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Abstract

Acute endotoxemia is associated with prolonged survival of adherent neutrophils in the lung
vasculature. In the present studies, the effects of inflammatory mediators on signaling pathways
regulating neutrophil survival were examined. We found that the protein kinase C activator, 12-O-
tetradecanoyl-phorbol 13-acetate (TPA), but not interferon-yy (IFN-y), prolonged the survival of
adherent vasculature lung neutrophils from endotoxemic rats, a response that was correlated with
reduced apoptosis. Although endotoxin administration to rats induced the expression of the anti-
apoptotic protein Mcl-1 in lung neutrophils, TPA had no effect on this response. Endotoxin
administration also induced expression of total p38 and p44/42 mitogen activated protein kinases
(MAPK) in neutrophils, as well as phosphatidyl inositol 3 kinase (P13K) and its downstream target
protein kinase B (PKB). Treatment of the cells with TPA increased p38 MAPK expression in cells
from both control and endotoxin treated animals. Cells from endotoxin treated, but not control
animals, were found to exhibit constitutive binding activity of nuclear factor kappa B (NF-xB)
which was blocked by TPA. In contrast, constitutive CCAAT/enhancer binding protein (C/EBP)
nuclear binding activity evident in neutrophils from control animals was reduced following
endotoxin administration. Moreover, this response was independent of TPA. These data suggest
that NF-xB plays a role in TPA-induced signaling leading to prolonged survival of adherent
vascular neutrophils in the lung during acute endotoxemia.

Under homeostatic conditions, the half-life of neutrophils is approximately 6-10 h after
which time they are eliminated by the process of apoptosis. However, during inflammatory
responses their survival is prolonged. A number of different inflammatory mediators
including lipopolysaccharide (LPS), interferon gamma (IFN-v), interleukin-1 (IL-1), tumor
necrosis factor alpha (TNF-a), granulocyte monocyte-colony stimulating factor (GM-CSF),
and interleukin 3 (IL-3) have been reported to modulate neutrophil apoptosis (Matute-Bello
etal., 1997; van den Berg, 2001). However, the effects of these mediators depend on the
target cell and/or the microenvironment (Park, 1996). The biochemical signaling pathways
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initiated by these inflammatory mediators leading to apoptosis also appear to be cell type
specific.

The phorbol ester 12-O-tetradecanoyl-phorbol 13-acetate (TPA) is a potent irritant and
inflammatory agent (Das, 1991; Fretland et al., 1995). Incubation of neutrophils with TPA
has been reported to stimulate oxidative metabolism and nitric oxide production (Larfars and
Gyllenhammar, 1998; Lavnikova et al., 1998). Although the initial event in TPA signaling
involves activation of protein kinase C, the downstream pathways leading to altered cellular
responses are not completely characterized. In previous studies, we analyzed the effects of
acute endotoxemia on survival and functional responsiveness of adherent neutrophils
recovered from the lung vasculature of rats (Lavnikova et al., 1998; Sunil et al., 2000).
Because of their unique location within the tissue, adherent vascular neutrophils are likely to
be more relevant than circulating neutrophils or neutrophils recovered by bronchoalveolar
lavage, to the pathophysiology of endotoxin-induced lung injury. We found that acute
endotoxemia sensitized adherent vascular lung neutrophils to respond to inflammatory
mediators (Lavnikova et al., 1998). Thus, cells from endotoxin treated rats produced
increased quantities of reactive oxygen and nitrogen intermediates after stimulation with
TPA and/or IFN-vy. In the present studies we determined if these cells also exhibited
prolonged survival in response to these mediators. Biochemical pathways mediating TPA
and IFN-vy induced activity were also investigated. Our studies revealed that TPA, but not
IFN-vy, prolonged the survival of adherent vascular lung neutrophils from endotoxemic rats.
This was correlated with down regulation of nuclear factor-kappa B (NF-xB) nuclear
binding activity. These findings suggest a potential mechanism underlying the effects of
protein kinase C activators on neutrophil survival during acute endotoxemia.

MATERIALS AND METHODS

Animals and treatments

Female specific pathogen-free Sprague Dawley rats (200-225 g, 6-8 week) were purchased
from Taconic (Germantown, NY). Animals were housed in microisolator cages and
maintained on sterile food and pyrogen-free water ad libitum. Acute endotoxemia was
induced by intravenous injection of rats with 5 mg/kg Escherichia coli LPS (serotype
0128:B12, Sigma Chemical Co., St. Louis, MO). All experiments were repeated three times
using samples from different animals. Data were analyzed using one-way ANOVA.

