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CXCR3 is a chemokine receptor preferentially expressed on lym-

 

phocytes, particularly on type-1 T-lymphocytes. Smokers who de-
velop chronic obstructive pulmonary disease (COPD) have a chronic

 

bronchopulmonary inflammation that is characterized by an in-

 

creased infiltration of T-lymphocytes, particularly CD8

 

�

 

, in the air-
ways and lung parenchyma. To investigate the expression of
CXCR3 and its ligand interferon-induced protein 10/CXCL10 in
COPD, we counted the number of CXCR3

 

�

 

 cells and analyzed the
expression of CXCL10 in the peripheral airways of 19 patients un-
dergoing lung resection for localized pulmonary lesions. We ex-
amined lung specimens from seven smokers with fixed airflow lim-
itation (COPD), five smokers with normal lung function, and seven
nonsmoking subjects with normal lung function. The number of
CXCR3

 

�

 

 cells was immunohistochemically quantified in the epithe-
lium, in the submucosa, and in the adventitia of peripheral airways.
The number of CXCR3

 

�

 

 cells in the epithelium and submucosa was
increased in smokers with COPD as compared with nonsmoking
subjects, but not as compared with smokers with normal lung func-
tion. Immunoreactivity for the CXCR3-ligand CXCL10 was present
in the bronchiolar epithelium of smokers with COPD but not in the
bronchiolar epithelium of smoking and nonsmoking control subjects.
Most CXCR3

 

�

 

 cells coexpressed CD8 and produced interferon 

 

�

 

.
These findings suggest that the CXCR3/CXCL10 axis may be in-
volved in the T cell recruitment that occurs in peripheral airways of
smokers with COPD and that these T cells may have a type-1 profile.
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Smokers with chronic obstructive pulmonary disease (COPD)
have a chronic bronchopulmonary inflammation character-
ized by an increased infiltration of T-lymphocytes, particularly
CD8

 

�

 

, both in the airways and in the lung parenchyma (1, 2).
The peripheral airways are the major site responsible for the
development of airflow limitation in smokers (3). Interestingly,
in smokers, the number of CD8

 

�

 

 T-lymphocytes in peripheral
airways is significantly correlated with the degree of airflow limi-
tation, suggesting an important role for these cells in the patho-
physiology of COPD (4). However, the cytokine profile of these
T-lymphocytes and their chemokine receptor expression has
not been fully investigated.

A current paradigm in immunology is that the nature of an
immune response to an antigenic stimulus is determined largely

by the pattern of cytokines produced by activated T cells (5).
Type-1 T cells express cytokines, such as interferon gamma
(IFN

 

�

 

), crucial in the activation of macrophages and in the re-
sponse to viral and bacterial infections, whereas type-2 T cells
express cytokines, such as interleukin (IL)-4 and IL-5, involved
in IgE-mediated responses and eosinophilia characteristic of
allergic diseases. A type-1 profile has been hypothesized in
COPD, particularly because viral and/or bacterial infections
have been associated with the development of the disease (2,
6). Indeed, a type-1 cytokine phenotype has been demonstrated
in peripheral blood (7) and qualitatively described in bron-
chial biopsies of patients with COPD (8).

Several 

 

in vitro

 

 studies have demonstrated that type-1 and
type-2 T cells express distinct sets of chemokine receptors,
which regulate the recruitment of these T-lymphocytes sub-
sets to inflammatory sites (9–11). In particular, it has been
shown that the chemokine receptor CXCR3 is preferentially
expressed on type-1 cells, which then selectively migrate to its
ligand CXCL10 (12, 13).

As chemokines play an important role in the recruitment of
leukocytes to sites of tissue inflammation, in this study we in-
vestigated the expression of CXCR3 and its ligand CXCL10 in
the peripheral airways of smokers with chronic airflow limita-
tion. The results were compared with those obtained in smok-
ers without chronic airflow limitation and in normal nonsmok-
ing control subjects.

