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Summary 
Human neutrophils, monocytes, and eosinophils are known to undergo apoptotic cell death. 
The Fas/Fas ligand pathway has been implicated as an important cellular pathway mediating 
apoptosis in diverse cell types. We conducted studies to examine the importance of  the Fas/ 
FasL system in normal human phagocytes. Although Fas expression was detected on neutro- 
phils, monocytes, and eosinophils, constitutive expression of FasL was restricted to neutrophils. 
The three types of  phagocytes demonstrated differential sensitivity to Fas-induced apoptosis. 
Only neutrophils were highly susceptible to rapid apoptosis in vitro after stimulation with acti- 
vating anti-Fas IgM (mAb CH-11). Fas-mediated neutrophil apoptosis was suppressed by incu- 
bation with G-CSF, GM-CSF, 1FN-',/, TNF-0~, or dexamethasone, as well as the selective ty- 
rosine kinase inhibitors, herbimycin A and genistein. Spontaneous neutrophil death in vitro 
was partially suppressed by Fas-Ig fusion protein or antagonistic anti-Fas IgGi (mAb ZB4). In 
coculture experiments, neutrophils released a soluble factor inducing death in Fas-susceptible 
Jurkat cells via a mechanism sensitive to the presence of Fas-Ig or anti-Fas IgG 1. Immunoblot 
analysis using specific anti-human FasL IgG~ (mAb No. 33) identified a 37-kD protein in ly- 
sates of  freshly isolated neutrophils and a 30-kD protein in the culture supematant of neutro- 
phils maintained in vitro. Our results suggest that mature neutrophils may be irrevocably com- 
mitted to autocrine death by virtue of  their constitutive coexpression of cell-surface Fas and 
FasL via a mechanism that is sensitive to proinflammatory cytokines, glucocorticoids, and in- 
hibitors of  tyrosine kinase activity. Furthermore, neutrophils can serve as a source of  soluble 
FasL, which may function in a paracrine pathway to mediate cell death. 

A Poptosis, or programmed cell death, plays a critical role 
in the regulation of  inflammation and the host im- 

mune response (1). Distinct from necrosis, the apoptotic 
process induces a series of coordinated morphologic and 
biochemical events in the affected cell, resulting in its de- 
mise and removal by scavenger phagocytes (1). Characteris- 
tically, a cell undergoing apoptosis initially develops cyto- 
plasmic shrinkage and membrane blebbing (zeiosis), which 
is subsequently followed by chromatin condensation (i.e., 
"apoptotic bodies") and DNA fragmentation. Although 
these changes generally occur sequentially in an affected 
cell, these events may occur separately, subject to the con- 
trol of  independent regulatory pathways (2-5). 

The data in this paper were presented in part in abstract form at the 36th 
Annual Meeting of the American Society of Hematology, 2-6 December 
1994, Nashville, TN, and published in part in abstract form (Blood. 
84(Suppl. 1):371a). 

The professional human phagocytes - -  neutrophils, mono- 
cytes, and eosinophils - -  die via apoptosis when maintained 
in vitro (6-15). Mature human neutrophils undergo spon- 
taneous apoptosis most rapidly, resulting in the demise of 
>50% of a population within 48 h (6, 9-11). Spontaneous 
apoptosis occurs more slowly in eosinophils, where apop- 
totic morphologic features are generally delayed until 48- 
72 h (14, 15). The rate of spontaneous apoptosis in mono- 
cytes has been reported to vary between that of neutrophils 
and eosinophils, depending partly on the experimental cul- 
ture conditions used (13, 16). 

Although neutrophils appear to be committed to apop- 
totic death in vitro and in vivo, the life span and functional 
activity of  mature neutrophils can be extended in vitro by 
incubation with either proinflammatory cytokines, includ- 
ing G-CSF, GM-CSF, IFN-y, TNF-o~, and IL-2 (6, 17), 
or glucocorticoids (9, 10). Similarly, spontaneous apoptosis 
is suppressed by TNF-oL, IL-113, GM-CSF, and LPS in mono- 
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cytes (13) as well as IL-5, TGF~3, and G M - C S F  in eosino- 
phils (14, 15). 

The  Fas (APO-1;  CD95) /Fas  ligand (FasL) I system has 
emerged as an important  cellular pathway regulating the in-  
duction o f  apoptosis in a wide variety o f  tissues. Fas is a 
widely expressed 45-kD type 1 membrane protein member  
o f  the T N F / n e r v e  growth factor family o f  cell surface mol-  
ecules (18-20). Fas is activated to mediate apoptosis in sus- 
ceptible tissues following interaction with agonistic anti-Fas 
IgM mAb or its natural ligand, FasL, a 37-kD type II p ro-  
tein (18-21). In contrast to the tissue distribution of  Fas, 
constitutive expression o f  FasL is relatively l imited (19, 20). 

The  biological importance o f  the Fas/FasL system has 
been extensively studied in T ceils, where it plays a critical 
role in the clonal deletion of  autoreactive T cells and acti- 
vat ion- induced suicide o f T  ceils (19, 20, 22-27).  FasL can 
function in either autocrine or paracrine pathways to cell 
death. Although not constitutively expressed in mature T 
cells, FasL is induced after activation o f  mature T cells by a 
variety o f  stimuli, including PMA, ionomycin,  ant i -CD3,  
and bacterial superantigen (22-25). The  subsequent inter-  
action o f  FasL and Fas on the cell surface initiates a signal 
transduction pathway leading to autocrine T cell suicide 
(22-25). Cytotoxic  T cells can deploy FasL as a death effec- 
tor molecule in their strategies to induce killing of  target 
cells (28, 29). Physiological activation induces FasL expres- 
sion in distinct cytotoxic T cell clones, which can then use 
FasL to induce apoptosis upon interaction with Fas-bearing 
target cells (28-31). Furthermore,  activated T cells can se- 
crete a biologically active soluble form of  FasL that may 
possibly contribute to systemic tissue injury during inflam- 
mation (32). 

The  role of  the Fas/FasL system in the fate of  phagocytes 
has been less well characterized. To assess the potential  im-  
portance o f  this system in the regulation o f  spontaneous 
apoptosis of  normal human phagocytes, we examined the 
relative surface expression o f  Fas and FasL on neutrophils, 
monocytes,  and eosinophils. Experiments were performed 
to determine the relative senstivity of  these phagocyte pop-  
ulations to Fas-induced apoptosis. W e  also examined the 
effects o f  stimuli known to suppress spontaneous neutrophil  
apoptosis on Fas-mediated apoptosis in neutrophils. Addi-  
tional experiments were conducted to determine whether  
neutrophils could serve as a source of  soluble FasL and, 
thereby, induce death ofhe te ro logous  cells that are suscep- 
tible to the Fas-mediated death pathway. 

Materials and Methods 

Special Reagents. The following reagents were obtained from 
commercial sources: FITC-conjugated armexin V (annexin V-FITC) 
(BRAND Applications b.v., Rotterdam, The Netherlands); dex- 
amethasone, progesterone, H-7, acridine orange, 3-[(3-cholami- 
dopropyl)dimethyl-ammonio]-l-propanesulfonate (CHAPS), Triton 

h Abbreviations used in this paper: FasL, Fas ligand; MFI, mean fluorescence 
intensity; sFasL, soluble FasL. 

X-100, human serum albumin (fraction V), and FITC-conjugated 
affiniw-purified F(ab')2 goat anti-human IgG Ab (Sigma Chemi- 
cal Co., St. Louis, MO); genistein (ICN Biomedicals, Cleveland, 
OH); herbimycin A (GIBCO BRL, Gaithersburg, MD); murine 
mAb CH-11 (anti-human Fas [gM); and murine mAb ZB4 (anti- 
human Fas IgG/; Medical & Biological Laboratories Co. Ltd., 
Nagoya, Japan, and Upstate Biotechnology Inc., Lake Placid, NY); 
murine mAb UB2-FITC (anti-human Fas IgG1; Oncor, Inc., 
Gaithersburg, MD); nmrine mAb MMA (anti-CD15 IgM) and 
murine IgG1-FITC control Ab (Becton Dickinson, San Jose, CA); 
and murine mAb No. 33 (anti-human FasL lgG1; Transduction 
Laboratories, Lexington, KY). G-CSF and GM-CSF were pur- 
chased from Amgen, Inc. (Thousand Oaks, CA) and Immunex, 
Inc. (Seattle, WA), respectively. IFN-',/ and TNF-(x were pro- 
vided as gifts from Genentech, Inc. (South San Francisco, CA). 

