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CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Inflammatory features of nasal mucosa in smokers with and
without COPD
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Background: To investigate whether nasal and bronchial inflammation coexists in chronic obstructive
pulmonary disease (COPD), nasal and bronchial biopsy specimens from seven control subjects, seven
smokers without COPD, and 14 smokers with COPD were studied.

Methods: Nasal and bronchial biopsy specimens were taken from the same patients during bronchoscopy
and squamous cell metaplasia and the thickness of the epithelium and basement membrane were
measured. The numbers of eosinophils (EG2), neutrophils (elastase), macrophages (CDé68), and CD8 T
lymphocytes (CD8/144B) were assessed by immunohistochemistry.

Results: Smokers with and without COPD had squamous metaplasia in the nasal and bronchial epithelium.
In all groups the thickness of the nasal epithelium was greater than that of the bronchial epithelium. The
thickness of the basement membrane was similar in nasal and bronchial biopsy specimens from smokers
with and without COPD, but was greater in the bronchi than in the nasal epithelium of controls. Eosinophil
number was higher in the nasal and bronchial mucosa of smokers without COPD than in smokers with
COPD or controls. Neutrophil number was higher in the nasal and bronchial mucosa of smokers with
COPD than in smokers without COPD or controls. CD8 T lymphocyte numbers were similar in smokers with
and without COPD and higher than in controls. There were fewer macrophages in nasal and bronchial
biopsy specimens from smokers without COPD than in those with COPD.

Conclusion: Nasal and bronchial inflammation coexists in smokers and is characterised by infiltration of
CD8 T lymphocytes. In smokers without COPD this feature is associated with an increased number of
eosinophils, while in those with COPD it is linked o an increased number of neutrophils in both nasal and
bronchial biopsy specimens.

obstructive pulmonary disease (COPD) and can induce

bronchial inflammation and structural changes.
Although epidemiological studies have shown a close
relationship between tobacco smoking and COPD, there are
few data on the possible occurrence of rhinosinusitis in
patients with COPD.' Nasal involvement is a possibility in
COPD patients since tobacco smoking may induce headache
and nose irritation (characterised by rhinorrhoea), nasal
congestion, postnasal drip, and sneezing.”’ In addition,
tobacco smoke can alter mucociliary clearance® and passive
exposure to tobacco smoke has been shown to cause
eosinophilic and “allergic-like”” inflammation in the nasal
mucosa of non-atopic children.’

Although there is little evidence to suggest that COPD may
involve nasal inflammation, no studies so far have been
designed to address this specific issue. We have therefore
tested the hypothesis that tobacco smoke might play a role
not only in airway inflammation but also in nasal inflamma-
tion, and that the profile and magnitude of the inflammatory
process at both sites might differ in smokers with or without
COPD. It has been shown that the inflammatory process in
the lower airways of smokers with COPD is characterised by
structural changes of the epithelium layer as well as by
increased infiltration of the airways by CD8 T lymphocytes,
neutrophils, macrophages and eosinophils.*® We therefore
investigated whether—and to what extent—these features
were also present in the nasal mucosa of smokers with or
without COPD.

The study was designed to evaluate markers of inflamma-
tion in nasal and bronchial mucosal biopsy specimens taken
from seven smokers without COPD and 14 with COPD. We
also studied nasal and bronchial biopsy specimens obtained

Tobacco smoking is one of the major causes of chronic

from seven control subjects. Inflammation was evaluated by
assessing the number of eosinophils (EG2), neutrophils
(elastase), CD8 T lymphocytes, and macrophages (CD68) in
the submucosa of nasal and bronchial biopsy tissue. In
addition, the thickness of the epithelium and basement
membrane was evaluated using image analysis as well as the
presence of epithelial metaplasia.

METHODS

Subjects

Seven smokers with normal lung function and 14 sex and age
matched smokers with COPD (forced expiratory volume in
1 second (FEV;) range 50-70% predicted) were included in
the study. They had not presented with any infections for at
least 3 months.