 

METHODS

 

Subjects

 

We recruited three groups of subjects to the study who were undergo-
ing lung resection for a solitary peripheral carcinoma: seven smokers
with both symptoms of chronic bronchitis and chronic airflow limita-
tion (smokers with COPD), five asymptomatic smokers with normal
lung function, and seven asymptomatic nonsmoking subjects with nor-
mal lung function. Chronic bronchitis was defined as cough and sputum
production occurring on most days of the month for at least 3 months
a year, during the 2 years before the study (1). Chronic airflow limita-
tion was defined as forced expiratory volume in 1 second (FEV

 

1

 

)/
forced vital capacity (FVC) less than 70% associated with a FEV

 

1

 

 less
than 80% predicted (1), with a FEV

 

1

 

 reversibility of less than 15% af-
ter inhalation of 200 

 

�

 

g of salbutamol. No subject had an exacerba-
tion of his disease within 1 month of surgery.

All the subjects had been free of acute upper respiratory tract in-
fections and none had received glucocorticoids or antibiotics within
the month preceding surgery, or bronchodilators within the previous
48 hours. They were nonatopic (i.e., they had negative skin tests for
common allergen extracts) and had no past history of asthma or allergic
rhinitis.

The study conformed to the Declaration of Helsinki, and informed
written consent was obtained for each subject undergoing surgery.
Each patient underwent an interview, a chest radiography, an electro-
cardiography, routine blood tests, skin tests with common allergen ex-
tracts, and pulmonary function tests in the week before surgery.
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Pulmonary function tests.

 

 Pulmonary function tests were performed
as described previously (14). Briefly, they included measurements of
blood gas analysis, FEV

 

1

 

, and FVC. The predicted normal values used
were those from Communité Europeenne du Carbon e de l’Acier (15).
To assess the reversibility of the airway obstruction in subjects with a
baseline FEV

 

1

 

 less than 80% predicted, the FEV

 

1

 

 measurement was re-
peated 15 minutes after the inhalation of 200 

 

�

 

g of salbutamol.

 

Immunohistochemistry

 

Four to six randomly selected tissue blocks (template size 1 

 

�

 

 2 

 

�

 

2 cm) were taken from the subpleural parenchyma of the lobe ob-
tained at surgery, avoiding areas involved by tumor. Samples were
fixed without inflation in 4% formaldehyde in phosphate-buffered sa-
line (PBS) at pH 7.2 and, after dehydration, embedded in paraffin
wax. Tissue specimens were oriented, and 5-

 

�

 

m–thick sections were
cut for immunohistochemical analysis.

 

Immunohistochemical analysis of CXCR3

 

�

 

 cells.

 

 Sections were de-
paraffinated in xylene, hydrated through an alcohol series, washed
twice in PBS, incubated in 0.3% H

 

2

 

O

 

2

 

/PBS to quench endogenous per-
oxidase activity, and then blocked with 10% normal goat serum/PBS
(blocking solution). The slides were then incubated overnight at 4

 

�

 

 C
with the primary mouse monoclonal antibody anti-CXCR3 (R&D Sys-
tems Inc., Minneapolis, MN) diluted in blocking solution in a humidi-
fied chamber. After five washes with PBS, sections were incubated
with a goat anti-mouse biotinylated secondary antibody (Vector Labo-
ratories Inc., Burlingame, CA) followed by a preformed peroxidase
conjugated avidin–biotin complex (Vectastain ABC Elite kit; Vector).
The staining was revealed with the Vector SG (Vector) as a substrate
for peroxidase. Nuclei were counterstained with Vector Nuclear Fast
Red (Vector), and then sections were dehydrated through an alcohol
series and permanently mounted with Vectamount mounting medium
(Vector). Negative controls were performed omitting the primary anti-
body or using an isotype control antibody from the same species.

Analysis of peripheral airways was performed using a light micro-
scope (Leica DMLB; Leica, Cambridge, UK) connected to a video
recorder linked to a computerized image system (Software: Casti Im-
aging SC processing; Casti Imaging, Venice, Italy). The cases were coded,
and the measurements made without knowledge of clinical data.

From 3 to 12 noncartilaginous peripheral airways with an internal
perimeter less than 6 mm were examined for each patient. To avoid
measurements in longitudinally cut airways, bronchioles with a short/
long diameter ratio less than one-third were excluded from the study.
In each airway we measured the internal perimeter along the subepi-
thelial basement membrane, and we quantified CXCR3

 

�

 

 cells in the
epithelium, in the submucosa, and in the adventitia. The submucosa
was defined as the area that extends from the distal edge of the base-
ment membrane to the internal edge of the smooth muscle, whereas
the adventitia was defined as the area that extends from the outer
edge of the smooth muscle to the alveolar attachments (16). For each
airway, all the CXCR3

