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N-Acetyl-Cysteine Inhibits Phospholipid Metabolism,
Proinflammatory Cytokine Release, Protease Activity,
and Nuclear Factor-B Deoxyribonucleic Acid-Binding
Activity in Human Fetal Membranes in Vitro
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The production of reactive oxygen species (ROS), prostaglandins (PGs), proinflammatory cytokines, and proteases has
been implicated in the pathogenesis of term and preterm labor. The nuclear factor-B (NF-B) transcription pathway is
activated by ROS and is a key regulator of PGs, proinflammatory cytokine release, and protease activity. N-Acetylcysteine (NAC) is an antioxidant that through its ability to
scavenger ROS suppresses NF-B DNA-binding activity and
resultant gene expression. The aim of this study was to elucidate the effect of NAC on NF-B DNA-binding activity, phospholipid metabolism, cytokine release, and protease activity
from human fetal membranes. Human amnion and choriodecidua (n ⴝ 9 separate placentas) were treated with 0 (control),
5, 10, or 15 mM NAC in the presence of 10 g/ml lipopolysaccharide. After 6-h incubation, the tissues were collected,
NF-B DNA binding activity was assessed by gel shift binding

assays, and matrix metalloproteinase-9 and urokinase-type
plasminogen activator activity were determined by zymography. The incubation medium was collected and assayed for
type II phospholipase A2 tissue content, IL-6, IL-8, TNF␣, and
8-isoprostane release by ELISA. The release of PGF2␣ was measured by RIA. Treatment of fetal membranes with NAC significantly suppressed lipopolysaccharide-stimulated type II
phospholipase A2 release and content; PGF2␣, IL-6, IL-8, TNF␣,
and 8-isoprostane release; and matrix metalloproteinase-9
and urokinase-type plasminogen activator enzyme activity
and suppressed NF-B DNA-binding activity (by ANOVA, P <
0.05). The data presented in this study demonstrate that NAC
inhibits an NF-B-activated pathway and subsequent phospholipid metabolism, proinflammatory cytokine release, and
protease activity in human fetal membranes. (J Clin Endocrinol Metab 88: 1723–1729, 2003)

T

NF-B plays a pivotal role in inducing the expression of
multiple genes involved in immune and inflammatory responses (reviewed in Ref. 6). In unstimulated cells, NF-B
dimers are found in an inactive form in the cytoplasm, bound
with an inhibitory protein IB. In response to activating
signals, IB-␣ undergoes phosphorylation by IB kinases,
ubiquitination, and subsequent proteasome-dependent degradation. Free NF-B dimers then rapidly translocate to the
nucleus to initiate transcription by high affinity binding to
regulatory B motifs in target genes. The B motif has been
identified in the promoter region of a number of genes involved in the initiation and progression of human preterm
and term labor, including components of the phospholipidmetabolizing pathway [for example, phospholipase A2
(PLA2) and PGE2 production]; proinflammatory cytokines
TNF␣, IL-6, and IL-8; and proteases matrix metalloproteinase-9 (MMP-9) and urokinase-type plasminogen activator
(uPA) (7–15).
Compounds that have antioxidant properties, such as Nacetyl-cysteine (NAC), have been shown to inhibit upstream
events leading to NF-B activation (16 –18). NAC is a thiolcontaining antioxidant that either increases intracellular glutathione concentrations (an endogenous reducing agent)
and/or acts directly as a free radical scavenger (19). NAC has
been used in clinical practice since the 1950s for the treatment
of congestive and obstructive lung diseases such as chronic
bronchitis and cystic fibrosis. Furthermore, exploratory stud-

