chromatography/mass spectrometry
LPS - Lipopolysaccharide

MAPK - Mitogen activated protein kinase

NANOG - Transcription factor of self-renewing embryosiem cells

NF-kB — Nuclear factor kappa B

OS- Oxidative stress

PBS- Phosphate buffered saline

PFA —Paraformaldehyde

PGE — Prostaglandin E

RelA - RELA Proto-Oncogene, NkEB Subunit
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RNA — Ribonucleic acid

SASP- Senescence associated secretory phenotype
TEM - Transmission electron microscope

TGFp — Transforming growth factor beta

TNF-a — Tumor necrosis factor alpha



116 ABSTRACT

117  Background: Fetal endocrine signals are generally considexemntribute to the timing of

118  birth and the initiation of labor. Fetal tissueslanoxidative stress release inflammatory

119  mediators that lead to sterile inflammation witthie maternal-fetal interface. Importantly, these
120 inflammatory mediators are packaged into exosofbyieactive cell-derived extra cellular

121 vesicles that function as vectors and transporhtfiem the fetal side to the uterine tissues

122 where they deposit their cargo into target cellsagrcing uterine inflammatory load. This

123  exosome-mediated signaling is a novel mechanisrfetal-maternal communication.

124  Objective: This report tested the hypothesis that oxidadivess can induce fetal amnion cells to
125  produce exosomes, which function as a paracrimenmediary between the fetus and mother and
126  biochemically signal readiness for parturition.

127  Study Design Primary amnion epithelial cells (AEC) were groimmormal cell culture

128  (control) or exposed to oxidative stress conditibnduced by cigarette smoke extract).

129 Exosomes were isolated from cell supernatant byesgpl ultracentrifugation. Exosomes were
130 quantified and characterized based on size, slaagehiochemical markers. Myometrial,

131 decidual and placental cells (BeWo) were treatatl @10, 2x10 and 2x18control or

132  oxidative stress derived AEC exosomes for 24 hoklrgry of AEC exosomes into cells was

133  confirmed by confocal microscopy of fluorescentdiddxd exosomes. The effect of AEC

134  exosomes on target cell inflammatory status wasrdehed by measuring production of IL-6,
135  IL-8, IL-1B, TNF-a and PGEby ELISA and inflammatory gene transcription fadtdF-«[3)

136  activation status by immunoblotting for phosphotgthRelA/p65. Localization of NANOG in
137  term human myometrium and decidua obtained from gobefore labor and during labor was

138  performed using immunohistochemistry. Data werdyaed by Wilcoxon-Mann-Whitney test to
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compare effects of exosomes from control and oxidairess -treated AEC cells on
inflammatory status of target cells.

Results AECs released ~125 nm, cup shaped exosomes 889 and 1211 exosomes released
per cell from control and oxidative stress inducelils respectively. AEC exosomes were
detected in each target cell type after treatmsimguconfocal microscopy. Treatment with AEC
exosomes increased secretion of IL-6, IL-8 and P&id activation of Nk (each p<0.05) in
myometrial and decidual cells. Exosome treatmeatsrio effect on IL-6 and PGEproduction

in BeWo cells. NANOG staining was higher in terradamyometrium and decidua compared to
tissues not in labor.

Conclusion In vitro, AEC exosomes lead to an increased iftatory response in maternal
uterine cells whereas placental cells showed refrmess. Fetal cell exosomes may function to

signal parturition by increasing maternal gestatiaell inflammation.
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INTRODUCTION

A substantial body of evidence supports the hymiththat parturition is sustained by an
inflammatory process. Labor in humans and other malsis associated with infiltration and
activation of leukocytes, mainly neutrophils andcnaphages, into the fetal (amniochorion) and
uterine tissues (decidua myometrium and cerV/ixElinical and animal (mainly mouse) studies
have identified key roles of specific cytokinesepiokines and immune cell types in the
parturition process:*® Endocrine signals arising from the fetus, suchaaicotropin-releasing
hormone and adrenocorticotropic hormone, are patgito function as a biologic clock
translating organ maturation and triggering laddean. These hormones are known to have
pro-inflammatory effects on various tissues inaft*® However, the precise mechanisms by
which signals from the fetus initiate human pattan remain a mystery.

Our recent findings support the core hypothesisdkmative stress and cellular senescence of
the fetal (amniochorionic) membranes trigger humarurition by activating intrauterine
inflammation. We have shown that human fetal memésaindergo a telomere-dependent
process of progressive senescence throughoutigestahich is correlated with fetal growtf.

20 Studies of senescence using human fetal membasdesell culture have been corroborated in
murine pregnancy models indicating that in utelbssnescence is driven by a p38mitogen
activated protein kinase (MAPK) pathw&y?®> Senescence of the fetal membranes peaks at term
resulting in dysfunctional fetal membranes. We plasé that signals arising from senescent fetal
membranes are a proxy for completion of fetal groarnd may trigger parturition. Premature
senescence activation in the amniochorion is aatastivith preterm parturitioff: °

Examination of signals arising from senescent fiet@abranes at term has identified two key

classes of inflammatory factors: senescence assdaacretory phenotype (SASP) and damage
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associated molecular pattern markers (DAMPS) ayidire to cell and cellular organelle
injury.’® 2 SASPs and DAMPs mediate sterile (non-infectionBnmation in fetal
compartments at term during normal gestation. M#rthe SASPs (inflammatory cytokines,
chemokines, matrix degrading enzymes and growtioffs)care activated in parturitiéfiz® Two
DAMPs released from senescent fetal cells, highiliypgroup box (HMGB) 1 and cell free
fetal telomere fragments (cffTF), induce an inflaatary response in decidua and myometrium
suggesting a paracrine communication from the seamgé$etal membrane to uterine effector
tissues of labof* 23 2629 3¢ rthermore, in animal models injection of theseMPs cause
preterm birt** Based on these data, we hypothesize that stefiterimatory signals from
senescent fetal membranes are propagated fromdataternal compartments in a paracrine
fashion to initiate labor.

Exosomes are bioactive, spherical, cell-derivedcleswhich are 30—-150 nm in size and are
secreted via exocytosi§>* Exosomes are comprised of bi-layered plasma memelsrand
contain molecular constituents of their cell ofgomi including proteins, DNA, and RNA that
reflect the physiological state of their parent.del addition to common membrane and
cytosolic molecules, exosomes harbor unique, peitific subsets of proteins. They contain high
concentrations of cholesterol and detergent regiitid membranes, making them extremely
stable and efficient carriers of molecules acrizsue layers® Exosomes mostly act as
transporters of paracrine signals between tistugs;an regulate intracellular pathways by
sequestering signaling molecules from the cytoplasducing their bioavailability? 3% 37

It has recently been shown that senescent amnitregal cells (AECs) at term produce
exosomes containing pro-inflammatory facté¥s® This finding supports the hypothesis that

pro-inflammatory signals are transmitted from fetaimaternal tissues via AEC-derived
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exosomes. Importantly, animal model studies hawvgalthat exosomes injected into the
amniotic fluid cavity access the maternal tissuetobal and systemic rout&$There are several
studies which have reported exosome traffickingveeh tissué's' “and that indicate exosomes
are released from cells from both the apical arslaseral compartments*’ Although these
data support the core hypothesis that exosomestfrerfetus access maternal tissues, the
capacity for fetal exosomes in induce inflammaitdrgnges in the maternal tissues remains
unknown.