Patients with COPD were selected according to ATS criteria
and further classified using the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) (table 1).”"" Patients were
all current smokers with a smoking history of at least 30 pack
years. They had not had any exacerbations for 2 months.
None of the smokers was receiving treatment with inhaled
steroids. Seven non-smoking normal healthy volunteers were
also studied as a control group (table 1).

All patients included in the study had negative skin prick
tests for all the common aeroallergens from the Montpellier
area, and had no nasal symptoms. The study was approved by
the local ethics committee and all patients gave written
informed consent.

Fibreoptic bronchoscopy

Fibreoptic bronchoscopy was performed by the same physi-
cian as previously described.'” In each of the subjects studied
nasal macroscopic scores (from 0 to 18)"* and bronchial
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Table 1 Demographic and clinical characteristics of study subjects

Smokers without

Smokers with

Controls (n=7) COPD (n=7) COPD (n=14) p valuet

Sex (M/F) 5/2 7/0 12/2
Age (years)* 30 (24-34) 52 (52-58) 50 (44-56) 0.005
Current smokers 0 100% 100% <0.0001
Packs/year* 0 (0-0) 40 (37-56) 40 (40-50) 0.0004
FEV; (%)* 101 (100-104) 95 (87-99) 67 (60-68) <0.0001
FEV;/FVC (%) 101 (92-108) 100 (90-102) 65 (58-70) <0.0001
Endoscopic score

Nose* 0 (0-1) 0(0-2) 2 (0-4) 0.08

Bronchi* 0 1(1-2) 1.5(1-2) 0.0001

tp value for non-parametric Kruskal-Wallis test.

FEV; =forced expiratory volume in 1 second; FVC=forced vital capacity.
*Results are expressed as medians with 25-75th percentiles in parentheses.

macroscopic scores (from 0 to 4)" were assessed. Four to six
bronchial biopsy specimens were taken from each subject
using the same forceps on a subsegmental bronchus of the
lower left lobe and at the level of the inferior turbinate.
Bronchial and nasal specimens were processed as previously
described elsewhere.”” Briefly, biopsies were fixed in 10%
formaldehyde (pH 7.2) and embedded in paraffin. Four pm
tissue sections were attached to microscope slides with
Lepage’s glue and, after dewaxing and rehydration, the
slides were analysed by immunohistochemistry. All biopsy
samples were coded and sections were analysed in a blinded
fashion by two independent pathologists.

Epithelium thickness

Epithelial thickness was measured in two haematoxylin/
cosin stained slides using a computerised scanning analyser
allowing morphometric analysis of the epithelial surface
(measured in pm?) over the entire length of the biopsy
(measured in pm)."* "> The surface area was then obtained by
calculating the quotient area to length.

Squamous cell metaplasia

Squamous cell metaplasia was evaluated as previously
described'® and graded as 0=no metaplasia, 1=mild
(metaplasia without nuclear atypia), 2 = moderate (metapla-
sia with moderate atypia), and 3 = severe (metaplasia with
marked atypia).

Pseudothickening of the basement membrane
Pseudothickening of the basement membrane was measured
using haematoxylin/eosin stained sections from the base of
the epithelium to the outer limit of the reticular layer. At least
10 measurements at predetermined intervals were performed
for each biopsy section to obtain a mean thickness for each
case."”

Eosinophils, neutrophils, CD8 T lymphocytes, and
macrophages

The following submucosal cells were enumerated by immu-
nohistochemistry as previously described'®: eosinophils
(EG2), neutrophils (elastase), macrophages (CD68), and
CD8+ T cells (CD8/144B).” The reaction was revealed using
the alkaline phosphatase-antialkaline phosphatase (APAAP)
method (Dako LSAB, Dako, Glostrup, Denmark). Control
slides were treated with unrelated IgG, mouse antibody of
the same IgG isotype. Cells were evaluated in a 100 um area
beneath the basement membrane in at least five higher
power fields in each biopsy specimen. The results are
expressed as cell number per mm?.

www.thoraxjnl.com

Statistical analysis

The results are expressed as mean, median and 25-75th
percentiles. All parameters were assessed in both nasal and
bronchial mucosa. Non-parametric tests were used. Within
each group, comparisons between nasal and bronchial data
were carried out using the Wilcoxon W test. The three groups
were compared by the Kruskal-Wallis test and Bonferroni-
Dunn’s post hoc tests. The nose and bronchial data were
compared using the Spearman rank test.

