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Background: Previous studies have provided evidence for an
inflammatory process in the large airways of subjects with
chronic obstructive pulmonary disease (COPD), consisting
predominantly of activated T cells. No data are available on
the TH1/TH2 T-cell cytokine pattern in this disease.
Objective: We sought to characterize the TH1/TH2 T-cell
cytokine pattern in subjects with COPD.
Methods: We examined the IFN-γ and IL-4 expression in
peripheral blood CD4+ and CD8+ T cells from 20 patients
with COPD and 25 control subjects by using a flow cytometric
method of intracellular cytokine detection. We also examined
the expression of 2 surface activation markers (CD25 and
HLA-DR) on peripheral blood CD4+ and CD8+ T cells.
Results: There was an increased percentage of IFN-γ–produc-
ing cells (30.3% [range, 12.9% to 60.4%] vs 19.1% [range, 4%
to 31.2%], P = .003) and a decreased percentage of IL-4–pro-
ducing cells (4.55% [range, 0.6% to 11.3%] vs 9.5% [2.1% to
21.3%], P = .0008) among peripheral blood CD4+ T cells from
the patients with COPD compared with control subjects. There
was no significant difference between the 2 groups in the per-
centage of peripheral blood CD8+ T cells producing IFN-γ or
IL-4 or in the percentage of peripheral blood CD4+ and CD8+
T cells expressing CD25 and HLA-DR.
Conclusion: These findings provide evidence for a TH1-like
immune response of peripheral blood CD4+ T cells in subjects
with COPD. (J Allergy Clin Immunol 1999;103:458-62.)
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Chronic obstructive pulmonary disease (COPD) is
defined as a disease state characterized by the presence of
airflow obstruction caused by chronic bronchitis or
emphysema. The airflow obstruction is generally pro-
gressive, may be accompanied by airway hyperreactivity,
and may be partially reversible.1 Like asthma, COPD is
also associated with an infiltration of the airway mucosa
by activated T cells.2

T-helper cells can be classified into different types that
produce characteristic clusters of cytokines, some respon-

sible for cell-mediated inflammatory reactions, delayed-
type hypersensitivity, and tissue injury in infectious and
autoimmune diseases (TH1), and others enhancing anti-
body production by B cells (TH2).3-5 The cytokine most
characteristic of TH1 responses is IFN-γ.6,7 Conversely,
IL-4 production can be used to define TH2 response.8

Although much is known about the T-cell cytokine
pattern in bronchial asthma,9-11 there are no such studies
in COPD. The aim of this study was to characterize the
TH1/TH2 T-cell cytokine pattern in subjects with COPD,
and for this purpose we examined the IFN-γ and IL-4
expression in peripheral blood from 20 subjects with
COPD and 25 control subjects by using a flow cytomet-
ric method of intracellular cytokine detection (FastIm-
mune Cytokine System; Becton-Dickinson, Mountain
View, Calif). This technique is based on the pioneering
methodological report of Jung et al,12 who first showed
the feasibility of using intracytoplasmic staining and
flow cytometry to assess T-cell cytokine production.

METHODS

Subjects
The study population was composed of 20 patients with COPD (19

men and 1 woman; mean age, 66.8 ± 2.1) and 25 control subjects (17
men and 8 women; mean age, 63.4 ± 1.6). Table I shows the character-
istics of the study population. Subjects with COPD were characterized
by cough and mucoid sputum production on most days of the month for
at least 3 months per year during at least the previous 2 years.

The patients met the following criteria: (1) stable airflow limita-
tion with FEV1 (≤80 % of predicted value); (2) no improvement in
FEV1 of over 15% after inhalation of 200 µg of salbutamol; (3) no
history of atopy or evidence of atopy on skin prick testing for 8
common inhalant allergens (Dermatophagoides pteronyssinus, D
farinae, mixed grass pollen, cat allergen, dog dander, birch pollen,
feathers, and Aspergillus fumigatus); (4) no history of other pul-
monary disease; (5) no exacerbation of their disease; (6) no rise in
titer in paired complement fixation tests for Coxiella burnetii,
Chlamydia psittaci, Mycoplasma pneumoniae, common respiratory
viruses (influenza A, B, C; adenovirus; respiratory syncytial virus-
es), or Legionellafluorescent antibody assays; or (7) therapy with
oral or inhaled glucocorticoids or antibiotics during the month
before entering the study. Because an imbalance in the TH1/TH2
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cytokine secretion has been reported in other conditions, such as
autoimmune diseases13-15and osteoarthritis,16 we excluded them by
clinical background and laboratory assessment.

