Immunology 2004 111 186-194

doi: 10.1111/5.1365-2567.2003.01794.x

Regulation of tumour necrosis factor-related apoptosis-inducing ligand (TRAIL)
and TRAIL receptor expression in human neutrophils

HIDENOBU KAMOHARA,* WATARU MATSUYAMA,* OSAMU SHIMOZATO, KOICHIRO ABE,* CAROLE GALLIGAN,*
SHIN-ICHI HASHIMOTO,i KOUJI MATSUSHIMAZI & TEIZO YOSHIMURA* Laboratory of *Molecular Immunoregulation
and {Experimental Immunology, National Cancer Institute-Frederick, Frederick, MD, USA, and tDepartment of Molecular

Preventive Medicine, School of Medicine, University of Tokyo, Tokyo, Japan

SUMMARY

Tumour necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) is a member of the
TNF superfamily, which is capable of inducing apoptosis in many cell types, including tumour
and virus-infected cells, but rarely in normal cells. Expression of TRAIL mRNA and TRAIL
receptors has previously been detected in neutrophils; however, the expression of TRAIL
protein and the regulation of TRAIL and TRAIL receptor expression in these cells remain
unknown. Here we report, for the first time, that neutrophils constitutively express TRAIL
protein on their cell surface and that the TRAIL protein is shed during culture. TNF-« is a
down-regulator of TRAIL expression, whereas IFN-y up-regulates the expression of TRAIL.
Neutrophils did not express a detectable level of TRAIL-R1 or -R4, but constitutively
expressed a low, but substantial, level of TRAIL-R2 and a high level of TRAIL-R3. Although
the level of TRAIL-R2 was not significantly altered during culture under different experi-
mental conditions, ~30% of TNF-a-treated cells rapidly lost their high-level TRAIL-R3
expression, whereas the majority of IFN-y-treated cells retained a high level of TRAIL-R3
expression. Anti-TRAIL neutralizing antibody significantly inhibited neutrophil apoptosis
during cultures in medium alone, or in the presence of TNF-a or IFN-y. Thus, our study
identified human neutrophils as a cellular source of TRAIL and suggests that neutrophil-
derived TRAIL may play a role in immune surveillance. Our results also suggest a role for the

TRAIL/TRAIL receptor system in neutrophil apoptosis.

INTRODUCTION

Tumour necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAIL, also known as Apo2L) is a member of the
TNF superfamily'? that is capable of inducing apoptosis in a
number of cell types, including tumour cells and virus-infected
cells, but not in normal cells.*>”> Five TRAIL receptors have
been identified: death receptor 4 (DR4/TRAIL-R1) and DRS5/
TRAIL-R2 have the ability to initiate the apoptosis-signalling
cascade after ligation, whereas decoy receptor 1 (DcR1/TRID/
TRAIL-R3) and DcR2/TRAIL-R4/TRUNDD lack this ability.
The decoy receptors, TRAIL-R3 and -R4, are actually reported
to prevent extensive apoptosis in cells and tissues expressing
both TRAIL and the death receptors, TRAIL-R1 and -R2.
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Osteoprotegerin is a soluble receptor for TRAIL and may also
act as a soluble decoy receptor. The balance of the expression
levels between the death receptors and decoy receptors is an
important factor determining the apoptotic effect of TRAIL.>*

TRAIL is expressed by a wide variety of human cells,
including T cells,®” monocytes,® dendritic cells’ and natural
killer (NK) cells,'®!" and the expression of TRAIL has been
implicated in their cytotoxic activities against tumour cells as
well as normal cells such as T cells. In fact, recent studies
indicate a role for TRAIL in the immune surveillance of tumour
cells by NK cells and T cells'? and also in thymocyte apoptosis
and the induction of autoimmune diseases."?

Previous studies suggest that neutrophils may be active in the
immune surveillance against tumours. A prominent neutrophil
influx is seen with some tumours in vivo and has been correlated
with a favourable prognosis in some human studies.'*™'® In
contrast, depletion of neutrophils has also been shown to be
beneficial for inhibiting tumour growth in an animal model."”
While conflicting data exist on the effects of neutrophils on
tumour growth, it is apparent that, in some tumour microenvir-
onments, neutrophils can negatively regulate tumour cell
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growth. Tumour cells transfected with different cytokine
cDNAs, including interleukin (IL)-1, -2, -3, -4, -7, -10 or
-12, interferon (IFN)-a, -3 or -y, granulocyte—colony-stimulat-
ing factor (G-CSF), TNF-a, or FasL, were previously trans-
planted into mice. Large numbers of leucocytes, including
neutrophils, quickly infiltrated the tumours expressing these
cytokines, leading to rejection of the tumours. Neutrophils
played a key role in all of the cytokine-induced tumour rejec-
tion, often in co-operation with CD8-positive T cells.'® How-
ever, the underlying mechanisms by which neutrophils play a
role in tumour rejection remain unclear.

