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Objective: To evaluate the relationship between pulmonary and systemic inflammation in COPD quanti-
fying several inflammatory markers in sputum and serum determined simultaneously.

gﬁywqrd; niti Methodology: Correlations between various inflammatory variables (TNFa, IL6, IL8) in sputum and serum
Emm}l: 'Cse;?anc s were evaluated in 133 patients from the PAC-COPD cohort study. A secondary objective was the evaluation
Cytgkiynes of relationships between inflammatory variables and lung function.

Results: Inflammatory markers were clearly higher in sputum than in serum. No significant correlation
was found (absolute value, r=0.03-0.24) between inflammatory markers in blood and in sputum. There
were no significant associations identified between those markers and lung function variables, such as
FEV1, DLCO and PaO, neither.
Conclusions: We found no correlation between pulmonary and systemic inflammation in patients with
stable COPD, suggesting different pathogenic mechanisms.

© 2016 SEPAR. Published by Elsevier Espaiia, S.L.U. All rights reserved.
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Ausencia de correlacion entre marcadores de inflamacion pulmonar y
sistémica en pacientes con enfermedad pulmonar obstructiva crénica:
un anadlisis bi-compartimental simultineo

RESUMEN

Introduccion: El origen de la inflamaci6n sistémica en pacientes con enfermedad pulmonar obstructiva
crénica (EPOC) es poco conocido, y una de las hipétesis mas aceptadas es el paso de la inflamacién del
pulmoén a la sangre (spill-over).

Objetivo: Evaluar la relacién entre la inflamacién pulmonar y sistémica en la EPOC mediante la cuantifi-
cacion de diversos marcadores inflamatorios en esputo y suero obtenidos en el mismo individuo de forma
simultdnea.

Metodologia: De 133 pacientes de la cohorte PAC-EPOC se evaluaron las relaciones entre diferentes
variables inflamatorias (TNFq, IL-6, IL-8) en suero y esputo. Como objetivo secundario se evaluaron las
relaciones de las variables inflamatorias de suero con la funcién pulmonar.

Resultados: Los valores de los marcadores inflamatorios fueron claramente superiores en esputo que
en suero. No se hallaron correlaciones relevantes (en valor absoluto, r=0,03-0,24) entre los marcadores
inflamatorios en sangre y en esputo. Tampoco se identificaron asociaciones significativas entre dichos

marcadores, con variables de funcién pulmonar como el FEVy, DLco y la PaO,.
Conclusiones: En pacientes con EPOC estable no existe correlacion entre la inflamacién pulmonar y
sistémica, lo que sugiere mecanismos patogénicos diferentes.

© 2016 SEPAR. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Introduction

Chronic obstructive pulmonary disease (COPD) is associated
with pulmonary and systemic inflammation.'-3 Pulmonary inflam-
mation appears to be more common in patients with greater airflow
limitation, although it should be pointed out that current data are
based on cross-sectional analyses,* so no cause-effect relationship
can be established. While systemic inflammation does not occur
in all COPD patients, it is associated with higher mortality and
exacerbation rates in patients in whom it persists over time.!

The origin of systemic inflammation in COPD remains to be
defined, but one of the most widely accepted hypothesis is
the ‘spill-over’ of inflammatory mediators from the lung to the
blood, suggesting an association between these inflammatory
processes. However, the relationship between pulmonary and sys-
temic inflammation in COPD continues to be a topic for debate.”~’
Studies published to date have several limitations, such as rela-
tively small sample sizes,58? or lack of simultaneous quantification
(in the same patient) of the same inflammatory markers in both
pulmonary and systemic compartments.'?

The aim of this study was to address these limitations and
to evaluate possible relationships between pulmonary and sys-
temic inflammation in COPD, by quantifying inflammatory markers
in sputum and serum samples obtained simultaneously from the
same individual, in a large sample of COPD patients (n=133) from
the PAC-COPD study cohort.!!12 Secondary objectives included the
exploration of potential associations between systemic inflamma-
tion and lung function variables possibly related with pulmonary
inflammation, such as forced expiratory volume in 1s (FEVy), dif-
fusing capacity of the lung for carbon monoxide (DL¢p) and partial
pressure of oxygen in arterial blood (Pa0O5).

