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Abstract

Chronic Obstructive Pulmonary Disease (COPD) is one of the leading causes of morbidity and mortality in the industrialized and in the
developing countries. Chronic bronchitis (CB) is one the three COPD clinico-pathological entities that in 2009 were estimated to be
diagnosed in 9.9 million Americans. It is characterized by inflammation of the “bronchial tree” that results in tissue swelling and excessive
secretions of mucus into the bronchi, with progressive airflow limitation. Our study aims to reveal the main morphological aspects of CB
in our casuistry and to evaluate their correlation with major clinico-epidemiological parameters. Thus, we performed a retrospective clinical
and morphological study on a group of 17 smoker patients with symptoms of chronic bronchitis, eight non-smokers diagnosed with chronic
bronchitis and five non-smokers and asymptomatic subjects. We observed that CB developed especially in men of 65-year-old or older,
especially in smokers with a median FEV1% at around 71. Histopathologically, patients with symptoms of CB, regardless of smoking status,
presented on bronchial biopsies with focal squamous metaplastic change, goblet cell hyperplasia and enlargement of the bronchial gland
mass because of the inflammatory process, consisting predominantly of mononuclear cells in the bronchial wall. The statistical testing
proved a significant correlation between the densities of different inflammatory cell classes (with the exception of mast cells in the bronchial

epithelium) and FEV1% values on epithelium and submucosa regions in all investigated groups.
Keywords: chronic bronchitis, morphological aspects, CD3, CD20, CD68, tryptase.

= Introduction

Chronic bronchitis (CB) is a chronic inflammation
of the bronchi, clinically defined as daily cough with
sputum expectoration for at least three months a year,
during a period of two consecutive years [1]. The
American Thoracic Society (ATS) grouped CB along
with emphysema and chronic asthma, when they are
associated with an irreversible airway obstruction as a
distinct entity named chronic obstructive pulmonary
disease (COPD) [2]. The European Respiratory Society
(ERS) defines COPD as a disorder characterized by
chronic nonreversible airflow limitation, and airway
obstruction is present when the FEV1/VC ratio is
reduced below 88% of the predicted value in men and
below 89% of predicted in women [3].

In USA, in 2006, the National Center for Health
Statistics estimated that approximately 9.5 million
people, or 4% of the population, were diagnosed with
chronic bronchitis [4]. Many studies clearly show that
cases of diagnosed COPD are underestimated in the
population, with proportions ranging from 50 to 75%
[5]. Related to its morbidity, studies from the last two
decades indicate that 4-6% of the adult European
population suffered from clinically relevant COPD [6].
In terms of gender-specific incidence, bronchitis affects
males more than females, and regarding the age
specificity, CB is more prevalent in people older than

50-year-old. Cigarette smoking is indisputably the
predominant cause of chronic bronchitis.

Chronic Obstructive Pulmonary Disease (COPD) is
one of the leading causes of morbidity and mortality in
the industrialized and the developing countries. In 2020,
COPD will probably become the third leading cause of
death all over the world, following the trend of
increasing prevalence of lung cancer [7]. In the United
States, COPD represents the fourth most common cause
of death, with more than 109 000 deaths in 1997, from
which 15 933 deaths were due to CB [8]. In European
countries (in the period 1988-1991), the European
Respiratory Society indicated that mortality rates in men
ranged from 41.4 per 100 000 in Hungary to 2.3 per
100 000 in Greece [3]. One of the highest rates of
mortality was observed in men in Romania, with more
than 60 per 100 000 populations [9].

The objective of this study was to report the
morphological aspects of CB in our casuistry and
to evaluate their correlation with major clinico-
epidemiological parameters.

& Materials and Methods

Subjects

We enrolled in this study 17 smoker patients (>10
pack-years) and eight non-smoking patients, both with
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respiratory symptoms. Clinically, these 25 patients
presented daily cough with sputum expectoration for at
least three months a year, being diagnosed with CB. All
patients were clinically stable, and had not used inhaled
or oral corticosteroids within three months before the
study. As control group, we enrolled five non-smoking,

healthy subjects (<2 pack-years). We reviewed the
medical records, noting for each patient parameters
such as: gender, age, smoking status and FEV1%
(FEV1/FVC) ratio (Table 1). The institutional medical
ethics committee approved the study, and all patients
gave their written informed consent.

Table 1 - Clinical characteristics and comparison of bronchial inflammatory cells in patients with and without

chronic bronchitis

+ + + +

No. [y’zgres] Gender S?tgtkulgg FEV1% E[I)_i{./gquzn?uc. EpiLt).l/-Scl:Jlgiuc. Ehsﬁr}sﬁk?riic Eg/llt?SIerﬁuc ?—|(I:

1. 53 M + 79 3/6 9/197 9/175 5/123 11.7

2. 54 M + 77 a/7 14/234 11/231 6/132 10.3

3. 57 M + 75 4/8 16/493 10/283 11/158 9.8

4. 61 M + 73 5/10 15/214 15/342 13/197 55

5. 63 M + 72 6/9 19/572 17/413 12/211 5.3

o 6. 65 M + 69 5/10 22/621 19/470 14/235 5.7
_§ 7. 59 M + 71 4/9 17/253 11/217 71141 8.1
ﬁ 8. 67 M + 72 6/11 21/539 23/525 15/276 45
8 9. 72 F + 66 5/11 25/683 25/614 16/298 2.5
o 10. 75 F + 64 5/13 38/843 27/711 15/311 2.7
é 11. 69 M + 69 7113 27/650 26/590 10/183 3.1
n  12. 76 F + 67 6/14 29/595 28/655 14/321 2.7
13. 64 M + 73 6/9 26/587 16/395 13/207 29

