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Background: Little is known about the termination of the T-
cell driven inflammation found in patients with allergic asth-
ma.

Objective: Because signals delivered through Fas/Fas ligand
can lead to T-cell apoptosis, we investigated the expression of
Fas and Fas ligand on peripheral blood— and bronchoalveolar
lavage fluid (BALF)—derived T cells and the percentage of
apoptotic BALF cells in asthma.

Methods: Nine atopic subjects with mild asthma and 9 control
subjects underwent segmental sham and allergen challenge.
Flow cytometry was used to determine the T-cell expression of
Fas and Fas ligand, and the terminal dUTP nick end labeled
technique was applied to detect apoptotic BALF cells.
Results: In asthmatic and control subjects almost all T cells in
the BALF expressed Fas antigen without changes after saline
or allergen challenge. A small percentage of T cells in BALF
expressed the Fas ligand. In asthmatic subjects, but not in con-
trol subjects, there was a significant increase in Fas ligand
after allergen challenge (CD3: 0.8% * 0.6% [baseline] vs 3.2%
+ 1.2% [allergen challenge]; CD4: 1.8% + 0.0% vs 4.3% +
1.8%; CD8: 2.8% * 2.4% vs 9.1% * 4.8%) but not after saline
challenge, with a significant correlation to the percentage of
BALF eosinophils. Apoptotic BALF cells were localized exclu-
sively in macrophages at a very low frequency (0.03% to
0.15%) and without changes after saline or allergen challenge
in both groups.

Conclusion: In asthma there is an upregulation of Fas ligand
on T cells in BALF after allergen challenge. Because there is
no evidence for increased apoptosis, this phenomenon may
reflect antigen-induced T-cell activation rather than apoptosis.
(J Allergy Clin Immunol 1999;103:649-55.)
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of CD4* T cells in the lung has been demonstrdtbdt

little is known about the mechanisms that terminate the T
cell-driven process. Because lymphocyte numbers in the
lung are the result of entry, exit, proliferation, and cell
death, data on the ultimate fate of T cells in asthma are
important to understand the dynamic changes after aller-
gen challengé.T cells triggered through the T-cell
receptor can lead to activation-induced cell death (apop-
tosis)?6 and apoptosis after allergen-specific T-cell acti-
vation might be involved in the elimination of T cells in
allergic inflammation. A possible mechanism of this pro-
grammed cell death is mediated through the Fas antigen,
a cell surface molecule that is a member of the TNF
receptor family. It has been shown that the interaction of
Fas antigen (CD95) with its ligand (CD95L), which is
also expressed on activated T célis,involved in acti-
vation-induced T-cell apoptosid®ecently, in vivo exper-
iments in a murine model have shown for the first time
that lung lymphocyte elimination after intratracheal anti-
gen challenge is mediated by apoptosis, which is depen-

Asthma is characterized as a chronic inflammatorydent on the expression of Fas and its ligkhid.is not
disease of the bronchial mucosa, and T cells play aknown, however, whether these mechanisms are involved
important role in orchestrating the disease proéess.in allergic inflammation (eg, in asthma). Therefore the
Lung T cells in patients with asthma show signs of acti-hypothesis was proposed that in asthma there is enhanced

vation and an enhanced expression qf,-fype

expression of Fas antigen and/or Fas ligand, leading to

cytokines?3 After allergen challenge, an accumulation increased T-cell apoptosis, especially after allergen expo-
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sure. The aim of this study was to determine the expres-
sion of Fas and Fas ligand on peripheral blood- and
bronchoalveolar lavage fluid (BALF)—derived T cells in

