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Abstract

Objective: To quantify elastic fibers (EFs) and smooth muscle (SM) cells, as well as CD4* and CD8* T lymphocytes, in stable chronic
obstructive pulmonary disease (COPD). Methods: Surgical specimens were obtained from 15 COPD patients, 18 smokers without airflow
limitation, and 14 nonsmokers. Histological and immunohistochemical methods were employed in order to quantify EFs, SM cells, CD4* T
cells, and CD8* T cells. Results: There was no significant difference in EF numbers among the three groups (p > 0.05). The number of EFs
per unit area of lung tissue (mm?) and the percentage of EFs in the lung tissue were similar among the three groups. The numbers of SM
cells were found to be higher in the COPD patients than in the smokers (p = 0.003) or in the nonsmokers (p = 0.009). There was a tendency
toward an increase in CD8* T-cell counts in the COPD patients. In specimens collected from the COPD patients, CD4* T-cell counts were
lower than in those collected from the smokers (p = 0.015) or from the nonsmokers (p = 0.003). There was a weak correlation between
CD4* T-cell count and the ratio of forced expiratory volume in one second to forced vital capacity (> = 0.003). Conclusions: The EF counts
were similar among the three groups. Hypertrophy/hyperplasia of airway wall SM cells was found in the COPD patients and in the smokers,
indicating that airway remodeling occurs in smokers. The CD4/CD8 ratio was lower in the COPD patients.
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Quantitative assessment of elastic fibers in chronic obstructive pulmonary disease

Introduction

The prevalence of chronic obstructive pulmo-
nary disease (COPD), as well as the COPD-related
mortality rate, has increased worldwide. The World
Health Organization predicts that in the year 2020
COPD will become the fifth most prevalent disease
and the third leading cause of mortality.!” Currently,
COPD is defined as a chronic inflammatory disease,
characterized by a slow decline in pulmonary func-
tion, which does not respond adequately to drug
treatment.

The lung reacts to the aggressions caused by
the toxic gases most frequently related to smoking
by presenting an inflammatory response. Cells such
as macrophages, neutrophils and lymphocytes are
recruited. In addition, oxidative substances, anti-
oxidative substances and immunological mediators
are liberated, interfering with the function and
modifying the structure of the parenchyma and
the airways. This inflammation therefore promotes
parenchymal and airway remodeling.*¥

The role of each of these inflammatory cells
in the structural alteration caused by the disease
has not yet been fully established. In some circum-
stances, such as infection or smoking, the neutrophils
migrate to the lung in great numbers. During this
process, the neutrophils might liberate their enzymes
for pulmonary preservation. Therefore, neutrophilic
substances are liberated in great quantity, acting in
the recognized sites of their enzymatic interaction,
without distinction between harmful substances or
extracellular matrix components.®9

Neutrophilic Tysosomal elastase is the principal
enzyme involved in the degradation of elastin, a
component of elastic fibers. Under normal condi-
tions, the proteolytic enzyme activity is prevented
and restored by the antiproteolytic enzymes.”* This
fact has stimulated some researchers to produce
emphysema models involving high concentrations
of elastase or alpha-1 antitrypsin deficiency.®')
However, the correlation between these inflam-
matory models and the structural alterations
produced by them is not simple or direct. Not all
smokers presenting high neutrophil counts in their
airways develop emphysema, suggesting that the
neutrophils are not the only cells that participate
in this process.

Recently, T lymphocytes, especially CD8* T cells,
have been found in the alveoli and in the bronchial
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walls of COPD patients.>'" Although it is known
that these cells have direct participation against
viruses and parasites, no correlation with alterations
of elastic fibers has been established.

The objective of this study was to quantify the
elastic fibers in pulmonary biopsies and to inves-
tigate their correlation with CD8* T cells in COPD
patients.

