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Background: Apoptosis regulates inflammatory cell survival,
and its reduction contributes to the chronicity of an inflamma-
tory process. Apoptosis is controlled by suppressing or induc-
ing genes, such abcl-2 and p53 respectively.

Objective: We sought to assess apoptosis of eosinophils,
macrophages, and T lymphocytes in bronchial biopsy speci-
mens from asthmatic subjects and to examine its regulation by
evaluating the expression of B-cell lymphoma leukemia-2 (Bcl-
2) and P53 proteins. We also sought to explore the relation-
ships between cell apoptosis and GM-CSF, a cytokine able to
increase eosinophil and macrophage survival.

Methods: Apoptosis in eosinophils, macrophages, and T lym-
phocytes was evaluated in bronchial biopsy specimens
obtained from 30 asthmatic subjects, 26 subjects with chronic
bronchitis, and 15 control subjects by combining the terminal
deoxynucleotidyl transferase—-mediated dNTP nick end-label-
ing technique and immunohistochemistry. The expression of
P53, Bcl-2, and GM-CSF was studied through immunohisto-
chemistry by using specific mAbs.

Results: The number of apoptotic eosinophils and
macrophages was lower in subjects with asthma than in those
with chronic bronchitis (P < .007 andP < .001, respectively)
and inversely correlated with the clinical severity of asthmaR
<.001 andP < .002, respectively). Few T lymphocytes were
apoptotic in all groups studied. In asthma GM-CSF+ cells cor-
related with the number of nonapoptotic eosinophils and
macrophages P = .0001) and with the severity of the diseas® (
<.003). In asthma Bcl-2+ cells were higher than in control
subjects and subjects with chronic bronchitis ® < .002 andP <
.015, respectively), they outnumbered P53+ cells, and they cor-
related with the number of T lymphocytes P < .001) and with
the severity of the disease™(< .003).

Conclusion: Airway inflammation in asthma is associated with

an enhanced survival of different cell types caused by reduced
apoptosis. (J Allergy Clin Immunol 1999;103:563-73)

Key words:Apoptosis, asthma, chronic bronchitis, eosinophils

Airways inflammation has been widely seen in all
forms of asthma, and an association between the extent of
inflammation and the clinical severity of the disease has
been demonstratde? However, the mechanisms underly-
ing the persistence of inflammation in the airways of asth-
matic patients still remain poorly understood.

Apoptosis, a dynamic process involved in the control
of the “tissue load” of immune effector cells at inflamed
sites, tends to limit inflammatory tissue injury and to pro-
mote resolution rather than progression of inflamma-
tion.3.4 Apoptosis is morphologically characterized by
chromatin condensation, genomic DNA fragmentation,
and cell membrane dissociation. The genetic regulation
of apoptosis involves a large number of genes classified
into 3 categories: genes suppressing apoptosis, such as
those belonging to thbcl-2 familyS; genes acting as
effectors of apoptosis, such as caspasew intermedi-
ate genes upstream, such as Fas/Fas liges®l,myc,
and WAF 17.8 Among apoptosis-inducing genes, an
important role is played bp53 which is considered a
guardian of the genome and is necessary for some forms
of programmed cell death'® Among apoptosis-sup-
pressing genes, a prominent role is playedbbi2,
which is able to prevent cell death either through altering
cell cycle rates or by activating antioxidant-associated
mechanismgl.12

Compelling evidence has been accumulated showing
that a decreased or suppressed apoptosis of immune
effector cells in inflamed tissues is crucial to the chronic
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sion of T-cell death by the synovial microenvironment
has been shown to be an important mechanism for the
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rheumatoid arthritis joints! More recently, the delayed
eosinophil apoptosis in nasal polyps has been indicated
as a novel mechanism by which eosinophils specifically
accumulate in human tissus.
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who had any bronchial or respiratory tract infection during the
Abbreviations used month preceding the test were excluded from the study. Patients
APAAP:  Alkaline phosphatase—antialkaline phosphatas¢  were excluded from the study if they had had a severe exacerbation
Bcl-2:  B-cell ymphoma leukemia-2 of asthma resulting in hospitalization during the month preceding
TUNEL: Terminal deoxynucleotidyl transferase-mediatdd  the study, or if they had taken any drug that might modify the results
dNTP nick end-labeling of the study, particularly systemic corticosteroids during the previ-

ous 2 months, inhaled corticosteroids during the previous month,
. . . and nedocromil sodium or cromoglycate during the previous 2
The reduced apoptosis of inflammatory cells, and inyeeks. No patient was taking long-actigagonists or oral theo-
particular of eosinophils, may play a crucial role in the phylline. Short-acting,-agonists were stopped for 12 hours.
chronic persistence of airway inflammation in asthma. In Twenty-six patients with chronic bronchitis (age range, 45 to 70
this disease several proinflammatory cytokines releaseyears; mean + SEM 56.2 + 6.6 years) were selected according to the
in the bronchial microenvironment can directly regulate criteria of the American Thoracic Society, as previously repéed.
the survival and death of inflammatory cells, such asBecause an overlap between chronic bronchitis and asthma may
eosinophilsl.4'15'17 Among the cytokines regulating occur_ in subjects with s_o—called “asthmatic bronchitis,” ‘patients
eosinophil survival, an important role is played by GM- S1owing 1 of the following features were excluded: a history of
CSF, which is overexpressed in astAf#and is able to perennial allergic rhinitis and/or a positive diagnosis of immediate-

. . . type hypersensitivity,wheezing, an improvement of FE\¢apaci-
enhance cell survival by blocking apoptotic path- ty of over 12% from baseline, or an absolute value of 200 mL after

Wf'iys-lﬁ’_zo’21 ) inhalation of 20Qug of salbutamo?é Smoking habits were careful-