 

�

 

 cells present in the epithelium, submucosa,
and adventitia were counted and expressed as number of cells per unit
volume (mm

 

3

 

) in the three compartments. The volume of epithelium,
submucosa, and adventitia was determined first by measuring the area
of each compartment and then by converting the area to volume by
multiplying by the thickness of the section (5 

 

�

 

m), according to the
method described by O’Byrne and coworkers (17). Then, to overcome
the problem that the diameter of the CXCR3

 

�

 

 cells (5.63 

 

�

 

 1.09 

 

�

 

m)
was greater than the thickness of the section (5 

 

�

 

m), we corrected the
values of the cell counts by a factor of 0.458, calculated using a method
described previously (18).

 

Sequential sections and double immunofluorescent staining.

 

 Exami-
nation of sequential sections and double staining were performed in a
subgroup of three smokers with COPD chosen because of their high
number of CXCR3

 

�

 

 cells. The purpose of this was to determine whether
CXCR3

 

�

 

 cells colocalized to CD3, CD4, and/or CD8

 

�

 

 cells and whether
they coexpressed IFN

 

�

 

.
Groups of three serial sections for each patient were stained with

the following mouse anti-human antibodies: anti-CD4 (Dako SpA,
Milan, Italy), anti-CXCR3, and anti-CD8 (Dako). A 30-minute pre-
treatment of sections with an antigen retrieval solution (Dako) was used
for CD8 staining. The immunoreactivity was revealed as described in
the previous paragraph, and colocalization of the staining was con-

 

firmed by analyzing the same cell in CD4 and CXCR3-stained sequential
sections or in CD8 and CXCR3–stained sequential sections.

To determine whether CXCR3

 

�

 

 cells colocalized to CD3 and
whether they coexpressed IFN

 

�

 

, double immunofluorescent staining
was performed (8). After hydration, slides were post-fixed with 4%
paraformaldehyde in PBS, washed twice in PBS, and blocked first with
0.1% glycine/PBS and then with 15% fetal bovine serum /PBS (block-
ing solution). After five washes with wash buffer (0.45 M NaCl, 0.24 M
Na

 

2

 

HPO

 

4

 

, 0.3% Triton X-100), the slides were incubated overnight at
4

 

�

 

 C with the primary antibodies mouse anti-CXCR3 and rabbit anti-
CD3 (Dako) or mouse anti-CXCR3 and goat anti-IFN

 

�

 

 (R&D Systems)
diluted in blocking buffer in a humidified chamber. The slides were
washed again five times with wash buffer and incubated with the fluo-
rochrome (Rhodamine Red-X or Cy2)-conjugated secondary antibod-
ies (Jackson ImmunoResearch Laboratories Inc., West Grove, PA) di-
luted in blocking buffer for 1 hour at room temperature. After 5 washes
in wash buffer and 2 in PBS, slides were mounted with 90% glycerol/
PBS. Control stainings using only one primary antibody and both sec-
ondary antibodies in every possible combination, and negative controls,
omitting both primary antibodies, were performed. Once mounted,
slides were analyzed with a confocal microscope (MRC-1024; BioRad
Laboratories) equipped with a 15-mW krypton/argon laser emitting at
488 and 647 nm, mounted on a Nikon Eclipse E600 microscope. Im-
ages were acquired and analyzed with Laser Sharp 3.2 software.

 

Immunohistochemical analysis of CXCL10

 

�

 

 cells.

 

 Immunohisto-
chemical analysis of CXCL10

 

�

 

 cells was performed with a rabbit anti-
human CXCL10 antibody (Peprotech EC, London, UK) in sections
obtained from all the subjects of the study: seven smokers with both
symptoms of chronic bronchitis and chronic airflow limitation, five
asymptomatic smokers with normal lung function, and seven asymp-
tomatic nonsmoking control subjects with normal lung function. After
overnight incubation with the primary antibody, immunoreactivity
was determined as described previously with a biotinylated goat anti-
rabbit antibody followed by Vectastain ABC Elite kit (Vector Labo-
ratories) and Nuclear Fast Red (Vector Laboratories) counterstain-
ing. Controls were performed as described previously.

The presence or absence of CXCL10 expression was evaluated in
peripheral airways and in pulmonary arteries.

