0031-3998/07/6105-0572
PEDIATRIC RESEARCH
Copyright © 2007 International Pediatric Research Foundation, Inc.

Vol. 61, No. 5, 2007
Printed in U.S.A.

Influence of Labor on Neonatal Neutrophil Apoptosis,
and Inflammatory Activity

BARRY WEINBERGER, ANNA M. VETRANO, KIRIN SYED, SOWMYA MURTHY, NAZEEH HANNA,
JEFFREY D. LASKIN, AND DEBRA L. LASKIN

Departments of Pediatrics/Neonatology [B.W., AM.V., KS, S.M., NH], Division of Neonatology and Environmental and Occupational
Medicine [J.D.L.], UMDNJ-Robert Wood Johnson Medical School, New Brunswick, New Jersey 08903; Pharmacology and Toxicology
[D.L.L.], Rutgers University, Piscataway, New Jersey 08854

ABSTRACT: Neutrophil apoptosis is impaired in neonates, and this
contributes to prolonged inflammation and tissue injury in infants
after infection or trauma. In the present studies, we investigated
whether labor generates mediators that further suppress apoptosis.
We found that neutrophil apoptosis was reduced in neonates exposed
to labor, when compared with infants delivered by cesarean section
before labor. This was not due to alterations in caspase-3 or inhibitor
of apoptosis protein-2 (IAP-2). In contrast, labor primed neutrophils
to express tumor necrosis factor @ (TNF-«), suggesting that proin-
flammatory mediators contribute to reduced apoptosis after labor.
Eicosanoids generated via cyclooxygenase-2 (Cox-2) and lipoxygen-
ase (Lox) also regulate neutrophil apoptosis. 15-Lox, which gener-
ates proapoptotic lipoxins, but not Cox-2, was greater in neutrophils
before labor, relative to cells exposed to labor. Anti-inflammatory
eicosanoids exert their effects in part via peroxisome proliferator—
activated receptor y (PPAR-vy). Expression of gelatinase-associated
lipocalin and catalase, two markers of PPAR-vy activity, were in-
creased in neonatal neutrophils before labor, relative to cells exposed
to labor. These findings suggest that the anti-inflammatory environ-
ment is maintained before labor, in part, by eicosanoids. Although
increased neutrophil longevity after labor is important for host de-
fense in the immediate newborn period, it may contribute to inflam-
matory or oxidative injury in susceptible infants. (Pediatr Res 61:
572-577, 2007)

Neutrophil apoptosis followed by macrophage clearance
is a key step in the resolution of the inflammatory
response, and delays in these processes are associated with
tissue injury. This has been observed in patients with acute
respiratory distress syndrome, as well as oxygen-induced lung
injury, pathogenic states associated with markedly reduced
neutrophil apoptosis (1). Neutrophil apoptosis is also impaired
in neonates when compared with adults, which is consistent
with increased incidence of severe inflammatory diseases in
newborns (2). We have previously demonstrated that expres-
sion of proapoptotic proteins, including members of the Bcl-2
family, as well as FasR and caspase-3, is reduced in neonatal
when compared with adult neutrophils, suggesting that spe-
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cific developmental defects contribute to impaired apoptosis
in neonates (2).

Previous studies have suggested that the type of delivery
can also influence neutrophil longevity and function. Thus,
Molloy et al. (3) reported that spontaneous apoptosis is de-
layed in cord blood neutrophils from neonates exposed to
labor relative to those delivered by cesarean section before
labor. Although the mechanisms mediating the inhibitory
effects of labor on neutrophil apoptosis are unknown, inflam-
matory mediators and hypoxic conditions associated with
parturition are likely to contribute to this response. Levels of
interleukin-8 (IL-8) and TNF-« are known to increase in the
maternal circulation during labor, and these inflammatory
mediators have been reported to activate neutrophils and
suppress apoptosis (4,5). Increases in maternal blood levels of
the complement component C3b, CD11b/CD18 adhesion mol-
ecules, and IL-8 receptors are also observed during labor, and
these may contribute to decreased neutrophil apoptosis (6).
Hypoxia, which can occur transiently during labor, also sup-
presses neutrophil apoptosis (7-9). It has been suggested that
the antiapoptotic effects of inflammatory mediators and of
hypoxia are due, in part, to up-regulation of proteins such as
IAP-2, which block the activity of proapoptotic caspases (10).

