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ASTHMA is  characte rized by airway in flam m ation,
w hich can be now  asses sed by th e analys is  of in duced
sputum . Ten  patien ts  w ith  asthm a w ere  in vestigated
during acute ex ace rbation  for th e quantific ation  of
apoptosis , for  Bcl-2 and Fas  ex press ion, in  in duced
sputum  lym phocyte s . They w ere com pared to 12
patien ts  w ith  ch ron ic obstructiv e pulm onary disease
(COPD), and 10 healthy controls . Spontaneous apop-
tosis  w as  dete rm ined by s tain in g nuclei w ith  propi-
dium  iodide, and analyzed w ith  a FACScan . Bcl-2 was
m easured by Weste rn blotting, and results  were
obtained by densitom etric scannin g, done by th e  ge l
proanalyse r. The  in vestiga tion of Fas  w as  per form ed
us in g the  s treptavidin -bio tin  pre rox idase-com plex
m eth od. Patie nts  w ith  asth m a and patie nts  w ith
COPD ex h ibite d a s ign ific an t in crease  of cellularity ,
percen tage of neutroph ils , eosinoph ils  and lym pho-
cyte s  w hen  com pared to  healthy con trols . Apoptosis
in  in duced sputum  m ononuclear  ce lls  was  found
decreased in  patien ts  w ith  asth m a com pared to  COPD
patien ts  and healthy con trols . Th e quan tification of
apoptosis  w as  m easured after  ex posure  to an ti-
cytokin e an tibodie s . Anti-TNF-a an tibody blocked the
apoptosis  in  both  patien ts  groups  and healthy con -
trols , sugge stin g th at TNF-a acted as  an  in ducer of
apoptosis . Anti-IL-10 blocked apoptosis  com ple te ly
ex clus ively in  patien ts  w ith  asthm a. Bcl-2 ex pres s ion
w as found to  be  increased in  induced sputum  m ono-
nuclear  cells fr om  patien ts  w ith  asthm a, com pared to
healthy controls  and patie nts  w ith  COPD. Ex pre ss ion
of Fas  could be  detected in  patie nts  w ith  asthm a, at a
low er level than COPD patien ts  and healthy con trols .
Distin ct m echanism s of apoptos is  w ere  found in
patien ts  w ith  asth m a and patien ts  w ith  COPD, charac-
terized by dif ferent leve ls  of Bcl-2 and Fas  ex press ion.
In duction  of apoptos is  should be a bene fic ial proces s
in  allergic  in flam m ation  traduced in  in duced sputum
m ononuclear cells. Th e apoptosis  proce ss  is  assum ed
by tw o diffe ren t m echanism s in  asthm a and COPD.
Our fin din gs  in dicated th at in  as thm atic  patie nts ,
activated lym phocytes  accum ulate in  th e bronchi;
be cause  of th eir  prolonged survival that m ain tains
in flam m ation.

Key w ords : Asthma, Chronic Obstructive  Pulmonary Dis-
ease, Apoptosis, Lymphocytes, Bcl-2, Fas

Key In dex ing Term : Apo p to s is  and re la te d pro te in s  in
As th m a  and COPD

Introduction

Infiltratio n of the airw ays mucosa w ith activate d
inf lammatory ce lls  appears  to be  a major factor in the
pathogenesis of asthma and othe r forms of chronic
obstruc tive  airw ay disorders, such as chronic  obstruc-
tive  pulmonary dise ase  (COPD). The cells and molec-
ular marke rs  of this  inf lammation have  been studie d
by bronchoalve olar lavage  (BAL) and bronchial biop-
sie s but the  use  of the se techniques has  been limite d