Method
Population and Ethical Aspects

The PAC-COPD study included 342 patients hospitalized for
a first COPD exacerbation in 9 hospitals in Spain between Jan-
uary 2004 and March 2005.'"!2 Patients were followed up for
3 months after hospital discharge (maximum deviation of 1
week). They were in a clinically stable phase (8 weeks with-
out new exacerbations or changes in medication) and followed

up in outpatient clinics for 3 years.'? The COPD diagnosis was
established when the patient was clinically stable, in accordance
with ATS/ERS recommendations.!® Patients younger than 45 years
of age, with cancer, post-tuberculous sequelae, pneumonectomy
and/or pnemoconiosis were excluded. In total, 113 patients (39% of
the total cohort) with simultaneously obtained samples evaluable
for pulmonary and systemic inflammation took part. The study was
approved by the Ethics Committee of all participating hospitals, and
all patients signed informed consent forms.

Clinical and Functional Determinations

As described above,!"2 clinical data and smoking history were
obtained from validated questionnaires. Body mass index (BMI)
was calculated as the individual’s weight divided by the square of
their height in meters.!!'2 Forced spirometry with bronchodila-
tor challenge, lung volumes, DLcg and blood gases were quantified
using standard methodologies.'*~16 Reference values for spirom-
etry, lung volumes and DLy correspond to a Mediterranean
population.'7-18

Pulmonary Inflammation

Whenever possible, a spontaneous sputum sample was
obtained at least 60 min after the lung function tests (225 patients).
If the patient could not expectorate spontaneously, a sputum sam-
ple was obtained by induction with saline serum, according to the
conventional method.'® Of the patients who provided a sputum
sample (n=255), 133 had <20% squamous cells and were included
in the analysis.??

Concentrations of interleukin 6 (IL-6), [L-8 and tumor necrosis
factor alpha (TNFa) (cytokine bead array system, BD Biosciences,
San Diego, CA, US) were quantified in sputum supernatant. The
lower limits of quantification (LLQ) of IL-6, IL-8 and TNFx were
2.5, 3.6 and 3.7 pg/ml, respectively. According to previous recom-
mendations, patients with values below these levels were assigned
a nominal level of half of the LLQ in order to avoid a downward
bias.! All determinations were performed in duplicate in the cen-
tral laboratory of the Hospital Universitari Son Espases (Palma de
Mallorca, Spain). Since the coefficient of variation was <10% in all
cases, the mean of 2 determinations was used for the analysis.
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Sputum samples were also cultured according to conventional
methods.2! The bacterial load was quantified by colony-forming
units (CFU)/milliliter. Cultures were considered positive for
colonization if minimum growth of 100CFU/ml was found
for Haemophilus influenzae, Streptococcus pneumoniae, Moraxella
catarrhalis, Pseudomonas aeruginosa, Enterobacteriaceae and/or
Staphylococcus aureus.>?> For patients with mixed microbial cul-
tures, the potentially pathogenic microorganism (PPM) with the
highest bacterial load was selected for the analysis.

Systemic Inflammation

On the same day of sputum collection, a venous blood sample
(20 ml) was collected in an EDTA tube by peripheral venipuncture
between 8.00am and 9.00am, after a fast of at least 6h; active
smokers were also asked to abstain from smoking for 6 h before the
biological samples were obtained. The blood sample was immedi-
ately centrifuged for 10 min at 2000 rpm, and the resulting serum
was stored at —80 °C until analysis.

C-reactive protein (CRP) levels were determined in duplicate
using high sensitivity nephelometry, with an LLQ of 0.175mg/l
(Siemens Healthcare Diagnostics Products GMBH, Marburg,
Germany). IL-6, IL-8 and TNFa serum levels were determined (in
duplicate) by high sensitivity ELISA (Biosource, Camarillo, CA, USA),
with LLQs of 0.03, 0.10 and 0.13 pg/ml, respectively. As mentioned
above for sputum samples, to avoid a downward bias, a nomi-
nal level of half of the LLQ value was assigned to patients with
values below the LLQ.! All analyses were performed in a central
facility in the Hospital Universitari Son Espases (Palma de Mal-
lorca, Spain). Since the coefficient of variation was <10% in all
cases, the mean of 2 determinations was used for the data anal-
ysis.

