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ABSTRACT

Pretermrinfants araniquelysusceptibldo late-onset sepsithat is frequentlycaused byhe
skin commensalSaphylococcus epidermidis. Innate immue responses, particukarfrom
monocytesare akey protective mechanisnmpairedcytokineproduction bypreterminfant
monocytes is well described but few studies have comprehensively assessed
corresponding monocytéranscriptional responsdnnate immune responses preterm
infants'may/ be modulated by inflammatiosuch as penatal exposurdo histologic
chorioamnionitiswhich complicates40-70% of pretermpregnancies Chorioamnionitis
altersthe riskof late-onset sepsjshutits effect on monocyte functiors largely unknown.
Here we aimed to determine the impact of exposurehmrioamnionitison the proportions
and phenotype of cord blood monocytes uslag tytometry as well as theitranscriptional
response tdive S epidermidis. RNA-seqwas performed on purified cord blood monocytes
from very.preterm infants {32 weeks gestationwith and without chorioamnionitis-
exposure) and term infan837-40 weeks) pre-and postchallenge with liveS. epidermidis
Preterm monocytesfrom infants without chorioamnionitis exposurdid not exhibit an
intrinsically=deficient transcriptionaksponse t&. epidermidis compared to term infantin
contrast, chorioamnionitisexposurewas associated witlhypo-responsivdranscriptional
phenotype regarding aubset of genesvolved in antigen presentation and adaptive
immunity. Overall, ourfindings suggesthat prenatal exposure to inflammation may alter the

risk of sepsisn preterm infants partlipy modulation of monocyte responses to pathogens.

INTRODUCTION

Newborn=infantsface significant immunological challenges during their transition from
intra- to=extrauterine life, as they encounter a wide ramfenicroorganisms for the first
time. These challenges are greatest for those fireterm asthe incidenceof neonatakand
early life‘infectionis negatively associated with gestational .agery preterm infantgborn
<32 weeks) are particularly susceptiblandS. epidermidis is the leading cause of latrnset
sepsisin manypretermpopulations. Late-onset sepsifargely occurs between days 10 and
16 of life, affectingup to one thid of very preterm infants Late-onset sepsiis associated

with potential mortality andonsiderable morbidityncluding increased risk of chronic lung
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disease,severe intraventricular hemorrhage, aamierseneurodevelopmental outconies
Understanding of the immunological mechanisms underlying the heightened sustepfibili
preterm infants to sepsisincomplete, but critical fodeveloping effective preventative and
therapeutic interventionsmportantly, 48-70% of preterm infants are exposed to histologic
chorieamnionitis prior to birth Interestingly,preterm infantexposed to chawamnionitis
have a'significantly reduced risk of developiage-onset sepsis suggesting that prenatal

exposure to infection and inflammation may modulate the developing immune system.

Newborn infantsdependon imate immune defences in the first weekslitd, prior to
maturation _of adaptive immune responddsnocytes are central innate effector cedisd
several“phenotypic and functional characteristics of monocytes are impaired in preterm
infant$."Thé primary monocyte deficit appears to be significantly reduced expression of
inflammatory cytokineTNFa, IL-1B, IL-6 and IL-8) at the protein leveiollowing TLR
stimulation._However, preterm infant monocytes express comparable levatpattant
immune, celsurface receptors (e.g. TLRs) and havecleardeficits in the phosphorylation
cascades-doWwnstream of skeeceptors ® suggesting a possible underlying transcriptional
deficieney.1%*>. Therefore, a global transcriptional approachvéll-suitedto elucidatethe
mechanisms underlying the differences between preterm and term iimfiaié immune

responses

Here, we have usdtbw cytometry to evaluate frequencies of total monocytes and individual
subsets within cord blood from term and preterm infants (with and witthautoamnionitis
exposure) and RNA-seq to assess the transcriptome of purified infant monocytesumle
postchallenge with liveS. epidermidis. We amed toidentify deficiencies associated with
preterm, birth and assessthe impact ofchorioamnionitison monocyte function. This
appreach-allows interrogation of the global, intrinsic monocyte transcriptiospbnse
following™direct interactions witha common pathogen Overall, we reportminimal
transcriptional differences between term ahdrioamnionitis-unexposgareterm monocyte
responses t& epidermidis. In contrast, monocytes froohorioamnionitisexposed preterm
infants displayed a hypeesponsie transcriptional phenotype pestimulation.These results
indicatethat prenatal exposure to infection and inflammation may alter the risk of infection

at leasin partvia modulation of monocyte responses.
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RESULTS

Both preterm birth and exposure to chorioamnionitis influence monocyte subset
frequencies

