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Supplementing Defect in Club Cell Secretory Protein
Attenuates Airway Inflammation in COPD

Anne Sophie Gamez, MD, Delphine Gras, PhD, Aurélie Petit, PhD, Lucie Knabe, MSc,; Nicolas Molinari, PhD;
Isabelle Vachier, PhD,; Pascal Chanez, MD, PhD; and Arnaud Bourdin, MD, PhD

BACKGROUND: Club cell secretory protein (CCSP) is a protective biomarker associated with
annual decline in lung function. COPD progression results from an imbalance between injury
and repair initially triggered by cigarette smoking.

OBJECTIVE: We investigated the effect of CCSP as a therapeutic strategy to restore the balance
between injury and repair in COPD simultaneously, validating an ex vivo air-liquid interface
(ALI) culture of human bronchial epithelial cells.

METHODS: Endobronchial biopsy specimens (EBBs) were obtained from 13 patients with
COPD, eight smokers, and eight control subjects. Morphometric analysis of the initial EBBs
was performed. ALI cultures derived from the same EBBs were exposed to cigarette smoke
extract (CSE) with or without exogenous recombinant human CCSP (rhCCSP) supplementa-
tion. CCSP and IL-8 concentrations were assessed at steady state and after CSE exposure.

RESULTS: Morphometric analysis of the initial EBBs showed increased cell density but
decreased immunostaining of CCSP+ cells in EBBs of patients with COPD (P =.03 vs control
subjects). At steady state, lower CCSP (P =.04) and higher IL-8 levels (P<<.0001) were found
in COPD ALI epithelium. Exogenous rhCCSP supplementation dampened CSE-induced
IL-8-release in patients with COPD and returned to levels similar to those of smokers and
control subjects (P=.0001). A negative correlation was found between IL-8-release in ALI and
CCSP+ cell density in initial biopsy specimens (P =.0073).

CONCLUSIONS: In vitro, rhCCSP exogenous supplementation can reverse CSE-induced IL-8
release in biopsy specimens from patients with COPD, indicating a potential use of this strategy

in vivo.

Manuscript received May 15, 2014; revision accepted November 3,
2014; originally published Online First December 4, 2014.
ABBREVIATIONS: ALI = air-liquid interface; CCSP = club cell secretory
protein; CSE = cigarette smoke extract; DAPI = 4/,6-diamidino-2-
phenylindole; EBB = endobronchial biopsy specimen; LDH = lactate
dehydrogenase; PBS = phosphate-buffered saline; rhCCSP = recombinant
human club cell secretory protein
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Imbalance between injury and repair is thought to play
a critical role in COPD progression, as depicted by the
presence of peribronchiolar fibrosis and hyperplasia of
mucus-secreting epithelial cells.! Interestingly, the club
cell secretory protein (CCSP) polymorphisms have been
involved in COPD pathogenesis,> while serum CCSP
level was found to be a major protective biomarker asso-
ciated with annual decline of lung function.? Club cells*
are thought to be a heterogeneous cellular population®
that plays a protective role in COPD thanks to its roles
in proliferation (as a resident stem cell niche), detoxifi-
cation, antiinflammation, and immunomodulation.s
Now a large body of evidence supports the notion that
these cells play a critical role in epithelial regeneration
and airway repair after injury.'* Moreover, fewer
CCSP-producing cells has been observed in COPD and
other chronic airway diseases with a remodeling fea-
ture, such as asthma or post-transplant obliterative
bronchiolitis.!!-16

CCSP is a 10-kDa protein. It is the most abundant protein
found in BAL (2-4 mg/L) in humans. It is a small, globular,
nonglycosylated, monodimeric protein. Its roles cover
endogenous antiinflammatory properties through
phospholipase A2 inhibition'” and subsequent decreased
eicosanoid production. CCSP is also known to play

an immunosuppressive role, predominantly against

T-helper 2 cells. It is an antioxidant protein that contains
a hydrophobic pocket for phospholipids and pollutants.
Other properties may involve a direct interaction with

FOR EDITORIAL COMMENT SEE PAGE 1447

neutrophils that are potential, key cellular partners in
COPD.'8

Most of these findings rely on animal studies, in which
club-cell biology is rather different from cell biology in
humans. In mice, club cells are the predominant cell
type in the airway from the trachea to the terminal
bronchiole.?