Statistical Analysis

The sample size for the PAC-COPD study (n=342) was deter-
mined by its primary objectives'?; for this study, data could be
used from 133 patients. Before any analyses were performed, we
calculated the sample size needed to determine a statistically
significant correlation of 0.35 between inflammatory markers in
serum and in the airway,® and a correlation of 0.29 between inflam-
matory markers and FEV;,® using the GRANMO 7.12 program.?3
With an alpha risk of 0.05 and a beta risk of 0.2 in a two-tailed
comparison, the number of patients required was 62 and 92,
respectively; in both objectives, the number of patients available
exceeded the number required. Normal distribution of the vari-
ables was calculated using the Kolgomorov-Smirnov test. Results
are shown as mean (standard deviation) for normally distributed
variables, or median (25-75th percentile) otherwise. Qualitative
variables are given as percentages. To compare the values of
2 groups, the Student t test was used for normally distributed
variables and the Mann-Whitney or Wilcoxon for variables with
non-normal distribution. Differences between qualitative vari-
ables were evaluated using the Chi-squared test. The relationship
between variables of pulmonary and systemic inflammation was
estimated using Spearman’s rank correlation coefficients. A cor-
relation was considered very low, low, moderate or high if the
correlation coefficient had an absolute value of <0.25, 0.25-0.50,
0.51-0.75, or>0.75, respectively.?* A P-value of <.05 was considered
significant, exceptin the case of multiple comparisons/correlations,
for which the above-mentioned P-value was modified accord-
ing to the Bonferroni correction. The statistical analysis was
conducted using the SPSS program (SPSS Inc., Chicago, IL,
USA).

Table 1
Clinical and Functional Data of Patients Included in the Analysis.

Patients (n=133)

Age (years), mean+SD 69+9
Men, n (%) 124(93%)
Tobacco exposure (pack-years), mean+SD 71+42
BMI, kg/m?2, mean+SD 2845
FEV; (% predicted), mean+SD 52+16
FEV; [FVC (% predicted), mean+SD 53+12
DLco (% predicted), mean+SD 66+21
Pa0O, (mmHg), mean+SD 7249
PaCO; (mmHg), mean+SD 4145

BMI, body mass index; DLco, diffusing capacity of the lung for carbon monoxide;
FEV}, forced expiratory volume in 1s; FEV; [FVC (%), ratio between forced expiratory
volume in 1 s and forced vital capacity; PaCO, partial pressure of carbon dioxide in
arterial blood; Pa0,, partial pressure of oxygen in arterial blood.

Results
Clinical and Functional Characteristics of Patients

Of the initial cohort (342 patients), one third of patients could
not provide sputum samples, as they could not expectorate, so a
total of 225 patients with sputum samples were initially evalu-
ated. These patients were (P<.05) younger (66 vs 69 years), had
less exposure to tobacco smoke (58 vs 69 pack-years), greater air-
flow limitation (FEV; 49% vs 54% predicted) and lower DL¢g (60%
vs 67% predicted). Only 133 of these 225 patients had evaluable
sputum samples. The clinical characteristics of these patients were
similar to those who did not have evaluable sputum, except for
lower FEV (52% vs 57%, P<.05). Of the 133 patients with evalu-
able sputums, 76 individuals provided spontaneous samples and
57 provided induced sputum; no clinical or biological differences
were found between the 2 groups (data not shown).

Table 1 shows the main anthropometric, clinical and functional
data of the patients included in the study.

Microbiology

Thirty-nine (29%) of the 133 patients with evaluable sputum
samples were colonized with PPMs. The most commonly isolated
PPM was H. influenzae (n=22, 19%).

Inflammatory Markers

Table 2 shows inflammatory biomarker levels in sputum and
blood (consistently higher in sputum). Median CRP was 4.1
[1.9-7] mg/l. Practically no relationship was found between IL-6,
IL-8 and TNFa values measured simultaneously in serum and spu-
tum in the same patient (Fig. 1). One isolated, low correlation with
outliers and wide dispersion was seen between TNFa in sputum
and in blood (r=0.24, P<.01).

Moreover, we found that inflammatory markers in serum were
unrelated with FEV; (Fig. 2), DLco (Fig. 3), PaO, or age (data
not shown) - some isolated correlations were found but like the
parameters mentioned above, these were low and not statistically

Table 2
Inflammation in Sputum and Serum (Median [Percentile 25-75]).
Sputum Serum

TNFo (pg/ml) 0.94(0.92-18) 0.20 [0.05-0.6]
IL-8 (pg/ml) 11350 (3908-16141) 4.2[3.2-5.7]
IL-6 (pg/ml) 123 (53-259) 1.1[0.6-2]
CRP (mg/l) 4.1[1.9-7]
* P<.01
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Fig. 1. Inflammatory markers (IL-6, IL-8 and TNFa) in serum and sputum in 133 patients with stable COPD.

significant. Previously published results of associations between
systemic inflammation and bronchial colonization showed only 1
isolated association between CRP and bronchial colonization.??