Preparation of Fas-Ig and B7-lg Fusion Proteins. The Fas-Ig and 
B7-1g fusion proteins were constructed using the procedures es- 
sentially as described by Hollenbaugh and Aruffo (33). The extra- 
cellular domains of human Fas and human B7 were isolated by 
PCP, using primers based on previously reported sequences (18, 
34). The resulting fragments were then separately placed in frame 
with the constant region of human lgGL, Each fusion gene was 
inserted into separate modified pCDM8 vectors, which were 
then transfected into COS cells using DEAE-dextran. At~er 6 d of 
culture, the COS cell supernatants were harvested, and the Fas-lg 
and B7-Ig were purified on protein A affinity colunms. 

Preparation of Pur!fied Populations qfi Normal Human Phagocytes. 
Venous blood was collected from normal human volunteers using 
0.2% K,EDTA as an anticoagulant. Neutrophils were isolated by 
sequential sedimentation in Dextran T-500 (Pharmacia LKB Bio- 
technology, Piscataway, NJ) in 0.9% sodium chloride, centrifuga- 
tion in Histopaque-1077 (Sigma Chemical Co.), and hypotonic 
lysis oferythrocytes, as described previously (35). The preparation 
contained >97% PMN, of which >95% were neutrophils. Plate- 
let-depleted monocytes were isolated as described previously (35). 
Eosinophils were isolated by centrifugation on discontinuous gra- 
dients of metrizamide, as described previously (35). The prepara- 
tions contained 95-100% eosinophils, as determined by Wright- 
Giemsa staining of cytocentrifuged samples. Cell viability- of all 
three populations of phagocytes was >98%, as determined by tD'- 
pan blue exclusion. 

Culture Conditionsjbr Normal Human Phagocytes. Preparations 
of isolated normal human phagocytes were maintained in RPMI 
1640-10% FCS (supplemented with 10 mM Hepes, 0.2 mM 
l~-glutamine, 25 U/ml  penicillin, and 25 mg/ml streptomycin) at 
a concentration of 5 X 10 ~' cells/ml in 48-well cell culture clus- 
ters (Costar 3548; Costar Co., Cambridge, MA) at 37~ in a hu- 
midified CO2 incubator (5% CO2-95% air). Aliquots were re- 
moved and washed once in PBS before use in assays ofneutrophil 
apoptosis (see below). 

lmmunofluorescence Flow Cytometry jbr Detection qf Fas Expres- 
sion. Cell surface expression of Fas was assayed by direct immu- 
nofluorescence flow cytometry using saturating concentrations of 
mAb UB2-FITC. In brief, freshly isolated populations of normal 
human phagocytes (neutrophils, monocytes, and eosinophils) were 
suspended in ice-cold PBS at a concentration of 2 X 10 v cells/ml. 
An aliquot of the respective phagocyte suspension (50 btl, l() ~' 
cells) was added to 50 btl of mAb UB2-FITC dissolved m PBS 
containing 0.1% BSA and 0.1% sodium azide in the wells of a 96- 
well vinyl microtiter assay plate (Costar 2596; Costar) kept on 
ice. Cells were stained for 45 min at 4~ washed once with PBS 
containing 0.1% sodium azide, and then fixed with 1% paraform- 
aldehyde in PBS. Simultaneous negative control staining reac- 
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tions were performed with a saturating concentration of irrele- 
vant murine IgG1-FITC in place ofmAb UB2-FITC. The plates 
were kept at 4~ until the stained cells were analyzed by flow cy- 
tometry using a FACScan | and BDIS Consort software (Becton 
Dickinson & Co., Mountain View, CA). Mean fluorescence in- 
tensity (MF]) was calculated by subtraction of the mean fluores- 
cence channel of the appropriate negative control. 

Immunofluorescence Flow Cytometry for Detection of FasL Expres- 
sion. Cell-surface expression of FasL on freshly isolated popula- 
tions of normal human phagocytes was assayed by indirect immu- 
nofluorescence flow cytometry using Fas-Ig for primary staining 
and FITC-conjugated, affnity-purified F(ab')2 goat anti-human 
IgG for secondary staining. In brief, primary staining was per- 
formed with 106 cells incubated with Fas-Ig (20 p,g/nil) in PBS 
containing 10% normal human serum in wells of  a 96-well vinyl 
microtiter assay plate (Costar 2596; Costar) kept on ice. Cells 
were stained for 45 rain at 4~ then washed once with PBS con- 
taining 0.1% sodium azide and 0.1% BSA. Secondary staining was 
performed with FITC-conjugated, affinity-purified F(ab')2 goat 
anti-human IgG (10 ~g/ml) in PBS containing 10% goat serum. 
After a single PBS wash, the cells were fixed with 1% paraformal- 
dehyde in PBS. Simultaneous negative control staining reactions 
were performed by omitting Fas-Ig in the primary staining step. 
In separate neutrophil assays, B7-Ig was also substituted for Fas- 
Ig as a negative control. The plates were kept at 4~ until the 
stained cells were analyzed by flow cytometry. 

DNA Electrophoresis. DNA electrophoresis was performed to 
assess DNA fragmentation. Normal human neutrophils, mono- 
cytes, and eosinophils (106 ceils/sample) were removed from cul- 
ture after incubation with mAb CH-11 for 12 h to induce Fas- 
mediated apoptosis, pelleted by centrifugation, washed once in 
PBS, and lysed by the addition of 0.5 ml lysis buffer (10 mM 
EDTA, 50 mM Tris, 1% SDS, 250 ~g/ml proteinase K [Boeh- 
ringer Mannheim, Mannheim GmbH, Mannheim, Germany], 
pH 8.0) at 37~ for 16 h. DNA was extracted twice with phenol/ 
chloroform/isoamyl alcohol (25:24:1), precipitated with 0.5 vol 
7.5 M sodium acetate and 2 vol ethanol at -70~ resuspended 
in Tris-EDTA buffer containing 250 p,g/ml RNAse (Boehringer 
Mannheim), and incubated at 65~ for 5 rain before electro- 
phoresis in 1.2% agarose at 50 V for 3 h. After staining with 
ethidium bromide, DNA was visualized by UV examination for 
photography. 

Analysis of Apoptotic Cellular Morphology of Neutrophils. For the 
analysis of  apoptotic morphology, -'J106 PBS-washed neutro- 
phils were suspended in 1 ml of PBS containing acridine orange 
(5 /~g/ml). An aliquot was then examined by fluorescence mi- 
croscopy on a Leitz Ortholux microscope (Ernst Leitz, Wetzlar, 
Germany), and cells were scored as apoptotic vs. nonapoptotic. 
The morphologic changes of apoptosis in neutrophils are easily 
visualized by this technique, and they consist of diminution in 
cell volume and chromatin condensation yielding fragmented or 
bright, homogeneously stained nuclei (1, 10). 500 cells were 
counted per sample, and data were reported as the percentage of 
ce/ls with apoptotic morphology. 

Quantitation Of DNA Fragmentation. Quantitation of DNA frag- 
mentation was performed by determination of fractional solubi- 
lized DNA by diphenylamine assay (10, 36). In brief, 5 X 106 
PBS-washed neutrophils were lysed in 0.5 ml lysis buffer (5 mM 
Tris-HC1, 20 mM EDTA, 0.5% Triton X-100, pH 8.0), and the 
lysates were centrifuged (15,000 g) to separate high molecular 
weight DNA (pellet) and cleaved, low molecular weight DNA 
(supematant). After precipitation with 0.5 N perchloric acid, 
DNA was quantitated by spectrophotometry after the addition 

of diphenylamine reagent. Data are reported as the relative pro- 
portion (percentage) of  soluble, low molecular weight DNA. 

Immunofluorescence Flow Cytometry of Annexin V-FITC Bind- 
ing. The binding of annexin V-FITC was used as a sensitive 
measure of neutrophil apoptosis and performed by modification 
of a previously described method (11). Specific binding of an- 
nexin V-FITC was performed by incubation ofneutrophils (5 • 
105 cells) in 50 p,1 of  binding buffer (10 mM Hepes, 140 mM 
NaC1, 2.5 mM CaCI2, pH 7.4) containing a saturating concentra- 
tion of annexin V-FITC for 30 rain at 4~ Nonspecific binding 
was determined using calcium-flee binding buffer (10 mM 
Hepes, 140 mM NaC1, 10 mM EDTA, pH 7.4). After incuba- 
tion, neutrophils were pelleted at 400 g for 10 min at 4~ then 
fixed in 1% paraformaldehyde in PBS and stored in the dark at 
4~ before analysis. Neutrophils were analyzed within 24 h of  
fixation in a Coulter Epics Elite ESP flow cytometer (Coulter 
Corp., Hialeah, FL) while gating on physical parameters to ex- 
clude cell debris. 