Methods

A cross-sectional study, involving 47 patients
submitted to thoracic surgery, was carried out from
2001 to 2005. The protocol was approved by the
Ethics in Research Committee of the Clementino
Fraga Filho University Hospital of the Federal
University of Rio de Janeiro, and all patients gave
written informed consent prior to the surgery. To
be included in the study, the patients were required
to submit to the following: anamnesis; physical
examination; chest X-ray; spirometry; determina-
tion of alpha-1 antitrypsin level; serologic testing
for HIV; and pulmonary biopsy during the surgery.
The following exclusion criteria were established:
history of atopy; positive bronchodilator response
in the spirometry tests; pulmonary infection within
the last four weeks; alpha-1 antitrypsin levels
below the range of normality; seropositivity for HIV
antibodies; radiological evidence of infiltrative or
inflammatory alterations, or a conclusion by one of
the three pathologists involved in the protocol that
the samples were infiltrated by neoplastic or inflam-
matory tissue.

Study groups

The patients were divided into three groups,
taking into account the ratio between forced expir-
atory volume in one second (FEV ) and forced vital
capacity (FVQ):
1) COPD: patients presenting a more than
20 pack-year history of smoking, with no
history of atopy, FEV, /[FVC < 70%, and nega-
tive bronchodilator test, according to the
American Thoracic Society (ATS) criteria;!'?

2) Smokers: patients presenting a smoking history
of more than 20 pack-years, with not history
of atopy, FEV,/FVC > 70%, FEV, > 80% and
negative bronchodilator test, according to the
ATS criteria;"?
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3) Nonsmokers: patients with no history
of smoking or atopy, FEV,/[FVC > 70%,
FEV, > 80% and negative bronchodilator test,
according to the ATS criteria.("

Histology

Samples of pulmonary tissue measuring between
1 and 3 cm® were obtained surgically, avoiding the
areas involved by the tumor. Each specimen was
divided into two parts: the first was fixed in 10%
formaldehyde solution, dehydrated and placed in
paraffin, for the histological study; the second was
frozen in liquid nitrogen and maintained at —80 °C,
for the immunohistochemical study. Ten slides with
5-um-thick sections were prepared both for the
histological study and for the immunohistochem-
ical study; the sections for the latter were cut on
a cryostat (=24 °C) and mounted on poly-L-lysine
coated slides, dried at room temperature, cooled,
sealed with plastic film and stored at —-20 °C for
later analyses with immunomarkers.

Morphometric analyses

The morphometric measurements were taken
in slides stained with Masson’s trichrome tech-
nique and Weigert’s resorcin-fuchsin technique in
order to identify smooth muscle cells and elastic
fibers, respectively."® The readings were taken
using an optical microscope (magnification, X100,
Microstar IV; Reichert/Leica, Depew, NY, USA)
connected to a computed image system (Image-pro
Plus v. 4.1; Media Cybernetics, Silver Spring, MD,
USA). The slides were coded and analyzed without
the knowledge of the groups to which they belonged
and at least 2 mm? of material were examined on
each slide, composed of 10 or more fields seen with
10x objective.

Due to the heterogeneity of the specimens (areas
that are more or less inflated), a correction model
(Image-pro Plus) was used, quantifying the elastic
fibers and the muscle fibers exclusively by area of
pulmonary tissue, without calculating the air space.
The regions were selected considering the quality
of the sample, avoiding subpleural areas and areas
near bronchioles and vessels, that is, exclusively
parenchyma.

The results were presented by both the quan-
tity of elastic fibers and muscle fibers calculated
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by unit area of pulmonary tissue (mm?) and by its
percentage in relation to the total.

The immunohistochemical staining
was performed using the avidin-biotin immu-
noperoxidase technique (Vector Laboratories,
Burlingame, CA, USA) to stain 5-pm sections fixed
in acetone. We used human monoclonal antibodies
CD4* (clone QA4120, code C-1805, lot 116H4875;
Sigma Chemical, St. Louis, MO, USA) and CD8*
(clone UCH-4, code C-7423, lot 40K4830; Sigma
Chemical), and used the point-counting technique.
Immunoglobulin of mice was used as negative
controls.

All histological analyses were performed by two
independent observers (Figure 1).

Statistical analysis

Initially, the distribution of the samples was
analyzed using the Kolmogorov-Smirnov test, the
kurtosis coefficient, and the skewness coefficient.
Subsequently, evaluating the sample distribution, we
chose the non-parametric Mann-Whitney test and
the two-tailed test for the analysis, always considering
statistical significance when p < 0.05. The statistical
correlations were made using Spearman’s test.