HE PHYSIOLOGICAL FACTORS that trigger the initiation of human labor and delivery at term or preterm
are not fully known; however, phospholipid-derived mediators [e.g. prostaglandins (PGs)], proinflammatory cytokines,
and extracellular matrix (ECM) remodeling enzymes have
been implicated. Collectively, they participate in the regulation of myometrial contractility, cervical ripening, and rupture of membranes (reviewed in Refs. 1 and 2). The generation of reactive oxygen species (ROS) has also been
implicated in the pathogenesis of premature labor, particularly in the case of prolonged premature rupture of membranes (PPROM) (reviewed in Ref. 3). Recently, Malek et al.
(4) demonstrated that lipopolysaccharide (LPS) stimulation
of human term placenta is associated with increased production of 8-isoprostane (a marker of oxidative stress). ROS
cause tissue damage by a variety of mechanisms (reviewed
in Ref. 5), including DNA damage, lipid peroxidation, protein damage, and stimulation of proinflammatory cytokine
release by monocytes and macrophages by depleting intracellular thiol compounds and activating nuclear factor-B
(NF-B).
Abbreviations: ECM, Extracellular matrix; LDH, lactate dehydrogenase; LPS, lipopolysaccharide; MMP, matrix metalloproteinase; NAC,
N-acetyl-cysteine; NF-B, nuclear factor-B; PGF2␣, prostaglandin F2␣;
PLA2, phospholipase A2; PPROM, prolonged premature rupture of
membranes; ROS, reactive oxygen species; uPA, urokinase-type plasminogen activator.
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ies are being performed in the treatment of a variety of
immune and inflammatory disorders, such as human immunodeficiency virus infection (reviewed in Ref. 20).
LPS stimulates NF-B DNA-binding activity, phospholipase release and activity, PGF2␣ production, and proin-

flammatory cytokine release from human fetal membranes
(21–27). The aim of this study was to investigate whether
NAC suppresses LPS-stimulated NF-B DNA-binding activity and subsequent phospholipid metabolism, proinflammatory cytokine release, and protease activity from human
amnion and choriodecidua.

TABLE 1. Effect of NAC on LDH release from human amnion
and choriodecidua
Treatment

LPS control
5 mM NAC
10 mM NAC
15 mM NAC

% Total tissue LDH
Amnion

Choriodecidua

0.7 ⫾ 0.3
0.9 ⫾ 0.3
1.0 ⫾ 0.4
0.8 ⫾ 0.3

4.4 ⫾ 1.4
3.4 ⫾ 1.4
4.9 ⫾ 2.8
4.6 ⫾ 2.6

FIG. 1. Effect of NAC on LPS-stimulated NF-B DNA-binding activity in
nuclear extracts prepared from human
amnion (A) and choriodecidua (B). Data
are the mean ⫾ SEM of five different
EMSAs. *, Significant differences compared with control (P ⬍ 0.05, by
ANOVA). The top panel in each diagram is a representative gel shift assay.

Materials and Methods
Reagents
All chemicals were purchased from BDH Chemicals Australia (Melbourne, Australia) unless stated otherwise. RPMI 1640 (phenol red free)
was obtained from Life Technologies, Inc. (Grand Island, NY). BSA (RIA
grade), dithiothreitol, EDTA, gelatin, leupeptin, LPS (from Escherichia
coli 026:B6), ␤-NADH (disodium salt), 3,3⬘,5,5⬘-tetramethylbenzidine,
pyruvic acid (dimer free), and NAC were supplied by Sigma-Aldrich (St.
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Louis, MO). Pefabloc SC (4-(2-aminoethyl)-benzenesulfonyl fluoride,
hydrochloride) was purchased from Roche (Mannheim, Germany). The
transcription factor consensus oligonucleotides for NF-B (5⬘-AGTTGAGGGGACTTTCCCAGGC-3⬘) and activating protein-1 (5⬘-TTCCGGCTGACTCATCAAGCG-3⬘), HeLa scribe nuclear extract, gel shift
binding buffer, and polynucleotide kinase for labeling of 5⬘-hydroxyl
blunt-ended probes were purchased from Promega Corp. (Madison,
WI). Streptavidin-horseradish peroxidase conjugate and the IL-6, IL-8,
and TNF␣ kits were supplied by Biosource Technologies, Inc. (Camarillo, CA). The 8-isoprostane kit was purchased from Caymen Chemical
Co. (Ann Arbor, MI). Human plasminogen (Glu type), MMP-9, and uPA
standard were purchased from Calbiochem (San Diego, CA). Acrylamide, ammonium persulfate, bis-acrylamide, Coomassie Brilliant Blue,
Rainbow protein molecular weight markers, N,N,N,N⬘-tetramethylethylenediamine, and [␥-32P]deoxy-ATP were purchased from Amersham
Pharmacia Biotech (Little Chalfont, UK). Alkaline phosphatase (calf
intestine grade 1) was obtained from Roche Molecular Biochemicals
(Victoria, Australia). Monoclonal antibodies to human type II PLA2 (3G3
and 2A9) were supplied by Bioquest (Sydney, Australia) and recombinantly expressed human type II PLA2 standard was isolated from a
Chinese hamster ovary cell line stably transfected with human type II
PLA2 under a metallothionine promoter. Starscint scintillation fluid was
purchased from Packard (Meriden, CT), and phenol was obtained from
Wako Pure Chemical Industries Ltd. (Osaka, Japan). Human ␥-globulin
was provided by Commonwealth Serum Laboratories (Parkville, Australia). Goat polyclonal antiserum raised against PGF2␣ was provided by
Dr. Meg Ralph (Monash University, Clayton, Australia).