Flow cytometry was used toomparethe frequencief cord blood monocytesubsets
betweenterm, and preterm infantas well asrelative monocyteexpression of CD14 and
HLA-DR. Preterm infants without chorioamnionitis exposurbad significantly reduced
frequencieofitotal monocytesompared to both term and chorioamniorgigosed preterm
infants (Figure 1A).All preterm infants(independent of chorioamnionitigxhibited a
significantreduction in the proportion of classical monocyt@sda sgnificant increase in

the propertion of intermediate monocytasmpaed to term infants (Figure 1B addC). The
proportiens_of nofclassical monocytes were not significantly different between groups
(Figure 1D)."With both classical and intermediate monocytes, a clear trend was observed
where monocytesfrom preterm infantunexposed to chorioamnionitghowed the greatest
relative difference tothe term infant monocytghenotype Similarly, both preterm infants
with and without chorioamnionitisxposire exhibited reduced CD14 surface expression on
classical monocytes cqrared to term infantswith the greatesteduction observed in
unexposed preterm infan{Figure 1E) A significant reduction in the frequency of total
monocytes expressing HE:BR (an MHC class Il receptor involved in antigen presentation)
was observed in chorioamnioni#sposed preterm infantshen compared to term infants
(Figure 1F).

Distincttranscriptional profiles in monocytestimulated with S. epidermidis

RNA-seqg was performed on purified cord blood monocytes from chorioamnierfitssed
or unexposedoreterm infants, and term infants prand postsstimulation with live S
epidermidis. Principal component analysisas usedo visualise the major contributors to
transcriptional variation in our dataset. Within the first principle compomemtobserved
complete separation between unstimulated,&megidermidis stimulated monocyte@-igure

2A). Unexpectedly,no clear separation between term and pretemfants (without
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chorioamnionitis exposurejvas observedwithin the first threeprincipal components
(together accounting for 71% of total variation). However, we did observe separation
betweenchorioamnionitis-exposepreterminfants (except for one infant) and the remaining
samples orprincipal component 3indicating that chorioamnionitisexposurewasthe third

largest source of variation within the déb&o of variation Figure 2B).

Chorioamnionitis exposure is associated with educed monocyte expression of key
immune genes

Given the limitations of principal component analysis &@sdpotential to obscure minor
trends ‘in_the data, we next analysed the expression of selestepnes involved in key
pathways/that we hypothesised to be differentially regulated between preterm and term
infants “and/or additionally modulated by chorioamnionitis exposive compared
expression ofsixty-eight key genes in TLR, inflammatory, antigen presentation and
apoptosis__pathways betweetihe infant groups(pre- and posistimulation with S
epidermidis). Ffty-sevenof thesegeneswere significantly differentially expressed following
monocyte.stimulation witlts. epidermidis across all three infant groupsith a comparable
pattern.,of,_gene expressioobserved between groups forost genes.In general, S
epidermidis-stimulationresulted inmonocyte dowrregulation ofToll-like receptors éxcept
TLR2) and~genes involved in apoptgsend up-regulation of cytokines, chemokines and
several key TLR pathway gen@sSigure 3\). Genesinvolved in antigen presentatiomere

not collectively differentially regulated inS. epidermidis-stimulated monocytes compared to

unstimulated monocytes

We then_performed differential expression testing for pairwise comparisons between the
three infant groups (e.ghorioamnionitis-exposed vanexposed preterm infants), for both
unstimulated o6 epidermidis-stimulated monocytes, resulting in 6 comparisémsong the
sixty-eight'key selected genew®) significant differences betwe&rminfant monocytesnd
chorioamnienitis-unexposegreterm infant monocyteswere observed in either the
unstimulated or stimulated sample comparisofdata not shown). In contrast,
chorioamnienitis-exposedpreterm infant monocytes displayed significantly reduced
expression of twelve genes compatederm infant monocytes, unexpos@udeterm infant
monocytes or both.IRAK2 was identifiedin the unstimulated sampmparison TLR4,

TLR5, TKB1, NFKBIA, CSF2, CS-3, NLRP3, CASP1 andCD86 in the stimulated sample
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comparisons, an€D74 and HLA-DRA in both stimulatedand unstimulatedomparisons
(Figure B).

Global analysis of monocyte transcriptome reveblgporesponsiveness to S. epidermidis

in infants'exposed to chorioamnionitis

We next extended our analysis beyond the seight key genes, tidentify all differentially
expressed genes between infant groupghe unstimulated and stimulated samples (as
above)sThe results are summarised in TaBle Comparisons betweeohorioamnionitis-
unexposegreterminfant monocytes and term infamonocyteg/ielded thelowest numbers

of differentially expressedeamesfor both unstimulated (23 genes) and stimulated (2 genes)
comparisonsin contrast, comparisonsetweenchorioamnionitisexposed preterm infant
monocytes "andboth term (50 unstimulated; 765 stilated)and unexposegreterm (169
unstimulated; 262 stimulated)fant monocytesesulted in largenumbersof differentially
expressed genes, with the greatdsthotomy observed betweethe comparisons ofS.
epidermidis-stimulated monocytegSupplementary igure 1) Across these comparisons,
most differentially expressedgenes were downregulated in chorioamnioniégposed
pretermyinfant monocytes compared to the other groups, suggesting a pattern of immune
hypotesponsivenesd he full lists of these differentially expressed genes are presented in
Supplementaryatblesl and 2.