asthmatic subjects undergoing segmental allergen chal-
lenge and to examine the appearance of apoptosis in
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Nine patients with mild asthma (mean age, 25 + 3 years; 2
women and 7 men; mean FEW9% + 12% of predicted value;
geometric mean P 5.1 mg/mL histamine; geometric mean IgE,
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155 kU/L) and 9 normal control subjects (mean age, 28 + 4 yearsaspirated by using gentle suction. The instrument was passed into
2 women and 7 men; mean FE\L02% + 4% of predicted value; the superior lingular bronchus, and 10 mL of prewarmed saline
geometric mean Pfg 14.5 mg/mL histamine; geometric mean IgE, solution was instilled as a control challenge. Finally, the broncho-
10 kU/L) participated in the study. All patients had mild allergic scope was passed to the medial segment of the middle lobe, and 10
asthma as defined in the consensus répdrhey had a history of ~ mL of prewarmed allergen solution was instilled. After control and
intermittent wheeze with reversible airflow obstruction, and asthmaallergen instillation, the appearance of the airways was observed for
had previously been diagnosed by an independent physician. Mo$5 minutes. Bronchoconstriction was observed in each case after
of them had seasonal asthma (n = 8) and were tested out of their seallergen provocation but in no case after saline instillation. After 24
son. Each patient had a positive skin prick test response, defined ours, subjects (all asthmatic subjects and 5 control subjects) were
a greater than 4 mm diameter skin wheal response to 1 or more ofrebronchoscoped with the same premedication, and the superior lin-
common allergensDeermatophagoides pteronyssinu3 farinae gular bronchus and the medial middle bronchus underwent lavage
mixed grass pollen, mixed tree pollen, dog hair, feather, cat fur, ancwith 100 mL of prewarmed saline. After each bronchoscopy, all
Alternaria spp; allergen extraction from Abell6, Bornheim, Ger- subjects were observed closely for 4 hours and given a contact tele-
many). The allergen extract used for segmental allergen challengphone number when they left the department.

(Mixed grass pollen ob pteronyssinusAbelld) was that which

produced the largest wheal response on skin prick testing. On thProcessing of cells and flow cytometric

day of bronchoscopy, a skin wheal dose-response series was undeanalysis

taken with this allergen using 10-fold dilutions. The concentration
chosen for the endobronchial challenge was one tenth the dilutiol
in saline that elicited a 3 mm diameter skin wheal response. Th¢
instilled amount of antigen was 0.01 to Qud for mixed grass
pollen (mixture of the major allergens Dac g 5, Fes p 5, Lol p 5, Phl

BALF and peripheral blood samples were processed as
described# Briefly, BALF samples were filtered through a 106%
filter (Becton Dickinson, Heidelberg, Germany), centrifuged at
250g for 10 minutes, and washed in PBS. The total count of nucle-

p 5, and Poa p 5) and 0. for D pteronyssinugmixture of the ated cells was performed by using a Neubauer hemocytometer, and

major allergens Der p 1 and Der p 2). Bronchial hyperresponsive‘aln aliquot was separated for cytospln prgparat_lons. _Cytospln slides
: - - o were made with a Shandon cytospin device (Life Sciences Interna-
ness was determined at a screening visit by a modified bron

choprovocation test with histamine as described elseviAetist- tional, Frankfurt,_ (_Berma_ny)| and d!.f'ferentlal_cell count_s were per-
. . . : . formed after staining with May-Grunwald-Giemsa stain, with 300
amine was nebulized in a 10-L reservoir by a pressure nebulize

(Pari Provocation test Il, Starnberg, Germany) with increasing dou-cenS per slide being counted. . .
. . ) Flow cytometry was used to identify T-cell subsets and to deter-
bling concentrations, and aerosol was inhaled through a 1-way

. . mine the T-cell expression of Fas and Fas ligand. BAL cells resus-
valve. The PGy was calculated as the cumulative concentration of :
histamine that reduced FEWY 20% of postsaline baseline as pende_d in PBS (100L, 1><.105 ce!ls/mL) or whole blood (10[]L)
. . ; . . were incubated for 15 minutes in the presence of anti-CD95—phy-
derived by linear interpolation between the last 2 points of the log . ) ;

. . . coerythrin (PE) (final concentration, Op/100 uL mouse IgG1,
concentration-response curve. Patients were only using salbutamcPharmin en), biotinylated anti-CD95L (0jfg/100 UL mouse
administered by metered-dose inhaler, when required for relief of gen), Y h - o