Air-liquid interface (ALI) cultures of airway epithelium
obtained from endobronchial biopsy specimens (EBBs)
collected during bronchoscopy allow new insights into
the dynamics and interactions of different epithelial cell
phenotypes at steady state and after stimulation, in health
and disease.!*?> We investigated if a CCSP defect is a hall-
marKk of the airway epithelium in COPD and if it could
be reproduced ex vivo in ALI cultures. We tried to restore
the imbalance between injury and repair by using exoge-
nous CCSP supplementation in ALI cultures obtained
from control subjects, smokers, and patients with COPD,
and from cultures exposed to cigarette smoke extracts
(CSEs), with IL-8 release being the marker of injury.

Materials and Methods

Subjects

The study recruited 29 subjects (13 patients with COPD, eight smokers,
and eight control subjects who had never smoked) at the Arnaud
de Villeneuve Hospital, Montpellier, France, in 2010. COPD diag-
nosis was based upon evidence of nonreversible obstructive airflow
FEV /FVC < 0.7, FEV, improvement after inhaling 200 to 400 pg of
albuterol <12% and 200 mL, and a smoking history of > 10 pack-years;
and without any evidence for alternative diagnosis according to the best
standard of care (ie, no history of any other respiratory disease based on
clinical examination or CT scan findings). Smoking status was recorded
(active vs weaned). Smokers and healthy subjects had no airflow limita-
tion. At the time of EBB collection, patients were at steady state and free
of any exacerbation for at least 6 weeks. Bronchoscopy was performed
when indicated by a chest physician, usually for peripheral-nodule
exploration or other CT scan abnormalities. Bronchoscopy indication
in control subjects was checked by the operator before enrollment and
confirmed as follows: foreign body suspicion and/or removal (n = 5), trau-
matic pneumomediastinum (n =2), and CT scan abnormality (n=1;
corresponded to a peripheral nodule in a young patient without any
respiratory disease, but discovered with an opacity at medical occupational
visit on systematic chest radiograph [final diagnosis, hamartochon-
dromal]). The study protocol was approved by the ethics committee of
our institution (approval No. 2013-A00553-42), and all patients agreed
to participate by reading and signing written informed consent forms.
All measurements and experiments were performed in a blinded fashion.

Endobronchial Biopsy Specimens

All subjects underwent flexible bronchoscopy, and two to three biopsy
specimens were collected from each patient by using alligator forceps

(Olympus Corp) on a subsegmental bronchus of the left lower lobe, as
previously described.?* Briefly, local anesthesia (lidocaine, 1%-5%; max-
imum dose, 300 mg; AstraZeneca plc) was administered to the nasal
and buccal cavity, followed by insertion of a fiber-optic bronchoscope
(Olympus BF20; Olympus Corp) into the trachea through the nose.

Measurements of Basement Membrane and
Epithelial Thickness and of CCSP Positive Staining

One biopsy specimen from each patient was fixed in neutral 4% form-
aldehyde buffer and embedded in paraffin. Four to six sections were
apposed on a slide and stained with hematoxylin and eosin. Basement
membrane and epithelial thicknesses were expressed as the average
area-to-length ratio using Wilson's method, as previously described.2* All
measurements were generated with a light microscope at X 400 magni-
fication (Olympus TH2; Olympus Corp) linked to a charged-couple
device camera (Sony DXC950P; Sony Corp). Morphometric analyses
were performed using dedicated software (Image]J; US National Institutes
of Health). The pixel resolution was 0.02 pm.

CCSP staining was performed using CC protein human rabbit polyclonal
antibody (Biovendor Inc). The stained area was expressed as a percent-
age of the total epithelial area. All nuclei were manually counted and
cell density per wm? of epithelial area was computed. All well-oriented
(ie, perpendicular to the basement membrane with respect to a pseu-
dostratified organization) fields per slice were measured. Results were
expressed as a density of CCSP+ cells (stained area of CCSP divided by
total cell density).

To further characterize CCSP-expressing cells, dual staining was
performed using, respectively, MUC5AC (Abcam plc) and tubulin IV
(Sigma-Aldrich Co LLC) antibodies in four patients with COPD and



four control subjects. 4/,6-Diamidino-2-phenylindole (DAPI) (DAPI
stain; Sigma-Aldrich Co LLC) was applied for nuclei counterstaining.
Negative control subjects were assessed by applying the secondary anti-
body only (Alexa fluor 488 donkey anti-mouse IgG for MUC5AC and
tubulin IV, and Alexa fluor 555 donkey anti-rabbit IgG for CCSP, respec-
tively (both from InVitroGen Corp). Morphometric analysis was done
at X 40 magnification using dedicated software (Cell P; Olympus Corp).
Total epithelial cell count was obtained by assessing the number of
DAPI-counterstained nuclei, and different cell types were assessed.
For each biopsy specimen, all adequate fields were analyzed eliciting
computations from epithelial areas corresponding to 1 to 1.5 mm of the
basement membrane length.