Neutrophil apoptosis is also regulated by eicosanoids gen-
erated from arachidonic acid via Cox-2 and Lox. Whereas
Cox-2 activation results in the generation of both pro- and
antiapoptotic prostaglandins (PGs), metabolism of arachidonic
acid via 5-Lox, 12-Lox, and 15-Lox leads to the formation of
anti-inflammatory lipoxins, including lipoxin A4, which pro-
mote neutrophil apoptosis. Lipoxin A4 also inhibits neutrophil
chemotaxis and cytokine production and antagonizes the
proinflammatory effects of TNF-a (11). Anti-inflammatory
eicosanoids have been reported to exert biologic effects, in
part, by activating PPAR-y (12). This nuclear transcription
factor blocks expression of inflammatory genes and up-
regulates antioxidants (13). These findings suggest that eico-

Abbreviations: Cox-2, cyclooxygenase-2: DCF-DA, 5- (and -6)-chlorom-
ethyl-2',7’-dichlorodihydrofluorescein diacetate acetyl ester: IAP-2, inhibitor
of apoptosis protein-2: Lox, lipoxygenase: N-Gal, neutrophil gelatinase-
associated lipocalin: PMA, phorbol 12-myristate 13-acetate: PPAR-7y, per-
oxisome proliferator—activated receptor y: ROISs, reactive oxygen intermedi-
ates: SOD, superoxide dismutase
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sanoid signaling via PPAR-vy plays a central role in regulating
neutrophil clearance. In the present studies, we investigated
alterations in neonatal neutrophil signaling pathways that may
underlie increased inflammatory activity and reduced apopto-
sis in these cells after exposure to labor.

METHODS

Reagents. Dulbecco’s modified Eagle’s medium (DMEM), phosphate
buffered-saline (PBS), dextran, N-formyl-methionyl-leucylphenylalanine
(FMLP), phorbol 12-myristate 13-acetate (PMA), Hanks’ balanced salt solu-
tion (HBSS), and RNase A were purchased from Sigma Chemical Co.
(St. Louis, MO), and bacterial lipopolysaccharide (Escherichia coli J5
0111:B4) from Calbiochem (San Diego, CA). Ficoll-Paque was from Amer-
sham Biosciences (Piscataway, NJ). Fluorescein-conjugated Annexin V and
caspase-3 colorimetric detection kit were from R &D Systems (Minneapolis,
MN), and propidium iodide from Calbiochem. 5- (and-6)-Chloromethyl-2',7"-
dichlorodihydrofluorescein diacetate, acetyl ester (DCF-DA) was purchased
from Invitrogen (San Diego, CA). Nucleotides and reagents for real-time
polymerase chain reaction (PCR) were obtained from Promega (Madison, WI)
and RNA purification kits from Quiagen (Chatsworth, CA).

Subjects and neutrophil isolation. All studies were approved by the
Institutional Review Board of UMDNIJ-Robert Wood Johnson Medical
School, and informed consent obtained from donors. Samples were obtained
from the umbilical cords of healthy term infants (=37 wk of gestation)
between May 2005 and March 2006. Infants were included in the labor group
if labor was initiated at any time before cesarean or vaginal delivery. Infants
in the no labor group were delivered by elective cesarean section before
initiation of labor. Subjects were excluded with clinical evidence of chorio-
amnionitis or other perinatal bacterial or viral infections, e.g. maternal fever,
uterine tenderness, or foul-smelling amniotic fluid. Deliveries were performed
under standard epidural anesthesia. Peripheral venous blood drawn from
antecubital veins of healthy adult volunteers was used for comparison.
Neutrophils were isolated by dextran sedimentation, followed by Ficoll
gradient centrifugation and hypotonic lysis of erythrocytes.