Expression of TRAIL and TRAIL receptors in human
neutrophils have previously been examined, but the findings
were not consistent. Renshaw et al. detected constitutive expres-
sion of TRAIL mRNA, but not TRAIL protein.'® Renshaw et al.
also detected the expression of TRAIL-R2 and -R3 at both
mRNA and protein levels and neutrophils were susceptible to
recombinant TRAIL." In contrast, Daigle & Simon detected
the expression of all four TRAIL receptors at mRNA level, but
only TRAIL-R1, -R3 and -R4 at the protein level.® Although
stimulation of neutrophils with TRAIL did not induce cell
death, it partially blocked granulocyte-macrophage colony-
stimulating factor (GM-CSF)-, G-CSF- and IFN-y-mediated
cell survival>' Additional studies are required to clarify
the expression of TRAIL protein and their receptors in these
cells.

Here, we report that human neutrophils express cell-sur-
face TRAIL, which is then shed during in vitro cultures. The
expression of TRAIL is differentially regulated by cytokines,
such as TNF-a or IFN-y; TNF-a down-regulates, whereas
IFN-vy up-regulates. A low, but substantial, level of TRAIL-
R2, and a high level of TRAIL-R3, are expressed in freshly
isolated neutrophils. The high-level expression of TRAIL-R3
was rapidly down-regulated with TNF-a, but maintained in
the presence of IFN-v. Finally, addition of blocking antibody
(Ab) against TRAIL significantly reduced spontaneous and
TNF-a-induced neutrophil apoptosis. Thus, our study has
determined neutrophils as a cellular source of TRAIL and
suggests a role for neutrophil-derived TRAIL in the
surveillance against tumours. Our results also suggest that
the TRAIL/TRAIL receptor system may contribute to the
fate of tissue-infiltrating neutrophils during inflammatory
responses.

MATERIALS AND METHODS

Reagents

Human recombinant TNF-a (25 x 10’ U/mg); IFN-y
(1 x 10" U/mg); neutralizing Abs against human TRAIL,
TNF-a, IFN-y or GM-CSF; biotinylated goat anti-human
TRAIL-R1, -R2, -R3 and -R4 immunoglobulin G (IgG);
biotinylated normal goat IgG; and normal mouse IgG1 were
purchased from R&D Systems (Minneapolis, MN). Human
recombinant GM-CSF (2 x 107 U/mg) was from PeproTech
(Rocky Hill, NJ). Biotinylated anti-mouse IgG1, phycoerythrin
(PE)-conjugated anti-mouse IgG, and streptavidin-conjugated
fluorescein isothiocyanate (FITC) were purchased from BD
PharMingen (San Diego, CA). Dextran T500 and Percoll were
from Amersham Pharmacia Biotech, Inc. (Piscataway, NJ).
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[@-*?P]dCTP was from ICN (Costa Mesa, CA). Human B-actin
cDNA was from Clontech (Palo Alto, CA). Phosphate-buffered
saline (PBS), RPMI-1640, protein G—agarose (PGA) and TRI-
ZOL Reagent™ were from Life Technologies (Gaithersburg,
MD). Fetal calf serum (FCS) was from HyClone (Logan, UT).
Phytohaemagglutinin, paraformaldehyde and formamide were
from Sigma (St Louis, MO). Accu-prep was from Accurate
Chemical & Scientific Corp. (Westbury, NY). Protease inhibitor
cocktail tablets, Complete mini, were from Roche (Indianapo-
lis, IN).

Preparation of neutrophils

Human neutrophils were obtained from the heparinized blood of
human donors or from granulocytapheresis collections supplied
by the Department of Transfusion Medicine, Clinical Center
(NIH, Bethesda, MD). One volume of 5% Dextran T500 in PBS
was added to three volumes of blood in 50-ml tubes for the
sedimentation of red blood cells. After a 30-min incubation at
room temperature, the leucocyte-rich plasma was overlaid onto
Accu-prep and centrifuged at 800 g for 20 min at room tem-
perature. Neutrophils were separated from erythrocytes by lysis
in 0-2% NaCl, washed in complete medium three times at 4°,
and resuspended in RPMI containing 10% FCS (complete
medium) at a density of 5 x 10° cells/ml. Contamination of
mononuclear leucocytes was less than 0-5%, as determined by
morphological examination. Peripheral blood mononuclear cell
(PBMC) fractions were also collected, and monocytes and
lymphocytes were further purified by using an iso-osmotic
Percoll gradient. The purity of monocytes and lymphocytes
was >90%.%