Coculture Experiments with Neutrophils and Jurkat Cells. Freshly 
isolated neutrophils (2.5 • 106/ml) andJurkat cells (2.5 • 106/ml) 
were cocultured in R.PMI 1640-10% FCS at 37~ in a humidi- 
fied CO 2 incubator (5% CO2-95% air) in six-weU Transwell tis- 
sue culture plates (Coming Costar Corp., Cambridge, MA). The 
two cell populations were physically separated by a polycarbonate 
membrane with a 0.4-1*m pore size. Specific wells were supple- 
mented with mAb CH-11 (anti-human Fas IgM, 100 ng/ml), 
mAb ZB4 (anti-human Fas IgG~, 1 Ixg/ml), or Fas-Ig (50 Izg/ml), 
as indicated in the figure legend. At designated times, aliquots of the 
Jurkat cells were removed, and viability was determined using a 
commercial fluorescence microscopy viability kit (LIVE/DEAD | 
Viability/Cytotoxicity Kit; Molecular Probes, Inc., Eugene, OIL). 

Identification of Membrane-assodated and Soluble FasL from Neutro- 
phils by Immunoblot. Lysate samples of freshly isolated neutro- 
phils (107) from two normal volunteers were prepared in 200 p~l 
of CHAPS lysis buffer, as previously described (35). Neutrophil- 
conditioned culture supematants were obtained by maintaining 
neutrophils in vitro in R.PMI 1640 (supplemented with 10 mM 
Hepes, 0.2 mM L-glutamine, 25 U/ml  penicillin, and 25 b~g/ml 
streptomycin) plus 0.1% human serum albumin at a concentration 
of 20 • 106 cells/ml in 48-well cell culture clusters. Culture su- 
pematants were removed at designated time points, and were 
cleared of intact cells and cellular debris by centrifugation. Mem- 
brane-associated FasL from lysates of freshly isolated neutrophils 
and soluble FasL from supematants of neutrophils maintained in 
vitro were detected by immunoblot analysis on Immobilon-P 
polyvinyldiene difluoride membranes (Millipore Corp., Bedford, 
MA) with murine mAb No. 33 (anti-human FasL IgG1). Lysates 
were mixed 1:1 with 2• SDS sample buffer and boiled for 5 rain 
immediately before electrophoretic analysis (40 I*l loaded per 
well) on 8.5% SDS polyacrylamide gels. Culture supematants 
were handled similarly, except that aliquots were mixed 2:1 with 
3 X SDS sample buffer before loading. Immunoblots were devel- 
oped using an enhanced chemiluminescence detection kit (ECL; 
Amersham Life Science, Buckinghamshire, UK). 

Statistical Analysis. Mean values were compared using Stu- 
dent's two-tailed t test for independent means; differences were 
not regarded as significant if P >10.05. 

Results  

Differential Cell-surface Expression of Fas and FasL on Normal 
Human Neutrophils, Monocytes, and Eosinophils. Cell-surface 
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Figure 1. Cell-surface expression of Fas on normal human phagocytes. Direct immunofluorescence flow cytometry was performed to detect cell sur- 
face Fas expression on fresl~y isolated normal human neutrophils, monocytes, and eosinophils. Data are expressed in the form of a fluorescence histogram 
overlay depicting specific Fas staining (solid line) vs. negative control staining (broken line). Data are representative of five independent experiments with 
similar results. MFI values cited in the text represent mean values _+SD from five independent donors. 

expression o f  Fas was detected on normal human neutro-  
phils, monocytes,  and eosinophils by direct immunof luo-  
rescence flow cytometry using mAb U B 2 - F I T C  (Fig. 1). 
Fas expression was highest on neutrophils, where the aver- 
age MFI  was 19.5 -+ 0.3 (mean + SD; log scale; n = 5 in-  
dependent  donors). The  relative intensity o f  Fas expression 
on monocytes and eosinophils was <50% of  that observed 
on neutrophils, with MFI  values o f  6.2 + 1.6 and 9.0 + 
0.5 for monocytes and eosinophils, respectively (n = 5 in-  
dependent  donors). 

Cell-surface expression o f  FasL was detected by indirect 
immunofluorescence flow cytometry using Fas-Ig fusion 
protein. In contrast to Fas, the FasL immunofluorescence 
histograms for monocytes and eosinophils were virtually 
superimposable on their respective negative control immu-  
nofluroescence histograms (Fig. 2), yielding MFI  values for 
monocytes and eosinophils that were not  significantly 
greater than 0 (2.0 • 1.0 and 0.9 _+ 0.4, respectively In = 
5 independent  donors]). Significant FasL expression, how-  
ever, was detected on neutrophils with an MFI  o f  12.5 - 
0.9 (n = 5 independent  donors). Substitution o f  B7-1g for 

Fas-Ig in the initial binding reaction yielded an immuno-  
fluorescence histogram superimposable on the negative 
control (data not  shown). 

Differential Sensitivity of Neutrophils, Monocytes, and Eosino- 
phils to Fas-induced Apoptosis. To determine the relative sen- 
sitivity o f  normal human neutrophils, monocytes,  and eosi- 
nophils to Fas-induced apoptosis, isolated populations of  these 
cells were maintained in vitro in serum-containing medium 
and stimulated with agonistic anti-Fas IgM (rnAb CH-11)  
for 12 h. Because D N A  fragmentation is considered to be 
the biochemical  hallmark ofapoptosis  (1), a quantitative as- 
say o f  D N A  fragmentation was peffornaed (Fig. 3 A). Stim- 
ulation by mAb CH-11  induced a dramatic increase in the 
content  o f  low molecular weight  D N A  in neutrophils from 
a control value o f  7% to 48% (P <0.01).  In contrast, the 
propor t ion  o f  soluble D N A  in monocytes arid eosinophils 
was relatively unaffected by mAb CH-11.  The  percentage 
o f  soluble D N A  was unchanged in eosinophils (3% for both 
treated and control  cells) and only modestly increased in 
monocytes from a control  value of  1-6% (P <0.05).  

The relative sensitivity ofneutrophi/s to Fas-induced D N A  
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Figure 2. Cell-surface expression of FasL on nomaal human phagocytes. Indirect immunofluorescence flow cytometry was performed to detect cell- 
surface FasL expression on freshly isolated normal human neutrophils, monocytes, and eosinophils. Data are expressed in the form of a fluorescence histo- 
gram overlay depicting specific FasL staining (solid line) vs. negative control staining (dotted line). Data are representative of five independent experiments 
with similar results. MFI values cited in the text represent mean values +SD from five independent donors. 
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f ragmenta t ion  was conf i rmed  by  conven t iona l  " D N A  lad- 
der" analysis (Fig. 3 B). Whereas  negligible or modes t  
D N A  cleavage was present  in  freshly isolated (0 h, lane 1) 
neutrophi ls  and neutrophi ls  ma in ta ined  in  vitro for 12 h 
(lane 2), a substantial level o f  D N A  cleavage products  was 
readily apparent  in  neutrophi ls  after s t imulat ion wi th  m A b  
C H - 1 1  for 12 h (lane 3). 

W h e n  unde rgo ing  apoptosis, cells develop characteristic 
morpholog ic  changes, such as chromat in  condensa t ion  and 
cytoplasmic shrinkage, before apparent  D N A  fragmenta-  
t ion  (1, 2, 5). S t imula t ion  wi th  m A b  C H - 1 1  rapidly accel- 
erated the deve lopmen t  o f  apoptot ic  morpho logy  in  n e u -  
trophils main ta ined  in  vitro (Fig. 3 C). Greater  than 30% of  
the m A b  C H - 1 1 - s t i m u l a t e d  popula t ion  developed apop-  

