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The apoptosis of neutrophils is accelerated in respiratory syncytial virus (RSV)-
induced bronchiolitis
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SUMMARY

Neutrophils are the predominant inflammatory cell in the lung tissues and airways in RSV infection, and
can augment the epithelial cell damage induced by RSV. Neutrophil apoptosis has been suggested to be
a mechanism to reduce the potential for tissue injury. The apoptosis of neutrophils from nasopharyngeal
aspirates (NPA)r(=19) and peripheral blood (PB) of infants with RSV bronchiolitis{11) and PB

from healthy controlsri(= 9) was investigated. Monoclonal antibody against CD95 (Fas) and a binding
protein Annexin V were used to determine the apoptosis of neutrophils. The expression of CD11b and
CD18 on neutrophils was also detected with flow cytometry. The mean fluorescence intensity (MFI) of
CD95 on neutrophils from RSYNPA was increased compared with cells from control PB (73766
versus31-5+ 4-3); the MFI of Annexin V, CD11b and CD18 on neutrophils from RIVPA was up-
regulated compared with cells from both control PB (105-38-1versus11-8+ 1-5; 1683+ 153-3
versus841-1+ 72-3; 517+ 50-5versus147+ 8.7, respectively) and RSVPB (105-3+ 18-1versus
35-8+4.1; 1683+ 153-3versus818=+ 141-2; 517 50-5versus260=* 25-8, respectively). Further-

more, the percentage of neutrophils expressing Annexin V and the MFI of CD18 on neutrophils from
RSV' PB were increased compared with neutrophils from control PB. In addition, both CD11b (MFI)
and CD18 (MFI) correlated with Annexin V (MFI) on neutrophils. We conclude that neutrophil
apoptosis in RSV bronchiolitis is accelerated; and CD11b/CD18 may play an important role in RSV
infection by influencing neutrophil apoptosis.
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INTRODUCTION that could have the potential to cause tissue injury and amplify

Polymorphonuclear neutrophils (PMN) play an important role inlnflammatlon [4]-

inflammation. A mechanism determining if inflammation resolves. 'EfS\n/tIS trhe ".‘r(.’rf‘ frkt]aque_?tl_calisenoberonﬁg|0_I|t|s and pr:e(ljjmq?rl]a
or progresses to a chronic inflammatory state, characteristic of! 'Nfants requinng hospitalization [5], and 1S assoclate Wi
some inflammatory diseases, is the process by which recruite |gn|f|(?ant. morbidity anq mo.rtallty n sgnously allffected.chlnd.ren
neutrophils and their potentially injurious contents are remove .]' Th_|5 VIruS causes eplthe_llal nepro&s_and peribronchial infltra-
from inflamed tissues [1]. Cell death can be thought of as occurrin lon V\.”th Ieucocy;es, especially Wlth a high percentage of peutro-
rh|Is in the lung tissues [7] and airway lumen [8]. Neutrophils and

by either necrosis or apoptosis. Neutrophil death by necrosis T eir products are likelv to have an important role in the various
disintegration has the potential to induce cellular damage by Ir produ IKely v Imp : variou

release of granular contents [2]. Apoptotic neutrophils are recog5:I|n|cal and pathological changes occurring in RSV infection of the

nized and phagocytosed by macrophages via either the vitronectfl aYs- It has been reported that RSV infection of respiratory

receptor or the phosphatidylserine (PS) receptor [3]. This apoptotigp'the“al monolayers can promote neutrophil adherence which

process has been suggested to represent a mechamnigmo to could, n turn, potentially _contrlbute_ tq _the airway: injury anq

