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A B S T R A C T

Background: Pulmonary parenchymal destruction is consequence of Chronic Obstructive Pulmonary Disease
(COPD), which results in degradation of the extracellular matrix and the appearance of peripheral pulmonary
cells. The aim of this study is to demonstrate the feasibility of the detection and isolation of Circulating
Pulmonary Cells (CPCs) in peripheral blood of patients with COPD.
Methods: 17 COPD patients were enrolled in this prospective study to isolate CPCs. Peripheral blood samples for
CPC analysis were processed using positive immunomagnetic methods combined with a double im-
munocytochemistry. Two antibodies, anti-cytokeratin and anti-CD44v6 were used to confirm the epithelial
nature of the isolated cells and their lung origin respectively.
Results: CK/CD44v6 positive CPCs were identified in 6 of 17 COPD patients (35.2% of the total) (range: 1–2
cells). No CPCs were detected in any of the 10 healthy volunteers. The COPD CPCs+patients showed a trend
towards greater severity of the disease.
Conclusions: This study suggest the feasibility to detect CPCs in peripheral blood of patients with COPD and its
potential use as prognostic marker.

1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is one of the most
prevalent respiratory diseases, with the highest morbidity and mortality
worldwide. It is the third leading cause of death, only behind cardio-
vascular disease and cancer (Vos et al., 2015), and affects approxi-
mately 10% of the adult population in developed countries (Lamprecht
et al., 2015; Rabe and Watz, 2017). In addition, a high proportion of

patients are undiagnosed or not adequately treated for their disease
(Jones et al., 2014).

COPD is characterized by a progressive loss of lung function mainly
as a consequence of exposure to tobacco smoke (Vogelmeier et al.,
2017), and is the physiological translation of inflammatory and im-
mune processes [6, (Brusselle et al., 2011), which lead to destruction of
alveolar units, loss of small airways (McDonough et al., 2011). and
peribronchial fibrosis characteristic of this disease (Hogg et al., 2004).
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As a consequence of these processes, elements from the degradation of
pulmonary parenchyma, such as extracellular matrix components (Sand
et al., 2016) are released into blood circulation.

The loss of pulmonary function that occurs in COPD may vary
among patients (Vestbo et al., 2011), and it is possible that pulmonary
developmental processes in childhood significantly predispose patients
to the degree of disease development (Lange et al., 2015). However,
detecting patients who rapidly lose lung function is not feasible, since
although there are biomarkers of pulmonary pathological processes
neither they have been validated nor they are specific for lung tissue
destruction.

In recent years, substantial technological efforts have focused on
developing techniques that allow the isolation and identification of cells
from different human tissues in peripheral blood. The most important of
these cells are CTCs, which have been proposed as one of the most
promising biomarkers under the term “liquid biopsy.” CTCs have al-
ready shown diagnostic and prognostic utility in the field of oncology
(Pantel, 2013). Especially interesting are the advances that have been
made by liquid biopsies in the follow-up of patients with lung, color-
ectal and breast cancers, adding prognostic information (Rosell et al.,
2012) and allowing personalized treatment for these patients (Ruibal
et al., 2015; Ghatak et al., 2017). Based on the mechanisms involved in
the pathogenesis of COPD, it seems plausible that alveolar cells or
remnants of these cells may be discharged into the bloodstream and
that these cells could be identified in peripheral blood of patients with
COPD with liquid biopsy techniques similar to that of CTCs detection.

The presence of these CPCs should be the final result of lung tissue
destruction, involving, consequently, a relapse of epithelial cells to
peripheral blood. As in the case of CTCs, which are only present in

Fig. 1. Immunofluorescent and cyto-
morphological characterization of
H820 cells, PC3 cells and CPCs from
COPD patients. Columns show signal
for (blue) 4′,6-Diamidino-2-
Phenylindole, Dilactate (DAPI) for nu-
cleic acid (nuclear) staining, (green)
cytokeratin-FITC expression, (reddish
purple) CD44v6-Alexa Fluor® 633 ex-
pression, (gray) bright field visualiza-
tion and merged channels. First row
represents H820 lung cancer cells, with
positive expression of cytokeratin and
CD44v6. Second row represents PC3
prostate cancer cells with positive ex-
pression of cytokeratin but absence of
CD44v6. Third and fourth rows re-
present isolated CPCs from COPD pa-
tients with positive signal for cytoker-
atin and CD44v6 (For interpretation of
the references to colour in this figure
legend, the reader is referred to the web
version of this article).

Table 1
In vitro recovery rates of CPCs isolation from H820 pulmonary cells cultures.

