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Abstract

Background. Although researchers have consistently demonstrated systemic inflammation in
chronic obstructive pulmonary disease (COPD), its origin is yet unknown. We aimed to compare
the lung bronchial and parenchymal tissues as potential sources of major acute-phase reactants in
COPD patients and resistant smokers.

Methods. Consecutive patients undergoing elective surgery for suspected primary lung cancer
were considered for the study. Patients were categorized as COPD or resistant smokers ac-
cording to their spirometric results. Lung parenchyma and bronchus sections distant from the
primary lesion were obtained. C-reactive protein (CRP) and serum amyloid A (SAAI, SAA2 and
SAA4) gene expressions were evaluated by RT-PCR. Protein levels were evaluated in paraffin
embedded lung tissues by immunohistochemistry and in serum samples by nephelometry.

Results. Our study included 85 patients with COPD and 87 resistant smokers. In bronchial and
parenchymal tissues, both CRP and SAA were overexpressed in COPD patients. In the bronchus,
CRP, SAAI, SAA2, and SA4 gene expressions in COPD patients were 1.89-fold, 4.36-fold,
3.65-fold, and 3.9-fold the control values, respectively. In the parenchyma, CRP, SAAI, and SAA2
gene expressions were 2.4|-, 1.97-, and |.76-fold the control values, respectively. Immuno-
histochemistry showed an over-stained pattern of these markers on endovascular cells of COPD
patients. There was no correlation with serum protein concentration.

Conclusions. These results indicate an overexpression of CRP and SAA in both bronchial and
parenchymal tissue in COPD, which differs between both locations, indicating tissue/cell type
specificity. The endothelial cells might play a role in the production of theses markers.

Key words: COPD; C-reactive protein; Serum Amyloid A; gene expression; immunohistochemis-
try.

Introduction

Chronic obstructive pulmonary disease (COPD)  wide, considerably impairing the health-related qual-
is a leading cause of morbidity and mortality world- ity of life. COPD is also associated with systemic ef-
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fects, among which cardiovascular disease, skeletal
muscle dysfunction, and systemic inflammation have
been studied in detail [1].

Systemic inflammation in COPD is defined as
increased levels of inflammatory markers from dif-
ferent biological pathways [2]. C-reactive protein
(CRP) is a major acute-phase reactant and one of the
more deeply studied molecules of the human body in
relation with COPD [3]. Serum amyloid A (SAA), an-
other major acute-phase reactant, is also associated
with COPD [4]. Interestingly, CRP and SAA share
secretory stimuli, with a similar increase pattern in the
serum [5]. Although these inflammatory markers
show consistent increase, issues such as wide varia-
tions in these elevations among COPD patients or
prognostic cut-off values remain to be addressed.

The most obvious explanation for the presence of
systemic inflammation in these patients is that this
pulmonary inflammation somehow “spills over” into
the systemic circulation [6]; however, the results of
previous studies do not completely support this hy-
pothesis. Although proteins originating from the lung
may exert systemic effects, there is a lack of correla-
tion between airway cytokine concentrations and
those in the circulation [7], and investigators have
been unable to find an association between the in-
flammatory load of induced sputum and plasma.

To verify the spill over hypothesis investigation
should start to address whether lung tissues can
produce these biomarkers in COPD. Previous studies
have described that lung tissues can synthesize
acute-phase biomarkers in normal tissues and in an-
imal or cell models [8-10]. However, it has not yet
been investigated whether lung tissues can synthesize
inflammatory mediators of COPD in comparison with
non-COPD (resistant) smokers. The closest study was
recently published showing a non-specific immuno-
histochemistry staining for SAA in macrophages close
to the airway epithelium of COPD patients [11]. In-
terestingly, studies have evaluated protein production
or gene expression in bronchial tissue or lung paren-
chyma without comparing the results between these
compartments. Tissue specificity in different respira-
tory system compartments in COPD as compared to
resistant smokers has not yet been investigated.

In the present study we aimed to analyse the
lung tissues production of major acute-phase reac-
tants, evaluate the site of production and correlate
with the levels of the same biomarkers in serum sam-
ples. We conducted a case-control design to evaluate
COPD patients and non-COPD smokers who under-
went resection of suspected primary lung neoplasm.
We analysed the gene expression of CRP and SAA
using reverse transcriptase-polymerase chain reaction

(RT-PCR) in both bronchial tissue and lung paren-
chyma. Additionally, we evaluated the tissue protein
production by immunohistochemistry and serum
protein concentration by nephelometry. Thus, we
were able to assess if the production of these
acute-phase reactants is different in both locations,
provide information on the location of this overpro-
duction, and if it correlates with the systemic in-
flammatory load as measured by these two bi-
omarkers.