. . . : . IgG1, Pharmingen), and one of the following antibodies: anti-CD3-
symptoms; none were treated with corticosteroids, sodium cromo-FITC (0.51g/100 L. mouse IgG1, Becton Dickinson), anti-CD4-
glycate, or theophylline. The normal control subjects had no histo-FITC (0'5 ug/lOO HL mouse | gGl' ’Medac Hambur G’erman ). or
ry of allergic or other diseases, negative skin prick test responsesami_CDé_Lé?Tc (1“51 /100 Lgmoijse | G’l_ CoultergyKrefeId (;/eyr-
normal IgE €100 IU/mL), normal lung function test results, and no ~H9 H . 9=~ ’ -~
bronchial hyperresponsiveness ¢g68 mg/mL). Al study sub- many). Cells were washed and incubated witth. ®f streptavidin-
jects were nonsmokers, and no subject had 'an episode of acuTriCObr (Medac) for 15 minutes. Erythrocytes were lysed (lysing

bronchitis 4 weeks before the investigations. All subjects were voI—SOIu“on‘ Becton Dickinson), leukocytes were washed with PBS,

. . - . and cells were kept at 4°C for no more than 24 hours in the dark
unteers and gave their written consent after being fully informed "~ - ; .
. } until analyzed. Negative controls consisted of isotype-matched, PE-
about the purpose and nature of the studies which were approved t

the Ethical Committee of Hannover Medical School. or FITC-labeled, n(_)n_specmc antlt_)odles (Becto_n chklnsqn), and in
the case of the biotinylated antibody, the primary antibody was

Segmental allergen challenge omitted. Flow cytometric analysis was performed with scatter gates

on the lymphocyte fraction by using a flow cytometer (Calibur, Bec-

Segmental allergen challenge was performed as previously > . . - ; ’
ton Dickinson) equipped with an argon ion laser and appropriate fil-

described3 A commercially available endotoxin detection assay !
(E-toxate, Limulus amebocyte lysate; Sigma, St Louis, Mo) was €S for FITC (fluorescence-1 [FL-1]), PE (FL-2), and Tricolor (FL-

used to demonstrate that the instilled saline and allergen solutions)‘ A total number of 40,000 to 50,000 events Was_ recorded to
were free of endotoxin. Lung function tests and collection of 5 mL ensure that more than 4000 events V\iere detectable in the lympho-
of venous blood in tubes containing EDTA were performed, and allSYt€ 9ate. The percentages of CP3D4*, and CD8 lymphocytes

subjects received nebulized salbutamol (1.25 mg), atropine (0.5 m‘and the percentage of CR¥D4, and CD8 lymphocytes bearing

subcutaneously), and midazolam (mean, 4.7 mg; range, 2 to 8 mc‘the surface markers CD95 or CD95L were calculated from the

before the bronchoscopy. Oxygen (100%) was delivered by mear;counted events in the quadrants of the FL-1/FL-3 (CD95L) and FL-
of the nasal cannulae throughout the procedure (2 to 4 L/min), anlllFL'2 (CD95) dot plots.
oxygen saturation was monitored with a digital oximeter. Lidocaine . .
(4%) was sprayed into the upper airways to achieve local anestheDeteCtlon of apoptotic BALF cells

sia. The bronchoscope (P30; Olympus Optical, Tokyo, Japan) wa: To detect cells with DNA fragmentation undergoing apoptosis, a
then passed through the mouth or nares, and lidocaine (2%) wamodified terminal dUTP nick end labeled (TUNEL) method was
introduced through the bronchoscope to anesthetize the larynx anused as previously describ&Briefly, BALF-cytospin slides were
lower airways. The instrument was wedged into the inferior lingu- fixed with 4% paraformaldehyde (pH 7.4 in PBS) for 20 minutes
lar bronchus, and the bronchus underwent lavage with 100 mL oand incubated with 70% ethanol for 30 minutes at room tempera-
sterile saline solution prewarmed to 37°C. Bronchoalveolar lavageture. After washing (0.05% Tween in Tris-buffered saline), the
(BAL) was performed by instilling 20-mL aliquots, which were slides were incubated with FITC-labeled dUTP (1.7 nmol/L) and
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TABLE I. Leukocytes and lymphocyte subpopulations in BALF at baseline and after diluent and allergen challenge