in ce rtain patie nts  by the ir invas ive ness . In order to
overcome the  difficultie s  assoc iated w ith bronchoal-
veolar lavage  and the  sampling of bronchial biopsie s
via the bronchoscope, analys is of induc ed sputum has
recently been suggested for re peated evaluation  of
airw ay inf lammation in patients  w ith asthma. Ex am-
inatio n of induced sputum allow s inve stigation the
airw ay inf lammation dire ctly w ithout important se c-
ondary effe cts . Inf lammatory marke rs  can be studie d
on cells and supe rnatants .
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Inf lammation plays a key role  in the pathophysiol-
ogy of as thma1 and COPD. In bronchial biopsie s  of
patients w ith as thma, primarily eosinophils , mono-
cytes/mac rophages and T-lymphocyte s1,2 are  seen. In
lobar bronchial biopsie s  of subjec ts w ith chronic
bronchitis , an inc reased number of leukocytes, both in
the epithe lium and in the lamina propria, consisting
predominantly of macrophage s and ac tivate d T-cells,
w as found. Eosinophils are  the  more  prominent cells  in
asthma, and their activatio n is  supposed to be invo lved
in tissue de struc tion. Epithelial bronchial c ells are  now
cons idere d essential in modulating  bronchial tissue s
remodeling (subepithe lial fibrosis , muscular hyper-
plas ia). How ever, T-lymphocytes are  still essential in
asthma inf lammation as the TH2 cytokine s are  charac -
te ris tic  of allergic  pathw ays and partic ularly of as thma.
Moreove r, the  major drugs used in as thma (steroids)
are  pow erful immunosuppre ssors, re fle cting impor-
tance  of the  immunologic  pathw ays.

Homeostasis of c ell number is achieved by balanc -
ing the  prolife rative  and anti-prolife rative  state s  of
ce lls . Anti-prolife rative  state s inc lude grow th arre st,
diffe rentiation, senescenc e (cellular age ing), and
apoptos is. Apoptosis, a dynamic  proce ss invo lved in
the contro l of the  ‘tissue load’ of immune  effe ctor
ce lls  at inf lamed site s, te nds  to limit inf lammatory
tis sue injury and to promote  resolution rather than
progression of inf lammation.3 The  inf lammatory proc-
ess could be traduc ed by certain proto-oncogenes,
w hich re gulate  the programme d ce ll de ath: apoptosis.
Fas and the  members of the Bcl-2 gene  family have

emerged as key re gulators of the apoptotic  proc ess .4

In bronchial biopsie s, the  number of apoptotic
eosinophils  and macrophages w as found to be low er
in subjects  w ith asthma than those w ith COPD and
inve rse ly corre late d w ith the clinic al severity of
asthma,5 re flecting longer survival of these ce lls .

As lymphocyte s are  invo lved in the initial events of
rec ruitment and ac tivation of inf lammatory cells, w e
supposed that they have  to disappear to allow
inf lammation resolution. The aim of our study w as  to
inve stigate  bronchial lymphocytes  apoptos is in acute
asthma ex ace rbation. The ce lls  w ere  recovered on
induc ed sputum. In this w ork, w e w ill discuss  how
the use  of sputum, and the  analyse s of apoptosis,
promise to provide  new  insights into  unders tanding
inf lammatory airw ay disease s.

Materials and methods

Patients

Induced sputum samples w ere  collected from 10
successive  patients  w ith asthma, and 12 patie nts w ith
COPD (Table 1). All w ere  inpatients, admitted for an
acute  w heezing ex ace rbation of dyspnea, usually by
the emergency service s. The  sample  w as obtaine d the
day afte r their admiss ion. A pre cise  his tory of the
patient w as subsequently obtaine d, and afte r re cove ry
functional respirato ry te sts and eventually skin tests
w ere  re alized. The  follow ing patie nts we re  ex cluded:
concomitant infe ctious pne umonia, tuberculosis,
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Table 1. Clinical manifestations and treatment. A: asthma; B: COPD; PY: pack year; GS: glucosteroids; y: yes; n: negative results;
asthma severity: 2: mild, 3: moderate, 4: severe.

Patients Age Smoking
PY

Atopy Reversi-
bility

Beta 2
test

GS
test

Skin
tests

Dyspnea history
(years)

Acute
dyspnea

Persistant
dyspnea

Asthma
severity

Productive
cough

Previous treatment

B2
agonists

Theo-
phylline

GS

Previous
hospitalis-

ations
(number)

A1 47 30 y p p 8 0 3 y y y y 2
A2 22 1 y p p 3 0 2 n n n y 1
A3 65 40 n p n 8 3 4 n y y y 4
A4 47 0 y p p 11 7 4 n n n n 1
A5 47 0 y p 5 0 2 n y y n 1
A6 80 0 n n n n 10 0,1 3 y n y y 2
A7 31 0 y n p p 26 1 4 n y y n 2
A8 30 15 y p p 12 0 2 n y y n 2
A9 28 0 y n p p 6 0 3 y y y y 3
A10 46 10 y p p 29 3 4 y n y y 2