Measurement of apoptosis by Annexin V and propidium iodide staining.
Neutrophils were washed, resuspended in DMEM containing 10% fetal
bovine serum, and then incubated in a shaking water bath for 24 h. For
Annexin V binding, neutrophils were centrifuged and resuspended (2 X 10°
cells/mL) in buffer (10 mM N-2-hydroxyethylpiperazine-N '-2-ethanesulfonic
acid, pH 7.4, 140 mM NaCl, and 2.5 mM CaCl,). The cells were then
incubated (15 min, room temperature) with Annexin V (1:20) and propidium
iodide (1:10) and analyzed by flow cytometry on a Beckman-Coulter Cytom-
ics FC 500 (Miami, FL). Viable apoptotic and necrotic neutrophil populations
were gated electronically and data analyzed using quadrant statistics based on
relative Annexin V and propidium iodide fluorescence. For analysis of
hypodiploid DNA content, a marker of apoptosis, neutrophils were washed,
resuspended in PBS (1-1.5 X 10° cells/400 uL), and then fixed with 3 mL of
70% ethanol. After 30 min, the cells were washed and resuspended in 500 uL.
of PBS containing 50 uL. of RNAse and 5 wL of propidium iodide (1 mg/mL).
Cells were analyzed by flow cytometry 30 min later. Apoptotic cells were
identified by their hypodiploid DNA content as determined by histogram
analysis of propidium iodide binding.

Caspase-3 activity. PMN (4 X 10° cellsymL DMEM) were lysed and
centrifuged (10,000 X g, 1 min). Fifty microliters of supernatants were added
to each well of a 96-well plate and diluted 1:2 with buffer containing
dithiothreitol (10 wL/mL). Caspase-3 colorimetric substrate (5 uL. DEVD-
pNA) was added to each reaction, and the plate was incubated at 37°C for 1 h
and then analyzed on a microplate reader at 405 nm.

Analysis of mRNA expression. Neutrophils were cultured in DMEM
containing 10% FBS for 4 h in the absence or presence of lipopolysaccharide
(LPS) (100 ng/mL). Cell suspensions were then centrifuged, and RNA
isolated. For analysis of TNF-a and IAP-2 gene expression, reverse-
transcription PCR was used. For these experiments, RNA was isolated using
TriZol (Invitrogen, Carlsbad, CA), and B-actin was used as standard. cDNA
was prepared using the Superscript III RT kit (Invitrogen) for all experi-
ments. The conditions for PCR amplification were denaturation for 30 s at
94°C, annealing at 55°C for 30 s, and elongation for 30 s at 72°C, using 25
cycles. The PCR products were analyzed on a 2% agarose gel containing
ethidium bromide and expression quantified by densitometry. Expression of
Cox-2, 15-Lox, neutrophil gelatinase-associated lipocalin (N-Gal), catalase,
and superoxide dismutase (SOD) genes was measured using real-time PCR.
For these experiments, RNA was isolated using RNEasy (Quiagen). Real-time
PCR was performed using the SYBR Green PCR Master Mix (Applied

Biosystems) according to the manufacturer’s protocol and amplified on the ABI
Prism 7900 sequence detection system, using glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) as standard. Full-length coding sequences for genes to be
analyzed were obtained from GenBank (National Center for Biotechnology
Information). PCR primers were designed using Primer Express (Applied Bio-
systems). The primers used were B-actin, aaggattcctatgtgggc and catctcttgete-
gaagtc; TNF-o, ageccatgttgtagcaaace and tttgggaaggttggatgttc; IAP-2, acttgaa-
cagetgctatccacate and gttgetagg atttttetctgaactgtc; GAPDH, tgggctacactgagecaccag
and gggtgte getgttgaagtea; Cox-2, gectgatgattgecegact and getggecctegettatgatet;
N-Gal, accctectgttggttccage and cectggaccctaaggaatge; catalase, cggagattcaacact-
gccaa and gaatgcecgeacctgagtaa; 15-Lox, agetggacatgeectacgag and cactgttttc-
caccacgetg; SOD, gtegtagtctectgeagegte and ctggttccgaggactgeaa.