Tissue collection and preparation
Human placentas with the attached fetal membranes were obtained
(with institutional research and ethics committee approval) from women
who delivered healthy, singleton infants at term (ⱖ37 wk gestation)
undergoing elective cesarean section (indications for cesarean section
were breech presentation and/or previous cesarean section). A human
explant system was used to establish the effect of NAC on phospholipid
metabolism, proinflammatory cytokine release, ECM remodeling enzyme activity, and NF-B DNA-binding activity from human fetal membranes as previously described (27). Amnion and choriodecidual tissues
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FIG. 3. Effect of NAC on LPS-stimulated PGF2␣ release from human
amnion (A) and choriodecidua (B). Data are the mean ⫾ SEM of nine
independent explants. *, Significant differences compared with control (P ⬍ 0.05, by ANOVA).
were incubated in duplicate in 2 ml RPMI (containing 100 U/ml penicillin G, 100 g/ml streptomycin, and 10 g/ml LPS) in the absence
(control) or presence of 5, 10, or 15 mm NAC (n ⫽ 9).

Nuclear protein extraction and EMSA
After the 6-h incubation, tissues were collected, and nuclear protein
was extracted as previously described (27). Nuclear protein (12 g) was
then subjected to EMSA using a double-stranded NF-B oligonucleotide
that was end-labeled using T4 polynucleotide kinase and [␥-32P]ATP
(27). After electrophoresis, the gel was dried and exposed to Kodak
X-OMAT AR film (Eastman Kodak Co., Rochester, NY) overnight at – 80
C. Autoradiographs were quantified with a GS-800 calibrated densitometer (Bio-Rad Laboratories, Inc., Richmond, CA) using the Quantity
One 4.2.1 analysis program. Data were corrected for background and
expressed as OD per square millimeter.

Experimental assays

FIG. 2. Effect of NAC on LPS-stimulated type II PLA2 tissue content
from human amnion (A) and choriodecidua (B). Data are the mean ⫾
SEM of nine independent explants. *, Significant differences compared
with control (P ⬍ 0.05, by ANOVA).

