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Effects of intrauterine infection/inflammation on fetal lung development
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1. Intrauterine infection or inflammation is common Other risk fctors associated with preterm birth

in cases of preterm birth. Pretermants are at risk of jhclude lov socio-economic status, woand high maternal
acute respiratory distress as a result of lung immaturitg'ge, drug use, and anlgre-pregnang body-mass inde3

evidence of gposure to infection/inflammation before birthEthnicity also appears to be acfor Asian and Hispanic
is associated with reduced risk of neonatal respiratogygmen typically display l preterm birth rates, and

distress syndrome (RDS). Experimentally induce@grican-American women are approximately twice aslijk
intrauterine inflammation or infection in sheep causesig delver preterm than Caucasian omen? An inter

precocious increase in pulmonary surfactant in the preteffiagnang intenal of less than 6 months, a piaus
lungs that impm&e preterm Igng functior_l, consistent with 5 aterm birth, and complications during gmeny such as
the reduced risk of RDS in human infants exposed [acental abruption andkemes in amniotic fluid alume

infection/inflammation before birth. _ (polyhydramnios or oligohydramnios) are also associated
2. The effects of intrauterine inflammation on fetalyiih increased risk of preterm birgh.

lung development appear to result from direct action of |ntrayterine infection or inflammation is the principal
proinflammatory stimuli within the lungs rather than by.ontibutor to preterm birt. The majority of infants born
systemic signals, such as the classical glucocortlcmgﬁOr to 30 weeks of gestation \ea keen exposed to
mediated ~ lung  maturation  pataw ~ HOWeVE,  choriamnionitis, with its frequegcincreasing as birth
paracrine/autocrine  production and/or metabolism Qfecomes more preteffrEvidence of intrauterine infection
glucocorticoids in fetal lung tissue may occur as a result pf present in[70% of delveries before 28 weeks of

inflammation-induced changes in expression off3 1lgestation, but onl{1L5% of deleries at 34-36 weeks.
hydroxysteroid dehydrogenase (types 1 and 2).

3. A likely candidate for mediating inflammation-Chorioamnionitis
induced surfactant production by the preterm lung is o .
prostaglandin Eand/or other arachidonic acid metabolites. Intrauterine inflammation most commonly presents as
Intrauterine inflammation induces expression of enzymé&gorioamnionitis (inflammation of the fetal membranes; the
responsible for prostaglandin production in fetal lunghorion and amnion), which is diagnosed inotiorms.
tissue. Inhibitionof prostaglandin production prents, at Illnlcal chorioamnionitis is most frequently d|agnose.d
least in part, the effects of inflammation on the fetal lungs.Prior to labour when a pregnant woman presents with

4. Our eperiments are identifying mechanisms offymptoms including feer, tachycardia, a tender .uterus_and
surfactant production by the preterm lungs, which might béterm rupture  of ~ membrangs. Histologic
exploited as nuel therapies for prenting respiratory chorioamnionitis is more pvelent but is a silent, indolent
distress in preterm iafts. Elucidation of the effects of Process that is only diagnosed by measuring bacteria and/or
inflammation on the fetal lungs and othegans will allow inflammatory cells in amniotic fluid or upomamination of
more refined approaches to care of pretermniisf @posed the placenta, chorioamnion and the umbilical cord after

to inflammatiorin utera delivery.” A recent study found that 64% of placentae from
infants born prior to 32 weeks of gestation had histological

Preterm birth chorioamnionitis with only 40% of these cases presenting
clinically.®

Preterm birth is the dekry of an infant before 37
completed weeks of gestation. Preterm infants can @®nsequences of preterm birth
further categorized as ‘very pretermy’, if born prior to 34 ]
weeks of gestation, and ‘extremely preterm’ if born before ~ The outcome of infants born preterm tends to depend
27 weeks: In Australia in 2008, 8.2% of infants were born®n the extent of prematuritith infants born at earlier
preterm (rates for individual stateary from 7.5-9.8%#§. ~9gestations more Iy to experience complications after
These infants constituté75% of all neonatal deatRs, delivery. In addition tg a higher mprtallty rate, |r_1fants. born
largely as a result of lung immaturitifhe incidence of Preterm hwe a increased risk of ggtrointestinal
preterm birth is similar in most deloped countries, but has problems]  visual .|mpa|rment,° and  intracranial
been increasingver the past 30 years. This trend can partij}émorrhage and pegntricular leukomalacia, which are
be attributed to increasing rates of multiple births, great&iong predictors of mental retardation and cerebral palsy
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However, for very preterm irdnts the most common maturational déct on the lungs. This wvelution in