All genesidentified asdifferentially regulated bychorioamnionitisexposed preterm infant
monocytes/ersus either infant group in unstimulated (202 geardytimulated(868 genes)
comparisonswere then analysed separately using Ingenuity Pathway Analyslg {o
identify _overrepresented biological pathways and predictgostream transcriptional
regulators. Both sets of genes were significantly associated wit pathways involving
activation of adaptive immunity, witthe most significantly overepresented pathwapr
both gene=sets beingAntigen Presentation” (Figure 4AB). Similarly, many of the top
predicted=upstream transcriptional regulators are known drivers-ag#l activity (IL2,
IFNG, 127, CD38, antigen presentation (XBPTD2) or inflammation (TNF, IL1B and
were all"predictd to be significantly inhibited (see Supplementtatyle 3for all upstream
regulatory. We then looked at the patterns of expression for all genes withinAtiieyén
Presentation” pathway, or downstream of XBP{Figure 4C). We observed distinct

clustering between unstimulated aBd epidermidis-stimulatedsamplesaaoss all infant
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groups with further clearsubdivision betweersamples from chorioamnionitexposed

infants and the other infant groups.

Comparable production of cytokines and chemokines in preterm and term infant
monocytesat'the protein level

As initial validation of the results of this study, we compared the expression of keyoeff
cytokines at the protein level across infant groups and stimulation conditionaeRAgbaen
cytokines (IL-1p, IL-6, IL-8, IL-10, IL-12p70, CXCL10, TNFa, CCL2, G-CSF and MCSF)
were measured i2-hour culture supernatant@nd 24hour supernatants for a subset of
infants‘with.sufficient cellsusing a multiplex bealased immunoassalL.-12p70 and M
CSF, were undetectable @&l monocyte culture supernatants, anCSF was undetectable
in most supernatasnt95% of unstimulated, and 81% 8&f epidermidis-stimulated samples)
IL-1B, IL-6, /IL-8, IL-10, TNFa and CCL2 were significantly upregulated following
stimulation withS. epidermidis (assessing all infant responseggure 5AF). Many of these
cytokines and chemokines were also detected as signifiagmdgulated whin individual
infant greups, and all were significantly upregulated across the infant grouips géne
level. In, cerrast, CXCL10 was significantly downregulated at the protein level $on
epidermidis stimulation, but only upon analysis of pooled sampkes 0.015, Figure 5G). In
addition, €XCL10 expression was unchanged at the gene level in all infant ghoeps (
0.55-0.93) Significant positive correlations between gene and protein levels were observed
for all cytokines and chemokines upon assessment of pooled samples, although the trend was
markedly weakefor IL-6 (Figure 5H).The only difference observed between infant groups
was significantly reduced HLB productionin monocytes from chorioamnioniexposed
preterm_Infantscompared to unexposed preterm infant monocybegortantly, assessment
of protein production at a later time point (24 hours) alseaked no significant differences
between.infant groupslbeit withsmaller sample siz§a=3-4, data not shown

DI SCUSSION

Here, wesaimed to determine the impact of preterm birth and exposan@rioamnionitis

on theproportions and phenotype of cord blood monocytes and on motraogteiptional
response‘te. livés. epidermidis. We reportdecreased frequencies of classical monocytes in
cord blood from preterm infantsyith a compensatory increase frequencies of CD16+
monocytes. Wedemonstratehat monocytes ofpreterm infarg without chorioamnionitis
exposureare transcriptionally similato term infant monocytes.Using hypothesislriven

analyses, we show that overall gene expression of TLR, inflammatory, antigen pi@sentat
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and apoptosis pathway genes are similar between term and pr&termnamnionitis-
unexposed infants, indicating that preterm monocgtesnot intrinsicallytranscriptionally
deficient. Thisinterpretation issupported bycomparableprotein levels of inflammatory
cytokines and chemokines in culture supernatants from preterm and term (afdmsh?2

and 24 ‘houttime points).In contrast, monocytes of preterm infants with chorioamnionitis
exposurdlisplayed a significantypo-responsiveranscriptionalphenotype in response
epidermidis, in"a subset ofgenes involved in antigen presentation and activation of the
adaptive immune system. These restitghlight that prenatal exposure to infection and
inflammation may alter the risk for sepset least partly via naulation of monocyte

responses.