S . . . obstruction that accompanies bronchiolitis [9]. Our recent studies

limit the release of neutrophil contents from disintegrating cells : . o
show that neutrophils augment the damage to respiratory epithelial

cells induced by RSV infectiom vitro [10]. The modulation of
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although a recent study shows that HIV infection acceleratesnorphologic assessment of cells in the fluid. The suspended NPA

neutrophil apoptosis [11]. was spun at 514 for 5 min at £C. The supernatant was collected
We hypothesized that RSV infection may accelerate neutrophibind stored at —8C for later cytokine analysis. The cell pellet was

apoptosidgn vivo, which could subsequently modulate the neutro-resuspended in 5ml of Dulbecco’s modified Eagle’s medium

phil-induced damage to epithelial cells. In the following study we (DMEM; Gisco BRL, Life Technologies, Inc., Grand Island,

investigate the apoptosis of neutrophils from peripheral blood (PBNY) with high glucose,L-glutamine, and 5% fetal calf serum

and nasopharyngeal aspirates (NPA) of infants with RSV bronch{FCS) for isolating neutrophils. The process used for the isolation

iolitis and from PB of control infants, by detecting the expressionof neutrophils from NPA is similar to the isolation of neutrophils

of Fas (CD95) and PS receptor on neutrophils with MoAbs againsfrom PB.

CD95 and a binding protein Annexin V, respectively [12,13]. As

neutrophil apoptosis has been shown to be associated with the .

expression of CD11b/CD18 on neutrophils [14], the relationship!Slation of neutrophils _ _

between neutrophil apoptosis and the expressiom,dhtegrin  Immediately before each experiment, NPA neutrophils-(9)

CD11b/CD18 on neutrophils in RSV bronchiolitis is also and PB neutrophllsr(_z 11) from |nfants_ infected with RSV and

investigated. from healthy control infantsn(= 9) were isolated by Lymphoprep

(Hycomed Pharma AS, Oslo, Norway) and 3% dextran (T500;
Pharmacia Biotech, Uppsala, Sweden) sedimentation techniques
MATERIALS AND METHODS [15]. Residual erythrocytes in the granulocyte-rich fraction were
Reagents eliminated by hypotonic lysis in 0-2% sodium chloride twice for

MoAbs against CD95 (Fas, Dx22; Pharmingen, San Diego CA)ZOS each time. This resulted in a cell fraction containi@y%

and CD18 (7E4; Coulter, Hialeah, FL) were used in this Study_neutrophils with>97% viability as determined by trypan blue

MoAb against CD11b (2LPM19c; Dako, Carpinteria, CA) was exclusion. Neutrophils were suspended in DMEM at a concentra-
] L i} . 7 . .

directly conjugated to PE. Silenus anti-mouse Faagment ton of 1x107/ml and were put on ice for flow cytometric

(second antibody) was directly conjugated to FITC (AMRAD, nalysis.

Boronia, Australia). Fluorescein-conjugated Annexin V (Annexin Duplicate c_:ontrols were _undertaken on the eff_ect of N-acet-
V—FITC) and propidium iodide (PI; 56g/ml) were supplied by ylcysteine, which was used in the process of isolating neutrophils

Pharmingen. A binding buffer (10m HEPES/NaOH, pH7-4, from NPA. No effect was observed on the apoptosis of neutrophils

140 mm NacCl, 2-5 nm CaCl) was used to wash cells after staining. from PB of h_ealthy controls. .
Neutrophils were attempted to be obtained from NPA of four

healthy age-matched control infants. Insufficient neutrophils were

Selection of patients ; - )
obtained for analysis by NPA from these infants.

Nineteen RSV infants between 1 and 13 months old (median
4.9 months), admitted for acute bronchiolitis to Flinders Medical
Centre (Adelaide, South Australia), were enrolled. The RSVEIow cytometric analysis

antigens were detected from an aliquot of NPA by ELISA. The \ie,irophils (5¢ 10° in 50,l) were incubated for 15min at room
infants were healthy until the time of RSV infection, and all had atemperature in the dark with B of Annexin V, or 10ul of PI

severe infection with coughing, wheezing, chest overinflation a”d(SO,Ag/mI) with one tube as blank control. Binding buffer (40D

tachypnoea. o was added to each tube. Cells were analysed by flow cytometry
A healthy control group of nine infants between 1 and within 1h

12 months of age (median 5-2 months) who required blood tests Neutrophils (5< 10° in 50l) were incubated on ice for 30 min

prior to minor surgery was selected. with an excess concentration of MoAbs (CD95, CD18, with X63