 

Statistical Analysis

 

Group data were expressed as means and standard errors of the mean or
as medians and ranges when appropriate. Analysis of variance for clini-
cal data and the Kruskall–Wallis test for histologic data were used to de-
termine differences between groups. The Mann–Whitney 

 

U

 

 test was per-
formed after the Kruskall–Wallis test when appropriate. Spearman’s
rank correlation test was used to examine the association between im-
munohistochemical measurements and clinical data. Probability values
of 0.05 or less were accepted as significant. At least 3 replicate measure-
ments of CXCR3

 

�

 

 cells were performed by the same observer in 10
randomly selected slides, and the intraobserver reproducibility was as-
sessed with the coefficient of variation and with the intraclass correlation
coefficient. The intraobserver coefficient of variation was 7%, and the
intraobserver correlation coefficient was 0.87.

 

TABLE 1. CHARACTERISTICS OF THE SUBJECTS

 

Nonsmokers

Smokers
With Normal

Lung Function
Smokers

With COPD

Subjects examined, n, sex 1M:6F 5M 7M
Age, yr 63 

 

�

 

 5 66 

 

�

 

 2 70 

 

�

 

 3
Smoking starting age, yr — 20 

 

�

 

 2 16 

 

�

 

 1
Smoking history, packs-yr — 42 

 

�

 

 8 56 

 

�

 

 8
FEV

 

1

 

, % of predicted 109 

 

�

 

 7 100 

 

�

 

 4 65 

 

�

 

 3*
FEV

 

1

 

/FVC, % 81 

 

�

 

 1 76 

 

�

 

 3 63 

 

�

 

 2*
Pa

 

O2

 

, mm Hg 87 

 

�

 

 8 88 

 

�

 

 4 79 

 

�

 

 2
Pa

 

CO2

 

, mm Hg 38 

 

�

 

 1 39 

 

�

 

 1 42 

 

�

 

 2

 

Definition of abbreviations

 

: COPD 

 

�

 

 chronic obstructive pulmonary disease; FEV

 

1

 

 

 

�

 

forced expiratory volume in 1 second; FVC 

 

�

 

 forced vital capacity.
Values are expressed as means 

 

�

 

 SEM.
* Significantly different from nonsmokers and from smokers with normal lung func-

tion (p 

 

	

 

 0.01).
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RESULTS

 

Clinical Findings

 

Table 1 shows the characteristics of the subjects examined.
The three groups of subjects were similar with regard to age,
Pa

 

O2

 

, and Pa

 

CO2

 

 values. There was no significant difference in
smoking history between smokers with COPD and smokers
with normal lung function. In smokers with COPD, whose
FEV

 

1

 

 ranged from 54 to 78% predicted, the average response
to bronchodilator was 5%.

 

Immunohistochemical Findings

 

The average number of airways examined per patient was 6.14 

 

�

 

0.04 in smokers with COPD, 9.80 

 

�

 

 0.03 in smokers with nor-
mal lung function, and 7.00 

 

�

 

 0.06 in nonsmokers, with no sta-
tistical difference between groups (Table 2). Because the inter-
nal perimeter has been shown to remain constant despite changes
in lung volume due to different degrees of inflation and in smooth
muscle tone (19), we used the internal perimeter as a marker
of airway size. The airway internal perimeter was similar in
smokers with COPD (median, range: 1,747, 1,471–1,997 

 

�

 

m),
smokers with normal lung function (2,052, 1,215–2,225 

 

�

 

m),
and nonsmokers (1,570, 1,044–2,189 

 

�

 

m), indicating that, de-
spite the possible different lung volumes caused by tissue prep-
aration and the possible different smooth muscle tone in the
three groups of subjects, we compared airways of similar size.

As compared with nonsmoking subjects, in the epithelium
there was a significant increase in the number of CXCR3

 

�

 

cells in smokers with COPD (p 

 

�

 

 0.02) but not in smokers
with normal lung function. In the submucosa CXCR3

 

�

 

 cells

 

showed a trend to increase in smokers with normal lung func-
tion (p 

 

�

 

 0.06), and this trend became statistically significant
in smokers with COPD (p 

 

�

 

 0.02) (Figures 1 and 2). In the ad-
ventitia there were no significant differences between smokers
with COPD, smokers with normal lung function, and nonsmok-
ing subjects (Table 2).