Type II PLA2 tissue content and the release of PFG2␣ from fetal
membranes were quantified by ELISA and RIA, respectively, as previously described (28). The release of IL-6, IL-8, and TNF␣ from fetal
membrane tissue explants was quantified by ELISA kits according to the
manufacturer’s instructions (Biosource Technologies, Inc.), and the limits of detection of the IL-6, IL-8, and TNF␣ assays were 3, 2.8, and
7.2 pg/ml, respectively. Assessment of ECM remodeling enzymes in
fetal membranes were performed by electrophoretic zymography as
previously described (29), and enzyme activities were identified by
comigration with authentic standards and comparison with the mobility
of protein standards. Proteolytic activity was visualized as clear zones
of lysis on a blue background of undigested gelatin. The release of
8-isoprostane into the incubation medium was assayed using a competitive enzyme immunoassay, according to the manufacturer’s instructions (Cayman Chemical Co.), and the limit of detection of the assay was
5 pg/ml. The protein content of tissue homogenates was determined
with a bicinchoninic acid protein assay (Pierce Chemical Co., Rockford,
IL), using BSA as a reference standard, as previously described (27). To
determine the effect of experimental treatment on cell membrane integrity, the release of the intracellular enzyme lactate dehydrogenase
(LDH) into the incubation medium was determined as described previously (22). Data are presented as a percentage of the total tissue LDH.
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FIG. 4. Effect of NAC on LPS-stimulated IL-6 release (A), IL-8 release (B),
and TNF␣ release (C) from human amnion (A) and choriodecidua (B). Data are
the mean ⫾ SEM of nine independent
explants. *, Significant differences compared with control (P ⬍ 0.05, by
ANOVA).

Statistical analysis
Statistical analyses were performed using a commercially available
statistical software package (Statgraphics, STSC, Rockville, MD). The
homogeneity of data was assessed by Bartlett’s test (30), and when
significant, data were logarithmically transformed before further analysis. Data were subjected to a one-way ANOVA. Two-sample comparisons were analyzed by t test. Statistical difference was indicated by P ⬍
0.05. Data are expressed as the mean ⫾ sem of nine different placental
tissues.

Results
Validation of explant cultures and viability

To validate the integrity of explants in the presence of NAC,
cell viability was investigated using LDH release from explants.
LDH release was investigated over the 6-h incubation period.
Explants were incubated in either control medium (10 g/ml

LPS) or medium containing 5, 10, or 15 mm NAC. Compared
with the LPS control, treatment with NAC, at all concentrations
tested, did not significantly affect LDH release from amnion
and choriodecidua, indicating that the concentration of NAC
used did not affect cell viability (Table 1).
Effect of NAC on NF-B-binding activity

Previous studies within our laboratory have demonstrated
NF-B DNA-binding activity in nuclear extracts fromhuman
fetal membranes (27). Furthermore, the specificity of NF-B
DNA binding was confirmed in competition experiments.
Supershift assays also established that the NF-B p50 and p65
heterodimers are activated in gestational tissues in response
to LPS. In this study treatment with 10 and 15 mm NAC
significantly suppressed NF-B DNA-binding activity in nu-
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Effect of NAC on proinflammatory cytokine release

Compared with LPS control, tissues incubated in the presence of NAC greater than or equal to 10 mm caused a significant reduction of IL-6 release from amnion and choriodecidua (Fig. 4A). In the presence of 15 mm NAC, there was
a 3-fold reduction in the release of IL-6 from both amnion and
choriodecidua.
Treatment of samples with NAC at concentrations greater
than 5 mm significantly reduced IL-8 production from amnion, whereas only 15 mm NAC was effective in choriodecidua (Fig. 4B). NAC at 15 mm caused a 5-fold decrease in
IL-8 release by amnion and a 4-fold reduction in IL-8 release
by choriodecidua.
In amnion, concentrations greater than 5 mm NAC significantly reduced TNF␣ release, with a 3-fold reduction
observed at 15 mm NAC (Fig. 4C). In choriodecidua, 15 mm
NAC significantly reduced TNF␣ release, with a 3-fold decrease (Fig. 4C).
Effect of NAC on proteolytic activity

Gelatin substrate gels copolymerized with plasminogen
were used to determine the effect of NAC on protease activity
in human fetal membranes. In both amnion and choriodecidua (Fig. 5A), the addition of 15 mm NAC significantly
suppressed MMP-9 activity. Compared with the LPS control,
concentrations of NAC equal to or greater than 10 mm significantly suppressed uPA activity in both amnion and choriodecidua (Fig. 5B).
Effect of NAC on 8-isoprostane release