Figure 3. Differential sensitivity of normal human phagocytes to Fas-induced apoptosis. (A) Fas-induced DNA fragmentation in normal human neu- 
trophils, monocytes, and eosinophils. Freshly isolated populations of normal human phagocytes were maintained in vitro in the absence (control, open 
bars) and presence of mAb CH-11 (100 ng/ml) (diagonally striped bars), as indicated. After incubation for 12 h, aliquots of phagocytes were processed for 
quantitation of DNA fragmentation by the diphenylamine assay method. Data are reported as the ratio of DNA cleavage products to high molecular 
weight DNA expressed as a percentage. Results represent the mean -+SE of five separate experiments performed with phagocyte populations isolated 
from independent donors. (B) Gel electrophoresis demonstrating Fas-induced DNA fragmentation in neutrophils maintained in vitro: (lane 1) 0 h (freshly 
isolated); (lane 2) control X 12 h; (lane 3) mAb CH-11 (100 ng/ml) X 12 h. Lane S represents DNA 1-kb size marker standards (GIBCO BRL). (C) Time 
course of Fas-induced apoptosis in neutrophils maintained in vitro. At the designated time points, aliquots of neutrophils were prepared and scored for 
apoptotic morphology by fluorescence microscopy after staining with acridine orange: (a) control ('"O"'),and (b) mAb CH-11 (100 ng/ml) (--B-)- Data 
are reported as the percentage of cells demonstrating morphologic features of apoptosis, and they represent the mean + SD of five separate experiments 
performed with neutrophils isolated from independent donors. Substitution of mAb MMA (anti-CD 15 IgM; 1 p,g/ml) for mAb CH-11 during incuba- 
tion resulted in a rate of apoptosis identical to control (data not shown). (D) Morphologic features of Fas-induced apoptosis in neutrophils. Cytospin prepa- 
rations ofneutrophils maintained in vitro were stained by the Wright-Giemsa method: (1) control • 0 h; (2) control X 12 h; and (3) mAb CH-11 (100 ng/ 
ml) X 12h. 
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Figure 4. Proinflamnlatory cytokines reduce Fas-induced DNA flag- 
mentation in normal human neutrophils. Neutrophils were maintained 
in vitro in the absence and presence of anti-Pas lgM (mAb CH-11, 100 
ng/ml), as indicated, l)esignated samples of neutrophils were preincu- 
bated with G-CSF (1 p,g/ml), GM-CSF (1 Ixg/ml), IFN-y (100 U/ml), 
or TNF-c~ (100 U/ml) for 1 h before the addition of n~b CH-11. After 
incubation for 12 h, aliquots of neutrophils were processed for quantita- 
tion of DNA fragmentation by the diphenylamine assay method. Data are 
reported as the ratio of DNA cleavage products to high molecular weight 
DNA expressed as percentage. Results represent the mean -+ SE of four 
separate experiments peffomaed with neutrophils isolated from indepen- 
dent donors. Among the neutrophils stinmlated with anti-Fas IgM (mAb 
CH-11), the asterisk denotes a statistically significant difference in DNA 
fragmaentation in cytokine-treated cdls as compared to control cells 
(p <o05) 

totic morphology within 3 h, compared to <5% ofneu t ro-  
phils maintained without mAb CH-11.  By 6 h, apoptotic 
morphology was apparent in 90% of  the neutrophils stimu- 
lated with mAb CH-11.  Neutrophils maintained in vitro 
for 12 h without mAb CH-11 (Fig. 3 D, panel 2) retained 
morphologic features essentally similar to those o f  freshly 
isolated neutrophils (panel t). In contrast, typical apoptotic 
morphologic features, consisting o f  chromatin condensa- 
tion ("apoptotic bodies") and reduced cytoplasmic volume, 
were readily apparent in neutrophils maintained in vitro 
with mAb CH-11 for 12 h (Fig. 3 D, panel 3). 

Effect of Proinflammatory Cytokines on Fas-induced Apoptosis 
of Neutrophils. Proinflanmlatory cytokines have been shown 
to suppress or delay spontaneous apoptosis of  neutrophils 
maintained in vitro (6). To  determine whether proinflam- 
matory cytokines could exert a similar suppressive effect on 
Fas-mediated apoptosis o f  neutrophils, quantitiative D N A  
fragmentation assays were perfonned on neutrophils pre- 
treated in vitro for 1 h with G-CSF (1 ~g/ml),  GM-CSF 
(1 I.tg/ml), IFNy  (100 U/ml),  or TNF-ot (100 U/nil) before 
the addition o f  mAb CH-11 (Fig. 4). All four cytokines 
significantly reduced the development o f  low molecular 
weight D N A  induced by activation ofFas (P <0.05). G-CSF 
exerted the strongest effect on Fas-mediated apoptosis, 
reducing the percentage of  soluble D N A  from a control 
value o f  58% to 29%. Less pronounced, but significant, sup- 
pression of  Fas-mediated apoptosis was observed when 
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Figure 6. Dexamethasone reduces Fas-induced DNA fragmentation in 
normal human neutrophils. Neutrophils were maintained in vitro in the 
absence and presence ofanti-Fas lgM (mAb CH-11, 100 ng/ml), as indi- 
cated. Designated samples of neutrophils were preincubated with dexam- 
ethasone (1 ~M) or progesterone (1 I.LM) for 1 h before the addition of 
mAb CH-11. After incubation for 12 h, aliquots of the neutrophil sus- 
pensions were processed for quantitation of DNA fragmentation by the 
diphenylamine assay method. Data are reported as the ratio of DNA 
cleavage products to high molecular weight DNA expressed as percent- 
age. P,,esults represent the mean -+ SE of four separate experiments per- 
formed with neutrophils isolated from independent donors. Among the 
neutrophils stimulated with anti-Fas IgM (mAb CH-I I), the asterisk de- 
notes a statistically significant difference in DNA fragmentation in steroid- 
treated cells as compared to control cells (P <0.05). 

neutrophi ls  were pre incubated  wi th  G M - C S F ,  I F N - y ,  or 
TNF-cx.  

The  ability o f  G - C S F  to suppress Fas-mediated apoptosis 
in neutrophi ls  was conf i rmed  by  annex in  V - F I T C  flow cy- 
tometr ic  exper iments  (Fig. 5). Apoptosis is associated wi th  
alterations in plasma m e m b r a n e  structure before the devel-  
o p m e n t  o f  D N A  fragnlentat ion (5). These structural 
changes lead to the exposure  o f  phosphatidylserine on  the 
cell surface early in the apoptotic  process (11, 37). Thus ,  
apoptot ic  cells can be detected and quantif ied by their  abil-  
ity to b ind  anne x i n  V, a Ca2+-dependen t  phosphol ip id-  
b ind ing  protein  wi th  high affinity for phosphatidylserine 
(11, 38). High  specific b ind ing  o f  annex in  V was detected 
in < 2 %  of  freshly isolated neutrophils ,  compared  to 14% of  
neutrophi ls  main ta ined  in  vitro for 12 h. Act iva t ion  of  Fas 
by m A b  CH-11  increased the percentage o f a n n e x i n  V-pos i -  
tive cells to 78% at 12 h. Incuba t ion  wi th  G - C S F  reduced 
the p ropor t ion  o f  annex in  V-pos i t ive  cells in Fas-activated 
neu t rophi l  populat ions  to 28% (mean; n = 5 i ndependen t  
donors).  
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Figure 7. Genistein and herbimycin A reduce Fas-induced DNA frag- 
mentation in normal human neutrophils. Neutrophils were maintained 
in vitro in the absence and presence of anti-Fas IgM (mAb CH-11, 100 
ng/ml), as indicated. Designated samples of neutrophils were preincu- 
bated with herbimycin A (3 b~M), genistein (50 bLM), or H-7 (50 ~M) for 
1 h before the addition of mAb CH-11. After incubation for 12 h, ali- 
quots of the neutrophil suspensions were processed for quantitation of 
DNA fragmentation by the diphenylanfine assay method. Data are re- 
ported as the ratio of DNA cleavage products to high molecular weight 
DNA expressed as percentage, l~esults represent the mean + SE of four 
separate experiments performed with neutrophils isolated from indepen- 
dent donors. Among the neutrophils stimulated with anti-Fas IgM (mAb 
CH-11), the asterisk denotes a statistically significant difference in DNA 
fragmentation in cells incubated with protein kinase inhibitor as com- 
pared to control cells (P <0.05). 

Effect of Dexamethasone on Fas-induced Apoptosis of Neutro- 
phils. In contrast to their  i nduc t ion  ofapoptos is  in  i m m a -  
ture T cells, glucocort icoids suppress the rate o f  spontane-  
ous apoptosis in neutrophi ls  main ta ined  in vitro (9, 10). T o  
de te rmine  whe the r  glucocort icoids could similarly inhib i t  
Fas-mediated neutrophi l  apoptosis, we compared the relative 
effects o f  dexamethasone  (1 I~M) and progesterone (1 p~M) 
on  the deve lopmen t  o f  D N A  fragmenta t ion induced  by 
m A b  C H - 1 1  (100 n g / m l  • 12 h) (Fig. 6). Dexamethasone ,  
bu t  no t  progesterone, significantly reduced the percentage o f  
soluble, low molecular  weight  D N A  in m A b  C H - 1 1 - s t i m -  
ulated neut rophi l  popula t ions  from 58% to 42% (P <0 .05) .  
T o  conf i rm this finding, f low cytometr ic  analysis o f  an-  
nex in  V b ind ing  was per formed (Fig. 5). The  percentage o f  
specific annex in  V-pos i t ive  cells induced  by m A b  C H - 1 1  
was reduced from 78% to 30% (mean; n = 5 independen t  
donors).  