The patients’ smoking history was carefully checked, and a min-
imum of 15 pack-years smoked was required. 

The control group was composed of 25 healthy subjects: 14
smoking subjects similar with regard to age, sex, and smoking his-
tory to COPD patients but without cough or sputum production and
11 nonsmoking subjects. They all had normal spirometric values
without clinical or laboratory signs of sensitization to common
allergens. Each subject gave signed, informed consent to participate
in the study.

Study design

Before entry, patients and control subjects were screened with a
clinical history, physical examination, chest radiograph, sputum
analysis, blood analysis, and electrocardiogram. All subjects under-
went spirometric function tests (Spiroflow; Morgan, Kent, UK), and
peripheral venous blood samples were taken for lymphocyte analy-
ses and complete blood cell counts. An aliquot of serum was frozen
at –80°C for further analysis.

Antibodies and reagents

Anti-IFN-γconjugated to phycoerythrin (PE); anti-IL-4 PE; anti-
CD3 (T cells) peridin chloropyll protein (PerCP); anti-CD4 (T
helper-inducer) FITC and PE; anti-CD8 (T suppressor-cytotoxic)
FITC and PE; anti-CD25 (p55 IL-2 receptor) PE; anti-HLA-DR
(Class II MHC) PE; anti-CD23 (B cells expressing the low affinity
Fc IgE receptor) PE; isotype-matched, directly conjugated (FITC,
PE, and PerCP) control antibodies; FACS Lysing Solution; and
FACS Permeabilizing Solution were obtained from Becton Dickin-
son. Phorbol myristate acetate (PMA), ionomycin, brefeldin A,
paraformaldehyde,L-glutamine, RPMI 1640, and AB serum were
obtained from Sigma Chemical Co (St Louis, Mo).

Processing of cells and staining procedure

For surface marker analysis of peripheral blood lymphocytes, 100
µL of heparinized whole blood was incubated with 10 µL of one of the
FITC-labeled antibodies along with 10 µL of one of the PE-labeled
antibodies at room temperature for 20 minutes. Erythrocytes were
lysed by adding 2 mL of lysing solution for 10 minutes. Cells were
washed twice with PBS containing 2% FCS and 0.1% sodium azide.

For intracellular cytokine detection, 500 µL of heparinized
whole blood was added to RPMI 1640 with 2 mmol/L L-glutamine.
Cells were stimulated with PMA (25 ng/mL) and ionomycin (1
µg/mL) in the presence of brefeldin-A (10 µg/mL) and kept in tubes
(Falcon, Becton Dickinson) for 4 hours at 37°C in a humidified
atmosphere at 5% CO2 in air. As previously described,17 brefeldin-
A was used to block intracellular transport mechanisms, thereby
leading to an accumulation of cytokines in the cells. 

Ten microliters of anti-CD3 PerCP and 10 µL of anti-CD8 FITC
were added to 100 µL of stimulated whole blood and incubated for
15 minutes at room temperature. Erythrocytes were lysed by adding
2 mL lysing solution for 10 minutes. Cells were washed in PBS
containing 0.5% BSA and 0.1% sodium azide and subsequently
resuspended in 500 µL FACS Permeabilizing Solution. After 10
minutes, the cells were washed with PBS and incubated with satu-
rating concentrations of anti-IFN-γ or anti-IL-4 PE for 30 minutes
at room temperature. After a final wash in PBS, cells were resus-
pended in 500 µL paraformaldehyde 1% and kept at 4°C for no

more than 24 hours in the dark until analyzed. Negative controls
consisted of unstimulated cells.

Flow cytometric analysis

A FACScan flow cytometer (Becton Dickinson) equipped with a
15-mW argon ion laser and appropriate filters for FITC (530 nm),
PE (585 nm), and PerCP (>650 nm) was used.

For surface marker analysis of peripheral blood lymphocytes,
10,000 cells were computed in list mode and analyzed by using
appropriate software (Lysis, Becton Dickinson). Simultaneous T-
cell subset analysis (CD4+ and CD8+ T cells) and activation study
(expression of activation markers CD25 and HLA-DR) were per-
formed on peripheral blood lymphocytes.