Measurement of hydrogen peroxide production. Neutrophils, suspended
in HBSS (2 X lO(’cells/mL), were incubated for 20 min with or without
DCF-DA (5 mM, 37°C shaking water bath). Cells were then treated with
PMA (500 nM, 37°C shaking water bath) or medium control. After 20 min,
HBSS was added and fluorescence quantified by flow cytometry.

Data analysis. Statistical analysis was performed using Statistica 6.0
(StatSoft, Inc., Tulsa, OK). Data are presented as mean = standard error (SE).
Normal distribution was confirmed using the Kolmogorov-Smirnov test. The
effects of treatments by group were compared by 2 X 3 ANOVA. Post hoc
analysis was performed using the least significant difference test. A p value
<0.05 was considered statistically significant.

RESULTS

Initially we analyzed the effects of exposure to labor on
apoptosis in neonatal neutrophils. We found that apoptosis, as
measured by Annexin V binding and hypodiploid DNA con-
tent, was significantly reduced in neutrophils from neonates
exposed to labor when compared with cells collected from
infants delivered by cesarean section before labor (Fig. 1). In
both neonatal cell populations, apoptosis was significantly
reduced when compared with adult cells, which is consistent
with previous reports (1,2,14). In further studies, we analyzed
potential mechanisms underlying the inhibitory effects of la-
bor on neonatal neutrophil apoptosis. The activity of
caspase-3, an important effector enzyme in the pathway of
apoptosis, was detectable in neonatal neutrophils from both
the labor and no labor groups. Although caspase activity was
significantly reduced in neutrophils from neonates when com-
pared with adults, no differences were observed between cells
exposed and not exposed to labor (Fig. 2). Similarly, IAP-2
was expressed in neutrophils from both the labor and no labor
groups, but no differences were observed between the cell
types. IAP-2 expression was, however, markedly reduced in
cells from neonates, relative to adults.

To investigate the possibility that labor primes neutrophils
to generate inflammatory mediators that modulate apoptosis,
we measured expression of TNF-a. Untreated neutrophils
from neonates in both the labor and no labor groups expressed
low levels of TNF-« (Fig. 3). Treatment of the cells with
bacterially derived LPS significantly increased TNF-« expres-
sion. Greater TNF-«a expression was noted in neutrophils from
neonates exposed to labor when compared with cells not
exposed to labor. Adult neutrophils were also found to express
TNF-«a in response to LPS. This activity was significantly
greater than in cells from neonates.

We next analyzed the effects of labor on expression of the
eicosanoid-generating enzymes Cox-2 and 15-Lox. Neonatal
neutrophils from both the labor and no labor groups expressed
Cox-2 and 15-Lox mRNA (Fig. 4). Whereas no differences
were noted in Cox-2 expression between the neonatal cell
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Figure 1. Effects of labor on apoptosis in neonatal neutrophil. Cord blood
neutrophils collected after labor or after cesarean section before labor (no
labor) were cultured for 24 h before analysis. Apoptosis was quantified as the
percentage of cells binding Annexin V (A) or by the percentage of cells with
hypodiploid DNA content as determined by propidium iodide binding (B).
Data were analyzed using Coulter quadrant and two-dimensional histogram
statistics based on relative fluorescence. Samples from healthy adults were
analyzed for comparison. Each bar represents the mean = SE of 12 samples.
*Significantly different (p < 0.05) from no labor; fsignificantly different (p <
0.05) from neonates.

types, a significant decrease in expression of 15-Lox was
noted in neutrophils exposed to labor, when compared with
cells not exposed to labor. We also found that expression of
Cox-2 was significantly reduced in both neonatal neutrophil
populations relative to adults. In contrast, expression of 15-
Lox was increased in neonatal neutrophils not exposed to
labor, when compared with adult cells. N-Gal is a proapop-
totic protein thought to be induced by anti-inflammatory ei-
cosanoids (15,16). N-Gal mRNA expression was found to be
decreased in neutrophils from neonates exposed to labor when
compared with neutrophils not exposed to labor. N-Gal ex-
pression in neutrophils collected before labor was also in-
creased relative to adult cells (Fig. 4).