In this study we evaluated whether a reduction ofjy checked, and a minimum of 30 pack-years was required (range,
inflammatory cell apoptosis was associated with airway30 to 150 pack-years) for inclusion in the chronic bronchitis group.
inflammation in asthma. We also studied cell apoptosis irTo distinguish chronic bronchitis from emphysema, all patients with
chronic bronchitis to verify whether a reduction of cell chronic bronchitis underwent routine chest x-ray and computed
apoptosis was specific for asthma or was a common feEtomogra}phy scans. Patients with obvious emphysema, as assessed
ture in the chronic inflammatory process occurring in thePy routine chest x-ray and computed tomography scans, were
airways. We used the terminal deoxynucleotidyl trans_(-z_xcludeq. Subjects who had any bronchial or respiratory tract infec-
ferase—mediated dNTP nick end-labeling (TUNEL) teCh-tlon dunng the month preceding the test were excluded from the
nigue to study apoptosis in bronchial biopsy specimensztflif]}é grit;nlt;t\gg §b§CZIUdEd from the study if they had taken any
obtained from control subjects and subjects with asthmi  fisieen healthy subjects (age range, 17 to 67 years; mean + SEM,
and chronic bronchitis. To investigate the pOSSIb'e mechss.3 + 18.0 years) were used as a control group. Their pulmonary
anism involved in cell apoptosis, we examined the expresfunction was within normal range. Subjects who had any bronchial
sion of P53 and B-cell lymphoma leukemia-2 (Bcl-2) pro- or respiratory tract infection during the month preceding the test
teins, which are able to induce or to inhibit cell apoptosis,were excluded from the study.
respectively. In addition, by combining the TUNEL and The study.V\_/as performeq after informed consent was obtained
immunohistochemistry techniques, we studied the num rom the partlupants and with the approval of the Ethics Commit-
ber of apoptotic eosinophils, macrophages, and lympho!€® °f the Hospital.
cytes infiltrating the bronchial mucosa. Moreover, we
evaluated the relationship between the expression of GM
CSF and cell apoptosis in the 3 groups of subjects stuc
ied. Finally, to evaluate Whether the number of apoF,)toncbronchi.l Specimens were fixed in 3.7% wt/vol formaldehyde and
cells may depend on an mcreased_rate of apoptot!c C€embedded in paraffin blocks. Four-micrometer sections were
removal by macrophages, we studied the expression Cyeparaffinized and rehydrated before hematoxylin and eosin stain-
CD36, a marker commonly used to examine the phagocying or immunohistochemistry. The total number of leukocytes infil-

Pathologic examination of bronchial mucosa

Biopsy specimens were recovered by using fiberoptic bron-
choscopy performed as previously described in the subsegmental

tosis of apoptotic cells by macrophadés. trating the submucosa was evaluated by an anti-CD45 mAb (CD45
Clones 2B11+PD7/26; Dako, Glostrup, Denmark) used as a pan-

METHODS leukocyte marker at the dilution of 1:50.

Subjects

Thirty asthmatic subjects (age range, 22 to 61 years; mean, 36 Dete_ctlon of apoptosis in bronchial biopsy
11 years) were selected according to the criteria of the AmericarSPecimens
Thoracic Society, as previously descridethe clinical severity of Apoptosis was detected by using the TUNEL technique (Oncor,
asthma was assessed according to the validated score & Aas,inc, Gaithersburg, Md), which detects DNA strand breaks in cells
which grades the different forms of chronic asthma from very mild undergoing apoptos®. Briefly, terminal deoxynucleotidy! trans-
(score 1) to very severe (score 5). Some patients with a severe forferase, an enzyme that catalyzes a template-independent addition of
of the disease were studied and should have received corticosteroideoxyribonucleotide triphosphate to the “3-OH ends of double or
according to guidelines. However, they were seen for the first timesingle stranded DNA, was used to incorporate biotinylated
in our clinic and had a bronchoscopy the following day. None of thedeoxyuridine at sites of DNA cleavage. Avidin peroxidase was used
subjects participating in this study was then a current smoker. Aller-as the detection agent. As a positive control we used slides prepared
gy was tested by skin prick te3tsvith a battery of extracts based with paraffin-embedded mammary glands obtained at the fourth day
on the common aeroallergens found in the Mediterranean arezafter weaning (kindly provided by Oncor, Inc, Gaithersburg, #1d).
Serum-specific IgE was titrated by the CAP System (PharmaciaNegative control slides were created by substituting32f dis-
Upjohn) in patients with positive skin prick test responses. Subjectsilled water for terminal deoxynucleotidyl transferase enzyme.
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Apoptosis was also evaluated on the basis of the morphologiTABLE I. Demographic characteristics of the subjects

appearance of apoptosis. In particular, marked loss of cytoplasr Subjects
and nuclear condensation were considered as the 2 major criteria f Control Asthmatic with chronic
the determination of cells having undergone apoptosis by light subjects subjects bronchitis

microscopy. Apoptotic cells were therefore identified as those cells
stained by using the TUNEL technique and showing the morpho
logic appearance of apoptosis.

No. of subjects 15 30 26
Age (y) 45 (37-50) 36 (34-40) 56 (54-62)

0,
For the overall length of each biopsy specimen, the number OSex (.A) male) 53 55 70
apoptotic cells in the submucosa, defined as the zon@rh0flee Duration of
pop : ¢ P disease (y) NA 15 (11-20) 15 (13-17)

to the limit of the reticular basement membrane, was quantified by
using an eyepiece graticule per unit area (square millimeters). Th
results were expressed as the medians and 25-75 percentiles of 1

Allergy (%) 0 64 0
FEV, (%

predicted) 100 (100-101) 72.5 (57-87)  82.5 (79-86)
total measurements (at least 4 measurements were performed to c
culate averages). All the slides were coded and evaluated blindl b Ve L) - 120 (110-126) 78 (68-95)
9es). Y 9Rv L) — 120 (111-140) 172 (151-216)

2 independent investigators (AMV and GC). The interinvestigator

coefficient of agreement was excellent0.93). Results are expressed as medians and 25-75 percentiles.
NA, Not applicablefFVC, forced vital capacityRV,residual volume.