Examination of sequential sections and double staining of se-
lected specimens showed that, in smokers with COPD, CXCR3
immunoreactivity colocalized to CD3

 

�

 

 and CD8

 

�

 

 but not to
CD4

 

�

 

 cells (Figures 3 and 4). Furthermore, CXCR3

 

�

 

 cells coex-
pressed IFN

 

�

 

 (Figure 3). In the three cases in which we per-
formed sequential sections, the proportion of CD8

 

�

 

 cells express-
ing CXCR3 was 29.4%, 41.4%, and 23.7%, with an average value
of 31.5 

 

�

 

 5.2%.
When all the smokers (those with COPD and those with nor-

mal lung function) were considered together, they showed an in-
creased number of CXCR3

 

�

 

 cells in both epithelium (median
and range: 0.37 and 0–28.4 versus 0 and 0–1.5 

 

�

 

 10

 

3

 

 cells/mm

 

3

 

;
p 

 

�

 

 0.05) and submucosa (35.4 and 4.8–104.2 versus 9.7 and 0.9–
31.9 

 

�

 

 10

 

3

 

 cells/mm

 

3

 

; p

 

�

 

 0.01) as compared with nonsmokers. No
significant differences were observed in the adventitia between
smokers and nonsmokers (33.6 and 1.6–80.9 versus 21.1 and 9.5–
56.9 

 

�

 

 10

 

3

 

 cells/mm

 

3

 

).
In this study we did not measure the number of CXCR3

 

�

 

cells in the lung parenchyma, but we qualitatively observed the
presence of a clear CXCR3 immunoreactivity in the lung paren-
chyma of three out of seven smokers with COPD, but not in the
lung parenchyma of smoking and nonsmoking control subjects.

When all the subjects (smokers with COPD, smokers with
normal lung function, and nonsmokers) were grouped together,

 

TABLE 2. CXCR3

 

�

 

CELLS IN SMOKERS WITH COPD, SMOKERS WITH NORMAL LUNG FUNCTION,
AND NONSMOKERS

 

Nonsmokers
(

 

n

 

 

 

�

 

 

 

7

 

)

Smokers With
Normal Lung

Function
(

 

n

 

 

 

�

 

 5)

Smokers With
COPD

(

 

n

 

 

 

�

 

 

 

7

 

)

CXCR3

 

�

 

 cells in the epithelium, 10

 

3

 

 cells/mm

 

3

 

* 0 (0–1.5) 0 (0–28.4) 1.7 (0–21)

 

†

 

CXCR3

 

�

 

 cells in the submucosa, 10

 

3

 

 cells/mm

 

3

 

* 9.7 (0.9–31.9) 34.8 (5.5–50.1) 62.8 (4.8–104.2)

 

†

 

CXCR3

 

�

 

 cells in the adventitia, 10

 

3

 

 cells/mm

 

3

 

* 21.1 (9.5–56.9) 24.2 (1.6–57.7) 35.2 (6.1–81.0)
Airways examined per patient

 

‡ 7.00 � 0.06 9.80 � 0.03 6.14 � 0.04

Definition of abbreviation: COPD � chronic obstructive pulmonary disease.
* Results are expressed as medians with ranges shown in parentheses.
† Significantly different from nonsmokers (p 	 0.05).
‡ Results are expressed as mean � SEM.

Figure 1. Expression of CXCR3
in the bronchiolar epithelium
(be) and in the bronchiolar
submucosa (bs) of a smoker
with COPD (A), a smoker with
normal lung function (B), and
a nonsmoking subject with
normal lung function (C ). Ar-
rows indicate CXCR3� cells. Nu-
clei were counterstained with
Nuclear Fast Red. Original mag-
nification: �40.
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the value of FEV1/FVC (%) showed a negative correlation
with the number of CXCR3� cells in the epithelium (r � 
0.67;
p � 0.001) and in the submucosa (r � 
0.63; p � 0.003) (Fig-
ure 5). This latter correlation remained significant when only
smokers with COPD were considered (r � 
0.81; p � 0.02).
When all the subjects were grouped together, the value of
FEV1 (% predicted) also showed a negative correlation with the
number of CXCR3� cells in the submucosa (r � 
0.58; p � 0.01),
but not in the epithelium.

Immunohistochemical staining with an anti-CXCL10 anti-
body revealed a strong expression of this chemokine in pe-
ripheral airway epithelium of smokers with COPD. In these
subjects, CXCL10 was also expressed in the wall, and particu-
larly in the medial layer, of pulmonary arteries. In contrast to
COPD, CXCL10 was not expressed on peripheral airways or
on pulmonary arteries of smoking and nonsmoking control
subjects (Figure 6).

