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Abstract

Background: Identification of COPD patients with a rapid decline in FEV1 is of particular interest for prognostic and
therapeutic reasons.

Objective: To determine the expression of markers of inflammation in COPD patients with rapid functional decline in
comparison to slow or no decliners.

Methods: In COPD patients monitored for at least 3 years (mean 4 SD: 5.8 4 3 years) for lung functional decline,

the expression and localization of inflammatory markers was measured in bronchial biopsies of patients with no

lung functional decline (FEV1% + 30443 ml/year, n=21), slow (FEV1% ml/year, — 40+ 19, n = 14) and rapid decline
(FEV1% ml/year, — 112453, n=15) using immunohistochemistry. ELISA test was used for polymeric immunoglobulin
receptor (plgR) quantitation “in vitro”.

Results: The expression of secretory IgA was significantly reduced in bronchial epithelium (p=0.011) and plasma
cell numbers was significantly reduced in the bronchial lamina propria (p=0.017) of rapid decliners compared to no
decliners. Bronchial inflammatory cell infiltration, CD4, CD8, CD68, CD20, NK, neutrophils, eosinophils, mast cells, plgR,
was not changed in epithelium and lamina propria of rapid decliners compared to other groups. Plasma cells/mm?
correlated positively with scored total IgA in lamina propria of all patients.”In vitro” stimulation of 16HBE cells with
LPS (10 pg/ml) and IL-8 (10 ng/ml) induced a significant increase while H,O, (100 uM) significantly decreased plgR
epithelial expression.

Conclusion: These data show an impaired humoral immune response in rapid decliners with COPD, marked by
reduced epithelial secretory IgA and plasma cell numbers in the bronchial lamina propria. These findings may help in
the prognostic stratification and treatment of COPD.
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annual decline in FEV; are smoking status [3, 4], fre-
quency of exacerbations [5], pharmacologic therapies
[6, 7] and severity of emphysema [3, 8]. Fletcher et al.
reported that some patients with COPD might have lung
function improvements over time [9] and, more recently,
one study showed that 15% of COPD patients improved
their lung function over a 3-year period [10] even though
this finding was not clearly linked to factors poten-
tially influencing lung function decline [10]. Biomarkers
could play an important role in relation to lung function
decline in terms of predicting changes in FEV1 [10] and
guiding the best therapeutic approach for each COPD
phenotype based on the extent of lung function decline.
Increased blood levels of IL-4 and MCP-1 have been
reported in rapid decliners compared to slow decliners
with COPD [11]. Another study found that blood levels
of neutrophils, CRP and MMP9 proteins were higher in
rapid decliners than non-decliners [12]. In urine samples,
desmosine and isodesmosine levels were lower in rapid
decliners vs. slow decliners [13]. To our knowledge, no
data are available on the pathology of COPD phenotypes
according to the rate of lung function decline.

Immunoglobulin A (IgA) is the predominant immuno-
globulin in bronchial mucosa, and bronchial epithelium
transports polymeric Ig within the mucosal lumen via the
polymeric Ig receptor (pIgR) of epithelial origin [14]. In
the luminal environment, secretory IgA nhibits adher-
ence of microorganisms to epithelial cells by the so-called
“immune exclusion” mechanism [14, 15]. Mucosal plasma
cells produce mostly polymeric IgA, mainly dimeric,
which is also the predominant type of IgA (~80%) in
secretions. It associates, in turn, with the secretory com-
ponent of epithelial origin to form secretory IgA [14,
15]. In eight severe COPD patients, immunostaining
for secretory component showed it to be significantly
decreased compared to controls (n=5), and the reduced
expression of secretory component in large airways cor-
related with neutrophil infiltration in submucosal glands
[16]. More recently, Polosukhin et al. examined areas of
bronchial mucosa covered by normal and altered pseu-
dostratified epithelium in COPD patients and found that
altered bronchial epithelium had a reduced pIgR expres-
sion, and secretory IgA deficiency was associated with
increased inflammation [17]. Patients with COPD also
had reduced secretory IgA in bronchoalveolar lavage
[17]. Patients who died from COPD were found to have
a lower number of IgA + plasma cells in the bronchial
mucosa than COPD patients who died of other causes
[18].