Total cell Macrophages  Eosinophils  Neutrophils Lymphocytes CD3+ CD4+ CD8+
count (x106) (%) (%) (%) (%) (%) (%) (%)
Asthma
BAL baseline 10.2 +3.4 87.9+10.9 09+1.2 09+16 109+106 934+20 579152 358%150
(n=9)
BAL diluent 19.2+11.8 66.5 £ 21.7* 0.4+0.6 27.0 £ 23.2* 6.0+4.7 91.0+4.1 60.7+119 299+128
(n=9)
BAL allergen 67.1+113.7 43.6+£21.9* 21.7+21.3* 21.4+22.6* 39+£1.7* 852+36 658+123 26.6+10.3
(n=9)
Control
BAL baseline 6.5+2.2 928+24 0.1+£0.2 1.1+£1.2 59+27 922+22 558+13.2 348%10.0
(n=9)
BAL diluent 22.8 £26.3 72.6 £18.7* 0.0+£0.0 23.6 £ 19.7* 3815 93.7+21 574+149 31.9%13.0
(n=5)

BAL allergen 40.2 +44.1 64.2 + 15.5* 0.0+0.0 31.6 £16.7* 44+1.6 919+24 59.7+111 251+84
(n=9)

Values are expressed as means + SD.
Statistical analysis of diluent BAL and allergen BAL challenges versus baseline BAL:05 as determined by pairetest.
CD3', CD4*, and CD8 cells are expressed as a percentage of positive cells within the lymphocyte population.

terminal deoxynucleotidy! transferase (TdT) (12.5 U) in the TdT either in asthmatic subjects (baseline: 75 + 10 mL; sham-
buffer (200 mmol/L potassium cacodylate, 25 mmol/L Tris-HCI, challenged: 75 + 3 mL; allergen-challenged: 68 + 10 mL)
1.25 mg/mL BSA [pH 6.6], and 5 mmol/L cobalt chloride solution) or in control subjects (baseline: 77 + 10 mL; sham-chal-
for 60 minutes at 37°C. After washing, the incorporated dUTP waslenged: 77 + 5 mL; allergen-challenged: 78 + 12 mL).
revealed by |a biOti”‘ij”jug_géengi”“‘F'TE a”“fb"dy at”‘t’, S“bbsd‘?q“erThere was an increased total cell count after saline and
immunocytology as describé.The number of apoptotic bodies : : :

was cour):ted ?r}: at least 50,000 BALF cells aﬁdpcalculated fonaIIergen challenge in asthmatic and control subjects,

100,000 BALF cells. Positive controls consisted of pretreatmemWhlch did not achieve statistical significance (Table 1).

with DNAse before incubation with dUTP and TdT (inducing arti- The percentage of mac_:rophag_es was de_creased and the
ficial DNA fragmentation), paraformaldehyde-fixed cryostat sec- Percentage of neutrophils was increased in both asthmat-
tions of rat thymus (containing a substantial percentage of apoptoiC and control subjects, whereas the percentage of
ic Tc cells), and cytospin preparations of irradiated (0 to 100 Gy)eosinophils was elevated after allergen challenge in asth-
PBMCs undergoing apoptosis. matic subjects. The percentage of lymphocytes in asth-
istical Ivsi matic subjects was decreased after allergen challenge,
Statistical analysis but the total number did not change. The proportions of

Results are expressed as means + SD. Differences betweflymphocytes expressing CD3, CD4, or CD8 were not
groups were analyzed by using the pairegst. Differences with? influenced by the challenge.

values less than .05 were considered statistically significant.