The limited data on proportions of monocyte subsets in preterm and term iafants
conflicting. In\contrast to our findings, Sharma etraportfrequencie®f CD16+monocytes
rangingbetween 580% of total cord blood monocytesth no differences betwegmreterm

and term infant$. In keeping with our findings, Wisgtikt al.reportsignificantly increased
frequencies. of CD16+ intermediate monocytes in preterm infants and a smaller dynamic
rangeof,GD16+ monocytes in cord blotd Differences between studies may arisem
distinct flow cytometry gating strategies, particularly regarding the threshold for CD14+
staining_on-the nowlassical monocyte subsdfinbiased analysis of flow cytometry dat
through clustering algorithmsay circumvent the limitations inherent to subjective gating.
Both studies however, report significantly higher proportions of GDafnocytes in
neonates compared to adultsjggestinga developmental shiftoward predominantly
classical manocytesimportantly, dfferences in the frequencies of monocyte subsets
between preterm and term infamii®e unlikely to have obscuredur transcriptional dta as

we did“not observe enrichment afonocyte subsetpecific gene signatures any infant

group(data.not shown)

The lack=ofdeficienciesin overall gene expression or cytokine productionmanocytes
from pretermchorioamnionitis-unexposed infardempared to term infants was unexpected,
asdeficientmonocyte responses to PRRmulationin preterm infants are widely descrifSed
However Lissner et al. also observed minintednscriptionaldifferences betweepurified
monocytes fromterm infants and adultgfollowing LPS or Listeria monocytogenes-
stimulation}®, despite reports of impaired monocytependent cytokine responses to LPS in

neonates compared to adtfit'®. One possible mechanistis regulation of monocyte
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267  function throughextrinsic factors either in cord plasma &om other mononuclear
268  populationswhich were removed in o@wxperimentsand thosef Lissner et alA variety of

269 soluble mediators capable of modulating monocyte respoaszspresent in plasma,
270 including adenosirtd the antimicrobial peptide 1-B7?% %! and the alarmins S100A8/A%

271 Ulaset almeompadLPS-induced monocyte responses between term infants and,aduotls

272 demonstrated that neonatal monocytes are not functionality impaiveéddifterentially

273  programmed transcriptionally and epigenetically via activity of the endogenous TLR4
274 ligands: S100A8/A¥. Changes in plasma composition associated with prematurity are
275  describeff 2°. Therefore, differential regulation of monocyte responses by extrinsic plasma
276 factors,during gestation may explaliscrepantfindings; studies with whole blood

277  stimulation demonstrate significant impairment of preterm monocytes to produce
278  inflammatofycytokines™'’, whereas similar cytokine production between preterm and term
279 infants when(as here)s observed wheisolatedmonocytes aresed*?’. This highlights a

280 potential _mechanism for differential immune regulation during gestation, which may
281  contribute to preterm infant susceptibility $epsisFuture studies should aim to assess the
282 immunoregulatory properties of preterm infant peripheral whole blood plasmatahé¢hef

283  highestirisk.of neonatal sepsis (days2Dfor late-onset seps)s Media replacement studies
284  to determine how pestentthe effectsof exposure to such factoese would also be of

285 interest

286

287 In contrast to the above studies,canparison of the basal transcriptional states between fetal
288 (1822 weeks GA) and adult bone marrow monocytes identified >20§0ificantly

289 differentially expressed genes, including several genes involved in pathogen recognition and
290 inflammatiorf®. Together these findings suggest that there are major transcriptional
291 differences between fetal and adult monocytes, and relatively small transcriptional
292  differences. between preterm and temonocytes indicating that continued maturation of
293 innate immunity occurg early life (<29 weeks GAand correlates with the clinical risk of
294  neonatalsepsis.

295

296 In the current studychorioamnionitisexposedpreterm infants showethe most distinct

297  transcriptional profilelt should be noted that differences observed heretadéfaelatively

298 small(yet functionally importantsubset of genes, ancevihave previouslgharacterised the

299  conservedinfant monocyte response ® epidermidis®. Interestingly, nost differentially

300 expressedgeneby chorioamnionitisexposed infantswere downrregulated or hypo
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responsive followingS. epidermidis-stimulation compared tthe other groupsgndicating a
potentially dampened immune response to infectiBesponses to the Gramegative
pathogerk. coli were also assessed as part of previous work, however we observed a much
smaller (and mostly overlapping)effect specific to chdoamnionitis-expsed monocytes
(datamnet'shown)Here, we also observed significantly reduced frequencies of-BIRA
monocytes Irchorioamnionitisexposedoreterm infantsThere arevery limiteddata on how
chorioamnionitisexposure impactsumanmonocyte responseslowever, gmilar monocyte
hypo+esponsiveness occurs in sheep models of intrauterine infection and inflammation,
where intraamniotic exposure to LPS &freaplasma parvum is associated witlldecreased
monocyte production of H6 and hydrogen peroxide, alwiver surface expression of MHC
class I ahth CD14 in preterm lanb®. The authors attribute these observations to
endotoxin tolerance, and found thrapeated exposure to iHamniotic LPS had a cross
tolerance effect; attenuating the monocyte inflammatory response to TLR2, TidRA_.R9
agonists’. Importantly, these sheep studie=portareversal othis phenotype towarklyper-
responsiveness ftar 1-2 weeks It would be of interest to determine monocyte
responsivenéss from pretenmorioamnionitisexposednfants at later time points, especially