The objectives of this study were to: 1) determimether exosomes derived from AECs grown
under normal cell culture conditions (control exnes) and under oxidative stress conditions
(oxidative stress (OS) exosomes) enter materneheteells (decidua and myometrium) and
fetal (syncytiotrophoblast) cells, and 2) determiiesther oxidative stress affects the capacity
for AEC-derived exosomes to induce an inflammatesponse in decidual, myometrial and
syncytiotrophoblast cells. In this study, we defax®somes as extracellular vesicles of size
between 30-150 nm isolated from AECs using diffeadcentrifugation. We report that AEC

derived exosomes produce proinflammatory changaterne myometrial and decidual cells.

MATERIALS AND METHODS

This study is basic science study utilizing fetamirane derived cells, primary decidual cells,
and myometrial and trophoblast cell lines. The @nsity of Texas Medical Branch (UTMB) in
Galveston, TX, USA, under an approved Investigaidteview Board protocol, allowed the use
of discarded placentas after delivery. Placentae wellected from women (18—40 years old)
undergoing an elective repeat cesarean delivasrat (37-41 weeks gestation) prior to onset of

labor. Exclusion criteria included: a history oéferm labor and delivery, premature rupture of

10



221  the membranes, preeclampsia, placental abruptitmauiterine growth restriction, gestational
222  diabetes, Group Btreptococcus carrier status, history of treatment for urinagct infection,

223  sexually transmitted diseases during pregnancypnitiinfections like HIV and hepatitis, and
224  history of cigarette smoking or reported drug aledlzol abuse.

225

226 Human amnion epithelial cell isolation and culture

227  Amniotic membrane was processed as described pgyito produce AEC monolayer

228  cultures'®?' Briefly, amnion membrane was cut into 2 cm x 2pietes and digested twice in
229  0.25% trypsin and 0.125% Collagenase A (Sigma—algrst. Louis, MO) in Hanks Balanced
230  Salt Solution (HBSS; Mediatech Inc., Manassas, ¥AB5 minutes at 37°C. The tissue was
231 filtered through a 7@m cell strainer (Thermo Fisher Scientific, Walthdvi#) after each

232 digestion and the trypsin was inactivated usingmete Dulbecco's Modified Eagle Medium:
233 Nutrient Mixture F-12 media (DMEM/F12; Mediateclcihsupplemented with 10% fetal bovine
234  serum (FBS; Sigma-Aldrich), 10% Penicillin/Streptamm (Mediatech Inc.) and 1Q@®/mL

235  epidermal growth factor (EGF; Sigma-Aldrich). Affdtration, the collected cell filtrate was

236  centrifuged for 10 minutes at 3000 RPM and thegpelias re-suspended in 3.0 mL of complete
237  DMEM/F12. 3-5 million cells were placed per T75sH#aand cultured in media containing

238 complete DMEM/F12 media at 37°C, 5 in humidified 802 to 70—-80% confluence.

239

240  Primary amnion epithelial cells under normal (control) and oxidative stress cell culture

241  conditions

242  Cigarette smoke extract (CSE) was used to indumiabixe stress in amnion cells as detailed in

243 prior studie&™ *® *with modifications. A single commercial cigarettmfiltered Camél, R.J.

11
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Reynolds Tobacco Co, Winston Salem, NC) was littliedsmoke was infused into 25 mL of
exosome-free media, which consisted of DMEM/F12o¢emented with 10% exosome-free FBS
made by ultracentrifuging FBS overnight at 100,88® and filter sterilized. This full strength
CSE stock was sterilized by passing through a Q2 Steriflip filter unit (Millipore, Billerica,
MA). The stock CSE was diluted 1:50 in exosome-fresglia prior to use. When the AECs
reached 70-80% confluence, their flask was rinséid sterile 1x PBS followed by treatment
with the exosome-free cell media (control condiipar with exosome-free CSE containing cell
media (oxidative stress conditions) at a 1:50 ailuaind incubated at 37°C, 5% &g @nd 95%

air humidity for a 48 hour treatment. Total callhmbers/flask were counted by hemocytometer
at the end of the 48 hour treatment. The culturdiayérom both control and oxidative stress

treatments, were collected after 48 hours of treatrand stored at -80°C.

Exosome isolation

Prior to exosome isolation, cell supernatant mediee thawed overnight and exosomes were
isolated using differential ultracentrifugationdescribed previously, with modificatiofs 2% >
Exosomes isolated from normal cell culture conditioedia are referred to as “control
exosomes” and those isolated from CSE treated &tixil stress induced) media are referred to
as “oxidative stress (OS) exosomes.” Briefly, thedia was sequentially centrifuged at 4°C for
10 minutes at 300g and for 20 minutes at 2,000ggusiSorvall Legend X1R and TX-400
swinging bucket rotor (Thermo Fisher Scientifiglldwed by 30 minutes at 10,000g and 2

hours at 100,000g using a Beckman Optima LX-8@aéntrifuge with 50.1Ti and 70.1Ti rotors

(Beckman Coulter). The resulting pellet after theo2r ultracentrifugation was re-suspended in

12



266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

1x PBS and then centrifuged again at 100,000g fuyuk. The pellet was re-suspended in 1x

PBS and stored at -80°C.

Transmission electron microscopy

Exosome shape was determined using a JEOL tranemigctron microscope (TEM). The
protocol for this experiment can be seen in prigslizations®®“° Briefly, we treated
formvar/carbon-coated 300-mesh copper grids witselddbnds of hydrogen-oxygen plasma in a
Gatan Solarus 950 plasma cleaning system (Gaten RAleasanton, CA). The cleaned grid was
covered in exosomes and left to dry at room tenmperdor 10 minutes. After three washes in
Millipore water, the exosome-covered grids wereatiegly stained using phosphotungstic acid
(PTA) and dried at room temperature. Exosomes viexged in a 120 keV JEM 1400 electron

microscope (Jeol, Peabody, MA) with a minimum offteBnes were viewed per sample.