Northern blotting

Cells were cultured at a density of 5 x 10° cells/ml in comp-
lete medium in six-well cluster tissue culture plates (Costar,
Cambridge, MA; 3 ml/well). Total RNA was extracted from each
culture by using TRIZOL Reagent™. Northern blot analysis was
performed as previously described.?® The following primers were
usedtoobtainhuman TRAIL, TRAIL-R1, TRAIL-R2, TRAIL-R3
and TRAIL-R4 cDNAs by polymerase chain reaction (PCR) from
ahuman neutrophil cDNA library. TRAIL: forward 5'-GACGAA-
GAGAGTATGAACAG-3/, reverse 5'-TAGGGTCAGGATAAC-
TTGG-3'; TRAIL-R1: forward 5-TCGCTGTCCACTTTCGTC-
TC-3, reverse 5'-CGTTCCGTCCAGTTTTGTTG-3'; TRAIL-
R2: forward 5'-ATGGTCAAGGTCGGTGATTG-3/, reverse
5'-AGGAGTCAAAGGGCACAAAG-3’; TRAIL-R3: forward
5'-GAAAACTCCCCAGAGATGTG-3,reverse 5'-CATTGATC-
CCTACGATGGTG-3';and TRAIL-R4: forward 5'-TTAGCTGT-
GGTTGTGGTTGG-3/, reverse 5'-TGTCCTTCTTCCAGTGT-
TGC-3'.

Assay for apoptosis

Two millilitres of neutrophil suspension, at a cell density of
1 x 10% or 5 x 10° cells/ml, was plated into six-well tissue
culture plates in the presence or absence of cytokines and/or a
neutralizing Ab against human TRAIL. After different intervals
of incubation at 37°, the cells were collected and the exposure of
phosphatidylserine was detected with an Annexin V-FITC
Apoptosis Detection Kit (BD PharMingen) using a FACScan
flow cytometer (BD PharMingen).
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Flow cytometry analysis

To detect the expression of TRAIL on the cell surface,
5-10 x 10° cells were first washed three times with wash buffer
(PBS supplemented with 1% bovine serum albumin and 0-02%
NaN3), then incubated with human serum or human IgG for
10 min, and then with anti-TRAIL Ab or control mouse IgG1
(0-5 pg in a 30-pl reaction volume) for 20 min at 4°. The cells
were washed with the same buffer and then incubated with
biotinylated anti-mouse IgG1. After washing three times with
buffer, the cells were incubated with avidin—PE. To detect the
expression of TRAIL-R1, -R2, -R3, or -R4, cells were first
incubated with biotinylated goat anti-human TRAIL-R1, -R2,
-R3, or -R4 IgG or biotinylated normal goat IgG, followed by
streptavidin—FITC. Flow cytometry analysis was performed by
the FACScan, utilizing CELLQUEST software (BD PharMingen).

Immunoprecipitation and Western blotting

Twenty million neutrophils were incubated for 6 hr in the
presence or absence of cytokines, and the cell-free supernatants
were obtained. Cells were lysed on ice for 20 min in a buffer
containing 50 mM HEPES, 150 mm NaCl, 1% Triton-X-100,
10% glycerol and a cocktail of protease inhibitors. The lysates
were spun and the supernatants were collected. The samples
were incubated for 1 hr at 4° with a packed volume of ~20 pl of
PGA. After centrifugation, the supernatants were collected,
mixed with 20 pl of PGA conjugated to 1 pg of normal goat
IgG or goat anti-human TRAIL polyclonal IgG, and incubated
for 1 hr at 4°. PGA was washed three times with wash buffer
containing 50 mM HEPES, 150 mMm NaCl, 0-1% Triton-X-100,
10% glycerol and 20 pl of double-strength sample buffer [20%
glycerol, 6% sodium dodecyl sulphate (SDS), 10% 2-mercap-
toethanol] was added. The samples were boiled for 10 min.
Eluted proteins were analysed on 12-5% polyacrylamide gels
by SDS—polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred electrophoretically (at 200 mA for 2 hr) to nitro-
cellulose membranes (Amersham) using a semidry system. The
membranes were incubated with mouse anti-human TRAIL
monoclonal IgG, followed by sheep anti-mouse IgG coupled
to horseradish peroxidase (Amersham). Peroxidase activity was
visualized by the Enhanced Chemiluminescence Detection
System (Amersham).

Statistical analysis
All data are presented as the mean value + SD. Statistical
analysis was performed using the Mann—Whitney U-test.

RESULTS
Regulation of TRAIL mRNA expression in neutrophils

We evaluated the effects of lipopolysaccharide (LPS) and
recombinant cytokines on TRAIL mRNA expression in neu-
trophils (Fig. 1a). In comparison with the cells incubated in
medium alone (Fig. 1a, lane 10), LPS- or TNF-a-activated cells
contained much lower levels of TRAIL mRNA (Fig. 1a, lanes 1
and 2). Incubation with IFN-y markedly up-regulated the
expression level of TRAIL mRNA, whereas incubation with
GM-CSF or IL-1p had no significant effect (Fig. 1a, lanes 3-5).
There was no synergistic effect between IFN-y and GM-CSF
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Figure 1. Expression of tumour necrosis factor-a-related apoptosis-
inducing ligand (TRAIL) mRNA in neutrophils. (a) Neutrophils
(5 x 10° cells/ml) were cultured for 6 hr in the presence of lipopoly-
saccharide (LPS) (1 pg/ml), tumour necrosis factor-o (TNF-a) (1 ng/ml),
interferon-y (IFN-y) (2-5 U/ml), granulocyte—macrophage colony-
stimulating factor (GM-CSF) (0-5 ng/ml), interleukin-18 (IL-1B)
(0-5 ng/ml), and combinations of these cytokines. (b) Neutrophils were
cultured in the presence of different doses of IFN-vy for 4, 8, 16, or 24 hr.
Total RNA was extracted and the expression of TRAIL mRNA
was analysed by Northern blotting. Representative data of three
individual experiments, with similar results obtained on each occasion,
are shown.