B1 88 49 n n n p 20 9 n y y n 1
B2 71 124 n n n n 0,2 0,2 y n n n 1
B3 59 20 n n n 20 5 y y y y 3
B4 68 100 n n n 0 8 y n n n 1
B5 59 75 n n n p 10 1 y y y n 3
B6 65 20 n n n p 10 2 y y y y 1
B7 61 30 y n n 13 13 y n y n 1
B8 52 60 n n n n 15 3 n n n y 1
B9 82 20 n n n n 3 0 n n n n 1
B10 64 100 n n n n 40 1 y y y n 3
B11 63 69 n p p n 15 0,1 y n n n 1
B12 80 80 n p n 1 0 y n n n 1



inte rstial lung dise ase s, bronchie ctas is , lung canc er,
and as sociated acute  pathologie s: c ardiac , re nal, live r,
or neurological dise ases.

Ten induced sputum from healthy subjec ts (mean
age 28.7 yrs ; range  22–36), w ho had normal pulmo-
nary radiographs and show ed no clinic al signs  of
respirato ry diseases , ac ted as controls . Informe d
consent w as obtaine d from all the  patie nts. The study
w as approved by the  local Ethics Committe e.

Sputum induction

Afte r the inhalation of salbutamol (2 3 200 m g),
subjects we re  asked to inhale  ste rile , pyrogen-free,
hypertonic  saline  in inc re as ing concentrations  for a
duration of 10 min. The  hypertonic  saline  w as nebu-
lized via an ultrasonic  ne bulizer. Subjec ts w ere
encourage d to cough throughout the  procedure . Most
patients w e re  able  to ex pec torate  an ade quate  sample
(7 ml and more ) w ithin the firs t 10 min.

Sputum processing

In order to re duce salivar y contaminatio n, plugs
w ere  se lec te d and trans ferred into an Eppendorf
tube. Freshly pre pare d 10% solution of dithio thre itol
(1 ml) (DTT) w as adde d. The  tube w as vortex  mix ed
and the sputum w as incubated for 5 min at room
te mperature , filte red through 52 m m nylon gauze to
remove  debris  and mucus, and subsequently cen-
trifuge d at 450 3 g for 10 min. The cell pe lle t w as
resuspended in phosphate -buffered saline  (PBS) in a
volume equal to the  sputum plus DTT solution
volume. Total cell counting  w as  carrie d out in a
haemocytomete r and the  ce ll concentratio n w as
adjusted to 1.0 3 106 cells/ml. Cytospins w ere
prepared by adding  75 m l c e ll suspension into  Shan-
don II cytocentrifuge  cups (Shandon Southern
Ins truments) and spun for 8 min at 500 rpm. Tw o
slides w ere  staine d w ith Wright-Gie msa for an ove r-
all diffe rential cell count of leukocytes, bronchial
epithe lial c ells and squamous ce lls. Slides w ere
coded and counted blind by tw o inve stigators . None
of the cytospins containe d >5% squamous epithelial
ce lls . For cell diffe rentiation, 400 nucleated ce lls  per
slide  w ere  counted (Table 2) and ex pre ssed as the
perc entage  of intac t round nucleate d cells, ex clud-
ing the  squamous epithelial ce lls.

Quantification of apoptosis

Lymphocyte s w ere  isolate d by Ficoll–Hypaque
(Pharmacia, Uppsala, Sw eden) dens ity gradie nt cen-
trifugation and w ashed tw ice  w ith PBS at 4+°C, as
w e have  re cently re ported.5 Cell pelle t ex pre ssed
more  than 80% CD3-positive  ce lls as de te rmine d by
anti-CD3 monoclonal antib ody (Bec ton Dickinson).
These  T-cells w ere  double labe led w ith anti-CD3 and

anti-CD25 monoclonal antibodie s in original (Bec ton
Dickinson).