However, to our knowledge, there are no pathology
data available from bronchial biopsies of COPD patients
stratified according to lung function decline (rapid, slow,
or no decline) as regards the humoral immune response
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and inflammation. We thus aimed to quantify and com-
pare the expression of inflammatory cells and mark-
ers of humoral immune response in bronchial biopsies
of COPD patients with rapid vs. slow vs. no functional
decline (sustainers). We used immunohistochemistry and
an “in vitro” bronchial epithelial cell model to examine
the impact of inflammation on the release of pIgR.

Methods

Subjects

All COPD subjects were recruited from the Respiratory
Medicine Unit of the “Istituti Clinici Scientifici Maugeri”
(Veruno, Italy). Archival material was used in the present
study. We obtained bronchial biopsies from 50 patients
for this immunohistochemical study. Their character-
istics are reported in Table 1. COPD and chronic bron-
chitis were defined according to international guidelines:
i.e, COPD=presence of a post-bronchodilator forced
expiratory volume in one second (FEV,)/forced vital
capacity (FVC) ratio < 70%; chronic bronchitis = presence
of cough and sputum production for at least 3 months
in each of two consecutive years [goldcopd.org]. In
COPD patients, the severity of the airflow obstruction
was graded using the 2011 GOLD criteria (goldcopd.
org). Since standardized cut-off values for lung func-
tion decline are not available, we adopted cut-off values
similar to those reported in the literature [7, 8, 10, 11],
even though arbitrarily chosen. We defined rapid decline
as rate of FEV1 decline>70 ml/year over a period of
3-15 years, slow decline as FEV1 decline>20<70 ml/
year, and no decline (sustainers) as FEV1 decline <20 ml/
year, over the same period 3-15 years.

All COPD patients were stable and none were treated
with theophylline, antibiotics, antioxidants, mucolytics,
and/or glucocorticoids in the month prior to bronchos-
copy. The study conformed to the Declaration of Helsinki,
and was approved by the Institutional Review Boards of
Istituti Clinici Scientifici Maugeri (protocol p112).

Lung function tests and volumes

Pulmonary function tests were performed as previously
described [19] according to published guidelines [19,
20]. Pulmonary function tests included measurements
of FEV, and FEV,/FVC under baseline conditions in
all the subjects examined (6200 Autobox Pulmonary
Function Laboratory; A number of two to 7 pulmonary
function tests were evaluated for each patient over the
period of 3-15 years considered for evaluation of lung
functional decline. Sensormedics Corp., Yorba Linda,
CA). In order to assess the reversibility of airflow
obstruction and post bronchodilator functional values,
we repeated the FEV, and FEV,/FVC% measurements
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Table 1 Characteristics of COPD patients used for bronchial biopsy analysis, according to lung function decline

Patients with COPD No decline Slow decline Rapid decline
Number 21 14 15

Age 684+8 67+8 66+7

M/F 19/2 11/3 15/0
Follow-up duration for functional decline evaluation (years) 6.1+3 6.8+4 4442
Pack-years (ex/current smoker) 47429 (11/10) 40433 (10/4) 65+30" (6/9)
Frequent exacerbators in the year before bronchoscopy (n/%) 6/28% 0/0% 3/20%

FEV, pre-3, (% predicted) 62419 55417 53+£19

FEV, post-B, (% predicted) 64+15 56+12 55+15
FEV,/FVC % pre-B, 53410 52413 48+12
FEV,/FVC % post-{3, 54+14 5448 49+7
Functional decline FEV,% post- B, (ml/year) +30+43 —40+£19" —112453%
RV% 162+ 34 17147 166435
DLCO% 73+18 67+21 52414"
DLCO/VA% 70£15 61£22 54+£9
CT-scored emphysema % 17+£22 20+19 34425

Data are expressed as mean = standard deviation. "significantly different from slow decliners and non-decliners with COPD (p < 0.05); “Significantly different from
non-decliners with COPD (p < 0.0001); significantly different from slow decliners and non-decliners with COPD (p < 0.0001); *Significantly different from non-decliners
with COPD (p < 0.05); FEV,: forced expiratory volume in 1's; FVC: forced vital capacity; RV: residual volume; DLCO: diffusing capacity for carbon monoxide; DLCO/VA:

diffusing capacity for carbon monoxide/alveolar volume

in the groups of subjects with FEV,;/FVC%<70% pre-
bronchodilator 20 min after the inhalation of 0.4 mg of
salbutamol.