complication is respiratory disea%e. management of @men at risk of preterm deéry
_ represents one of the greatest aghieents in perinatal
Preterm birth and the lung medicine. Meta-analysis of data from 21 randomized trials,

conducted since the initial trial by Liggins in 1972, \8ko
that administration of corticosteroids between 48 hours and
7 days before preterm deéry reduces the risk of RDS by
1/3 and significantly decreases the incidence of a range of
other neonatal diseases and infant déaffrom an older

structural immaturity of the terminal airspaces and a lack B?eta-analysns of 18 tr|aI§, the “number needeq to treat’ to
surfactant® means the immature lungs may not bé)ra/ent 1 case of RDSaries from <5 at gestational ages
conducie © eficient gas exchange <31 weeks to >90 at gestational ages >34 weeks, due to

changes in the underlying ri$kDespite the unquestionable
Respiratory distress syndrome benefits, havever, antenatal corticosteroids do not protect
agpinst BPB® and may hee long-term aderse
Respiratory distress syndrome (RDS) affects abodbnsequences for health of thefspfing, particularly if
1% of all infants and about 10% of all pretermanfs® repeated doses are ugéd®
with gestational age at dedry inversely related to RDS Experimentally antenatal corticosteroids impre
incidence. Sixtypercent of infants born prior to 29 weeksmechanics of the preterm lungs in as little as 15 hours after
of gestation deslop RDS™® The primary cause of RDS is atreatmen2®3 This improsement in lung mechanics is
lack of pulmonary susgctant, and symptoms includeprimarily due to remodeling of the distal aaystructure as
tachypnoea, chest all retraction and cyanosis and aglucocorticoids thin the alveolar wall, thereby reducing the
‘ground glass’ appearance of the chest on X-ray. blood-gas barrier and increasing the potential luras g
volume?2°3! Corticosteroids are also thought to increase
epithelial cell diferentiation and surfactant productiéh,
Bronchopulmonary dysplasia (BPD) aw first although these impwements are rel_azély smaller than the
described by Northway and colleagues in 1967 as a chroRigimonary  structural changes induced. Foraneple,
lung disease in preterm amits caused by lung injury increasing surfactant. in fet.al sheep requires more_than 4
induced by mechanicalentilation and oxygen toxicifif days.33v34. Transgenic  mice that lack functional
Histologically BPD was characterized by amw smooth glucocortlch receptors.d|e shortly after birth with lungs
muscle lyperplasia, airway epithelial lesions, gienal that hae inadequate airspace wiopment but normal
hyperinflation, aleolar fibrosis and a decreased interngtMounts of surfactant - proteiffs. Although antenatal
surface area of the lung&. Improvements in modern Corticosteroid treatment has dramatically inebsurvival
perinatal care he row made this ‘classic’ presentation of Of Préterm infants, the thenapis not ideal. The
BPD rare'8 There has been an accompanying aetiologicilentification of alternave pathways that accelerate lung

shift from the classic BPD characterized by lung damage #§velopment offers the opportunity to w#op a more
a ‘nev’ BPD characterized by a disorder in lung€ffective reatment to preent neonatal respiratory disease.

development!? BPD is nav primarily observed in ery . .

preterm infants weighing less than 1000 g and born g{fects of inflammation on lung d&elopment

24-26 weeks of gestatidfi.The lungs of infants sfefring Clinical studies indicate that exposure to intrauterine
from BPD nav tend to shw less fibrosis and more uniform jnflammation has both detrimental and beneficitda$ for
inflation than in the past. Mever, they havesimplified s  preterm postnatal lung function. For example, it has been
exchange structures with fewer and largerealv that widely obsered that preterm infants exposed to
indicate an interference with @&larisation of the chorioamnionitis experience a reduced incidence of RDS.
developing lung'® Severe cases of BPD are associated wWitAmmari et al. obsered that, of infants exposed to
pulmonary  hypertension and abnormal aseular chorioamnionitis, 31% born at 23-25 weeks and 78% born
development?® The pathogenesis of BPD iswanidely at 26-28 weeks could be managed without astait
regarded to be a consequence of lung inflammation, arisifgeatment or mechanicakntilation3” indicating that these
from exposure to intrauterine infection/inflammationnfants hae alvanced lung function for their gestational
(chorioamnionitis)  before  birth and/or mechanicahge.