In further studies, we measured production of reactive
oxygen intermediates (ROIs), which have been reported to
possess proapoptotic activity (17). Both neonatal and adult
neutrophils produced ROIs (Fig. 5). Moreover, both cell pop-
ulations were highly responsive to stimulation with PMA,
generating two- to threefold greater quantities of ROL
Whereas basal oxidative metabolism in neutrophils from ne-
onates exposed to labor was significantly greater than cells
from adults, their responsiveness to PMA was similar (Fig. 5).
Neonatal neutrophils from both the labor and no labor groups
were found to constitutively express the antioxidant enzymes
catalase and SOD, which detoxify ROIs (Fig. 4). However,
markedly reduced levels of catalase were detected in neutro-
phils exposed to labor. Expression of catalase was signifi-
cantly increased in neonatal cells, when compared with adult
cells. Although SOD was also increased in neonatal neutro-
phils when compared with adult cells, there was no difference
between the labor and no labor groups.

DISCUSSION

Labor is associated with increased production of proinflam-
matory mediators such as interferon-y and TNF-«, and de-
creased release of IL-10, a potent anti-inflammatory cytokine,
and these changes are thought to play a role in the onset of
parturition (18). Proinflammatory mediators have also been
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Figure 2. Effects of labor on caspase 3 activity and IAP-2 expression in
neutrophils. Cord blood neutrophils were collected after labor or after cesar-
ean section before labor (no labor). (A) Freshly isolated cells were analyzed
for caspase-3 activity as described in the Methods section. (B) Cells were
analyzed for expression of IAP-2 using reverse transcription PCR. Data were
normalized to B-actin expression. Samples from healthy adults were analyzed
for comparison. Each bar represents the mean * SE of six samples. *Signif-
icantly different (p < 0.05) from neonates.
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Figure 3. Effect of labor on expression of TNF-a. Cord blood neutrophils
collected after labor or after cesarean section before labor (no labor) were
incubated with (filled columns) or without (open columns) LPS (100 ng/mL)
for 4 h before analysis by reverse transcription PCR. Data were normalized to
B-actin expression. Samples from healthy adults were analyzed for compar-
ison. Each bar represents the mean = SE of six samples. *Significantly
different (p < 0.05) from no labor; fsignificantly different (p < 0.05) from
neonates; isignificantly different from LPS.
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Figure 4. Effects of labor on genes regulating eicosanoid and antioxidant
production. Cord blood neutrophils collected after labor (filled columns) or
after cesarean section prior to labor (open columns) were analyzed by
real-time PCR. Data were normalized to GAPDH expression. Samples from
healthy adults (hatched columns) were analyzed for comparison. Each bar
represents the mean + SE of eight to 15 samples. *Significantly different
(p < 0.05) from no labor; fsignificantly different (p < 0.05) from neonates.

shown to promote neutrophil activation and longevity (4). The
present studies demonstrate that neonatal neutrophils exposed
to the proinflammatory environment of labor exhibit signifi-
cantly reduced apoptosis, when compared with neutrophils



LABOR AND NEUTROPHIL INFLAMMATION 575

10 A 20| B l

J l | 10 ‘
0 . 0
No Labor Labor Adults

Neonates

Fluorescence
(4]