Discussion

The main observation of this study is the lack of correlation
between different inflammatory markers determined simulta-
neously in blood and sputum in the same stable COPD patient. Nor
were any significant associations found between these markers and
lung function variables, such as FEVq, DL¢g and PaO,, or with age.
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Previous Studies

Various studies have previously evaluated the relationships
between pulmonary and systemic inflammation in COPD patients.
However, they have certain methodological limitations, such as
correlating different markers in the pulmonary and systemic
compartments,'? or evaluating the relationships between systemic
inflammation and lung function variables, assuming that the lat-
ter reflect pulmonary inflammation.2>*6 Moreover, studies which
compare the same markers in blood and in the lung have small sam-
ple sizes (<30 patients).539 Our study compares the same markers
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Fig. 2. Relationship between the degree of airflow limitation (FEV;, % predicted) and inflammatory markers determined in serum.
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Fig. 3. Relationship between diffusing capacity (DLco, % predicted) and inflammatory markers determined in serum.

in serum and in sputum in a much larger sample (133 patients)
than reported in previous studies, and moreover, our patients are
better characterized than previous series.!!12

Interpretation of Results

It has been suggested that systemic inflammation in COPD
patients is caused by the spill-over of inflammatory cells and/or
proteins from the lung to the blood.” This hypothesis is based
on previous observations in experimental animal models?’ and
in humans?8® indicating that the passage of pulmonary proteins to
the systemic circulation was possible. Our results do not support
the spill-over theory, because we observed no significant rela-
tionship between pulmonary and systemic inflammatory markers
determined simultaneously in the same patient (Fig. 1). In con-
trast, our observations suggest that the inflammatory response
in these 2 biological compartments in stable COPD patients have
different regulatory mechanisms. The lack of significant correla-
tions between systemic inflammation and lung function variables
(Figs. 2 and 3) supports this interpretation, and is in line with
several previous studies.>??-3! Similarly, bronchial colonization,
which is associated with a marked local inflammatory response,2°
was not associated with a parallel systemic increase in the same
markers in our patients. However, it was associated in some iso-
lated cases of higher CRP levels in blood in colonized patients,2? but
at alower magnitude than observed during disease exacerbations.®
In all, these observations suggest that systemic inflammation is
characteristic of an independent COPD phenotype, the origin and
consequences of which will have to be defined in future stud-
ies.

Finally, it should be noted that the relationship between sys-
temic inflammatory markers and age is controversial??; in this
study, we observed no such correlation.

Potential Clinical Implications

If, as our results suggest, systemic inflammation is a feature of an
independent COPD phenotype, and its presence is associated with
increased exacerbations and higher mortality,' randomized clinical
trials will be needed to evaluate different therapeutic alternatives
in this type of patient. An interesting approach in this respect is
the pilot study of McDonald et al.,>?> who used a CRP value to guide
initiation of statin treatment; patients treated showed a significant
reduction in CRP.

Strengths and Limitations

Obvious strengths of our study include the sample size (n=133),
which is far larger than that of previous studies,®° the complete
clinical characterization of the study patients (lung function, nutri-
tional status, microbiology, comorbidities, etc.), and in particular,
the fact that the various inflammatory markers were determined
simultaneously in serum and sputum. As with any study, there are
also limitations, the most relevant of which are: (1) inflammation
determined in sputum may not be identical to that present in pul-
monary tissue. (2) no sputum was obtained from 117 patients in the
initial cohort of 342 patients (34%); these patients were younger
(66 vs 69 years), heavier smokers (58 vs 69 pack-years), and had
worse lung function (FEV; 49% vs 54%). This may be explained by
the greater smoking burden, which may increase expectoration,>>
or perhaps these patients may constitute another phenotype per
se. Although differences in age were statistically significant, abso-
lute values (3 years) were clinically irrelevant. (3) Evaluable sputum
was obtained from only 133 of the 225 patients who produced sam-
ples. When patients with evaluable sputum were compared with
the rest of the patients who managed to expectorate, differences
were found only in FEVy (52% vs 57%, P<.05). This phenomenon
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has already been described in other studies, which showed a direct
correlation between evaluable sputum and the degree of airflow
obstruction.?* The percentage of evaluable sputum among the
entire cohort (133/342; 39%) was similar to that of other series.3>36
(4) The microbiological data have been published in a separate
paper,2? but the objectives of this study are different, as are most
of the results, too. These microbiological data have been added to
throw more light on relationships between colonization/infection
and pulmonary inflammation. (5) Most patients were men, so our
results cannot be directly extrapolated to women, since the disease
manifests differently in men and women.?”

Conclusions

Patients with stable COPD show no correlation between pul-
monary and systemic inflammation, suggesting that spill-over is
an unlikely hypothesis, and that other, independent pathogenic
mechanisms are responsible for inflammation in both compart-
ments.
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