14. 58 M + 76 37 16/311 11/276 10/137 8.3

15. 73 M + 69 6/13 31/742 24/599 13/287 3.6

16. 71 M + 64 5/10 19/321 22/579 14/303 3.7

17. 70 F + 68 5/12 21/697 21/559 13/296 4.1

18. 68 F - 71 217 14/217 19/476 6/113 4.1

o 19. 58 M — 81 1/5 71132 7/183 4/79 6.7
(;) 20. 56 M — 79 1/4 6/117 5/159 3/58 6.5
% 21. 71 M - 73 4/8 21/319 21/497 71132 2.3
g 22. 63 M - 79 2/5 13/193 17/389 5/99 34
g 23. 66 M - 78 3/6 17/268 17/393 5/111 4.7
Z 24 73 M — 72 3/9 19/367 23/517 7/143 2.1
25. 65 M - 83 2/7 15/186 16/437 6/107 5.3

g 1 65 M - 83 1/3 5/48 7/118 3/55 0.3
g 2. 68 F — 79 2/5 7172 7/121 4/63 1.1
5 3. 72 M — 76 2/4 11/103 9/147 5/79 0.6
‘E 4. 56 M - 89 1/2 3/27 3/55 1/32 1.7
S 63 M - 85 2/3 5/67 6/97 3/51 1.3

FEV1% — Proportion of the forced vital capacity exhaled in the first second; Ly — Lymphocyte; Epit. — Bronchial epithelium; Submuc. —
Bronchial submucosa; Mph. — Macrophage; M.C. — Mast cell; Tryp — Tryptase; B.C. — Basal cell; H.l. — Hyperplasia index (percentage of

CK5/6+, Ki67+ cells from the all counted CK5/6+ basal cells).
Bronchial biopsies processing and staining

Bronchoscopic examinations were performed by
experienced pulmonary physicians using a fiber-optic
bronchoscope (distal-end diameter of 4.9 mm, BF-P60
Olympus, Japan) using a standardized protocol according
to international recommendations [10]. The broncho-
scopic specimens were immediately fixed in 4% neutral
buffered formalin for 24 hours, then processed and
embedded in paraffin. Paraffin embedded biopsies were
cut in 4-mm thick sections and stained with Hematoxylin—
Eosin, Masson’s trichrome kit (BioOptica, Albedo,
Romania — code 21-0108021C) and Alcian Blue pH 2.5
— P.A.S. (BioOptica, Albedo, Romania — code 04-
163802).

Inflammatory cells from the BC specimens were
identified by immunohistochemistry, using specific anti-
bodies against T-lymphocytes (CD3), B-lymphocytes

(CD20), macrophages (CD68) and mast cell tryptase with
their characteristics specified in Table 2. Appreciation
of basal cell bronchial hyperplasia was made using a
specific antibody against basal cells (CK5/6) and a
cellular proliferative marker (Ki67).

Table 2 — The antibodies utilized in this study

Tissue use

control
. MouseD,all:(ZJ.ZGS, 1:40 ES?E,“S.?Z Tonsil
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Tissue use
. . Clone, - Antigen  as positive
Antibodies manufacturer Dilution retrieval external
control
Rabbit
. polyclonal, . Citrate Breast
Ki67 Thermo 1:100 buffer, pH 6 carcinoma
Scientific

Immunohistochemical processing consisted in xylene
deparaffinization, ethanol dehydration, and immersion
of the slides in distillated water containing 3% hydrogen
peroxide for 30 minutes to block endogenous peroxidase
activity. Next, an antigen retrieval step was performed
by 20 minutes boiling in citrate buffer, pH6 or
Tris buffer-EDTA, pH 9. Subsequently, the unspecific
binding sites were blocked with 5% BSA/PBS for one
hour. For amplification, we used a standard Streptavidin-
Biotin peroxidase system. The primary antibodies were
used in dilutions specified in Table 2, incubating the
slides overnight at 4°C. The reactions were amplified with
LSAB2 (Dako, Redox, Romania — code K0675) and
visualized with 3,3’-diaminobenzidine (DAB) (Dako,
Redox, Romania — code K3468). For counterstaining, we
used Mayer’s Hematoxylin. For negative controls, the
first antibody was omitted from this procedure and for
positive controls we used samples of tissue specimens
specified in Table 2. To estimate the basal cell bronchial
hyperplasia, we use a double immunohistochemistry
reaction. The first antibody (CK 5/6) was developed in
the same manner as above and the second (Ki67) was
visualized with LSAB+, AP. Rabbit/Mouse/Goat (Dako,
Redox, Romania — code K0689) and as chromogen was
used the Vulcan Fast Red (Biocare Medical, CYBER,
Romania — code FR805).

Analysis of bronchial biopsies

The stained sections were screened at a magnification
of x400 under a Nikon Eclipse 55i microscope (Nikon,
Apidrag, Bucharest) equipped with a 5-megapixel cooled
CCD camera and the Image ProPlus AMS7 software
(Media Cybernetics Inc., Buckinghamshire, UK) to
identify the regions with intact bronchial epithelium.
This was defined by the presence of both basal and
columnar cells, with no appearance of metaplasia.
Also, in order to count subepithelial positively stained
inflammatory cells, we defined submucosa as the zone
100-um deep to the limit of the reticular basement
membrane, as defined with an eyepiece graticule. The
cells from both bronchial regions were counted in
adjacent non-overlapping high-power fields (x400) until
all of the available area was covered. Cell counts were
expressed as number of cells per millimeter length of
intact epithelium for the epithelial infiltrate, and as
number of cells per square millimeter for the submucosal
infiltrate. For basal cell bronchial hyperplasia estimation
(hyperplasia index), we counted the percentages of
CK5/6+, Ki67+ cells from the all counted CK5/6+ basal
cells.

We performed three replicate measurements of
morphometric parameters by each of two experienced
pathologists. The intraobserver reproducibility was
assessed with the coefficient of variation (CV) for
repeated measurements, which ranged from 7 to 15%

for the cells studied. The interobserver reproducibility
was assessed with Spearman’s rank correlation (which
varied from 0.85 to 0.97) and Student’s t-test for paired
data (which found no significant differences between
observers).

Statistical analysis

Data were presented as mean£SD or median. One-
way ANOVA and Student’s t-test were used to see if
there were significant differences between mean values
of the investigated parameters for the study and control
groups. Pearson test was used to see distribution of the
analyzed parameters by the studies and control groups.

& Results

Patients enrolled in the smokers CB group had a
median of 71 years (£4.4 SD), while for those from the
non-smokers CB group this was of 65.6 years (5.9
SD). Also, in both study groups the patients were
predominant men, with a gender ratio of 3.25:1 in
smokers and 7:1 in the non-smoker group. One-way
ANOVA test indicated no significant differences between
average FEV1% values depending on the study and
control groups, F(16.13)=1.39, p=0.276. The same results
was obtained also for average age values depending on
study and control groups, F(19.10)=0.539, p=0.882.

