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he introduction of surfactant therapy for hyaline membrane

disease, or respiratory distress syndrome of the newborn
(RDS), has been associated with important reductions in mor-
tality and in the duration of assisted ventilation required for
most infants (1). For most premature infants, RDS is an acute
disease that resolves with minimal long-term sequelaec. How-
ever, a substantial minority of preterm infants, especially
among those born at less than 28 wk of gestation, requires a
prolonged period of assisted ventilation or oxygen supplemen-
tation, and develop bronchopulmonary dysplasia (BPD). A
considerable body of evidence supports the notion that inflam-
mation plays an important role in the pathophysiology of BPD
(2,3). A lung inflammatory response leading to BPD can be
initiated and promoted by both antenatal and postnatal factors.
The most important known trigger of antenatal inflammation is
chorioamnionitis, which can be either overt or subclinical.
Postnatal factors that promote pulmonary inflammation include
exposure to high levels of inspired oxygen, baro and stretch
trauma, and infections. How do these inflammatory triggers
influence the course of RDS and the development of BPD, and
by what mechanism(s) do they mediate their effects? The study
of Cheah et al. (4) in this issue addresses a mechanism thought
to play a central role in many aspects of the inflammatory
response.

In their study, Cheah et al. examine the activation of NF-«B
in inflammatory cells in tracheal aspirates of infants with RDS,
and evaluate correlations of NF-kB activation status with risk
factors and clinical outcome. NF-«B is a logical choice for
investigation, as it is at the center of the signal transduction
networks governing the expression of cytokines and chemo-
kines including TNF-alpha, IL-13, IL-8, and many other in-
flammatory mediators (5). Cheah ef al. assessed NF-«B acti-
vation using immunofluorescent staining to detect nuclear
localization of this molecule. In the unstimulated cell, NF-«B
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is primarily localized in the cytoplasm, in a complex with its
inhibitor I«B. Activation of inflammatory signaling pathways
results in the degradation of IkB, which allows NF-kB to move
into the nucleus, where it binds to specific promoter sites and
stimulates transcription of inflammatory genes. NF-«B activa-
tion can be triggered by multiple processes associated with
lung injury, including infections, hyperoxia, barotrauma and
ventilatory stretch. Cheah et al. found that infants with evi-
dence of nuclear localization of NF-kB activation in leukocytes
in at least one tracheal aspirate sample required a longer
duration of mechanical ventilation than infants in whom all
samples were negative, and had higher levels of TNF-« in the
tracheal aspirate fluid. NF-«B activation was strongly corre-
lated with a history of chorioamnionitis. However, IL-8 con-
centrations were not increased, the numbers and proportions of
neutrophils and monocytes did not differ in “positive” and
“negative” infants, and NF-«B activation status had no predic-
tive value for the subsequent development of BPD.

The failure to predict BPD is surprising, given the large
literature documenting associations between increased tracheal
aspirate levels of NF-«kB-dependent inflammatory factors such
as IL-8 with the subsequent development of BPD. The lack of
association does not appear to be due to a lack of statistical
power, because the proportions of “positive” and “negative”
infants who developed BPD were nearly identical (15/31 ver-
sus 9/20). Does this mean that NF-«B activation is not impor-
tant in BPD after all? The problem is more likely due to
technical limitations. First, the immunofluorescence method
used by Cheah et al. provides an “all or none” assessment of
activation that detects as positive only those cells in which a
very substantial fraction of the total cellular pool of NF-«B is
located in the nucleus, while NF-«B activation in reality is a
dynamic, graded process. Thus, this technique is likely biased
toward detection of only the most highly activated cells. Per-
haps image-processing techniques could be used to extract a
quantitative, and more sensitive, measure of NF-«B transloca-
tion. Second, the number of cells available in the tracheal
aspirates was small (median of 57 neutrophils and 33 macro-
phages), with a median of only 16% of the neutrophils and 7%
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of the macrophages positive for NF-«B translocation. The use
of different tracheal aspirate collection techniques, or the use of
broncho-alveolar lavage samples, might improve the yield of
leukocytes and allow a better assessment of their varying
degrees of activation.

What mechanisms account for NF-kB activation in infants
with RDS? The heterogeneous inflammatory triggers associ-
ated with this disease may translate into distinct mechanisms of
NF-kB activation. In the study by Cheah et al. chorioamnio-
nitis emerged as the key factor associated with NF-«B activa-
tion in inflammatory cells in the airway. Microbial pathogens
underlying chorioamnionitis may activate NF-«kB by several
pathways, most notably those coupled to Toll-like receptor
(TLR). Secondary activation by inflammatory products includ-
ing TNF-alpha would also contribute to NF-«B activation in
inflammatory infiltrates in the airways. TLRs recognize con-
served pathogen associated molecular patterns (PAMPs)
shared by large groups of pathogens including lipopolysaccha-
rides (LPS), peptidoglycans, lipoproteins and glycolipids,
flagelins, unmethylated CpG dinucleotides (6). Different TLRs
recognize distinct microbial products, suggesting that more
than one TLR may be involved in NF-kB activation in Cho-
rioamnionitis. Agents associated with overt chorioamnionitis
such as E. coli, Group B streptococci and Listeria monocyto-
genes activate TLR4, TLR2 and TLRS, respectively. In con-
trast, Mycoplasma agents associated with subclinical chorio-
amnionitis may activate NF-KB by means of Mycoplasma
macrophage associated lipoproteins, which engage Toll-like
receptor 2 and 6.