Informed consent for this study was given by the parents ofy e a5 a negative control). The cells were washed twice with PBS

RSV-infected and control infants. The study was approved by th%lus sodium azide and labelled with Silenus anti-mouse, Fab
Clinical Investigations (Ethics) Committee at Flinders Medical fragment conjugated to FITC diluted 1:100. The cells were

Centre. incubated on ice for another 30 min. After two washes with PBS,

) ) the cells were incubated for 10 min on ice withl®f mouse IgG to
Collection and separation of NPA , , _ block non-specific binding. Then B of MoAb against CD11b
For the nasal wash, children were placed in the supine position, angh,,i\;gated with PE were added to the cells and incubated on ice for
one c_>r two drops Of_ sterile normal _sahne W_ere plgced n each‘;mother 30min in order to discriminate neutrophils from other
nostrll.. The nasal alrway. was suctioned ywth a fine cgtheterce”& After washing in PBS, the cells were analysed by FACScan
Secretions and Iavage fluid were collected into a trap which wag|ow cytometry (CellQuest; Becton Dickinson, Mountain View,
connected to a suction tub&bout 0-5ml of NPA was collected CA) with standard settings. Ten thousand cells were analysed from

from.both nostrils .and diluted with saline to avolgme pf aml. A 2- each sample. Mean fluorescence intensity (MFI) was measured by
ml aliquot of the diluted NPA was used for detecting viruses (RSV.fy cytometry as a marker of cell surface expression of adhesion
influenza virus A and B, adenovirus, and parainfluenza virus 1, 2molecules.

3). The other 2-ml aliquot of diluted NPA was put on ice
immediately for isolation of neutrophils.

To dissolve the mucus further, p0of N-acetylcysteine (2gin  Statistical analysis
10ml) (David Bull Labs, Adelaide, Australia) were added to the Data are given as means.e.m. Data were analysed using a one-
2ml NPA. The NPA was mixed gently with a 5-ml syringe or a way analysis of variancexfova). A Bonferroni test was used to
pipette. Total cell counts were obtained by haemocytometer, andlentify differences between individual groups except where
an aliquot was smeared onto slides, then dried, fixed and stained fandicated.P <0-05 was considered significant.
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Fig. 1. The mean fluorescence intensity (MFI) of CD95 expressed onfig. 2. The comparison of positive percentage expression of Annexin V
neutrophils in RSV bronchiolitis. The MFI of CD95 on neutrophils obtained yyith propidium iodide (P1) on neutrophils in RSV bronchiolitis. The

from control peripheral blood (PBN& 9), RSVF PB (1=11), and from  positive percentage of Pl and Annexin V on neutrophils obtained from
RSV' nasopharyngeal aspirates (NPA)} 19) was detected by cytometric  control peripheral blood (PBn(=9), RSV* PB (1=8), and from RSV
analysis. The values are expressed as meare.m. P<0-05 compared  nasopharyngeal aspirates (NPA)={13) was determined by flow cyto-
with control PB group. metric analysis. The values are expressed as meare.m. P<0-05
compared with Pl group (pairgetest); **P < 0-05 compared with control
PB group; ***P = 0-05 compared with both control PB group and PI group.

RESULTS

The expression of CD95 (Fas) on neutrophils in RSV bronchiolitis

The MFI of CD95 on neutrophils from RSVNPA (73-6x 7-6)

was markedly increased compared with cells from control PBon neutrophils from RSV PB was increased compared with cells
(31-5+ 4-3). No significance was seen between RSB group  from control PB P<0-001).

and control PB group, although independertest showed a The positive percentage expression of Annexin V was signifi-
significant differenceR<0-01) (Fig. 1). cantly higher compared with the positive percentage of Pl on

neutrophils from control PB, RSV PB, and RSV NPA,
The expression of Pl on neutrophils in RSV bronchiolitis respectively, using independentest (Fig. 2).