Apoptosis  w as quantifie d on lymphocyte s by
staining  nucle i w ith propidium iodide  (PI) and
analys ing f luore scenc e w ith a FACScan (Bec ton
Dickinson. Mountain View, CA). Brie fly follow ing
culture  for 18 h, lymphocytes w ere  collec ted afte r
centrifugation w ith RPMI 1640 at 150 g for 10 min.
The  pelle t w as w ashed tw ice  in comple te  medium
(RPMI 1640 supplemente d w ith 2 mM L-glutamine ,
100 U/ml benzyl-penic illin, 100 m g/ml stre ptomyc in
and containing 10% fe tal calf serum). The pelle t
colle c te d from induced sputum w as gently sus-
pende d in 0.5 ml of hypotonic  fluochrome solution
(0.1% sodium c itrate  w ith 0.1% Triton X-100) con-
taining  20 mg pe r m l PI for 2Omin. RNAse A at a
conc entratio n of l0 mg/ml w as adde d and cells  w e re
furthe r inc ubate d for 10 min at 4°C. The  suspension
w as analyzed by flow  cytometry to de te rmine  PI
fluore scence  of indiv idual nucle i. Apoptotic  nuclei
appeared as  a broad hypodiplo ṏd DNA peak that w as
eas ily discriminate d from the narrow  peak of nuc lei
w ith normal (dip loid) DNA conte nt. Stude nt’s t-te st
w as used for statis tic al analys is  of data and p<0.01
w as taken as s ignific ant.

Detection of Fas by immunochemistry

For measuring the ex pression of the Fas-antige n,
induc ed sputum cytospins  w ere  fix ed w ith ice -cold
acetone  for 10 min. Immunocytochemical inve stiga-
tion of Fas  w as  performed using the  streptav idin-biotin
prerox idas e-complex  method. Cell pre paratio ns w ere
pre-inc ubated w ith hydrogen pe rox ide  (0.3%, 15 min),
unlabeled streptavidin (dilution 1:50, 15 min) and non-
immune normal sheep serum. Afte r e ach ste p slides
w ere  w ashed thre e times in PBS. The Fas-antibody
antibody (Immunotech, Franc e) w as used in a dilution

Apopto sis  in  pa tien ts  with  a sthm a

Mediators of Inflammation · Vol 8 · 1999 239

Table 2. Subjects’ cell characteristics.

Cells Asthma BPCO Healthy
controls

Number of 2.5 1.9 1.4
cells 3 106 (1,3–2,7) (0,9–2,1) (0.8–1.8)

Viability % 84 86 83.6
(45.5–94.5) (56.5–92.7) (75.6–92.0)

% macrophages 52.56 49.63 42.8
(40.3–62.9) (40.4–59.3) (22.7–65.0)

% neutrophils 32.85 35.49 28.0
(25.2–50.5) (24.8–46.5) (19.8–41.4)

% eosinophils 5.7 4.79 1.7
(2.7–9.5) (1.6–8.1) (0.6–2.9)

% lymphocytes 7.45 8.73 3.9
(4.2–12) (3.0–14.5) (0.5–4.3)

% epithelial cells 1.1 0.9 1.6
(0.2–5.6) (0.4–2.3) (1,4–6,7)



as indic ate d by the manufac ture r and applied over-
night at 4°C. Afte r three  w ashes in PBS the  cells w ere
inc ubate d for 45 min w ith biotinylate d sheep anti-
mouse IgG (Amersham; diluted 1:50 w ith 5% normal
se rum). Afte r w ashing three time s w ith PBS, the
stre ptavidin-biotinylate d perox idase  complex  (Amer-
sham, 1:100, 30 min) w as added and subsequently
w ashed w ith PBS (thre e times). Perox idase  ac tivity was
made  visible w ith 3-amino 9-e thycarbazole (20 min),
w hich give s a red-brow n re ac ting produc t. Counte r-
staining  w as pe rforme d w ith hae matox ylin and se c-
tions w ere  mounted w ith glycerol gelatine . Negative
controls  w ere  obtaine d, firstly, omitting  the primary
antibodie s and secondly, by an irre levant antibody. For
Fas-antige n, the  percentage  of staine d cells w as
estimate d for e ach slide  and the  samples  w ere
clas sifie d as  c ells w ith low  Fas ex pression if le ss than
1.5% (mean value) staine d ce lls  we re  present and as
high Fas-ex press ion sample s if 1.5% or more  of the  cells
w ere  staine d.

Expression of Bcl-2 by western blotting

The ex pre ssion of Bcl-2 in induc ed sputum lympho-
cytes w as determine d by Western blotting . Equal
amounts  of prote in were  loaded on SDS-PAGE and
blotted onto nitroce llulose paper. The  Bcl-2 prote in
w as detected by rabbit anti-human Bcl-2 antibody
(Santa Cruz  Biotechnology, CA) and anti-rabbit perox -
idase  conjugate  as  se condary antibody w ith diamino-
benzidine  as substrate . Dens itometric  scanning  of the
blot w as done  by the gel proanalys er from Media
Cyberne tic s .