Fiberoptic bronchoscopy, collection and processing

of bronchial biopsies

Patients attended the bronchoscopy suite at 8.30 AM
after having fasted from midnight and were pre-treated
with atropine (0.6 mg IV) and midazolam (5-10 mg IV).
Oxygen (3 1/min) was administered via nasal prongs
throughout the procedure and oxygen saturation was
monitored with a digital oximeter. Using local anesthe-
sia with lidocaine (4%) to the upper airways and larynx,
a fiberoptic bronchoscope (Olympus BF10 Key-Med,
Southend, UK) was passed through the nasal passages
into the trachea. Further lidocaine (2%) was sprayed into
the lower airways, and four bronchial biopsy specimens
were taken from segmental and subsegmental airways
of the right lower and upper lobes using size 19 cupped
forceps. Bronchial biopsies for immunohistochemistry
were gently extracted from the forceps and processed for
light microscopy as previously described [19]. At least
two samples were embedded in Tissue Tek II OCT (Miles
Scientific, Naperville, IL, USA), frozen within 15 min in
isopentane pre-cooled in liquid nitrogen, and stored at
— 80 °C. The best frozen sample was then oriented and
6 pum thick cryostat sections were cut for immunobhis-
tochemical light microscopy analysis and processed as
described below.

Immunohistochemistry on OCT-embedded bronchial
biopsies

Sections from each sample were stained with antibod-
ies specific for inflammatory cells and biomarkers of
humoral immunity (Table 2). Briefly, after blocking
non-specific binding sites with serum derived from the
same animal species as the secondary antibody, the pri-
mary antibody was applied at optimal dilutions in TRIS-
buffered saline (0.15 M saline containing 0.05 M
TRIS-hydrochloric acid at pH 7.6) and incubated 1 h at
room temperature in a humid chamber. Antibody bind-
ing was detected with secondary anti-mouse (Vector, BA
2000) or anti-rabbit (Vector, BA 1000) antibodies fol-
lowed by ABC kit AP AK5000, Vectastain and fast-red
substrate (red color) or ABC kit HRP Elite, PK6100, Vec-
tastain and diaminobenzidine substrate (brown color).
Nasal polyp sections were used as positive controls. For
the negative control, normal mouse (sc-2025) or rab-
bit (sc-2027) non-specific immunoglobulins (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) were used at the
same protein concentration as the primary antibody.

Scoring system for immunohistochemistry in the bronchial
biopsies

Morphometric measurements were performed with a
light microscope (Leitz Biomed, Leica Cambridge, UK)
connected to a video recorder linked to a computer-
ized image system (Quantimet 500 Image Processing
and Analysis System, Software Qwin V0200B, Leica).
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Table 2 Primary antibodies and immunohistochemical conditions used for identification of inflammatory cells and biomarkers of

humoral immunity in bronchial biopsies

Antibody Code Species Concentration
Neutrophilic elastase (neutrophils) Dako, M752 Mouse 1:100
CD68 (macrophages) Dako, M814 Mouse 1:300
ECP (eosinophils) Pharmacia, EG2 Mouse 1:100
Mast cells (tryptase) Invitrogen, MA538007 Rabbit 1:400
CD4 Santa Cruz, SC-19641 Mouse 1:40
CcD8 Thermo Fischer, RM 9116 Rabbit 1:80
CD20 Dako, M755 Mouse 1:200
NK (natural killer) Dako, M1014 Mouse 1:50
Plasma cells Dako, M7077 Mouse 1:25
IgA Gene Thex, GTX22411 Rabbit 1:200
IgA secretory Abcam, AB17921 Mouse 1:50
plgR Invitrogen, PAS35340 Rabbit 1:20

Light-microscopic analysis was performed at a magnifi-
cation of 630 x.