Cell isolation

Rats were euthanized with Nembutal (125 mg/kg) intraperitoneally. Adherent vascular
neutrophils were isolated from the lung as previously described (Lavnikova et al., 1998,
1993). Briefly, the lung was perfused at a rate of 22 ml/min with 50 ml of warm (37°C)
Ca*2/Mg*2-free Hank’s balanced salt solution (HBSS, pH 7.4) containing 2.5 mM HEPES
and 4.4 M NaHCOg3. After lavage with perfusion buffer (5-6 times) to remove alveolar
macrophages and loosely adhered neutrophils, the trachea and major bronchi were excised
and the lung cut into 500 um slices (Mcllwain mechanical tissue chopper, Brinkmann
Instruments, Westbury, NY). Lung slices were washed in ice cold Ca*2/Mg*2-free HBSS
with vigorous shaking using a Vortex (Genie 2, Fisher Scientific, Pittsburgh, PA) at speed 7

J Cell Physiol. Author manuscript; available in PMC 2014 May 16.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

SUNIL et al.

Page 3

for 3 min, filtered using a 220 um mesh, and then incubated in ice cold HBSS for 30 min
with periodic shaking. Neutrophils were recovered after digestion of the lung tissue for 25
min with 60 U/ml collagenase D (specific activity 0.22 Wunsch unit = 800 U, low ancillary
protease activity; Boehringer Mannheim, Indianapolis, IN) prepared in HBSS containing
10% fetal bovine serum and 0.01% DNAse 1 (Sigma Chemical Co.) followed by filtering as
indicated above. Giemsa staining of cytospin samples showed that the cells were 95%
neutrophils. Viability was greater than90% as determined by trypanblue dye exclusion. In
previous studies using transmission electron microscopy, we demonstrated that neutrophils
recovered using this methodology were adhered to the lung vasculature (Lavnikova et al.,
1998).

Measurement of cell survival

Cells were plated in96-well dishes (2 x 10° cells/well) in DMEM containing 10% FBS with
and without 10 U/ml rat recombinant IFN-y (Gibco-BRL, Grand Island, NY), 10 nM TPA
(LC Services, Woburn, MA) or IFN-y + TPA. After 0- and 20-h incubation, the cells were
collected by gentle pipetting and the number of viable cells determined by trypan blue dye
exclusion using a hemocytometer. The percentage of surviving cells was calculated by
dividing the number of viable cells in the cultures after 20-h incubation by the number of
cells in the cultures at 0-h incubation and multiplying by 100.

Analysis of DNA fragmentation by agarose gel electrophoresis

Cells were plated in4-well dishes (1 x 108 cells/well) in DMEM containing 10% FBS with
and without 10 U/ml IFN-y, 10 nM TPA, or IFN-y + TPA. After 20 h incubation, the cells
were lysed in 200 pl of buffer (5 mM Tris-Cl, pH 7.4; 2 mM EDTA, 0.5% TritonX-100)
onice under DNAse-free conditions. After 30 min, the cell lysates were centrifuged
(16,500g, 20 min) and DNA extracted from the supernatants by overnight precipitation in
0.1 x volume 3 M sodium acetate (pH 8.0) and 2 x volume 100% ethanol. The DNA was
washed and dissolved in10 pl TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8.0)
(Chinet al., 1998). DNA samples (1-5 ul) were analyzed on 1.2% agarose gels, stained with
ethidium bromide, and visualized under UV light.

TUNEL assay

Neutrophils were incubated in 4-well chamber slides (5 x 10° cells/well) for 20 h in the
presence of medium, 10 U/ml IFN-vy, 10 nM TPA, or IFN-y + TPA. Apoptosis was
quantified using a kit from Boehringer Mannheim. Cells were fixed with freshly prepared
paraformaldehyde (4% in PBS, pH 7.4) for 30 min at room temperature and then incubated
with 0.3% H,05 in methanol for 30 min. After rinsing with PBS, the cells were
permeabilized with 0.1% Triton X-100 in 0.1% sodium citrate for 2 min onice. Positive
controls were prepared by treatment of the cells with 1 mg/ml DNAse 1 for 10 min at room
temperature. Cells were then rinsed twice with PBS and incubated at 37°C with 100 pl
TUNEL reaction mixture (terminal transferase and fluorescin-labeled dUTP). After 60 min,
the cells were rinsed three times with PBS and analyzed on a Meridian ACAS 570 Anchored
Cell Analysis System (Meridian Instruments, Okemos, MI).
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Western blot analysis