as these infants are known to have a decreased ritkeainset sepsis In contrast, a
reduced capacity for antigen presentation is associated with sepsis in the first week of life,
which may " partly explain hie heightened susceptibility for eadpset sepsis of
chorioamnionitisexposed neonatés®. Azizia et al. reported similar frequencies of MHC
class Il cord blood monocytes between preterm and term infants, but signfichiced
frequeficies in preterm infanésposed tahorioamnioniti€®. Similarly, preterm infantsvith

fetal inflammatory response syndrome desggulate several genes critical for antigen
processing_and presenting including CD74 and HRRA®'. Finally, in line with our
observation of reduce@ASP1 and NLRP3 gene expression in preteramorioamnionitis-
exposedmonocytes, others report a significant reduction in the frequencies of Celspase
positivesmonocytes (induced by LPS+ATP) in preterm infants exposed to chorioamfijonitis
suggestinghat inflammasome activitpnay be negatively regulated by prenatal exposure to

chorioamnionitis.

The only clinical parameter thatiffered betweenour preterm infants with or without
chorioamnionitis-exposurevas mode of delivery, which is inherent to the underlying
inflammatorypathophysiology o$pontaneoupreterm birth The impact of mode of delivery

on immune development is incompletely understdadthermorewhile mode of delivery
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335 does impac@bsolute numbers of cord blood monociiesifferencesin PRRstimulated

336 neonatal monocyte/mononuclear cells responses have not been attributable to mode of
337  delivery in most studie§ X" *® * Interestingly, the one infant with chorioamnionitis
338 exposure that did not cluster with the others within the principal component analysis
339 exhibited~the lowest grade of chorioamnionitgjggesting a potential dose effemt

340 monocyte responselterpretation in this regardweverwarrants cautiondue to thesmall

341 sample sizeWe postulatethat an intrinsic mechanisthat influences transcription, such as
342 epigenetic modification, may be differentially regulated in infants exposed to
343  chorioamnionitis Gestational ageependent regulation of histone modifications relating to
344  pro4inflammatory cytokine promotors in monocytess been demonstratesdith the greatest
345  disparityobserved been cells of preteinfiants <30 week&A and term infanfS. To date,

346  no studies have investigated epigenetic changes associatechafithamnionitisexposure

347  This would be of interesisbacterial infection can induce a variety of epigenetic changes in
348 the host_including histone modifications and DNA methyldfiomnd chorioamnionitis
349  exposute is associated with differential infection i€k

350

351 We acknowledge some limitationEhe sample sizes are relatively small and not matched for
352 gender.Inaddition, we were not able to include term infants with chorioamnionitis exposure
353 in this study, as routine screening is only performed in deliveries <37 weeksogestat
354 However chorbamnionitis only occurs in a minority of term pregnancies%98* and is

355 generally less severe than that observed in preterm platefiashemore,due torestraints

356 on recruitment and sampleolumes,we only included preterm infantsof 29-32 weeks
357 gestational age&Samples fronextremely preterm infants28 weeks gestational ggeould

358 have been of particular interest, as these infaangethe highest risk ofate-onset sepsjsaand

359 consistently show the greatest differences in responses to term iftamislatively mature

360 gestational.age of our cohartay have limited our ability to detect major transcriptional
361 changes betweepretermchorioamnionitisunexposed and term infants, alagger studies
362 resolvingthese limitations are warranteButure studies should also aim to utilise fresh
363 peripheral blood monocytes sampled during the period of grdatesinset sepsisisk, a

364 more physielogicaly relevantsample than cryopreserved cord blood monocyemajor

365 strength of our study was the use of I&espidermidis; most studietiave assessed preterm
366 monocyte responsés purified TLR agonists which may be poorly representativie givo

367 infection and een killed S. epidermidis preparations inducsignificantly altered innate

368 responses from mononuclear ceitsnpared to live preparatidiis

This article is protected by copyright. All rights reserved



369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

CONCLUSIONS & FUTURE DIRECTIONS

We have demonstrated the infant monocyte transcriptional respons&.tepidermidis is
not globally altered by gestational age at birth pognatalexposure to chorioamnionitis.
Importantly=however exposure tochorioamnionitisskews the preterm infant monocyte
toward‘a hyperesponsive transcriptional responseStcepidermidis challenge affecting a
subsetof functionally important genes. Téedifferentially expressedenes includevell-
characterised immunesponseagenes, together with thosévolved inantigen presentation
and activation of adaptive immunity. Given the hifyfequencyof chorioamnionitisin
preterm,_birth, understanding the mechanisms responsible for this-résponsive
phenotype, including possible epigenetic modifications, may prongight into the altered

risk of sepsis observed in the growing population of preterm infants.
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METHODS