RESULTS , . .
Clinical course In peripheral blood from either asthmatic or control

subjects, a mean of 26% to 30% of T cells (asthmatic

The segmental allergen instillation induced an imme-subjects: CD38, 29% + 11%; CD4, 30% * 12%; CD8,
diate bronchoconstriction with airway edema in all asth-29% =* 8%; control subjects: CBD326% * 6%; CD4,
matic subjects but not in control subjects. Saline instilla-28% + 8%; CD8, 26% * 4%) expressed the Fas antigen,
tion did not induce visible alterations. At the time of BAL whereas in BALF the mean of Fas-positive T cells ranged
sampling, 24 hours after the provocation, the endofrom 92% to 99% in both groups without differences
bronchial alterations were no longer visible. The allergerbetween the groups (asthmatic subjects: CB3I% +
provocation was well tolerated by all asthmatic patients5%; CD4, 99% + 1%; CD8, 93% = 1%, control sub-
FEV, percent predicted dropped from 103.7% * 11.2%jects: CD3, 98% * 1%; CD4, 99% + 1%; CD8, 95%
before the allergen challenge to 99.9% + 14.1% 1 houx 2%). After saline (asthmatic subjects: CD37% =+
after the procedure without statistically significant differ- 3%; CD4", 99% + 1%; CD8, 92% + 6%; control sub-
ences. Peak flow measurements performed hourly on ttjects: CD3, 96% + 7%; CD4, 99% * 1%; CD8, 95%
day of the allergen challenge did not show a late responst 3%) or allergen challenge (asthmatic subjects: €D3
in any asthmatic patient. 98% =+ 3%; CD4, 99% + 1%; CD8, 93% * 5%; control
. . subjects: CD3, 96% + 7%; CD4, 99% * 1%; CD8,
BAL recovery, differential cell count, and T- 95% + 2%) there was no further upregulation of CD95 in
cell subsets the BALF of asthmatic and control subjects. In peripher-

BAL recovery did not differ between baseline BAL, al blood essentially no differences were found compared
sham-challenged BAL, and allergen-challenged BAL,with prechallenge data (data not shown).

T-cell expression of Fas and Fas ligand
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Asthma Control CD95L-positive T cells after allergen challenge and the

percentage of eosinophils in BALF (Fig 3).
Blood
BAL baseline Apoptotic BALF cells

BAL diluent When the percentage of BALF cells undergoing apop-
— BAL allergen tosis was determined, a very low percentage of TUNEL-
N positive nuclei was found, and they were almost exclu-
g S mm sively located intracellularly in macrophages (Fig 4).
Because they were partly digested, it was impossible to
. further determine their phenotype. Therefore the total
. — number of intracellular apoptotic cells was determined
" from 100,000 BALF cells. Neither in asthmatic subjects
(baseline: 55 + 27; saline challenge: 106 + 80; allergen
challenge: 67 + 47) nor in control subjects (baseline: 34
+ 26; saline challenge: 88 + 60; allergen challenge: 150
+ 133) was there a statistically significant difference after
saline or allergen challenge.

CD3
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. DISCUSSION

Allergen-driven T-cell recruitment and activation is a

cDg8 " = — well-recognized feature of bronchial inflammation in
asthma# but mechanisms to terminate this process are
aa : poorly understood. T cells triggered through the T-cell
receptor can lead to activation-induced cell death (apop-

FIG 1. Percentage of CD3+, CD4+, and CD8* cells expressing Fas  10SiS)>6 and it is reasonable to speculate that increased

ligand (CD95L). Cells were obtained from peripheral blood and apoptosis is a possible mechanism to eliminate T cells in

different BALF samples of allergic asthmatic subjects (n = 9, for a||ergic inflammation. It has been shown that signa|3

CD3* n = 8) and nonallergic control subjects (n = 5). BAL was per- transmitted by means of the Fas/Fas ligand pathway are

formed at baseline and 24 hours after segmental, endobronchial . . . . . o

saline (BAL diluent), and allergen challenge (BAL allergen) (mean mvo_lvgd in activation-induced _T'Ce” apoptoss in vitro,

+ SD; *P < .05, paired t test). but it is not known whether this mechanism plays a role
in allergic asthma. In this study we evaluated the T-cell
expression of Fas and Fas ligand in asthmatic and control

The percentages of CH3CD4", and CD8 T cells subjects undergoing segmental allergen challenge. In
expressing CD95L are shown in Fig 1. In contrast to thecontrast to peripheral blood, essentially all BALF T cells

Fas antigen there was hardly any expression of Fas ligexpressed Fas antigen before and after allergen challenge

and on peripheral blood T cells in asthmatic and controlin both asthmatic and control subjects. Although at base-

subjects (CD3: 0.1% + 0.1% [asthma] and 0.1% + 0.1%line in both groups Fas ligand was virtually not expressed