Results

We analyzed 47 patients: 15 with COPD,
18 smokers, and 14 nonsmokers. In the group of
COPD patients, 6 cases were considered mild and 9
moderate, according to the criteria established by
the Global Initiative for Chronic Obstructive Lung
Disease.”? The age was significantly greater in the
COPD group (p < 0.05), in which all of the patients
had mnon-small cell lung cancer - at stages 1b
(n =3),Ma (n=5)orllb (n = 4) - or small cell lung
cancer restricted to the chest (n = 3). The same was
observed in the group of smokers (among whom
only one patient had been diagnosed with another
disease), who also presented non-small cell carci-
noma - at stages la (n = 2), 1b (n = 3), Na (n = 4)
or 1Ib (n = 6) - or small cell carcinoma restricted
to the chest (n = 2). In the group of nonsmokers,
the patients had non-small cell cancer at stages 1la
(n = 4) or b (n = 2), small cell cancer restricted to
the chest (n = 1), tuberculosis (n = 4), pneumot-
horax (n = 2) or bronchiectasis (n = 1) (Table 1).

There was no statistical difference in the quan-
tification (percentage and absolute) of the elastic
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Figure 1 - Panel of the histological and immunohistochemical techniques of a patient from the chronic obstructive
pulmonary disease group: a) Weigert’s resorcin-fuchsin staining technique showing the elastic fibers (EF) that are
discontinuously displaced with various sizes and irregularly distributed in the alveolar septum (Magnification x400); b)
Masson’s trichrome staining technique, showing the smooth muscle cells (SM) that increase the diameter of the alveolar
walls, forming a drum stick image (Magnification 400x); ¢) CD4* staining with immunoperoxidase technique showing
the tymphocytes resting and occupying practically the entire line of the alveolar septum (Magnification, x400); and d)
CD8* staining with immunoperoxidase technique, showing a tendency toward a grouping of the lymphocytes in the
alveolar septum (Magnification x400).

the total number of CD4* T cells (r> = 0.013) and
CD8* T cells (r* = 0.005).

fibers among the three groups (Table 2 and
Figure 2), and their linear regression with FEV, /[FVC

(r* = 0.003), smooth muscle fibers (12 = 0.006), CD4*
T lymphocytes (r? = 0.005) and CD8* T lymphocytes
(r* = 0.054) demonstrated a weak correlation.

As for the smooth muscle cells, it was observed
that, in the group of COPD patients and in that
of smokers, there was an increase in the quantity
of these fibers in comparison with the group of
nonsmokers (p = 0.003 and p = 0.009, respectively)
(Table 2 and Figure 2). In the linear regression, the
quantity of smooth muscle cells correlated weakly
with the FEV,/[FVC ratio (* = 0.059), as it did with

The CD4* T-lymphocyte counts were lower in the
COPD patients than in the nonsmokers (p = 0.003)
(Table 2 and Figure 3).

No significant increase was observed in CD8* T
lymphocytes, although the CD4/CD8 ratio was
significantly lower in the COPD patients than in the
nonsmokers (p < 0.005) (Table 2 and Figure 3).

Discussion

What differentiates COPD from many nonin-
fectious inflammatory lung diseases it that it is
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Table 1 - Demographic and spirometric data.
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Variable Group
Nonsmokers Smokers COPD
(n=14) (n=18) (n=15)

Age (years) 46.71 £ 17.85° 60.39 + 11.55 61.20 £ 11.112
Gender (F/M) 8/6 8/10 1/14
Cancer cases 7 17 15
Other diseases 7 1 0
FEV, (L) 2.73 £ 1.00 2.49 £ 1.00 2.34 £0.32
FVC (L) 3.22 + 1.06 3.10 £ 0.56 3.58 £ 0.59
FEV‘/FVC (%) 84.18 £ 7.21° 79.91 + 6.98" 63.46 £ 5.20°

COPD: chronic obstructive pulmonary disease; F: female; M: male; FEV,: forced expiratory volume in one second; FVC: forced vital
capacity; and FEV [FVC: the ratio between FEV, and FVC; *p < 0.05 nonsmokers vs. COPD; and "p < 0.05 nonsmokers and smokers

vs. COPD.

characterized by a tenuous and chronic inflam-
mation, with phenotypical expression of CD8*
immunological cells. In addition, there is an imbal-
ance of proteolytic and oxidant substances which
act preferably in the more distal areas of the lung.