For intracellular cytokine detection, 10,000 cells were computed
and analyzed with the same software. An electronic gate was set on
the lymphocytes on the forward and side-scatter plot, and CD3+
(PerCP+) cells falling within the gated area were then identified and
selected in a second gate. As previously described,17 cytokine pro-
duction was analyzed by detection of FITC and PE staining, and the
number of cells staining for each cytokine was expressed as a per-
centage of CD4+ and CD8+ T cells. CD4+ T cells were identified

TABLE I. Characteristics of the study population

Smoking  FEV1

Subject Sex Age history (%

no (M/F) (y) (packs/y) predicted) Treatment

1 M 54 19 44 None
2 M 74 49 36 B
3 M 69 66 39 T
4 M 69 32.5 40 B,T
5 M 72 20 40 None
6 M 68 126 27 B
7 M 68 15 58 None
8 F 71 20.2 42 B
9 M 68 48 19 None
10 M 69 15 53 B,T
11 M 70 30 71 None
12 M 66 90.5 29 T
13 M 67 44.7 38 T
14 M 50 60 23 B
15 M 64 65.5 43 None
16 M 77 41 40 B,T
17 M 74 100 41 B
18 M 71 51.5 37 None
19 M 76 16 55 B
20 M 40 60 80 None
Mean — 66.8 48.5 42.4* —
SEM — 2.1 7 3.4 —

Control 
subjects
Smokers 
(10 M/4 F)
Mean — 63 45.2 96 —
SEM — 1.4 6.3 0.4 —

Nonsmokers
(7 M/4 F)
Mean — 63.9 — 98.6 —
SEM — 2 — 0.3 —

T, Sustained-release theophylline; B, β-agonist.
*Significantly different from control subjects.
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CD23+ cells between COPD and control subjects (Table
II). There were also no differences in either the percent-
age or absolute numbers of CD3+ cells expressing CD4
or CD8 or the expression of CD25 and HLA-DR in
either CD4+ or CD8+ T cells in the 2 groups of subjects
examined (Table II).

No cytokine levels were detectable without stimula-
tion, and appropriate isotype-matched control antibodies
showed no positive staining. There was an increased per-
centage of IFN-γ–producing cells (30.3% [range, 12.9%
to 60.4%] vs 19.1% [range, 4% to 31.2%],P = .003) and
a decreased percentage of IL-4–producing cells (4.55%
[range, 0.6% to 11.3%] vs 9.5% [range, 2.1% to 21.3%],
P = .0008) among peripheral blood CD4+ T cells from
the subjects with COPD compared with control subjects
(Fig 1). In contrast, there was no significant difference
between the 2 groups in the percentage of peripheral
blood CD8+ T cells producing IFN-γ or IL-4 (Table II).

When control subjects were divided according to
smoking habits, no significant differences between
smoking and nonsmoking subjects were found for any of
the parameters examined. No correlation was found
between functional and flow cytometric data in patients
with COPD.

DISCUSSION

In this study we showed a TH1-like immune response
of peripheral blood CD4+ T cells in patients with COPD
whose capacity for IFN-γ expression was significantly
increased, whereas that for IL-4 was significantly
reduced compared with control subjects.

We can speculate that an increased percentage of TH1
cells in peripheral blood from patients with COPD may
reflect either a “spill-over” of TH1 cells from the bronchial
mucosa or an influence of the bronchial microenvironment
on circulating T cells. Although analysis of peripheral blood
and BAL lymphocytes from atopic asthmatic subjects after
allergen bronchial challenge has demonstrated dynamic
exchanges of T lymphocytes between these 2 compart-
ments,19 there are no such studies in subjects with COPD.
Thus there is a need to perform a parallel T-cell cytokine
pattern analysis in bronchial mucosa and peripheral blood
from patients with COPD to support these hypotheses.

On the basis of the description of 2 separate profiles of
cytokine production from the 2 subsets of TH1 and TH2
cells,3-5 the evidence of increased levels of IL-4 and IL-
5 in samples of asthmatic patients have suggested that
there might be a TH2 cytokine pattern in these patients.9

To the best of our knowledge, no studies assessing the
TH1/TH2 T-cell cytokine pattern in subjects with COPD
have been reported so far.

