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ABSTRACT

Previously, two anti-Ly-6G mAb—RB6-8C5 and 1A8—
have been used to deplete neutrophils in mice and to
clarify their involvement in immune responses. During
the course of experiments on neutrophil depletion, we
noticed that i.v. injection of RB6-8C5 or 1A8 induced
anaphylaxis-like shock in mice pretreated i.v. with LPS.
Signs of shock, such as hypothermia, appeared within a
few minutes, and the mice died of shock within 20 min
of the antibody injection. In vivo experiments, including
depletion of various cell types, indicated that neutro-
phils and macrophages (but not platelets, basophils, or
mast cells) are involved in the shock. Experiments us-
ing various drugs and gene-targeted mice demon-
strated that PAF is the central mediator of the shock.
Optimal LPS priming required at least 1 h, and the prim-
ing was associated with neutrophil accumulation within
pulmonary and hepatic blood vessels. Consistently, fol-
lowing 1A8 injection into LPS-pretreated mice, the
mMRNA for LysoPAFAT (a PAF biosynthetic enzyme) was
markedly up-regulated in neutrophils accumulated in
the lung but not in macrophages. These results sug-
gest that (1) stimulation of Ly-6G on LPS-primed neu-
trophils induces PAF-mediated anaphylaxis-like shock
in mice, (2) neutrophils are primed by LPS during and/or
after their accumulation in lung and liver to rapidly in-
duce LysoPAFAT, and (3) macrophages may play a piv-
otal role in the priming phase and/or in the challenge
phase by unknown mechanisms. These findings may be
related to adult respiratory distress syndrome, although
the natural ligand for Ly-6G remains to be identified.
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Introduction

Neutrophils are essential effector cells within the innate im-
mune system. To clarify their functions, neutrophil depletion
by means of RB6-8C5 mAb has been used in various murine
disease models [1-3]. RB6-8C5 was originally reported to rec-
ognize Gr-1, a surface antigen that was believed to be present
only on mature granulocytes [4]. Subsequent studies revealed
that Gr-1 antigen belongs to the Ly-6 gene family, that Ly-6G is
the major antigen detected by RB6-8Cb, and that this antigen
is expressed on neutrophils [5]. However, RB6-8C) also binds
to Ly-6C, which is expressed on neutrophils, DCs, and sub-
populations of lymphocytes and monocytes [6]. Thus, in vivo
administration of RB6-8C5 might deplete not only neutrophils
but also other Gr-1" cells. In this context, Daley et al. [6] pro-
posed the use of an Ly-6G-specific mAb, 1A8, to deplete neu-
trophils.

The Ly-6 locus on mouse chromosome 15 comprises a family
of Ly-6 proteins, including Ly-6C and Ly-6G molecules [7, 8].
The mouse Ly-6 molecules are GPI-anchored, cell-surface gly-
coproteins. Despite their use as hematopoietic differentiation
markers, little is known about their physiological functions,
although it has been suggested that some Ly-6 molecules may
be involved in cell signaling and cell adhesion [7, 8].

PAF, a potent phospholipid mediator with diverse biological
activities, induces such phenomena as platelet activation, air-
way constriction, hypotension, and vascular permeation [9]. In
addition to its role as a physiological mediator, PAF plays a
dominant role as a mediator of anaphylaxis [10]. PAF, which
acts by binding to a G protein-coupled seven-transmembrane
receptor [9, 11], is synthesized by a variety of cells (including
neutrophils, eosinophils, monocytes, macrophages, mast cells,
and endothelial cells) via two distinct pathways—de novo and
remodeling pathways [9, 12]. The latter is regulated by extra-
cellular signals and plays a critical role in stimulus-coupled
PAF biosynthesis [12]. The initiation of this remodeling path-
way requires membrane-phospholipid hydrolysis by PLA,. This
enzyme supplies LysoPAF, a direct precursor of PAF, and the
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LysoPAF is then converted to PAF by LysoPAFAT [12]. Among
the many different types of PLA,, cytosolic PLA,« is essential
for producing PAF through the remodeling pathway [13]. Re-
cently, Shindou et al. [14] identified the LysoPAFAT gene,
and they designated the relevant enzyme LysoPAFAT/LP-
CAT2.

During the course of experiments on neutrophil depletion,
we noticed that i.v. injection of RB6-8C5 or 1A8 induced ana-
phylaxis-like shock in mice pretreated with LPS. Shock signs
began within a few minutes, and the mice died of shock within
20 min of the antibody injection. These findings tempted us to
hypothesize that such events, in which neutrophils play impor-
tant roles, may occur in patients developing infectious dis-
eases. Thus, in the present study, we examined the mechanism
underlying the shock induced by a combination of LPS and a
given anti-Ly-6G mAb. Using various drugs and mice, we dem-
onstrated that the shock is mediated by PAF, neutrophils, and
macrophages.

MATERIALS AND METHODS

Animals

BALB/c mice were provided by the Institute for Animal Experimentation,
Tohoku University Graduate School of Medicine (Sendai, Japan), whereas
C57BL/6, C3H/HeN, C3H/He], and WBB6F1-W/W” mice were purchased
from SLC (Shizuoka, Japan). BALB/c IL-1 KO mice (deficient in IL-1a and
IL-1B), BALB/c TNF-a KO mice, and BALB/c IL-1 plus TNF-a KO mice
were established from original IL-1a KO, IL-18 KO, and TNF-a KO mice
[15, 16]. C57BL/6 HDC KO mice [17, 18], C57BL/6 HIR KO mice [19],
and C57BL/6 TLR2 KO mice [20] were established as described previously.
C57BL/6 PAFR KO mice were provided by the RIKEN BioResource Center
through the National BioResource Project of the Ministry of Education,
Culture, Sports, Science and Technology (Japan) [10]. Male BALB/c mice
(8—12 weeks old) were used in the present study, unless indicated other-
wise. All procedures complied with the Guidelines for the Care and Use of
Laboratory Animals in Tohoku University.

Reagents

An anti-Gr-1 mAb (RB6-8C5, rat IgG2b) and an anti-mouse platelet mAb
(Pm-1, rat IgG) were purified from the ascites fluid of the respective hy-
bridoma cells [1, 21]. Although the molecular antigen for Pm-1 has not
been identified, Pm-1 has been shown to deplete platelets in mice [22, 23].
An anti-CD200R mAb (Bal03, rat IgG2b) was kindly provided by Dr.
Hajime Karasuyama (Tokyo Medical and Dental University, Tokyo, Japan)
[24]. Other agents used and their suppliers were as follows: anti-Ly-6G
mAb (1A8, rat IgG2a, BioLegend, San Diego, CA, USA); anti-Ly-6C mAb
(ER-MP20, rat IgG2a, GenWay Biotech, San Diego, CA, USA); isotype con-
trol mAb (RTK4530, rat IgG2b, BioLegend); control rat IgG (Rockland Im-
munochemicals, Gilbertsville, PA, USA); LPS from Escherichia coli O55:B5,
prepared by a phenol extraction method (Sigma-Aldrich, St. Louis, MO,
USA); synthetic E. coli-type lipid A (compound 506, Peptide Institute,
Osaka, Japan); PAFR antagonist, WEB-2086, 4-(2-chlorophenyl)-9-methyl-2-
(3-morpholino-3-oxo-propyl)-6 H-thieno[3,2-f] [1, 2, 4]triazolo[4,3-a] [1,
4]diazepine (Enzo Life Sciences, Farmingdale, NY, USA); antioxidant NAC
(Wako Pure Chemical Industries, Osaka, Japan); free radical scavenger,
edaravone, 3-methyl-1-phenyl-2-pyrazolin-5-one (Mitsubishi Wellpharma,
Osaka, Japan); NOS inhibitor L-NAME (Sigma-Aldrich); and glucocorticoid
anti-inflammatory agent, dexamethasone 21-phosphate disodium salt
(Sigma-Aldrich). All of the mAb and reagents used were dissolved in sterile
saline. Experimental protocols are described in the text or in the legend to
the figure relating to each experiment.
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Evaluation of shock