Our study did not demonstrate statistical differ-
ence in the content of elastic fibers in the analyzed
groups, in the absolute/percentage counts of the
elastic fibers or in the count corrected by the total
tissue area.

The imbalance of the proteolytic and antipro-
teolytic enzymes as a model of COPD development
has not yet been fully established in the pulmo-
nary emphysema without the hereditary alpha-1
antitrypsin  deficiency. Experimental models of
emphysema use elevated quantities of proteolytic
enzymes, which most closely mimics alpha-1 antit-
rypsin deficiency.®'?

In the 1970s, certain authors!'>'” reported that
the elastic fibers ‘seemed reduced’ by ‘degeneration
or destruction’ in COPD. Other authors!"® performed
necropsies in 10 patients with COPD and 9 without
lung disease and reported that the elastic fibers
were similar in the two groups in terms of quantity.
In an experimental study involving the instilla-
tion of elastase into the tracheas of pigs,'? it was
observed that, after four months, the quantity of
elastic fibers was not significantly different from
that of the control group. However, the instillation
group demonstrated an abnormal configuration
accompanied by disorganization of the elastic
fibers. In another study,? instillations of elastase
were made in rats, and structural analyses of the
elastic fibers were carried out using electron micro-
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scopy, under which fenestrations and fractures were
seen. Supposedly, they were disconnected and not
involved with the functionality of the respiratory
system. In yet another study,®” the ELISA method
was used in order to analyze the peptides derived
from the degradation of the elastic fibers in COPD
patients, smokers and nonsmokers. The authors
demonstrated that there was a significant increase
in the peptides in the group of COPD patients. In
a study® presenting data similar to those of the
previous one,?" urinary levels of desmosine and
isodesmosine, which are products of elastin degra-
dation, were significantly higher in patients with
COPD than in nonsmokers. The elevated values of
the metabolites of the elastic fibers found in the
urine and blood of the smokers and COPD patients
might represent the process of regeneration of the
elastic content.”” 1t should not be forgotten that
these products of degradation are not specific of
the pulmonary elastic fibers, but they represent
all the elastic fibers of the human body and that
the values of these metabolites are usually higher
in older individuals, which might make it difficult
to value these findings in COPD patients, who are
normally at advanced ages.

In the present study, smooth muscle cells were
seen in the distal airways, with a progressive increase
and with statistical significance in the smokers
(p = 0.009) and in that of the COPD patients
(p = 0.003). There was poor statistical correlation
between the quantity of smooth muscle cells and
the FEV [FVC ratio (r* = -0.059 and p = 0.017).

Two studies®*?* demonstrated that, in the respi-
ratory and membranous bronchioles of the smokers
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Table 2 - Histometric and cellular findings.
Variable Group
Nonsmokers Smokers COPD
Elastic fibers (mm?) 0.0459 (0.0078-0.1221) 0.0662 (0.0181-0.2558) 0.0611 (0.0109-0.2451)
Elastic fibers (%) 21.54 £ 12.00 20.03 £ 10.20 18.47 £ 7.59
Smooth muscle (mm?) 0.0237% (0.0089-0.0775) 0.0521? (0.0148-0.1302) 0.0660? (0.0269-0.1473)
Smooth muscle (%) 10.06 + 22.00° 16.40 + 18.65 20.72 = 30.12°

CD4* (mm?)
CD8*(mm?)
CD4/CD8 (mm?)