RESULTS

Nasal and bronchial macroscopic scores

Compared with controls, smokers with and without COPD
had abnormal bronchial macroscopic endoscopic scores
(p<0.0001 and p=0.0001, respectively; table 1). Nasal
endoscopic scores did not differ significantly between
controls and smokers with or without COPD.

Epithelium thickness

In smokers with or without COPD, epithelium thickness was
found to be significantly greater in the nose than in the
bronchi (p=0.02 and p=0.03, respectively). Epithelium
thickness in controls did not differ between the nose and the
bronchi.

Nasal epithelium thickness did not differ significantly
between the study groups; a slight increase was seen in
smokers with COPD compared with controls and smokers
without COPD. The thickness of the bronchial epithelium
was significantly different in the three groups, being lower
(but not significantly) in smokers without COPD (table 2).

Squamous cell metaplasia

Squamous cell metaplasia was greater in the bronchi than in
the nose in smokers with COPD (p = 0.008), but in smokers
without COPD the metaplasia score was higher in the nose
than in the bronchi (p = 0.03).

Squamous cell metaplasia was observed in both the nasal
and bronchial mucosa of smokers with and without COPD,
but not in controls. In nasal biopsy specimens the squamous
cell metaplasia score was higher in smokers without COPD
than in smokers with COPD (p=0.004) and controls
(p=0.0001). Moreover, it was also higher in smokers with
COPD than in controls (p=0.009). In bronchial biopsy
specimens the metaplasia score was significantly higher in
smokers with COPD (p = 0.004) than in controls (table 2).

Pseudothickening of the basement membrane

In smokers with and without COPD, pseudothickening of the
basement membrane was similar in the nose and in the
bronchi. Neither nasal nor bronchial pseudothickening of the
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Table 2 Characteristics of the nasal and bronchial structure in the three study groups
Smokers without Smokers with COPD
Controls (n=7) COPD (n=7) (n=14) p valuet
Epithelial thickness (um)
Nose* 50 (69) (42-100) 48 (54) (42-69) 72 (96) (58-115) 0.13
Eenabii 45 (55) (42-73) 31 (30) (26-36) 53 (51) (3478)  0.02
p valuet 0.13 0.03 0.02
Squamous cell metaplasia
Nose* 0 (0) (0-0) 3(2.5) (2-3) 1(1)(0-2) 0.0007
Bronchi® 0 (0) (0-0) 1(1) (1=1) 1.5 (1.5) (0-3) 0.01
p valuet NS 0.03 0.008
Basement membrane thickness (um)
Nose* 5 (4.5) (3-6) 10 (9) (4-12) 7 (7) (5-8) 0.13
Bronchi* 6 (6) (5-7) 7 (8) (5-10) 7 (7) (4-9) 0.74
p valuet 0.04 0.86 0.75
*Results are expressed as median (mean) with 25-75th percentiles.
tp value for non-parametric Kruskal-Wallis test.
p value for non parametric Wilcoxon test comparing nose and bronchi.

basement membrane was significantly different between the
three groups (table 2).

Eosinophils, neutrophils, CD8 T lymphocytes, and
macrophages in the submucosa

No significant differences were seen between the nose and
bronchi with respect to eosinophils, neutrophils, and CD8 T
lymphocytes. Macrophage numbers were similar in the nasal
and bronchial mucosa of controls; in smokers with or
without COPD the number of macrophages was higher in
bronchial than in nasal biopsy specimens (p=0.01 and
p = 0.02, respectively).

The number of eosinophils was higher in nasal and
bronchial mucosa of smokers without COPD than in smokers
with COPD (p =0.003 for nose and bronchi) or in controls
(p=0.0009 and p = 0.004, respectively, in nose and bronchi;
table 3).

The number of neutrophils was higher in the nasal and
bronchial mucosa of smokers with COPD than in smokers
without COPD (p =0.01 and p = 0.006, respectively, for nose
and bronchi) or in controls (p=0.01 and p=0.006,
respectively; table 3).