Human Bronchial Epithelial Cell Primary Cultures
Under ALI

Primary human bronchial epithelial cells were obtained from remaining
EBBs (usually two) and cultured under ALI conditions, as previously
described by Gras et al."? Cells were maintained in culture for 21 days
to obtain a differentiated cell population with a mucociliary phenotype.

Cigarette Smoke Extract

Commercial cigarettes (Marlboro; Philip Morris USA Inc) were smoked
by continuous suction in a chamber connected to a vacuum. Mainstream
smoke was drawn through 30 mL of phosphate-buffered saline (PBS)
that was prewarmed to 37°C by application of a vacuum to the vessel
containing the PBS. Each cigarette was smoked for 8 min, and three
cigarettes were used per 30 mL of PBS to generate a CSE-PBS solution.
This solution was adjusted to pH 7.4 and the solution was sterilized
through a 0.2-pm filter. We obtained a 100% stock solution of CSE,
diluted to 50%, 25%, and 10% CSE solution. Solution equivalent to 0%
CSE contained PBS only.

Exposure of Bronchial Epithelial Cell Culture to CSE

Time-course and dose-response slopes were acquired in seven control
samples at time points 6, 12, 24, and 48 h to select the most appropriate
conditions. Mixed-effect models taking into account the repeated mea-
surements showed no significant differences. Basically, CSE-induced
IL-8 release was then visually chosen as being maximal without excessive

cell mortality at 24 h of CSE exposure at a dilution of 50%. Epithelial
integrity and cell mortality were tested using morphologic appearance
of the culture, and lactate dehydrogenase (LDH) release (enzyme-linked
immunosorbent assay; Abcam plc) was assessed in the supernatant col-
lected at 24 h in controlled conditions, and in CSE 50%, and compared
with Triton 1% (used as a reference for 100% mortality) in three samples.

Exposure of Bronchial Epithelial Cells to
Recombinant CCSP

Inhibitory potentials of recombinant human CCSP (rhCCSP)
(rhUteroglobin/SCGB1A1; R&D Systems Inc) were tested at two dif-
ferent concentrations: 3 and 0.3 pug/mL, which were the maximal and
minimal concentrations found in BAL. thCCSP was applied at the
apical pole of culture cells in ALI with and without CSE.

Measurement of IL-8 and CCSP Concentrations

IL-8 and CCSP concentrations were assessed in the apical lavage of ALI
cultures before and after CSE stimulation using enzyme-linked immu-
nosorbent assay kits (Diaclone SAS and Biovendor Inc, respectively).
Apical lavage was a brief rinse of the apical side of the cell layer in culture
with 200 L of PBS gently reaspirated. Total RNA was purified from
cell lysates (RNeasy; Qiagen NV), and cDNA was synthesized (Ready-
to-Go RT-PCR beads; General Electric Co). Human CCSP gene expres-
sion was determined by quantitative reverse transcriptase-polymerase
chain reaction (LightCycler480; F. Hoffmann-La Roche Ltd) using
SybrGreen and specific primers (Eurofins MWG Operon Inc), and using
glyceraldehyde 3-phosphate dehydrogenase as an internal control.

Statistical Analysis

Continuous variables were expressed as mean and SD when normally
distributed and then compared using analysis of variance; in other cases,
median and interquartile ranges were considered and comparisons
done using a nonparametric test. A mixed-effect model was built to
test for repeated measures when applicable. A nonlinear regression was
tested for correlations between initial biopsy-specimen data derived
from morphometric analysis and data generated upon ALI cultures. As
there were no data available in the literature, the study size was based
upon our preliminary results.

Results

Subject Characteristics

Bronchial biopsy specimens from 13 patients with COPD,
eight smokers, and eight healthy subjects successfully
grew in ALI culture and were considered for analysis.
Clinical characteristics of the subjects are reported in
Table 1. Most patients with COPD had mild airflow
obstruction, were men, and had been weaned from
smoking for more than 1 year. Cumulative smoking his-
tory was similar in patients with COPD and smokers.
Patients with COPD were taking more medications than
the smokers, including inhaled corticosteroids and
long-acting bronchodilators.