(Fig. 1a, lane 8). Addition of TNF-a to IFN-y, GM-CSF, or
IFN-y + GM-CSF markedly decreased the levels of TRAIL
mRNA expression (Fig. 1a, lanes 6, 7 and 9).

The kinetics of TRAIL mRNA expression revealed that
TRAIL mRNA was constitutively expressed in neutrophils
(Fig. 1b, lane 1). After incubation in complete medium, the
expression of TRAIL mRNA was down-regulated in neutrophils
within 4 hr (Fig. 1b, lanes 2-5). IFN-y dose-dependently
up-regulated the expression of TRAIL mRNA, the peak expres-
sion level of which was detected at 8 hr. A concentration of [FN-vy
as low as 0-1 U/ml up-regulated the expression of TRAIL
mRNA at 8 hr. The maximal effect was achieved with a con-
centration ranging from 10 to 100 U/ml (Fig. 1b, lanes 6-25).

The inhibitory effect of TNF-a on IFN-vy-induced TRAIL
mRNA expression was studied in more detail. As shown in
Fig. 2a, as little as 0-1 ng/ml of TNF-« inhibited the expression
of TRAIL mRNA at 4 hr. TNF-q, at 1 ng/ml, showed as much
inhibitory effect as 10 ng/ml of TNF-a. The inhibitory activity
of TNF-a was detected for up to 16 hr (Fig. 2b). These results
indicated that IFN-y was an activator of TRAIL mRNA expres-
sion in neutrophils, whereas TNF-a was an inhibitor.

Detection of TRAIL protein on neutrophils

We next analysed, by flow cytometry, the expression of TRAIL
protein on neutrophils. As shown in Fig. 3a, TRAIL protein was
detected on most freshly isolated neutrophils, as well as on
monocytes. The majority of peripheral blood lymphocytes did
not express TRAIL, as reported previously.’
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Figure 2. Effects of interferon-y (IFN-y) or tumour necrosis factor-a
(TNF-a) on the expression of TNF-a-related apoptosis-inducing ligand
(TRAIL) mRNA by neutrophils. (a) Neutrophils were cultured in the
presence of different doses of interferon-y (IFN-y) and/or tumour
necrosis factor-a (TNF-a) for 24 hr. (b) Neutrophils were cultured in
the presence of 25 U/ml of IFN-vy and/or 1 ng/ml of TNF-« for 1, 3, 6,
and 16 hr. Total RNA was extracted and the expression of TRAIL
mRNA was analysed by Northern blotting. The blots were hybridized
with *?P-labelled human TRAIL or B-actin cDNA probe. Autoradio-
graphic signals were quantified, standardized against the levels
of B-actin, and presented as relative density. The level of expression
detected in fresh neutrophils equals 1. Representative data of three
individual experiments, with similar results obtained on each occasion,
are shown.

Figure 3. Expression of tumour necrosis factor-a-related apoptosis-
inducing ligand (TRAIL) protein in neutrophils. (a) The cell-surface
expression of TRAIL on freshly isolated neutrophils, monocytes or
lymphocytes was evaluated by flow cytometry. Representative profiles
of three individual experiments are shown. (b) The cell-surface expres-
sion of TRAIL on neutrophils was evaluated after incubation with
tumour necrosis factor-o (TNF-a) (1 ng/ml), interferon-y (IFN-y)
(100 U), or with a combination of TNF-a (1 ng/ml) and IFN-y
(100 U) by flow cytometry. Representative profiles of three individual
experiments are shown. (c¢) The data of TRAIL expression were
quantified and statistical analysis was performed using the Mann—
Whitney U-test (n = 3). (d) Neutrophils were cultured in the presence
or absence of TNF-a (1 ng/ml), IFN-y (100 U), or with a combination
of TNF-a (1 ng/ml) and IFN-y (100 U) for 6 hr. Cell lysates and
supernatants were subjected to immunoprecipitation with anti-TRAIL
mouse monoclonal antibody, and the presence of TRAIL was evaluated
by Western blotting with anti-TRAIL rabbit polyclonal Ab. Represen-
tative data of two individual experiments, with similar results obtained
on each occasion, are shown.
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After 24 hr of incubation of neutrophils in complete med-
ium, ~41% of the cells still expressed TRAIL. However,
~59% of the cells were negative (Fig. 3b,3c). When neutro-
phils were incubated in the presence of TNF-a, the majority of
the cells became TRAIL-negative. This was consistent with the
results obtained by Northern blotting (Figs 1 and 2). Although
IFN-vy up-regulated the level of TRAIL mRNA expression, the
percentage of TRAIL-positive cells was significantly lower than
that of cells incubated in complete medium. Addition of TNF-a
abolished the cell-surface TRAIL protein expressed on IFN-y-
incubated cells (Fig. 3b,3c). Loss of TRAIL expression found
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after 24 hr of incubation of neutrophils in complete medium or
with IFN-y was not the result of apoptosis of the cells, because
TRAIL-negative cells were present in both annexin V-negative
and -positive cell fractions (data not shown).