Detection of apoptosis in eosinophils,
macrophages, and activated T cells , _ o _
| heth inohil h . micrometer sections were deparaffinized in xilene and rehydrated in

To evaluate whether eosinophils, macrophages, and activated 4o . 045ing alcohol concentrations (100%, 70%, 50%) and in diethyl

ceIIs_were in an apoptotic ‘state,‘ the slides were first stained by thpyrocarbonate—water. Then sections were digested in proteinase-K
alkaline phosphatase—antialkaline phosphatase (APAAP) metho(Boehringer Mannheim, Mannheim, Germany) solution in PBS at

(Dako LSAB’ Dako) to identify the ce.II phenotype and then'subse-lo pg/mL at 37°C for 30 minutes. After digestion, the sections were
quently stained by, the TUNEL technique to Qetect apoptong _ce”Sfixed in precooled 0.4% paraformaldehyde for 15 minutes at 4°C.
The_ AP’:_BI‘P t(?ch_nlque was performed_byhusmg mAbs spelcmc fOIrSections were then incubated (without probes) for 1 hour at 37°C in
eosinoph cgtloplc protein (EG2) (Kabi P armaC|a, U_ppsa a, S'\'\'e'hybridization solution (hybridization buffer [Amersham], deionized
den¥8 at a dilution of 1:5, for a subset of antigen-primed T cells formamide, salmon sperm DNA 100 mg/mL [Sigma], RNase-
(ant! UCHLY, lek(); art]the_ldll_utlonfof_1.50, and florlmacrophages inhibitor [Boerhinger], and diethyl pyrocarbonate-water). The in
(anti-CD68, Dako) at the dilution of 1:50. Control slides were pre- g, hypridization technique was performed by using human bcl-2
pazjed b%/ using an |rre|evar_1t mous:‘ antlb(‘)f(‘jy OT the samtc-)z 'SOIIZp,oIigo cocktail at 100 pmol/L consisting of an equimolar mixture of
an f’j‘tt € same concentrat!on as_t € Specilic primary mAD (Dako 4 jnqivigual single stranded DNA antisense oligonucleotides (each
The identification of apoptotic eosinophils, activated T cells, and/orof 30 basis) (by Primm s.r.1., Milan, Italy). The sequences of the
macrophaggs_ was given by the colocallzatlon_ of the dark browroligonucleotides were selected within the “Open Reading Frame
nuclear staining caused by the TUNEL technique and of the relcl.o sequences” as described by Tsujimoto and Clodtie
cytoplasmic staining caused by the APAAP immunoreactivity with oligonucleotide sequences used were as follows: antisense

EGZ, UCHLl,_ Qr CD68 mAbs. All the slides We_re coded, and thesequence-l, 5 .GTGCCGGTTCAGGTACTCAGTCATCCACAG-
immunoreactivity of each of the markers studied was evaluate(sr. antisense sequence-2, 5’ -CAGCTTATAATGGATGTACTTCAT-
blindly by 2 independent investigators (AMV and GC). The interin- CACTAT—3'- antisense’ sequence-3, 5-CCAGGAGAAAT-
vestigator coefficient of agreement was excellent 0.95). CAAACAGAGGCCGCATGCT-3"; and antisense sequence-4, 5 -

Evaluation of the expression of P53, Bcl-2, AGTTCCACAAAGGCATCCCAGCCTCCGTTA-3". _
bcl-2 oligonucleotides used as a cocktail (100 pmol/L final con-

and GM-CSF and identification of centration) were enzymatically labelled at their 3"-end with termi-

eosinophils and macrophages nal transferase by incorporation of a DNA tail of 40 to 50
Slides were incubated with the mouse mAbs against the wildnucleotides in length with several digoxigenin molecules incorpo-
type proteins P53 at a dilution of 1:3 (Dako), against Bcl-2 (Dako)rated by using a Dig Oligonucleotide Tailing kit (Boerhinger).
at a dilution of 1:7, and against GM-CSF (Genzyme, Cambridge Sections were incubated with 200 ng/mL of the oligonucleotide
Mass) at the dilution of 1:180. The reaction was revealed by usincocktail overnight at 37°C. Hybridizated oligonucleotides were
the APAAP method (Dako LSAB), according to the manufacturersdetected by using antidigoxigenin horseradish peroxidase—conju-
instructions. Control slides were prepared by using an irrelevangated Fab fragments (Boerhinger) at the dilution of 1:80 at room
mouse antibody of the same isotype and at the same concentratitemperature for 1 hour. Color development was achieved by adding
as the specific primary mAb (Dako). All the slides were coded, anca freshly prepared substrate solution consisting of 1 mg/mL DAB
the immunoreactivity of each of the markers studied was evaluatecromogen, TRIS-HCI, and $0, 0.02% (Dako) for 5 minutes at
blindly by 2 independent investigators (AMV and GC). room temperature. To ensure that results were not caused by
For the overall length of each biopsy specimen, the number omethodological artefacts, control sections were prepared in a simi-
positively stained cells beneath the basement membrane was quelar fashion during the same experimental series either without the
tified per unit area (square millimeters) of submucosa. The resultbcl-2-labeled oligonucleotide cocktail, by using the sense oligonu-
were expressed as the medians and 25-75 percentiles of the tocleotides labeled, by omitting the antidigoxigenin horseradish per-
measurements (at least 4 measurements were performed to calculoxidase—conjugated Fab fragments, or after digestion with RNase

averages). (Sigma Chemical Company) 1 mg/mL for 1 hour at 37°C.
Detection of bcl-2 mRNA by in situ Combination of in situ hybridization and
hybridization immunohistochemistry