Structural changes

In biopsy specimens from healthy non-smoker
patients, the bronchial epithelium was pseudostratified
columnar with ciliated cells, irregularly scattered goblet
cells, and intermediate cells resting on a basal cell layer.
The goblet cells were fewer in number than the ciliated
cells and from place to place grouped together. More
frequently, the goblet cells were positive for Alcian
Blue, and it was observed that some goblet cells were
positive for both Alcian Blue and PAS stains. This
epithelium lay down on a thin and fine reticulated
basement membrane. The lamina propria consisted in a
loose and vascular connective tissue, which in two cases
had an edematous appearance. It was heavy cellular in
all investigated samples with numerous lymphocytes
arranged in both diffuse and nodular patterns. Other
cell types that were observed consisted in plasma cells,
mast cells (55+17.17 SD), rare eosinophils, macrophages
(118+34.35 SD) and fibroblasts. Both, mucous and serous
glands were present in the submucosa region with the
latter prevailing, which showed a predilection for PAS
staining.

Usually, the bronchial epithelium from biopsy
specimens of patients with CB were intact and showed
focal squamous metaplastic change (Figure 1, A and B)
or goblet cell hyperplasia. Also, we observed a basal
cell hyperplasia consisting in a true stratification of the
basal cell of the respiratory epithelium which usually is
sharply demarcated from the overlying single layer of
columnar cells (Figure 1C). These cells have plump,
pale nuclei with fairly common mitoses and normal
nuclear/cytoplasmic ratio and good polarization. Its
quantification for the study and control groups showed
differences, with the highest Ki67 proliferative index in
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smoker CB patients (4.5+2.97 SD). Differences between
smoker and non-smoker CB patients were small, but in
both the proliferative index was significantly higher
than normal non-smoker patients.

Squamous metaplasia was observed in 14 smoker CB
patients (82.35%) and in five non-smoker CB subjects
(71.43%). These lesions had a patchy distribution along
the bronchus epithelium alternating with areas of normal
respiratory epithelium or basal-layer proliferation. Mostly,
it consisted of several layers of cuboidal and polyhedral
cells with or without intercellular bridges and no
cornification, an appearance that strongly resembles to
squamous epithelium (Figure 1, A and B). In the same
instance, we noticed an epithelium with transitional
aspect, which was composed of several layers of

elongated but not columnar cells arranged in a compact
pattern perpendicular to the long axis of the bronchus,
but without cilia and mucus formation (Figure 1D).

In all cases from the study groups, hyperplasia of
goblet cells was a common feature. Histopathologically,
we noticed an increase in the number of goblet cells
from the surface epithelium with a consequent reduction
in the number of ciliated columnar cells (Figure 1, E and
F). Sometimes, these hyperplastic goblet cells having
variable sizes created an appearance of pseudo-
stratification and in other cases, they were detached
from the epithelium leaving basal cells exposed. The
mucus from these goblet cells was predominantly
Alcian Blue positive (Figure 1, E and F).
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Figure 1 — Smoker BC biopsy specimen: (A and B) Squamous metaplastic change, HE stain, x100/x200; (C) Basal

cell hyperplasia, HE stain, x200; (D) Epithelium with transitional aspect to squamous metaplasia, HE stain, x200;
(E and F) Goblet cells hyperplasia, Alcian Blue-PAS stain, x400.
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Although we did not measure the basement membrane
thickness on the acquired images we had noticed its
thickening and a hyaline-like appearance (Figure 2, A
and B). The lamina propria and submucosa from all BC
patients had an inflammatory aspect with hyperemia,
edema and heavy cellular exudates in which mononuclear

~5 T2 2 e r

cells prevailed (Figure 2, C and D). In addition, an
enlargement of the bronchial gland mass was observed
among smoker and non-smoker CB patients with the
majority of mucous type (Figure 2, E and F), mostly
positive for Alcian Blue stain.
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Figure 2 — Smoker BC biopsy specimen: (A and B) Basement membrane thickening with hyaline appearance,
HE stain/Alcian Blue-PAS stain, x200/x400; (C and D) Inflammatory aspect with hyperemia, edema and heavy
mononuclear exudates, HE stain, x400; (E and F) Enlargement of the mucous bronchial gland mass, Alcian Blue—

PAS stain, x400.
Inflammation

The numbers of inflammatory cells both in epithelium
and submucosa of bronchial biopsies per cell type are
shown in Table 1. In all investigated subjects regardless
of their belonging to a study groups or control group,

the inflammatory cell density was higher in the sub-
mucosa region compared with bronchus epithelium.
This was observed for all investigated inflammatory
cells: B-lymphocytes, T-lymphocytes, macrophages and
mast cells. The best represented inflammatory cells
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populations were T-lymphocytes and macrophages, while
B-lymphocytes were the least numerous.

Lymphocytes CD20+ were distributed throughout the
entire thickness of the bronchial biopsy, usually diffuse
and less commonly in nodular aggregates in lamina
propria or submucosa region. One-way ANOVA test
indicate high significant difference between the average
values of epithelium CD20+ cells depending on the
study and control groups, F(6.23)=11.68, p=0.000.
The same results were obtained for the average values
of submucosa CD20+ cells, F(12.17)=4.80, p=0.002.
Student’s t-test showed significant difference between
the average values of epithelium CD20+ cells and those
for epithelium CD3+ cells {paired t(29)=10.3, p=0.000},
epithelium CD68+ cells {paired t(29)=10.8, p=0.000},
and epithelium tryptase+ cells {paired t(29)=8.8,
p=0.000} on the studies and control groups. The same
trend was detected for average values of submucosa
CD20+ cells and those for epithelium CD3+ cells
{paired t(29)=8, p=0.000}, submucosa CD68+ cells
{paired t(29)=10.6, p=0.000}, and submucosa tryptase+
cells {t(29)=9.8, p=0.000} on the studies and control
groups. In addition we noticed significant difference
between the average values of epithelium/submucosa
CD20+ cells and FEV1% values on the studies and
control groups {paired t(29)=49.7, p=0.000 for epithelium
and paired t(29)=38.9, p=0.000 for submucosa}.