Methods
Subjects

We recruited consecutive patients in the surgical
waiting list who were about to undergo elective
pneumectomy or lobectomy for suspected primary
lung cancer from February 2008 to June 2011. The
study was approved by the Institutional Review
Board from Hospital Virgen del Rocio, and patients
provided written informed consent prior to their in-
clusion in the study. The patients were identified
upon the day of admission, i.e. a day before surgery
was planned. Patients who were <40 years of age, had
an acute respiratory infection during the previous 2
months, had a previously diagnosed neoplasm, re-
ceived radiotherapy or chemotherapy, or suffered
from chronic inflammatory diseases were excluded
from the study. Further, the time spent from the
opening of the cutaneous layer through the extraction
of the anatomical sample was measured, and cases in
which this time was >3 hours were also excluded
from the study, since any potential stimulation of the
studied biomarkers due to surgery cannot be ruled
out.

Medical records were checked to ensure that the
patients had a recent lung function test. Those whose
spirometry results revealed a forced expiratory vol-
ume in the first second (FEV1)/forced vital capacity
(FVC) ratio < 0.7 were considered in the COPD group,
and the remaining resistant smokers were used as the
control subjects. All patients completed a standard-
ized questionnaire recording their medical history,
tobacco consumption, and actual treatments. Further,
the TNM staging of the primary lesion [12] and the
surgical procedure data were also collected. During
the surgery, a sample within the resected bronchus
was taken for microbiological studies prior to the re-
section in order to evaluate microbiological coloniza-
tion. Additionally, the microbiological samples of the
bronchoscopic studies prior to the surgery were also
reviewed.

After the surgery, a 5-10-g section of lung pa-
renchyma and the largest available section of the re-
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sected bronchus were selected. Samples that were the
most distally located from the primary lesion were
immediately processed in our laboratory. The rest of
the anatomical sample was sent to the pathology de-
partment for the diagnosis of the primary lesion.

Tissue processing

Tissue samples were analyzed using quantitative
RT-PCR, which consists of 3 phases: RNA extraction,
reverse transcription to cDNA, and gene amplifica-
tion. RNA was isolated from fresh tissue following the
TriSure manufacturer’s protocol (Bioline, London,
UK). Then, RNA was treated with DNAase free of
RNase using a commercial kit (QIAgen, GmbH) to
remove any residual genomic DNA, and cDNA was
synthesized using an iScript kit (Bio-Rad, CA). Each
reaction was duplicated at a total volume of 25 pl and
contained 2 pl cDNA (40 ng/pl), 12.5 ul SYBR Green
PCR master mix (Stratagene, CA) and 10.5 pl pri-
mers/H>O. RT-qPCR was performed wusing a
MX3005P system (Stratagene) at 95°C for 30 s, 60°C for
1 min, and 72°C for 30 s. Gene amplification was
normalized to 18s RNA. The primers used for ampli-
fication are described in Table 1. Since human SAA
protein consists of 3 tightly linked genes (SAA1, SAA2
and SAA4) [13], the GeneBank database from the Na-
tional Center for Biotechnology Information (NCBI)
was consulted and those portions of the genes which
were not in the homology region were selected. These
primers were then synthesized ad hoc by an external
company (Sigma-Aldrich).

Serum analysis

Serum CRP and SAA were measured by im-
munonephelometry (Dade Behring, Marbrug, Ger-
many) according to the manufacturer’s instructions.
The nephelometric determinations of CRP were per-
formed using a polystyrene-enhanced immunoneph-
elometric method on a Dimension Vista System (Sie-
mens, Munich, Germany). Commercially available
kits were used (Dade Behring, Marburg, Germany).
The nephelometric determinations of SAA were per-

Table I. Primers used.

formed using a latex-enhanced immunonephelome-
tric method on a Dade Behring BN2 Nephelometer
Analyzer equipped with commercially available kits
(Dade Behring, Marburg, Germany).