Study population and sample collection

The study was condted at King Edward Memorial Hospital (KEMH; Perth, Australia). The
Human Research Ethics Committee approved the study (HREC ID: 814/EW) atsh writ
informed _consent was obtained from parents or guardians. Cord blood samples weré selec
(based on samplavailability) from a prospective study of newborn immunity. Infants were
classified.as: preterm (292 weeks gestational age), either with or withchdrioamnionitis,
andtermrinfants 87—4Qveeky. Chorioamnionitis was defined by analysing sections of the
chorioamnietic membranes, umbilical cord, chorionic plate and placenta using ariadapta
of a widely accepted semuantitative scoring system, as previously describResence
and degree,of maternal inflammation was defined by neutrophilic infiltratiomeotellular
chorion, of the membranes or théocionic plate. Incidence and severity of fetal
inflammation was defined by neutrophilic infiltration from the fetal vessels into the umbilical
vessels or the chorionic plate vess&&mographic information for study participants is

presented in Table 1. Cord blood was collected intehpparinised syringes mixed 1:1 with
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RPMI 1640 (Gibco). Cord blood mononuclear cells (CBMCs) were isolated using
lymphoprep gradient centrifugation (Ax&hield PoC) and cryopreserved using an
established method preservicel viability andfunctior*®. RNA-seq data was obtained from

a subset of these infants (n = 15, 11 preterm) who had adequate cell numbers forralture a
sequenecing: Preterm infants with and without chorioamnionitis exposure were dnhtche

gestational age and birth weight.

Monocyte purification from CBMC

Cryopreserved CBMCs were thawed, washed in culture medium (RPMI 1640, 2mM
glutamax, 10mM HEPES buffer, 1mM sodium pyruvate, and 0.05ri¥eZaptoethanol
(Gibco)), and filtered through a 3&m nylon filter (Corning). Cells were centrifuged and
resuspendechiPBS containing 2% w/v bovine serum albumin (Sighidrich), and 2% v/v
heatinactivated fetal calf serum (HFCS)at ~5x10 cells/mL. CBMC were then stained with

the following. fluorescent monoclonal antibodies for 30 minutes at 4°C: iELZY7 (clone
M5E2),.CD16FITC (3G8) and CDRAPC (SK7) from BD Biosciences, CDI&F647
(HIB19)+frem BioLegend and CD5BE (N901) from Beckman Coulter. An aliquot of each
stained»CBMC sample (~1x1@ells) was transferred into a BD Trucount™ tube (BD
Biosciences) for quantitation of total cells/mL, following acquisitiontdeast 2000 events

on a BD+FACSCanto™ Il (BD Biosciences). All monocyte populations (classical:
CD14++CD16, intermediate: CD14++CD16+, and nolassical: CD14+CD16+) were
collectively purified (median yrity of 96.8%, range 9B7%) using a BD FACSAria lll,

after exclusion of debris/doublets, B cells (CD19+), T cells (CD3+) and N (€&D56+),

and collected into culture medium containing 30% fitlarilised HIFCS.Gating strategy is
presented.in. Syglementaryfigure 2. For each sample, ~2.5X18orted monocytes were
analysed using a BD FACSCanto™ Il (BD Biosciences) flow cytometer to determine purity,
with an.additional stain for HLADR (G466, BD Biosciences)All monocyte populations

were usedinawnstream experiments.

Bactesial culture

Mid-log-phase cultures ob epidermidis (WT-1457) were grown in Heart Infusion broth
(Oxoid Thermo Fisher Scientific), and cryopreserved per an establisHeslge methdd.

Frozen stocks were thawed, washed twice with sterile phosphate buffered saline (PBS;

Gibco), and resuspended in PBS at a concentration of BEI0/mL. Bacterial viability was
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confirmed by plating out tefold serial dilutions (18 to 10° of each preparation onto blood
agar (in triplicate) on the day of stimulation. Plates were incubated ove(Bigfi@, 5%
C0O,), and CFU counted the following day.

Monaoeyterstimulation cultures

Purified monocytesvere resuspended at 5x16ells/mL in 500 uL serumfree culture
medium containing RPMI 1640, 2 mM glutamax, 10 mM HEPES buffer, 1 mM sodium
pyruvate, and 0.05 mM-Rlercaptoethanol (Gibco). A sample of monocytes was stained
with 0.4% Trypan Blue, and counted using a Neubauer haemocytomeketetmine total

cell numbersand viability. 5xf0monocytes (at viability98%) were stimulated for 2 hours

at 37°C with 10uL of S epidermidis (MOI of 10:1), or with 10uL of sterile PBS (negative
control) in triplicate, in a 98vell polypropylene roundbottom plate (Corning). The final
dose ofS epidermidis used in the study was chosen empirically based on maximising the
inflammatery: response at both gene and protein level6 (lind TNk by PCR and
Luminex),while minimising cell death (measured via LD¢lease and Annexin VVRAD
staining™by: flow cytometry). Following stimulation triplicate cultures were pooled,
supernatants harvested and storeeB@tC, and cells resuspended in 300 RNAprotect

Cell ' Reagent (Qiagen) and stored2(°C before batch ahsis. Each donor was processed

on a separate day.