Nanoparticle tracking analysis with ZetaView

Nanoparticle tracking analysis was performed usiregZetaView PMX 110 (Particle Metrix,
Meerbusch, Germany) and its corresponding soft{Ze&View 8.02.28)> >3 Frozen

exosomes in 1x PBS were thawed on ice. A 1:500idii of the exosome sample was made
with MilliQ water. Samples of control or oxidatigtress exosomes were loaded in the
ZetaView Nanopatrticle Tracking Analyzer and numbiigparticles/ml and size distribution were
counted for each sample. The machine was cleagtggebn samples using filtered water. The
results of the ZetaView were used to calculatentimaber of exosomes produced per amnion cell

for the two treatment types (control or oxidatiteess).
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Myometrial cell culture

Myometrial cells were obtained from the hTERT-ARmyometrial cell line (a gift from Dr.
Sam Mesiano, Case Western Reserve University, @ledeOH). The hTERT-HM is a
clonal sub-line of nTERT-HM, a telomerase immoratl myometrial cell line produced from
uterine fundus obtained from a premenopausal woth@ihe cells express the smooth muscle
cell-specific genes calponin, h-caldesmon and shadiot They also express the oxytocin
receptor and respond to oxytocin with increasecadlular calcium, which is typical of the
myometrial cell phenotype. Myometrial cells weratpt in a T75 flask and cultured in media
containing DMEM, 1X (Corning Cellgro, Manassas, VAjpplemented with 10% charcoal
stripped-FBS (Sigma-Aldrich), 10% Penicillin/Streptycin plus L-glutamine (Sigma-Aldrich),
gentamicin (Mediatech), hygromycin B (Life techngiks, Carlsbad, CA), blastocidin

(Invitrogen, Carlsbad, CA) at 37°C, and 5% CO2, graln to 80% confluence.

Decidual cell culture

Decidua cells were isolated from placentas colte@tem women undergoing elective cesarean
delivery at term who were not in labor. The metfadsolation was adapted from a protocol
described by Mills et al. 2008.Briefly, fetal membrane was cut from placenta anthion was
removed. The tissue was washed with in pre-warm@RaCl to remove blood and then cut
into 2 inch squares. Blunt dissection of the degifftam chorion was performed using forceps
and scalpelThe tissue was minced into small pieces and ineabiata digestion buffer (Hanks
BSS with trypsin and DNAse I) and at 37° C for 3bumtes. The tissue was then centrifuged at
2,000 rpm for 10 minutes at room temperature (Rg supernatant was removed and pellet

was re-suspended in a digestion buffer (Hank’s B&IStrypsin, DNAse | and collagenase type

14



312 1A) and incubated for 1 hour at 37° C. The digesiiaas neutralized and filtered through four
313 layers of sterile gauze. The collected cells veemgtrifuged at 2,000 rpm x 10 minutes at RT and
314 the pellet was re-suspended in DMEM. Next a pegared Optiprep “column” was used with
315  steps ranging from 4%-40% of 4 mL each. The preslecidua cells were added to the top of
316 the gradient, then centrifuged at 1,000g x 30 neis@t RT. Decidual cells were collected

317 between densities of 1.027 — 1.038g/mL (betweebo}-6The decidual cells were collected and
318  washed with DMEM/F-12 50/50, 1X and then centrifdige 2,000 rpm x 10 minutes at RT. The
319 pellet was re-suspended in DMEM/F12 and placed?® flasks. The primary cells were grown
320 in media containing complete DMEM/F12 media plu8clifeat inactivated (HI) FBS (Sigma-
321 Aldrich), penicillin/streptomycin, and endothelgdowth factor at 37°C, 5% CO2, and 95% air
322 humidity to 70-80% confluence. The purity of tlel€was tested using antibodies to vimentin
323  and cytokeratin. We found that the cultured deaidells were vimentin positive and

324  cytokeratin negative.

325

326 BeWo cell culture

327 BeWo cells are a human choriocarcinoma cell lime\ded by Dr. Robert N Taylor, Wake

328  Forest University, Winston-Salem, NC). Despite gearcell line BeWo cells continue to reveal
329 physiological characteristics of the villous troplast>® >’ Cells were plated in a T75 flask and
330 cultured in media containing Roswell Park Memohiatitute (RPMI) 1640, 1X (Corning

331  Cellgro) media with Penicillin/Streptomycin and 18%FBS at 37°C, 5% C& and 95% air

332 humidity and grown to 70-80% confluence.

333

15
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Immunofluorescence staining of exosomes and confaéeaicroscopy to localize exosomes in
recipient cells

Isolated control and oxidative stress AEC exosowes® labeled with carboxyfluorescein
succinimidyl ester (CFSE) by re-suspending thel #xasome pellet in 7.obM CFSE.

Exosomes were incubated at 37°C for 30 minutes dileted with media containing 10%
exosome-depleted FBS. Exosomes were utlracentdfogernight (>16 hours) at 4°C and
pellets were re-suspended in cold PBS. Myoniettexidual and BeWo cells were plated on
glass coverslips at a density of 20-50,000 celissfye and incubated overnight prior to treatment
with CSFE labeled control or oxidative stress exos®. After a 4 hour incubation with the
labeled exosomes, cells were fixed with 4% para&bdehyde (PFA), permeablized with 0.5%
Triton X and blocked with 3% BSA in PBS. To courgé&in and to visualize cell morphology,
cells were incubated with primary antibodiesitemooth muscle actin (Affymetrix, Santa Clara,
CA) (for myometrial and decidua) or afitiactin (Sigma-Aldrich) (for BeWo cells) overnight a
4°C 3% BSA in PBS. After washing the slides sevenaés with PBS, slides were incubated
with secondary antibody Alexa Fluor 488 or 594 éLTfechnologies) diluted 1:400 in PBS for 1
hour in the dark. Slides were then washed with BB&btreated with 4’, 6-diamidino-2-
phenylindole (DAPI) (Invitrogen by Thermo Sciertifthen washed and then mounted using
MOWIOL 4-88 (Sigma-Aldrich) mounting medium. Slidesre allowed to dry overnight and
then the cells were imaged using the LSM 510 Mefacbnfocal microscope (63x) (Zeiss,
Germany). Multiple (at least 5) cells on each sligge imaged with the confocal microscope.
Images were obtained and analyzed using Imageeh (@purce) to visualize z-stacks and
confirm the location of the exosomes in regardéocells. 3D reconstructions of the cells were

created to further confirm the location of the exmss in relation to the target cell.

16



357

358 Exosome treatments of cells

359  Myometrial, decidual and BeWo cells were place@ imell plates and grown overnight. The
360 next day the cell media was removed, cells werédnecsvith PBS and media was replaced with
361 exosome free cell media. Cell treatments with adrand oxidative stress exosomes were

362 performed by adding them to the wells. Exosomes feither control or oxidative stress

363  conditions were added in 3 titrations of 2x1210, and 2x18 exosomes/well. The cells were
364 allowed to incubate with the exosomes for 24 hodtsiegative control well was included that
365 consisted of exosome free media only and a positiwérol well was included which was treated
366  with LPS (100 ng/mL). At the completion of thedteent, media was collected from each well
367 and stored at -80° C. The cells were collected ftloenwells after being washed with PBS. To
368 collect the cells, wells were treated with radiariomoprecipitation assay buffer including

369 phenylmethanesulfonyl fluoride (Fluka), proteadabiior cocktail (Sigma-Aldrich) and Halt

370  phosphatase inhibitor cocktail (Thermo-Scientifiod cells were manually scraped from the
371 well using a cell scraper. The cells were thengdaan ice for 10 minutes, vortexed for 10

372 seconds, sonicated for 30 seconds, vortexed ati@li1l0 seconds, and placed on ice for 10
373  minutes. The lysed cells were then flash frozengiBguid nitrogen and stored at -80° C. This
374  experiment was repeated a total of 7 times.