The physiologic significance of T-cell derived IFN-γ
in the pathogenesis of COPD is unclear. IFN-γ is known
principally for its ability to activate macrophages.20

Macrophages have been shown to be increased in the
bronchial mucosa of subjects with COPD,2 and theoreti-
cally there should be an interaction of this cell type with
the T cells. T cells may regulate macrophage function in
COPD by means of production of IFN-γ, resulting in

as CD3+ CD8– cells because of the downregulation of CD4 after
phorbol ester stimulation.18 Specific binding of mAb was controlled
by subtraction of isotype-matched mouse immunoglobulins.

Statistical analysis

Results were expressed as medians and ranges, and differences
between groups were analyzed with the Mann-Whitney U test. 

Correlation coefficients were calculated by using Spearman’s
rank method. Probability (P) values less than .05 were accepted as
significant.

RESULTS

The characteristics of the study population are report-
ed in Table I. Subjects with COPD had significantly
lower FEV1 values when compared with control subjects
(P = .001) (data not shown). In patients with COPD, we
observed a significant negative correlation between
smoking history and the percentages of predicted values
obtained for FEV1 (r = –0.6; P = .004) (data not shown).

Flow cytometric analysis of peripheral blood lympho-
cytes showed no significant differences in either the per-
centage or absolute numbers of CD3+, CD19+, and

FIG 1. Percentages of peripheral blood CD4+ T cells with positive
intracellular staining for IL-4 (4.55% [range, 0.6% to 11.3%] vs
9.5% [range, 2.1% to 21.3%], P = .0008) (top) and IFN-γ (30.3%
[range, 12.9% to 60.4%] vs 19.1% [range, 4% to 31.2%], P = .003)
(bottom) from patients with COPD and control subjects. Horizon-
tal bars represent group median values. Filled symbols indicate
smoking subjects.
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increased secretion of IL-12 and production of
macrophage inhibitory factor.20 This would increase
macrophage residency and also encourage maintenance of
a TH1-like immune response. Activated macrophages may
also produce IL-8,21 which is a potent chemotactic factor
for neutrophils and neutrophil recruitment to the lungs,
neutrophil activation, and release of proteolytic enzymes
within the tissues. These factors are thought to be central to
perpetuation of lung inflammation and progression of
chronic obstructive pulmonary disease.22 In turn, IFN-γ
may also induce endothelial23and epithelial24cell adhesion
molecule expression, supporting the recruitment and acti-
vation of inflammatory cells. Expression of the inducible
form of nitric oxide (NO) synthase is increased by IFN-γ,25

and NO can interact with superoxide leading to peroxyni-
trite generation and nitrotyrosine formation,26 which may
result in epithelial damage. Finally, IFN-γ has been shown
to impair epithelial regeneration.27

The decrease of IL-4 in our patients with COPD could
be regarded as consistent with a relative predominance of
IFN-γ because IFN-γ suppresses TH2-cell activity.28

An imbalance in the number of TH2 cells secreting IL-
4 against TH1 cells secreting IFN-γhas been implicated in
autoimmune diseases,13,14 suggesting that preferential
activation of TH1 responses is central in the pathogenesis
of these disorders. In view of our data, it is tempting to
speculate that COPD may be an autoimmune disease.

Because respiratory infection may well be another
important factor that drives the T cells toward a TH1 phe-
notype, we took great care to select patients free of respi-
ratory infections in the month before the study. However,
without more sophisticated techniques, such as PCR, a
latent viral29 or Chlamydia pneumoniaeinfection30 can-
not be excluded. Thus we cannot completely rule out the
possibility that the TH1 cytokine pattern reflects an under-
lying respiratory infection instead of being a specific
marker of COPD. Further studies, including studies of
individuals with exacerbations of COPD, are necessary
to evaluate the results of this study.

In a previous study, Mueller et al31 failed to find a sig-
nificant difference in the IFN-γ and IL-4 expression in
bronchial mucosa between patients with COPD and control
subjects. The discrepancy with our data may be explained
by a number of factors. First, these authors examined the
localization of cytokine protein without identifying the
cytokine-producing cells. Second, differences in patient

selection may contribute to the conflicting results. Finally,
in some diseases the TH pattern of nonspecific stimulation
of peripheral blood lymphocytes may not reflect the TH pat-
tern in the target tissue as it occurs in rheumatoid arthritis.15

Although other authors showed an upregulation of T-
cell activation2 in bronchial mucosa from patients with
COPD, we are unable to show any significant difference
in the expression of CD25 and HLA-DR in either periph-
eral blood CD4+ or CD8+ T cells in our patients with
COPD compared with control subjects. These discrepan-
cies may be due to the fact that the authors examined T-
cell activation on CD3+ cells in toto, whereas we evalu-
ated the expression of T-cell activation markers CD25
and HLA-DR on CD4+ and CD8+ T cell subsets sepa-
rately. Moreover, differences of severity and/or chronici-
ty of the disease can make it difficult to draw a direct
comparison among the various studies.