RNA isolation and RNAseq

Total RNA.was extracted from cultured monocytes using the AllPrep DNA/RNA Micro kit
(Qiagen), with 1 UAL of RNase inhibitor (SUPERase In, Ambion, Thermo Fisher Scientific)
addel toveach sample. RNA quality was determined using a Bioanalyzer2100 (Agilent
Technologies) and cDNA libraries were constructed using the TruSeq Stranded mRN
Sample Prep Kit (lllumina). Samples were normalised to the lowest weight sample
(minimum 100ng).Each sample was indexed with a unique barcode adaptor sequence,
allowing all_samples to be pooled and sequenced over five lanes to reduce technical
variability. RNA-seq (50 bp, singiend) was performed on an Illumina HiSeq2000. Read
libraries were mappetb the GRCh37 (hg19) Human genome using the R/Subread suite
(v1.14.2) with default optiof and summarised against Ensembl (v@)otations, with a
minimum Mapping Quality Score of thity The RNAseq data have been deposited in
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NCBI's Gene Expression Omnibfisand are accessible through GEO Series accession
number GSE101880 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc= GSE101880).

Differential expression analysis

Raw raligned read counts were analysisthg the R/limma Voormormalised differential

gene expression analysis method (R software v3.1.1, limma v32&.9prior to Voom
normalisation, read counts were filtered on the requirement that retained genes had at least
five counts per million in at least four splas (the minimum group size in the experiment).
Gene filtering was performed independently of the experimental variables to avoid the
introduction/of bias. Library sizes were secatgmalized using the Trimmed Mean of- M
valuesgmethod from the edgeR packay correct for differences in sequencing depth
between libfaries during Voom normalizafidrTo calculate lists of differentially expressed
genes between monocyte groups, limma differential expression analysepeviormed
using the Voormmormalised data as input. Empirical Bayes moderation of the standard errors
in T-statistics was applied. As the experiment followed a block design with multiple samples
from the.same infant (unstimulated and stimulated), we usted for "within infant
correlation'_in the linear models using blocking variables and the standard limma "duplicate
correlation™function. Differential expression analysis tests weifenpeed for both baseline

(e.g. [chormoamnionitiexposed preterm Cawol] vs. [term Control]) and stimulatien
induced (e.g. [chorioamnionitisxposed preterm®. epidermidis] vs. [term S. epidermidis])

differences.

Ingendity® Pathway Analysis

Analysis__of overrepresented canonical pathways and identification of upstream
transcriptional regulators was performed using Ingenuity Pathways Analysis (IPA; Qiagen)
using.righttailed Fisher's exact tests and default settings for other options. Favayath
analysisy*BenjamirHochberg adjustedP-values <0.01 were considered significant. For
analysis=ofsupstream transcriptional regulators, results were filtered to remove chemicals,
andP-values <0.01 were considered significant. Activatiestares weralso calculated to

infer the“aetivation state of predicted upstream regulators by comparing thein lefi@ot

on downstream targets with observed changes in gene expression. Upstream regtitators wi

activation zscores>2 or <2 were considered “activated” or “inhibited”, respectively.

Quantitative detection of cytokines/chemokines in culture supernatants
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An in-house multiplex fluorescetitead immunoassay was used to quantify levels of eleven
cytokines, chemokines and growth factors in monocyte cuupernatantd Primary
antibodies directed against each cytokine/chemokine were washed to remove sodium azide
using Vivaspins00 centrifugal concentrators (SigrA&drich), and covalently conjugated to
carboxylated microspheres (BRad Laboratories Inc). Samples and protein standards were
diluted/in PBS containing 0.05% Tween 20 (SigAldrich) and 2% FCS, and incubated
with artibody-conjugated microspheres in a -@@ll Multiscreen Filter Plate (Merk
Millipore) for 30 minutes with shaking (room temp, 500 rpm, protected from light).
Biotinylated, secondary antibodies were then added and the plate incubagetlifier 30
minutes, The wells were washed (PBS, 1% BSA, 0.25% Tween 20, 0.001% sodium azide;
SigmaAldrich) and 5ug/mL streptavidifPE conjugate (BD Biosciences) was added to
develop for'15 minutes. Excess streptavidl was washed off, and the samples acquired on

a BioPex® 200 System (Birad) to determine fluorescence in each specific bead region.
Analyte_concentrations were determined fromRL5standard curve of median fluorescence
intensity, generated from recombinant protein standards using BioPlex Manager 5.0
softvareswSample concentrations below the limit of detection were assignéekaegaal to

half that.of.the lowest standard.
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686 FIGURELEGENDS