In situ hybridization was performed on specimens fixed in 10% To identify cells bearing transcript for bcl-2, we combined the
neutral-buffered formalin and embedded in paraffin blocks. Four-immunohistochemistry and in situ hybridization. The sections were
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TABLE II. Results of bronchial biopsies
P value
Control Asthmatic Subjects with
subjects subjects chronic bronchitis C/A A/CB C/CB
Apoptotic cells* 0 (0-5) 7.5 (0-15) 55 (45-60) NS .001 .001
EG2+ cells
Apoptotic cells 0 0 (0-1) 3 (0-8) NS .007 .0006
Total cells 0 76 (0-540) 5 (2-15) .002 .02 .01
CD68+ cells
Apoptotic cells* 0 (0-6.5) 1(0-5) 28 (20-40) NS .001 .0001
Total cells* 125 (100-152) 325 (65-548) 205 (150-320) .04 NS .01
UCHL1+ cells
Apoptotic cells* 0 0 0 NS NS NS
Total cells* 4 (0-17) 80 (25-180) 37.5 (15-50) .0001 .01 .0001
bcl-2+ cells* 0 (0-0) 15 (3-150) 0 (0-29) .002 .015 .004
p53+ cells* 0 (0-19) 0 (0-0) 11 (0-37) NS .03 .01
GM-CSF+ cells* 5 (3-10) 80 (38-198) 7.5 (0-19) .001 .001 NS

Results are expressed in medians and 25-75 percentiles. Statistical analysis was done with the Manb-Wsiitargt Bonferroni’s correction.
C, Control subjectsA, asthmatic subject€B, subjects with chronic bronchitis.
*Cells/mn?.

first stained by the APAAP method to identify the cell phenotype asthma (Aas scores 4 and 5). FEMlues ranged from
and then subsequently stained by the in situ hybridization techniqu40% to 100% of predicted values.

to detect bcl-2 mRNA. The APAAP method was performed with an ~ Patients with chronic bronchitis were significantly
mAb specific for a subset of antigen-primed T cells (CD 45RO glder than asthmatic patien® € .02, Mann-WhitneyJ
clone UCHL1 DAKO) at the dilution of 1:50 at room temperature. test) and were nonsignificantly older than control sub-

Control slides were prepared by using an irrelevant mouse antibod)-ects_ In patients with chronic bronchitis, FEValues

of the same isotype and at the same concentration as the speci o 0 .
primary mAb (Dako). The identification of activated T cells was ranged from 72% to 89% of predicted values.

given by the colocalization of the red cytoplasmic staining caused
by the APAAP immunoreactivity and dark brown cytoplasmic bcl- .
2 mRNA staining caused by the in situ hybridization technique. specimens

Immunohistochemistry with the anti-EG2 mAb
Detection of CD36+ macrophages showed that in the submucosa of asthmatic patients the

The expression of CD36 was studied in frozen biopsy specimendnumber of eosinophils was significantly higher than in

obtained from 8 control subjects, 8 asthmatic subjects, and 8 subpatients with chronic bronchitis or normal subje@s=(
jects with chronic bronchitis. The biopsy specimens were embedde01 andP < .002, respectively; Mann-Whitndy test).
in Tissue Telk Il OCT (Miles Scientific, Naperville, lll), frozen  |mmunohistochemistry with the anti-UCHL1 mAb
within 30 minutes in isopentane precooled in liquid nitrogen, and showed that in the submucosa from patients with asthma

stored at —80°C. Cryostat sectionsu(B thick) were cut, broughtto g chronic bronchitis the number of activated T cells
room temperature, and fixed in acetone for 2 minutes. The section L . ; i
were stained with the mAb anti-CD36 (Pharmigen, San Diego,WaS significantly higher than that found in normal sub

Calif) at the concentration of 1:10 for 1 hour at room temperature. jects P < .OOO.jI., Ma_lr_m'Whltn?w test). T,he number of
macrophages identified by using the anti-CD68 mAb was

Statistical analysis significantly higher in patients with chronic bronchitis
Results are given as medians and 25-75 percentiles, except fcand asthma than in normal subje¢s<(.01 andP < .04,

some demographic characteristics, which are normally distributed respectively; Mann-Whitney test) (Table I1). The num-

Normally distributed data were analyzed by using parametric sta-ber of CD45+ cells was higher in patients with asthma

tistics. Nonparametric tests were used for the other data. Theand chronic bronchitis than in control subje€s<(.001,

Kruskall-Wallis test was used to compare the 3 groups. The Mann-Mann-WhitneyU test).

Whitney U test was used for unpaired comparisons, and the Spear

man rank test was used for correlations. For multiple correlations,Evaluation of cell apoptosis

Bonferroni’s correction was used. The correlation between the Aas

score and the percentage of stained cells was done with the Kende

t test.

Pathologic examination of the biopsy

The total number of apoptotic cells was similar in
asthmatic and control subjects but significantly lower in
patients with chronic bronchiti$’(< .001, Mann-Whit-
RES_ULTS L ney U test) (Fig 1 and Table II). The ratio of total apop-
Patient characteristics totic cells/CD45+ cells ranged from 0.5% (0% to 3%) in

The characteristics of the patients are given in Table I.control subjects to 1% (0% to 4%) in asthmatic subjects
Fourteen patients had mild asthma (Aas scores 1 and 2and 16% (8% to 22%) in subjects with chronic bronchi-
6 had moderate asthma (Aas score 3), and 10 had sevetis (P < .001, subjects with asthma vs subjects with
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FIG 2. Correlation between number of apoptotic cells located in
submucosa of bronchial biopsy specimens of asthmatic patients
and clinical severity of asthma assessed by using the Aas score.
Statistical analysis was done with Kendall's t test.

eosinophils was significantly lower in subjects with asth-
ma than in those with chronic bronchitiB € .001,
Mann-WhitneyU test) and was inversely correlated with
the clinical severity of asthm® & .001, Kendall's test)
(Fig 5).

The absolute number of apoptotic macrophages was
significantly lower in patients with asthma than in those
with chronic bronchitis® < .001, Mann-Whitney test)
(Figs 3 and 4 and Table Il) and correlated with the sever-
ity of asthmaP < .0001, Kendall's test). In addition, the
median ratio between apoptotic and total macrophages
was significantly lower in patients with asthma than in
those with chronic bronchiti?(< .001, Mann-Whitney
U test) and was inversely correlated with the clinical
severity of asthmal(< .002, Kendall'd test) (Fig 5).