Statistical analysis

Values are  presente d as mean value  (SEM). Diffe r-
ences betw een groups are  analyzed using the  Mann –
Whitne y U-test. Probability value s of p<0.05 w ere
cons idere d s ignific ant. Reproducibility of sputum ce ll
counts  w as ex amined by repeated-measures. Values
>0.70 indic ate  high re liability.

Results

Patients

According to clinic al his tory, functional (spirometry,
and re versibility w ith be ta2 agonis ts or steroids) and
skin te sts re sults, patients  w ere  classifie d as asthmatic
patients or COPD. Chronic  asthma severity w as
clas sifie d according  to GINA re commendations.6Thre e
patients w ere  difficult to diagnose definite ly as  as thma
or COPD (A1, B11 and B12) but we  decided not to
ex clude  them, the re sults obtaine d on their samples
re flec ting a real association of the  2 diagnos is.

Differential cell counts

Diffe rential ce ll count in induc ed sputum w as repor-
te d in Table  2. Patie nts w ith COPD and patients w ith
asthma ex hibited a higher total ce ll number, an
inc re ased percentage  of mac rophages, eosinophils
and ne utrop hils w hen compared to healthy contro l
induc ed sputum (p<0.01). Patie nts w ith asthma and
patients w ith COPD ex hibited signific ant inc reased
leve ls  of lymphocytes w hen compare d to healthy
controls  (p<0.01).

Quantification of apoptosis

Induced sputum lymphocytes  from patients w ith
asthma, patients  w ith COPD and healthy controls ,
show ed spontane ous apoptosis (mean ± s.e.m.) afte r
18 h of culture  of lymphocytes in the absence of
mitogens (Figure  1). These lymphocytes w ere  CD3-
and CD25-positive . The  percentage  of apoptosis w as
signific antly decreased in patie nts  w ith as thma
(11.37% ±  5.31 %; p<0.01) compare d w ith COPD
patients (14.82% ±  4.46%), and healthy controls
(26.09% ±  12.34%).

Pathogenic  concepts of allergic  diseases  inc lude a
central role for diffe rential cytokine  production,
charac terized as Th0/Th2 profile . Then w e tested if
ce rtain anti-cytokine s antibodie s could block the
apoptos is in patients w ith asthma, w ith COPD and in
healthy contro ls.

A. Hamzaoui et al.
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FIG. 1. Percentage of apoptosis in patients with asthma (n = 10), in patients with COPD (n = 12), and in healthy controls (HC)
(n = 10).



Induc ed sputum lymphocyte s w ere  cultured in the
presenc e of various anti-cytokine  antibodie s, anti-IL-2,
anti-IL-4, anti-IL-10, anti-IL-13, and anti-TNF-a (Fig. 1).
Anti-IL-2 antibodie s  inhibited the apoptosis both in
patients w ith asthma and patients w ith COPD by 45%
and 7% re spec tive ly. Anti-IL-10 blocked apoptosis
ex clusive ly in patie nts w ith asthma by 70%. Anti-TNF-
a antibody inhibite d the  apoptosis in both patie nts
groups and healthy controls , suggesting that TNF-a
acte d as an induce r of apoptosis .

Expression of Bcl-2 in induced sputum
mononuclear cells

The analys is  of Bcl-2, w hich is the  apoptos is inhibiting
prote in, w as e stimate d by Western blotting. The
results  w ere  highly re producible . The concordance  of
the repeated ex periments w as for Bcl-2 measurement
of 87%.

The  ex pression of Bcl-2 was found to be inc reased
in induced sputum lymphocyte s for patients  w ith

asthma (32.7% ± 7.4%) compare d to healthy controls
(16.8% ±  6.2%) and patie nts  w ith COPD (13.9% ±
2.8%) (p<0.01) (Fig. 2). The  Bcl-2 leve l w as not
signific antly diffe re nt in patie nts w ith COPD, and
healthy contro ls. The Bcl-2 leve ls we re  also de tec te d
by tw o-color flow  cytometry analys is (anti-CD3 and
anti-Bcl-2 monoclonal antibodie s) and similar re sults
w ere  obtaine d. Cells w ith light scatte r charac teristic s
of lymphocytes  w ere  gated and analyzed using LYSYS
II softw are  from FACScan flow  cytometer (Becton
Dickinson) (data not show n).7

Expression of fas in induced sputum
mononuclear cells

We analyzed 10 sample s of induced sputum from
patients w ith as thma, from patie nts w ith COPD
(n=12) and from healthy contro ls  (n=10) for Fas
ex pre ssion. The  pe rc entage  of staine d cells was
estimate d for each slide . The  results w e re  re presente d
individual ly for each patient (Fig. 3). A signific antly

Apopto sis  in  pa tien ts  with  a sthm a
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FIG. 2. Expression of Bcl-2 in induced sputum mononuclear cells from 10 patients with asthma, 12 patients with COPD, and 10
healthy controls (HC). Densitometric scanning of the Western blot quantifies the expression of Bcl-2.