The release of 8-isoprostane into the incubation medium is
used as a marker of oxidative stress. Treatment with 15 mm
NAC reduced LPS-induced 8-isoprostane accumulation into
the incubation medium from amnion and choriodecidual
tissues (Fig. 6). Compared with the LPS control, coincubation
with 15 mm NAC caused a 3-fold reduction in amnion and
a 5-fold decrease in choriodecidua.
FIG. 5. Effect of NAC on LPS-stimulated MMP-9 enzyme activity (A)
and uPA enzyme activity (B) in human amnion (A) and choriodecidua
(B). Data are the mean ⫾ SEM of four independent explants. *, Significant differences compared with control (P ⬍ 0.05, by ANOVA). The
top panel in each diagram is a representative gelatin zymography.

clear extracts prepared from human amnion (Fig. 1A) and
choriodecidua (Fig. 1B).
Effect of NAC on phospholipid metabolism

In the presence of 10 or 15 mm NAC, type II PLA2 content
was significantly inhibited in amnion (Fig. 2A) and choriodecidua (Fig. 2B). At 15 mm NAC, there were 4- and 2-fold
decreases in the level of type II PLA2 content in amnion and
choriodecidua, respectively.
Compared with LPS control, treatment with 15 mm NAC
significantly reduced the release of PGF2␣ in amnion (Fig. 3A)
and choriodecidual (Fig. 3B) tissue explants by 4- and 3-fold,
respectively.

Discussion

In this study treatment of fetal membranes with NAC
inhibited LPS-stimulated type II PLA2 content; PGF2␣, IL-6,
IL-8, TNF␣, and 8-isoprostane release; and MMP-9 and uPA
enzyme activities. Furthermore, this inhibition was associated with a concomitant suppression of NF-B DNA-binding
activity. Similarly, others have demonstrated that NAC inhibits the expression, release, and/or activity of proinflammatory cytokines and MMPs through suppression of NF-B
activation in a number of other systems (31–36). Similarly,
the use of other antioxidants, for example, pyrrolidine dithiocarbamate, have also demonstrated the importance of the
NF-B signaling pathway in the regulation of cytokine release and protease activity (34, 35).
Although there is no common second messenger among
the identifiable inducers of NF-B, most, if not all, activating
signals can be inhibited by antioxidants (reviewed in Ref. 5),
suggesting that ROS act as second messengers after cellular
exposure to agents that induce NF-B activation. The interaction between ROS on the NF-B signaling pathway has not
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FIG. 6. Effect of NAC on LPS-stimulated 8-isoprostane release from human
amnion and choriodecidua. Data are the
mean ⫾ SEM of four independent explants. *, Significant differences compared with control (P ⬍ 0.05, by ANOVA).

been completely defined; nevertheless, the most likely scenario is that ROS activates a critical redox-sensitive kinase,
probably by the IB kinase or NF-B-inducing kinase signals
(reviewed in Ref. 37).
As ROS have been implicated in the pathogenesis of preterm labor (reviewed in Ref. 3), and as PGs, proinflammatory
cytokines, and proteases are also involved in the pathogenesis of preterm labor, interactions between ROS and NF-B
might be a component of the intracellular signaling processes
that lead to activation.
The data obtained in this study are consistent with and
extend studies implicating NF-B in the regulation of human
gestational tissue proinflammatory status (27). Our data establish a role for NF-B in regulating type II PLA2 and subsequent PG production, which are intrinsic for successful
parturition. Similarly, other studies have also demonstrated
the importance of NF-B in regulating components of the
phospholipid-metabolizing pathway in human gestational
tissues (15, 38).
A growing body of evidence suggests that membrane
rupture is partially mediated by biochemical processes,
including the enzymatic breakdown of ECM components
within the amnion and chorion. MMP-9 and uPA are key
enzymes involved in the breakdown of these ECM components within the amnion and chorion. PPROM may be
the result of ROS-induced damage to amnion epithelium
or collagen in the chorioamnion (reviewed in Ref. 3). Various environmental and physical factors associated with
PPROM are known to produce ROS or reduce the body’s
natural antioxidant defense mechanisms (e.g. smoking and
cocaine abuse). In a recent in vitro study, the treatment of
chorioamnion with antioxidants, including NAC, protected against ROS-induced MMP-9 activity (reviewed in
Ref. 3). Similarly, in this study incubation of amnion and
choriodecidua with NAC inhibited LPS-stimulated NF-B
activation of MMP-9 and uPA activities, with an associated
decrease in 8-isoprostane. It is conceivable that therapies
that suppress NF-B activation may be useful in the prevention of PPROM; however, further studies are required
to evaluate antioxidant therapy for the prevention of
PPROM.