There is surprisingly little information, as yet, about the role
of TLR pathways in RDS and BPD. The targets of TLR
signaling likely include cells of the innate immune system
including neutrophils, macrophages and dendritic cells as well
as airway epithelial cells and alveolar epithelial type II cells, all
of which express various types of TLRs. Further information
about the functioning of specific TLR pathways in the preterm
infant lung could significantly enhance our understanding of
the mechanisms by which chorioamnionitis and other infec-
tions contribute to the development of BPD. While the innate
immune response of the preterm is considered premature, its
activation in preterm infants with RDS appears to be of par-
ticular importance. This is intimated by the observation that
while colonization with Ureaplasma urealyticum was increased
in preterm infants with RDS, chorioamnionitis rather than
colonization per se emerged as the key factor associated with
NF-«B activation in aspirate inflammatory cells. Further infor-
mation about this response and the pathways involved would
be critical in understanding the role of inflammation in general
and chorioamnionitis in particular in precipitating RDS.

In addition to TLR and cytokine receptor pathways, NF-«B
can also be directly activated by hyperoxia, via a redox-
dependent mechanism (7). This mechanism is thought to be
important in ischemia-reperfusion injury, and could also play a
role in RDS/BPD. In this regard, the data of Cheah et al. is
suggestive, in that an association was noted between the frac-
tion of inspired oxygen (FiO,) and NF-«kB activation in aspi-
rate samples obtained after but not during the first week. One
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cannot, of course, infer a mechanism or a direct cause and
effect relationship from this association.

An important factor that continues to limit our understanding of
BPD is the clinical inaccessibility of the distal lung tissue that is
the main site of pathology in this disease. Evaluation of tracheal
aspirate samples as in the study of Cheah er al, or even bron-
choalveolar lavage samples, cannot address NF-«B activation and
other changes in airway and alveolar epithelium. NF-kB activa-
tion in the lung epithelial cells may well be one of the earliest
events in the cascade leading to inflammation and RDS. It would
play a pivotal role in setting the stage for the recruitment of
inflammatory cells into the airways by virtue of its induction of
chemotactic factors such as IL-8. It may also play an important
role in initiating tissue injury and remodeling relevant to BPD (8).
Some of the same pathways implicated above in mediating
NF-kB activation in inflammatory cells are also operative in the
airway and alveolar epithelium including TLRs (9—-12), hyperoxia
(13,14) and chemokines and inflammatory cytokines. The impor-
tance of lung epithelial cells in lung inflammatory responses is
emphasized by a recent study of mice expressing a dominant
negative IkB-«a transgene under the control of a surfactant protein
C promoter (15), which causes a selective inhibition of NF-«B
activation in distal airway and alveolar epithelial cells. These mice
had impaired inflammatory responses to inhaled LPS, confirming
a physiologic role for respiratory epithelial cells in lung inflam-
mation in vivo.

The implications of the study of Cheah et al. are broad. Of
more immediate applicability is the use of NF-«B activation
status in inflammatory cells in tracheal aspirates to stratify risks
and long-term outcome in preterm infants with RDS. Thera-
peutically, If NF-kB is the hub that connects different patho-
genic threads in RDS, including injurious local tissue and
innate immune responses then interventions aimed at selec-
tively blocking NF-«B activation in the airways may be ben-
eficial. In fact corticosteroids such as dexamethasone are one
group of agents that act to suppress NF-«kB activation by
inducing the NF-«B inhibitor I-kB (16,17), and by direct
protein-protein interactions that prevent NF-«kB (and other
transcription factors such as AP-1) from inducing transcription
in a promoter site-specific fashion (18). However, it is now
widely appreciated that the short-term benefits seen with the
extensive use of dexamethasone for prevention and treatment
of BPD were not matched by long-term improvements in
pulmonary function, and may have been associated with im-
paired neurodevelopmental outcome (19-21). Perhaps other
NF-kB inhibitors, used in a more selective fashion, could
eventually prove to be safe and effective in this disease.
However, the experience with dexamethasone emphasizes that
the risks and benefits of such agents should be carefully
evaluated in both animal and well-controlled clinical studies
before they are introduced into clinical practice.