Rectal temperature was measured using a digital thermometer (TD-300,
Shibaura Electronics, Saitama, Japan) just before the challenge and then
every 10 min for 1 h. At the same time, mouse activity was assessed, and
the maximal severity of rapid shock was scored as described elsewhere [25];
the scoring system was: 0 (no signs of shock), 1 (staggering), 2 (crawling
and prostration), 3 (prostration and weak convulsions), 4 (prostration and
strong convulsions), and 5 (death).

Blood cell counts and flow cytometry

Mice were decapitated, and peripheral blood was collected in test tubes
containing EDTA-2Na (final concentration, 1 mg/ml blood). A 20-ul ali-
quot of the blood was taken and subjected to the estimation of RBCs,
WBCs, and platelets by means of a Celltac hematology analyzer (MEK-5258,
Nihon Kohden, Tokyo, Japan). The rest of the blood was subjected to im-
munofluorescence analysis to determine the percentage of neutrophils
among WBCs. RBCs were removed by hypotonic lysis, and the remaining
cells were incubated with an anti-Gr-1 mAb (RB6-8C5), followed by FITC-
labeled donkey anti-rat IgG (Jackson ImmunoResearch Laboratories, West
Grove, PA, USA). Cells were analyzed using FACSCalibur with CellQuest
software (BD Biosciences, San Jose, CA, USA). Cells were gated on WBCs
by standard forward- and side-scatter properties, and the percentage of
Gr-1"8" cells among the WBCs was determined. Although there are Gr-1*
blood cells other than neutrophils, a high expression of Gr-1 is limited to
neutrophils [6].

Cell sorting

Lungs were removed from decapitated mice and transferred into Petri
dishes containing RPMI-1640 medium with 5% FCS and 4 mM EDTA.
Then, the lungs were minced with scissors into pieces not exceeding 2 mm
in diameter and mashed with the rubber end of a syringe plunger. The
cells were filtered through a 70-um cell strainer (BD Biosciences), and
RBCs were removed by hypotonic lysis. The remaining cells were incubated
with an anti-Ly-6G mAb (1A8), followed by the above FITC-labeled donkey
anti-rat IgG, and then incubated with R-PE-labeled anti-F4/80 mAb (CI:
A3-1, Serotec, Oxford, UK). Neutrophils (Ly-6G"*#"), macrophages (Ly-6G~
F4/80"), and other cells (Ly-6G~ F4/807) were sorted using FACSAria 11
with Diva software (BD Biosciences).

MPO activity assay

MPO activity can be used as a marker for tissue neutrophil content [26].
Left lungs, left liver lobes, and spleens were removed from decapitated
mice and weighed. Each left liver lobe was cut into pieces, each weighing
~b50 mg before being weighed. These tissue samples were frozen immedi-
ately on dry-ice and stored at —80°C. After thawing, samples were homoge-
nized (using an HG 30 homogenizer, Hitachi, Tokyo, Japan) for 30 s in 2
ml 50 mM sodium phosphate buffer (pH 7.4) containing 10 mM N-ethyl-
maleimide. Tissue homogenates were centrifuged for 30 min at 10,000 g at
4°C. The resulting pellets were resuspended in 0.5% hexadecyltrimethylam-
monium bromide in 50 mM sodium phosphate buffer (pH 5.4; 1 ml/50
mg tissue), and they were subjected to sonication, three freeze/thaw cycles,
and further sonication. Then, these suspensions were centrifuged for 30
min at 10,000 g at 4°C, and supernatants were collected and stored at
—80°C for later use. MPO activity was determined by measuring the H,O,-
dependent oxidation of TMB. Test samples and MPO standard (Alexis Bio-
chemicals, San Diego, CA, USA) were added to a 96-well plate and reacted
with 1.6 mM TMB and 0.3 mM H,O, in 50 mM sodium phosphate buffer
(pH 5.4) in the dark for 20 min at room temperature. Then, the reaction
was stopped by the addition of 1 M phosphoric acid. The absorbance of
each sample or standard was measured at 450 nm using a microplate
reader (Sunrise remote, Tecan Austria, Grodig, Austria). The concentra-
tion of MPO in each sample was calculated from the standard curve. In
parallel, each sample was run additionally with 30 uM of the specific MPO
inhibitor, 4-aminobenzoic acid hydrazide [27]. The remaining peroxidase
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Figure 1. Anti-Ly-6G mAb induce rapid decrease in rectal temperature
and death in LPS-pretreated mice. Mice were injected i.v. with saline or
LPS (10 ug/kg). Two hours later, the mice were challenged with one of
four mAb (500 ug/kg, iv.): RB6-8C5 (anti-Gr-1; A), RTK4530 (isotype
control; B), 1A8 (anti-Ly-6G; C), and ER-MP20 (anti-Ly6C; D). Rectal
temperature was measured at the indicated time-points and expressed as
temperature change versus time 0. Results are means * sp; n = 4. Num-
bers attached to data points in C indicate the number of mice still alive at
the indicated time-points. The maximal shock scores allocated to individ-
ual mice in the 1st h after the challenge are shown within parentheses.
*P < 0.01 versus saline-primed mice at the same time-point.

activity was subtracted from the enzyme activity obtained in the absence of
4-aminobenzoic acid hydrazide.

Immunohistochemistry

Fresh lungs and livers were fixed in 4% paraformaldehyde overnight at
4°C. The lungs and livers were then embedded in paraffin and cut at 5 or
3 um thickness, respectively. These sections were deparaffinized, washed
three times with PBS, and treated with 0.1% saponin. After washing, the
sections were incubated in PBS containing 3% normal goat serum for 20
min and then treated with RB6-8C5 (0.1 wg/ml PBS) overnight at 4°C. Af-
ter washing, the sections were incubated for 1 h with Simple Stain Mouse
MAX PO (Rat; Nichirei Biosciences, Tokyo, Japan) as a secondary anti-
body. After washing, the sections were visualized with the aid of 0.025%
3,3'-diaminobenzidine and 0.01% H,O, in 0.05 M Tris buffer (pH 7.6) and
counterstained with Mayer’s hematoxylin.