375

376  Exosome blocking experiments

377  To determine if the effects in recipient cells warediated by exosomes, several control

378 experiments were performed. These included coldhation of recipient cells and treatment

379  with heat inactivated and sonicated exosomes.Heocald incubation treatment, the exact

17
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402

treatments as explained in the last section werfenmeed, with the following changes: cells
treated with exosomes were incubated at 4° C fav§s. For heat inactivation and sonication
treatments, the above described treatments weferped with the following changes: the
exosomes (both control and oxidative stress) wighereheated in a 65° C water bath for 30
minutes or sonicated for 30 minutes prior to beided for the exosome treatm&hA total of
4x10 exosomes were added per well and treatment typec@ll media and cells were collected

at the end of the 24 hour treatment as describedeab

Enzyme Linked Immunosorbent Assay for determining mflammatory marker response

All of the media collected from exosome treatmemd exosome blocking treatments were
analyzed using an enzyme-linked immunosorbent g&da§A) for 5 common inflammatory
cytokines/mediators: IL{], TNF-u, IL-6, IL-8, and PGE These inflammatory cytokines were
chosen based on the results of a systematic reperigrmed by our lab, which indicated that
these cytokines/mediators are present at the tifabor in all the gestational tissues included in
this report® The ELISA was performed after media was thawedsgnuoh to remove cellular and
other debris. The media was pipetted into the ELp&e wells as per kit instructions (R&D
Systems- Quantikine ELISA). The results of the EA M8ere obtained by using the Synergy H4

microplate reader (BIO-TEK).

Western Blot
Western blot was performed to determine total dmakphorylated Nk} (Rel-A) from the
myometrial, decidual and BeWo cells, which had beeated with 2x1Dexosomes from control

or oxidative stress induced cells. Cell samplesclwhad previously been suspended in RIPA,
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were thawed and then centrifuged at 10,000 rpr@@aminutes. The supernatant was collected
and then a bicinchoninic acid assay (BCA) (PieRmgkford, IL) was performed to determine
protein concentrations of the samples. Then SDSH#AGa gradient (4-15%) Mini-
PROTEANLTGX™ Precast Gels (Bio-Rad, Hercules, CAyswsed to separate protein samples.
The samples were then transferred to a membrang iBiot1Gel Transfer Device (Thermo
Fisher Scientific). The membrane was blocked inre#fat milk in 1x Tris buffered saline-
Tween 20 (TBS-T) buffer for 1 hour at room temperat The membrane was probed with a
primary antibody for either Phospho Rel-A, totalHReor total actin in either 5% nonfat milk or
5% BSA in 1x Tris buffered saline- Tween 20 rockongernight at 4°C. The next day, the
membrane was washed with Tween 20 three timeshamdincubated with a secondary antibody
for 1 hour. The immunoreactive proteins were iged using Luminata Forte Western horse
radish peroxidase substrate (Millipore, Billerit&)\). The stripping protocol used between blots

followed the instructions of Restore Western Blotgping Buffer (Thermo Fisher).

Immunohistochemical analysis of amnion exosomes maternal gestational tissues

To determine that fetal cell derived material caach maternal gestational tissue during
parturition, we collected myometrial tissues andidigal tissues from pregnant women
undergoing cesarean delivery (not in labor) or nalydelivery (term labor) and looked for the
presence of stem cell marker (NANOG), which is &gpressed in amnion derived exosomes.
Dual staining was performed for NANOG and CD9 (lgaokind marker). Tissues were fixed in
10% Neutral Buffered Formalin (NBF) for 24 hours@m temperature before embedding them
in paraffin blocks and sectioningua slices. Formalin-fixed paraffin-embedded (FFPE)av

baked overnight at 50°C and tissue slides wergydeatted the next day, by immersing in Xylene
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three times for 10 minutes each followed by 100@HEt95% EtOH, 70% EtOH, 50% EtOH,
distilled water; each step performed twice for himtés. Antigen retrieval was then carried out
in 2100 Antigen Retriever (Electron Microscopy Swes, USA) with citrate buffer, pH 6.0 for
20 minutes followed by cooling for approximately@urs and rinsed in TBS buffer.
Endogenous peroxidase activity was quenched byatmn with 0.3% hydrogen peroxide for
10 minutes. The tissue was then blocked for noriBpeignals using Protein Block buffer
(Abcam) in a moist chamber for 1 hour at room terapge. Sequential dual staining was
performed with the polyclonal primary antibody NABQRabbit, 1:400, Cell signaling #3580,
Danvers, MA) followed by second primary antibody £{®Rabbit, 1:100, Novus Biologicals,
Littleton, CO). Secondary antibody incubation wagied out for 30 minutes at room
temperature with each antibody. NANOG was stairedguDAB substrate (Abcam, Cambridge,
United Kingdom) for 5 minutes. Slides were then egsin TBS-tween20, antigen retrieved and
re-blocked prior to second primary antibody stagni@D9 staining was developed using AP
substrate (Vector Blue) for 10 minutes. The Olymipgist microscope BX43 (OLYMPUS) was
used to image the slide and images were captured seftware Q Capture Pro.

To quantify NANOG expression in each tissue, imagese loaded onto Image J (open source).
After color deconvolution, regions of interest €yions/image) were randomly selected based on

grid overlay and analyzed for NANOG staining inigns

Statistical analysis
Each cell type (BeWo, Myometrial and Decidua) wilisez untreated (negative controls) or
treated with exosomes at 2 x°18 x 10 and 2 x 18from either normal or CSE conditions to

examine the distribution of inflammatory markersamen untreated (negative controls) and

20



449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

exosome treated cells (from both conditions). Femhecell type, there were a total of 4 negative
controls which served as the reference group anesch exosome treatment (2 X,1®0x 10

and 2 x 18) there were 5 observations under normal conditamms5 under CSE. Normality for
each inflammatory marker (IL-6, IL-8 and PGE?2) wested using the Kolmogorov-Smirnov
test, with a p-value of <0.05 indicating that th&tiidbution was non-normal. No markers had a
normal distribution. The distribution of inflammayamarkers was compared between controls
(untreated cells) and exosome treated cells (froth bormal and oxidative stress conditions)
using non-parametric Wilcoxon-Mann-Whitney testr{xgarametric analog to the independent
samples t-test). These analyses were conductezhfbr cell type. A p-value <0.05 was
considered statistically significant. All analysesre conducted using SAS V9.2 (Cary, NC).
IHC intensity values were analyzed using a t-teskiaphpad Prism (GraphPad, San Diego,

CA). P < 0.05 was considered significant.