Nº of H820 cells added Nº of H820 cells collected % of H820 cells collected

200 90 45,00
400 150 37,50
700 300 42,85

Table 2
Clinical characteristics of COPD patients included in the study of CPCs isolation.

n= 17

Age (yrs) 689 ± 9,5
Sex M/F (%) 15/2 (889%/ 111%)
BMI, kg/m2 27,4 ± 5,0
Smoking history
Current smoker, n (%) 5 (278%)
Pack- years 46,4 ± 13,3
Pulmonary Function Tests
FEV1, post- BD, L 1,71 ± 1,01
FEV1, post- BD % pred 51,3 ± 24,6
FVC, post- BD %pred 67,8 ± 17,1
Severity of Ariflow Limitation, n (%)
Mild 1 (5,6%)
Moderate 8 (471%)
Severe/ Very severe 8 (471%)
CAT scores 13,0 ± 7,7
mMRC dyspnea scale 2 (1-3)
Exacerbation history, prev year
Moderate exacerbations, prev yr 0,71 ± 0,7
Severe exacerbations, prev yr 0,29 ± 0,61
GOLD 2017 grades, n (%)
GOLD A 4 (235%)
GOLD B 10 (588%)
GOLD C 1 (5,9%)
GOLD D 2 (118%)
Severity of disease, BODEx index 2 (0-4)
FEV1 decline, mL/year 90,8 ± 24,5

Continuous data are shown as mean ± SD or median (interquartile range), and
categorical variables as n (%). BMI=Body Mass Index. Post-BD: post bronch-
odilator test. CAT=COPD Assesment Test. mMRC: modified Medical Research
Council scale. BODEx index=BMI, airflow obstruction, dyspnea and severe
exacerbations.
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patients with cancer, the isolation of CPCs should only be present in
patients with loss of lung parenchyma (such as, but not only, COPD
patients) and should not be detected in healthy people. Previous ex-
perience from hepatology suggest that this is correct for any epithelial-
derived circulating cell in healthy donors but not in those with organ
tissue destruction (Bhan et al., 2018).

CD44v6 is a hyaluronan receptor that is quite specific cell-marker
for lung tissue and has been involved not only in lung cancer (Ruibal
et al., 2015) but also in other diseases such as pulmonary fibrosis
(Ghatak et al., 2017). CD44v6 is expressed on developing type II
pneumocytes of saccular and alveolar stages of the fetal lung and on
mature type II pneumocytes after birth (Kasper et al., 1995; Yoo et al.,
2005).

Taking all this information into account, we aimed to determine the
feasibility of the detection and phenotype characterization of CPCs in
peripheral blood in patients with COPD, as prognostic and predictive
markers.

2. Methods

2.1. Cell culture

The H820 lung cancer and PC3 prostate cancer cell lines were ob-
tained from the American Type Culture Collection (ATCC, Manassas,

VA, USA). Cell lines were maintained in RPMI 1640 medium supple-
mented with 10% fetal bovine serum, 100 U/mL streptomycin at 37 °C
in a humidified incubator with 5% CO2.

2.2. Study design and population

A cross-sectional observational study involving two pneumology
units (Hospital La Inmaculada, Granada and Hospital de Alta
Resolución de Loja, Granada) was performed from October 2016 to
January 2017. 17 COPD outpatients from both hospitals were included
in this proof of concept study. A complete list of inclusion and exclusion
criteria is available in Appendix S2.

2.3. Characterization of CK and CD44v6 in lung and prostate cell lines and
tissues

We tested whether CK and CD44v6 expression could be accurately
determined by immunofluorescence in cell lines and tissues. H820 lung
cancer cell line and frozen sections of non-tumor lung tissues obtained
from three pneumothorax patients were used as specific positive control
for pneumocytes CD44v6 expression. Simultaneously, PC3 prostate
cancer cell line and prostate tissue were also tested with the same
methodology in order to demonstrate the absence of CD44v6 expression

2.4. Detection and isolation of tumor cells from peripheral blood

Blood samples from 17 COPD patients were collected in EDTA tubes
(Vacutainer, BD Bioscience). H820 cells were then spiked into whole
blood and isolated within two hours after extraction by double gradient
centrifugation with 1.119 g/mL Ficoll (Histopaque 1119, Sigma
Aldrich) and 1.058 g/mL Ficoll, based on Ficoll PM400 at 16% W/V
(Sigma Aldrich). Due to the similar density of the 1.058 g/mL Ficoll and
blood (approximately 1.060 g/mL), blood must be diluted previously in
PBS1X at 19% (4mL blood/17.3 mL PBS1X) to avoid mixing. First,
10mL of Ficoll 1119 was placed at the bottom of a 50mL conical
bottom tube; then, 5mL Ficoll 1058 was carefully pipetted onto the top,
followed by the whole diluted blood.

Tubes were centrifuged at 700 × g for 45min, and then the
mononuclear cell phase was recovered between the two Ficoll layers
and permeabilized and fixed according to the Carcinoma Cell
Enrichment and Detection kit with MACS technology (Miltenyi Biotec,
Bergisch Gladbach, Germany). Later, these cells were incubated with a

Table 3
COPD Characteristics of COPD patients according to the isolation of CPCs.