Quantitative RT-PCR

To examine the activation of the remodeling pathway of PAF synthesis in
certain tissues and cells, we analyzed the mRNA expression levels of
LysoPAFAT/LPCAT?2 [14], as described below. Whole left lungs or sorted
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cells from lungs were lysed in 1 ml Isogen (Nippon Gene, Toyama, Japan),
and total RNA was extracted as described in the manufacturer’s instruction
manual. cDNA synthesis was carried out using a First Strand cDNA synthe-
sis kit (Roche Diagnostics, Indianapolis, IN, USA). Real-time PCR was per-
formed using LightCycler FastStart DNA Master SYBR Green I and the
LightCycler 1.5 system (Roche Diagnostics). The primers used for PCR
were as follows: LysoPAFAT/LPCAT2, forward 5'-GTCCAGCAGACTAC-
GATCAGTG-3' and reverse 5'-CTTATTGGATGGGTCAGCTTTTC-3';
GAPDH, forward 5'-ATGTGTCCGTCGTGGATCTG-3" and reverse 5'-
GGTGGAAGAGTGGGAGTTGC-3' (Nihon Gene Research Laboratories,
Sendai, Japan). The PCR conditions were 35 cycles of 95°C for 10 s, 64°C
for 10 s, and 72°C for 10 s for each primer. The product size for each
primer was 167 bp. The levels of LysoPAFAT/LPCAT2 mRNA were normal-
ized to those of GAPDH mRNA.

Treatment of mice with Clo-lip

A suspension of Clo-lip was prepared according to a method described pre-
viously [28, 29]. The original suspension of Clo-lip was twofold-diluted us-
ing PBS, and the diluted suspension was injected i.v. at 0.1 ml/10 g body
weight. PBS-lip were used as a control.

Statistical analysis

Experimental values are expressed as means * sp. The statistical signifi-
cance of differences was assessed using a two-tailed unpaired ¢ test with a
Welch correction. Data were analyzed by means of a two-way ANOVA, fol-
lowed by a Bonferroni post hoc test for multiple comparisons (see Fig.
6D). Values of P <0.01 were considered to indicate significance.

RESULTS

Anti-Ly-6G mAb induce anaphylaxis-like shock in
LPS-pretreated mice

Injection of RB6-8C5 induced rapid hypothermia and death in
mice pretreated with LPS (Fig. 1A). In these mice, apparent signs
of shock (such as staggering) started at 3—4 min, and death oc-

curred within 20 min. No obvious signs of shock were observed
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Figure 2. Effect of time interval between LPS and RB6-8C5 injections
on subsequent shock. Mice were challenged with RB6-8C5 (1 mg/kg,
i.v.) in one of three ways: (1) the RB6-8C5 given alone (nonprimed;
same data shown in A and B), (2) simultaneously with LPS (10 ng/kg,
i.v.; interval=0 h; data shown in A), or (3) after LPS (interval=0.5-20
h; data split between A and B). In other respects, the explanation of
the figure is the same as for Fig. 1. *P < 0.01 versus nonprimed mice
at the same time-point.
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in mice not pretreated with LPS (Fig. 1A). An isotype control
mAb, RTK4530, did not induce any shock signs in LPS-pretreated
mice (Fig. 1B). As RB6-8C5 reportedly binds to Ly-6G and Ly-6C
[6], we next tested 1A8 (anti-Ly-6G mAb) and ER-MP20 (anti-
Ly-6C mAb) as substitutes for RB6-8C5. 1A8 yielded essentially
the same results as RB6-8C5 (Fig. 1C), but ER-MP20 had no ef-
fect (Fig. 1D). These results suggest that antibody binding to
Ly-6G antigen, a specific surface marker of neutrophils [6], in-
duces the above anaphylaxis-like shock in LPS-pretreated mice.
The following experiments were conducted mainly using RB6-
8Cb, as 1A8 hybridoma was not available when we started this
study. First, we examined the effects of varying the time interval
between the LPS and RB6-8C5 injections on the severity of the
shock, as well as the effects of varying the doses of LPS and RB6-
8Cbh. Lethal shock was observed when the time interval was 1, 4,
8,12, or 16 h (Fig. 2; data for 4, 8, and 12 h are not shown). It
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should be noted that in nonprimed mice, injection of RB6-8CH at
this dose (1 mg/kg) caused weak shock signs (Fig. 2), together
with a slight decrease in rectal temperature, whereas no shock
signs were induced by a lower dose (500 ug/kg; Fig. 1A). In four
mice injected i.v. with RB6-8C5 (1 mg/kg), followed 1 h later by
LPS (10 pg/kg; the reverse of the above order), no shock signs
were observed (data not shown). The shock was dependent on
the dose of LPS and RB6-8C5 (Fig. 3A and B, respectively). In
addition, synthetic lipid A—the active principle of LPS [30]—
exhibited essentially the same priming ability as LPS (Fig. 3C).

Recruitment of neutrophils from peripheral blood to

lung and liver in the LPS-induced priming phase

In the following experiments, we elected to use 10 ug/kg LPS for
priming, 500 ug/kg RB6-8C5 for challenge, and a 2-h time inter-
val between LPS and RB6-8C5H, as at these doses and at this time
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interval, maximal shock was observed (see previous section). An
influx of inflammatory cells, such as neutrophils, into susceptible
organs (including lung, liver, and spleen), is thought to be an
important feature of LPS-induced tissue injury [31]. We therefore
investigated neutrophil kinetics in peripheral blood and these
organs during the LPS-induced priming phase. The RBC and
platelet counts remained almost constant during the priming
phase (Fig. 4A and B), whereas the WBC count tended to de-
crease from 1 h after the LPS injection (Fig. 4C). The percentage
of Gr-1"#" cells (neutrophils) among WBCs was significantly de-
creased at 1 h after LPS (Fig. 4D). Concomitantly, lung MPO
activity exhibited a significant increase (Fig. 4E). Lagging slightly
behind the pulmonary MPO increase, liver MPO activity was sig-
nificantly increased at 1.5 h after LPS (Fig. 4F). In contrast,
spleen MPO activity remained fairly constant throughout the ex-
perimental period (Fig. 4G). These results indicate that circulat-
ing neutrophils are recruited to lung and liver at about 1 and

1.5 h, respectively, after a LPS injection.

Stimulation of neutrophils within pulmonary and
hepatic blood vessels after RB6-8C5 challenge in LPS-
pretreated mice

We next investigated blood cell kinetics during the RB6-8C5-in-
duced challenge phase (Fig. 5A-D). The RBC count of mice
given LPS plus RB6-8C5 increased rapidly and markedly after the
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RB6-8C5 injection (Fig. 5A). This hemoconcentration may be
explained as occurring as a result of the vascular leakage of
plasma that accompanies severe anaphylaxislike shock [32]. In
contrast, the platelet count of mice given LPS plus RB6-8C5 dis-
played a rapid and marked decrease after the RB6-8C5 (Fig. 5B).
With or without LPS pretreatment, the percentage of Gr-1"&" cells
among WBCs decreased rapidly after RB6-8C5 (Fig. 5D).

In line with the results of the MPO assay (Fig. 4, E and F), a
marked accumulation of Gr-1"#" cells was observed in the
lung and liver of mice given LPS plus saline or LPS plus RB6-
8C5 (versus the control groups; Fig. 5E). These Gr-1"8" cells
were localized within the pulmonary and hepatic blood vessels.
Moreover, Gr-1"#" cell aggregates were observed within the
pulmonary and hepatic blood vessels of mice given LPS plus
RB6-8C5 (rightmost panels in Fig. 5E).