ROS can be generated by a number of sources, including
leakage from the electron transport system in the inner
membrane of a mitochondrion during cellular respiration
and release by immune cells as they encircle and then kill
bacteria. One of the most important sources of ROS in
macrophages in response to LPS stimulation is the membrane-bound NADPH oxidase activation that occurs during phagocytosis (reviewed in Ref. 5). In response to a
phagocytic stimuli, NADPH oxidase moves electrons from
NADPH to reduce oxygen to superoxide. Superoxide is
regarded as a weakly reactive radical, but nonetheless can
attack a number of biological targets. Superoxide is removed from tissues by spontaneous dismutation to hydrogen peroxide (a process that can also be catalyzed by
superoxide dismutase), then oxygen, and then sequentially to other products. However, the exact mechanism
for LPS-induced ROS generation remains to be fully
established.
A number of studies have identified NF-B DNA-binding activity in human gestational tissues (14, 15, 27, 38 –
40). NF-B is essential for up-regulation of IL-8 expression
in human amnion-derived WISH cells and cervical epithelial cells (38, 39). Stimulation of human trophoblast
cells with IL-1 leads to NF-B activation that is functionally linked to the expression of cyclooxygenase-2 and PGs
(15). It is likely that the same mechanism is operative in
cytokine-induced up-regulation of PG production in gestational tissues, thereby contributing to the labor-inducing
effects of proinflammatory cytokines.
These results confirm that ROS are involved in LPSstimulated NF-B activation and the subsequent genes that
it regulates. In this study we demonstrate that in human fetal
membranes, the NF-B signaling pathway is a key regulator
of phospholipid metabolism, proinflammatory cytokines,
and ECM-remodeling enzymes. Consequently, the development of specific inhibitors of NF-B will be beneficial in
further dissecting the role of NF-B in the initiation of human
labor and could potentially be clinically useful in the management and/or treatment of preterm labor associated with
infection.

Lappas et al. • Regulation of Cytokines and Proteases by NF-B

J Clin Endocrinol Metab, April 2003, 88(4):1723–1729 1729

Acknowledgments
We gratefully acknowledge the assistance of clinical research midwife
Lyn Tuttle, Angie Denning, Val Bryant, and Melissa Bolger, and the
obstetrics and midwifery staff of Mercy Hospital for Women for their
cooperation.

19.

Received October 25, 2002. Accepted January 6, 2003.
Address all correspondence and requests for reprints to: Dr. Martha
Lappas, Department of Obstetrics and Gynecology, University of Melbourne, Mercy Hospital for Women, 126 Clarendon Street, East Melbourne, 3002 Victoria, Australia. E-mail: mlappas@unimelb.edu.au.
This work was supported by the Medical Research Foundation for
Women and Babies and the National Health and Medical Research
Council of Australia (Grant 114106).

21.

References

24.