[control]; CD4: 0.4% + 0.4% and 0.1% + 0.1%; CD8: on peripheral T cells and at low frequencies on BALF T

1.1% + 0.8% and 0.5% * 0.5%) without changes aftercells, there was a significant upregulation of Fas ligand

challenge (data not shown). In BALF there was a slight-on BALF T cells in asthmatic subjects after allergen chal-

ly higher expression of CD95IP( .05) on T cells com-  lenge, although not in control subjects. This was seen on
pared with peripheral blood in asthmatic and controlboth CD4 and CD8 T cells. Despite high levels of Fas
subjects (CD3: 0.8% * 0.6% and 0.6% =+ 0.2%; CD4: expression and upregulated Fas ligand expression on

1.8% + 0.9% and 1.4% + 0.7%; CD8: 2.8% * 2.4% and BALF T cells, it was not possible to detect an increased

1.4% + 0.7%). Although in control subjects there was nopercentage of apoptotic BALF cells after allergen chal-

further upregulation of Fas ligand on BALF T cells after lenge.

saline or allergen challenge, in asthmatic subjects the In accordance with our data, Herry et’dlave shown

percentage of Fas ligand—positive T cells increased sigthat most BALF T cells (CD3 CD4*, and CD8 cells)

nificantly after allergen challenge (CD3: 3.2% + 1.2%, of normal subjects express the Fas antigen, whereas only

P = .002; CD4: 4.3% + 1.8%R = .0006; CD8: 9.1% + about 50% of peripheral blood T cells are CR9%/e

4.8%, P = .006) but not after saline challenge (CD3: show here that in asthma there are no differences com-

0.8% + 0.3%; CD4: 1.3% + 0.7%; CD8: 3.8% * 3.4%). pared with normal subjects, even after allergen chal-

All Fas ligand—positive T cells coexpressed the Faslenge. Because essentially all BALF cells express the

antigen. Fig 2 shows a typical dot plot of T cells express-CD45RO" memory phenotype characteristic of previous-

ing CD95L in the different BAL samples from an asth- ly activated cell® and Fas expression was found exclu-
matic subject, demonstrating the upregulation of CD95L sively on CD45R® cells19 this finding was not unex-
after allergen provocation. In asthmatic subjects a sig-pected. Thus Fas expression might be a marker for previ-
nificant correlation was found between the percentage oously activated T cells, which is a general phenomenon
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FIG 2. Flow cytometric expression of Fas ligand (CD95L) on CD3+ lymphocytes from different BAL samples in
an allergic asthmatic subject. BAL was performed at baseline and 24 hours after segmental, endobronchial
saline (BAL diluent), and allergen challenge (BAL allergen). Negative controls with irrelevant control antibod-
ies are shown in the top row. Forward/side scatter plot for lymphocyte cluster gate (shown in red color) is
illustrated on the left. The allergen BAL sample is illustrated.
of BALF cells in contrast to peripheral blood T cells. In 67 R = 0.92
contrast to our findings, a recent report has found ven - 0 '02 °
low percentages of CD95T cells in peripheral blood 5 p=~9
(8.5%) and BALF (15%) of normal subjects and no Fas
expression on BALF T cells from asthmatic subjects » ®
(0.9%)20 Together with a lack of Fas mRNA expression A 4
in BALF, the authors conclude that in asthma there is ¢ © ® o0
defective expression of Fas resulting in prolonged #, 3 ®
inflammation. The reason for these discrepant results i 8
not known, but it is difficult to understand why in asth- ©
matic subjects Fas expression should be completel 2 °
absent. Surprisingly, in this study the percentage o o b
CD45R0O BALF T cells was also very low in control 1
subjects (18.7%) and asthmatic subjects (36.5%), where
as others have clearly shown that in both groups almos 0
all T cells express the memory phenotype. 0 2'0 4'0 6'0 slo

In contrast to Fas antigen, its ligand was only ex-
pressed on a minority of BALF T cells in control subjects % Eosinophils
and subjects with mild asthma. However, after allergen ) _ )
challenge, a small but substantial proportion of €8 FIG 3. Correlation between the expression of Fa§ I|gar_1d gCD95L)