Few activated lymphocytes were stained by the
TUNEL technique, and the difference among the groups

FIG 1. Identification of apoptotic cells by using the TUNEL tech-
nique in the submucosa of a control subject (a), an asthmatic sub-
ject (b), and a subject with chronic bronchitis (€). Apoptotic cells L e
are identified by dark brown nuclear staining with the TUNEL was not Statlsuca"y significant (Table ||).
technique (final magnification, 800x). Statistical analysis was .

done with the Mann-Whitney U test. Expressmn of P53 and Bcl-2

P53 expression was higher in patients with chronic

bronchitis than in asthmatic and control subjelts (01
chronic bronchitis and control subjects vs subjects wittandP < .03 respectively; Mann-Whitndy test) (Figs 6
chronic bronchitis). In asthma cell apoptosis was inverseand 7 and Table 1l). In patients with chronic bronchitis,
ly correlated with the clinical severity of asthnta=(  the number of P53+ cells was directly correlated with the
0.68,P = .0001, Kendall'd test) (Fig 2). number of apoptotic eosinophil® & .001, Spearman

The absolute number of apoptotic eosinophils was sigrank correlation).

nificantly lower in subjects with asthma than in those Bcl-2 expression was significantly increased in asth-
with chronic bronchitis® < .007, Mann-Whitney U test) matic subjects compared with subjects with chronic
(Figs 3 and 4 and Table Il) and correlated with the severbronchitis and control subject® € .02 andP < .002,
ity of asthmalp < .0001, Kendall'd test). In addition, the  respectively; Mann-Whitney test) (Figs 6 and 7 and
median ratio between apoptotic eosinophils and totaTable II). Bcl-2 immunoreactivity was also localized in
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FIG 3. Number of apoptotic eosinophils and macrophages in control subjects, subjects with asthma, and sub-
jects with chronic bronchitis (CB). Total indicates the number of eosinophils or macrophages identified by
using anti-EG2 or anti-CD68 in bronchial biopsy specimens. Apoptotic indicates the number of EG2- or CD68+
cells stained with the TUNEL technique. Statistical analysis was done with the Mann-Whitney U test.

mucous glands and smooth muscle cells. In asthma thbronchitis. By combining the in situ hybridization for
number of Bcl-2+ cells was directly correlated with the Bcl-2 and immunohistochemistry, we detected Bcl-2
number of lymphocytes infiltrating the bronchial submu- mRNA only in lymphocytes (Fig 9). The number of lym-
cosa P < .001, Spearman test). Furthermore, Bcl-2+ phocytes bearing Bcl-2 transcripts was 37A(nange,
cells were significantly correlated with the severity of 12 to 90/mm) in subjects with asthma, 19/mrrange,
asthma P < .003, Spearman test) (Fig 8). 7 to 25/mnd) in subjects with chronic bronchitis, and
Finally, in asthma the number of Bcl-2+ cells was sig- 2/mn? (range, 0 to 7/m#) in control subjects.
nificantly higher than the number of P53+ cels | .
.001, Wilcoxon test). By contrast, in patients with chron- Expression of GM-CSF
ic bronchitis there was nonsignificant difference  The number of GM-CSF+ cells in the submucosa was
between the number of submucosal cells expressing Bcelfound to be significantly higher in asthmatic subjects
2 or P53. than in control subjects or subjects with chronic bronchi-
. . tis (P < .001, Mann-Whitney test) (Fig 9 and Table II).
Evaluation of Bcl-2 mRNA in lymphocytes In subjects with asthma there was a significant correla-
Transcripts for Bcl-2 were found on the same cellstion between the number of cells expressing GM-CSF
expressing this protein in biopsy specimens from controland the number of nonapoptotic eosinophils and
subjects, subjects with asthma, and subjects with chronimacrophagesR(= .0001, Spearman rank correlation).
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FIG 4. Identification of apoptotosis in eosinophils (b, d) and macrophages (a, ¢) in bronchial biopsy speci-
mens obtained from a subject with asthma (¢, d) and a subject with chronic bronchitis (a, b). Apoptotic cells
are identified by dark brown nuclear staining with the TUNEL technique. Eosinophils and macrophages are
identified by red cytoplasmic staining caused by APAAP immunoreactivity with EG2 or CD68 mAbs (final mag-
nification, 200x). Arrows indicate apoptotic macrophages in a and apoptotic eosinophils in b. Arrowheads
indicate nonapoptotic macrophages in ¢ and nonapoptotic eosinophils in d.

Furthermore, GM-CSF+ cells were significantly correlat- The chronic infiltration of the airways by several
ed with the severity of asthmB € .003, Spearman test) inflammatory cells is a prominent feature of bronchial
(Fig 7). asthmad3 After an initial phase characterized by the gen-
eration of proinflammatory cytokines and the increased
expression of adhesion molecules by the endothelium
The number of cells expressing CD36 was very lowand the epithelium, airway inflammation evolves toward
and not statistically different in bronchial biopsy speci-a chronic phase characterized by the infiltration of the
mens obtained from control subjects and subjects witlairways by inflammatory cell&35 Among them,