RESULTS

Exosome Quantification and Characterization

The size and quantity of exosomes were determisgwjetaview analysis (Fig 1). Electronic
microscopy of exosomes isolated from conditionedimsamples showed round, cup-shaped
exosomes with a size range between 50-150 nm @IgAECs under normal cell culture
(control) conditions produced an average of 9.4xibticles/ml which correlates with 899
exosomes/cell, while AECs under oxidative stresslitions produced 1.5x1%ml which
correlated with 1211 exosomes/cell (Fig 1B and T)e average size of exosomes from control

and oxidative stress treatments were 112 nm anahdDdespectively. AEC exosomes were
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shown in a previous experiment to contain exosorakens CD9, CD81 along with AEC

marker NANOG (Fig 1D}?

Exosomes were localized in recipient cells

Confocal microscopy and z-stack analysis was uséatctlize exosomes in recipient
myometrial, decidual and placental cells. As shawfigure 2, CFSE labelled control and
oxidative stress exosomes were detected within neyoah, decidual and BeWo cells. The
location of the exosomes within cells, as opposeaatifacent to the cells, was confirmed using z-

stack analysis and 3D reconstructions as showagplemental figure 2.

AEC exosomes induce a pro-inflammatory response myometrial and decidual cells

To determine the effect of AEC derived exosomesatgse functional changes, we determined
inflammatory cytokines and prostaglandin levelsetl culture supernatants after treatment with
various doses of control and oxidative stress axescand compared them to the analytes from
normal, untreated, cell cultures. The markers stliiere shown to be associated with human
parturition in each of these cell typ&€sControl and oxidative stress AEC exosomes
significantly increased the concentration of ILH68 and PGE but not IL-13 or TNF- in the
media of myometrial and decidual cells comparedaional (untreated) cells in culture (Figures
3-4, Supplemental Tables 1-2). The capacity fodative stress exosomes to increase
myometrial and decidual cell media IL-6, IL-8 an@E} levels appeared to be slightly higher
compared to control AECs. A dose dependent effeekosomes (control or oxidative stress) to
stimulate inflammatory response was not observexiirexperiments. BeWo cells only

produced detectable levels of IL-6 and B@kd none of the other cytokines studied. Control

22



494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

and oxidative stress exosomes had no effect on Be&aVmnedia IL-6, IL-8, PGE IL-1p and

TNF-a levels (Figure 5, Supplemental Table 3).

Positive control experiments show exosome-mediatedfect

To confirm that cells are responding to the treatim@nd that the effects are truly mediated by
exosomes, multiple control experiments were peréatnb.PS treatment (100 ng/ml) was used as
a positive control to confirm inflammatory resposig®m each cell type. LPS produced
significant increase in cytokine production frorhall types compared to untreated cells. A
sample of these data are shown in supplementatd-IguL-6 levels after LPS treatment were
higher in all cell types compared to control. HoeeuL-6 concentrations after LPS treatment
was similar to that observed after exosome treatnheBeWo cells, LPS significantly increased
only IL-6, but not IL-8 or PGE Control data from LPS treatments are also grallgic

represented in supplemental table 4.

Determination of exosome mediated cytokine response

To confirm exosome specificity of stimulation, medamples from the exosome blocking
experiments were subjected to ELISA. Incubationealls in cold lead to decreased IL-6, IL-8
and PGE production by all three cell types. This suggdséé exosome entry into these cells
were blocked due to reduced endocytosiS’@t #wo other experiments were performed to
disrupt exosomes and cargo. Media samples froma trethted with a single dose of exosomes
(10") whose cargo was inactivated by either heat imatitin or sonication were compared to
control and control or oxidative stress exosomatinents. Heating and sonicating the exosomes

prior to treatment lead to no change in IL-6, ILa8d PGE levels which were similar to
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negative control treatments. This suggests tha¢xlbsome’s cargo, either destroyed or
disrupted, were not sufficient to cause inflammgatoediator response from these cells
(supplemental Figure 1 and supplemental table Hgs& data partly confirmed exosome

mediated effects.

Exosomes increase Nk} activation in myometrial and decidual cells

Exosomes, regardless of source (control or oxidattvess) produced inflammatory response by
increasing IL-6, IL-8 and PGHelease suggesting activation of N-a key transcription
activator by exosomes. To test this, we performedtarn blot analysis for p-RelA/p65, total
RelA/p65, and actin on cells collected from myonagtdecidual, and BeWo cells. Myometrial
and decidual cells increased p-RelA in respongxtsomes (regardless of control or oxidative
stress) and BeWo cells increased less. Densitgr{lised on the ratio of active/total [mean
arbitrary units]) (Figure 6 bar graphs) corrobodatgat myometrial and decidual cells had higher
p-RelA than controls after treatment with both cohénd oxidative stress exosomes (Figure 6);
however, RelA baseline activation was similar betawvaormal BeWo cells compared to cells
exposed to exosomes (see bar graphs). This furéniies the previous cytokine data presented
which indicates that increased cytokine and PIBtels induced by both control and oxidative
stress exosomes are likely mediated by increasesippiorylation of NRep by exosomal cargo.

BeWo cells are refractory to Nép activation by AEC exosomes.

Increased localization of NANOG in myometrial and ecidual tissues at term labor
Immunohistochemical analysis and dual staining ANDG showed increased staining of

NANOG (brown) in myometrial tissues and decidussties from term delivery samples
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compared to not in labor deliveries (Fig 7). Semantitative estimation of this data (as shown

in bar graphs) showed significantly high stainindpoth term labor tissues.

COMMENT

Principal findings of the study

This study tested if senescent fetal amnion epéhetll derived exosomes can cause
inflammatory changes in maternal and placentaliéissOur main findings are: 1. AECs produce
exosomes that are quantitatively the same regardfecell culture conditions (Figure 1). 2. AEC
exosomes are taken up by myometrial, decidual aWdcells (Figure 2 and supplemental
figure 2). 3. Treatment with control and oxidatsteess AEC exosomes increase production of
pro-labor inflammatory mediators (IL-6, IL-8 and P& and cause activation of N&-in

maternal myometrial and decidual cells (Figure 8 4mand 6). 4. Production of pro-
inflammatory mediators was reduced when exosomekeptas blocked (Supplemental figure 1
and table 4).

Although feto-maternal endocrine mediators havenlveported to be associated with initiation
of labor®®®*the exact pathway of labor initiation remains astagy®® Inflammatory activation

is one of the functional facilitators of parturitiin all gestational tissues, as an imbalanced
inflammatory state transitions quiescent gestatitissues to an active stat&’® Thus, factors

that increase inflammatory load, directed eitheebglocrine signals or paracrine signals, can
cause mechanistic activation of the labor pro¢®$5.”% This process ideally occurs when fetal
growth and maturation are sufficient to ensure rawisurvival. Based on recent findings of

senescence in various gestational tissues thatideiwith fetal growth, and our findings in fetal
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membrane models showing that membrane senesceticlaarage are associated with
parturition, we hypothesized that senescent fe@hbranes generate inflammatory mediators to
signal fetal readiness for parturitiéh.”> ““We propose that these signals are propagated from
fetal tissues to the uterine parturition effectssies (decidua and myometrium) via fetal cell

derived exosomes.