1. Rice GE 1995 Secretory type II phospholipase A2 and the generation of intrauterine signals. Reprod Fertil Dev 7:1471–1479
2. Rice GE 2001 Cytokines and the initiation of parturition. Endocrinology of
parturition. Basic Sci Clin Application 27:113–146
3. Woods JR 2001 Reactive oxygen species and preterm premature rupture of
membranes: a review. Placenta 22:S38 –S44
4. Malek A, Sager R, Schneider H 2001 Effect of hypoxia, oxidative stress and
lipopolysaccharides on the release of prostaglandins and cytokines from human term placenta explants. Placenta 15:S45–S50
5. Halliwell B, Gutteridge JM 1999 Free radicals in biology and medicine. Oxford, New York: Oxford University Press
6. Baldwin AS 1996 The NF-B and IB proteins: new discoveries and insights.
Annu Rev Immunol 14:649 – 681
7. Drouet C, Shakhov AN, Jongeneel CV 1991 Enhancers and transcription
factors controlling the inducibility of the tumour necrosis factor-␣ promoter in
primary macrophages. J Immunol 147:1694 –1700
8. Vervoordeldonk MJ, Torra IM Aarsman AJ, van der Bosch H 1996 Aspirin
inhibits expression of the interleukin-1␤-inducible group II phospholipase A2.
FEBS Lett 397:108 –112
9. Yokoo T, Kitamura M 1996 Dual regulation of IL-1␤-mediated matrix metalloproteinase-9 expression in mesengial cells by NF-B and AP-1. Am J
Physiol 270:F123–F130
10. Blackwell TS, Christman JW 1997 The role of nuclear factor-B in cytokine
gene regulation. Am J Respir Cell Mol Biol 17:3–9
11. Bhat-N akshatri P, Newton TR, Goulet R Jr, Nakshatri H 1998 NF-B activation and IL-6 production in fibroblasts by estrogen receptor-negative breast
cancer cell-derived interleukin-1␣. Proc Natl Acad Sci USA 95:6971– 6976
12. Couturier C, Brouillet A, Couriaud C, Koumanov K, Bereziat G, Andreani
M 1999 Interleukin 1␤ induces type II phospholipase A2 gene in vascular
smooth muscle cells by a nuclear factor B and peroxisome proliferator-activated receptor-mediated process. J Biol Chem 274:23085–23093
13. Rioux N, Castonguay A 2000 The induction of cyclooxygenase-1 by a tobacco
carcinogen in U937 human macrophages is correlated to the activation of
NF-B. Carcinogenesis 21:1745–1751
14. Elliott CL, Allport VC, Loudon JA, Wu GD, Bennett PR 2001 Nuclear factorkappa B is essential for the up-regulation of interleukin-8 expression in human
amnion and cervical epithelial cells. Mol Hum Reprod 7:787–790
15. Kniss DA, Rovin B, Fertel RH, Zimmerman PD 2001 Blockade NF-B activation prohibits TNF-␣ induced cyclooxygenase-2 gene expression in ED27
trophoblast-like cells. Placenta 22:80 – 89
16. Legrand-Poels S, Maniglia S, Boelaert JR, Piette J 1997 Activation of the
transcription factor NF-B in lipopolysaccharide-stimulated U937 cells. Biochem Pharmacol 53:339 –346
17. Fox ES, Leingang KA 1998 Inhibition of LPS-mediated activation in rat Kupffer
cells by N-acetyl-cysteine occurs subsequent to NF-B translocation and requires protein synthesis. J Leukocyte Biol 63:509 –514
18. Verhasselt V, Berghe WV, Vanderheyde N, Willems F, Haegeman G,
Goldman M 1999 N-Acetyl-l-cysteine inhibits primary human T cell re-

20.

22.
23.

25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.

40.