The number of CD8 T lymphocytes was increased in
smokers with or without COPD compared with controls, with
a significant difference between smokers and controls
(p=0.003 and p = 0.007, respectively, for nose and bronchi;
fig 1, table 3).

In nasal biopsy specimens the macrophage number did not
differ between controls and smokers with COPD but it was
higher than in smokers without COPD (p=0.02 and
p = 0.007, respectively). In bronchial biopsy specimens the
macrophage number was higher in smokers with COPD than
in controls and smokers without COPD (p=0.002 and
p = 0.0007, respectively; table 3).

DISCUSSION

This study is the first to show that smokers with and without
COPD present with nasal inflammation characterised by an
increased number of CD8 T lymphocytes. In addition,
compared with smokers with normal lung function, we have
shown that smokers with COPD have nasal inflammation
characterised by an increased number of neutrophils and
macrophages. On the other hand, smokers without COPD
showed increased eosinophilic infiltration of both the nasal
and bronchial mucosa. All of these inflammatory patterns,
with the exception of macrophages, were found to be similar
in the nose and bronchi of smokers with and without COPD.
Squamous cell metaplasia was the main structural change
associated with nasal inflammation in smokers with or
without COPD.

The cellular and molecular mechanisms of the inflamma-
tory process in the airways of patients with COPD have been
studied increasingly over the last decade. Several studies have
recently shown a different inflammatory pattern in smokers
with or without COPD." * However, so far no studies have

Table 3  Inflammatory cell numbers in nasal and bronchial mucosa
Smokers without Smokers with
Controls (n=7) COPD (n=7) COPD (n=14) p valuet

Eosinophil
Nose 0 (0) (0-0) 10 (13) (9-14) 3 (3) (0-¢) 0.0003
Bronchi 0 (1) (0-0) 7 (9) (5-10) 1(1)(0-2) 0.006
p valuet NS 0.60 0.11

Neutrophil
Nose 0 (0) (0-0) 0 (1) (0-2) 46 (87) (35-165)  <0.0001
Bronchi 0 (0) (0-0) 0 (0) (0-1) 48 (54) (0-100) 0.004
p valuet NS 0.28 0.27

CD8 T lymphocyte
Nose 0 (0) (0-0) 19 (17) (14-24) 3(9) (0-23) 0.007
Bronchi 0 (0) (0-0) 30 (61) (21-78) 17 (15) (3-24) 0.0004
p valuet NS 0.20 0.23

Macrophage
Nose 50 (51) (31-68) 20 (20) (6-35) 45 (53) (35-62) 0.01
Bronchi 45 (46) (40-50) 40 (39) (19-5¢) 95 (99) (61-150) 0.001
p valuet NS 0.02 0.01

*Results are expressed as median (mean) with 25-75th percentiles.

tp value for non-parametric Kruskal-Wallis test.

1p value for non-parametric Wilcoxon test comparing nose and bronchi.
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Bronchi

Figure 1 CD8 T lymphocyte immunoreactivity of nasal (A, C) and bronchial biopsies (B, D) from smokers with (C, D) and without (A, B) COPD. In
smokers with and without COPD the epithelium is not shed and CD8 immunoreactivity is high in both nasal and bronchial biopsy specimens. Original

magnification x400.

examined whether bronchial and nasal inflammation coex-
ists in smokers with or without COPD, or whether nasal
mucosal inflammation patterns are similar or different in
these two groups of subjects. To address these issues, we
selected a group of smokers with normal lung function and a
group of smokers with COPD matched for age, sex, and
smoking history. The sample size of the control group and the
group of smokers without COPD was lower than that of the
group of smokers with COPD. We did not perform a pre-study
power calculation of the sample size, so all the non-
significant results are inconclusive and should be interpreted
with caution as they may arisen as a result of type 2 error.
Type 1 error is also likely as a result of the large number of
statistical comparisons performed in the study (seven
different comparisons), so some of the significant results
made from 0.05<p<0.007 (according to the correction
factor) may have arisen by chance.