The positive percentage expression of Pl on neutrophils from both Regression analysis showed that Annexin V (MFI) and

RSV*' PB (22-1+ 3-8) and RSV NPA (24-6+ 3-4) was increased Annexin V (%) correlated well with CD95 (MFI)rE&0-71,

compared with cells from control PB (7250-5). There was no P=0-0007;r =0-66,P=0-0028, respectively).

difference between RSVPB group and RSV NPA groups (Fig.

2). The MFI of Pl on neutrophils from RSVNPA (54-8+ 14.-6)  The expression of CD11b and CD18 on neutrophils in RSV

was increased compared with cells from control PB (¥5048)  bronchiolitis

(Fig. 3). No statistical difference was seen between the RBB The MFI of CD11lb on neutrophils from RSV NPA

group and the control group. (1683+153-3) was increased compared with cells from both
control PB (841-1 72-3) and RSV PB (818+ 141-2). The MFI

The expression of Annexin V on neutrophils in RSV bronchiolitisof CD18 on neutrophils from RSV NPA (517+ 50-5) was up-

The positive percentage expression of Annexin V on neutrophilgegulated compared with cells from both control PB (148-7)

from both RSV PB (45-8+ 4-8) and RSV NPA (52-5+ 4-4)was  and RSV PB (260= 25-8). The MFI of CD18 on neutrophils from

increased compared with cells from control PB (18-5-2) (Fig. RSV' PB was also up-regulated compared with cells from control

2). There was no significant difference between the RRB PB (Fig. 5).

group and the RSV NPA group. The MFI of Annexin V on Furthermore, the up-regulation of CD11b and CD18 on neu-

neutrophils from RSV NPA (105-3+ 18-1) was increased com- trophils was accompanied by the up-regulation of Annexin V on

pared with cells from both control PB (11281-5) and RSV PB neutrophils. Regression analysis showed that expression of CD11b

(35-8+ 4-1) (Fig. 4). No statistical significance was seen betweer(MFI) and CD18 (MFI) on neutrophilsn(=19) correlated very

the RSV" PB group and the control PB group using Bonferroni well with expression of Annexin V (MFI)r(=0-87,P<0-0001;

test, although independertest showed that the MFI of AnnexinV  r=0-94,P<0-0001, respectively).
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Fig. 3. The mean fluorescence intensity (MFI) of propidium iodide (PI) Fig. 5. The mean fluorescence intensity (MFI) of CD11b and CD18
expressed on neutrophils in RSV bronchiolitis. The MFI of Pl on neutro- expressed on neutrophils in RSV bronchiolitis. The MFI of CD11b and
phils obtained from control peripheral blood (PB)=£9), RSV" PB CD18 on neutrophils obtained from control peripheral blood (PB)
(n=8), and from RSV nasopharyngeal aspirates (NPA)=£13) was (n=9), RSV" PB (n=11), and from RSV nasopharyngeal aspirates

detected by flow cytometric analysis. The values are expressed as megNPA) (n=19) was detected with flow cytometric analysis. The values

+s.e.m. P<0-05 compared with control PB group. are expressed as means.e.m. P<0-05 compared with control PB
group; **P<0-05 compared with both control PB group and RSRB
group.
140 - DISCUSSION
Control PB .
[ Contro . CD95 (APO-1; Fas) has emerged as an important cellular path-
120 EZA RSv'PB way regulating the induction of apoptosis in a wide variety of
Bl RSV NPA tissues [16]. Fas is a widely expressed 45-kD type | membrane
protein member of the tumour necrosis factor (TNF)/nerve growth
100 [~ factor family of cell surface molecules [17]. Fas is activated to

mediate apoptosis in susceptible tissues following interaction with
agonistic anti-Fas IgM MoAb or its natural ligand, FasL, a 37-kD

type Il protein [17,18]. The up-regulation of Fas on neutrophils

suggests that the apoptosis of neutrophils from RSVPA is

60 - increased.