Several studies reported a relative prevalence of CD8+
over CD4+ T cells in bronchial biopsy specimens from
smokers with chronic bronchitis and chronic airflow limita-
tion.32-34Increased proportion of CD8+ T cells in bronchial
mucosa may be the consequence of a migration process of
a homogeneous T-cell subset from the blood to this site of
involvement and/or, alternatively, of the proliferation in the
lung of a selected cell subpopulation in response to a per-
sistent stimulus that may act independently of clinical exac-
erbation. When a redistribution of cells with limited pheno-
type from the blood to the lung is considered, a decrease in
T cells with this phenotype would be predicted in the blood
of the same subject. Our data did not demonstrate any deple-
tion of CD8+ T cells in the blood of patients with COPD,
arguing against a T-cell redistribution from the blood to the
lung. However, a parallel T-cell subset analysis in bronchial
mucosa and peripheral blood from subjects with COPD
should be performed to clarify this point.

All patients with COPD were smokers, and it has been
demonstrated that tobacco smoking induces an increased
nonspecific IgE response.35 IgE synthesis is controlled
by IL-4 and IFN-γ.36 However, in a previous study Le
Cam et al37 demonstrated that nicotine, a major pharma-
cologically active component of tobacco smoke, does not
modulate IL-4 and IFN-γ release from PBMCs activated
with PMA. Moreover, we have not found differences in
the T-cell cytokine pattern in peripheral blood between
smoking and nonsmoking control subjects.

Because a variety of cells and mediators can contribute

TABLE II. Percentages of lymphocyte subpopulations in peripheral blood from patients with COPD and control subjects

CD4/ CD4/ CD8/ CD8/ CD8/ CD8/

CD3 CD19 CD23 CD4 CD8 CD25 HLA-DR CD25 HLA-DR IL-4 IFN-γ

Patients with COPD
Median 69.8 9.2 5.3 42.7 35.9 2.5 2.4 0.04 2.3 0.5 13
Range 59-84 2-36.1 1.6-23.8 19.5-55.7 22-61 1.2-3.6 0.9-5.8 0.01-0.2 0.5-14.8 0-1.4 3.5-35.2
Control subjects
Median 73.3 11 7.1 41.8 36 2.9 1.5 0.03 2.1 0.5 6.4
Range 59-82.6 5.1-14.5 3-12.4 26.8-56.8 20-56.1 1.4-4.1 1-3.9 0-0.4 0.4-9.1 0.1-2.7 0.1-22.3
P value NS NS NS NS NS NS NS NS NS NS NS
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to the inflammatory processes in COPD, the lack of cor-
relation between flow cytometric and physiologic data
was not unexpected. Moreover, airway obstruction in
COPD has a multifactorial pathogenesis and is linked not
only to inflammatory events, such as tissue edema and
cell infiltration, but also to irreversible end-stage lesions,
such as connective tissue deposition and distortion of the
membranous bronchioles by loss of elastic recoil.38

In conclusion, this study provides evidence for a TH1-
like immune response of peripheral blood CD4+ T cells
in subjects with COPD. Further studies designed to
examine the expression of cytokines other than IL-4 and
IFN-γ (ie, IL-2 and IL-5) are required to confirm a defi-
nite bias toward a TH1 phenotype in this disease.

We thank Elizabeth de Young from the Centro Linguistico, Uni-
versity of Parma, for her help with the final text of this paper and
Ms Iris Spanevello for her expert technical assistance.

REFERENCES

1. American Thoracic Society. Standards for the diagnosis and care of
patients with chronic obstructive pulmonary disease. Am J Respir Crit
Care 1995;152:S77-120.