FIG. 3. Expression of Fas in induced sputum mononuclear cells from 10 patients with asthma, 12 patients with COPD, and 10
healthy controls (HC). Individual values were expressed in percentage (number of Fas-positive cells/number of mononuclear
cells 3 100). Asthmatic patients number 4 and 10 [ ® ], have subnormal values of Fas-positive cells. According to Table 2, they
have low values of eosinophils.



low  ex pre ssion of Fas could be  de tec ted in patients
w ith asthma, w hen compare d to COPD patie nts  and
to healthy contro ls (p<0.01).

Discussion

Total ce ll count w as  e levated in patients w ith asthma
and patients w ith COPD, compare d to healthy con-
trols. Sputum of patients  w ith asthma and COPD
ex pre ssed high pe rc entage s of eosinophils and lym-
phocytes. The lymphocytes we re  in the majority CD3-
positive  (T-lymphocytes), and w ere  activate d
(CD25+ ). The leukocytes count and phenotype of the
lymphocytes  show ed that sputum traduced an inf lam-
matory state  in patie nts w ith asthma and COPD. The
results  obtaine d from analyzing induc ed sputum in
asthma and COPD patients re flec t the inf lammatory
status  of the  bronchi.

The  perc entage  of apoptosis  w as  signific antly
decre ased in patients  w ith as thma compared w ith
COPD patie nts  and healthy contro ls . Anti-IL-2 anti-
bodie s inhibited the  apoptosis both in patients w ith
asthma and patients w ith COPD. Anti-IL-10 blocked
apoptos is ex clusive ly in patie nts  w ith as thma. Anti-
TNF-a antibody inhibited the apoptosis in both
patients groups and healthy controls , suggesting that
TNF-a acte d as an induce r of apoptos is .

The  ex pression of Bcl-2 was found to be inc reased
in induced sputum lymphocytes from patients w ith
asthma compared to healthy contro ls  and patients
w ith COPD.

A signific antly low  ex press ion of Fas could be
dete cte d in patie nts  w ith asthma, w hen compared to
COPD patients and to healthy contro ls .

No corre lation w as found w ith asthma severity, or
previous treatme nt. This  can be  linke d to our proto-
col: all the  sample s w ere  collected during  an acute
ex ace rbation re quiring  an admiss ion. We can suppose
that the  severity of the  acute  proc ess  w as s imilar
w ithin the  patie nts  and did not depend on the
severity of the  chronic  dise ase . It w ould only depend
on the  pathology: asthma or COPD.

In an attempt to clarify if lymphocyte s survival is
modified in asthma, we  inve stigate d induc ed sputum
samples. The pe rc entage  of apoptosis w as s ignifi-
cantly dec re ased in patients w ith asthma compare d
w ith COPD patie nts  and healthy controls . The
decre ased apoptosis observed in patie nts may be
associated w ith pers is tence of mononuclear ce lls in
the bronchial mucosa and lumen, during  the acute
ex ace rbations . The low  ex pre ssion of apoptosis is
more  important in patie nts  w ith as thma, w hen
compared to COPD patie nts . This  finding  suggests  a
partic ular involve ment of lymphocyte s in acute
asthma. Induction of apoptos is allow ing the removal
of the  cells may be essential to re solve  allergic
inf lammation, and the  use  of corticoste roids  and

theopylline  in combination may be  appropriate  to
induc e apoptos is in eosinophils and lymphocyte s.8