Effects of Genistein and Herbimycin A on Fas-induced Apop- 
tosis qfNeutrophils. Tyros ine  kinase activity has been  im-  
plicated as an essential c o m p o n e n t  o f  the Fas-mediated signal 

Figure 5. Proinflammatory cytokines, dexamethasone, and genistein reduce Fas-induced apoptosis in normal human neutrophils as detected by an- 
nexin V binding. Immunofluorescence flow cytontetry was performed to detect binding ofannexin V-FITC to neutrophils maintained in vitro. Experi- 
mental conditions: (1) control • 0 h; (2) control • 12 h; (3) n ~ b  CH-11 (100 ng/ml) • 12 h; (4) G-CSF (1 Ixg/ml) X 1 h followed by mAb CH-1 l 
(100 ng/n~) X 12 h; (5) dexamethasone (1 p,M) • 1 h followed by mAb CH-11 (100 ng/ml) X 12 h; and (6) genestein (50 p,M) • 1 h followed by 
mAb CH-11 (100 ng/ml) X 12 h. Data are expressed in the form of a fluorescence histogram overlay depicting specific annexin V-FITC (broken line) vs. 
nonspecific background binding (solid line). Data are representative of five independent experiments with similar results. Percentages represent the propor- 
tion of neutrophils demonstrating high specific binding of annexin V-FITC (i.e., apoptotic cells). The percentage values cited in the text represent mean 
values from five independent donors. 
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Figure 8. Spontaneous neutrophil death in vitro is suppressed by antag- 
onistic anti-Fas lgG~ and Fas Ig. Normal neutrophils were maintained in 
vitro under the following conditions: control ( ~ ) ;  + anti-Fas IgM 
(mAb CH-11; 100 ng/ml) (...{~}...); + anti-Fas lgG (rnAb ZB4; 1 btg/ml) 
(--i--); + Fas-Ig (50 btg/ml) (---A---); and + B7-1g (50 ~g/ml) (....C>-). At 
the designated time points, aliquots of the neutrophils were removed, and 
cell viability was detemfined. The data represent the mean -+ SE for four 
independent experiments performed with neutrophils isolated from inde- 
pendent donors. 

transduction pathway leading to apoptosis in T cells (39). 
To determine whether tyrosine kinase activity is involved 
in Fas-mediated apoptosis in neutrophils, we examined the 
effects o f  two selective tyrosine kinase inhibitors with dif- 
ferent mechanisms o f  action, genistein (40), and herbimy- 
cin A (41) on Fas-induced D N A  fragmentation in neutro- 
phils (Fig. 7). Both  herbimycin A (3 I.tM) and genistein 
(50 IxM) significantly reduced the percentage o f  soluble, 
low molecular weight D N A  in populations o f  Fas-stimu- 
lated neutrophils from 58% to 28% and 43%, respectively 
(P <0.05). In contrast, the protein kinase C inhibitor, H-7, 
failed to suppress Fas-induced D N A  fragmentation. Confir- 
matory flow cytometric experiments demonstrated that 
genistein reduced the percentage o f  annexin V-positive 
cells in Fas-stimulated populations ofneutrophils from 78% 
to 40% (mean; n = 5 independent donors) (Fig. 5). 
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Figure 9. Neutrophils release a soluble factor that induces Jurkat cell 
death. Jurkat cells were cocultured with normal neutrophils in tissue cul- 
ture wells providing physical separation of the two cell populations by a 
porous polycarbonate membrane. Conditions: control, Jurkat cells alone 
(-m--); Jurkat cells + anti-Fas IgM (mAb CH-11; 100 ng/ml) ( ~ ) ;  
Jurkat cells + nomml neutrophils (.-.&.-);Jurkat cells + nomlal neutrophils + 
anti-Fas IgG1 (mAb ZB4; 1 Ftg/ml) ('-'0); and Jurkat cells + nomlal 
neutrophils + Fas-lg (50 ~g/ml) (O"')- At the designated time points, 
aliquots of the Jurkat cells were removed, and cell viability was deter- 
nfined. The data represent the mean -+ SE for four independent experi- 
ments performed with neutrophils isolated from independent donors. 

Spontaneous Neutrophil Apoptotic Death Is Partially Inhibited 
by Fas-Ig or Inhibitory anti-Fas IgG. To test whether the 
Fas system plays a critical role in the control o f  spontaneous 
neutrophil apoptotic death, neutrophils were maintained in 
vitro with antagoifistic anti-Fas IgG1 (mAb No. 33, 1 p,g/ 
nil) or Fas-Ig (50 Ixg/ml) deployed as a soluble receptor to 
block the interaction o f  FasL with cell-associated Fas (Fig. 8). 
Both anti-Fas IgG1 and Fas-Ig significantly reduced spon- 
taneous neutrophil death at 24-72 h (P <0.05). At 48 h, 
viability in control neutrophils declined to 25%, but re- 
mained >50% in neutrophils treated with either anti-Fas 
IgG1 or Fas-Ig. B7-Ig,  used as a negative control fusion 
protein, did not significantly affect neutrophil viability. 

Neutrophils Release a Soluble Factor That Induces Jurkat 
Death. It has been recently recognized that FasL can be 
secreted as a soluble, functionally active ligand (23, 25, 32, 
42, 43). Thus, cells capable o f  expressing FasL can induce 
death o f  heterologous Fas-susceptible cells via a paracrine 
pathway that does not require direct cell-cell contact (23- 
25, 32). Furthermore, Fas-Ig fusion protein can be de- 
ployed as a competitive inhibitor o f  Fas/FasL interactions 
to block the physiological effects o f  soluble FasL in culture 
supernatants (23-25). 

Stimulated neutrophils are known to secrete a soluble 
factor (or factors) that suppresses the biologic activity of  
certain populations o f  lymphocytes (44). This neutrophil- 
derived suppressive activity has been attributed, at least in 
part, to released myeloperoxidase and H202 (44). Because 
FasL is constitutively expressed on normal neutrophils, we 
hypothesized another mechanism for the immunosuppres- 
sive activity o f  neutrophils. To test whether neutrophils 
could serve as a source o f  biologically active soluble FasL 
(sFasL), we performed experiments in which Jurkat cells, a 
cloned human T cell line is highly susceptible to Fas-medi- 
ated death (Fig. 9, -[21-), were cocultured with normal 
neutrophils in a system that allows diffusion of  soluble fac- 
tors, but prevents physical contact between the two cell 
populations. Neutrophil coculture reduced Jurkat viability 
at 72 h to 51%, compared to 91% viability observed in con- 
trol Jurkat cells maintained in normal medium (Fig. 9). 
Jurkat death induced by coculture with neutrophils was sig- 
nificantly reduced at 24-72 h by either antagonistic anti- 
Fas-IgG1 (mAb No.33, l I~g/nfl) or Fas-Ig (50 btg/tnl) 
(P <0.05). Specifically, Jurkat viability at 72 h was in- 
creased to 77% and 82% by anti-Fas-IgGi and Fas-Ig, re- 
spectively. These results are consistent with the release of  
biologically active sFasL by nornqal human neutrophils 
maintained in vitro, suggesting a possible role for FasL in 
neutrophil-mediated cytotoxicity. 

hnmunoblot Detection qf lntact, Membrane-associated FasL and 
sFasLfrom Normal Neutrophils. Whole-cell lysates of  freshly 
isolated neutrophils from two normal donors were pre- 
pared, and immunoblot  analysis was performed using an 
mAb specific for human FasL. A prominent 37-kD protein 
(Fig. 10, upper arrow) was identified by this technique in the 
neutrophil lysates from both individuals (Fig. 10, lanes 1 
and 2). Samples o f  supernatant were also obtained from 
cultures o f  these neutrophils after maintenance in vitro for 
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Figure 10. Detection of intact FasL and soluble FasL from normal neu- 
trophils by immunoblot. Immunblot analysis for FasL was performed us- 
ing human FasL-specific mAb No. 33. Lysates and culture supernatants 
from two normal donors are shown. Lanes I and 2 represent whole-cell 
lysates of freshly isolated neutrophils from the two donors, respectively. 
Lanes 3-5 and 6-8 represent culture supematants of neutrophils main- 
tained in vitro from the two donors, respectively. Culture supernatants 
were obtained at 12 h (lanes 3 and 6), 24 h (lanes 4 and 7), and 48 h (lanes 
5 and 8). Migration positions ofprestained molecular mass markers are in- 
dicated in the left margin. Arrows in the right margin indicate the migra- 
tion positions of proteins recognized by the anti-human FasL mAb used 
in the immunoblot. 

12-48 h. A 30-kD protein (Fig. 10, middle arrow) was de- 
tected by FasL immunoblo t  in the neutrophil supernatants 
from both individuals (Fig. 10: donor 1, lanes 3-5, donor 
2, lanes 6-8). In the supernatant from donor 1, the 30-kD 
protein signal was faintly apparent at 12 h (lane 3) and in- 
creased in intensity at 24 (lane 4) and 48 h (lane 5). In the 
supernatant from donor  2, the 30-kD protein signal was 
absent at 12 h (lane 6), but readily apparent by 48 h (lane 8). 
By 48 h, a 14-kD protein (lower arrow), presumably repre- 
senting an sFasL degradation product,  was detected in the 
neutrophil culture supernatants from both individuals (lanes 
5 and 8). 