Cells were plated in4-well dishes (1 x 106 cells/well) in DMEM containing 10% FBS with
and without 10 U/ml IFN-y, 10 nM TPA, or IFN-y + TPA. After 1 or 20 h incubation, cells
were suspended in buffer containing 50 mM HEPES (pH 7.4), 10 mM KCI, 1 mM EDTA, 1
mM DTT, 1 pg/ml pepstatin A, 1 pg/ml leupeptin, 10 pg/ml soybean trypsin inhibitor, 10
ug/ml aprotinin, and 0.5% NP-40 and mixed periodically (Vortex Genie 2, Fisher
Scientific). After 10 min on ice, lysates were centrifuged (4000g, 5 min) and supernatants
containing 10 pg of protein fractionated on 10% sodium dodecy! sulfate polyacrylamide
gels. The proteins were transferred to nitrocellulose paper, and incubated at room
temperature for 3 h or overnight at 4°C with a 1:1000 dilution of mouse monoclonal anti-
human Mcl-1 antibody (Transduction Laboratories, San Diego, CA), rabbit monoclonal
p44/42 MAPK antibody, (New England Biolabs, Inc., Beverly, MA), rabbit polyclonal
dually phosphorylated anti-human Thr180/Tyr182 phospho-p38 MAPK antibody (New
England Biolabs, Inc.) or a 1:500 dilution of mouse monoclonal anti-human p38, PI3K (p85
subunit) or PKB-a antibody (Transduction Laboratories). This was followed by incubation
with a 1:2000 dilution of goat anti-mouse or sheep anti-rabbit IgG horseradish peroxidase
conjugated antibody for 1 h at room temperature. Proteins were detected using an Enhanced
Chemi-Luminescence (ECL) detection system (Amersham Life Sciences, Arlington Heights,
IL). Protein concentrations were determined using a BCA Protein Assay Kit (Pierce,
Rockford, IL) with bovine serum albumin as the standard.

Preparation of nuclear extracts and electrophoretic mobility shift assays

Cells were plated in4-well dishes (1 x 108 cells/well) in DMEM containing 10% FBS with
and without 10 U/ml IFN-vy, 10 nM TPA, or IFN-y + TPA. After 1-h incubation, nuclear
extracts were prepared from cells as previously described (Carter et al., 1998). Cells,
suspended in buffer (10 mM HEPES pH 7.4, 10 mM KCI, 2 mM MgCly, and 2 mM EDTA)
were incubated on ice for 10 min followed by incubation with 10% NP-40. Five minutes
later, the cells were centrifuged (16,500g,5 min) and the pellets resuspended in buffer
containing 50 mM HEPES pH 7.4, 50 mM KCI, 300 mM NaCl, 0.1 mM EDTA, and 10%
glycerol. After 20 min on ice, the samples were centrifuged (16,5009, 5 min, 4°C) and
supernatants containing nuclear extracts collected. Binding reactions were carried out at
room temperature for 30 min in a total volume of 15 ul containing 2-5 pg of nuclear
extracts, 5 pl of 5 x gel shift binding buffer (20% glycerol, 5 mM MgCl,, 2.5 mM EDTA,
2.5mM DTT, 250 mM NaCl, 50 mM Tris-HCI, pH 7.5), 2 ug poly (dI-dC) and 3 x 10*
cpm/pl of [32P] labeled consensus NF-xB(5'-AGT TGA GGG GAC TTT CCC AGG C-3")
(Promega Gel Shift Assay Systems) or C/EBP (5'-TGC AGA TTG CGC AAT CTG CA-3')
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA) oligonucleotides. Probes were labeled
using y[32P]JATP (3000 Ci/mmol, NEN, Boston, MA). Protein-DNA complexes were
separated on 5 or 7% non-denaturing polyacrylamide gels run at 250 V in 0.5 x TBE and
visualized after the gels were dried and autoradiographed.