The immunostaining for all the antigens studied was
scored from O (absence of immunostaining) to 3 (exten-
sive intense immunostaining) in the intact (columnar
and basal epithelial cells) bronchial epithelium, as previ-
ously described [19]. The final result was expressed as the
average of all scored fields performed in each biopsy. A
mean £ SD of 0.700£0.260 mm of epithelium was ana-
lyzed in COPD patients.

Immunostained cells in the bronchial lamina propria
were also quantified 100 um beneath the epithelial base-
ment membrane in several non-overlapping high-power
fields until the whole specimen was examined. The final
result, expressed as the number of positive cells per
square millimeter, was calculated as the average of all the
cellular counts performed in each biopsy. Quantitation of
the inflammatory cells and scoring of IgA, secretory IgA
and pIgR were all performed (ADS) in a blinded fashion.

Cell culture and treatments

We used the SV40 large T antigen-transformed 16HBE cell
line which retains the differentiated morphology and func-
tion of normal human bronchial epithelial cells (NHBE)
[19]. 16HBE cells were maintained in Dulbecco’s modi-
fied minimum essential medium (DMEM), supplemented
with 10% v/v fetal bovine serum (FBS), 50 IU/ml penicil-
lin, 50 pg/ml streptomycin, 1 x non-essential amino acids,
1 mM sodium pyruvate and 2 mM glutamine (37 °C, 5%
CO,) (27). When cells were 70-80% confluent, the com-
plete medium was replaced with DMEM with 1% FBS
for starvation time (24 h). 16HBE cells were cultured for
0-24 h because of their lower resistance to starvation.
Non-treated 16HBE cells were used as controls. All experi-
ments were performed in triplicate, i.e., three independent

experiments for each type of treatment [LPS, H,O,, IL-8
(CXCL8)] and each time exposure (4—12-24 h).

ELISA tests in the supernatants and cell lysates of LPS, H,0,
and IL-8 treated and non-treated 16HBE cells

Human pIgR [Fine Biotech Co. ELISA (Cat. No. EH1460),
detection range: 31.25-2000 pg/ml, lower detection limit:
18.75 pg/ml] protein quantification in the supernatants
and cell lysates of LPS (SIGMA L9143, 10 ug/ml) H,O,
(SIGMA-ALDRICH 18304, 100 pM) and IL-8 (Prepro-
Tech CXCLS8, 10 ng/ml) treated and non-treated 16HBE
cells was performed as reported in the results section.
ELISA kits were used according to the manufacturer’s
instructions.

Statistical analysis

Group data were expressed as mean =+ SD (standard devia-
tion) for functional data or median (range) or interquartile
range (IQR) for morphologic data. Differences between
groups were analyzed using analysis of variance (ANOVA)
for functional data. ANOVA was followed by an unpaired
t-test for comparison between groups. The Kruskal—Wal-
lis test was applied to the morphologic data followed by a
Mann—-Whitney U-test for comparison between groups.
In vitro data were analyzed by the Mann—Whitney U test.
Correlation coefficients were calculated using the Spear-
man rank method. Probability values of p <0.05 were con-
sidered significant. Data analysis was performed using the
Stat View SE Graphics program (Abacus Concepts Inc.,
Berkeley, CA-USA.
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Results