As shown above, IFN-y up-regulated the expression level of
TRAIL mRNA, but did not up-regulate the cell-surface expression
of TRAIL protein, suggesting that TRAIL protein synthesized by
IFN-v-treated neutrophils might be shed into the supernatants. To
test this hypothesis, we performed Western blotting. As shown in
Fig. 3d, cell-associated TRAIL was readily detectable in fresh
neutrophils (Fig. 3d, lane 1). The amount of cell-associated
TRAIL decreased 6 hr of incubation in complete medium in the
presence or absence of IFN-y (Fig. 3d, lanes 2 and 3), and was
almost undetectable in the presence of TNF-a: or TNF-a + IFN-y
(Fig. 3d,lanes4 andS5). Soluble TRAIL wasalsoreadily detectable
in the culture supernatant of neutrophils incubated in medium
alone (Fig. 3d, lane 6). The amount of soluble TRAIL appeared to
increase in the presence of IFN-y (Fig. 3d,lane 7), and decrease in
the presence of TNF-o., or TNF-o 4- IFN-y (Fig. 3d,lanes 8 and9).
These results suggest that a portion of the TRAIL protein synthe-
sized during culture was shed into the culture supernatants, and that
the shedding might be enhanced in IFN-y-treated cells.

Regulation of TRAIL receptor expression in neutrophils

We also evaluated the expression of TRAIL-R1, -R2, -R3 and
-R4 by Northern blotting. As shown in Fig. 4, the expression
of TRAIL-R2 and -R3 mRNA was most readily detectable in
freshly isolated neutrophils. During culture in complete med-
ium, the expression of TRAIL-R2 mRNA rapidly increased,
reached a peak by 6 hr, and the expression level was sustained at
12 hr. The expression of TRAIL-R3 mRNA also slightly
increased at 6 hr, but decreased thereafter. IFN-y inhibited
the early up-regulation of TRAIL-R2 mRNA expression
detected during culture in complete medium. In contrast,
TRAIL-R3 mRNA expression had markedly increased in the
presence of IFN-y at 6 hr. TNF-a had a completely opposite
effect. In TNF-a-treated cells, the expression of TRAIL-R2
mRNA rapidly increased and peaked by 6 hr, whereas the
expression of TRAIL-R3 mRNA markedly decreased. The
R2/R3 ratio dramatically increased in TNF-o-treated cells.
Thus, changes in the level of TRAIL-R2 and -R3 mRNA
expression occur rapidly in cultured neutrophils, with TNF-a
promoting the expression of signal-transducing TRAIL recep-
tors, while IFN-vy favours the expression of decoy receptors.
We next evaluated the cell-surface expression of TRAIL-R1,
-R2, -R3 and -R4 on neutrophils by flow cytometry (Fig. 5). We
focused on early time-points because cytokine effects on
TRAIL receptor mRNA expression were maximal by 6 hr
(Fig. 4). Freshly isolated neutrophils did not express a detect-
able level of TRAIL-R1 or -R4 (Figs 5a and 6d). However, they
expressed a low, but significant, level of TRAIL-R2. The
expression of cell-surface TRAIL-R2 appeared to decrease,
but was still detectable after 3 hr of incubation of cells in
complete medium. Neither TNF-a nor IFN-y affected
TRAIL-R2 expression (Fig. 5b). Unlike TRAIL-R2, TRAIL-
R3 was highly expressed on most freshly isolated neutrophils
(Fig. 5¢). The expression level of TRAIL-R3 was approxi-
mately sevenfold higher than that of TRAIL-R2, based on their
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Figure 4. Expression of mRNA for tumour necrosis factor-a-related
apoptosis-inducing ligand (TRAIL)-R1, -R2, -R3 and -R4 in neutro-
phils. Neutrophils (5 x 10° cells/ml) were incubated in 3 ml of com-
plete medium or with 1 ng/ml of tumour necrosis factor-a (TNF-a) or
100 U/ml of interferon-y (IFN-y) for the indicated time-points. Total
RNA was isolated and the expression of mRNA for TRAIL-R1, -R2, -R3
and -R4 was analysed by Northern blotting. Autoradiographic signals
were quantified, standardized against the levels of B-actin, and are
presented as relative density. The level of expression detected in fresh
neutrophils equals 1. The ratios of TRAIL-R2 mRNA expression to R3
mRNA expression (R2/R3) were also calculated.