RESULTS

In initial studies, we analyzed the effects of acute endotoxemia on the survival of adherent
vascular lung neutrophils. Unstimulated cells from endotoxin treated rats exhibited increased
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survival in culture when compared to cells from control animals (Fig. 1). However, this was
only observed in cells isolated 12 h post treatment. Whereas the presence of IFN-y in the
culture medium reduced or had no effect on the percentage of surviving neutrophils, TPA
prolonged the longevity of cells isolated from endotoxin treated rats 3-8 fold, and was able
to overcome the inhibitory effects of IFN-y. No major differences were noted in the
response of cells isolated from animals at different times after endotoxin administration to
TPA.

To determine if increased survival of adherent vascular lung neutrophils was due to
decreased apoptosis, cytoplasmic DNA fragmentation was analyzed. Neutrophils from both
control and endotoxin treated animals showed significant evidence of apoptosis (Fig. 2,
upper panel). TPA, which prolonged neutrophil survival was found to prevent apoptosis, but
only in cells from rats treated with endotoxin (Fig. 2, upper panel). Fluorescence image
analysis using a TUNEL assay confirmed these findings. Thus, fluorescence staining, which
is indicative of apoptosis, was apparent in cells from control animals even in the presence of
TPA (Fig. 2, lower panel). Endotoxin administration resulted in a decrease (15-33%) in
fluorescence staining which was most pronounced in TPA treated cultures (Fig. 2, lower
panel). In cells from both control and endotoxin treated animals, IFN-y by itself either had
no effect or increased apoptosis as measured by DNA fragmentation and by fluorescence
staining. The addition of IFN-+y to cultures containing TPA had no additional effect on
apoptosis. These results are generally consistent with our cell survival data.

In further studies we determined if increased neutrophil survival following endotoxin
administration was associated with altered expression of Mcl-1, an anti-apoptotic member of
the Bcl-2 family (Craig, 1995; Moulding et al., 1998; Leuenroth et al., 2000). Mcl-1 was not
detected in cells from control animals even after culturing with TPA and/or IFN-y for up to
20 h (Fig. 3). Treatment of the animals with endotoxin induced expression of this anti-
apoptotic protein. This was observed within2 h and persisted for at least 24 h post treatment.
The addition of TPA and/or IFN-y to the cultures did not significantly alter Mcl-1
expression by the cells cultured for 20 h.

We next analyzed biochemical signaling pathways known to be involved in regulating
neutrophil survival and apoptosis. Initially we focused on p38 and p44/42 MAPK proteins
(Pillinger et al., 1998; Abe and Saito, 2000a,b). Cells from control animals were found to
constitutively express low levels of p38 MAPK (Fig. 3). This activity decreased with time in
culture. Endotoxin administration caused a time-related increase in expression of p38
MAPK. Thus, neutrophils isolated 24 h after endotoxin treatment of the animals expressed
2-3-fold greater quantities of this protein than cells isolated 2 h post treatment (Fig. 3, upper
panel). Incubation of neutrophils with TPA alone or in combination with IFN-y for 20 h,
increased expression of p38 MAPK in cells from both control and endotoxin treated animals
(Fig. 3, lower panel). Neutrophils from control animals were also found to express phospho-
p38 MAPK (Fig. 3, upper panel). Expression of this protein decreased in the cells after
endotoxin administration to the rats. The addition of TPA and/or IFN-vy to neutrophil
cultures had no effect on phospho-p38 MAPK expression.
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As observed with p38 MAPK, relatively low levels of p44/42 MAPK were detected in
unstimulated cells from control animals (Fig. 3). After endotoxin administration, p44/42
MAPK expression increased, a response that persisted for at least 24 h post treatment.
Incubation of the cells with TPA and/or IFN-y did not significantly alter expression of
p44/42 MAPK (Fig. 3). Phospho-p44/42 MAPK was not detectable in adherent vascular
neutrophils (data not shown). Moreover, in accord with previous studies in human peripheral
blood neutrophils (Nolan et al., 1999), SAPK/IJNK was not observed in lung neutrophils
from either control or endotoxin treated rats (data not shown).

We next determined if expression of PI3K and its downstream target PKB-a was altered in
lung neutrophils after endotoxin administration. Neither of these proteins was detectable in
cells from control animals even after 20 h in culture (Fig. 3, data not shown). Whereas PI3K
and PKB-a were not observed in cells isolated 2 h after endotoxin administration to rats,
both proteins were identified in cells isolated 24 h post treatment. For both proteins,
expression decreased with time in culture (data not shown). TPA and/or IFN-y had no
significant effect on expression of PI3K or PKB-a in cells from control or endotoxin treated
animals (Fig. 3, data not shown).