Immunohistochemistry

Tissue blocks from the subpleural parenchyma
avoiding areas involved by tumor were fixed in 10%
formalin, embedded in paraffin, and 5-pm sections
were prepared for immunohistochemical analysis.
Mouse monoclonal antibodies against SAA1 (Novus
Biologicals, Cambridge UK), and CRP (Abcam, Cam-
bridge UK) were used. Antigen retrieval was achieved
by microwave heat treatment in citrate buffer (Dako,
USA) at 98°C for 15 min. Bound antibody was devel-
oped with daiminobenzidine using a Dako Envision
staining kit (K4065) according to manufacturer’s
recommendations. Stained sections were observed
under light microscope by two independent observ-
ers. All immunohistochemical studies were per-
formed including the standard quality controls. As a
negative control, we performed an immunohisto-
chemical study using secondary antibodies without
the primary antibody.

Statistical analysis

Statistical computations were performed using
the Statistical Package for Social Sciences (SPSS, IBM
Corporation. Somers, NY) version 20.0. Clinical vari-
ables were presented as the mean with standard de-
viations or the absolute and relative frequencies de-
pending on the nature of the variable. Laboratory data
on gene expression were analyzed using the 2-3ACt
method [14]. Comparisons of gene expression be-
tween both anatomical locations were performed us-
ing the Wilcoxon test, and comparisons between cases
and controls were evaluated by the Mann-Whitney
test. Simple linear correlations between tissue gene
expression and serum protein concentration were
studied by Spearman coefficient. Alpha error was set
at 0.05.

Forward Reverse
18s TGAAATATCCAGAACATCTTA GCAAAATTTATTGTCCCATCAT
CRP GTGTTTCCCAAAGAGTCGGATA CCACGGGTCGAGGACAGTT
SAA1 ATCAGCGATGCCAGAGAGAAT GTGATTGGGGTCTTTGCCA
SAA2 AGCCAATTACATCGGCTCAG ATTTATTGGCAGCCTGATCG
SAA4 GTCCAACGAGAAAGCTGAGG AGTGACCCTGTGTCCCTGTC
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Results

Patients and procedures

Our study included 85 patients with COPD (95%
males, age: 67 = 7 years, FEV1 69.5 £ 17.2%) and 87
resistant smokers. The clinical characteristics of the
patients are summarised in Table 2. The patients un-
derwent pneumectomies (9.3%), lobectomies (80.2%),
and atypical resections (10.5%). Interventions were
performed on the right and left hemithorax in 60.2%
and 39.8% of the patients, respectively. Adenocarci-
nomas (36.6%) and squamous cell carcinoma (34.3%)
were the most frequently encountered types of cancer.
After the revision of histology, 6.4% of the cases had
benign tumors and 81% of the cases had
non-neoplastic disorders, which accounted for 15.1%
of non-malignant tumors. Most of the malignant cases
(41.8%) were stage I subtypes. COPD patients had
malignant histology more frequently (94.1% vs. 75.9%,
p = 0.001). Five cases in each group resulted to have a
positive culture either in the bronchoscopic or in the
surgical samples.

Table 2. Characteristics of the patients.

Controls COPD P value*
(n=87) (n=85)

Males (n) 62 (71.3%) 81 (95.3%) <0.001
Age (years) 61.4 (11.8) 67.6 (7.5) <0.001
Tobacco history 37.6 (32.4) 63.2 (35.3) <0.001
(pack-years)
GOLD stage:
-GOLD1 23 (27.7%)
-GOLD 2 52 (62.7%)
-GOLD 3 8(9.6%)
- Not availablet 2(2.3%)
Charlson-age index 42((22) 5.9 (1.5) <0.001
Inhaled corticoster- - 16 (18.8%)
oids use
Long-acting £52 ago- - 17 (20%)
nists use
Tiotropium use - 27 (31.8%)
FVC (%) 102.7 (79.7) 91.3 (19.7) NS
FEV1 (%) 89.1 (16.9) 69.5 (17.2) <0.001
FEV1/EVC (%) 77.5(7.9) 59.0 (8.1) <0.001
Patients taking 18 (20.7) 25 (29.4) NS

statins (n)

Data expressed as mean (standard deviation) or absolute (relative) frequen-
cies as requested. * p value calculated by x?2 test or Student t test for unpaired
data as appropriate. NS: not significant. tTwo COPD patients could not
provide recent spirometric data: One tracheostomised and one could not
collaborate. Both had old spirometric values confirming the diagnosis of
COPD.