Involvement of PAF in the shock induced by LPS
plus RB6-8C5
To clarify the molecular mechanism underlying LPS + RB6-8C5-
induced shock, we looked for differences in sensitivity among
various mice (Table 1), and we also evaluated the modulating
effects of various drugs on the severity of the shock (Table 2).
LPS stimulates innate immunity via TLR4 [33]. Unlike con-
trol C3H/HeN mice, C3H/He] mice (with a mutated, dysfunc-
tional TLR4) were resistant to LPS + RB6-8Cbh-induced shock
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sus mice given saline fol-
lowed by saline; #P < 0.01
versus mice given LPS fol-
lowed by saline. (E) Lung
and liver specimens were
sampled at 5 min after the
saline or RB6-8C5 chal-
lenge, and tissue sections
were stained with RB6-8C5
and secondary antibody
(brown). Arrows show
Gr-1"8" cell aggregates.
Data are representative of
three independent experi-
ments. Original bars repre-
sent 50 wm.

—&— LPS — RB6-8C5

O

Gr-1high cell (% of WBC)

LPS — RB6-8C5
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TABLE 1. Sensitivities to the Shock Induced by LPS Plus

RB6-8C5 in Various Mice

Genetic background Shock score Mortality
C3H/HeN 5 4/4
C3H/He] 0« 0/4
C57BL/6 5 6/6
C57BL/6 TLR2 KO 5¢ 5/5
C57BL/6 HDC KO 5¢ 4/4
C57BL/6 HIR KO 5¢ 7/7
C57BL/6 PAFR KO 3,3,3,2 0/4"
BALB/c 5¢ 4/4
BALB/c IL-1 KO 5¢ 5/5
BALB/c TNF-a KO 5¢ 5/5
BALB/c IL-1 and TNF-o KO 5¢ 5/5
WBB6F1-W/W” 5¢ 4/4

Male mice (8-12 weeks old) were injected with LPS (10 ug/kg,
i.v.), followed 2 h later by RB6-8C5 (500 ug/kg, i.v.). “All mice tested
within a given group were allocated the same shock score. “The rectal
temperature changes in the same experiment are shown (see Fig. 6B).

(Table 1). Although TLR2 has also been implicated in the sig-
naling induced by some types of LPS [34], TLR2 KO mice
were sensitive to shock induction by the LPS used in this study
plus RB6-8CH (Table 1). IL-1 and TNF-« are important inflam-
matory mediators produced by immunocompetent cells, such
as macrophages, in response to LPS. However, IL-1 KO mice,
TNF-a KO mice, and IL-1 plus TNF-a KO mice were all sensi-
tive to LPS + RB6-8Cbh-induced shock (Table 1).

Recent studies have suggested that histamine and PAF are
two major mediators of murine anaphylaxis [35, 36]. However,
HDC KO mice, which show histamine deficiency, and HIR KO
mice were sensitive to LPS + RB6-8C5-induced shock (Table
1). On the other hand, WEB-2086, a PAFR antagonist that pre-
vents death being caused by PAF injection in mice [37], pre-
vented the lethal effects of LPS plus RB6-8C5 when injected
before the RB6-8C5 injection but not when injected before the
LPS injection (Fig. 6A and Table 2). In addition, PAFR KO
mice showed resistance to LPS + RB6-8Cbh-induced shock (Fig.
6B and Table 1), as well as to LPS + 1A8-induced shock (Fig.

6C). To look for further evidence of PAF production in re-
sponse to LPS plus RB6-8C5, we examined the mRNA level of
a PAF biosynthetic enzyme, LysoPAFAT/LPCATZ2, in lungs
taken from mice at 5 min after an RB6-8C5 challenge (Fig.
6D). This mRNA level tended to be increased by LPS and was
increased greatly by subsequent RB6-8C5. In contrast, an RB6-
8CbH alone did not increase it. Moreover, dexamethasone,
which attenuates the LPS-induced up-regulation of
LysoPAFAT/LPCAT? in vitro [14], prevented the lethal effects
of LPS plus RB6-8C5 when applied before the LPS (Fig. 6E
and Table 2). These results indicate that LPS + RB6-8C5/1A8-
induced shock is mediated by PAF, not by histamine.

Tissue injury during endotoxemia is often attributed to neu-
trophil-derived ROS [38], and some biological activities of PAF
may be mediated by NO [39]. However, antioxidant pretreat-
ment with NAC or edaravone did not prevent the lethal effects
of LPS plus RB6-8C5, nor did NO synthase inhibition by L-
NAME (Table 2).

Neutrophils and macrophages are involved in shock
induction by LPS plus RB6-8C5

Next, we tried to identify the cells responsible for LPS + RB6-
8C5-induced shock by in vivo depletion of individual cell types
(Table 3).

Prior neutrophil depletion by 1A8 completely prevented
LPS + RB6-8C5-induced shock (Table 3), indicating that neu-
trophils play a central role in this shock and that RB6-8C5
binding to Ly-6C antigen on non-neutrophil Ly-6C™ cells con-
tributes little or nothing to the development of this shock.

Rapid thrombocytopenia shown in Fig. 5B is one of the
characteristic events in platelet-dependent systemic anaphylaxis
[40]. Platelet depletion by Pm-1 prevents anaphylaxis-like
shock being induced in mice by a certain type of LPS [23, 41,
42]. However, such platelet depletion failed to prevent the le-
thal effects of LPS plus RB6-8C5 (Table 3), suggesting that
platelets are not a major mediator of this type of shock.

As previous studies have implicated mast cells, basophils,
and/or macrophages in systemic anaphylaxis [35, 36, 43], we
next focused on these cell types. Mast cell-deficient WBB6F1-
W/W” mice [44] were sensitive to LPS + RB6-8Cbh-induced

TABLE 2. Effects of Various Drugs on the Severity of the Shock Induced by LPS Plus RB6-8C5

Treatment Timing of drug injection Shock score Mortality
None 54 4/4
WEB-2086 (1 mg/kg, i.v.) 10 min before LPS e 4/4
10 min before RB6-8CH 3,2,2,2 0/4°
Dexamethasone (5 mg/kg, i.p.) 120 min before LPS 2,2,2,0 0/4°
NAC (100 mg/kg, i.p.) 60 min before LPS 5 4/4
60 min before RB6-8C5H 5 4/4
Edaravone (8 mg/kg, i.v.) 60 min before LPS 5 4/4
60 min before RB6-8ChH e 4/4
L-NAME (10 mg/kg, i.p.) 30 min before LPS 5 4/4
30 min before RB6-8C5H 5 4/4

Mice were injected with LPS (10 ug/kg, i.v.), followed 2 h later by RB6-8C5 (500 ug/kg, i.v.). Drug treatment was given as indicated in Column
1. “All mice tested within a given group were allocated the same shock score. *The rectal temperature changes in the same experiment are shown

(see Fig. 6A and E).
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PAF production and shock upon Ly-6G stimulation
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Figure 6. PAF is critical for induction of severe anaphylaxis-like shock by LPS plus a given anti-Ly-6G mAb. Mice were injected i.v. with LPS (10
nug/kg), followed 2 h later by an i.v. injection of RB6-8C5 (A, B, and E) or 1A8 (C; 500 pg/kg). Saline or WEB-2086 (1 mg/kg) was injected i.v.
at 10 min before RB6-8C5 (A). PAFR KO mice and WT mice were examined (B and C). Saline or dexamethasone (DEX; 5 mg/kg) was injected
i.p. at 120 min before LPS (E). The explanation of the figure is the same as for Fig. 1. (D) Mice were injected i.v. with saline or LPS (10 ug/kg),
followed 2 h later by an i.v. injection of saline or RB6-8C5 (500 ug/kg). Five minutes later, lungs were collected, and the expression levels of Ly-
soPAFAT/LPCAT2 mRNA and GAPDH mRNA were analyzed by quantitative RT-PCR. Results are means * sp; n = 3. *P < 0.01.

shock (Table 1). Basophil depletion by Bal03 did not prevent
the lethal effects of LPS plus RB6-8C5 (Table 3). In contrast,
macrophage depletion by Clo-lip greatly suppressed LPS +
RB6-8ChH-induced shock, as well as LPS + 1A8-induced shock
(Fig. 7A and B and Table 3). These results indicate that mac-
rophages, but not mast cells or basophils, are involved in

LPS + RB6-8C5/1A8-induced shock.