Discuss ion  

The  Fas/FasL system is acknowledged to play a critical 
role in the regulation o f  both T cell and B cell develop- 
ment  (19, 20, 22-27,  45). Whereas quiescent T cells lack 
FasL expression, physiologic activation of  T cells in re- 
sponse to a number  o f  stimuli induces FasL expression and 
upregulation of  Fas, whose ensuing engagement on the cell 
surface initiates an autocrine cell death pathway (22-25). In 
this manner,  T cells appear not to be commit ted  but, 
rather, must be induced by activation signals to undergo 
apoptosis. 

Our  findings invoke a different scenario for the Fas/FasL 
pathway in neutrophils. O u r  results not only confirm that 
Fas is constitutively expressed on human neutrophils, mono-  
cytes, and eosinophils (16, 46), but they also demonstrate 
that, among normal mature phagocytes, FasL expression is 
restricted to neutrophils (Figs. 1 and 2). This constitutive 
coexpression o f  Fas and FasL suggests a plausible mecha-  
nism responsible for the rapid rate o f  spontaneous apoptosis 
observed in mature human neutrophils. Unlike mature T 
cells, which must be activated to undergo Fas-rnediated 
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apoptosis, neutrophils may be irrevocably commit ted to 
autocrine death resulting from Fas/FasL engagement on the 
cell surface. Alternatively, neutrophil apotosis could occur 
via a "fratricide" pathway in which membrane-bound  Fas 
interacts with FasL expressed on an adjacent cell (47, 48). 

To  test the potential importance of  the Fas/FasL path- 
way in regulation of  spontaneous neutrophil apoptotic 
death, we performed experiments examining the effects o f  
antagonistic anti-Fas IgG1 and Fas-Ig (deployed as a soluble 
receptor for FasL) on the viability o f  neutrophils main-  
tained in vitro (Fig. 8). Both agents significantly reduced 
spontaneous neutrophil death by "-'50% during the 72-h 
time course. This partial, but not complete, inhibition o f  
neutrophil death suggests that the Fas/FasL pathway is an 
important,  but not exclusive, mechanism involved in the 
regulation of  spontaneous neutrophil apoptosis. W e  inter- 
pret these results to indicate that redundant mechanisms 
exist to insure that neutrophils undergo apoptosis in the 
event that the Fas pathway is interrupted or fails. Thus, we 
propose that the Fas/FasL pathway may represent a key 
mechanism regulating the rapid spontaneous turnover of  
neutrophils after their release from the marrow. 

Our  results demonstrate differential sensitivity among 
neutrophils, monocytes, and eosinophils to Fas-induced apop- 
tosis (Fig. 3). Although all three types of  phagocytes were 
shown to express cell-surface Fas, only neutrophils were 
found to undergo rapid apoptosis after stimulation with 
mAb CH-11 .  In monocytes,  mAb CH-11  induced a mod-  
est, albeit statistically significant, degree o f  D N A  fragmen- 
tation. Thus, the observed magnitude of  apoptosis in our  
study differs from a previous report, suggesting that mono-  
cytes exhibit relatively high sensitivity to the Fas apoptotic 
pathway (49). Moreover ,  the relative sensitivity of  the 
phagocyte populations to Fas-induced apoptosis correlated 
with the relative rate of  spontaneous apoptosis observed in 
vitro (i.e., neutrophils >monocy te s  >eosinophils) (6-16, 
46). Both proinflammatory cytokines and dexamethasone, 
an antiinflammatory glucocorticoid, suppressed Fas-induced 
apoptosis in normal neutrophils (Figs. 4-6),  in a manner  
similar to their effects on spontaneous apoptosis and viahil- 
ivy of  neutrophils maintained in vitro (6, 9, 10). O f  the 
proinflammatory cytokines investigated in our study, G-CSF 
exerted the strongest effect on reducing spontaneous (58) 
and Fas-induced neutrophil apoptosis (Figs. 4 and 5). Lesser 
but significant reductions in Fas-induced apoptosis were 
observed with GM-CSF,  IFN-% and TNF-o~ (Fig. 4). T o -  
gether, these findings are consistent with the hypothesis 
that proinflammatory cytokines and glucocorticoids sup- 
press neutrophil apoptosis via inhibition of  a component  of  
the Fas death program. 

The  mechanism by which proinflammatory cytokines 
and glucocorticoids mediate their antiapoptotic effects has 
yet to be determined. W e  doubt that simple downregula-  
tion of  cell-surface Fas expression is involved, based on our 
observation that incubation with G-CSF in vitro fails to al- 
ter the MFI signal for Fas in flow cytometry experiments 
(data not shown). Ceramide, generated by activation o f  an 
acidic sphingomyelinase, has also been implicated as an ira- 



portant intracellular messenger of  the Fas death pathway in 
several cell types, including lymphocytes (51, 52). Al- 
though we cannot exclude the possibility that ceramide is 
an Fas-induced intracellular messenger of  apoptosis in neu- 
trophils, we have failed to observe accelerated apoptosis in 
neutrophils treated with C 2 ceramide (Liles, W.C. ,  and S.J. 
Klebanoff, unpublished data), a cell permeable, synthetic 
analogue of  endogenous free ceramide capable of  inducing 
apoptosis in other cell types (51, 52). Fas activation has also 
been found to stimulate an elevation in the concentration 
of  cytosolic Ca 2+ in certain cell types (53). Although a po-  
tential role for a Fas-mediated Ca 2+ signal has yet to be de- 
scribed in phagocytes, it is interesting to note that small, 
transient elevations in intracelluar Ca 2+ have been reported 
to paradoxically inhibit apoptosis in normal human neutro-  
phils (54). 

Induction of  antiapoptotic oncogene expression repre- 
sents another potential mechanism for inhibition of  apop- 
tosis. Bd-2 and related oncogenes such as bcl-x have re- 
ceived substantial attention because of  their ability to 
inhibit apoptosis in a variety of  systems (55-57), including 
hematopoietic development (58, 59). The  relative resis- 
tance of  monocytes to Fas-induced apoptosis has been at- 
tributed to expression of  the antiapoptotic gene bd-2 (16). 
Furthermore, mice deficient in bcl-2 expression suffer mas- 
sive death o f  hematopoietic precursors, and spontaneous 
apoptosis is significantly impaired in mature neutrophils 
from transgenic mice that express bcl-2 (4). However ,  nei- 
ther bcl-2 nor bd-x is expressed in mature neutrophils, nor are 
they induced by treatment with G-CSF in vitro (Liles, W.C.,  
J .R.  Park, D.M. Hockenbery,  and S.J. Klebanoff, unpub-  
lished data). Our  findings suggest that proinflammatory cy- 
tokines and glucocorticoids may modulate Fas-mediated 
signal transduction, thereby suppressing both Fas-induced 
and spontaneous apoptosis o f  normal neutrophils. The  
demonstration that both genistein and herbimycin A sup- 
press apoptosis in neutrophils stimulated with mAb CH-11 
is consistent with this hypothesis (Figs. 5 and 7), especially 
in light o f  the recent report implicating an essential role for 

tyrosine kinase activity in Fas-mediated signalling in lym- 
phocytes (39). Furthermore, we have recently found that 
spontaneous neutrophil apoptosis in vitro is partially sup- 
pressed by both genistein and herbimycin A (50). 

The  neutrophil is recognized as an important cellular 
mediator o f  tissue damage during inflammation (60). It has 
been hypothesized that release o f  sFasL from lymphocytes 
represents a pathologic pathway to promote  injury in Fas- 
susceptible tissues (32, 43). The  finding that neutrophils re- 
lease a soluble factor that induces Jurkat cell death via a 
mechanism sensitive to either antagonistic anti-Fas IgG 1 or 
Fas-Ig (Fig. 9) suggested that the neutrophil also may serve 
as a source of  sFasL. Nomlally,  senescent neutrophils are 
removed from an inflammatory site by macrophages via 
phagocytosis (1). It is believed that this process minimizes 
the potential risk of  tissue injury related to the release of  
neutrophil-derived toxic mediators (1). Conceivably, fail- 
ure of  this system to recognize and remove senescent neu-  
trophils could lead to increased FasL release and exacerba- 
tion of  tissue injury at sites o f  inflammation. 