We believe that AEC exosomes as well as othemoethbrane derived vesicles can reach
maternal tissues in multiple ways; 1. Basolatezatetion of AEC derived exosomes than can
traverse through layers and reach the uterineessuApical secretion of exosomes into
amniotic fluid, taken up by fetus and reaching maksystemic circulation 3. Exosomes
reaching maternal circulation and thus reachingemat reproductive tissues by crossing
placental barriers, specifically those exosome=ased from membrane cells overlaying the
placenta. Our lab has shown in animal modelsakasomes in the fetal compartment can reach
the maternal compartment either via systemic spoe&y diffusion through tissue layers.
Fluorescently labeled AEC exosomes injected inéoatimniotic cavity of pregnant mice were
identified in maternal gestational tissues and dhlstneam, indicating that exosomes are able to
traverse the maternal fetal barrf®Beveral studies in other labs have reported exosome
trafficking between tissués: ** There is also evidence in multiple studies todaté that

exosomes are released from cells from both theabaiw basolateral compartmefits’

Fetal exosomes, irrespective of the physiologic stig of cell of origin, cause inflammatory

activation in maternal cells
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The number of exosomes released from cells undenailculture conditions or after CSE
treatments were similar. This can partly be ex@dihy the fact that the same number of cells
were treated for each treatment type. Addition&lI8E treatment alone is not sufficient to cause
an increase in exosome quantity but does leacchmage in exosome cargo content reflecting
the physiologic state of celf8 A key finding to highlight is that regardless bétsource of
exosomes (from cells grown under normal or oxidasiiress conditions), exosome treatments
produced inflammation in recipient maternal ceftgy¢metrial and decidual cells).

It is not totally unexpected that exosomes fromte@renvironments would cause an
inflammatory response as we have reported in @&pnoic analysis of AEC exosomes derived
under control conditions that they contain marleerggestive of NfeB signaling®® Oxidative
stress treatment with CSE also resulted in exosmrgp with inflammatory signals but mostly
contained inflammation mediated by transformingvgh factor (TGF} pathway®® TGF is
produced in fetal membrane cells in response to @&EMent and oxidative stress and it is a
well-known activator of epithelial mesenchymal s#ion (EMT).>"" EMT is an inflammatory
staté® and Chaudhuri et al. has shown fetal membrane Bb&Tirring at ternd® Similar findings
were reported by Mogami H et al in fetal membramggure model§® Ongoing data from our
laboratory suggest exosomes can alter the fetaloraam microenvironment at term enhancing
senescence, EMT and inflammation.

Exosomes are generated by cells and propagatahtiwat gestation. It is plausible that
minimal levels of inflammation generated by normmal exosomes during gestation are used for
tissue remodeling and their quantity and cargadresefficient to cause labor related
inflammation. We speculate that oxidative streskibwp at term produces an exclusive group

of exosomes that can induce unigue inflammatorgitmms resulting in parturition. As shown
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in Fig. 6, oxidative stress derived exosomes indud¢E«f activation in myometrial cells, which
is known to be associated with inflammation andcfiomal progesterone withdrawal. Our
previous work has also shown that CSE induced tixiglatress leads to packaging of
p38MAPK, an activated form of stress signaler, IREEC exosome2® p38MAPK has been
shown to be a potential mediator of functional psigrone withdrawdf: 8

In this study we used primary decidual cells andmegtrial and placental cell lines. It can be
argued that primary vs cell line differences mapact our observed outcome. However,
similarities in response to exosomes between dathlimary cells and myometrial cell line
cells’ suggest that comparable outcomes can beceegherespective of cell types. We
acknowledge that more studies are needed usingpyioglls as well as intact tissues to verify

our data.

Placental cells are refractory to immune responseybamnion exosomes

Placental cells were found to be refractory tmatation by AEC exosomes. Regardless of
concentration or exosome origin (control vs oxidastress), placental (BeWo) cells did not
respond to exosomes or show any inflammatory chaitge possible that AEC derived
exosomes are not capable of generating an inflaorgnegsponse from placenta. It is also
possible that the inflammatory response may bedifft in primary cells as compared to the
BeWo cell line. A study by Koh et al. found while@®/o cells will produce IL-6 after

stimulation with OS, they will not produce IL-8 tr-1B.2% Our results indicated no increase in
IL-6 production by placental (BeWo) cells afteraiment with exosomes which makes the
conclusion that placental cells may be refractorpEC exosomes more plausible. We speculate

that exosomes show tropism and they are capalglausing functional impact in specific target
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tissues and likely at specific times. The mechare$exosomal tropism and its selection of
target tissues are yet to be determined. Speciffase proteins acquired by exosomes under
distinct physiologic state of a cell may deterntissue tropism and the functional role of
exosomes. Proximity of placenta and fetal membramedees placenta less likely to respond to
inflammatory challenges produced by membranes Isecany inflammatory response by
membranes spread via exosomes can be detrimenited smurvival of placenta and thus the fetus.
We do not rule out that refractoriness of BeWoscaihy be attributed to transitioned state of

trophoblast cells and primary cytotrophoblast cedsy have yield different results.

Determining fidelity of exosomal functions

In this current study, multiple experiments weradacted where exosome uptake was blocked.
Exosome uptake or functional contribution of exossrare mostly manifested by the following
routes: 1. Endocytosis of exosomes and cytopladeiigery of cargd’ 2. Specific ligand
(markers on exosomes) — receptor (on recipieny iceéiractiorf™ 3. Fusion of exosomes
directly with plasma membrane and release of AdyDelivery of cargo into the environment

of the target cell after undergoing lysis outside tecipient celf? %

We primarily tested the
endocytosis effect, a well reported mechanism oteme entry. Energy dependent endocytosis
was stopped by incubating cells at 4° C, as desdriib prior studies of exosome uptake and
function®?which lead to a reduced production of IL-6, ILt8aPGE by all cell types. This
indicates that exosomes are contributing to theeased inflammatory mediator production,
predominantly via endocytosis. We also eitherégar sonicated the exosomes prior to

treatmenf? Heating can denature the surface proteins oétosome while sonication breaks

the exosome open. Heating or sonicating the exos@mer to treatment reduces the number of
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routes through which the exosome can be taken upebtarget cell, but likely releases the
contents of the exosomes into the recipient cetbesellular environment. There was not a
significant increase in cytokine production afteating with heated or sonicated exosomes
(supplemental figure 1). This indicates thatA8C exosomes can exert effects via several
different routes in gestational cells.

Exosomes may contain various molecules and it iearétically possible that the AEC
exosomes contained the inflammatory analytes efést. To test this, as a part of an ongoing
study in our laboratory, we verified whether exossrfrom control and oxidative stress
exosomes carried cytokines contributing to the nkeskdata. For this, a proteomic analysis of
the exosomes was conducted by Dr. Salomon’s latmyrasing LC/MS-MS approach and we
report that none of the analytes measured in thdyq1L-6, IL-8 and PGE) were detectable in

our exosomes preparations from control or oxidagivess conditions.