Clinical characteristics of subjects providing bronchial
biopsies

We obtained and studied bronchial biopsies from 50 sub-
jects with COPD: 21 with close to normal lung functional
decline (i.e., non-decliners or sustainers), 14 slow declin-
ers, and 15 rapid decliners (Table 1). Follow-up duration
for functional decline evaluation was on average 6.1+3,
6.8+4 and 4.4+2 years (ANOVA: p=0.060) for non-,
slow and rapid decliners, respectively (Table 1). Func-
tional decline of FEV1% predicted post 2 was+30+43,
— 40419 and — 112+53 ml/year for non-, slow and
rapid decliners, respectively (Kruskal-Wallis: p <0.0001).
Smoking habit, expressed as pack/years was higher in
rapid decliners than in slow or non-decliners (Kruskal—
Wallis: p=0.045). DLCO% was slightly but significantly
lower in rapid decliners than in non-decliners (Kruskal—
Wallis: p=0.046, Mann—Whitney: p=0.019). When
all patients were grouped together, the % emphysema
scores correlated inversely and significantly with DLCO/
VA% (R=— 0.635, p=0.011). Table 3 shows the phar-
macologic therapies prescribed in patients before and
after bronchoscopy (at discharge). ICS is reported as
beclomethasone dipropionate equivalent dose (pg/day).
After discharge, therapy remained unvaried in the fol-
low-up period in 17 patients with no functional decline
(80.9%), 11 patients with slow functional decline (78.6%)
and in all 15 patients with rapid functional decline (100%)
(Table 3). ICS use at discharge was 1009 4539, 880 4268,
and 1722+754 pg/day BDP pMDI in non-decliners,
slow, and rapid decliners, respectively (Kruskal-Wal-
lis: p=0.060, Mann—Whitney, non-decliners vs. rapid
decliners: p=0.036).
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Immunohistochemistry in the bronchial epithelium
Numbers of inflammatory cells, CD4, CD8, CD68,
Natural Killer (NK), neutrophils (elastase+), eosino-
phils (EG2+), mast cells (tryptase+), CD20 (B cells),
plasma cells infiltrating the bronchial epithelium (cells/
mm) were similar in the three groups of COPD patients
studied. Scored total IgA and pIgR, also, did not differ
in the three groups (Fig. 1). Interestingly, the secretory
IgA score was significantly reduced in rapid decliners
compared to non-decliners (Kruskal-Wallis: p=0.037,
Mann-Whitney, p=0.011) (Figs. 1m, 2a,b). The intra-
observer (ADS) variability for secretory IgA score was
2.31%.

Immunohistochemistry in the bronchial lamina propria

In the bronchial lamina propria, we observed similar
numbers of CD4, CD8, CD68, NK, neutrophils, eosino-
phils, mast cells, B cells (CD20), total and secretory IgA
and plIgR (Fig. 3) across the three groups of patients.
A modest and diffused pIgR immunopositivity in the
lamina propria (LP) has also been observed. Since this
receptor is mainly expressed in bronchial epithelial
cells, its presence in LP may be due to epithelial leak-
age or damage and tissutal macrophage engulfment.
Interestingly, numbers of plasma cells in the lamina
propria were significantly decreased in rapid decliners
compared to non-decliners (Kruskal-Wallis: p=0.048,
Mann-Whitney, p=0.017) (Figs. 2¢, d, 3i). The intra-
observer (ADS) variability for plasma cells numbers in
the lamina propria was 1.60%.

Table 3 Therapy prescribed in COPD patients before bronchoscopy and at discharge after bronchoscopy

No decline (n. patients) Slow decline (n. patients) Rapid
decline (n.
patients)
Current therapy before bronchoscopy
ICS (BDP pMDI) 6 3 3
LAMA end/or LABA or SAMA and/or SABA 15 13 9
Theophylline 3 5 3
Any medication 5 1 5
Therapy at discharge after bronchoscopy
ICS (BDP pMDI) 11 5 9
LAMA end/or LABA or SAMA and/or SABA 16 13 13
Theophylline 3 5 4
Any medication 2 1 2

ICS inhaled corticosteroids, BDP beclomethasone dipropionate equivalent dose (ug/day), pMDI pressurized metered-dose inhaler, LAMA long-acting muscarinic
antagonist, LABA long-acting beta2 agonist, SAMA short-acting muscarinic antagonist, SABA short-acting beta2 agonist. ICS use was excluded for a washout period of

1 month before bronchoscopy in all patients
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Fig. 1 Quantitation of CD4 (a), CD8 (b), CD68 (c), natural killer cells (d), neutrophils (e), eosinophils (f), mast cells (g), B cells (CD20) (h), plasma cells
(i), total IgA (I), secretory IgA (m) and polymeric immunoglobulin receptor (pIgR) (n) in the bronchial epithelium of non-decliners (n=21), slow
decliners (n=14) and rapid decliners (n=15) with COPD. Bar represents median value. Secretory IgA was significantly reduced in rapid decliners
compared to non-decliners. Exact p value is reported in the graph (m)
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LP