2. Saetta M, Di Stefano A, Maestrelli P, Ferraresso A, Drigo R, Potena A, et
al. Activated T-lymphocytes and macrophages in bronchial mucosa of
subjects with chronic bronchitis. Am Rev Respir Dis 1993;147:301-6.

3. Mosmann TR, Bond MW, Coffman RL, Ohara J, Paul WE. T-cell and
mast cell lines respond to B-cell stimulatory factor 1. Proc Natl Acad Sci
USA 1986;83:5654-8.

4. Mosmann TR, Coffman RL. Heterogeneity of cytokine secretion patterns
and functions of helper T cells. Adv Immunol 1989;46:111-47.

5. Romagnani S. Human Th1 and Th2 subsets: doubt no more. Immunol
Today 1991;12:256-7.

6. Heinzel FP, Sadick MD, Holaday BJ, Coffman RL. Reciprocal expres-
sion of interferon γ or interleukin 4 during the resolution or progression
of murine leishmaniasis. J Exp Med 1989;169:59-72.

7. Scott P. IFN-gamma modulates the early development of Th1 and Th2
responses in a murine model of Leishmaniasis. J Immunol
1991;147:3149-55.

8. Chatelain R, Varkila K, Coffman RL. IL-4 induces a Th2 response in
Leishmania major-infected mice. J Immunol 1992;148:1182-7.

9. Robinson DS, Hamid Q, Ying S, Tsicopoulos A, Barkans J, Bentley AM,
et al. Predominant Th2-like bronchoalveolar T-lymphocyte population in
atopic asthma. N Engl J Med 1992;326:298-304.

10. Walker C, Bode E, Boer L, Hansel T, Blaser K, Virchow J. Allergic and
non-allergic asthmatics have distinct patterns of T-cell activation and
cytokine production in peripheral blood and bronchoalveolar lavage. Am
Rev Respir Dis 1992;146:109-15.

11. Ying S, Durham SR, Corrigan CJ, Hamid Q, Kay AB. Phenotype of cells
expressing mRNA for Th2-type (interleukin-4 and interleukin-5) and
Th1-type (interleukin-2 and interferon-γ) cytokines in bronchoalveolar
lavage and bronchial biopsies from atopic asthmatic and normal control
subjects. Am J Respir Cell Mol Biol 1995;12:477-87.

12. Jung T, Schauer U, Heusser C, Neumann C, Rieger C. Detection of intracel-
lular cytokines by flow cytometry. J Immunol Methods 1993;159:197-207.

13. Brod SA, Benjamin D, Hafler DA. Restricted T cell expression of IL-2/INF-
γ mRNA in human inflammatory disease. J Immunol 1991;147:810-5.

14. Selmaj K, Raine CS, Cannella B, Brosnan CF. Identification of lympho-
toxin and tumor necrosis factor in multiple sclerosis lesions. J Clin Invest
1991;87:949-54.

15. van-Roon JA, Verhoef CM, van Roy JL, Gmelig-Meyling FH, Huber-
Bruning O, Lafeber FP, et al. Decrease in peripheral type 1 over type 2 T
cell cytokine production in patients with rheumatoid arthritis correlates
with an increase in severity of disease. Ann Rheum Dis 1997;56:656-60.

16. Sakkas LI, Scanzello C, Johanson N, Burkholder J, Mitra A, Salgame P,
et al. T cells and T-cell cytokine transcripts in the synovial membrane in
patients with osteoarthritis. Clin Diagn Lab Immunol 1998;5:430-7.

17. Picker LJ, Singh MK, Zdraveski Z, Treer JR, Waldrop SL, Bergstresser
PR, et al. Direct demonstration of cytokine synthesis heterogeneity
among human memory/effector T cells by flow cytometry. Blood
1995;86:1408-19.

18. Munck Petersen C, Ilso Christensen E, Storstein Andresen B, Moller BK.
Internalization, lysosomal degradation and new synthesis of surface
membrane CD4 phorbol ester-activated T-lymphocytes and U-937 cells.
Exp Cell Res 1992;201:160-73.

19. Gerblich AA, Salik H, Schuyler MR. Dinamic T-cell changes in periph-
eral blood and bronchoalveolar lavage after antigen bronchoprovocation
in asthmatics. Am Rev Respir Dis 1991;143:533-7.

20. Doherty TM. T-cell regulation of macrophage function. Curr Opin
Immunol 1995;7:400-4.

21. Baggiolini M, Dewald B, Moser B. Interleukin-8 and related chemotac-
tic cytokines-CXC and CC chemokines. Adv Immunol 1994;55:97-179.