Changes in the plasma membrane of the cell surface are one of
the earliest features of cells undergoing apoptosis. In apoptotic
40~ neutrophils, the membrane phospholipid PS is translocated from
the inner to the outer leaflet of the plasma membrane, thereby
exposing PS to the external cellular environment [13,19], which is

80—

MFI

20 - recognized by a specific receptor on macrophages [2]. Macro-
T -'-i phages phagocytose apoptotic neutrophils. Annexin V is a member
0 L of a family of proteins that are structurally related and exhibit
Blank Annexin V Ca"-dependent phospholipid-binding properties [20]. Annexin V
control shows highest affinity for PS and binds to cells with exposed PS
Reagents [21]. The increased Annexin V binding and positive percentage

Fig. 4. The mean fluorescence intensity (MF) of Annexin \V expressed o indicate that the apoptosis of neutrophils from both RSB and
1g. 4. mean tiuorescen n SIity nexin XPress n . ~ . . .
neutrophils in RSV bronchiolitis. The MFI of Annexin V on neutrophils RSV" NPA is up-regulated, and the intensity of neutrophil

obtained from control peripheral blood (PB)£ 9), RSV" PB (1=8), and apoptosis from RSV NPA is stronger than cells from both control

from RSV' nasopharyngeal aspirates (NPA)={13) was detected with PB ?‘”q RSV PB. The accelerated neutrophil apoptosis in RSV
flow cytometric analysis. The values are expressed as meare.m. PB indicates that there must be a systemic factor in RSV bronch-

*P <0-05 compared with control PB group. iolitis which transfers signal to neutrophils in PB and accelerates

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:49-54
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neutrophil apoptosis. Neutrophil apoptosis could be part ofthe expression of Fas on neutrophils from RRB is not
neutrophil activation in RSV bronchiolitis. significantly increased, compared with cells from control PB.

Since translocation of PS to the external cell surface alsorhese data indicate that PB neutrophils from infants with severe
occurs during necrosis, Annexin V—FITC is typically used in RSV bronchiolitis have been activated systemically, and in turn,
conjunction with the non-vital dye PI. Viable cells with intact PB neutrophil apoptosis may be accelerated through a systemic
membranes exclude PIl, whereas the membranes of dead afactor other than Fas.
damaged cells are permeable to Pl. Therefore, this test discrimi- The accelerated neutrophil apoptotic prodesgvo may limit
nates between intact cells (FIT(I"), apoptotic cells (FITC/ the release of neutrophil contents from disintegrating cells in the
PI") and cells either in the end stage of apoptosis, undergoingirways in RSV bronchiolitis [8] and prevent further injuries to the
necrosis, or already dead (FIT@®I7) [22]. Our results show that epithelial cells induced by neutrophils in RSV infection [4,10]. On
although the positive percentage of Pl on neutrophils from boththe other hand, because apoptotic neutrophils are functionally
RSV PB and RSV NPA is increased compared with cells from impaired [32], accelerated neutrophil apoptdsis/ivo may con-
control PB, the positive percentage of Annexin V is higher than thetribute to the risk of secondary infection [11], which has been
positive percentage of Pl on neutrophils from control PB, RSV associated with RSV infection [33,34]. In addition, although in this
PB, and RSV NPA, respectively. This indicates that more cells study neutrophil apoptosis due to RSV infection was investigated,
are undergoing early apoptosis in addition to some necrotic cellst is likely that other respiratory viral infections could have a
which are the result of late apoptosis or non-apoptotic cell deathsimilar effect.

By comparing the expression of CD95 with Annexin V on In conclusion, the results confirm our hypothesis that neutro-
neutrophils, our data show that CD95 (MFI) on neutrophils fromphil apoptosis in RSV bronchiolitis is accelerated, and CD11b/
RSV NPA is increased only compared with cells from control PB; CD18 may play an important role in RSV infection by influencing
but Annexin V (MFI) on neutrophils from RSYNPA is increased  neutrophil apoptosis.
compared with cells from both control PB and RSWYB; and
furthermore, the positive percentage of Annexin V on neutrophils
from both RSV NPA and RSV PB is increased compared with ACKNOWLEDGMENTS
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There are several possible explanations. Fas (CD95) is an impor-

tant cellular pathway inducing apoptosis [16]. The up-regulation of REFERENCES

Fas on neutrophils from RSVNPA suggests that the accelerated ) ) )
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