Morphometric Analysis and CCSP Staining
in Proximal Airways

Morphometric analysis showed a significant increase
in epithelial cell density in COPD as compared with
smokers and control subjects (Table 2). While negative
control cultures (secondary antibody only) showed no
detectable staining, we found a significant decrease in

CCSP-expressing cell density in the airway epithelium
obtained from patients with COPD (P = .030 between
control subjects and COPD) (Table 2). Representative
pictures of CCSP immunostaining are given in Figures 1A
and 1B. CCSP-expressing cells usually presented as
undistinguishable epithelial cells, nonciliated and non-
mucous, with staining predominant at the apical side
next to the lumen. Representative pictures of dual stain-
ing assessed for CCSP-MUC5AC and CCSP-tubulin IV
are presented in Figure 1C. Basically, only few cells
exhibited dual staining for both MUC5AC and CCSP,
and this never occurred with tubulin IV. Similar levels
of those double-positive CCSP-MUC5AC cells were
seen in cultures from patients with COPD and control
subjects. More MUC5AC- and fewer CCSP-expressing
cells were observed in cultures from patients with COPD
(ratio CCSP/MUC5AC-expressing cells, 0.2 £ 0.1

vs 0.8 +0.8; P=.05).

CCSP in Upper Lavage of Cell Cultures

CCSP concentrations were significantly lower in the
apical lavage of ALI cultures from patients with COPD



TABLE 1 | Demographic Description of the Subjects

Characteristics COPD (n=13) Smokers (n=28) Control Subjects (n=8) P Value
Age, mean+SD, y 60.6+14.2 47.7+17.4 44.1+22.9 .1422
Sex, % male 92.3 62.5 50 .0660
Cumulative smoking, mean = SD, pack-y 37.3x17.7 40.0+16.8 NA .78802
FEV,/FVC, mean +SD 0.547+0.135 0.805+0.076 0.782+0.058 <.0001
FEV,, mean +SD, % 59.8+25.7 91.1+10.4 106.3+18.4 .0004
GOLD 2011 status, % I-II 61 NA NA NA
Smoking status, % weaned >1y 69.3 0 NA NA
Treatments, % NA

ICS 39 0

LABA 54 0

LAMA 39 0

Other? 23 25 0

GOLD = Global Initiative for Chronic Obstructive Lung Disease; ICS = inhaled corticosteroid; LABA = long-acting B-adrenoceptor agonist; LAMA = long-

acting muscarinic antagonist; NA = not applicable.
aDifference between patients with COPD and smokers.

®Other treatments included statins and angiotensin-converting enzyme inhibitors, respectively, in three and two patients with COPD and statins in

two smokers.

when compared with that of control subjects (P = .040).
CSE was added at 50% for 24 h and had no significant
effect on CCSP release (Fig 2A). CCSP mRNA expression
was not significantly different between groups (Fig 2B).
Epithelial integrity and viability were unaffected by

CSE 50%, as direct observation of the cultures showed
persistent cilia beating and mucus secretion; LDH con-
centrations remained similar to control conditions and
lower than cultures exposed to Triton 1% (Fig 2C).

rhCCSP Modulates CSE-Induced IL-8 Release

Basal levels of IL-8 were significantly increased at steady
state and after CSE exposure in ALI cultures from
patients with COPD (P = .048) (Fig 3A). Exogenous
supplementation with rhCCSP dramatically reduced
CSE-induced IL-8 release in patients with COPD
(mixed-effect model, overall P value in COPD = .0005;
combined group and rhCCSP effect in COPD, P =.0001
for both rhCCSP concentrations of 300 and 3,000 ng/mL).
There was no significant effect in other groups and
conditions (Fig 3B). At the basolateral side, IL-8 con-

centrations were similar in upper lavages (t test P =.74
for n = 11; as some data were missing, only upper lavages
were analyzed).

Correlation Between CCSP+ Cells and Basal
IL-8 Levels

Exploratory correlations between initial biopsy and cul-
ture finding were tested. The number of CCSP-expressing
cells in the initial EBB was significantly negatively cor-
related with the initial IL-8 concentration in the apical
ALI culture lavage following an exponential distribution
(r>=0.7249, P = .0073) (Fig 4).