In further studies we analyzed NF-xB and C/EBP nuclear binding activities in adherent
vascular lung neutrophils. These transcription factors have also been shown to regulate cell
survival (Williams et al., 1999). NF-xB binding activity was not observed in cells from
control animals (Fig. 4). Induction of acute endotoxemia was associated with NF-xB nuclear
binding activity. Two NF-xB complexes were apparent in the gels. Whereas antibody to p50
completely blocked the migration of the slower moving complex, anti-p65 antibody partially
blocked migration of this complex. Binding was also decreased in the presence of 40-fold
excess unlabeled NF-xB, demonstrating the specificity of the probe. TPA was found to
markedly reduce NF-xB nuclear binding in cells from endotoxin treated animals. As
expected, IFN-y had no effect on NF-xB activity. In contrast to NF-xB, C/EBP nuclear
binding activity was not evident in unstimulated neutophils from endotoxin treated animals
(Fig. 5). However, in cells from control, but not endotoxin treated rats, TPA and/or IFN-y
caused a marked induction of C/EBP nuclear binding activity. Antibodies to C/EBP-p, but
not C/EBP-8 blocked C/EBP activity. Moreover, binding was abolished in the presence of
excess unlabeled probe.

DISCUSSION

Neutrophils constitute the first line of host defense. They rapidly appear at inflammatory
sites and generate mediators to destroy pathogens, dead cells, and debris. To exert their
biological activity however, neutrophils must remain at these sites and their survival must be
prolonged. In this regard, a number of studies have demonstrated that apoptosis is reduced in
neutrophils accumulating at sites of injury and that this process is regulated by inflammatory
mediators (Chilvers et al., 1998; Fossati et al., 1998; Whyte et al., 1999; Droemann et al.,
2000). In the present studies we analyzed signaling pathways induced by inflammatory
mediators that may regulate neutrophil survival in the lung vasculature during endotoxin-
induced tissue injury.
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We found that adherent vascular neutrophils from the lungs of endotoxin treated animals
exhibited prolonged survival and decreased apoptosis in culture when compared to cells
from control animals. Moreover, these responses were increased in the presence of TPA.
These findings suggest that protein kinase C plays a role in regulating survival and apoptosis
in neutrophils. This is supported by the observation that GM-CSF, a potent inducer of
neutrophil survival, also mediates its action via protein kinase C (Deshpande et al., 1997;
Coxon et al., 1999; Robertson et al., 1999; Matute-Bello et al., 2000). Our findings are
consistent with previous studies demonstrating that TPA blocks apoptosis in peripheral
blood monocytes and neutrophils (Gabrielson et al., 1992; Pae et al., 2000). In contrast to
TPA, IFN-vy reduced or had no effect on the survival of adherent vascular lung neutrophils
in culture. IFN-y has previously been reported to increase survival of human peripheral
blood neutrophils (Colotta et al., 1992). Differences between our results may be due to
distinct species and tissue origin of the two neutrophil populations, as well as differences in
the treatment times (20 h vs. 48-96 h).

Mcl-1 is thought to play a role in delaying the death of myeloid cells (Nolan et al., 1999;
Abe and Saito, 2000a,b). We found that acute endotoxemia resulted in a rapid and persistent
induction of Mcl-1 in adherent vascular lung neutrophils, suggesting that prolonged survival
is mediated, at least in part, by this protein. This is supported by findings that LPS treatment
increases Mcl-1 in human peripheral blood neutrophils (Nolan et al., 1999). Interestingly,
despite its ability to promote the survival of cultured neutrophils from endotoxin treated rats,
TPA had no effect on Mcl-1 expression by the cells. TPA has been reported to induce Mcl-1
in ML-1 myeloid leukemia cells (Kozopas et al., 1993) and to phosphorylate and activate
this protein in BL4 Burkitt lymphoma cells (Domina et al., 2000). Inhibition of spontaneous
apoptosis in peripheral blood lymphocytes by TPA has also been correlated with induction
of Mcl-1 (Lomo et al., 1996). It is likely that TPA exerts distinct actions on normal and
transformed cells and/or cells of the myeloid and lymphoid lineage which could account for
differences in our findings. The fact that TPA did not alter levels of Mcl-1 in adherent
vascular lung neutrophils suggests that expression of this protein was not sufficient to
prolong the survival of these cells and that additional signaling events are required. IFN-y,
at relatively high concentrations (1000 U/ml) has been reported to induce Mcl-1 expression
and promote survival of human umbilical cord-blood derived eosinophils (Druilhe et al.,
1998). Our findings that IFN-v did not induce Mcl-1 expression in adherent vascular lung
neutrophil are in accord with its lack of effect on survival of these cells and suggest that the
response to this cytokine may be cell type or species specific and/or related to
concentrations utilized.