22. Thompson AB, Daughton D, Robbins GA, Ghafouri MA, Oehlerking M,
Rennard SI. Intraluminal airway inflammation in chronic bronchitis.
Characterization and correlation with clinical parameters. Am Rev Respir
Dis 1989;140:1527-37.

23. Pober JS, Gimbrone MA Jr, Lapierre LA, Mendrick DL, Fiers W, Roth-
lein R, et al. Overlapping patterns of activation of human endothelial
cells by interleukin 1, tumor necrosis factor, and immune interferon. J
Immunol 1986;137:1893-6.

24. Look DC, Rapp SR, Keller BT, Holtzmann MJ. Selective induction of
intercellular adhesion molecule-1 by interferon-γ in human airway
epithelial cells. Am J Physiol 1992;263:L79-87.

25. Robbins RA, Barnes PJ, Springall DR, Warren JB, Kwon OJ, Buttery
LD, et al. Expression of inducible nitric oxide synthase in human lung
epithelial cells. Biochem Biophys Res Commun 1994;203:209-18.

26. Ischiropoulos H, Zhu L, Chen J, Tsai M, Martin JC, Smith CD, et al. Per-
oxynitrite-mediated tyrosine nitration catalyzed by superoxide dismu-
tase. Arch Biochem Biophys 1992;298:431-7.

27. Saunders NA, Smith RJ, Jetten AM. Differential responsiveness of
human bronchial epithelial cells, lung carcinoma cells, and bronchial
fibroblasts to interferon-γ in vitro. Am J Respir Cell Mol Biol
1994;11:147-52.

28. Gajewski TF, Fitch FW. Anti-proliferative effect of IFN-γ in immune reg-
ulation. IFN-γ inhibits the proliferation of Th2 but not Th1 murine helper
T lymphocyte clones. J Immunol 1988;140:4245-52.

29. Matsuse T, Hayashi S, Kuwano K, Keunecke H, Jefferies WA, Hogg JC.
Latent adenoviral infection in the pathogenesis of chronic airway
obstruction. Am Rev Respir Dis 1992;146:177-84.

30. von Hertzen LC. Chlamydia pneumoniaeand its role in chronic obstruc-
tive pulmonary disease. Ann Med 1998;30:27-37.

31. Mueller R, Chanez P, Campbell AM, Bousquet J, Heusser C, Bullock
GR. Different cytokine patterns in bronchial biopsies in asthma and
chronic bronchitis. Respir Med 1996;90:79-85.

32. Fournier M, Lebargy F, Le Roy Ladurie F, Lenormand E, Pariente R.
Intraepithelial T-lymphocyte subsets in the airways of normal subjects
and of patients with chronic bronchitis. Am Rev Respir Dis
1989;140:737-42.

33. O’Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK. Inflammation in
bronchial biopsies of subjects with chronic bronchitis: inverse relation-
ship of CD8+ T lymphocytes with FEV1. Am J Respir Crit Care Med
1997;155:852-7.

34. Saetta M, Turato G, Facchini FM, Corbino L, Lucchini RE, Casoni G, et
al. Inflammatory cells in the bronchial glands of smokers with chronic
bronchitis. Am J Respir Crit Care Med 1997;156:1633-9.

35. Burrows B, Halonen M, Barbee RA, Lebowitz MD. The relationship of
serum IgE to cigarette smoking. Am Rev Respir Dis 1981;124:523-5.

36. Pène J, Rousset F, Brière F, Chrétien I, Bonnejoy JY, Spirs H, et al. IgE
production by normal human lymphocytes is induced by interleukin 4
and suppressed by interferons gamma and alpha and prostaglandin E2.
Proc Natl Acad Sci 1988;85:6880-4.

37. Le Cam L, Lagier B, Bousquet J, Pène J. Nicotine does not modulate IL-
4 and interferon-γ release from peripheral blood mononuclear cells and T
cell clones activated by phorbol myristate acetate and calcium ionophore.
Int Arch Allergy Immunol 1996;111:372-5.

38. Matsuba K, Wright JL, Wiggs BR, Parè PD, Hogg JC. The changes in air-
ways structure associated with reduced forced expiratory volume in one
second. Eur Respir J 1989;2:834-9.