Inte re stingly, Vignola et al.5 found signific antly
more  apoptotic  ce lls  in the  biopsy spec imens of
patients w ith chronic  bronchitis  than in tissue s from
asthmatic  patie nts. The  authors reporte d also5 that
there  is  an imbalanc e betw een the  ex pression of Bcl-2
and p53, w hich appears  to be  more  important in
asthma than in chronic  bronchitis . They concluded
that airw ay inf lammation in as thma is  as sociated w ith
an enhanced survival of diffe re nt cell types caused by
reduced apoptosis . Our finding s corroborate  their
finding s, but w e focused on lymphocytes . The  per-
centage  of inte ns ity of the  proto-oncogene  Bcl-2 w as
inc re ased more  in patients w ith asthma w hen com-
pared to COPD and to the  healthy contro l group. The
Fas proto-oncogene  w hich is invo lved in the  induc -
tion of apoptosis  w as  signific antly dec reased in
patients w ith asthma, w hen compare d to COPD
patients and to healthy contro ls . If the Fas  is  invo lved
in the  induc tion of apoptosis  at the  same  leve l as p53,
our reports  w ere  in ac cordance  w ith those  of Vignola
et al.5 The Bcl-2 w as found to be inc re ased in the
tis sues from as thmatic  subjects  compare d w ith those
of the  contro l subjec ts, and the ex pre ssion corre late d
w ith the  severity of as thma.5 Although Bcl-2 can be
associated w ith resident ce lls (mucous gland and
smooth muscle), both prote in and message  w ere
specific ally found in T-cells of the inf lammatory
infiltrate  in subjects w ith asthma and chronic  bronchi-
tis .9 Upregulated Fas ligand may trigger the  apoptotic
death of Fas-bearing  cells. This  study reported the
dow n ex pre ssion of Fas in lymphocytes in sputum of
asthmatic  patients . Functional Fas receptor ex pre s-
sion on eosinophils  varie s  among individuals w ith
hypereosinophilia, and the  survival cytokine .10,11 We
have  found that certain spec ific  anti-cytokine s anti-
bodie s blocked apoptosis , in partic ular anti-TNF-a and
anti-IL10 in patie nts  w ith asthma. Anti-TNF-a inhibite d
apoptos is in tw o patie nts groups and healthy con-
trols. The  blocking of apoptos is w ith anti-TNF-a
antibody indic ate d that TNF-a is involve d in induc ing
ce ll death.12,13 This corre late s w ell w ith the finding s
that se rum leve ls  of TNF-a inc rease w ith the  severity
of disease .14

Incubation of lymphocytes from asthmatic  patie nts
w ith anti-IL-10 antibody dec re ased apoptos is more
signific antly than in patients  w ith COPD or healthy
controls . This show s that IL-10 had a specific  role  in
asthma. We have  recently re ported that IL-10 is  able to
inc re ase in vitro ex press ion of Bcl-2 in peripheral
blood lymphocytes  and in inf lammatory lymphocyte s
from broncho-aveolar lavage  and cerebrospinal fluid.7

It has been reporte d that continuous culture  of T-ce lls
in the  pre senc e of IL-10 w ill inhibit T-cell apoptosis,
because  of, at leas t in part, the  upre gulation of Bcl-2.15

In patients  w ith asthma, anti-IL-10 antibody abolished
apoptos is in asthma. This  may have  a partic ular
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signific ance . Anti-IL-10 could have  a diffe re nt effe ct on
sputum T-lymphocyte s or the  action of anti-IL-10 w as
diffe rent, as  has  been obse rved in  vivo , or in  vitro
long-term culture  (more  than 48 hours ). IL-10, a
product of T helpe r 2 lymphocyte s, has  been show n to
be an important regulator of peptide  and alloantige n-
induc ed T-cell prolife ration and IL-2 production.16

Human IL-10 ex erts  a dose-depende nt inhibitory e ffec t
on human stimulate d lymphocyte s in  vitro .16

Inte rleukin-2 is a major T-ce ll grow th fac tor, and
anti-IL-2 antibody inhibit apoptosis .17 In the  present
report anti-IL-2 antibody inhibited apoptosis more  in
asthma and COPD than in healthy contro ls . This
finding  could be  ex plaine d by the  fact that
T-lymphocyte s in sputum of patients  played an
inf lammatory role and w ere  probably producing high
leve ls  of inf lammatory mediators. The  anti-cytokine s
data furthe r substantiate  that IL-2 and IL-10 are  critic al
factors during inf lammatory proce ss in the lung.

Apoptos is signals  are  furthe r modulated by inhibi-
tors or induce rs of apoptosis  inc luding Bcl-2, p53,
Fas-ligand. Further understanding  of the  inte rac tion
of these molecules in asthma and COPD may lead to
more  specific  the rapie s for immunosuppress ion tai-
lore d to the gene tic  or environmentally induced,
activatio n-induc ed apoptosis defec t in patie nts  w ith
asthma.