Bar=20 micron

Fig. 2 Photomicrographs showing bronchial mucosa from a representative non-decliner (a, ¢) and a rapid decliner (b, d) with COPD,
immunostained for identification of secretory IgA protein (a, b) and plasma cells (¢, d) in the epithelium (E) and bronchial lamina propria (LP).
Results are representative of 21 non-decliners and 15 rapid decliners. Arrows (a, b) indicate immunopositivity in epithelial cells, which was reduced
in rapid decliners (b), and immunostaining of plasma cells (¢, d), which were reduced (d) in the lamina propria of rapid decliners with COPD.

LP

Correlations between plasma cell count, total

and secretory IgA and neutrophils in all COPD patients

in bronchial biopsies

In all COPD patients, plasma cell numbers in the lamina
propria correlated positively and significantly with total
IgA score in lamina propria (Fig. 4a), secretory IgA score
in epithelium (Fig. 4b) and pIgR score in lamina propria
(Fig. 4d). Number of neutrophils in lamina propria cor-
related also positively and significantly with plasma cell
numbers in the lamina propria (Fig. 4c). No other signifi-
cant correlations were observed.

ELISA tests for plgR in the supernatant and cell lysate

of LPS, H,0, and IL-8 treated and non-treated 16HBE cells
Human bronchial epithelial cells (16HBE) were treated
with LPS (10 pg/ml), H,O, (100 uM) and IL-8 (10 ng/ml)
for 4, 12, 24 h (Fig. 5). We analyzed the released form of
pIgR in the supernatants and its intracellular component
in cell lysates of stimulated and non-treated 16HBE cells.

In the supernatant, pIgR level (pg/ml) was enhanced by
LPS at 4 and 24 h (Fig. 5a) and by IL-8 at 4 h after treat-
ment, followed by a reduction at 12 and 24 h after IL-8
stimulation (Fig. 5¢). H,O, significantly reduced the level
of pIgR at 12 h after stimulation in the supernatant of
16HBE cells (Fig. 5b).

In the cell lysate, LPS had no effect on pIgR expression
at any time point or concentration studied (Fig. 5d). IL-8
stimulation significantly increased pIgR level (pg/ml) at
4 h after treatment (Fig. 5f). H,O, significantly reduced
pIgR concentrations at 4 h after treatment in the cell
lysates of 16HBE (Fig. 5e).

Discussion

We report here findings on the infiltration of inflamma-
tory cells and expression of markers of humoral immune
response in bronchial biopsies of patients with stable
COPD with different degrees of lung functional decline.
We evaluated three subgroups of COPD patients with
rapid, slow or no lung functional decline monitored for
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slow decliners (n=14) and rapid decliners (n = 15) with COPD. Plasma cell numbers were significantly reduced in rapid decliners compared to
non-decliners. Exact p value is reported in the graph (i). Bar represents median value
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an average of 5.8 years (all patients). The expression of
secretory IgA was significantly reduced in bronchial epi-
thelium and plasma cell numbers were significantly lower
in the bronchial lamina propria of rapid decliners with
stable COPD compared to non-decliners. No difference
was found in the bronchial inflammatory cell infiltration
due to CD4, CD8, CD68, CD20, NK, neutrophils, eosino-
phils, mast cells, polymeric immunoglobulin receptor
(pIgR) in epithelium and lamina propria of rapid declin-
ers compared to the other groups. Plasma cells in the
lamina propria correlated positively with total IgA score
in lamina propria of all patients. In vitro stimulation of
16HBE cells with LPS (10 pg/ml) and IL-8 (10 ng/ml)
significantly increased pIgR expression in human bron-
chial epithelial cells while H,O, (100 uM) significantly
decreased it.