sponses at the dendritic cell level: association with NF-B inhibition. J Immunol 162:2569 –2574
Gressier B, Cabanis A, Lebeque S, Brunet C, Dine T, Luyckx M, Cazin M,
Cazin JC 1994 Decrease of hypochlorous acid and hydroxyl radical generated
by stimulating human neutrophils: comparison in vitro of some thiol-containing drugs. Methods Exp Clin Pharmacol 16:9 –13
Cotgreave IA 1997 N-Acetylcysteine: pharmalogical considerations and experimental and clinical applications. Adv Pharmacol 38:205–227
Nguyen TH, Rice GE, Farrugia, W, Wong MH, Brennecke SP 1994 Bacterial
endotoxin increases type II phospholipase A2 immunoactive content and phospholipase A2 enzymatic activity in human choriodecidua. Biol Reprod 50:
526 –534
Laham N, Brennecke SP, Bendtzen K, Rice GE 1996 Differential release of
interleukin-6 from human gestational tissues in association with labour and in
vitro endotoxin treatment. J Endocrinol 149:431– 439
Farrugia W, Rice GE, Wong MH, Scott KF, Brennecke SP 1997 Release of type
II phospholipase A2 immunoreactivity and phospholipase A2 enzymaticactivity from human placenta. J Endocrinol 153:51–157
Nicholls L, Farrugia W, Rice GE 1997 The effect of monophosphoryl lipid A
on lipopolysaccharide-induced prostaglandin E2 release in human choriodecidua. Placenta 18:243–248
Laham N, Brennecke SP, Rice GE 1997 Interleukin-8 release from human
gestational tissue explants: the effects of lipopolysaccharide, cytokines and
labour. Biol Reprod 57:616 – 620
Farrugia W, Nicholls L, Rice GE 1998 Effect of bacterial endotoxin on the in
vitro release of type II phospholipase-A2 and prostaglandin E2 release from
human placenta. J Endocrinol 160:291–296
Lappas M, Georgiou HM, Permezel M, Rice GE 2002 Nuclear factor B
regulation of pro-inflammatory cytokines in human gestational tissues in vitro.
Biol Reprod 67:668 – 673
Lappas M, Munns MJ, King RG, Rice GE 2001 Antisense oligonucleotide
inhibition of type II phospholipase A2 expression, release and activity in vitro.
Placenta 22:418 – 424
Tsatas D, Baker MS, Rice GE 1999 Differential expression of proteases in
human gestational tissues before, during and after spontaneous-onset labour
at term. J Reprod Fertil 116:43– 49
Bartlett MS, Kendall DG 1946 The statistical analysis of variance: heterogeneity and the logarithmic transformation. J R Stat Soc 8:128 –138
Sato M, Miyazaki T, Nagaya T, Murata Y, Ida N, Maeda K, Seo H 1996
Antioxidants inhibit tumor necrosis factor-␣ mediated stimulation of interleukin-8, monocyte chemoattractant protein-1, and collagenase expression in
cultured human synovial cells. J Rheumatol 23:432– 438
Galis ZS, Asanuma K, Godin D, Meng XP 1998 N-acetyl-cysteine decreases
the matrix-degrading capacity of macrophage-derived foam cells: new target
for antioxidant therapy. Circulation 97:2445–2453
Kim H, Seo JY, Roh KH, Lim JW, Kim KH 2000 Suppression of NF-B
activation and cytokine production by N-acetylcysteine in pancreatic acinar
cells. Free Radic Biol Med 29:674 – 683
Gilston V, Williams MA, Newland AC, Winyard PG 2001 Hydrogen peroxide
and tumour necrosis factor-␣ induce NF-B-DNA binding in primary human
T lymphocytes in addition to T cell lines. Free Radic Res 35:681– 691
Hozumi A, Nishimura Y, Nishiuma T, Kotani Y, Yokoyama M 2001 Induction
of MMP-9 in normal human bronchial epithelial cells by TNF-␣ via NF-Bmediated pathway. Am J Physiol 281:L1444 –L1452
Kawakami S, Kageyama Y, Fujii Y, Kihara K, Oshima H 2001 Inhibitory
effects of N-acetylcysteine on invasion and MMP-9 production of T24 human
bladder cancer cells. Anticancer Res 21:213–219
Allen RG, Tresini M 2000 Oxidative stress and gene regulation. Free Radical
Biol Med 28:463– 499
Allport VC, Slater DM, Newton R, Bennett PR 2000 NF-B and AP-1 are
required for cyclo-oxygenase 2 gene expression in amnion epithelial cell line
(WISH). Mol Hum Reprod 6:561–565
Belt AR, Baldassare JJ, Molnar M, Romero R, Hertelendy F 1999 The
nuclear transcription factor NF-B mediates interleukin-1␤-induced expression of cyclooxygenase-2 in human myometrial cells. Am J Obstet
Gynecol 181:359 –366
King AE, Critchley HO, Kelly RW 2001 The NF-B pathway in human endometrium and first trimester decidua. Mol Hum Reprod 7:175–183