mean fluorescence values (35 vs. 5). Approximately 94% of
cells incubated in complete medium and 93 % of cells incubated
in the presence of IFN-y continued to express high levels of
TRAIL-R3 at 3 hr. At 6 hr, ~13% of cells incubated in
complete medium became negative for TRAIL-R3 (from
96-5% for fresh cells to 83:6%, Table 1), whereas ~95% of
cells incubated with IFN-vy still expressed a high level of
TRAIL-R3. Approximately 27% and 24% of cells treated with
TNF-a became negative for TRAIL-R3 expression at 3 and
6 hr, respectively. These results suggest that TNF-a and IFN-vy
can greatly influence the susceptibility of neutrophils to TRAIL
by down- or up-regulating the expression of TRAIL receptors.

Effects of anti-TRAIL neutralizing Ab on neutrophil
apoptosis

The detection of TRAIL and TRAIL receptor expression
by neutrophils led us to formulate the hypothesis that
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Figure 5. Cell-surface expression of tumour necrosis factor-a-related apoptosis-inducing ligand (TRAIL)-R1, -R2, -R3 and -R4.
Neutrophils were incubated in the presence or absence of 1 ng/ml of TNF-a or 100 U/ml of interferon-y (IFN-v) for 3 or 6 hr. Cells
were harvested and the expression of TRAIL-R1, -R2, -R3, or -R4 was evaluated by flow cytometry. (a) TRAIL-R1. (b) TRAIL-R2. (c)
TRAIL-R3. (d) TRAIL-R4. Representative profiles of three individual experiments are shown.

neutrophil-generated TRAIL might play a role in their own
apoptosis. To test this hypothesis, we added neutralizing anti-
TRAIL Ab to neutrophil cultures and evaluated the percen-
tage of apoptotic cells [annexin V-positive, propidium iodide
(PI)-negative] by flow cytometry (Fig. 6, Table 2). About 5%
of neutrophils were apoptotic after 3 hr of incubation in
complete medium. In the presence of 100 U/ml of IFN-v,
only 3% of the cells were apoptotic, whereas ~=52% of cells
were apoptotic in the presence of 1 ng/ml of TNF-a. The
percentage of apoptotic cells found in TNF-a-treated cells in

Table 1. Effects of tumour necrosis factor-a (TNF-a) or interferon-y
(IFN-vy) on the cell-surface expression of TNF-related apoptosis-indu-
cing ligand (TRAIL)-R3

TRAIL-R3-
positive cells (%)

this study was higher than that of previous studies.>**> This
may be, in part, a result of the different detection methods for
apoptotic cells and because of a more strict gating for annexin
V-negative cells, as shown in Fig. 6(a). Interestingly, the
addition of anti-TRAIL neutralizing Ab significantly
decreased the percentage of apoptotic neutrophils incubated
in complete medium, TNF-a-containing medium and IFN-vy-
containing medium. At 6 hr, ~32% of cells incubated in
complete medium and 13% of cells incubated with IFN-vy
were apoptotic. Addition of anti-TRAIL Ab inhibited the
apoptosis of neutrophils by ~50%. Although the effect of
anti-TRAIL was not statistically significant for neutrophils
incubated with TNF-a for 6 hr, anti-TRAIL Ab partly
inhibited the TNF-a-induced apoptosis of neutrophils in all
experiments. Incubation with anti-TRAIL Ab also increased
the percentage of annexin V-negative, PIl-negative cells.
The effect of anti-TRAIL Ab on neutrophil apoptosis at
24 hr was much smaller (data not shown), indicating that
TRAIL is involved in an early stage of neutrophil apoptosis

DISCUSSION

In the present study we demonstrated that human neutrophils
express TRAIL. Both TRAIL mRNA and protein were con-
stitutively expressed in freshly isolated neutrophils. As noted

Fresh 96-5 + 2-1 L
3hr in vitro.
Medium 94.2 + 1-6
TNF-« 70-1 + 1-6*
IFN-y 93-1 + 3.0
6 hr
Medium 83-6 4 2-1%*
TNF-a 72-8 &+ 1-1*
IFN-y 94.8 + 1-1

Data are presented as the mean =+ standard deviation (SD) of three
independent experiments with three different donors.