Detection of CD36+ macrophages

asthma and chronic bronchitis. eosinophils and macrophages have been shown to play
an important role in the pathogenesis of airway inflam-
DISCUSSION mation associated with asthrkd8 The number of

eosinophils is increased in the airways of asthmatic sub-

The survival of inflammatory cells depends on the fatejects1.29 show morphologic and histochemical features
they undergo during the evolution of airway inflamma- of cellular activatior8é-38and appear to be more degran-
tion. With its potential for modulation by external medi- ulated than in subjects with chronic bronchifi$n addi-
ators, apoptosis plays a key dynamic role in the contration, the number of eosinophils significantly correlates
of the “tissue load” of granulocytes at inflamed sites ancwith the clinical severity of the diseakén asthma air-
tends to limit inflammatory tissue injury and to promote way inflammation is also characterized by a significant-
resolution rather than progression of inflammaftidn. ly increased number of macrophagédany of these
Thus although the activation of apoptosis may serve tcells are activatéd and show phenotypic characteristics
terminate the inflammatory processes by eliminating theof monocytes, suggesting that there is an active recruit-
increased number of inflammatory cells, a delayed apopment of these cells from the bloodstream into the air-
tosis may contribute to the chronic persistence of aways2® Although the active recruitment of eosinophils
inflammatory cell infiltration in the inflamed tis- and macrophages has been widely demonstrated, it is still
suest1,13,14,16,32 unclear whether these cells can persist in the airways of
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FIG 5. Correlation between the apoptotic eosinophils:total eosinophils ratio and the apoptotic
macrophages:total macrophages ratio and the Aas score. Results are expressed as median ratios.
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FIG 6. Expression of Bcl-2 and P53 in the submucosa of bronchial biopsy specimens obtained from control
subjects, asthmatic subjects, and subjects with chronic bronchitis. Results are expressed as number of posi-
tive cells per square millimeter of submucosa.

asthmatic subjects and whether this persistence is due 2 molecules that play an important role in the regulation
a reduced or delayed apoptosis. of this phenomenoft-43

There are different methods for the detection of apop- This study shows for the first time that the number of
tosis, and each of them has advantages and drawbacknonapoptotic eosinophils and macrophages is signifi-
The choice of method depends on the characteristics ccantly higher in subjects with asthma than in those with
the biologic sample, as well as the need to identify thechronic bronchitis and suggests that these cells can sur-
phenotype of the cells undergoing apoptosis. In thisvive longer in the airways of asthmatic subjects. In addi-
study we used the TUNEL technique because it is thetion, we show that the persistence of these cells may have
most useful technique to detect cell apoptosis in paraffin-important clinical consequences as shown by the signifi-
embedded tissues. In addition, this technique has beecant correlation between the number of nonapoptotic
used and validated in many studies and offers the majoeosinophils and macrophages and the severity of asthma.
advantages of revealing early DNA breaks during apop-Thus these results suggest that the chronic accumulation
tosis, quantitating the percentage of apoptotic cells,of both eosinophils and macrophages in asthma, but not
simultaneously determining cell surface antigens byin chronic bronchitis, may be due to an increased recruit-
immunohistochemistry, and phenotypically characteriz- ment of these cells in the airways, as well as an inhibition
ing the cells undergoing apoptosis within heterogeneouof their programmed cell death. This hypothesis is also
populationst® To complement the TUNEL technique and supported by the evidence that, although the number of
to investigate possible mechanisms involved in cell apop-CD45+ cells was similar in subjects with asthma and
tosis, we also evaluated the expression of P53 and Bcl-Zzsubjects with chronic bronchitis, the ratios between
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FIG 7. Immunoreactivity for GM-CSF (a, b, and ¢), P53 (d, e, and f), and Bcl-2 (g, h, and i) in the submucosa
of a bronchial biopsy specimen obtained from a control subject (a, d, and g), an asthmatic subject (b, e, and
h), and a subject with chronic bronchitis (¢, f, and i) (final magnification, 100x).

apoptotic cells/CD45+ cells were significantly lower in and extends previous results obtained by using allergen-
subjects with asthma than in those with chronic bronchi-induced cutaneous late-phase resp#haad suggests
tis. It is conceivable that the reduced cell apoptosis is dughat the increased numbers of T lymphocytes observed in
to the effects of proinflammatory cytokines overexpressedasthma and chronic bronchitis are due to an active recruit-
in the airways of asthmatic subjects. Among the possiblanent associated with a delayed apoptosis of these cells.
eosinophil and macrophage survival factors, an important With regard to the reduction of the number of apop-
role is played by GM-CSF44GM-CSF is overexpressed totic eosinophils, macrophages, and lymphocytes, it may
in asthm&8.1%and can modulate the recruitment, activa- be argued that this may result from an increased rate of
tion, and survival of these cefl816.21.49Recently, the use  apoptotic cell removal by macrophages. In this study we
of GM-CSF analogues has been found to induce apoptoaddressed this important point by evaluating the expres-
sis of normal and activated eosinophils and to regulatesion of CD36 in bronchial biopsy specimens but failed to
their numbers and activiti#8.This study confirms the find a significant difference among the 3 study groups,
increased GM-CSF expression in asthma and suggessuggesting a similar clearance rate of apoptotic cells in
that this growth factor can directly affect the survival of normal and inflamed airways. We acknowledge, howev-
both eosinophils and macrophages in the inflamed air-er, that the clearance rate is difficult to assess in tissues
ways of asthmatic subjects. This hypothesis is supporte@dnd that this event may be studied more adequately in
by the significant correlation between the expression ofother biologic samples, such as sputum or bronchoalveo-
GM-CSF and the number of nonapoptotic eosinophils andar lavage fluids.
macrophages identified in the submucosa of bronchial Among the mechanisms regulating cell apoptosis, a
biopsy specimens taken from asthmatic patients. crucial role is played by the balance between proto-
In this study we also show that both asthma and chronencogenes, such a&g/-2, and anti-oncogenes, such as
ic bronchitis are characterized by a very low number ofp53. The oncogenbcl-2 is capable of inhibiting cell
activated apoptotic T lymphocytes, suggesting that thesepoptosigl.42whereagp53 is involved in the induction
cells are less susceptible to undergoing apoptosis thaof this phenomenof# bcl-2 plays a prominent role in tis-
eosinophils and macrophages. This evidence confirmsue development or differentiation, in the maintenance of
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FIG 8. Correlation between the number of Bcl-2- and GM-CSF+ cells located in the submucosa of bronchial
biopsy specimens of asthmatic patients and the clinical severity of asthma assessed by using the Aas score.

Statistical analysis was done with Kendall’s t test.

the immune system, and in the enhancement of inflam-
matory cell survivat’48 On the other hand the physio-
logic expression of P53 protein plays an important role in
inducing cell apoptosis by blocking the cells in the G1
phase of the cell cyck.