Macrophages have been reported to play a role in neutro-
phil recruitment into inflamed tissues [45, 46]. Therefore, one
possibility was that the shock-preventing effect of macrophage
depletion might be a result of reduced neutrophil recruitment
into lung and/or liver in response to LPS. However, prior
macrophage depletion by Clo-lip did not affect LPS-induced
neutrophil accumulation in lung and liver (Fig. 7C).

TABLE 3. Effects of Neutrophil, Platelet, Basophil, or
Macrophage Depletion on the Severity of the Shock Induced
by LPS Plus RB6-8C5

Pretreatment Shock score Mortality
Control IgG (8 mg/kg, i.p.) 5¢ 4/4
1A8 (8 mg/kg, i.p.) 0 0/4
Pm-1 (10 mg/kg, s.c.) 5 4/4
Bal03 (80 wg/mouse, i.v.) 5 4/4
PBSip (0.1 ml/10 g, i.v.) 5 4/4"
Clodip (0.1 ml/10 g, i.v.) 2,2,2,1 0/4"

RB6-8C5 (500 ug/kg, i.v.) was injected 2 h after injection of LPS
(10 pg/kg, i.v.) into mice, which had been injected with the indicated
antibodies or liposomes 1 day before the injection of RB6-8C5. We
confirmed that at the doses indicated, 1A8, Pm-1, Bal03, and Clo-lip
depleted mice of most of their neutrophils, platelets, basophils, and
macrophages, respectively (data not shown). “All mice tested within a
given group were allocated the same shock score. “The rectal tempera-
ture changes in the same experiment are shown (see Fig. 7A).

www jleukbio.org

Neutrophils are the source of PAF in response to
LPS plus 1A8

Finally, we tried to identify the cells responsible for PAF pro-
duction by sorting of pulmonary cells obtained from mice
given LPS plus 1A8. The mRNA level of LysoPAFAT/LPCAT?2
was increased significantly in neutrophils (Ly-6G™#") but not
in macrophages (Ly-6G~ F4/80") or in other cells (Ly-6G™ F4/
807; Fig. 8). These results indicate that neutrophils are the
source of PAF in this type of shock.

DISCUSSION

It has been suggested that the triggering of neutrophil activa-
tion requires an initial “priming” stage [47]. Neutrophils are
primed by exposure to inflammatory agents (e.g., LPS) and/or
by adherence to activated endothelium or to the surfaces of
foreign materials. Once neutrophils have been primed within
the circulation, they become trapped, mainly in the pulmonary
microcirculation. Priming not only enhances neutrophil re-
sponses to subsequent stimuli but also fixes neutrophils at the
inflamed site and increases their functional longevity [31, 47].
Given that for the optimal effect of LPS pretreatment, it
needed to be administered at least 1 h before RB6-8C5H, we
suppose that neutrophils may become primed during and/or

after their accumulation in the lung and liver via exposure to
LPS and/or adherence to LPS-activated endothelium, and the
subsequent stimulation of Ly-6G on the primed neutrophils
may lead to their excessive activation, resulting in shock.
Worthen et al. [48] demonstrated that priming human neu-
trophils with LPS results in enhanced production of PAF upon
stimulation with fMLP. Moreover, Shindou et al. [14, 49] re-
ported that long-term (16 h) LPS treatment of murine macro-
phages up-regulates the expression of LysoPAFAT/LPCAT2
and that subsequent short-term stimulation with PAF markedly
augments the activation of this enzyme. The present study sug-
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gests that LysoPAFAT/LPCAT?2 is moderately induced in neu-
trophils by LPS in the priming phase and that the subsequent
stimulation of the Ly-6G on their cell surface rapidly and sub-
stantially induces LysoPAFAT/LPCAT2, resulting in produc-
tion of a large amount of PAF.

Our results indicate the involvement of macrophages in the
LPS + RB6-8C5/1A8-induced shock. Macrophages produce
various inflammatory substances. For example, LPS primes
macrophages for enhanced production of ROS [50] and ara-
chidonic acid metabolites [51] and for an augmented increase
in LysoPAFAT activity [49]. We speculate that in the challenge
phase, macrophages may produce arachidonic acid metabolites
in response to neutrophil-derived PAF. It is also possible that
macrophages may play a role in the priming phase, although
the mechanism remains to be clarified.

In vitro studies suggest a role for Ly-6 molecules in cellular
signaling. Indeed, antibody binding to Ly-6A/E antigen can
trigger T cell activation [52], and GPI anchoring seems to be
critical for Ly-6A/E-mediated T cell activation [53]. In general,

~
(&)
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B PS-1A8
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Figure 8. Identification of PAF-producing cells in lungs of mice given
LPS plus 1A8. Mice were injected i.v. with saline or LPS (10 ug/kg),
followed 2 h later by an i.v. injection of saline or 1A8 (500 ug/kg),
respectively. Five minutes later, lungs were collected, and pulmonary
cells were sorted into three populations: neutrophils (Ly-6G"*#"), mac-
rophages (Ly-6G™ F4/80"), and other cells (Ly-6G~ F4/807). The ex-
pression levels of LysoPAFAT/LPCAT2 mRNA and GAPDH mRNA in
these populations were analyzed by quantitative RT-PCR. Results are
means * sp; n = 3. *P < 0.01.
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most of the GPI-anchored proteins are localized and packed in
the lipid raft, and their cross-linking by suitable antibodies re-
sults in signal transduction, including an increase in the intra-
** concentration and activation of lipid raft-associ-
ated signaling molecules such as tyrosine kinases [54]. For ex-
ample, Morgan et al. [55] showed that antibody cross-linking
of CD59, a Ly-6-related molecule [7, 8], on human neutrophils
causes a rapid increase in the intracellular Ca®* concentration
and also causes ROS production. The remodeling pathway of
PAF biosynthesis consists of two enzymes—cytosolic PLA,«
and LysoPAFAT—each of which exhibits Ca®*-dependent ac-
tivity [14, 56, 57]. In addition, calcium ionophore stimulation
causes maximal PAF production by murine neutrophils within
5 min [13]. Thus, we speculate that antibody binding to Ly-6G
on LPS-primed neutrophils may induce intracellular Ca** mo-
bilization (via an unidentified mechanism), which in turn,
leads to PAF synthesis.