REFERENCES

1. Hansen TN, Hawgood S 2004 Hayline membrane disease. In: Rudolph CD, Rudolph
AM, Hostetter MK, Lister GE, Siegel NJ (eds) Rudolph’s Pediatrics. McGraw-Hill,
New York, pp 127-135

2. Jobe AH, Bancalari E 2001 Bronchopulmonary dysplasia. Am J Respir Crit Care Med
163:1723-1729



11.

COMMENTARY

. Speer CP 2003 Inflammation and bronchopulmonary dysplasia. Semin Neonatol

8:29-38

. Cheah F-C, Winterbourn CC, Darlow BA, Mocatta TJ, Vissers MCM 2005 Nuclear

Factor kB Activation in Pulmonary Leukocytes from Infants with Hyaline Membrane
Disease: Associations with Chorioamnionitis and Ureaplasma urealyticum Coloni-
zation. Pediatr Res 57:616

. Hayden MS, Ghosh S 2004 Signaling to NF-kappaB. Genes Dev 18:2195-2224
. Takeda K, Kaisho T, Akira S 2003 Toll-like receptors. Annu Rev Immunol 21:335-376
. Lee PJ, Choi AM 2003 Pathways of cell signaling in hyperoxia. Free Radic Biol Med

35:341-350

. Ambalavanan N, Carlo WA 2004 Bronchopulmonary dysplasia: new insights. Clin

Perinatol 31:613-628

. Droemann D, Goldmann T, Branscheid D, Clark R, Dalhoff K, Zabel P, Vollmer E

2003 Toll-like receptor 2 is expressed by alveolar epithelial cells type II and
macrophages in the human lung. Histochem Cell Biol 119:103-108

. Guillot L, Medjane S, Le-Barillec K, Balloy V, Danel C, Chignard M, Si-Tahar M

2004 Response of human pulmonary epithelial cells to lipopolysaccharide involves
Toll-like receptor 4 (TLR4)-dependent signaling pathways: evidence for an intracel-
lular compartmentalization of TLR4. J Biol Chem 279:2712-2718

Hertz CJ, Wu Q, Porter EM, Zhang YJ, Weismuller KH, Godowski PJ, Ganz T,
Randell SH, Modlin RL 2003 Activation of Toll-like receptor 2 on human tracheo-
bronchial epithelial cells induces the antimicrobial peptide human beta defensin-2.
J Immunol 171:6820-6826

. Armstrong L, Medford AR, Uppington KM, Robertson J, Witherden IR, Tetley TD,

Millar AB 2004 Expression of functional toll-like receptor-2 and -4 on alveolar
epithelial cells. Am J Respir Cell Mol Biol 31:241-245

13.

14.

20.

21.

615

Li Y, Zhang W, Mantell LL, Kazzaz JA, Fein AM, Horowitz S 1997 Nuclear
factor-kappaB is activated by hyperoxia but does not protect from cell death. J Biol
Chem 272:20646-20649

Yang G, Abate A, George AG, Weng YH, Dennery PA 2004 Maturational differences
in lung NF-kappaB activation and their role in tolerance to hyperoxia. J Clin Invest
114:669-678

. Skerrett SJ, Liggitt HD, Hajjar AM, Ernst RK, Miller SI, Wilson CB 2004 Respira-

tory epithelial cells regulate lung inflammation in response to inhaled endotoxin.
Am J Physiol Lung Cell Mol Physiol 287:L143-L152

. Auphan N, DiDonato JA, Rosette C, Helmberg A, Karin M 1995 Immunosuppression

by glucocorticoids: inhibition of NF-kappa B activity through induction of I kappa B
synthesis. Science 270:286-290

. Scheinman RI, Cogswell PC, Lofquist AK, Baldwin AS Jr 1995 Role of transcrip-

tional activation of I kappa B alpha in mediation of immunosuppression by glucocor-
ticoids. Science 270:283-286

. Reichardt HM, Tuckermann JP, Gottlicher M, Vujic M, Weih F, Angel P, Herrlich P,

Schutz G 2001 Repression of inflammatory responses in the absence of DNA binding
by the glucocorticoid receptor. EMBO J 20:7168-7173

. Committee on Fetus and Newborn 2002 Postnatal corticosteroids to treat or prevent

chronic lung disease in preterm infants. Pediatrics 109:330-338

Yeh TF, Lin YJ, Lin HC, Huang CC, Hsieh WS, Lin CH, Tsai CH 2004 Outcomes
at school age after postnatal dexamethasone therapy for lung disease of prematurity.
N Engl J Med 350:1304-1313

Jobe AH 2004 Postnatal corticosteroids for preterm infants—do what we say, not what
we do. N Engl J Med 350:1349-1351



	NF-κB and the Innate Immune Response in the Respiratory Distress Syndrome of the Newborn: Commentary on the article by Cheah et al. on page 616
	References