Oxidative stress of amnion epithelial cells lead tproduction of exosomes with pronounced
effect on target cells

Exosomes produced under oxidative stress conditiass a more dominant effect than those
produced under normal cell conditions (control exnes) as almost all treatments using
oxidative stress exosomes increased pro-partusientarkers in decidua and myometrium.
Dose dependent effect was not seen at the en@4haur incubation and it is likely that all
doses used are either saturating the responsatadtitional doses or longer incubation may be

necessary to show the true kinetics of cytokinpaase.

Summary
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The results of our study indicate that exosomedyed by AECs are capable of being taken up
by other gestational tissue cells and cause inflatarg, labor-promoting changes in maternal
gestational cells. This indicates that AEC deriegdsomes may be involved in the labor
cascade by functioning as messengers carryingfgpgignals between the fetal and maternal
compartments. We conclude that AEC exosomes ao@e paracrine mechanism of fetal-

maternal communication.
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924  Figure legends:

925  Figure 1. Characterization of control and oxidative stress easomes

926 1A — Transition electron micrograph of control anddative stress exosomes show round/cup
927 shaped exosomes

928 1B — Total number of particles/ml of media showdifference in exosomes between treatments.
929  1C — Number of exosomes/AEC from both control axidative stress treatments were not

930 different.

931 1D - Both control and oxidative stress derived A&@somes showed exosome markers CD9,
932 CDB81 and stem cell marker NANOG.

933

934  Figure 2: Localization of AEC derived exosomes (from controand oxidative stress

935 treatments) inside gestational cellsCarboxyfluorescein succinimidyl ester (CFSE) |kduk

936 exosome localization inside myometrial, decidual BeWo cells. Left panel — Myometrial

937 cells; Middle panel — Decidual cells; and Right @lanBeWo cells. A — DAPI; B — Cell specific
938  marker —o-smooth muscle actin (myometrium and decidug)-actin (BeWo); C — CFSE

939 labelled exosomes; D: merged images.

940

941  Figure 3: ELISA data showing IL-6 (A), IL-8 (B) and PGE; (C) in myometrial cells.

942  Comparisons were made between IL-6, IL-8, or P&talyte concentrations in negative control
943  cell media and concentrations in media after treatrof myometrial cells with each dose (Exo
944 105, 107, 1d9) of either control (blue) or oxidative stressafmge) AEC derived exosomes. All
945  experiments include n=5. Significant results (p$)0etween specific treatment compared to

946  untreated control cell media are marked with aerast (*).
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Figure 4: ELISA data showing IL-6 (A), IL-8 (B) and PGE; (C) in decidual cells.
Comparisons were made between IL-6, IL-8, or P&falyte concentrations in negative control
cell media and concentration in media after treatroédecidual cells with each dose (Ex085,0
10'7, 109) of either control (blue) or oxidative stressafoge) AEC derived exosomes. All
experiments include n=5. Significant results (p&) letween specific treatment compared to

untreated control cell media are marked with aaréast (*).

Figure 5: ELISA data showing IL-6 (A) and PGE,; (B) in BeWo cells.

Comparisons were made between IL-6 or P&talyte concentrations in negative control cell
media and concentration in media after treatme®edo cells with each dose (Exo 50107,
10'9) of either control (blue) or oxidative stressafoge) AEC derived exosomes. All
experiments include n=5. Significant results (p&) letween specific treatment compared to

untreated control cell media are marked with aarest (*).

Figure 6: Activation of NF- kB as determined by RelA/p65 Phosphorylation.

Top panel RelA/p65; Middle panel — Total RelA/p65Bottom Panel — Actin

A — Myometrial cells —Myometrial cells=normal myometrial cells in culture; Control
exosomes= myometrial cells treated with exosomesg@x18) from AEC grown under normal
cell culture conditions; OS exosomes= myometrilldeeated with oxidative stress exosomes

(dose 2x18).
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B — Decidual cells -Decidual cellssnormal decidual cells in culture; Control exosomes=
decidual cells treated with exosomes (dose 9dt6m AEC grown under normal cell culture
conditions; OS exosomes= decidual cells treatel mitdative stress exosomes (dose 2x10
C — BeWo cells -BeWo cells=normal BeWo cells in culture; Control exosomes= Bet#lls
treated with exosomes (dose 2%1ffom AEC grown under normal cell culture conditip OS

exosomes= BeWo cells treated with oxidative stesssomes (dose 2x3)0

Figure 7: Immunohistochemical localization of NANOG(amnion stem cell marker
constitutively expressed in AEC derived exosomes) term labor and term not in labor
gestational tissues

A — Term not in labor (TNIL) and term in labor (TIL ) myometrium — Brown staining
indicates NANOG (fetal amnion stem cell marker) &hee staining indicates CD9 (background
marker). NANOG expression was higher in term labbgometrium than term not in labor
myometrium.

B — Quantitation of NANOG staining expression irading significantly higher NANOG in TIL
compared to TNIL myometrial tissue.

C - Term not in labor (TNIL) and Term in labor (TIL ) decidua (attached to chorion layer

of fetal membranes) -Brown staining indicates NANOG (fetal amnion steetl marker) and
blue staining indicates CD9 (background marker) NO& expression was higher in term labor
decidua than term not in labor decidua.

D — Quantitation of NANOG staining expression irading significantly higher NANOG in TIL

compared to TNIL decidua.
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991  Supplemental Figures and Tables:

992  Supplemental Figure 1:IL-6 concentration in media from various controperments
993  performed to confirm exosome specific activatiomnfiammatory mediators. Shown here is an

994  example of myometrial (A), decidual (B) and BeWds€C).

995 On the x axis are all the treatments included:

996 Control: negative control

997 Lipopolysaccharide (LPS) was used as a positivérebn

998  Cold — cold treatment of cells to prevent endodgto$ exosomes

999 Heat inactivation — to disrupt exosomal membraregedanature proteomic cargo

1000  Sonication - to disrupt exosomal membrane and dem@iroteomic cargo

1001  Control and oxidative stress exosomes treatmergsiase of 10

1002 A — Myometrial cells treated with LPS and controtlabxidative stress exosomes show increased
1003  IL-6 compared to control. Cold, heat and sonicatd@hnot change IL-6 compared to negative

1004 control

1005 B - Decidual cells treated with LPS and control ardlative stress exosomes show increased
1006 IL-6 compared to control. Cold treatment reduced linore than negative control settings

1007  whereas heat and sonication did not change IL-6oemed to negative control.

1008 C — BeWo cells increase IL-6 in response to LPSchiemge was seen with any other conditions

1009  including exosome treatment.

1010
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Supplemental Figure 2: 3D reconstructions of confocal images of eacyetacell studied.
Blue is DAPI which shows the nucleus. Red is @pltsmic protein either or 8 actin.

Exosomes are shown in green. Exosomes are idghtifithin each cell type (myometrial,
decidual and BeWo) by yellow arrows.

Supplemental Table 1A:Cytokine and PGEconcentrations in myometrial cells treated with

control exosomes.