Interestingly, two recent studies reported that cross-linking
of Ly-6G on neutrophils causes neutropenia and death in mice
pretreated with TNF-« [58, 59]. The fatal reaction induced by
TNF-a plus RB6-8C5 resembles the shock reported here, al-
though TNF-a seems not to be involved in LPS + RB6-8C5-
induced shock. The molecular mechanism underlying the fatal
reaction induced by TNF-a plus RB6-8CH has not been fully
clarified, including whether or not PAF is involved [58, 59].
We speculate that cross-linking of Ly-6G on TNF-a-primed
neutrophils may also induce PAF production. Indeed, not only
LPS but also TNF-a has been reported to prime the lethal ef-
fects of PAF in vivo [60]. Thus, LPS and TNF-a may prime
neutrophils via different pathways.

In an isolated, perfused rabbit lung, LPS primes the lung
for enhanced injury in response to PAF [61], suggesting a pos-
sible association with the pathogenesis of acute lung injury
and adult respiratory distress syndrome. Other interesting re-
ports include the following: LPS primes PAF-induced gastroin-
testinal damage and mortality [61]. Norman et al. [59] associ-
ated the fetal reaction induced by TNF-a plus RB6-8C5 with
disseminated intravascular coagulation. Simultaneous injection
of LPS and PAF into rats induces ischemic bowel necrosis
[62]. The PAF-mediated anaphylaxis-like shock induced by
mannan in a certain strain of mouse is augmented by coad-
ministration of LPS or pretreatment with muramyl dipeptide
[41]. These findings and the present study suggest that LPS-

cellular Ca
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associated PAF production is involved in a number of disease
states, including infections and/or anaphylaxis.

In conclusion, the present study suggests that the PAF pro-
duction by neutrophils in response to LPS plus Ly-6G stimula-
tion may be involved in various pathologic conditions, such as
acute lung injury and adult respiratory distress syndrome, al-
though it remains to be clarified which molecule is the natural
ligand for Ly-6G.

AUTHORSHIP

Y.T. performed experiments and wrote the paper. Y.N. de-

signed and performed experiments. T.K. advised on experi-
mental design. Y.E. and S.S. provided overall direction and
edited the paper.

ACKNOWLEDGMENTS

This work was supported by Research Fellowships of the Japan
Society for the Promotion of Science for Young Scientists and
by a grant from Tohoku University (Sendai, Japan) and the
Japan Society for the Promotion of Science (21390529). We
thank Dr. Yoichiro Iwakura for providing IL-1 KO mice and
TNF-a KO mice, Dr. Hiroshi Ohtsu for HDC KO mice,

Dr. Takeshi Watanabe for HIR KO mice, Dr. Shizuo Akira for
TLR2 KO mice, Dr. Fujiro Sendo for hybridoma RB6-8C5, Dr.
Toshiro Nagasawa for hybridoma Pm-1, Dr. Hajime Karasuyama
for purified Bal03 mAb, Dr. Haruhiko Takada for helpful dis-
cussion, and Dr. Robert Timms for language-editing the manu-
script. We also thank the Biomedical Research Core of To-
hoku University Graduate School of Medicine for the use of its
equipment.

REFERENCES

1. Chen, L., Watanabe, T., Watanabe, H., Sendo, F. (2001) Neutrophil de-
pletion exacerbates experimental Chagas’ disease in BALB/c, but pro-
tects C57BL/6 mice through modulating the Th1/Th2 dichotomy in dif-
ferent directions. Eur. J. Immunol. 31, 265-275.

2. Egan, C. E., Sukhumavasi, W., Bierly, A. L., Denkers, E. Y. (2008) Under-
standing the multiple functions of Gr-1" cell subpopulations during mi-
crobial infection. Immunol. Res. 40, 35—48.

3. Ikawa, K., Nishioka, T., Yu, Z., Sugawara, Y., Kawagoe, J., Takizawa, T.,
Primo, V., Nikolic, B., Kuroishi, T., Sasano, T., Shimauchi, H., Takada,
H., Endo, Y., Sugawara, S. (2005) Involvement of neutrophil recruitment
and protease-activated receptor 2 activation in the induction of IL-18 in
mice. J. Leukoc. Biol. 78, 1118-1126.

4. Tepper, R. L., Coffman, R. L., Leder, P. (1992) An eosinophil-dependent
mechanism for the antitumor effect of interleukin-4. Science 257, 548 —
551.

5. Fleming, T. J., Fleming, M. L., Malek, T. R. (1993) Selective expression
of Ly-6G on myeloid lineage cells in mouse bone marrow. RB6-8C5 mAb
to granulocyte-differentiation antigen (Gr-1) detects members of the Ly-6
family. J. Immunol. 151, 2399-2408.

6. Daley, J. M., Thomay, A. A., Connolly, M. D., Reichner, J. S., Albina, J. E.
(2008) Use of Ly6G-specific monoclonal antibody to deplete neutrophils
in mice. J. Leukoc. Biol. 83, 64-70.

7. Bamezai, A. (2004) Mouse Ly-6 proteins and their extended family: mark-
ers of cell differentiation and regulators of cell signaling. Arch. Immunol.
Ther. Exp. (Warsz.) 52, 255-266.

8. Gumley, T. P., McKenzie, I. F., Sandrin, M. S. (1995) Tissue expression,
structure and function of the murine Ly-6 family of molecules. Immunol.
Cell Biol. 73, 277-296.

9. Ishii, S., Shimizu, T. (2000) Platelet-activating factor (PAF) receptor and
genetically engineered PAF receptor mutant mice. Prog. Lipid Res. 39,
41-82.

10. Ishii, S., Kuwaki, T., Nagase, T., Maki, K., Tashiro, F., Sunaga, S., Cao,
W. H., Kume, K., Fukuchi, Y., Ikuta, K., Miyazaki, J., Kumada, M., Shi-

www jleukbio.org

11.

13.

14.

15.

16.

19.

20.

21.

22.

28.

29.

30.

31.

32.

PAF production and shock upon Ly-6G stimulation

mizu, T. (1998) Impaired anaphylactic responses with intact sensitivity to
endotoxin in mice lacking a platelet-activating factor receptor. J. Exp.
Med. 187, 1779-1788.

Honda, Z., Nakamura, M., Miki, I., Minami, M., Watanabe, T., Seyama,
Y., Okado, H., Toh, H,, Ito, K., Miyamoto, T., Shimizu, T. (1991) Cloning
by functional expression of platelet-activating factor receptor from guin-
ea-pig lung. Nature 349, 342-346.

. Prescott, S. M., Zimmerman, G. A., Stafforini, D. M., McIntyre, T. M.

(2000) Platelet-activating factor and related lipid mediators. Annu. Rev.
Biochem. 69, 419-445.

Shindou, H., Ishii, S., Uozumi, N., Shimizu, T. (2000) Roles of cytosolic
phospholipase A, and platelet-activating factor receptor in the Ca-in-
duced biosynthesis of PAF. Biochem. Biophys. Res. Commun. 271, 812-817.
Shindou, H., Hishikawa, D., Nakanishi, H., Harayama, T., Ishii, S., Tagu-
chi, R., Shimizu, T. (2007) A single enzyme catalyzes both platelet-activat-
ing factor production and membrane biogenesis of inflammatory cells.
Cloning and characterization of acetyl-CoA:LYSO-PAF acetyltransferase.
J- Biol. Chem. 282, 6532—6539.