Discussion

In the present study, we first demonstrated fewer
CCSP+ cells associated with an increased epithelial
density in the proximal airways of patients with COPD.
For the first time to our knowledge, decreased CCSP pro-
duction contrasted with increased IL-8 production was
reproduced in the ex vivo model of ALI culture of bron-
chial epithelium, mimicking the imbalance between

TABLE 2 | Morphometric Analysis of the Initial Endobronchial Biopsy Specimens

Criteria COPD (n=13) Smokers (n = 8) Control Subjects (n = 8) P Value
Basement membrane thickness, um 8.8+0.9 12.0+2.1 10.1+4.3 .389
Epithelial thickness, pm 55.8+22.6 42.4+7.1 41.4+8.3 .144
Epithelial cell density (No. of cells/mm BM) 0.640+0.403 0.337=0.106 0.305=0.055 .003
CCSP+ cell density (% stained area/cell density) 10.8+9.9 35.9+59.2 51.6+33.4 .030

Data given as mean = SD. BM = basement membrane; CCSP = club cell secretory protein.



C Control COPD

Negative control

B MUCSAC - CCSP

Tubulin IV - CCSP

Figure 1 - Representative pictures of CCSP staining in paraffin-embedded biopsy specimens (CCSP stain, original magnification X 400). A, Staining of a
biopsy specimen from a patient with COPD. B, Only few apical CCSP+ stained areas are seen contrasting with a wider repartition and intensity in
control subjects. C, Representative pictures of dual staining for CCSP-MUC5AC and CCSP-tubulin IV in specimens from control subjects and patients
with COPD and their respective control cultures (secondary antibodies only) observed in paraffin-embedded, initial bronchial biopsy specimens. White

arrows indicate dual-stained cells. CCSP = club cell secretory protein; DAPI = 4/,6-diamidino-2-phenylindole.

inflammation and repair that are the hallmarks of COPD.
Second, addition of rhCCSP in ALI cultures, stimulated
by CSE, showed a dramatic decrease of apical IL-8 released
in patients with COPD. Finally, density of CCSP-
expressing cells in the initial EBB negatively correlated
with basal IL-8 release assessed during ALI culture.

CCSP-related cells were reported in the proximal airways
in the present study and were found in our reconstituted
model. These cells were initially described in the distal
airways, but they have been found by other authors in the
whole bronchial tree.'*? The present findings confirmed
previous reports'>1425 showing fewer CCSP+ cells in
various diseases, including COPD and bronchiolitis
obliterans syndrome, at the distal level. Of note, CCSP-
expressing cells in the proximal airways may also express
MUCS5AC but not tubulin IV, suggesting a potential of
CCSP-expressing cells to differentiate into goblet cells.
In that case, double-stained cells may represent cells
following this process and expressing both markers
transiently.>2

The decrease in CCSP release from the reconstituted
epithelium in ALI was consistent with previous reports
showing a decreased level in BAL and sputum fluid
supernatants.'26 Some reports related CCSP polymor-

phisms to COPD clinical and functional characteristics.
CCSP was proposed as a potential biomarker that may
protect against accelerated FEV, decline in COPD.??
This came with the development of the pneumoprotein
serum levels increase as pneumoproteins leak from the
airway due to various injuries.”

The defect in CCSP cells and the low level observed in
the present study suggest a crucial role for CCSP as a
marker of structural changes in the epithelium in
COPD. CCSP can orchestrate regeneration/reparation
at the site of epithelial injury, especially in distal airways.
We extended this role to the whole bronchial tree. It can
be an important marker for COPD and a potential agent
participating in the healing process.

ALI cultures are widely used as interesting human-
derived cellular models to test new hypotheses and
treatments in chronic airway diseases. We reported
that airway epithelial cell phenotype was sustained

ex vivo in severe asthma.!® These findings led us to use
this model in COPD and investigate new mechanisms
associated with this devastating disease.