The MAPK are a family of enzymes that participate in downstream signaling initiated by
inflammatory mediators such as TPA and IFN-y (Stadheim and Kucera, 1998; Zhuang et
al., 1998). Activation of the MAPK pathway has been shown to delay apoptosis in a number
of cell types (Perkins et al., 1996). Acute endotoxemia was associated with a rapid and
prolonged increase in total p38 and p44/42 MAPK expression in adherent vascular
neutrophils. These findings suggest that these proteins may contribute to neutrophil survival.
A similar increase in MAPK has been reported previously in LPS treated macrophages
(Valledor et al., 2000). TPA was found to increase p38 MAPK expression in adherent
vascular lung neutrophils but only after relatively prolonged incubation times (20 h) in
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culture. These findings demonstrate that these cells remain primed to respond to
inflammatory signals (Pae et al., 2000) and are consistent with the time course of activation
of MAPK by TPA in RAW 264.7 cells (Shiraishi et al., 1999). The fact that this was
observed in cells from both control and endotoxin treated rats suggests that p38 MAPK does
not play a major role in TPA-induced survival. We also found that lung neutrophils from
control animals constitutively expressed activated phospho-p38 MAPK. p38 MAPK has
been shown to be constitutively phosphorylated and activated during spontaneous apoptosis
of neutrophils (Aoshiba et al., 1999) and a similar activity may occur in adherent vascular
lung neutrophils from control animals. In contrast, expression of phospho-p38 MAPK was
decreased in neutrophils from endotoxin treated rats, suggesting that this protein is not
required for neutrophil survival. In rat adherent vascular lung neutrophils, TPA had no effect
on phospho-p38 MAPK expression, which is distinct from the response of human peripheral
blood leukocytes (Zu et al., 1998). Differences in these results may be attributed to unique
actions of TPA on circulating and adherent cells and provide additional support for the idea
that these neutrophil subpopulations are distinct. Our inability to detect phospho-p44/42
MAPK in these cells may be due to proteases which inactivate phospho-p44/42 MAPK in
lung neutrophils (Mynott et al., 1999). As observed in SV40-transformed mouse
macrophages (Kovarik et al., 1999), IFN-y had no effect on expression of either p38 or
p44/42 MAPK in neutrophils.

Inositol lipids generated via PI13K have been implicated in the regulation of cell
proliferation, survival, and differentiation, as well as in various inflammatory responses
(Vanhaesebroeck and Alessi, 2000). Induction of acute endotoxemia caused a dramatic
increase in expression of PI3K, as well as PKB-a. in adherent vascular lung neutrophils
isolated 24 h post exposure. These results are consistent with reports of induction of PI3K
and PKB by LPS in cultured macrophages (Salh et al., 1998). Our findings that TPA had no
effect on expression of these proteins suggest that in adherent vascular lung neutrophils,
TPA does not utilize the PI3K/PKB-a pathway to promote survival. IFN-y also had no
effect on expression of PI3K or PKB-a in lung neutrophils. This is in accord with findings
in human peripheral blood neutrophils (Aas et al., 1999) and B cells (Su and David, 1999).