IL-6 Control Exo 18 Exo 1d Exo 10
Mean + SD 62.5+£13.3 171.3+43.1 190.6+62.4 166.4358.
Median (IQR) 60.3 (21.5) 190.4 (47.8) 190.4 (107.9) 147.7 (78.6)
p - Untreated cells vs control exosomes 0.03 0.03 .030
IL-8 Control Exo 18 Exo 10 Exo 10
Mean + SD 19721+18210.7 99892.8+219682 90793.1+23044.64652.2+24259.5
Median (IQR) 11764.0 (200059) 103786.9 (31454) ®39837985.0)24259.5 (119391.2
p - Untreated cells vs control exosomes 0.03 0.03 .030
PGE, Control Exo 16 Exo 1d Exo 10
Mean + SD 1120.1+60.5 1301.5+62.9 1179.8+60.p mew.2
Median (IQR) 1097.8 (83.5) 1300.6 (97.4) 1184.62%9 1073.4 (69.3)
p - Untreated cells vs control exosomes 0.03 0.19 310
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Supplemental Table 1B:Cytokine and PGEconcentrations in myometrial cells treated with
exosomes derived from AEC exposed to cigarette sreakract (Oxidative stress (OS)

exosomes).
IL-6 Control OS Exo 10 OS Exo 10 OS Exo 18
Mean + SD 62.5+£13.3 165.2+48.4 192.7+37.6Y 178.63112
Median (IQR) 60.3 (21.5) 149.9 (58.2) 186.3 (56.0)  178.7 (21.0)
p - Untreated cells vs OS exosomes 0.03 0.03 0.03
IL-8 Control OS Exo 10 OS Exo 10 OS Exo 18
Mean + SD 19721.4+18210.7 99177.3+27778.8 1306@®6%7.2 131687+35418
Median (IQR) | 11764.0 (200059.0f 107778.5 (3759[L09572.0(29365.0)137049.3(51333.0)
p - Untreated cells vs OS exosomes 0.03 0.03 0.03
PGE, Control OS Exo 10 OS Exo 10 OS Exo 18
Mean = SD 1120+60.5 1650.0+174.4 1304.9+174{4 1BEM1.5
Median (IQR) 1097.8 (83.5) 1705.6 (240.0 1337.4(8% | 1373.2 (153.3)
p - Untreated cells vs OS exosomes 0.03 0.06 0.03
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Supplemental Table 2A:Cytokine and PGEconcentrations in decidual cells treated with

control exosomes.

IL-6 Control Exo 16 Exo 10 Exo 10
Mean + SD 22.8114.1 101.8+12.1 113.6+£31.8 75.143.29

Median (IQR) 18.4 (16.2) 104.8 (18.6) 119.3(45.6 5.87(4.6)

p - Untreated cells vs control exosomg 0.03 0.03 .030
IL-8 Control Exo 16 Exo 10 Exo 10
Mean * SD 148.1+109.1 687.4+312.3 747.6+464.0 124818
Median (IQR) 150.4 (186.5) 800.5 (363.3) 818.1 (215 | 1589.2 (274.2)

p - Untreated cells vs control exosomg 0.11 0.11 .030

PGE, Control Exo 18 Exo 10 Exo 10
Mean = SD 18.0£1.5 23.5+2.2 19.2+3.1 24.81+4.4

Median (IQR) 18.3 (2.4) 23.3(3.5) 18.7 (4.7) 2A45)

p - Untreated cells vs control exosome 0.03 0.66 .030
Supplemental Table 2B:Cytokine and PGEconcentrations in decidual cells treated with
exosomes derived from AEC exposed to cigarette smeakact (Oxidative stress (OS)
exosomes).

IL-6 Control OS Exo 10 OS Exo 10 OS Exo 18

Mean * SD 22.8+14.1 94.2+17.4 100.7+27.5 150.8+12.4

Median (IQR) 18.4 (16.2) 92.8 (27.2) 104.9 (39.7 485 (18.3)
p - Untreated cells vs OS exosomeq 0.03 0.03 0.03
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1060
1061

1062

1063
1064
1065
1066
1067
1068
1069

IL-8 Control OS Exo 10 OS Exo 10 OS Exo 18
Mean + SD 148.1+109.1 672.8+351.7 673.1+334. 47 8.3
Median (IQR) 150.4 (186.5) 676.9(505.8) 772.6 (682.| 936.1 (703.4)
p - Untreated cells vs OS exosome$ 0.06 0.11 0.03
PGE;, Control OS Exo 10 OS Exo 10 OS Exo 18
Mean + SD 18.0+£1.5 30.4+4.2 32.1+6.1 34.24+3.1
Median (IQR) 18.3 (2.4) 29.2(6.4) 32.9 (8.5) 33D
p - Untreated cells vs OS exosomesg 0.03 0.03 0.03

Supplemental Table 3A:Cytokine and PGEconcentrations in BeWo cells treated with control

exosomes.
IL-6 Control Exo 16 Exo 10 Exo 10
Mean £SD 57.0£6.0 52.619.4 48.6+7.2 47.4+11.6
Median (IQR) 55.4 (8.3) 50.6 (11.5) 46.5 (10.3) 14(1.4.8)
p - Untreated cells vs control exosomes 0.31 0.19 190
PGE, Control Exo 18 Exo 10 Exo 10
Mean +SD 0.09+0.01 0.12+0.02 0.12+ .01 0.0940.0
Median (IQR) 0.10 (0.01) 0.12 (0.03) 0.12 (0.01) 090(0.02)
p - Untreated cells vs control exosomes 0.03 0.03 .89 0
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1075

Supplemental Table 3B:Cytokine and PGEconcentrations in BeWo cells treated with

exosomes derived from AEC exposed to cigarette sreakract (Oxidative stress (OS)

exosomes).
IL-6 Control OS Exo 10 OS Exo 10 OS Exo 18
Mean +SD 57.046.0 47.149.1 50.5+10.1 54.7+16.1
Median (IQR) 55.4 (8.3) 46.0 (14.9) 54.3 (13.1) 522.7)
p - Untreated cells vs OS exosomesg 0.19 0.67 0.67
PGE;, Control OS Exo 10 OS Exo 10 OS Exo 18
Mean +SD 0.09+0.01 0.10+0.01 0.10+0.01 0.1040.02
Median (IQR) 0.10 (0.01) 0.10 (0.02) 0.10 (0.02) 100¢0.02)
p - Untreated cells vs OS exosome$ 0.56 0.67 0.19
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1082
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1084

1085

Supplemental Table 4- Control experiments used to show exosome metiiatmune
activation effects in myometrial, decidual and Beuédis.

LPS Cold treatment Heat Sonication of
of cells inactivation of exosomes
exosomes
L- | IL- | PGEs | IL- | IL- | PGEs | IL- | IL- | PGEs | IL- | IL- | PGE>
6 8 6 8 6 8 6 8
Myometrium | 1 1 ! ! > o | o — 1 | < -
Decidua 1 1 ! ! ! ool o lolo| o
BeWo i — l — ! > > DA > > >
1 Increase
| Decrease

< No change
X not detectable
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Figure 7
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