In the three subgroups (phenotypes) of COPD patients,
follow-up duration for functional decline was similar
(5.8 years) and ranged for all patients between 3 and

15 years. Similar FEV1% predicted values, RV%, DLCO/
VA% and CT scored emphysema% were found, though
the group with rapid functional decline showed a trend
to lower DLCO/VA% and higher CT-scored emphy-
sema%. DLCO% was slightly but significantly lower in
rapid decliners compared to non-decliners (Table 1).
It is likely that in a larger sample these lung functional
parameters and CT-scored emphysema could would
show statistically significant differences. However, this
study was designed for different purposes, namely to
analyze inflammatory cell infiltration and markers of
humoral immune response, for which the sample size
was sufficient, going by the literature [21, 22]. The sub-
group of non-decliners improved their lung function
over the 6.1 years (mean = SD) study period. In an earlier
study, 15% of patients assessed showed an improved lung
function over the 3-year study period used for moni-
toring those patients [10], and the possibility that some
patients might have improvements over time was also
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Fig. 5 In vitro quantitation by ELISA tests of polymeric immunoglobulin receptor (plgR) (secretory component) in the supernatants and cell lysate
of normal primary human bronchial epithelial cells (16HBE) treated with lipopolysaccharide (LPS, 10 pg/ml), hydrogen peroxide (H,0,, 100 uM) and
IL-8, 10 ng/ml). In the supernatant, LPS stimulation significantly increased plgR protein release at 4 and 24 h after stimulation (a). IL-8 stimulation
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increased plgR expression at 4 h after treatment (f). H,0, significantly reduced plgR concentrations at 4 h after treatment in the cell lysates of 16HBE
cells (e)

noted by Fletcher and Peto [9, 10] in historical studies
on the natural history of COPD [9, 10]. Whether this is
related to genetic differences or to response to treatment,
numbers of exacerbations per year or smoking habit is
not clear [10]. Interestingly, our rapid decliners showed
a significantly higher pack/year consumption compared
to slow and non-decliners (Table 1) while the percentage
of frequent exacerbators in our rapid decliners (20%) was
similar to the percentage amongst non-decliners (28%).
These findings are in line with a previous study showing
that current smokers had 21 +4 ml/year more decline
compared to former smokers [10] while exacerbations
during follow-up correlated to greater decline in FEV1
with a mean loss of 2+ 0.5 ml/year per exacerbation [10],
suggesting that smoking habit plays a major role in lung
function decline.

In our study, the number of patients on the different
therapies (mainly LAMA, LABA and ICS) before bron-
choscopy and at discharge after bronchoscopy was sim-
ilar in the three subgroups of COPD patients (Table 3),
and after discharge therapy remained unvaried in the
follow-up period in 80.9%, 78.6% and 100% of non-, slow,
and rapid decliners, respectively (Table 3). Furthermore,

ICS consumption at discharge tended to be higher in
rapid decliners compared to the other groups (Kruskal—
Wallis, p=0.060). This seems in contrast with data from
the literature, e.g. the TORCH study which indicated
that decline in FEV1 may be reduced with regular treat-
ment [7, 10]. Unfortunately our study cannot provide an
answer to this point since it was designed with a limited
number of patients to answer different questions. Our
observation of a somewhat higher ICS consumption in
rapid decliners at discharge was, in our opinion, mainly
due to their severer outcome observed by clinicians who
tended to increase the pharmacologic treatment for this
subgroup of patients. We do not know whether a lower
ICS treatment level than that observed in our rapid
decliners would have even further aggravated the out-
come. Based on the TORCH study [7, 10], we can sur-
mise that it could be the case. Another aspect to consider
is that the adherence to therapy of our patients was not
precisely monitored prospectively, since our study was
conducted retrospectively.