Statistical significance was evaluated by the Mann-Whitney U-test.
*P < 001, ¥*P < 0-05.
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above, Renshaw et al. previously detected constitutive expres-
sion of TRAIL mRNA in human neutrophils by using the RNase
protection assay (RPA); however, they failed to detect the
expression of TRAIL protein.'® Thus, our study is the first to
demonstrate the expression of TRAIL mRNA by Northern
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Figure 6. Effects of anti-tumour necrosis factor-a-related apoptosis-
inducing ligand (TRAIL) neutralizing antibody (Ab) on neutrophil
apoptosis. Neutrophils (1 x 10° cells/ml) were incubated in complete
medium or with 1 ng/ml TNF-a or 100 U/ml interferon-y (IFN-vy) in the
presence of 1 pg of normal mouse immunoglobulin G (IgG) or anti-
human TRAIL neutralizing Ab, for 3 or 6 hr. The externalization of
phosphatidylserine on plasma membranes was analysed by flow cyto-
metry using an Annexin V—fluorescein isothiocyanate (FITC) apoptosis
detection kit. (a) Representative quadrant plots of four different experi-
ments are shown. (b) The percentages of propidium iodide negative
[PI(-)], annexin V positive [annexin V(+4)] cells shown in Table 2 are
presented as a graph. Statistical significance was evaluated by the
Mann—Whitney U-test. *P < 0-05, n = 4. **P < 0-05, n = 3.

blotting and TRAIL protein by Western blotting in human
neutrophils. IFN-v is a potent inducer of TRAIL mRNA expres-
sion in neutrophils, as well as in other types of cells, including
monocytes,® dendritic cells’ and NK cells.® Although IFN-y
up-regulated the expression of TRAIL mRNA in neutrophils, a
concomitant increase in TRAIL protein levels was not seen on
the cell surface. Increased levels of a soluble form of TRAIL
were subsequently detected in the culture supernatants of IFN-
vy-treated cells. It was previously reported that a biologically
active soluble form of TRAIL could be secreted from LPS-
activated monocytes and macrophages.?’ As FasL is processed
by matrix metalloproteinases (MMPs) to yield a soluble form of
FasL,”® we hypothesized that MMPs might also be involved in
the cleavage of TRAIL on neutrophils. However, the addition of
the MMP inhibitor, KB8301, to neutrophil cultures only slightly
increased the level of TRAIL cell-surface expression, as

measured by flow cytometry, implicating the involvement of
other enzymes in this process.

In contrast to IFN-vy, TNF-a down-regulated the expres-
sion levels of TRAIL mRNA. This effect was observed even at
low concentrations of TNF-a and has not been demonstrated
in other cell types. TNF-a is one of the most potent neutrophil
activators and has been shown to up-regulate the expression of
many genes, including cytokines and chemokines.?**® The
precise mechanism of the TNF-a-induced down-regulation of
TRAIL mRNA expression is, at present, unclear. The expres-
sion of TRAIL mRNA was also down-regulated by LPS. As
LPS induces the production of TNF-a in neutrophils,*!
the negative effect of LPS on TRAIL mRNA expression
may be a result of the TNF-a secreted from LPS-activated
neutrophils.

We detected very low levels of TRAIL-R1 and TRAIL-R4
mRNA, moderate levels of TRAIL-R2 mRNA and high levels of
TRAIL-R3 mRNA, in freshly isolated neutrophils by Northern
blotting. In agreement with the Northern blot data, we also
detected a low level of cell-surface TRAIL-R2 and a high level
of cell-surface TRAIL-R3 by flow cytometry. Daigle & Simon
previously detected the expression of mRNA for all four TRAIL
receptors by reverse transcription (RT)-PCR, and TRAIL-R1,
-R3 and -R4, but not -R2, by flow cytometry in freshly isolated
neutrophils, suggesting that TRAIL-R1 was the major signal
transducing receptor.”® In contrast, Renshaw ez al. detected the
expression of TRAIL-R2 and -R3, but not TRAIL-R1 or -R4, by
both RPA and flow cytometry.]9 Therefore, our data support the
results reported by Renshaw et al. High levels of TRAIL-R3
were maintained on >90% of cells incubated with IFN-y for
6 hr, whereas ~13% of cells incubated in complete medium
lost a high level of TRAIL-R3 expression. The consistent
TRAIL-R3 expression in IFN-y-treated cells was associated
with the high-level expression of TRAIL-R3 mRNA in cells,
suggesting a role for IFN-vy as a positive regulator of TRAIL-R3
expression in neutrophils. As IFN-y down-regulates TRAIL-R3
expression in monocytes,® IFN-y appears to have a differential
effect on TRAIL-R3 expression in different leucocyte popula-
tions.

Unlike IFN-y, TNF-a acted as a negative regulator of
TRAIL-R3. Flow cytometry analyses of TNF-a-treated neutro-
phils revealed that TNF-a down-regulated TRAIL-R3 expres-
sion in ~ 30% of cells within 3 hr. As TRAIL-R1 and -R2
contain the death domain and the TRAIL-R3 receptor acts as a
decoy, the data led us to propose that TNF-a promotes apoptosis
in neutrophils by down-regulating TRAIL-R3. This hypothesis
was supported by the finding that a neutralizing Ab against
TRAIL dramatically inhibited TNF-a-induced apoptosis in
neutrophils. Soluble TRAIL released into the culture super-
natants of TNF-a-treated neutrophils appeared to be sufficient
to induce neutrophil apoptosis. As for the death receptors, a
significant level of TRAIL-R2 was expressed on the cells.
Neutrophils treated with IFN-y for 6 hr were less sensitive to
TRAIL than those incubated in medium alone or with TNF-«,
despite their increased TRAIL production, suggesting that the
level of TRAIL-R3 on IFN-vy-treated cells was high enough to
overcome the threat of the increased amounts of TRAIL pro-
duced by the same cells. Inhibition of apoptosis by anti-TRAIL
Ab was much lower, at 24 or 40 hr; thus, TRAIL-mediated