Lymphocytes CD3+ had about the same spatial
distribution as B-lymphocytes, being identified
throughout the depth of the bronchial biopsy in the
epithelium, under the epithelium, and also in the
connective tissue lying between the secretory acini and
surrounding the gland ducts of submucosal mucus-
secreting glands (Figure 3, A and B). Globally, the
CD3+ cells density was highest in smoker CB patients,
especially in submucosa region, around mucous
glands. One-way ANOVA test indicated insignificant
differences between the average values of epithelium
CD3+ cells depending on the studies and control
groups, F(19.10)=2.18, p=0.102, but a high significant
difference for the submucosa CD3+ cells, F(2.27)=17,
p=0.000. Student’s t-test showed significant difference
between the average values of epithelium/submucosa
CD3+ cells and those for epithelium/submucosa CD68+
cells groups {paired t(29)=1.7, p=0.000 for epithelium
and paired t(29)=0.75, p=0.000 for submucosa}, and
epithelium/submucosa tryptase+ cells {paired t(29)=8.5,
p=0.000 for epithelium and paired t(29)=6.2, p=0.000
for submucosa} on the studies and control groups. In
addition, a positive correlation was established between
the average values of epithelium/submucosa CD3+ cells
and FEV1% values on the studied and control groups
{paired t(29)=22.2, p=0.000 for epithelium and paired
t(29)=6.2, p=0.000 for submucosa}.

CD68+ macrophage was the second most frequently
encountered inflammatory cell population in bronchial
biopsies from the groups under study. Regarding their
bronchial topography, we observed that there were more
numerous in lamina propria and submucosa, especially
around mucous gland (Figure 3, A and B). One-way

ANOVA test indicated insignificant difference between
the average values of epithelium CD68+ cells depending
on the studied and control groups, F(18.11)=1.36,
p=0.306 but a high significant difference for the
submucosa CD68+ cells, F(2.27)=10, p=0.000. Student’s
t-test showed significant difference between the average
values of epithelium/submucosa CD68+ cells and
those for epithelium/submucosa tryptase+ cells {paired
t(29)=7.9, p=0.000 for epithelium and paired t(29)=9.2,
p=0.000 for submucosa} on the studies and control
groups. In addition, a positive correlation was established
between the average values of epithelium/submucosa
CD68+ cells and FEV1% values on the studies and
control groups {paired t(29)=24.6, p=0.000 for epithelium
and paired t(29)=8.3, p=0.000 for submucosa}.

Mast cell tryptase+ were diffusely distributed
throughout the bronchial biopsy of subjects from the study
groups, and were most numerous in the subepithelium,
with relatively few being associated with submucosal
glands (Figure 3, C and D). Globally, the highest
tryptase+ cells density was present in the submucosa
of bronchial biopsy from smoker CB patients. One-way
ANOVA testing indicated a highly significant difference
between the average values of epithelium tryptase+
cells depending on the study and control groups,
F(12.17)=3.99, p=0.005, but an insignificant difference
for the submucosa tryptase+ cells, F(27.2)=1.20, p=0.555.
Student’s t-test showed insignificant difference between
the average values of epithelium tryptase+ cells and
FEV1% values on the studies and control groups {paired
t(29)=24.6, p=0.531}, but high significant difference for
submucosa tryptase+ cells and FEV1% values {paired
t(29)=5.1, p=0.000}.

Insignificant differences were obtained for Student’s
t-testing between the average values of epithelium/
submucosa CD20+/CD3+/CD68+/tryptase+ cells and
basal cell proliferative index on studied and control
groups {paired t(29)=1.2, p=0.208 / paired t(29)=7.4,
p=0.623 / paired t(29)=7.2, p=0.228 / paired t(29)=21.8,
p=0.886 for epithelium and paired t(29)=4.4, p=0.883 /
paired t(29)=8, p=0.946 / paired t(29)=10.5, p=0.356 /
paired t(29)=21.8, p=0.886 for submucosa}.

When searching for correlations, the Pearson test
proved a positive linear distribution between inflamma-
tory cells at both epithelial (IP=0.89 for CD3+ cells vs.
CD68+ cells; 1P=0.87 for CD3+ cells vs. tryptase+ cells;
IP=0.83 for CD20+ cells vs. CD3+ cells; 1P=0.82
for CD3+ cells vs. tryptase+ cells; 1P=0.75 for CD20+
cells vs. CD68+ cells and IP=0.75 for CD68+ cells
vs. tryptase+ cells) (Figure 4A) and submucosal level
(IP=0.91 for CD20+ cells vs. tryptase+ cells; 1P=0.89
for CD20+ cells vs. CD3+ cells; 1P=0.87 for CD3+ cells
vs. tryptase+ cells; 1P=0.84 for C68+ cells vs. tryptase+
cells; 1P=0.82 for CD3+ cells vs. CD68+ cells and
IP=0.33 for CD20+ cells vs. CD68+ cells). A linear
correlation was also noticed for each inflammatory cell
classes when we analyzed their distribution in both
epithelium and submucosa regions (IP=0.98 for CD68+
cells; 1P=0.95 for tryptase+ cells; 1P=0.91 for CD3+
cells and 1P=0.89 for CD20+ cells) (Figure 4B).
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Figure 3 — Smoker BC biopsy specimen: (A and B) Intraepithelial and submucosa infiltration with lymphocytes CD3+
(Fast Red — red) and macrophages CD68+ (DAB chromogen — brown), x400; (C and D) Intraepithelial and
submucosa infiltration with mast cell tryptase+ (Fast Red — red), x400.
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Figure 4 — Pearson test: (A) Positive linear distribution between inflammatory cells in the bronchial epithelium;
(B) Linear distribution of inflammatory cells in both epithelium and submucosa regions. Ly — Lymphocytes, Mph —

Macrophages, MC — Mast cells, try — Tryptase.

& Discussion

As also previous studies shown, our study revealed
that patients with CB have an intact bronchial epithelium
with squamous metaplastic change and goblet cell
hyperplasia. The reticular basement membrane in patients
with CB seems to be more thickened than in the healthy
subjects. Other authors revealed that patients with
chronic bronchitis have a reticular basement membrane
thickness that is within the normal range [11,12].
However, Chanez P et al. found in a subset of chronic
obstructive pulmonary disease (COPD) patients, an
association between BAL eosinophilia and a thickened
reticular basement membrane compared to normal [13].

Moreover, Jeffery reported in patients with eosinophilic
bronchitis a similarly thickened reticular basement
membrane.