The results of this study indicate an imbalance
between the expression of Bcl-2 and P53, which appears
to be more important in asthma than in chronic bronchi-
tis. When compared with bronchial biopsy specimens
from chronic bronchitis, specimens taken from asthmat-
ic patients have an increased infiltration of cells express-
ing Bcl-2, which outnumbers that of cells expressing
P53. The overexpression of Bcl-2 may play an important
role in the reduced apoptosis of inflammatory cells in
asthma. In this regard the correlation between the num-
ber of cells expressing Bcl-2 and T lymphocytes suggests
that Bcl-2 may be involved in the enhancement of T-cell
survival in the airways of asthmatic subjects. This
hypothesis is also supported by the evidence that bcl-2
transcripts were found in lymphocytes but not in
eosinophils and macrophages. Because of the pivotal role
played by T lymphocytes in asthma, this latter evidence
may have important clinical consequences and may indi-
cate a possible mechanism by which the increased
expression of Bcl-2 can influence the clinical severity of
asthma, as shown in the present study.

With regard to P53, we acknowledge that our data do

FIG 9. Identification of lymphocytes bearing bcl-2 mRNA in
bronchial biopsy specimens from an asthmatic subject. a, T lym-
phocytes stained with the anti-UCHL1 mAb. Cells are identified by
the red staining caused by the APAAP technique. b, Cells bearing
bcl-2 transcripts identified by using the in situ hybridization tech-
nique (dark brown staining). ¢, T lymphocytes bearing bcl-2 tran-
scripts (arrows) identified combining the APAAP (red staining)
and the in situ hybridization (dark brown staining) techniques
(final magnification, 150x).
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not indicate what cell types express this marker. Howev
er, it should be noted that in most of the biopsy speci:
mens studied, P53 immunoreactivity was absent.

In conclusion, this study suggests that cell apoptosi:

can play a crucial role in the chronicity of airway inflam- 2s.

mation associated with asthma and thus may represent
target for new and effective therapeutic strategies.

REFERENCES 28.
1. Bousquet J, Chanez P, Lacoste JY, et al. Eosinophilic inflammation in
asthma. N Engl J Med 1990;323:1033-9. 29

2. Vignola AM, Campbell AM, Chanez P, et al. HLA-DR and ICAM-1
expression on bronchial epithelial cells in asthma and chronic bronchitis
Am Rev Respir Dis 1993;148:689-94. 3

3. Haslett C, Savill JS, Whyte MK, Stern M, Dransfield I, Meagher LC.
Granulocyte apoptosis and the control of inflammation. Philos Trans R
Soc Lond B Biol Sci 1994;345:327-33. 31

4. White E. Life, death, and the pursuit of apoptosis. Genes Dev 1996;10:1
15.

5. Craig RW. The bcl-2 gene family. Semin Cancer Biol 1995;6:35-43. 32.

6. Kumar S. ICE-like proteases in apoptosis. Trends Biochem Sci
1995;20:198-202. 33
7. Matsumoto K, Schleimer RP, Saito H, likuraY, Bochner BS. Induction of

apoptosis in human eosinophils by anti-Fas antibody treatment in vitrogg

Blood 1995;86:1437-43.

8. Behrmann |, Walczak H, Krammer PH. Structure of the human APO-135

gene. Eur J Immunol 1994;24:3057-62.

9. Meikrantz W, Schlegel R. Apoptosis and the cell cycle. J Cell Biochemgg,

1995;58:160-74.
10. Lane DP. Cancer. p53, guardian of the genome. Nature 1992;358:15-6.

11. Salmon M, Scheel-Toellner D, Huissoon AP, et al. Inhibition of T cell 37,

apoptosis in the rheumatoid synovium. J Clin Invest 1997;99:439-46.
12. Salmon M, Pilling D, Borthwick NJ, Akbar AN. Inhibition of T-cell

apoptosis—A mechanism for persistence in chronic inflammation. Thegg,

Immunologist 1997;5/3:87-92.
13. Simon HU, Yousefi S, Schranz C, Schapowal A, Bachert C, Blaser K.

Direct demonstration of delayed eosinophil apoptosis as a mechanisrzg

causing tissue eosinophilia. J Immunol 1997;158:3902-8.
14. Woolley KL, Gibson PG, Carty K, Wilson AJ, Twaddell SH, Woolley MJ.

Eosinophil apoptosis and the resolution of airway inflammation in asth-4q

ma. Am J Respir Crit Care Med 1996;154:237-43.

15. Walsh GM, Wardlaw AJ. Dexamethasone inhibits prolonged survival andgy .

autocrine granulocyte-macrophage colony-stimulating factor production

by human eosinophils cultured on laminin or tissue fibronectin. J Allergy

Clin Immunol 1997;100:208-15. 42
16. Bratton DL, Hamid Q, Boguniewicz M, Doherty DE, Kailey JM, Leung

DY. Granulocyte macrophage colony-stimulating factor contributes to

enhanced monocyte survival in chronic atopic dermatitis. J Clin Investy3,

1995;95:211-8.
17. Simon HU, Blaser K. Inhibition of programmed eosinophil death: A key

pathogenic event for eosinophilia? Immunol Today 1995;16:53-5. 44.

18. Sousa AR, Poston RN, Lane SJ, Nakhosteen JA, Lee TH. Detection ¢
GM-CSF in asthmatic bronchial epithelium and decrease by inhaled cor
ticosteroids. Am Rev Respir Dis 1993;147:1557-61. 45

19. Vignola AM, Chanez P, Chiappara G, et al. Transforming growth factor-

B expression in mucosal biopsies in asthma and chronic bronchitis. Am .
Respir Crit Care Med 1997;156:591-9. 46

20. Yousefi S, Green DR, Blaser K, Simon HU. Protein-tyrosine phosphory-
lation regulates apoptosis in human eosinophils and neutrophils. Pro
Natl Acad Sci U S A 1994;91:10868-72.