In our immunohistochemical analysis of bronchial
biopsies from rapid, slow and non-decliners with COPD,
we found no significant differences among groups
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concerning the bronchial inflammatory cell infiltration
due to lymphocytes, NK cells, B cells, macrophages, mast
cells, neutrophils and eosinophils, indicating that, at
bronchial mucosal level, the increased systemic inflam-
mation previously reported [11-13] is not evident. Inter-
estingly, we observed decreased levels of secretory IgA in
bronchial epithelium of rapid decliners compared to non-
decliners (Fig. 1) and a decreased plasma cell count in
the lamina propria of rapid decliners compared to non-
decliners (Fig. 3). These data suggest that an impairment
of the humoral immune response, inhibiting adherence of
microorganisms to epithelium and their clearance, may
be involved in the rapid lung function decline aggravat-
ing the disease state of these patients. In previous stud-
ies, a decreased level of secretory IgA or pIgR has been
reported in association with severity of COPD. In severe
COPD, a decreased pIgR bronchial expression correlated
with airflow limitation and neutrophils [16, 17], while a
reduced secretory component in both large and small
airways correlated with the number of neutrophils in
the glands in large airways, and with bronchial obstruc-
tion in small airways [16]. Areas of altered bronchial
epithelium in COPD showed decreased secretory IgA
and pIgR associated with increased inflammation [17].
Reduction of secretory IgA in small airways was associ-
ated with invasion of bacteria, NFkB activation, increased
presence of macrophages and neutrophils and fibrotic
remodeling of the small airways [23]. Specific IgA levels
against P. aeruginosa were lower in stable non-colonized
COPD compared to healthy subjects [24]. Another study
found decreased pIgR in bronchial epithelium of severe
COPD and decreased pIgR and IgA transcytosis in bron-
chial epithelium cell cultures of severe COPD vs. control
subjects [25]. In our study, we did not observe a signifi-
cant correlation between lung function decline level (ml/
years) and post-p2 FEV1% predicted values (Spearman
rank correlation, p=0.249). In fact, the three groups of
COPD patients had similar (mean+SD) FEV1% pre-
dicted values notwithstanding their significantly different
lung function decline (according to pre-defined cut-offs,
see methods and Table 1). This suggests that, indepen-
dently of the degree of severity of bronchial obstruc-
tion, the lower levels of secretory IgA in epithelium and
plasma cells in lamina propria that we found in rapid
decliners vs. non-decliners are a specific feature of func-
tional decline and may be considered as markers of lung
function decline in COPD patients.

In distal airways, [gA™ B cells numbers were increased
in lymphoid follicles (LF) from severe COPD compared
to control non-smokers [26] and the intra-LF IgA™ cells
(%) were further increased in severe COPD compared to
mild disease [26], presumably representing an adaptive

Page 11 of 13

immune response to microbial and/or self-antigens, par-
ticularly in severe disease [26]. However, in a different
compartment of the lung, the IgA* plasma cell numbers
observed in bronchial mucosa of patients who died of
COPD were lower compared to COPD patients who died
from other causes [18]. More recently, plasma cells have
been shown to be more numerous in the mucosal glands
of patients with chronic bronchitis compared to asymp-
tomatic smokers, but similar in number in the subepithe-
lium [27]. In the bronchial mucosa (lamina propria) of
our rapid decliners with COPD we observed a significant
reduction of plasma cell numbers (Fig. 3) compared to
non-decliners, which was also significantly and positively
associated with the total IgA score in lamina propria and
secretory IgA score in bronchial epithelium, confirming
a relationship between the plasma cell numbers populat-
ing the bronchial mucosa and secreted IgA (Fig. 4). These
findings coming from the large airways of COPD patients
suggest an impairment of the humoral immune response
developing not only in the more severe forms of COPD
[9-12] or in patients who died from COPD [18] but also
in the presence of a rapid lung function decline and dete-
rioration of the disease state. Mechanisms of plasma cell
maturation and differentiation need to be studied to fur-
ther investigate the underlying molecular mechanisms
[28-30] potentially involved in the reduction of plasma
cells and secretory IgA in rapid decliners with COPD.

Our in vitro data, showing a decrease of polymeric Ig
receptor both in supernatants and cell lysate samples
after H,0O, treatment of 16HBE cells, a normal bron-
chial epithelial cell line, suggest speculatively, that oxi-
dative stress caused by smoking habit, may play a role
in reducing the IgA transcytosis from the normal bron-
chial mucosa to the airway lumen, starting in an early
phase of bronchial obstruction.

In conclusion, we found an impairment of humoral
immune response in COPD patients with rapid func-
tional decline. This finding contributes to the pheno-
typing of COPD patients.
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