Tracheobronchial hyperplasia of goblet cells and
mucous gland enlargement are histologic features of
chronic bronchitis that also occur, to a similar degree, in
asthma [14]. Our study revealed an increased number of
goblet cell in the bronchial epithelium both from smoker
and nonsmoker CB patients that were mostly positive
for Alcian Blue stain. Davies JR et al. showed that
overall, airway mucins from CB patients are similar in
structure to mucus from healthy individuals, but appear
to be less acidic [15]. Moreover, Lamblin G et al.
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observed that glycosylation patterns vary during acute
exacerbations, as chronic bronchitis mucins are highly
sialylated with increased sialylated and sulfated Lex
structures [16]. Silva MA and Bercik P using in vivo
and in vitro models demonstrated that macrophages
are related to bronchiolar goblet cell hyperplasia and
that they induced MUCS5B and inhibited MUC5AC in
human bronchus epithelial cells, suggesting a role for
them in the pathogenesis of airway MUC5B-related
goblet cell hyperplasia [17].

As other authors have also found, we noticed an
enlargement of submucosa glands, especially of mucous
type, which were frequently positive to PAS staining.
Glynn AA and Michaels L found that CB exhibits a
disproportionate increase of mucous acini and loss of
serous acini [18]. Thus it was suggested that a reduction
of serous acini decreases the amount of antibacterial
substances (lysozyme, lactoferrin, and the secretory
component of secretory IgA), which in turn favors
bacterial colonization and proteolysis. However, gland
hypertrophy per se is poorly associated with mucus
hypersecretion, whereas inflammation in and around the
acini is a better predictor of hypersecretion [19].

Other epithelial changes reported in literature in
patients with chronic bronchitis may include: atrophy
[20], focal squamous metaplasia [21], ciliary abnormal-
ities [22], and decreases of both ciliated cell number and
mean ciliary length [23-25].

In our study, we showed that smokers with symptoms
of CB had an increased number of inflammatory cells in
their bronchial compartments when compared with
asymptomatic non-smoker subjects. This inflammatory
process consists predominantly of CD3+ and macro-
phages, and of an increased proportion of mast cells.

So far, several studies of bronchial biopsy specimens
from subjects with CB have shown that morphological
changes were the consequence of an inflammatory
process, consisting predominantly of mononuclear cells
in the bronchial wall [26-29] and a predominance of
neutrophils in the airway lumen [30-32]. Thus, it was
hypothesis that the inflammation in the lumen may
differ from that in the bronchial wall in patients with
CB.

Saetta M et al. observed that in smoker CB patients,
the density of inflammatory cells was greater in the
“inner” submucosal region compared with the “outer”
adventitial region [33]. This regional difference in
inflammatory cell densities was not observed in smokers
without CB or in non-smoking subjects, suggesting
that this increased cellular density in the submucosa of
smoker CB patients would promote airway constriction
by amplifying the effect of airway smooth muscle
shortening on the caliber of the airways [34].

Our investigation revealed first by a Student’s t-test
that between different inflammatory cells classes there
are significant differences for on study and control
groups, both for epithelium and submucosa regions; and
second by a Pearson testing we identified a linear
correlation both in each inflammatory cells class and
between these inflammatory cells classes on both
epithelium and submucosa regions. Also, Student’s

t-test proved a significant correlation between the
densities of different inflammatory cells classes (with
the exception of mast cells in the bronchial epithelium)
and FEV1% values on epithelium and submucosa
regions in all investigated groups.

Significant increases are reported in the numbers of
CD45 (total leukocytes), CD3 (T-lymphocytes), CD25-
activated, and VLA-1+ (“very late antigen™) T-cells and
of macrophages [29]. O’Shaughnessy TC et al. proved
that in bronchial biopsies from smoker CB patients
T-lymphocytes are increased both in the surface
epithelium and under the epithelium [32]. In COPD, it is
the CD8+ (cytotoxic/suppressor) lymphocyte class that
increases in number and proportion to become the
predominant T-cell subset. So, both in the mucosa and
submucosa occurs an increase of CD8 phenotype and of
the CD8/CD4 ratio which is associated with decline in
lung function [35, 36]. However, after approximately 30
years of smoking, it is known that in the lung of
smokers the CD4+ T-cell population is significantly
increased, suggesting their implication in the inflamma-
tory process [37]. Thus, CD4+ T-cells are needed for
the priming of CD8+ cytotoxic T-cell responses, for
maintaining their memory, and for ensuring survival,
suggesting that even low numbers of CD4+ T-cells may
be essential for the development of the CD8+ T-cell
inflammatory infiltrate found in smokers [38].

In bronchial biopsies from COPD patients, it was also
observed a small, but significantly increase of tissue
eosinophils compared to the levels found in healthy
control subjects, and it has been suggested that, in
contrast to patients with asthma, the tissue eosinophils
do not degranulate [39]. These increasing eosinophils’
densities are markedly especially when there is an
exacerbation of bronchitis [40, 41]. In addition, the small
number of eosinophils around the bronchial glands in
smoker COPD patients may be responsible to their
enlargement and a subsequent rise in mucus in the airway
lumen, due to a decreased local TGF-p availability [42,
43].

Studies revealed that neutrophils were more numerous
in the lavage fluid [32] than in the lamina propria of
bronchial mucosa from subjects with COPD [35, 39].
O’Shaughnessy TC et al. and Saetta M et al. show a
close relationship of neutrophils with surface epithelium
and glands, respectively [36, 44]. Because neutrophil
elastase is a remarkably potent secretagogue [45], it is
possible that this location of neutrophils is crucial for
activation of the secretory function of goblet cells and
mucous bronchial glands in smokers [36].

Soutar CA was the first who revealed an elevated
number of plasma cells among submucosal glands in the
“incidental bronchitis” smokers, who had not suffered
dyspnea and died of non-respiratory causes when
compared with normal nonsmoking control subjects
[46]. However, the numbers of IgA plasma cells were
significantly lower in patients with “fatal bronchitis”
who had severe irreversible airflow obstruction and had
died as the result of a severe exacerbation. Soutar CA
speculated that a preexisting bronchial IgA deficiency
may have predisposed the patients with fatal bronchitis
to infection, exacerbations, and the development of
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severe, eventually fatal, disease. Zhu J et al. proved that
plasma cells were more numerous in subepithelium and
glandular areas around and within small blood vessels in
CB compared with asymptomatic smokers [47]. While
Gosman MM et al. supposed that the increased number
of plasma cells in severe COPD cases is derived via
maturation of increased number of resident B-lympho-
cytes [48], Zhu J et al. hypothesis that the submucosal
plasma cells originated, via the circulation, from bone
marrow or lymphatic organs [47]. In addition Zhu J
et al. demonstrated that gland associated plasma cells
express IL-4, and these likely promote mucus hyper-
secretion [47].