Horai, R., Asano, M., Sudo, K., Kanuka, H., Suzuki, M., Nishihara, M.,
Takahashi, M., Iwakura, Y. (1998) Production of mice deficient in genes
for interleukin (IL)-1a, IL-1B, IL-1a/B, and IL-1 receptor antagonist
shows that IL-18 is crucial in turpentine-induced fever development and
glucocorticoid secretion. J. Exp. Med. 187, 1463-1475.

Tagawa, Y., Sekikawa, K., Iwakura, Y. (1997) Suppression of concanavalin
A-induced hepatitis in TFN-y~~ mice, but not in TNF-a/~ mice: role for
IFN-y in activating apoptosis of hepatocytes. J. Immunol. 159, 1418-1428.

. Ohtsu, H., Kuramasu, A., Tanaka, S., Terui, T., Hirasawa, N., Hara, M.,

Makabe-Kobayashi, Y., Yamada, N., Yanai, K., Sakurai, E., Okada, M.,
Ohuchi, K., Ichikawa, A., Nagy, A., Watanabe, T. (2002) Plasma extravasa-
tion induced by dietary supplemented histamine in histamine-free mice.
Eur. J. Immunol. 32, 1698-1708.

. Ohtsu, H., Tanaka, S., Terui, T., Hori, Y., Makabe-Kobayashi, Y., Pejler,

G., Tchougounova, E., Hellman, L., Gertsenstein, M., Hirasawa, N., Saku-
rai, E., Buzas, E., Kovacs, P., Csaba, G., Kittel, A., Okada, M., Hara, M.,
Mar, L., Numayama-Tsuruta, K., Ishigaki-Suzuki, S., Ohuchi, K., Ichikawa,
A., Falus, A., Watanabe, T., Nagy, A. (2001) Mice lacking histidine decar-
boxylase exhibit abnormal mast cells. FEBS Lett. 502, 53-56.

Inoue, I, Yanai, K., Kitamura, D., Taniuchi, I., Kobayashi, T., Niimura,
K., Watanabe, T. (1996) Impaired locomotor activity and exploratory be-
havior in mice lacking histamine H, receptors. Proc. Natl. Acad. Sci. USA
93, 13316-13320.

Takeuchi, O., Hoshino, K., Kawai, T., Sanjo, H., Takada, H., Ogawa, T.,
Takeda, K., Akira, S. (1999) Differential roles of TLR2 and TLR4 in rec-
ognition of gram-negative and gram-positive bacterial cell wall compo-
nents. Immunity 11, 443-451.

Nagata, Y., Nagahisa, H., Aida, Y., Okutomi, K., Nagasawa, T., Todokoro,
K. (1995) Thrombopoietin induces megakaryocyte differentiation in he-
matopoietic progenitor FDC-P2 cells. J. Biol. Chem. 270, 19673-19675.
Nagata, Y., Shozaki, Y., Nagahisa, H., Nagasawa, T., Abe, T., Todokoro, K.
(1997) Serum thrombopoietin level is not regulated by transcription but
by the total counts of both megakaryocytes and platelets during thrombo-
cytopenia and thrombocytosis. Thromb. Haemost. 77, 808 -814.

. Yamaguchi, K., Yu, Z., Kumamoto, H., Sugawara, Y., Kawamura, H.,

Takada, H., Yokochi, T., Sugawara, S., Endo, Y. (2006) Involvement of
Kupffer cells in lipopolysaccharide-induced rapid accumulation of plate-
lets in the liver and the ensuing anaphylaxis-like shock in mice. Biochim.
Biophys. Acta 1762, 269-275.

. Obata, K., Mukai, K., Tsujimura, Y., Ishiwata, K., Kawano, Y., Minegishi,

Y., Watanabe, N., Karasuyama, H. (2007) Basophils are essential initiators
of a novel type of chronic allergic inflammation. Blood 110, 913-920.

. Zhao, L., Ohtaki, Y., Yamaguchi, K., Matsushita, M., Fujita, T., Yokochi,

T., Takada, H., Endo, Y. (2002) LPS-induced platelet response and rapid
shock in mice: contribution of O-antigen region of LPS and involvement
of the lectin pathway of the complement system. Blood 100, 3233-3239.

. Bradley, P. P., Priebat, D. A., Christensen, R. D., Rothstein, G. (1982)

Measurement of cutaneous inflammation: estimation of neutrophil con-
tent with an enzyme marker. J. Invest. Dermatol. 78, 206-209.

. Fietz, S., Bondzio, A., Moschos, A., Hertsch, B., Einspanier, R. (2008)

Measurement of equine myeloperoxidase (MPO) activity in synovial fluid
by a modified MPO assay and evaluation of joint diseases—an initial case
study. Res. Vet. Sci. 84, 347-353.

Nishioka, T., Kuroishi, T., Sugawara, Y., Yu, Z., Sasano, T., Endo, Y., Sug-
awara, S. (2007) Induction of serum IL-18 with Propionibacterium acnes
and lipopolysaccharide in phagocytic macrophage-inactivated mice.

J. Leukoc. Biol. 82, 327-334.

Van Rooijen, N., Sanders, A. (1994) Liposome mediated depletion of
macrophages: mechanism of action, preparation of liposomes and appli-
cations. J. Immunol. Methods. 174, 83-93.

Luderitz, O., Galanos, C., Lehmann, V., Mayer, H., Rietschel, E. T.,
Weckesser, J. (1978) Chemical structure and biological activities of lipid
A’s from various bacterial families. Naturwissenschaften 65, 578 -585.
Wagner, J. G., Roth, R. A. (1999) Neutrophil migration during endotox-
emia. J. Leukoc. Biol. 66, 10-24.

Munoz, J., Bergman, R. K. (1965) Mechanism of anaphylactic death in
the mouse. Nature 205, 199-200.

Volume 91, March 2012  Journal of Leukocyte Biology 9



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

LB

Poltorak, A., He, X., Smirnova, 1., Liu, M. Y., Van Huffel, C., Du, X,
Birdwell, D., Alejos, E., Silva, M., Galanos, C., Freudenberg, M., Ricciardi-
Castagnoli, P., Layton, B., Beutler, B. (1998) Defective LPS signaling in
C3H/He] and C57BL/10ScCr mice: mutations in Tlr# gene. Science 282,
2085-2088.

Yang, R. B., Mark, M. R., Gray, A., Huang, A., Xie, M. H., Zhang, M.,
Goddard, A., Wood, W. L., Gurney, A. L., Godowski, P. J. (1998) Toll-like
receptor-2 mediates lipopolysaccharide-induced cellular signalling. Nature
395, 284-288.

Finkelman, F. D. (2007) Anaphylaxis: lessons from mouse models. J. Al-
lergy Clin. Immunol. 120, 506-515.

Strait, R. T., Morris, S. C., Yang, M., Qu, X. W., Finkelman, F. D. (2002)
Pathways of anaphylaxis in the mouse. J. Allergy Clin. Immunol. 109, 658 —
668.

Casals-Stenzel, J. (1987) Effects of WEB 2086, a novel antagonist of plate-
let activating factor, in active and passive anaphylaxis. Immunopharmacology
13, 117-124.

Blackwell, T. S., Blackwell, T. R., Holden, E. P., Christman, B. W., Christ-
man, J. W. (1996) In vivo antioxidant treatment suppresses nuclear fac-
tor-k B activation and neutrophilic lung inflammation. J. Immunol. 157,
1630-1637.