Acute-phase reactants in bronchial tissue

CRP and SAA were overexpressed in bronchial
tissue in patients with COPD as compared to the con-
trols (Figure 1a). CRP expression was 1.89-fold higher
in COPD patients than in the controls. Further, SAA
expression was higher in bronchial tissue (Figure
1b-d). The SAA1, SAA2, and SAA4 expressions in
COPD patients increased by a 4.36-fold (p=0.013),
3.65-fold (p=0.004), and 3.9-fold the control values,
respectively. The biomarker expressions in patients
with lung malignancy were not different in patients
taking statins or in those with non-neoplastic diseases
in both COPD and controls (data not shown).

Expression of acute-phase reactants in paren-
chymal tissue

CRP and SAA isoforms were found to be over-
expressed in COPD as compared to the controls (Fig-
ure 2a). CRP expression was 2.41-fold higher in COPD
than in the controls. Further, SAA expression was
increased in bronchial tissue in COPD (Figure 2b-d).
SAA1 and SAA2 in COPD showed a mean increase of
1.97-fold and 1.76-fold (p=0.039) of the control, re-
spectively. SAA4 of COPD and controls showed no
difference. Patients taking statins or those with lung
malignancy did not show different expressions as
compared to those with non-neoplastic disease for
both COPD and controls (data not shown).

Expression of bronchial and parenchymal tis-
sues

Interestingly, when the marker expressions were
compared in the bronchus and parenchyma, the for-
mer expressed more acute-phase reactants in both
COPD and control subjects. This expression pattern
was also higher in COPD than in controls (Figure 3).

Correlation with serum protein concentration.

The levels of serum CRP in COPD patients were
higher as compared to controls (22.5 (34.5) vs 7.5
(12.5); p = 0.016). The levels of SAA were also elevated
in serum of COPD patients (81.5 (225.6) vs 12.7 (37.5),
p = 0.002). However, no significant correlation was
found between lung tissues gene expression and se-
rum protein concentration (data not shown).

Immunohistochemistry

Immunohistochemistry analysis showed an in-
creased expression of both CRP and SAA in lung tis-
sue in COPD as compared to controls. As shown in
figure 4, staining was captured by vessel wall most
importantly. We also observed an unspecific in-
creased staining in macrophages.
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Fig 1. Relative gene expression of CRP and SAA normalised with 18s RNA in COPD vs. controls in the bronchus. a) CRP, b)SAAI (p = 0.013), c) SAA2 (p
=0.004), d) SAA4.
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Discussion

This study provides novel data on CRP and SAA
synthesis in lung parenchyma and bronchial tissue in
patients with COPD and resistant smokers. Our re-
sults indicate that both parenchyma and bronchus
synthesize CRP and SAA de novo and that their
production is enhanced in COPD. Further, the pro-

duction profiles differed between the parenchyma
and bronchus in both groups, suggesting tissue or cell
specificity. Additionally, our findings suggest that the
lung vasculature is one of the possible sites of pro-
duction. However, we fail to demonstrate that this
overexpression is related to serum protein concentra-
tion.

In the present study we have evaluated whole
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tissue samples. Previous studies have demonstrated
local production of SAA proteins in histologically
normal human lung tissues rich in endothelial cells
and macrophages, which express SAA [8]. SAA pro-
teins consist of 3 tightly linked genes (SAA1, SAA2,
and SAA4) acting as apolipoproteins and synthesized
in response to cytokines released by activated mono-
cytes/macrophages [13]. The overall gene sequences
of SAA1 and SAA2 are approximately 95% identical,
whereas the mature SAA4 protein shares only 55%
identity with human SAA1 and SAA2 [13]. The SAA4
locus contains the gene encoding for a unique SAA
family member, which is constitutively expressed on
high density lipoprotein (HDL) [15], whereas SAA1
and SAA2 constitute acute SAA. SAA production has
been described in smooth muscle aortic cells [16] and
atherosclerotic lesions [17], as well as in macrophages
from sarcoid granulomas [18]. Interestingly, SAA has
also been described in lung macrophages close to the
airway epithelium of COPD patients [11]. Similarly,
CRP has been found to be elevated in bronchial tis-
sues and bronchial epithelial cell models [9, 10]. In-
terestingly, CRP is also produced by alveolar macro-
phages [19]. Thus, there are many different cell types
that may be responsible for this production in COPD.
Our findings suggest that the lung vasculature is one
of the main sites of production which would be in
accordance with current knowledge. The overpro-
duction of acute phase reactants by the vessel wall is
not new. Aortic endothelial cells have been described
as a source of CRP with proinflammatory effects [20]
and SAA has been found in different locations in en-
dothelial cells [21]. However, no studies had assessed
the vessel wall as the source of systemic inflammation
in COPD so far.