Many studies on COPD patients had showed that
along neutrophils and CD8+ T-cells, macrophages
are increased in the airway lumen and walls and in
the bronchial mucus-secreting glands [29, 36, 49-51].
Although most studies suggest that macrophages
contribute to the development of CB, little is known
about their functional activities or phenotypes at these
sites. Macrophages seem to be involved in the CB
pathogenesis by initiation of inflammation, progression,
tissue destruction, remodeling, lack of efferocytosis,
fibrosis and revascularization.

Previous studies have demonstrated an increase in
epithelial mast cells in peripheral airways [52] and in
bronchial biopsies [53] in smokers compared with non-
smokers. In COPD, mast cells are present in high
numbers and are sometimes elevated compared with
controls [54-56]. However, Gosman MM et al. has
suggested that the total mast cell density may be
reduced compared with control subjects [57]. In line
with those results, Andersson CK et al. suggest that
reduced mast cell density in the lungs of subjects
with COPD is particularly associated with severe stages
of the disease [58]. Moreover, Andersson CK et al.
investigating the subpopulation of mast cells from
COPD found that while mucosal mast cell population
decreased, connective tissue mast cells increased in both
the small airways and the alveolar parenchyma. Also,
the authors observed an increased numbers of luminal
mast cells in COPD, which could be responsible for the
decline in total mast cell numbers from these patients.
The role of mast cells in the development of COPD is
at present unknown. These cells are able to secrete a
wide variety of cytokines, chemokines, and leukotrienes
[59, 60]. The selective increase of mast cells in the
epithelium suggests the existence of a chemotactic
gradient toward the epithelium, most probable due to
an increased chemokine production by the respiratory
epithelium of subjects with COPD [54].

In conclusion, despite the evidence for accumulation
of inflammatory cells in the lungs of smokers, the exact
role of these cells in the development of CB remains
unclear, leaving open the way of fundamental research
to a better understanding of its pathophysiology.

& Conclusions

In our experience, CB developed especially in men of
65-year-old or more, especially smokers with a median
FEV1% about 71. Histopathologically, in patients with

CB whether or not smoking, we observed focal squamous
metaplastic change, goblet cell hyperplasia and enlarge-
ment of the bronchial gland mass as an consequence of
an inflammatory process, consisting predominantly of
mononuclear cells in the bronchial wall. The densities
of different inflammatory cells classes correlated both in
bronchial epithelium and submucosa with reduced
expiratory flow (FEV1%), either for smoker CB patients
and non-smoker CB subjects.

References

[1] Vestbo J, Prescott E, Lange P, Association of chronic mucus
hypersecretion with FEV1 decline and chronic obstructive
pulmonary disease morbidity. Copenhagen City Heart
Study Group, Am J Respir Crit Care Med, 1996, 153(5):
1530-1535.

[2] ** Standards for the diagnosis and care of patients with
chronic obstructive pulmonary disease. American Thoracic
Society, Am J Respir Crit Care Med, 1995, 152(5 Pt 2):S77—
S121.

[3] Siafakas NM, Vermeire P, Pride NB, Paoletti P, Gibson J,
Howard P, Yernault JC, Decramer M, Higenbottam T,
Postma DS et al., Optimal assessment and management
of chronic obstructive pulmonary disease (COPD). The
European Respiratory Society Task Force, Eur Respir J,
1995, 8(8):1398-1420.

[4] Macfarlane J, Holmes W, Gard P, Macfarlane R, Rose D,
Weston V, Leinonen M, Saikku P, Myint S, Prospective study
of the incidence, aetiology and outcome of adult lower
respiratory tract illness in the community, Thorax, 2001,
56(2):109-114.

[6] ***, Atti del convegno: L'indagine epidemiologica di Porto
Tolle: II° fase trasversale. Porto Tolle (RO), nov 1993, Porto
Tolle, Cartotecnica Veneziana, 1994.

[6] Viegi G, Scognamiglio A, Baldacci S, Pistelli F, Carrozzi L,
Epidemiology of chronic obstructive pulmonary disease
(COPD), Respiration, 2001, 68(1):4-19.

[l Viegi G, Maio S, Pistelli F, Baldacci S, Carrozzi L,
Epidemiology of chronic obstructive pulmonary disease:
health effects of air pollution, Respirology, 2006, 11(5):523—
532.

[8] *** Strategies in preserving lung health and preventing
COPD and associated diseases. The National Lung Health
Education Program (NLHEP), Chest, 1998, 113(2 Suppl):
123S-163S.

[9] Hurd SS, International efforts directed at attacking the
problem of COPD, Chest, 2000, 117(5 Suppl 2):336S-338S.

[10] Jeffery P, Holgate S, Wenzel S; Endobronchial Biopsy
Workshop, Methods for the assessment of endobronchial
biopsies in clinical research: application to studies of
pathogenesis and the effects of treatment, Am J Respir Crit
Care Med, 2003, 168(6 Pt 2):S1-S17.

[11] Jeffery PK, Comparison of the structural and inflammatory
features of COPD and asthma. Giles F. Filley Lecture, Chest,
2000, 117(5 Suppl 1):251S-260S.

[12] O’'Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK,
Inflammatory cells in the airway surface epithelium of
smokers with and without bronchitic airflow obstruction, Eur
Respir J, 1996, 9(Suppl 23):14s.

[13] Chanez P, Vignola AM, O’Shaughnessy T, Enander |, Li D,
Jeffery PK, Bousquet J, Corticosteroid reversibility in COPD
is related to features of asthma, Am J Respir Crit Care Med,
1997, 155(5):1529-1534.

[14] Reid LM, Pathology of chronic bronchitis, Lancet, 1954,
266(6806):274-278.