Although these subjects were asymptomatic for rhinitis
and did not show an abnormal nasal endoscopic score, the
analysis of nasal mucosal biopsies revealed the presence of a
cellular infiltrate which was rich in CD8 T lymphocytes in
smokers with or without COPD. Interestingly, a similar
amount of these cells was found in bronchial biopsy
specimens of the same subjects, suggesting that CD8 T
lymphocyte infiltration is homogeneous in upper and lower
airways.” *' In addition, it appears that this is a common
pattern of nasal and bronchial inflammation in smokers and
is independent of COPD. By contrast, different patterns of
nasal inflammation were seen in smokers with or without
COPD. While eosinophilic inflammation of the nasal mucosa
prevailed in the former group of subjects, COPD patients
presented with an increased number of both neutrophils and
macrophages. Similar to the CD8 T lymphocyte pattern, the
number of neutrophils and eosinophils in nasal and
bronchial mucosa did not differ in smokers with and without
COPD, whereas macrophage infiltration was greater in the
bronchial mucosa than in the nasal mucosa in both groups of
subjects.

Taken together, these data show that nasal inflammation
occurs in smokers and that the increased infiltration of CD8 T
lymphocytes is a common pattern in asymptomatic smokers,
with or without COPD. In addition, these results further
support the role of CD8 T lymphocytes in the pathogenesis of

www.thoraxjnl.com

airway mucosa inflammation associated with chronic expo-
sure to cigarette smoke. The evidence that CD8 T lymphocytes
infiltrate both nasal and bronchial mucosa extends our
previous findings” *' and suggests that these cells may also
play an important role in nasal inflammation. CD8 T
lymphocytes are essential effectors of the cell mediated
immune response and represent the antiviral arm of the
immunological system.* These cells are able to mediate cell
cytotoxicity by releasing mediators such as perforin and
granzyme,” but can also modulate the immune response by
releasing cytokines such as interleukin (IL)-8 and tumour
necrosis factor (TNF)-o.>* It is therefore likely that CD8 T
lymphocytes may be involved in the immunological response
to virus infections in the nose of smokers with or without
COPD. It is also possible that, following their activation, CD8
T lymphocytes may contribute to the recruitment of
neutrophils in the nasal mucosa independently of IL-8 and
TNF-a release.” The presence of CD8 T lymphocytes in the
nasal and bronchial mucosa may also reflect a systemic
response to chronic exposure to cigarette smoke. This
hypothesis is supported by the infiltration of the pulmonary
vasculature in smokers without COPD.*

We also found that the profile of the cellular infiltrate in
the nasal mucosa was different in smokers with normal lung
function and those with COPD. The eosinophilic inflamma-
tion seen in smokers without COPD is not surprising since
many studies have shown an association between smoking
and eosinophilic inflammation in the blood, the nose, and the
lower airways.” ” This inflammatory pattern, which appears
to be homogeneous in the nose and bronchi of smokers
without COPD, was not found in smokers with COPD where
neutrophilic inflammation predominated. The mechanisms
underlying the different cellular networks in the two study
groups were not investigated in this study. However, the
change in the type of cells recruited in the nasal and
bronchial mucosa may reflect a different inflammatory
cytokine release pattern.

We also found that the inflammation of the nasal mucosa
in smokers with or without COPD is associated with
structural changes in the mucosa such as squamous cell
metaplasia, which did not differ in the nose and bronchi of
either group. This highlights a major difference from other
inflammatory diseases of the airways such as asthma in
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which the structure of the epithelium differs markedly in the
nose and bronchi."” The presence of squamous cell metaplasia
in the nose and bronchi of smokers with and without COPD
suggests that common molecular mechanisms may underlie
its pathogenesis. The enhanced ability of epithelial cells to
proliferate' and an alteration in their differentiation path-
ways*® may also have an important role.

In conclusion, this study shows for the first time that nasal
and bronchial inflammation coexists in smokers and is
characterised by infiltration of CD8 T lymphocytes. In
smokers with normal lung function this feature is associated
with an increased number of eosinophils whereas in smokers
with COPD it is associated with an increased number of
neutrophils and macrophages.
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