© 2004 Blackwell Publishing Ltd, Immunology, 111, 186—194
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Table 2. Effects of anti-tumour necrosis factor-a-related apoptosis-inducing ligand (TRAIL) neutralizing antibody (Ab) on polymorphonuclear

(PMN) cell apoptosis

% of PI— % of PI+ % of PI— % of PI+
Annexin V— Annexin V— Annexin V+ Annexin V+

3 hr
Medium + IgG 929 + 2.8 0-3 +£0:2 52+15 1.6 £16
Medium + Ab 96-6 + 0-4 0-1 £0-1 22 £+ 0-6* 1-0 £ 04
TNF-a + IgG 44.0 + 92 0-1 £0-1 52:0 + 7.0 3.8 +£23
TNF-a + Ab 67-8 £ 9-2% 04 +£03 287 + 7-2% 32 4+27
IFN-y + IgG 94.9 + 2.4 02 £0-2 32+ 15 16 £ 09
IFN-y + Ab 972 + 0-6 0-1 £0-1 1-7 £ 0-2* 1-0 + 0-5

6 hr
Medium + IgG 656 + 6-3 0-1 £0-1 32:6 + 5-6 17 £ 0-6
Medium + Ab 82.3 £ 10-4%* 0-1 £0-1 157 + 8.5%* 19 + 18
TNF-a + IgG 42.7 + 167 0-1 £0-1 523 + 142 4.9 + 2.5
TNF-a + Ab 621 + 190 02 £02 34.2 +£ 167 3.5+ 24
IFN-y + IgG 84.8 £ 24 0-1 £0-1 133 + 1.7 1-8 + 14
IFN-y + Ab 92.3 4 2.3%* 0-1 £0-1 6-5 £ 1.7%* 12+09

Data are presented as mean =+ standard deviation (SD) of four individual experiments with four different donors for 3 hr, and of three experiments with three different
donors for 6 hr. Statistical significance was evaluated by the Mann—-Whitney U-test. *P < 0-05, n = 4. **P < 0-05, n = 3.

IgG, immunoglobulin G; PI, propidium iodide.

apoptosis appears to be less important in a later stage of
incubation and other apoptotic processes must be occurring.
These include Fas/FasL, or TNF-a/TNF-R interactions, or a
decrease or increase in the amounts of anti-apoptotic or pro-
apoptotic members of the Bcl-2 family.

Previous studies addressing the sensitivity of neutrophils to
recombinant TRAIL reached differing conclusions. Daigle et al.
reported that although 100 ng/ml of recombinant TRAIL with
enhancer that causes oligomerization of soluble TRAIL and
enhances its apoptotic effect did not increase the rate of cell
death after 40 hr incubation in vitro, it partially inhibited
survival signals provided by GM-CSFE, G-CSF, or IFN-v.%° In
contrast, Renshaw et al. found that neutrophil apoptosis could
be specifically accelerated by exposure to a leucine zipper-
tagged form of TRAIL, which mimics cell-surface TRAIL."
We used commercially available recombinant TRAIL (up to
100 ng/ml) with enhancer and tested its effect on neutrophil
apoptosis, but there was no significant effect (data not shown).
As neutrophils express high levels of TRAIL and release them
into culture supernatants, evaluating an additional effect of
recombinant TRAIL might be difficult. The role of TRAIL
in neutrophil apoptosis needs to be clarified using cells from
TRAIL-deficient mice.

IFN-v is a product of T cells and NK cells and regulates
immune-cell function. In mice that are unresponsive to IFN-v,
such as IFN-y-receptor knockout or STAT 1 knockout mice,
tumours developed more rapidly than in wild-type mice when
induced with chemical carcinogens.** Therefore, IFN-y plays
an important role in tumour regression and one of the ways that
this may be accomplished is through the up-regulation of
TRAIL in leucocytes. Recently, it was reported that TRAIL,
in conjunction with anti-CD3, could augment IFN-y secretion
by human lymphocytes in vitro.® This may suggest an ampli-
fication loop whereby neutrophil-derived TRAIL stimulates
lymphocytes to secrete IFN-y, which further up-regulates
TRAIL release and enhances tumour cell killing. Here, we

© 2004 Blackwell Publishing Ltd, Immunology, 111, 186-194

have presented evidence indicating a new role for IFN-vy in
the expression of TRAIL and TRAIL receptors in neutrophils.
The fate, as well as functions, of neutrophils can be greatly
influenced by IFN-v and the increased generation of TRAIL by
IFN-v-activated neutrophils may be one of the mechanisms that
regulate neutrophil-mediated tumour rejection previously
observed in a number of animal tumour models.
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