ventilation and supplemental oxygen after bitft? Experimental evidence supports the clinical
obsenations of decreased RDS folling exposure to
chorioamnionitis. In fetal sheep, the mRNor surfaictant

The most d&ctive arrent intervention for prenting ~ Protein (SP) -A, SP-B, SP-C and SP-D increase within

RDS is antenatal corticosteroid theyapvhich was first 12-24 hours of intgra—ampiotic LPS injection, remain
trialed as a medical inteemtion for women at risk of €levated for 2 weeks? and increase by about 100-fold in

preterm birth after studies by Liggfdsshaved that bronchoaleolar lvages by 7 day$ Of note, these LPS-
exposure of preterm fetal sheep to corticosteroids hadifgluced increases in surfactant proteins botte tefkect

As a result of prematuritythe lungs of preterm
infants hae a snaller surface area for gaxohange, a
thicker blood-gas barrierand fewer differentiated type-lI|
alveolar epithelial cells (the sadtant-producing cells of
the lungs) compared to their term counterp&rt3he

Bronchopulmonary dysplasia

Corticosteroids and the preterm lung
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sooner and are much greater than those generated shggest independent mechanisms.
glucocorticoids’®  Furthermore, early  gestational ) _ ) o
inflammatory eents hae ersisting effects on fetal lung Potential mediators of inflammation-induced lung
structure and suaftant’! Exposure of fetal sheep toMaturation
ureaplasmas, the micraanisms most commonly isolated
from women who delier preterm?? increases production of
surfactant lipids and impkes lung compliancé® These It is possible that corticosteroids could mediate
changes are accompanied by a decrease in pulmonghanges in fetal lung uelopment in response to
mesencyimal tissue and an increase in potentia@s g intrauterine inflammation as a result of autocrine or
volume;** which promote gas exchange and oxygenation. paracrine signalling within the lung. In addition to

Despite reducing cases of RDS, intrauteringnodulation of corticosteroid effects by alterations in
inflammation may increase the incidence of BPD. Indeeglucocorticoid receptor (GR) numbeéissue aailability of
an increased risk of BPDag associated with the presencgorticosteroids for GR binding can be modulated by
of ureaplasmas or mycoplasmas in cord bitahd infnts expression of the enzymes M1 hydroxysteroid
with chronic colonization by ureaplasnf&s/ariables such dehydrogenase (HSD) type-1 andP32.
as seerity of inflammation, duration of inflammation, type 11B-HSD-1 cowerts inactie wrtisone to cortisol,
of organism and factors that may amplify responsegcreasing local hels and thereforevailability of cortisol
(oxygen, ‘entilation) or suppress responses (antenatir glucocorticoid signalling. High expression of
corticosteroids) may also contnte to an indnt's risk for  113-HSD-1 is found in the lung, Ver, adipose tissue,
BPDA kidney and brain, lagely localized to cells xpressing

Experimentally LPS-induced chorioamnionitis can glucocorticoid receptor®, indicating that the isozyme is
cause the anatomic changes characteristic of BPvolved in modulating cortisol access to glucocorticoid
Cytokines that inhibit vascular dd@opment, such as receptors. 18-HSD-1 epression is increased in response
interferony-inducible protein (IP)-10 and transformingto inflammatory stimuli in non-immune tissues (thus
growth factor (TGF)B, increase in the smalkssels of the increasing tissue cortiséfand is present within the type |I
fetal lung 2 days after intra-amniotic LPS injectf81?  alveolar epithelial cells of the fetal IuS§A role has been
Furthermore, intra-amniotic LPS decreases the number g¥¢monstrated for PBEHSD-1 in fetal lung maturation,
alveoli while increasing alveolar siZé* indicating given that enzymatic aatity correlates with glucocorticoid-
decreased septation. Thus, it is evident that exposureifguced surfactant lipid synthesis in fetal rat limgitro.5®
intrauterine inflammation modulatesvé®pment of fetal Further 11B-HSD-1 knockout mice he decreased lung
lung in a way that has both poséiand nedive autcomes SP-A mRM and surfactant lipids than wild-type;
for preterm infants. pharmacological inhibition of PBtHSD-1 has consistent
effects®®