A number of genes involved in cell survival are regulated by transcription factors such as
NF-xB (Wang et al., 1999). However, whether NF-xB promotes or prevents apoptosis
appears to depend on the cell type (Barkett and Gilmore, 1999). Adherent vascular lung
neutrophils from endotoxin treated, but not control rats, were found to exhibit constitutive
NF-xB nuclear binding activity. Interestingly, this activity was inhibited by TPA. Previous
studies have demonstrated a direct correlation between levels of NF-xB and apoptosis in
developing chick embryos (Abbadie et al., 1993). Similarly, apoptosis induced by serum
starvation in 293 embryonic kidney cells was prevented by a dominant-negative RelA
mutant (Grimm et al., 1996). These studies suggest that NF-xB promotes programmed cell
death. The ability of TPA to prolong survival of cells from endotoxin treated rats may be
directly related to its suppressive effects on NF-xB. In contrast TPA was found to induce
C/EBP nuclear binding activity, but only in cells from control animals. C/EBP transcription
factor activity has been reported to be required for TPA responsiveness in keratinocytes
(Agarwal et al., 1999) and may similarly control lung neutrophil responses to TPA. IFN-y
was also found to induce C/EBP activity in these cells. These data suggest that upregulation
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of C/EBP may be a general response to inflammatory mediators under homeostatic
conditions. Our studies are in accord with previous reports that IFN-y induces C/EBP in
J774.2 macrophages (Tengku-Muhammad et al., 2000). Induction of acute endotoxemia
resulted in decreased C/EBP nuclear binding activity in cells isolated 2 h post treatment.
Neither TPA nor IFN-y altered this activity suggesting that C/EBP does not mediate the
effects of these mediators on survival of adherent vascular lung neutrophils during
endotoxemia.

The present studies demonstrate that TPA prolongs the survival of neutrophils in the lung
vasculature during acute endotoxemia. This was correlated with decreased NF-xB nuclear
binding activity. Further studies using pharmacological inhibitors of NF-xB are needed to
determine its precise role in regulating survival of neutrophils in the lung during acute
endotoxemia.
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Fig. 1.
Effects of endotoxin administration to rats on survival of adherent lung neutrophils. Cells

isolated from control (CTL) animals or 2, 12, 24, and 48 h after endotoxin administration to
rats were cultured in the presence of medium control, IFN-y (1) and/or TPA (T). The
percentage of surviving cells was calculated 20 h later as described in the Materials and
Methods. Values represent the mean + SE (n = 3-9). @Significantly different from CTL
animals. PSignificantly different from cells cultured with medium.
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Fig. 2.

Effects of TPA and IFN-y on DNA fragmentation. Neutrophils isolated from control (CTL)
animals or 2 h after endotoxin (ETX) administration were cultured for 20 h with medium
(Med), IFN-y (I) and/or TPA (T). Upper panel: Soluble DNA extracts were analyzed on
agarose gels and visualized using ethidium bromide. One representative gel from three
separate experiments is shown. Lower panel: Cellular fluorescence intensity indicative of
apoptosis was assessed using a Meridian ACAS 570. The color bar represents fluorescence
on a four decade log scale. The color version of this figure is available online at

www.interscience.wiley.com
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Fig. 3.

Effects of TPA and IFN-y on Mcl-1, MAPK, PI3K, and PKB-a expression. Neutrophils
isolated from control (CTL) animals or 2 or 24 h after endotoxin (ETX) administration were
treated for 1 h (upper panel) or 20 h (lower panel) with medium control (lane 1), IFN-y
(lane 2), TPA (lane 3), or TPA + IFN-y (lane 4). Extracts were analyzed by Western
blotting as described in the Materials and Methods. One representative gel from three
separate experiments is shown.
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Fig. 4.
Effects of acute endotoxemia on NF-xB nuclear binding activity. Neutrophils isolated from

control (CTL) animals or 2 h after endotoxin (ETX) administration were treated with
medium control (Med), IFN-y, TPA, or TPA + IFN-y (I + T) for 1 h. Nuclear extracts were
analyzed for NF-xB binding activity using a gel retardation assay. Extracts prepared from
medium treated cells isolated 2 h post endotoxin were incubated on ice for 15 min with
antibodies to the p50 or p65 subunits of NF-xB (1 g), or 40-fold excess of unlabeled cold
competitor (Comp) prior to the labeled probe. One representative gel from three separate
experiments is shown.
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Fig. 5.
Effects of acute endotoxemia on C/EBP nuclear binding activity in adherent vascular lung

neutrophils. Cells isolated from control (CTL) animals or 2 h after endotoxin (ETX)
administration were treated with medium control (Med), IFN-y (IFN), TPA, or TPA + IFN-
v (I +T) for 1 h. Nuclear extracts were analyzed for C/EBP binding activity by a gel
retardation assay. Extracts prepared from IFN-vy treated cells were incubated on ice for 15
min with antibodies to C/EBP- and/or C/EBP-6 (1 mg), or 40-fold excess of unlabeled
cold competitor (Comp) prior to the labeled probe. One representative gel from three
separate experiments is shown.
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