No Labor Labor Adults
Neonates

Figure 5. Effect of labor on hydrogen peroxide production. Cord blood
neutrophils collected after labor or after cesarean section before labor (no
labor) were preincubated with DCF-DA (5 mM, 37°C) for 20 min and then
with PMA (500 nM) (B) or medium control (A). Hydrogen peroxide produc-
tion was quantified as DCF fluorescence by flow cytometry 20 min later.
Samples from healthy adults were analyzed for comparison. Each bar is the
mean * SE of six to eight samples. *Significantly different (p < 0.05) from
neonates.

collected from neonates delivered by cesarean section and not
exposed to labor. By increasing the longevity of circulating
neutrophils in neonates, the process of labor may be beneficial
in healthy infants, helping to prime the naive immune system
to respond to pathogens. In contrast, decreased clearance of
neutrophils after labor in compromised or premature infants
may contribute to complications associated with chronic in-
flammation, such as bronchopulmonary dysplasia and necro-
tizing enterocolitis.

Neutrophil apoptosis involves spontaneous mitochondrial
depolarization, leading to the release of cytochrome ¢ and
activation of downstream proteases, including caspase-3 and
caspase-7 (19). The rate of apoptosis is related to the activity
of these effector pathways, which induce cell and nuclear
membrane permeability (13). Consistent with previous find-
ings (2,14), we found that apoptosis is impaired in neonatal
neutrophils relative to adult cells and that this is associated
with reduced caspase-3 activity in neonatal cells. Interest-
ingly, labor had no effect on caspase-3 activity or on expres-
sion of IAP-2, an intracellular protein induced by inflamma-
tory stimuli and hypoxia that inhibits caspase activity (20).
These findings suggest that the antiapoptotic effects of labor
are mediated by alternative pathways. One possibility is that
other homologues of IAP contribute to inflammation-induced
suppression of neutrophil apoptosis. For example, increased
XIAP, and decreased XIAP inhibitory protein, have been
reported in neutrophils from patients with systemic inflamma-
tory reactive syndrome (19). These alterations may contribute
to decreased caspase-mediated apoptosis after the stimulus of
labor.

Inflammatory mediators derived from maternal phagocytic
leukocytes are important in triggering both uterine activity and
placental separation. These mediators readily pass through the
placental barrier, gaining access to the fetal circulation (21).
This may contribute to increased expression of the comple-
ment component C3b, CD11b/CD18 adhesion molecules, and
IL-8 receptors in neonatal neutrophils after exposure to labor
(22). The present studies confirm that labor primes neonatal
neutrophils to respond to inflammatory stimuli. Thus, expres-

sion of TNF-« in response to LPS is significantly increased in
neutrophils from neonates after labor, when compared with
cells collected before labor. TNF-« activates neutrophils and
monocytes and is thought to be important in host defense and
the suppression of apoptosis during neutrophilic inflammation
in the newborn period (23). However, excessive production
of TNF-« in response to pathologic stimuli after labor may
also contribute to the development of periventricular leu-
komalacia (24).

Lipoxygenase catalyzes the synthesis of lipoxins, which
promote apoptosis (11). Lipoxin A4 and lipoxin B4 also exert
anti-inflammatory activity by inhibiting neutrophil chemotaxis
and CD11/CD18 expression, and by abrogating calcium mo-
bilization, respiratory burst activity, release of IL-1f3 and IL-8,
and activation of the transcription factors nuclear factor-«B
(NF-«B) and AP-1 (11,25,26). Previous studies have demon-
strated that deficiency in production of lipoxin A4 is associ-
ated with defects in neutrophil apoptosis and with chronic
inflammation (27). In contrast to Loxs, Cox-2 catalyzes the
production of proinflammatory eicosanoids during the early
stages of inflammation, which block neutrophil apoptosis (28).
We found that expression of 15-Lox is significantly increased
in neonatal neutrophils isolated before labor, when compared
with cells collected after exposure to labor. In contrast, labor
had no effect on expression of Cox-2. These findings suggest
that anti-inflammatory lipoxins may be increased relative to
proinflammatory PGs before birth. This is consistent with the
idea that an anti-inflammatory environment in utero is re-
quired for maintaining pregnancy (22). In this regard, defects
in production of the anti-inflammatory cytokine IL-10 are
associated with preterm labor (29). Moreover, increases in
PGs in the circulation are thought to be important in triggering
uterine contractions, and Cox-2 inhibitors are effective toco-
lytic agents (30).