. . on CD3* lymphocytes and the percentage of eosinophils in BALF

an even greater proportion of CD&lls became Fas lig-  fom allergic asthmatic patients (n = 8) 24 hours after segmental
and positive. This upregulation of Fas ligand did notendobronchial allergen challenge.
occur in control subjects or after saline challenge, indi-
cating that it is allergen specific. This is further support-
ed by the fact that the increase in Fas ligand expressicvitro on T cells and several T-cell lines after polyclonal
correlates positively with the allergic response, deterand T cell-specific activation inducing Fas-dependent
mined as the percentage of BALF eosinophils after allercytotoxicity8 One could speculate that allergen-induced
gen challenge. Fas ligand expression has been shown T-cell expression of Fas ligand leads to enhanced apop-
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FIG 4. Cytospin preparations of BALF cells stained with the TUNEL technique. A macrophage with a recently
phagocytosed apoptotic lymphocyte (red) is shown in phase-contrast microscopy (a). Phase-contrast (b) and
bright field microscopy (c) show the same region of BALF cells demonstrating macrophages filled with a
number of residual bodies of apoptotic cells (a, bar represents 15 um; b and ¢, bar represents 20 pm).

tosis either by cell-cell contact to other Fas-positive T an apoptotic signal. Interestingly, in vitro experiments
cells or by autocrine cell suicide of the Fas ligand have shown that Fas-mediated signals may indeed induce
expressing T cells coexpressing Fasurthermore, sol- CD4* and CD8 T-cell activation and proliferatio?f In

uble Fas ligand, as a cytokine, could induce apoptosis irour study we did not look for T-cell activation or prolif-
other Fas-positive T cells. However, we were unable toeration markers.

detect soluble Fas ligand by ELISA technique in all A limitation of this study is the fact that we were not
BALF samples (data not shown). Other investigatorsable to identify free apoptotic T cells in the BALF.
have presented preliminary data showing an increaseAlthough we believe that the TUNEL method is an
proportion of Fas ligand—positive cells in bronchial appropriate method to detect cells with DNA fragmenta-
epithelium from asthmatic subjects compared with con-tion, which is by definition a hallmark of apoptosis,
trol subjects without further identifying the cetlsOn phagocytosis of apoptotic BALF cells by macrophages
the other hand, in a murine asthma model Clara cellsmade it impossible to identify the phenotype of the
have been identified as a primary source of Fas liganddigested cells. Thus we were only able to determine the
and cell-associated staining for Fas ligand mRNA andtotal number of apoptotic, phagocytozed cells in BALF,
protein was reduced in the airway epithelium during and we might have missed an increased proportion of T
allergic airway inflammatiod4 When we determined the cells in the constant number of total apoptotic cells.
number of BALF cells undergoing apoptosis by using theOther methods to identify cells undergoing apoptosis
TUNEL method, we found only a very low frequency of (detecting cell surface expression of phosphatidylser-
TUNEL-positive cells without differences before and ine26 or hypodiploid DNA content by using propidium
after allergen challenge. Therefore our study provides ndodine and flow cytometd/) might be more appropriate
evidence that increased apoptosis is present in BALFto detect early apoptotic cells before phagocytosis has
cells from asthmatic subjects after allergen challengetaken place.

This finding is in accordance with preliminary data from  In conclusion, an upregulation of Fas ligand is demon-
other authors who found no differences in the number ofstrated on BALF-derived T cells after allergen challenge
apoptotic cells in the bronchial mucosa of asthmatic sub-in mild asthma, which we believe is a sign of allergen-
jects compared with control subjects despite upregula-specific T-cell activation. Further studies are necessary to
tion of Fas ligan&3 Because they detected increased determine whether Fas ligand expression is linked to T-
coexpression of Fas and Fas ligand together with markcell apoptosis or T-cell activation in asthma and whether
ers for proliferation, they suggested that Fas/Fas ligandnteraction with these mechanisms might open therapeu-
interaction is associated with a proliferative rather thantic options.
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