The differential expression of biomarkers de-
pending on their location is remarkable. Although
COPD affects the entire respiratory system, the im-
plication of the different compartments (airway, lung
parenchyma, and pulmonary vasculature) varies from
patient to patient, confirming the presence of disease
phenotypes [22, 23]. Interestingly, the different de-
grees of intervention of airway and lung parenchyma
in the pathogenesis of COPD have been recently de-
scribed [24]. Therefore, it is possible that biomarker
production may differ according to different disease
phenotypes [25]. However, categorising patient into
well-defined clinical phenotypes is still a matter of
controversy [26, 27]. Our results provide some infor-
mation on the biomarkers production in different lo-
cation which opens a new area for research in this
field.

The mechanisms driving CRP and SAA lung
expression are unknown. Among those factors known

to initiate and maintain inflammation, there are sev-
eral hormones that regulate these biomarkers expres-
sion. These include interleukin (IL)-1, IL-6, IL-11,
glucocorticoids, oncostatin M, leukemia inhibitory
factor, tumor necrosis factor a, transforming growth
factor B, interferon vy, ciliary neurotrophic factor and
retinoid acid [28], many of which have a key role in
the pathogenesis of COPD. So it is possible that either
a local stimulus may enhance this overproduction in
COPD or that this is due to a systemic response. Fu-
ture studies will have to evaluate the potential un-
derlying mechanisms.

The “spill over” hypothesis indicates the poten-
tial role of the lung tissues in the systemic inflamma-
tory load [6]. Although proteins originating from the
lung may exert systemic effects, there is a lack of cor-
relation between airway cytokine concentrations and
those in the circulation and previous studies have also
failed to demonstrate this association [7]. In this re-
gard, there are a few aspects that merit consideration.
Firstly, although a correlation between serum and
tissue expression should be obtained to support the
idea behind the spill over hypothesis, the detection of
the presence of mRNA provides no information on
whether that mRNA will be translated into a protein
or whether a functional protein will be translated [29].
In this regard, there are several well-known mecha-
nisms that may interact with the implicated biological
pathways. In fact, it is now well established that there
is frequently a lack of concordance between mRNA
and protein concentration data [30]. Secondly, the
present study and the previous ones are
cross-sectional in design. This type of study provides
valuable information on a particular time point.
However, COPD is a constantly evolving disease and
longitudinal data would be probably needed to
thoroughly assess the relationship between local
production and the systemic consequence. Finally,
another possibility to explain this lack of correlation
may be the different involvement of the lung vascu-
lature depending on the studied lobe or the disease
phenotype. In this regard, more or less emphysema-
tous tissue or airway wall thickness in one particular
individual may exert an influence on the vasculature
studied and contribute differently to systemic in-
flammation. Interestingly, this systemic inflammation
has been described to be very variable between stud-
ied subjects [31]. In this regard, systemic vasculature
has not been deeply studied as a potential source of
systemic inflammation in COPD, and some recent
information is already available [32]. In view of
overcoming these lacunas future steps should include
longitudinal association studies between the over-
production of these biomarkers in the pulmonary or
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systemic vasculature and systemic inflammation.

Although all cases were operated for suspected
malignancy, 15.1% did not have malignant disease.
COPD patients were more likely to have a malignan-
cy. Although this was not our study aim, our finding
is not surprising. Several studies have addressed the
relationship between these two diseases, which are
linked together by more than the common risk factor
of tobacco smoke—both processes share several ge-
netic and epigenetic markers [33-35]. However, with
respect to local inflammation, we were unable to find
an association between lung malignancy and the gene
expression of these biomarkers.

In summary, our results indicate that CRP and
SAA overexpression occurs in bronchial tissue and
parenchyma in patients with COPD as compared to
controls. Further, the expression differs in the paren-
chyma and bronchial tissue, and we provide evidence
on the role of the vessels wall as a potential source of
these biomarkers with a lack of correlation with the
systemic inflammatory load. Future studies should
address the cell types responsible for expressing these
biomolecules, the mechanisms underlying this phe-
nomenon, and its relevance in terms of systemic in-
flammatory load.
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