[15] Davies JR, Hovenberg HW, Lindén CJ, Howard R,
Richardson PS, Sheehan JK, Carlstedt I, Mucins in airway
secretions from healthy and chronic bronchitic subjects,
Biochem J, 1996, 313(Pt 2):431-439.

[16] Lamblin G, Degroote S, Perini JM, Delmotte P, Scharfman A,
Davril M, Lo-Guidice JM, Houdret N, Dumur V, Klein A,
Rousse P, Human airway mucin glycosylation: a combinatory
of carbohydrate determinants which vary in cystic fibrosis,
Glycoconj J, 2001, 18(9):661-684.




512 Andreea-Elena Marinas et al.

[17] Silva MA, Bercik P, Macrophages are related to goblet cell
hyperplasia and induce MUC5B but not MUC5AC in human
bronchus epithelial cells, Lab Invest, 2012, 92(6):937-948.

[18] Glynn AA, Michaels L, Bronchial biopsy in chronic bronchitis
and asthma, Istanbul Tip Fak Mecmuasi, 1960, 15:142-153.

[19] Mullen JBM, Wright JL, Wiggs BR, Paré PD, Hogg JC,
Structure of central airways in current smokers and ex-
smokers with and without mucus hypersecretion: relationship
to lung function, Thorax, 1987, 42(11):843-848.

[20] Wright RR, Stuart CM, Chronic bronchitis with emphysema:
a pathological study of the bronchi, Medicina Thoracalis,
1965, 22(2):210-218.

[21] Klienerman J, Boren HG, Morphologic basis of chronic
obstructive lung disease. In: Baum GL (ed), Textbook of
pulmonary disease, Little Brown, Boston, MA, 1974, 571.

[22] Ailsby RL, Ghadially FN, Atypical cilia in human bronchial
mucosa, J Pathol, 1973, 109(1):75-78.

[23] Chang SC, Microscopic properties of whole mounts and
sections of human bronchial epithelium of smokers and
nonsmokers, Cancer, 1957, 10(6):1246-1262.

[24] Wanner A, Clinical aspects of mucociliary transport, Am Rev
Respir Dis, 1977, 116(1):73-125.

[25] Miskovits G, Appel J, Szile J, Ultrastructural changes of
ciliated columnar epithelium and goblet cells in chronic
bronchitis biopsy material, Acta Morphol Acad Sci Hung,
1974, 22(1):91-103.

[26] Di Stefano A, Turato G, Maestrelli P, Mapp CE, Ruggieri MP,
Roggeri A, Boschetto P, Fabbri LM, Saetta M, Airflow
limitation in chronic bronchitis is associated with T-
lymphocyte and macrophage infiltration of the bronchial
mucosa, Am J Respir Crit Care Med, 1996, 153(2):629-632.

[27] 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(3):737-742.

[28] Ollerenshaw SL, Woolcock AJ, Characteristics of the
inflammation in biopsies from large airways of subjects with
asthma and subjects with chronic airflow limitation, Am Rev
Respir Dis, 1992, 145(4 Pt 1):922-927.

[29] Saetta M, Di Stefano A, Maestrelli P, Ferraresso A, Drigo R,
Potena A, Ciaccia A, Fabbri LM, Activated T-lymphocytes
and macrophages in bronchial mucosa of subjects with
chronic bronchitis, Am Rev Respir Dis, 1993, 147(2):301—
306.

[30] Linden M, Rasmussen JB, Piitulainen E, Tunek A, Larson M,
Tegner H, Venge P, Laitinen LA, Brattsand R, Airway
inflammation in smokers with nonobstructive and obstructive
chronic bronchitis, Am Rev Respir Dis, 1993, 148(5):1226—
1232.

[31] Martin TR, Raghu G, Maunder RJ, Springmeyer SC, The
effects of chronic bronchitis and chronic air-flow obstruction
on lung cell populations recovered by bronchoalveolar
lavage, Am Rev Respir Dis, 1985, 132(2):254—-260.

[32] Thompson AB, Daughton D, Robbins RA, Ghafouri MA,
Oehlerking M, Rennard Sl, Intraluminal airway inflammation
in chronic bronchitis. Characterization and correlation with
clinical parameters, Am Rev Respir Dis, 1989, 140(6):1527—
1537.

[33] Saetta M, Turato G, Baraldo S, Zanin A, Braccioni F,
Mapp CE, Maestrelli P, Cavallesco G, Papi A, Fabbri LM,
Goblet cell hyperplasia and epithelial inflammation in
peripheral airways of smokers with both symptoms of chronic
bronchitis and chronic airflow limitation, Am J Respir Crit
Care Med, 2000, 161(3 Pt 1):1016-1021.

[34] Lambert RK, Wiggs BR, Kuwano K, Hogg JC, Paré PD,
Functional significance of increased airway smooth muscle
in asthma and COPD, J Appl Physiol, 1993, 74(6):2771—
2781.

[35] O’Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK,
Inflammation in bronchial biopsies of subjects with chronic
bronchitis: inverse relationship of CD8+ T lymphocytes with
FEV1, Am J Respir Crit Care Med, 1997, 155(3):852-857.

[36] Saetta M, Turato G, Facchini FM, Corbino L, Lucchini RE,
Casoni G, Maestrelli P, Mapp CE, Ciaccia A, Fabbri LM,
Inflammatory cells in the bronchial glands of smokers
with chronic bronchitis, Am J Respir Crit Care Med, 1997,
156(5):1633-1639.

[37] Majo J, Ghezzo H, Cosio MG, Lymphocyte population and
apoptosis in the lungs of smokers and their relation to
emphysema, Eur Respir J, 2001, 17(5):946-953.

[38] Frasca L, Piazza C, Piccolella E, CD4+ T cells orchestrate
both amplification and deletion of CD8+ T cells, Crit Rev
Immunol, 1998, 18(6):569-594.

[39] Lacoste JY, Bousquet J, Chanez P, Van Vyve T, Simony-
Lafontaine J, Lequeu N, Vic P, Enander |, Godard P,
Michel FB, Eosinophilic and neutrophilic inflammation
in asthma, chronic bronchitis, and chronic obstructive
pulmonary disease, J Allergy Clin Immunol, 1993, 92(4):537—
548.