DISCUSSION

This study shows that the T cells infiltrating the peripheral air-
ways of smokers with COPD have an increased expression of
the chemokine receptor CXCR3, which is paralleled by a
strong epithelial expression of its ligand CXCL10.

We have shown previously that smokers with COPD have
a chronic inflammatory process in peripheral airways and that
this inflammatory process is characterized by an increased in-
filtration of T-lymphocytes, particularly CD8� (4). However, the
cytokine profile of these T-lymphocytes and their chemokine
receptor expression were not fully investigated.

The fact that smokers with COPD have an increased num-
ber of CXCR3� cells in peripheral airways and that these cells
are CD8-positive and produce IFN� confirms and extends the
previous observation of a predominant CD8� (20) type-1 (8)
response in the central airways of smokers with chronic air-
flow limitation.

The tissue localization of the CXCR3� T-cells in peripheral
airways revealed that smokers with COPD had an increased
expression of the chemokine receptor in the epithelium and in
the submucosa, but not in the adventitia, suggesting that dif-
ferent microenvironments within the airway wall may influ-
ence the inflammatory response. Epithelium and submucosa
are closer to the airway lumen, where inhaled agents may trig-
ger an inflammatory response in the adjacent tissue.

In COPD, CXCR3 expression was paralleled by a strong
epithelial expression of its ligand CXCL10, suggesting that the
CXCR3/CXCL10 axis may be involved in the recruitment of
type-1 T cells in peripheral airways of smokers with COPD.
Interestingly, a strong expression of CXCL10 was also present
in pulmonary arteries, which have been shown previously to be
infiltrated by T cells in this disease (21). In contrast to COPD,
CXCL10 was not expressed on peripheral airways or on pul-
monary arteries of smoking and nonsmoking control subjects.

Figure 2. Individual counts
for CXCR3� cells in the
bronchiolar epithelium (A)
and submucosa (B) of pe-
ripheral airways in smokers
with COPD (COPD), smok-
ers with normal lung func-
tion (smokers), and non-
smoking subjects with
normal lung function (non
smokers). The results are
expressed as number of
cells � 103 per cubic milli-
meter of tissue examined.
Horizontal bars represent
median values. Differences
between groups were an-
alyzed using the Kruskall–
Wallis test and the Mann–
Whitney U test.

Figure 3. Double immunofluorescence staining with anti-CXCR3 mono-
clonal antibody (green) and anti-CD3 polyclonal antibody (red ) (A),
and with anti-CXCR3 monoclonal antibody (green) and anti-IFN� poly-
clonal antibody (red ) (B), in the bronchiolar submucosa of a smoker
with COPD. Arrows indicate double positive T-lymphocytes (yellow).
Original magnification: �40.

Figure 4. Immunohistochemical
staining with anti-CD4 (A), anti-
CXCR3 (B), and anti-CD8 (C)
monoclonal antibodies on se-
rial sections of a peripheral air-
way from a smoker with COPD.
Arrows indicate CXCR3� and
CD8� cells. be, bronchiolar epi-
thelium; bs, bronchiolar submu-
cosa. Original magnification: �40.
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Because CXCL10 expression can be induced and upregu-
lated by IFN� (22), our results may suggest a possible mechanism
by which the type-1 inflammatory response in the lung of pa-
tients with COPD is maintained and amplified. A currently uni-
dentified initiating inflammatory event could cause airway resi-
dent cells to release CXCL10, which recruits CXCR3-bearing
type-1 T-lymphocytes. These cells, through the production of
IFN�, could further upregulate CXCL10 production, thus es-
tablishing a mechanism for the amplification and maintenance
of a type-1 dominated inflammatory response in the lung.

Type-1 T-lymphocytes are crucial in the response to viral
infections (23), and viral infections are a frequent occurrence
in patients with COPD. It is possible that an excessive recruit-
ment of type-1 T-lymphocytes may occur in response to repeated
viral infections in some smokers, leading to lung damage in sus-
ceptible individuals (20). This hypothesis is supported by the

observation that a latent adenoviral infection can be found in
smokers who develop COPD (6). A viral infection, through
the activation of IFN�-producing T cells, could indeed sustain
and amplify the inflammatory process present in lungs of these
subjects. On the other hand, it is also possible that type-1
T-lymphocytes are able to damage the lung even in the absence
of a stimulus such as viral infection, as shown by Enelow and
coworkers (24), who clearly demonstrated that recognition of
a lung “autoantigen” by T-lymphocytes may directly produce
a marked lung injury. These findings suggest that the type-1
cell accumulation observed in COPD could be a response to an
“autoantigenic” stimulus originating in the lung and induced
by cigarette smoking.