Immunoblot  analysis confirmed that a soluble 30-kD pro- 
tein recognized by an mAb specific for human FasL is re- 
leased into the culture supernatant o f  neutrophils main- 
tained in vitro. Thus, we propose that neutrophils may not 
only facilitate their own suicide, but also induce apoptosis 
in heterologous cells via the Fas death program. The  solu- 
ble 30-kD protein detected in our FasL immunoblot  ex- 
periments is slightly larger than the 26-kD sFasL released 
from activated T cells (32). Recently,  a matrix metallopro- 
teinase was implicated in the mechanism responsible for the 
release of  sFasL from lymphocytes (43). The  difference m 
molecular mass of  the neutrophil-derived product suggests 
that the proteolytic mechanisms regulating the release of  
sFasL from neutrophils and lymphocytes may differ. Thus, 
it will be of  considerable interest to examine whether a spe- 
cific neutrophil-derived metalloproteinase mediates shed- 
ding of  biologically active sFasL from normal human neu- 
trophils. 

W.C. Liles is a Pfizer Postdoctoral Fellow. The study was supported by U.S. Public Health Service grants 
AI-07763 and HL-53515 Grant info from the National Institutes of Health. 

Address correspondence and reprint requests to W. Conrad Liles, M.D., Ph.D., INFECTIOUS DISEASES, 
Department of Medicine, Box 357185, University of Washington, Seattle, WA 98195-7185. 

Received for publication 9 November 1995 and in revised form 14 May 1996. 

References 
1. Cohen, J.J. 199l. Programmed cell death in the inmmne sys- 

tem. Adv. lmmunol. 50:55-85. 
2. Sun, D.Y., S. Jiang, L. Zheng, D.M. O lcius, andJ.D. Young. 

1994. Separate metabolic pathways leading to DNA fragmen- 
tation and apoptotic chromatin condensation. J. Exp. Med. 
179:559-568. 

3. Nakajima, H., P. Golstein, and P.A. Henkart. 1995. The tar- 
get cell nucleus is not required for cell-mediated granzyme- 
or Fas-based cytotoxicity.J. Exp. Med. 181:1905-1909. 

4. Lagasse, E., and I.L. Weissman. 1994. Bcl-2 inhibits apoptosis 
of neutrophils but not their engulfment by macrophages..]. 
Exp. Med. 179:1047-1052. 

438 Fas and Fas Ligand on Human Phagocytes 



5. Mower, D.A., D.W. Peckham, V.A. Illera, J.K. Fishbaugh, 
L.L. Stunz, and R.F. Ashman. 1994. Decreased membrane 
phospholipid packing and decreased cell size precede DNA 
cleavage in mature mouse B cell apoptosis. J. ImmunoI. 152: 
4832-4842. 

6. Colotta, F., F. Re, N. Polentarutti, S. Sozzani, and A. Man- 
tovani. 1992. Modulation of granulocyte survival and pro- 
grammed cell death by cytokines and bacterial products. 
Blood. 80:2012-2020. 

7. Brach, M.A., S. deVos, H.-J. Gruss, and F. Herrmann. 1992. 
Prolongation of  survival of human polymorphonuclear neu- 
trophils by granulocyte-macrophage colony-stimulating fac- 
tor is caused by inhibition of programmed cell death. Blood. 
80:2920-2924. 

8. Dransfield, I., S.C. Stocks, and C. Haslett. 1995. Regulation 
of cell adhesion molecule expression and function associated 
with neutrophil apoptosis. Blood. 85:3264-3273. 

9. Cox, G. 1995. Glucocorticoid treatment inhibits apoptosis in 
human neutrophils. Separation of survival and activation out- 
comes.J. Immunol. 154:4719-4725. 

10. Liles, W.C., D.C. Dale, and S.J. Klebanoff. 1995. Glucocor- 
ticoids inhibit apoptosis in human neutrophila. Blood. 86: 
3181-3188. 

11. Homburg, C.H.E., M. de Haas, A.E.G.Kr. von dem Borne, 
A.J. Verhoeven, C.P.M. Reutelingsperger, and D. Roos. 
1995. Human neutrophils lose their surface Fc~/RIII and ac- 
quire annexin V binding sites during apoptosis in vitro. Blood. 
85:532-540. 

12. Liles, W.C., and S.J. Klebanoff. 1995. Regulation ofapopto- 
sis in neutrophils - Fas track to death?J. Immunol. 155:3289- 
3291. 

13. Managan, D.F., and S.M. Wahl. 1991. Differential regulation 
of human monocyte programmed cell death (apoptosis) by 
chemotactic factors and pro-inflammatory cytokines. J. Im- 
munol. 147:3408-3412. 

14. Stern, M., L. Meagher, J. Savill, and C. Haslett. 1992. Apop- 
tosis in human eosinophils. Programmed cell death in the 
eosinophil leads to phagocytosis by macrophages and is mod- 
ulated by IL-5. J. ImmunoL 148:3543-3549. 

15. Alam, R., P. Forsythe, S. Stafford, and Y. Fukuda. 1994. 
Transforming growth factor [3 abrogates the effects of he- 
matopoietins on eosinophils and induces their apoptosis. J. 
Exp. Med. 179:1041-1045. 

16. Iwai, K., T. Miyawaki, T. Takizawa, A. Konno, K. Ohta, A. 
Yachie, H. Seki, and N. Taniguchi. 1994. Differential ex- 
pression of bcl-2 and susceptibility to anti-Fas-mediated cell 
death in peripheral blood lymphocytes, monocytes, and neu- 
trophils. Blood. 84:1201-1208. 

17. Pericle, F., J.H. Liu, J.l. Diaz, D.K. Blanchard, S. Wei, G. 
Fomi, andJ.Y. Djeu. 1994. Interleukin-2 prevention ofapop- 
tosis in human neutrophils. Eur. J. Immunol. 24:440-444. 

18. Itoh, N., S. Yonehara, A. lshii, M. Yonehara, S. Mizushima, 
M. Sameshima, A. Hase, Y. Seto, and S. Nagata. 1991. The 
polypeptide encoded by the cDNA for human cell surface 
antigen Fas can mediate apoptosis. Cell. 66:233-243. 

19. Nagata, S. 1994. Fas and Fas ligand: a death factor and its re- 
ceptor. Adv. lmmunol. 57:129-144. 

20. Nagata, S., and P. Golstein. 1995. The Fas death factor. Sci- 
ence (Wash. DC). 267:1449-t456. 

21. Suda, T., and S. Nagata. 1994. Purification and characteriza- 
tion of the Fas-ligand that induces apoptosis. J. Exp. Med. 
179:873-879. 

22. Vignaux, F., E. Vivier, B. Malissen, V. Depraetere, S. Nagata, 

and P. Golstein. 1995. TCK/CD3 coupling to Fas-based cy- 
totoxicity.J. Exp. Med. 181:781-786. 

23. Brunner, T., R.J. Mogil, D. LaFace, N.J. Yoo, A. Mahboubi, 
F. Echeverri, SJ. Martin, W.P,-. Force, D.H. Lynch, C.F. Ware, 
and D.R. Green. 1995. Cell-autonomous Fas (CD95)/Fas- 
ligand interaction mediates activation-induced apoptosis in 
T-cell hybridomas. Nature (Lond.). 373:441-444. 

24. Dhein, J., H. Walczak, C. Baumler, K. Debatin, and P.H. 
Krammer. 1995. Autocrine T-cell suicide mediated by APO- 
I/(Fas/CD95). Nature (Lond.). 373:438-441. 

25. Ju, S., D.J. Panka, H. Cui, R. Ettinger, M. E1-Khatib, D.H. 
Sherr, B.Z. Stranger, and A. Marshak-Rothstein. 1995. Fas 
(CD95)/FasL interactions required for programmed cell 
death after T-cell activation. Nature (Lond.). 373:444-448. 

26. Alderson, M.R., T.W. Tough, T. Davis-Smith, S. Braddy, B. 
Falk, K.A. Schooley, R.G. Goodwin, C.A. Smith, F. Rams- 
dell, and D.H. Lynch. 1995. Fas ligand mediates activation- 
induced cell death in human T lymphocytes. J. Exp. Med. 
181:71-77. 

27. Ettinger, R., D.J. Panka, J.K.M. Wang, B.Z. Stranger, S. Ju, 
and A. Marshak-R.othstein. 1995. Fas ligand-mediated cyto- 
toxicity is directly responsible for apoptosis of normal CD4 + 
T cells responding to a bacterial superantigen. J. Immunol. 
154:4302-4308. 

28. Kagi, D., F. Vignaux, B. Ledermann, K. Burki, V. Deprae- 
tere, S. Nagata, H. Hengartner, and P. Golstein. 1994. Fas 
and perforin pathways as major mechanisms of T-cell medi- 
ated cytotoxity. Science (Wash. DC). 265:528-530. 

29. Lowin, B., M. Hahne, C. Mattmann, and J. Tschopp. 1994. 
Cytolytic T-cell cytotoxicity is mediated through perforin 
and Fas lytic pathways. Nature (Lond.). 370:650--652. 