[40] Di Stefano A, Maestrelli P, Roggeri A, Turato G, Calabro S,
Potena A, Mapp CE, Ciaccia A, Covacev L, Fabbri LM,
Saetta M, Upregulation of adhesion molecules in the
bronchial mucosa of subjects with chronic obstructive
bronchitis, Am J Respir Crit Care Med, 1994, 149(3 Pt 1):
803-810.

[41] Saetta M, Di Stefano A, Maestrelli P, Turato G, Ruggieri MP,
Roggeri A, Calcagni P, Mapp CE, Ciaccia A, Fabbri LM,
Airway eosinophillia in chronic bronchitis during exacerba-
tions, Am J Respir Crit Care Med, 1994, 150(6 Pt 1):1646—
1652.

[42] Baraldo S, Bazzan E, Turato G, Calabrese F, Beghé B,
Papi A, Maestrelli P, Fabbri LM, Zuin R, Saetta M, Decreased
expression of TGF-beta type Il receptor in bronchial glands
of smokers with COPD, Thorax, 2005, 60(12):998-1002.

[43] Zagai U, Dadfar E, Lundahl J, Venge P, Skéld CM,
Eosinophil cationic protein stimulates TGF-betal release
by human lung fibroblasts in vitro, Inflammation, 2007,
30(5):153-160.

[44] O’Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK,
Reticular basement membrane thickness in moderately
severe asthma and smokers’ chronic bronchitis with and
without airflow obstruction, Am J Respir Crit Care Med,
1996, 153:A879.

[45] Nadel JA, Role of mast cell and neutrophil proteases in
airway secretion, Am Rev Respir Dis, 1991, 144(3 Pt 2):
S48-S51.

[46] Soutar CA, Distribution of plasma cells and other cells
containing immunoglobulin in the respiratory tract in chronic
bronchitis, Thorax, 1977, 32(4):387-396.

[47] Zhu J, Qiu Y, Valobra M, Qiu S, Majumdar S, Matin D,
De Rose V, Jeffery PK, Plasma cells and IL-4 in chronic
bronchitis and chronic obstructive pulmonary disease, Am J
Respir Crit Care Med, 2007, 175(11):1125-1133.

[48] Gosman MM, Willemse BW, Jansen DF, Lapperre TS,
van Schadewijk A, Hiemstra PS, Postma DS, Timens W,
Kerstjens HA; Groningen and Leiden Universities Cortico-
steroids in Obstructive Lung Disease Study Group, Increased
number of B-cells in bronchial biopsies in COPD, Eur Respir
J, 2006, 27(1):60-64.

[49] Di Stefano A, Capelli A, Lusuardi M, Balbo P, Vecchio C,
Maestrelli P, Mapp CE, Fabbri LM, Donner CF, Saetta M,
Severity of airflow limitation is associated with severity
of airway inflammation in smokers, Am J Respir Crit Care
Med, 1998, 158(4):1277-1285.

[60] Rutgers SR, Timens W, Kaufmann HF, van der Mark TW,
Koéter GH, Postma DS, Comparison of induced sputum
with bronchial wash, bronchoalveolar lavage and bronchial
biopsies in COPD, Eur Respir J, 2000, 15(1):109-115.

[61] Saetta M, Di Stefano A, Turato G, Facchini FM, Corbino L,
Mapp CE, Maestrelli P, Ciaccia A, Fabbri LM, CD8+ T-
lymphocytes in peripheral airways of smokers with chronic
obstructive pulmonary disease, Am J Respir Crit Care Med,
1998, 157(3 Pt 1):822-826.

[62] Lamb D, Lumsden A, Intra-epithelial mast cells in human
airway epithelium: evidence for smoking-induced changes
in their frequency, Thorax, 1982, 37(5):334-342.

[63] Pesci A, Rossi GA, Bertorelli G, Aufiero A, Zanon P,
Olivieri D, Mast cells in the airway lumen and bronchial
mucosa of patients with chronic bronchitis, Am J Respir Crit
Care Med, 1994, 149(5):1311-1316.

[64] Grashoff WF, Sont JK, Sterk PJ, Hiemstra PS, de Boer WI,
Stolk J, Han J, van Krieken JM, Chronic obstructive
pulmonary disease: role of bronchiolar mast cells and
macrophages, Am J Pathol, 1997, 151(6):1785-1790.




Chronic bronchitis: a retrospective clinicopathologic study of 25 cases 513

[65] Lapperre TS, Postma DS, Gosman MM, Snoeck-
Stroband JB, ten Hacken NH, Hiemstra PS, Timens W,
Sterk PJ, Mauad T, Relation between duration of smoking
cessation and bronchial inflammation in COPD, Thorax,
2006, 61(2):115-121.

[56] Liesker JJ, Ten Hacken NH, Rutgers SR, Zeinstra-Smith M,
Postma DS, Timens W, Mast cell numbers in airway smooth
muscle and PC20AMP in asthma and COPD, Respir Med,
2007, 101(5):882—-887.

[57] Gosman MM, Postma DS, Vonk JM, Rutgers B, Lodewijk M,
Smith M, Luinge MA, Ten Hacken NH, Timens W,
Association of mast cells with lung function in chronic
obstructive pulmonary disease, Respir Res, 2008, 9:64.

[68] Andersson CK, Mori M, Bjermer L, Lofdahl CG, Erjefalt JS,
Alterations in lung mast cell populations in patients with
chronic obstructive pulmonary disease, Am J Respir Crit Care
Med, 2010, 181(3):206-217.

Corresponding author

[59] Bradding P, Roberts JA, Britten KM, Montefort S,
Djukanovic R, Mueller R, Heusser CH, Howarth PH,
Holgate ST, Interleukin-4, -5, and -6 and tumor necrosis
factor-alpha in normal and asthmatic airways: evidence for
the human mast cell as a source of these cytokines, Am J
Respir Cell Mol Biol, 1994, 10(5):471-480.

[60] Metcalfe DD, Costa JJ, Burd PR: Mast cells and basophils.
In: Gallin JI, Goldstein IM, Snyderman R (eds), Inflammation:
basic principles and clinical correlates, Raven Press, New
York, 1992, 709-725.

Daniel Pirici, University Assistant, MD, PhD, Department of Histology, University of Medicine and Pharmacy of
Craiova, 2—4 Petru Rares Street, 200349 Craiova, Romania; Phone/Fax +40251-523 654, e-mail: daniel.pirici@

ua.ac.be

Received: May 12", 2012

Accepted: July 24™, 2012