Our results of a predominant type-1 response in COPD
may appear to be in contrast with the eosinophilia and the “al-
lergic profile” recently reported in some smokers with chronic
bronchitis (25), particularly during an exacerbation of the dis-
ease (14, 26). A possible explanation for this discrepancy is
that COPD is a heterogeneous disease that includes a sub-
group of patients characterized by “asthmatic features,” such
as airway eosinophilia. Whether this subset of patients with
COPD has a different disease or a different stage of the same
disease still remains to be investigated.

At variance with the airway wall, where the T-lymphocytes
predominate, in the airway lumen of smokers with COPD the
neutrophil is the predominant cell (27). Notably, neutrophils
have been shown to produce, among other chemokines, all the
three ligands for CXCR3: CXCL10, monokine induced by IFN�/
CXCL9, and IFN�-inducible T cell chemoattractant/CXCL11
(28, 29). These observations suggest that neutrophils might also
contribute to the initial chemotactic signals that participate in the
tissue-specific homing of type-1 T-lymphocytes. This scenario
is supported by a recent in vivo study showing that depletion
of neutrophils in a mouse model of Chlamydia infection results
in a severe reduction in the number of type-1 CD8� T cells and
in a delay in the resolution of the infection (30).

Figure 5. Relationship between the number of CXCR3� cells infiltrat-
ing the submucosa of peripheral airways and the value of FEV1/FVC in
all the subjects of the study (r � 
0.63; p � 0.003). This relationship
remained significant when only smokers with COPD (open circles) were
considered (r � 
0.81; p � 0.02).

Figure 6. Immunohistochemical
staining with anti-CXCL10 mono-
clonal antibody of a peripheral
airway and of a pulmonary ar-
tery from a smoker with COPD
(A and B, respectively) and from
a nonsmoking subject (C and
D, respectively). Arrows indicate
CXCL10 immunoreactivity. be,
bronchiolar epithelium; COPD,
smoking subject with COPD;
NS, nonsmoking subject. Origi-
nal magnification: �40.
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An interesting finding of our study is the significant corre-
lation between increased CXCR3 expression and reduced ex-
piratory flow (Figure 5). An r value of 0.63 (which implies an
r2 value of 0.40) indicates that the number of CXCR3�cells
only explains a relatively small proportion of the variance of
airflow limitation. However, when we restricted the analysis
only to smokers with COPD, the r value increased to 0.81, sug-
gesting a stronger relationship between CXCR3� cells and de-
gree of airflow limitation when the disease is established. Further
studies are needed to clarify this point because we are well
aware that a correlation does not imply a cause–effect relation-
ship, but just suggests a possible role of CXCR3� cells in the
pathogenesis of smoking-induced airflow limitation.

A confusing element in any study performed on surgically re-
sected specimens of patients with lung cancer is that the presence
of cancer itself may influence the results. However, surgical spec-
imens are the only specimens that allow for the examination of
peripheral airways in patients who are well characterized in terms
of pulmonary function, and peripheral airways are the major site
responsible for the development of chronic airflow limitation in
smokers. Moreover, as a result of our having examined only tis-
sue away from the tumor site, and having included subjects with
lung cancer in the control groups, we feel rather confident that
our finding of an increased CXCR3 expression in the peripheral
airways of smokers with COPD is valid.

In conclusion, this study shows that the T cells infiltrating
the peripheral airways of smokers with COPD have an in-
creased expression of the chemokine receptor CXCR3, which
is paralleled by a strong epithelial expression of its ligand
CXCL10. These findings suggest that the CXCR3–CXCL10
axis may be involved in the T cell recruitment that occurs in
the peripheral airways of smokers with COPD and that these
T cells may have a type-1 profile. Taken in their entity, these
data imply specific roles for CXCR3 and CXCL10 in the in-
flammatory process underlying COPD and suggest that these
molecules may serve as targets for novel therapeutic strategies.
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