21. Zhang S, Mohammed Q, Burbidge A, Morland C, Roche W. Cell culture 47

from bronchial subepithelial myofibroblasts enhance eosinophil survival
in vitro. Eur Respir J 1996;9:1839-46. 48
22. Stern M, Savill J, Haslett C. Human monocyte-derived macrophage

phagocytosis of senescent eosinophils undergoing apoptosis. Mediatiogg_

by alpha v beta 3/CD36/thrombospondin recognition mechanism anc
lack of phlogistic response. Am J Pathol 1996;149:911-21.

23. Aas k. Heterogeneity of bronchial asthma. Allergy 1981;36:3-10.

24. Bousquet J, Chanez P, Chanal I, Michel FB. Comparison between RAS

Vignola et al 573

and Pharmacia CAP system: a new automated specific IgE assay. J Aller-
gy Clin Immunol 1990;85:1039-43.

25. Lacoste JY, Bousquet J, Chanez P, et al. Eosinophilic and neutrophilic

inflammation in asthma, chronic bronchitis, and chronic obstructive pul-
monary disease. J Allergy Clin Immunol 1993;92:537-48.

Lung function testing: selection of reference values and interpretative strate-
gies. American Thoracic Society. Am Rev Respir Dis 1991;144:1202-18.

27. Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of programmed

cell death in situ via specific labeling of nuclear DNA fragmentation. J
Cell Biol 1992;119:493-501.

Tai PC, Spry CJ, Peterson C, Venge P, Olsson |. Monoclonal antibodies
distinguish between storage and secreted forms of eosinophil cationic
protein. Nature 1984;309:182-4.

. Poston RN, Chanez P, Lacoste JY, Litchfield T, Lee TH, Bousquet J.

Immunohistochemical characterization of the cellular infiltration in asth-
matic bronchi. Am Rev Respir Dis 1992;145:918-21.

0. Tsujimoto Y, Croce CM. Analysis of the structure, transcripts, and pro-

tein products of bcl-2, the gene involved in human follicular lymphoma.
Proc Natl Acad Sci U S A 1986;83:5214-8.

. Shorrock K, Roberts P, Pringle JH, Lauder |I. Demonstration of insulin

and glucagon mRNA in routinely fixed and processed pancreatic tissue
by in-situ hybridization. J Pathol 1991;165:105-10.

Anderson GP. Resolution of chronic inflammation by therapeutic induc-
tion of apoptosis. Trends Pharmacol Sci 1996;17:438-42.

. Synek M, Beasley R, Frew AJ, et al. Cellular infiltration of the airways in

asthma of varying severity. Am J Respir Crit Care Med 1996;154:224-30.
Holgate ST. The 1992 Cournand Lecture. Asthma: past, present and
future. Eur Respir J 1993;6:1507-20.

Bochner BS, Undem BJ, Lichtenstein LM. Immunological aspects of
allergic asthma. Annu Rev Immunol 1994;12:295-335.

Walker C, Kaegi MK, Braun P, Blaser K. Activated T cells and
eosinophilia in bronchoalveolar lavages from subjects with asthma corre-
lated with disease severity. J Allergy Clin Immunol 1991;88:935-42.
Broide DH, Gleich GJ, Cuomo AJ, et al. Evidence of ongoing mast cell
and eosinophil degranulation in symptomatic asthma airway. J Allergy
Clin Immunol 1991;88:637-48.

Laitinen LA, Laitinen A, Heino M, Haahtela T. Eosinophilic airway
inflammation during exacerbation of asthma and its treatment with
inhaled corticosteroid. Am Rev Respir Dis 1991;143:423-7.

Chanez P, Bousquet J, Couret |, et al. Increased numbers of hypodense
alveolar macrophages in patients with bronchial asthma. Am Rev Respir
Dis 1991;144:923-30.

Sgonc R, Wick G. Methods for the detection of apoptosis. Int Arch Aller-
gy Immunol 1994;105:327-32.

Jaattela M, Benedict M, Tewari M, Shayman JA, Dixit VM. Bcl-x and
Bcl-2 inhibit TNF and Fas-induced apoptosis and activation of phospho-
lipase A2 in breast carcinoma cells. Oncogene 1995;10:2297-305.

. Kinoshita T, Yokota T, Arai K, Miyajima A. Regulation of Bcl-2 expres-

sion by oncogenic Ras protein in hematopoietic cells. Oncogene
1995;10:2207-12.

Noguchi K, Nakajima M, Naito M, Tsuruo T. Inhibition by differentia-
tion-inducing agents of wild-type p53-dependent apoptosis in HL-60
cells. Jpn J Cancer Res 1995;86:217-23.

Yousefi S, Hoessli DC, Blaser K, Mills GB, Simon HU. Requirement of
Lyn and Syk tyrosine kinases for the prevention of apoptosis by cytokines
in human eosinophils. J Exp Med 1996;183:1407-14.

. Iversen PO, Robinson D, Ying S, et al. The GM-CSF analogue E21R

induces apoptosis of normal and activated eosinophils. Am J Respir Crit
Care Med 1997;156:1628-32.

. Ying S, Meng Q, Taborda-Barata L, Kay AB. Association of apoptosis of

neutrophils and eosinophils and their ingestion by macrophages with res-
olution of the allergen-induced cutaneous late-phase response in atopic
human subjects. Proc Assoc Am Physicians 1997;109:42-50.

Cory S. Regulation of lymphocyte survival by the bcl-2 gene family.
Annu Rev Immunol 1995;13:513-43.

. Hawkins CJ, Vaux DL. Analysis of the role of bcl-2 in apoptosis.

Immunol Rev 1994;142:127-39.

Mercer WE, Shields MT, Lin D, Appella E, Ullrich SJ. Growth suppres-
sion induced by wild-type p53 protein is accompanied by selective down-
regulation of proliferating-cell nuclear antigen expression. Proc Natl
Acad Sci U S A 1991;88:1958-62.