113-HSD-2 ‘protects’ tissues from cortisol by
corverting it to inactve ortisone. Lilke 11B-HSD-1,

A key cmponent of the body’ response to an 113-HSD-2 is presen.t in type Il alveglar .epithelial cells in
stimulus that threatens homeostasisgy( infection) is the fetal lung$? Proinflammatory stimuli den-regulate
activation of the hypothalamic-pituitary-adrenal (HPA) axis 113-HSD-2 thereby increasing tissue cortiseditbility. 5_3 _
which results in production and secretion of endogenous Ve hypothesized that intra-amniotic LPS injection in
corticosteroids (principally cortisol in humans and shee§f'€eP would alter xpression of GR and/or BHSD
by the adrenal glands. @h the well-established role of iSoforms in the fetal Iung;, in a manner consistent with a
corticosteroids as mediators of fetal lung maturation (henf@'® for endogenous corticosteroids in thevettspmental
their ubiquitous use in pgeancies at risk of preterm birth), Feésponse of the @eloping lung to inflammation. IA LPS
HPA axis stimulation by intrauterine inflammation inNj€ction to pregnant ewes @17 days of gestation (term =
represents a possible mechanism for the effects Hf7 days) did not significantly alter GR gene expression in
intrauterine inflammation on lung wgopment. Jobeet al.  the fetal lungs, at either 2 or 7 days after injection.
demonstrated that intra-amniotic administration of Lp&lowever, 2 days after LPS injection BHSD-2 mRM
induced increases in alveolar stant lipid content and !vels were laver than control; 7 days after injection
improvements in lung compliance, without changes if-18-HSD-1 mRM levds were eleated (Figure 1,
umbilical arterial cortisol lels at delvery.5 Nitos et al. unpublished). Both of these changes are consistent with

shawed, using chronically catheterized fetal sheep, a smiicreased tissuevalability of cortisol, and therefore a
and transient increase in cortisol in the fetal circulation iROSSible role for cortisol in the fetal pulmonary response to
response to intra-amniotic LPS injection but this ieljjk Inflammation. o

insufiicient to induce the profound changes in lung To achieve a cfinitive aswer about the role of
development that occur in response to intra-amniotic Lpglucocorticoid signalling in the fetal lurg'response to
injection®! Differences in the fetal pulmonary responses tgtrauterine inflammation, we are currently performing
inflammation and synthetic corticosteroid administratiorstudies using a mouse model of chorioamniofftisimilar

and an addie dfect on preterm lung functi®h further to our sheep model, using transgenic animals lacking
functional GR.

Tissue availability of cortisol

Corticosteroids and inflammation influence lung
development differently
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They are autocrine and paracrine lipid mediators that act on
2 days after IA injection the cells that produce them or on cells close to the site of
their secretiof! With the exception of seminal fluid, PGs
[ saine '€ not store® Rather fatty acid precursors, typically
B LPS arachidonic acid, are released from cellular membranes
- T following a stimulatory eent. This eent is usually initiated
1.04 by the enzyme phospholipase, Aut can include other
stimuli such as antigen challenge, thrombin and coll&gen.
While leukotrienes are deed drectly from
0.54 arachidonic acid, coersion into PGs, prostacyclin and
thromboxanes occurs in twdeps. The first step is
catalysed by isoforms of PGH synthase (PGHS), also
0.0 referred to as cyclooxygenase (K316 This results in
11B-HSD-1 118-HSD-2 oxygenation and cyclization of arachidonic acid, and
formation of the unstable yclic endoperoxidase
intermediates, PG$&and PGH. In the second step of PG
production, these cyclic endoperoxidases tehas