Cauwels, A., Janssen, B., Buys, E., Sips, P., Brouckaert, P. (2006) Anaphy-
lactic shock depends on PI3K and eNOS-derived NO. J. Clin. Invest. 116,
2244-2251.

Pinckard, R. N., Halonen, M., Palmer, J. D., Butler, C., Shaw, J. O., Hen-
son, P. M. (1977) Intravascular aggregation and pulmonary sequestration
of platelets during IgE-induced systemic anaphylaxis in the rabbit: abro-
gation of lethal anaphylactic shock by platelet depletion. J. Immunol. 119,
2185-2193.

Funayama, H., Huang, L., Sato, T., Ohtaki, Y., Asada, Y., Yokochi, T.,
Takada, H., Sugawara, S., Endo, Y. (2009) Pharmacological characteriza-
tion of anaphylaxis-like shock responses induced in mice by mannan and
lipopolysaccharide. Int. Immunopharmacol. 9, 1518 -1524.

Yu, Z., Ohtaki, Y., Kai, K., Sasano, T., Shimauchi, H., Yokochi, T.,
Takada, H., Sugawara, S., Kumagai, K., Endo, Y. (2005) Critical roles of
platelets in lipopolysaccharide-induced lethality: effects of glycyrrhizin
and possible strategy for acute respiratory distress syndrome. Int. Immuno-
pharmacol. 5, 571-580.

Tsujimura, Y., Obata, K., Mukai, K., Shindou, H., Yoshida, M., Nishikado,
H., Kawano, Y., Minegishi, Y., Shimizu, T., Karasuyama, H. (2008) Baso-
phils play a pivotal role in immunoglobulin-G-mediated but not immuno-
globulin-E-mediated systemic anaphylaxis. Immunity 28, 581-589.
Kitamura, Y., Go, S., Hatanaka, K. (1978) Decrease of mast cells in W/W"
mice and their increase by bone marrow transplantation. Blood 52, 447-
452.

Koay, M. A., Gao, X., Washington, M. K., Parman, K. S., Sadikot, R. T.,
Blackwell, T. S., Christman, J. W. (2002) Macrophages are necessary for
maximal nuclear factor-k B activation in response to endotoxin. Am. J.
Respir. Cell Mol. Biol. 26, 572-578.

Traeger, T., Mikulcak, M., Eipel, C., Abshagen, K., Diedrich, S.,
Heidecke, C. D., Maier, S., Vollmar, B. (2010) Kupffer cell depletion re-
duces hepatic inflammation and apoptosis but decreases survival in ab-
dominal sepsis. Eur. J. Gastroenterol. Hepatol. 22, 1039-1049.

Cowburn, A. S., Condliffe, A. M., Farahi, N., Summers, C., Chilvers, E. R.
(2008) Advances in neutrophil biology: clinical implications. Chest 134,
606-612.

Worthen, G. S., Seccombe, J. F., Clay, K. L., Guthrie, L. A., Johnston Jr.,
R. B. (1988) The priming of neutrophils by lipopolysaccharide for pro-

10 Journal of Leukocyte Biology Volume 91, March 2012

duction of intracellular platelet-activating factor. Potential role in media-
tion of enhanced superoxide secretion. J. Immunol. 140, 3553-3559.

49. Shindou, H., Ishii, S., Yamamoto, M., Takeda, K., Akira, S., Shimizu, T.
(2005) Priming effect of lipopolysaccharide on acetyl-coenzyme A:lyso-
platelet-activating factor acetyltransferase is MyD88 and TRIF indepen-
dent. J. Immunol. 175, 1177-1183.

50. Pabst, M. J., Johnston Jr., R. B. (1980) Increased production of superox-
ide anion by macrophages exposed in vitro to muramyl dipeptide or lipo-
polysaccharide. J. Exp. Med. 151, 101-114.

51. Aderem, A. A., Cohen, D. S., Wright, S. D., Cohn, Z. A. (1986) Bacterial
lipopolysaccharides prime macrophages for enhanced release of arachi-
donic acid metabolites. J. Exp. Med. 164, 165-179.

52. Rock, K. L., Yeh, E. T., Gramm, C. F., Haber, S. 1., Reiser, H., Benacer-
raf, B. (1986) TAP, a novel T cell-activating protein involved in the stimu-
lation of MHGrestricted T lymphocytes. J. Exp. Med. 163, 315-333.

53. Su, B., Waneck, G. L., Flavell, R. A., Bothwell, A. L. (1991) The glycosyl
phosphatidylinositol anchor is critical for Ly-6A/E-mediated T cell activa-
tion. J. Cell Biol. 112, 377-384.

54. Horejsi, V., Cebecauer, M., Cerny, ]., Brdicka, T., Angelisova, P., Drbal,
K. (1998) Signal transduction in leucocytes via GPI-anchored proteins: an
experimental artefact or an aspect of immunoreceptor function? Immu-
nol. Lett. 63, 63-73.

55. Morgan, B. P., van den Berg, C. W., Davies, E. V., Hallett, M. B., Horejsi,
V. (1993) Cross-linking of CD59 and of other glycosyl phosphatidylinosi-
tol-anchored molecules on neutrophils triggers cell activation via tyrosine
kinase. Eur. J. Immunol. 23, 2841-2850.

56. Clark, J. D., Lin, L. L., Kriz, R. W., Ramesha, C. S., Sultzman, L. A, Lin,
A. Y., Milona, N., Knopf, J. L. (1991) A novel arachidonic acid-selective
cytosolic PLA, contains a Ca®*-dependent translocation domain with ho-
mology to PKC and GAP. Cell 65, 1043-1051.

57. Hirabayashi, T., Murayama, T., Shimizu, T. (2004) Regulatory mechanism
and physiological role of cytosolic phospholipase A,. Biol. Pharm. Bull. 27,
1168-1173.

58. Abbitt, K. B., Cotter, M. J., Ridger, V. C., Crossman, D. C., Hellewell,

P. G., Norman, K. E. (2009) Antibody ligation of murine Ly-6G induces
neutropenia, blood flow cessation, and death via complement-dependent
and independent mechanisms. J. Leukoc. Biol. 85, 55—-63.

59. Norman, K. E., Cotter, M. J., Stewart, J. B., Abbitt, K. B., Ali, M., Wagner,
B. E., Wallace, W. A., Forlow, S. B., Hellewell, P. G. (2003) Combined
anticoagulant and antiselectin treatments prevent lethal intravascular co-
agulation. Blood 101, 921-928.

60. Heuer, H. O., Letts, G., Meade, C. J. (1990) Tumor necrosis factor
(TNF) and endotoxin prime effects of PAF in vivo. J. Lipid Mediat. 2
(Suppl.), S101-S108.

61. Salzer, W. L., McCall, C. E. (1990) Primed stimulation of isolated per-
fused rabbit lung by endotoxin and platelet activating factor induces en-
hanced production of thromboxane and lung injury. J. Clin. Invest. 85,
1135-1143.

62. Gonzalez-Crussi, F., Hsueh, W. (1983) Experimental model of ischemic
bowel necrosis. The role of platelet-activating factor and endotoxin.
Am. J. Pathol. 112, 127-135.

KEY WORDS:
inflammation - endotoxemia - lipid mediator - lung - macrophage

www jleukbio.org