104.79°(11-105)
42.50 (27-219)
3.08¢ (0.41-7.30)

86.11 (13-116)
48.50 (14-368)
2.04¢(0.54-7.36)

45.07°(18-211)
61.20 (27-411)
1.02¢(0.61-3.12)

COPD: chronic obstructive pulmonary disease; The results in mm? represent the median, together with the minimal and maximal
values (in parentheses), measured in the group; *Statistical significance between the quantity and the percentage of smooth muscle
cells in the airways in the nonsmokers and smokers (p = 0.009) and in the COPD group (p = 0.003); "Significant reduction in the
number of CD4* T cells in the COPD group in comparison with the nonsmokers (control) group (p = 0.003); and “The CD4/CD8 ratio
decreased in the COPD and smokers groups in comparison with the nonsmokers group (p < 0.005).
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Figure 2 - Values of the elastic fibers and of the smooth
muscle. There was increase in the bronchiolar smooth
muscle cells both in the smokers group and in the
chronic obstructive pulmonary disease (COPD) group in
comparison with the nonsmokers (control) group; and
*There was no statistical difference in the quantification
of the elastic fibers among the groups (p > 0.05).

and of the COPD patients, there was cellular infil-
trate, increase in the goblet cells and in the muscle
cells. In another study,? it was reported that the
quantity of bronchioles smaller than 2 mm remained
similar in percentage in the COPD patients, smokers
and nonsmokers. However, when the bronchioles
were grouped according to their dimensions, it was
determined that in the COPD group there was a
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Figure 3 - Values of CD4* and CD8* T lymphocytes.
There was a decrease in the median values of the total
number of CD4* cells in the smokers and in the chronic
obstructive pulmonary disease (COPD) group. There was
a nonsignificant increase in the median values of the
total number of CD8* cells in the smokers and in the
COPD group; and Each black dot or white dot represents
the value of CD4* or CD8*, respectively, and the small
horizontal line shows the median value of CD4* or CD8*
in each analyzed group.

significant increase in bronchioles with diameters
smaller than 400 um in comparison with the other
two groups. Another study® demonstrated the
relationship of the diameter of the small respira-
tory ways with the airflow obstruction, correlating
the increase in the bronchial wall with reduction in

J Bras Pneumol. 2007;33(5):502-509
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the bronchiolar lumen and, as a consequence, the
elevation of the airway resistance and the airflow
obstruction. In that study, the COPD patients had a
greater number of bronchioles with smaller lumen
diameters.

The sites of muscle mass increase are different
in the two principal obstructive lung diseases. In
asthma, the distribution of the muscle hypertrophy/
hyperplasia occurs preferably in the large airways.
In the COPD, the muscle hypertrophy/hyperplasia
occurs in the small airways. This muscle distribution
might contribute to the pathophysiological differ-
ences of COPD.?%27

Differently from the report described by some
researchers,®® the quantitative analysis of CD4* T
cells in the COPD group, in comparison with the
nonsmokers, was significantly reduced (p = 0.003).
The CD4/CD8 ratio was statistically lower in the
COPD group in comparison with the nonsmokers
(p < 0.005). In the COPD group, there was also a
tendency toward an increase in CD8* cells and a
weak correlation between the number of CD4+ cells
and the FEV, /FVC ratio.

Recently, it has been demonstrated that the
reversibility phenomenon (bronchial response)
depends on the characteristics of the inflammatory
process. The increase in CD4* cells or the combina-
tion of the increase in CD4* cells with the depletion
of CD8 cells are stimuli that increase the bronchial
muscle response, and lower concentrations of CD4*
T Tymphocytes reduce the response.??

An in vitro study conducted in the bronchi-
olar muscle of patients with asthma and of COPD
patients demonstrated that the bronchiolar muscle
responded to the drugs with the same intensity and,
therefore, there was no qualitative difference of the
muscle in asthma and in COPD.

In conclusion, we did not observe quantitative
reduction of the elastic fibers in COPD patients,
suggesting that, if altered, they produce dysfunc-
tion. The elastic fibers have a long half-life and are
very resistant to degradation/natural reabsorption,
and this might explain why they were found in the
same quantities in the lungs of COPD patients and
in nonsmokers.

The increase in the parenchymal muscle fibers in
COPD patients and in the smokers was pronounced,
demonstrating that lung remodeling also occurs in
smokers and that this increase in isolation cannot
be responsible for the airflow limitation.
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No correlation of CD4* or CD8* T lymphocytes
with the quantity of elastic fibers and smooth muscle
cells was found. Our data demonstrated that there is
a modification of the lymphocyte and inflammatory
profile in the COPD, verified in the reduction of the
CD4*/CD8* T-lymphocyte ratio.
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