687  Figure 1..Proportions and absolute counts of infant monocytes and monocyte subsets.

688 Flow cytometric analysis of monocyte subsetsthin CBMC. Frequencies of total
689 monocytes, classical (CD14++ CD)6intermediate (CD14++ CD16+) and nolassical

690 (CD14+CD16+) monocyte subsets respectively, across infant gro(gd). Median

691 fluorescence intensity of CD14 on classical monocy@s The frequencies of total
692 monocytes expressing H:BR across infant groupd). Data are presented for individual
693 donors(symbols, uplicate measurements f(#)) with barsrepresenting thenedian (mean

694 for (e))r.N.=9 preterm, 7 preterm HCA+, andtérm infants.Statistical analysis was
695 performed using the KruskaVallis test with Dunn’s multiple comparisons test ewdy

696 ANOVAswith Holm-Sidak's multiple comparisons test f@).(*P <0.05, **P <0.01, ****pP

697  <0.0001*CMBC, cord blood mononuclear cellstCA, histologic chorioamnionitis; MFI,

698 median fluerescence intensity

699

700 Figure 2. Principal component analysis and hierarchical clustering. A 3D scatterplot

701  showingthe first threeprincipal componentsa). Two distinct sample clusters are evident on

702  principal component 1; unstimulateds) and S. epidermidis-stimulated &) monocytes.
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703  Within each of these clusters, four out of the five pretelnmrioamnionitis-exposed infants
704  cluster away from the other infant groups mmcipal component 3Data points represe

705 individual samples for term infantglgrk grey, n=% preterm infants white, n=6 and
706 preterm infants with chorioamnionitis (light grey=5. Scree plot showing the fraction of
707  total variance in the data that is captured by gaicicipalcomponentif).

708

709  Figure'3. I'mmune-specific genes differentially expressed by preterm chorioamnionitis-

710 exposed infant monocytes. Heatmap visualising normalisdolg, gene expression of sixty
711 eightkey genes in TLR, inflammatory, antigen presentation and apoptosis pathways across
712 all infant_groupsand culture conditionga). Genes and samples were ranked using
713 unsupervised clustering.Red stars indicate genes differentially expressed by
714  chorioamnionitis-exposegdreterminfant monocytes, for which box and whisker plots are
715 presented in(b). Expression values founstimulated and S epidermidis-stimulated
716 monocytesare shown. Statistical analysis was performed using limma for differential
717  expressionwith P-valuescorrected for multiple comparisons using the BenjarHiochberg

718 method«P+<0.05, **P <0.01. UN, unstimulated;SE, S epidermidis; HCA, histologic
719  chorioamnionitisN = 6 preterm, 5 preterm HCA+, and 4 term infants.

720

721 Figure 4.-Preterm chorioamnionitissexposed infant monocytes exhibit reduced

722 expression of genes involved in antigen presentation or activation of adaptive

723  immunity. Overtepresented biological pathwagssociated withand predictedupstream
724  transcriptional regulatorsf the genes differentially expressed dlyorioamnionitis-exposed
725  preterm infant monocytes at baseliag &nd following stimulation witts. epidermidis (b).

726  Dashed lines represent the threshold for significance (equivalenPteakie <0.01). The
727  proportion of differentially expressed genes to total genes in each pathway is indicated.
728  Transcriptional regulators are coloured red or blue, indicating predicted activasooréz
729  >2) or inhibition (zscore <2), respectively.d) A heatmap of all genes within théritigen

730  PresentationPathway” or downstream of XBPIred stars ir{a) and p). Genes and samples
731 were_ranked using unsupervised clusteriddyl, unstimulated; SES epidermidis, HCA,

732 histologie ehorioamnionitidN = 6 preterm, 5 preterm HCA+, and 4 term infants.

733

734  Figure5. Protein levels of inflammatory cytokines and chemokinesin monocyte culture

735 supernatants are significantly correlated with gene expression. Protein expression di_-

736 1B, IL-8, IL-10, TNFa, CCL2, CXCL10 and Il-:6 were measured in unstimulated a&l
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747

epidermidis-stimulated monocytes following 2 hours of culteeg). Data are presented as
box-whisker plotsshowing minimum, maximum, interquartile range and the medNan 9
preterm, 7 preterm HCA+,nd 5 term infantsStatistical analysis was performed using
Wilcoxon matcheepairs signed rank test for comparisons betweelure supernatants
within= individual groups stars indicate significantly increased/decreased levelsSin
epidermidis stimulated supernatants compared to unstimulated supernatants. The -Kruskal
Wallis ‘test with' Dunn’s multiple comparisons tdmtween infant groups.P*<0.05 **P

<0.01. Thereweresignificant positive correlatia(Spearman correlatiojetween genand
protein _expression for all analytéls). Gene expression was derived from normalised log2
gene countsP-values, correlation coefficients, and 9%¥%nfidence intervals are indicated

for each'analyte. UN, unstimulated; SEgpidermidis; HCA, histologc chorioamnionitis.
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