30. Rouvier, E., M. Luciani, and P. Golstein. 1993. Fas involve- 
ment in Ca2+-independent T cell-mediated cytotoxicity. J. 
Exp. Med. 177:195-200. 

31. Stalder, T., S. Hahn, and P. Erb. 1994. Fas antigen is the ma- 
jor target molecule for CD4 + T cell-mediated cytotoxicity.J. 
Immunol. 152:1127-1133. 

32. Tanaka, M., T. Suda, T. Takahashi, and S. Nagata. 1995. Ex- 
pression of the functional soluble form of human Fas ligand 
in activated lymphocytes. EMBO (Eur. Mol. Biol. Organ.)J. 
14:1129-1135. 

33. Hollenbaugh, D., and S. Arrufo. Construction of immuno- 
globulin fusion proteins. In Current Protocols in Immunol- 
ogy. Vol. 2. J.E. Coligan, A.M. Kruisbeek, D.H. Margulies, 
E.M. Shevach, and W. Strober, editors. John Wiley & Sons, 
New York. 10.19.1-10.19.11. 

34. Linsley, P.S., W. Brady, L. Grosmaire, Alejandro Aruffo, 
N.K. Damle, andJ.A. Ledbetter. 1991. Binding of the B cell 
activation antigen B7 to CD28 costimulates T cell prolifera- 
tion and interleukin 2 mRNA accumulation. J. Exp. Med. 
173:721-730. 

35. Liles, W.C., J.A. Ledbetter, A.W. Waltersdorph, and S.J. 
Klebanoff. 1995. Cross-linking of CD45 enhances activation 
of the respiratory burst in response to specific stimuli in hu- 
man phagocytes.J. Immunol. 155:2175-2184. 

36. Park, J.R., K. Robertson, D.D. Hickstein, S. Tsai, D.M. 
Hockenbery, and S.J. Collins. 1994. Dysregulated bcl-2 ex- 
pression inhibits apoptosis but not differentiation of retinoic 
acid-induced HL-60 granulocytes. Blood. 84:440-445. 

37. Fadok, V.A., D.1L. Voelker, P.A. Campbell, J.J. Cohen, D.L. 
Bratton, and P.M. Henson. 1992. Exposure of phosphati- 
dylserine on the surface of apoptotic lymphocytes triggers 
specific recognition and removal by macrophages.J. Immunol. 

439 Liles et al. 



148:2207-2216. 
38. Koopman, G., C.P.M. Reutelingsperger, G.A.M. Kuitjen, 

R.M.J. Keehnen, S.T. Pals, and M.H.J. van Oers. 1994. An- 
nexin V for flow cytometric detection of phosphatidylserine 
expression on B cells undergoing apoptosis. Blood. 84:1415- 
1420. 

39. Eischen, C.M,, C.J. Dick, and P.J. Leibson. 1994. Tyrosine 
kinase activation provides an early and requisite signal for 
Fas-induced apoptosis. J, Immunol. 153:1947-1954. 

40. Akiyama, T., J. Ishida, S. Nakagawa, H. Ogawara, S. Wa- 
tanabe, N. Itoh, M. Shibuya, and Y. Fukami. 1987. Geni- 
stein, a specific inhibitor of tyrosine-specific protein kinases. 
J. Biol. Chem. 262:5592-5595. 

41. Kondo, K., T. Watanabe, H. Sasaki, Y. Uehara, and M. 
Oishi. 1989. Induction of in vitro differentiation of mouse 
embryonal carcinoma (F9) and erythroleukemia (MEL) cells 
by hebimycin A, an inhibitor of protein phosphorylation. J. 
Cell Biol. 109:285-293. 

42. Suda, T., T. Takahashi, P. Golstein, and S. Nagata. 1993. 
Molecular cloning and expression of the Fas ligand, a novel 
member of the tumor necrosis factor family. Cell. 75:1169- 
1178. 

43. Tanaka, M., T. Suda, K. Haze, N. Nakamura, K. Sato, F. 
Kimura, K. Motoyoshi, M. Mizuki, S. Tagawa, S. Ohga, et al., 
1996. Fas ligand in human serum. Nature Medicine. 2:317-322. 

44. El-Hag, A., and R.A. Clark. 1987. Immunosuppression by 
activated human neutrophils,J. Immunol. 139:2406-2413. 

45. Rathmell, J.C., M.P. Cooke, W.Y. Ho, J. Grein, S.E. 
Townsend, M.M. Davis, and C.C. Goodnow. 1995, CD95 
(Fas)-dependent elimination of self-reactive B ceils upon in- 
teraction with CD4 + T cells. Nature (Lond.). 376:181-184. 

46. Matsumoto, K., R.P. Schleimer, H. Saito, Y. Iikura, and B.S. 
Bochner. 1995. Induction of apoptosis in human eosinophils 
by anti-Fas antibody treatment in vitro. Blood. 86:1437-1443. 

47. Gillette-Ferguson, I., and C.L. Sidman. 1994. A specific in- 
tercellular pathway of apoptotic cell death is defective in the 
mature peripheral T cells of autoimmune lpr and gld mice. 
Eur.J. Immunol. 24:1181-1185. 

48. Vignaux, F., and P. Golstein. 1994. Fas-based lymphocyte- 
mediated cytotoxicity against syngeneic activated lympho- 
cytes: a regulatory pathway? Eur. J. lmmunol. 24:923-927. 

49. Richardson, B.C., N.D. Lalwani, K,J. Johnson, and R.M. 

Marks. 1994. Fas ligation triggers apoptosis in macrophages 
hut not endothelial cells. Eur. J. Immunol. 24:2640-2645. 

50. Liles, W.C., A.M. Waltersdorph, and S.J. Klebanoff. 1994. 
Regulation of apoptosis in human neutrophils: effects of 
proinflammatory mediators, protein kinase inhibitors, and an- 
tibodies directed against [32 integrins. Clin. Res. 42:148a. 

51. Cifone, M.G., R. De Maria, R. Roncaioli, M.R. Rippo, M. 
Azuma, L.L. Lanier, A. Santoni, and R. Testi. 1994. Apop- 
totic signaling through CD95 (Fas/Apo-1) activates an acidic 
sphingomyelinase. J. Exp. Med. 180:1547-1552. 

52. Tepper, C.G., S. Jayadev, B. Liu, A. Bielkawska, R. Wolff, S. 
Yonehara, Y.A. Hannun, and M.F. Seldin. 1995. Role for 
ceramide as an endogenous mediator of Fas-induced cytotox- 
icity. Pro& Natl. Acad. Sci. USA. 92:8443-8447. 

53. Oshimi, Y., and S. Miyazaki. 1995. Fas antigen-mediated 
DNA fragmentation and apoptotic morphologic changes are 
regulated by elevated cytosolic Ca 2+ level. J. Immunol. 154: 
599-609. 

54. Whyte, M.K.B., S.J. Hardwick, L.C. Meagher, J.S. Savill, 
and C. Haslett. 1993. Transient elevations of cytosolic free 
calcium retard subsequent apoptosis in neutrophils in vitro. J. 
Clin. Invest. 92:446-455. 

55. Itoh, N., Y. Tsujimoto, and S. Nagata, 1993. Effect ofbcl-2 
on Fas antigen-mediated cell death.J. Immunol. 151:621-627. 

56. Boise, L.H., M. Gonzalez-Garcia, C.E. Postema, L. Ding, T. 
Lindsten, L.A, Turka, X. Mao, G. Nunez, and C.B. Thomp- 
son. 1993. Bcl-x, a bcl-2- related gene that functions as a dom- 
inant regulator ofapoptotic cell death. Cell. 74:597-608. 

57, Chao, D.T., G.P. Linette, L.H. Boise, L.S. White, C.B. 
Thompson, and S.J. Korsmeyer. 1995. Bcl-xL and bcl-2 re- 
press a common pathway of cell death.J. Exp. Med. 182:821- 
828. 

58. Park, J.R., I.D. Bernstein, and D.M. Hockenbery. 1995. 
Primitive human hematopoietic precursors express bcl-x but 
not bcl-2. Blood. 86:868-876. 

59. Motoyama, N., F. Wang, K.A. Roth, H. Sawa, K. Na- 
kayama, K. Nakayama, I. Negishi, S. Senju, Q. Zhang, S. 
Fujii, and D.Y. Loh. 1995. Massive cell death of immature 
hematopoietic cells and neurons in bcl-x-deficient mice. Sci- 
ence (Wash. DC). 267:1506-1510, 

60. Malech, H.L., and J.I. Gallin. 1987. Neutrophils in human 
diseases. N. Engl. J. Med. 317:687-694. 

440 Fas and Fas Ligand on Human Phagocytes 