Using this ex vivo model, we report an exaggerated
release of the inflammatory mediator IL-8 and a
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Figure 2 — A, CCSP levels in air-liquid interface (ALI) apical lavage
(between-group P = .04 at baseline; CSE had no significant effect [mixed-
effect model P = .84 for interaction between condition and groups]).
Boxplots display median and interquartile ranges, while error bars repre-
sent 95% Cls. B, CCSP mRNA values at baseline (between-group P =.72).
Boxplots display median and interquartile ranges, while whisker bars
represent 1 SD above the mean. Outliers are plotted as individual points.
C, LDH release at 24 h in the ALI supernatant from cultures unexposed
(control), exposed to CSE 50%, and compared with Triton 1%. CSE =
cigarette smoke extract; LDH = lactate dehydrogenase; mRNA = messenger
RNA. See Figure 1 legend for expansion of other abbreviation.

decreased CCSP release in COPD. We used rhCCSP at
different doses that reproduced the range of in vivo
BAL concentrations. Our results seemed unaffected by
the dose. We carefully checked the baseline spontaneous
CCSP release levels, and what we observed was not
related to CSE.

Those findings fit previous data? obtained using
BAL*3! or induced sputum analysis.!"* They can be
combined with the numerous studies showing neu-
trophilic infiltration in biopsy specimens, as IL-8 is a
well-known, potent, neutrophil chemoattractant factor.

Our data support the persistence or “memory” of a pro-
inflammatory phenotype at the epithelial level in COPD
despite the different steps of the culturing process and
the duration of the procedure to restore a fully differen-
tiated bronchial epithelium. Those findings indicate that
abnormal epithelium is a constant characteristic of the
bronchi in COPD and may be a target for a real disease-
modifying drug. Critical views on epigenetic transforma-
tion of the airway epithelium in COPD are required

to better understand whether it can be reversed or
not.33-36

Various microorganisms and active smoking are known
proinflammatory triggers of the epithelium in COPD.
Of note, none of the patients with COPD were still
active smokers, and we performed biopsy procedures at
a long distance from a potential infectious, related epi-
sode. The smokers included were quite heavy smokers
(similar to COPD), so they were considered as not sus-
ceptible to COPD development. The cell cultures of the
smoker group behaved more like control subjects than
patients with COPD, which suggests that our findings
are more related to the disease than the cigarette smoke
only. Moreover, IL-8 release assessed in the apical
lavage of ALI cultures at steady state was similar in
smokers and control subjects. This was not the case for
CCSP release, where a trend toward a decrease was also
seen in smokers (the role of ongoing active smoking
could not be properly addressed in our study). Potentially,
most CCSP production may take place lower in the air-
ways in vivo and the proximal assessment presently eval-
uated may not reflect the whole organ. Interestingly, we
found no difference in messenger RNA expression
between groups, suggesting posttranscriptional regula-
tions, including the possibility of a nonsecreted form of
the protein. The ability of rhCCSP supplementation to
significantly reduced CSE-induced IL-8 release in
patients with COPD led us to consider its use as a ther-
apeutic agent.
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We observed a correlation between data obtained from
the initial biopsy specimens and from the ALI culture.
This also validates the consistency of our ex vivo model.
This negative relationship between CCSP-expressing
cells and IL-8 is a potential validation of their biologic
link despite the absence of causative link. It also sup-
ports the hypothesis that a sustained imbalance between
injury and repair is involved in COPD pathobiology,
even at baseline, as this relationship is negative. A tight
link between IL-8/neutrophils and CCSP has been
already suggested in previous reports.6$111418 The expo-
nential shape of the relationship was not observed before.
It suggests the existence of a still-unknown intermediate
hub.

The absence of investigation of the mechanisms respon-
sible for the defect in CCSP or for the inhibition of
CSE-induced IL-8 release by rhCSSP use is a limitation
of the present study. Regarding IL-8 inhibition, nuclear
factor-kB and mitogen-activated protein kinase path-
ways are obvious candidate targets for thCCSP, although
the lack of sufficient samples and remaining material

precluded these investigations in the present study.
Causes of decreased numbers of CCSP+ cells and
CCSP epithelial release may involve susceptibility path-
ways worth understanding.

Whether CCSP acts directly or indirectly at the cell
level, through an unknown cell receptor or by binding
surrounding toxicants and then limiting their delete-
rious cell effects, is somewhat important, but the result-
ing less-pronounced inflammatory signal is potentially
more important clinically. Recent evidence of nuclear
factor-kB and ERK1/2 downexpression under CCSP
supplementation are providing meaningful insight into
cell changes offered by CCSP, even though this does
not really better address the question presently raised.’”

Overall, this study is an original contribution to a better
understanding of COPD, with an emphasis on a defect
in a physiologic host-defense process. These findings
need confirmatory data but raise hope for a more mech-
anistic attempt, using exogenous CCSP, to interfere with
the natural history of COPD.
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