PPAR-vy is a key transcription factor mediating the pro-
apoptotic and anti-inflammatory activity of eicosanoids (31).
PPAR-vy agonists inhibit expression of inflammatory cyto-
kines and oxidants and up-regulate expression of proteins with
anti-inflammatory activity, including N-Gal (16). N-Gal pro-
motes neutrophil differentiation and clearance and has been
used as a marker of PPAR-+y activity (15). The present studies
show that N-Gal is differentially expressed in neonatal neu-
trophils before and after exposure to labor. Thus, whereas
relatively high levels of N-Gal were detected in neutrophils
before labor, after labor N-Gal levels declined significantly
and were similar to expression levels in adult neutrophils.
These findings are in accord with the concept that anti-
inflammatory PPAR-y activity is high before parturition (32).
PPAR-y may also contribute to maintenance of the anti-
inflammatory milieu in utero. This is important for suppress-
ing maternal immune responses that can cause preterm labor
and rejection of the fetal allograft.

The relatively short life span of neutrophils is thought to be
related to their oxidant/antioxidant balance. We found that
basal oxidative metabolism was increased in neonatal neutro-
phils exposed to labor, when compared with adult cells.
However, labor did not significantly alter basal oxidative
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metabolism, or the production of ROIs in response to PMA in
neonatal neutrophils. Our observation that labor had no effect
on oxidative metabolism in neonatal neutrophils was surpris-
ing. Labor is associated with the generation of inflammatory
cytokines, including IL-6 and IL-8, which are known to
stimulate the production of ROIs in neutrophils (33). These
findings are consistent with previous reports that the oxidative
response to inflammatory mediators is impaired in term neo-
natal neutrophils (34,35). Decreased responsiveness to inflam-
matory stimuli may be related to defects in the activation of
signaling via the nuclear transcription factors STAT-1 and
NF-«kB in neonatal cells (36).

Antioxidants such as catalase and SOD play important roles
in detoxifying oxidants (37,38). We found that catalase ex-
pression was markedly increased in neonatal neutrophils iso-
lated before labor, when compared with cells from neonates
exposed to labor or from adults. Catalase has been reported to
be induced by PPAR-vy, which, as indicated above, is also
activated in neonates before labor (39). Elevated levels of
catalase during gestation may help to protect placental tissues
from oxidants generated by neutrophils and mononuclear cells
in the fetal and maternal circulations. In contrast to catalase,
SOD expression was not affected by labor and was signifi-
cantly increased in neonatal neutrophils, when compared with
adult cells. During and after labor, SOD may be important in
protecting the newborn from the effects of ambient oxygen
and exposure to pathogenic stimuli. Consistent with this no-
tion are reports that exogenous SOD, but not catalase, protects
against inflammatory lung injury in neonates (40).

The present studies demonstrate that the process of labor is
associated with reduced neutrophil apoptosis. This was corre-
lated with alterations in eicosanoid signaling and TNF-«a
expression. Increased neutrophil longevity and activity may
protect the newborn against pathogens and potentiate the
inflammatory response to infection or injury. However, these
effects can potentially be maladaptive in infants exposed to
preexisting inflammatory conditions, including chorioamnio-
nitis and prematurity. It is speculated that reduced neutrophil
clearance by apoptosis and impaired production of anti-
inflammatory eicosanoids and antioxidant enzymes may in-
crease the risk of cytotoxicity and “oxygen radical diseases” in
preterm or compromised neonates exposed to labor. An un-
derstanding of the factors that regulate neutrophil apoptosis is
essential for the development of efficacious therapies and
strategies for limiting neonatal inflammatory diseases.
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