References
1. Hargre ave  FE, Popov T, Dolovich J. Sputum measurements to asse ss

airw ay inflammation in as thma. Allerg y 1993; 48: 81–83.
2. Grootendors t DC, van den Bo Romeijn JJ, Vaselic-Charvat M, Duiverman

EJ, Vrijlandt EJLE, Ste rk PJ, Roldaan AC. Euro pe an  re s pira to ry  Jo u rna l
1999; 13: 647–653.

3. Fahy JV, Liu J, Wong H, Boushey HA. Cellular and biochemical analysis of
induced sputum from asthmatic  and he althy subjects . Am er ica n  Review
Re spira to ry  Dise a s e 1993; 147: 1126–1131.

4. Mountz DJ, Xiao Su ZT, Wu J, Cheng J. The role  of programme d ce ll death
as an eme rging new  conce pt for the pathoge nesis of autoimmune
diseases. Clin ica l Im m uno lo g y  and Im m uno pa tho lo g y 1996; 80:
S2–S14.

5. Vignola AM, Chanez P, Chiappara G, Siena L, Mere ndino A, Re ina C,
Gagliardo R, Profita M, Bousquet J, Bonsignori G. Evaluation of apoptos is
of eosinophils, mac rophage s, and T lymphocyte s in mucosal biopsy
specime ns of patients w ith as thma and chronic  bronchitis. Jou rna l
Allerg y  Clin ica l Im m uno lo g y 1999; 103: 555–558.

6. Global Initiative for Asthma. Global strate gy for asthma management and
pre ve ntion. Publ. 95–3569, 1–176. Washington, DC, National Heart,
Lung and Blood Institute, National Institutes  of Health, 1995.

7. Hamzaoui K, Hamzaoui A, Zakraoui L, Chabbou A. Expre ssion of Bcl-2 in
inflammatory sites  from patients w ith active  Behçet’s  disease. Media to rs
o f Infla m m a tio n 1999; 8: 101–106.

8. Ohta K, Yamashita N. Apoptosis of eosinophils and lymphocyte s  in
allergic inflammation. Jo urna l Allerg y  Clinica l Im m uno lo g y 1999; 104:
14–21.

9. Brattoa DL, Fadok VA. Theirs but to do and die: eosinophil longevity in
asthma. Jo u rna l Allerg y  Clin ica l Im m uno log y 1999; 103: 563–565.

10. Matsumoto K, Schleimer RP, Saito H, Bochne r BS. Induc tion of apoptos is
in human eosinophils by anti-Fas antibody treatment in vitro. Blo od
1995; 86: 1437–1443.

11. Hebestreit H, Yousefi S, Balatti I. Expre ssion and function of the Fas
re ceptor on human blood and tissue eosinophils. Euro pea n Jo u rna l o f
Im m uno lo g y 1996; 26: 1775–1780.

12. Zheng L, Fisher G, Miller RE, Pe schon J, Lynch DH, Lenardo MJ. Induction
of apoptosis in mature  T ce lls by tumor nec rosis factor. Nature 1995;
377: 348–351.

13. Osthoff KS. The Fas /APO-1 receptor and its deadly ligand. Trends  Ce ll
Bio lo g y 1994; 4: 421–426.

14. Barne s PF, Chatterje e D, Brennan PJ, Rea TH. Tumor necrosis fac tor
production in patients w ith leprosy. In fe ctio n  a nd  Im m unity 1992; 60:
1441–1446.

15. Cohen SBA, Craw ley JB, Kahan MC, Fe ldman M, Fox w ell BMJ.
Interleukin-10 re scues T ce lls from apoptotic  c ell de ath: assoc iated w ith
an upregulation of Bcl-2. Im m uno lo g y 1997; 92: 1–5.

16. Row bottom AW, Leppe r MW, Garland RJ, Corly EG, Oakhill A, Stew art CG.
Interleukin-10 induce d CD8 ce ll prolife ration. Immunology 1999; 98:
80–89.

17. Taga K, Chre tien J, Cherne y B, Brow n M, Tosato G. IL-10 inhibits
apoptotic  ce ll death in human T ce lls strave ted of IL-2. In terna tio na l
Im m uno lo g y 1993; 5: 1599–65.

Received 4 October 1999;
accepted 11 October 1999

Apopto sis  in  pa tien ts  with  a sthm a

Mediators of Inflammation · Vol 8 · 1999 243