1.5+

Relative mRNA level
*

7 days after IA injection

2.0- * precursors of prostacyclin and thromboxane, and are acted
_ on by \arious enzymes to generate PG subcld8<8s.
% 1.54 Specifically PGD, PGE and PGF synthases catalyse the
< production of the PGD, PGE and PGF series, resshcfit
=
[
£ 1.0 L Prostaglandin endoperoxide H synthase
[
2
5 5 Prostaglandin endoperoxide H synthase (PGHS) is
€ the enzyme that catalyses the first step in the biosynthesis
of PGs from arachidonic acid. That is, PGHS oxidizes
0.0 Lo ; ;
11B-HSD-1 11B-HSD-2 arachidonic acid to the endoperoxide PGG&Gnd

subsequently reduces it to PGH®® Constitutve and
inducible forms of this enzyme, PGHS-1 and -2,
Figure 1. Effect of intrauterine inflammation on respeciiely, havebeen identified. PGHS-1 is found in most
11#HSD-1 and -2 mRM lewls in the pretermétal sheep cells and is responsible for production of PGs in response to
lung. Total RNA was etracted from frozen portions of the homeostatic signals, whereas PGHS-2 is absent under
left |Ung lobe andaverse tanscribed for quantitativeeal- normal conditions and induced in response tpspﬂogw

time PCR analysi® The 13HSD-1 and -2 mRA lewels  stresses such as inflammat®rindeed, most of the stimuli

for eath fetus wee rormalized to 18S rRAvalues for that  known to induce PGHS-2 are associated with inflammation.
fetus and a expressed elative to the mean mRNewels \whjle PGHS-1 appears unaffected, PGHS-2 rARahd

for that gene in the saline cootrfetuses. Two dayS after protein lewels increase in response to proinﬂammatory
intra-amniotic (IA) injection of lipopolysabaride (LPS), stimuli such as LPS, interleukin (IL) -1, IL-2 and tumor
114HSD-2 mRI lewels wee sgnificantly lower than con- necrosis #ctora (TNF-a).%4 Consistent with these
trol (Saline); 7 days after IA LPS, #HSD-1 mRI lewels  obserations, anti-inflammatory cytokines, IL-4, IL-10 and

were devated. P<0.05, t-test. IL-13, and glucocorticoids decrease induction of
PGHS-2645% PGE, is a critical mediator of inflammation
Prostaglandins and is the major PGHS-2 metabolite in gestational tissues

and the fetus. It is produced by the amnion, chorion,

Eicosanoids are local hormones generated frodecidua, myometrium and placenta, and is stimulated by
arachidonic acid, a 20-carbon polyunsaturated fatty acid.-1p in intact fetal membranés.
They encompass prostaglandins (PGs), prosthac, PGHS-1 and PGHS-2 are present in the fetal
thromboxanes, and leukotrienes, which are furtheided lungs87-6° PGHS-2 immunostaining is present in almost all
into specific serie¥' Eicosanoids ha \various roles in alveolar epithelial cells in the fetG8.In humans, PGHS-1
inflammation, immunity reproductie pocesses and MRNA levds decrease and PGHS-2 mRMNevds increase
regulation of the sleep/ake gycle, and hee ort half-lves  with gestatior?®69 Prostaglandin Ereceptors, EP1-4, and
that range from seconds to minu$ésProstacyclin, the principal PG metabolizing enzyme, prostaglandin
thromboxanes and leakiienes are chemically unstable andlelydrogenase (PGDH) are also present in the fetal
are rapidly dgraded nonenzymically into biologically lung.’®"* Variations in actiity of PG synthesizing and
inactive products. Prostaglandins, though chemically stablejetabolizing enzymes, and in thevdls of EP receptor
are quickly inactiated by metabolic enzymé&g. expression, hee been proposed as mediators of normal

Prostaglandins (PG) are produced by almost dietal lung deelopment’®7t
nucleated cells and are found in most tissues ageher PGHS-1 knockut mice are born in normal litter sizes
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and lve rormal life spans, despite a reduction in P&l mechanisms for inducing precocious lung maturation, as
by 99% in most tissu€d.The overall health of PGHS-1 well as nev tamgets for therapies aimed at reducing the
knockout mice is surprising géen the genes mle in long-term risk of respiratory disease in widuals born
maintaining homeostatic functions, although ytheo preterm.

display impaired platelet aggra@ion and PGHS-1 deficient

females rarely gie Lirth to live dfspring’273In PGHS-2 Acknowledgement

knoclkout mice, (35% of pups die with a patent ductus
arteriosus within 48 hours of birfh.Those that surve
have d<ortened life spans due to serious ren
developmental abnormalitie¥, PGHS-2 deficient females
are infertile due to amulation’® PGHS-2 ivolvement in  References
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