CPCs-(n= 11) CPCs+(n=6) p value

Age, yrs 67.6 ± 9.9 70.1 ± 9.6 0.621
Sex, M/F 11/0 4/2 0.041
Smoking history
Current smokers, n (%) 4 (364%) 1 (167%) 0,394
Pack-years 49,4 ± 12,5 40,3 ± 14,8 0,199
FEV1, % pred 55,5 ± 27,3 43,7 ± 18,7 0,364
CAT score 10.6 ± 7.5 17.3 ± 6.5 0.080
Exacerbations, prev year 0.88 ± 0.9 1.2 ± 1.3 0.611
GOLD 2017 grade 0.090
GOLD A- B 10 (90.9%) 4 (66.7%)
GOLD C-D 1 (9.1%) 2 (33.3%)
Disnea mMRC≥2 4 (36.4%) 5 (83.3%) 0.084
BODEx score ≥ 3 points 5 (45.4%) 4 (66.6%) 0.236

Continuous data are shown as mean ± SD or median (interquartile range), and
categorical variables as n (%). CPC+: CPCs isolation; CPC-: no CPCs isolation.

Fig. 2. COPD characteristics between study participants based on
the isolation of CPCs from blood samples. a) Lung function values
(expressed as % of predicted). b) Annualized rate of moderate and
severe exacerbations in the previous year. c) CAT (COPD
Assessment test) scores. d) Lung function decline (expressed as
annualized decline in FEV1 in mL/year). Bars represent means and
SEM. No statistical significant differences were observed between
groups. CPC+: CPCs isolation; CPC-: no CPCs isolation.
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multi-cytokeratin-specific antibody (CK3-11D5, Miltenyi Biotec) that
recognizes cytoplasmic cytokeratins 7, 8, 18 and 19 and later with an
FITC-anti-cytokeratin antibody (clone CK3-6H5, Miltenyi Biotec).
Finally, cytokeratin-positive cells were collected on MACS Cell
Separation magnetic columns (Miltenyi Biotec) and spun down onto
poly-lysine-coated glass slides using a cytocentrifuge (Hettich,
Germany) at 1500 rpm for 10min.

Cytokeratin-positive cells were visualized and located using fluor-
escence microscopy, observing their specific cytoplasmic green signal.
Then, samples were incubated with an anti-CD44v6 (exon v6) rabbit
polyclonal antibody (AB2080, Merck Millipore) specific for type-II
pneumocytes (Yoo et al., 2005), combined with a goat anti-rabbit IgG
(H+L) Alexa Fluor 633 secondary antibody (A-21070, Thermo Fisher
Scientific), and mounted using VECTASHIELD mounting medium with
DAPI (Vector Labs). Finally, slides were visualized with a Zeiss LSM 710
confocal/multiphoton laser scanning microscope.

2.5. Analysis of recovery experiments by immunocytochemistry

Venous blood (10ml) from healthy volunteers were spiked with
varying numbers of tumor cells (200, 400, 700 cells) from H820 lung
cancer cell line. To detect epithelial cells the samples were processed as
described above. After immunomagnetic enrichment of tumor cells,
CK/CD44v6 cells were detected by immunocytochemistry (as described
above).

2.6. Analysis of CPCs in patients and Healthy donors

A total of 10ml mL of blood was extracted (after discarding the first
3 mL in order to avoid epithelial cell contamination of the epidermis)
and subsequently processed at ambient temperature for less than 2 h,
avoiding exposure of the samples to natural light from both COPD and
healthy volunteer patients and processed as previously explained in the
spiking experiments.

2.7. Study variables

For each patient, sociodemographic data, toxic habits and con-
comitant diseases were recorded. All patients underwent post-
bronchodilator spirometry according to current recommendations
(García-Río et al., 2013), completed questionnaires about their re-
spiratory disease (dyspnea measured using the mMRC scale, COPD
Assessment Test score) (Jones et al., 2011), and agreed to a multi-
dimensional assessment of disease severity using the BODEx index
(Soler-Cataluña et al., 2009), In addition, annualized lung function

decline was recorded for each patient. Finally, the number of CPCs was
recorded.

2.8. Statistical analysis

Qualitative variables were expressed as absolute and relative fre-
quencies. Quantitative variables that followed a normal distribution
(according to results of the Kolmogorov-Smirnov or Shapiro-Wilk test)
were reported as Md ± SD (mean, standard deviation) and range
(minimum and maximum), and those that did not follow a normal
distribution were reported as P50 [P25 - P75] (median, interquartile
range). Comparison of quantitative variables was performed by ANOVA
for independent samples or the Kruskal-Wallis H test (according to
whether or not they follow normal distribution). The level of statistical
significance was set at p < 0.05. Statistical analysis was performed
with the Statistical Package for Social Sciences package version 20.0
(SPSS Inc., Chicago, IL, USA).

2.9. Ethical aspects

The project was approved by the Ethics and Clinical Research
Committee of the University of Granada. The principles of the
Declaration of Helsinki were observed for human research projects. All
participants were informed of the nature of the study and its objectives
and granted their participation in the study by signing informed con-
sent documents.

3. Results

3.1. Inmunofluorescence and histomorphological characterization of lung
and prostate cell lines and tissues

H820 pulmonary cell line showed high expression of CD44v6 while
this was absent in PC3 cell line (Fig. 1). In the lung tissue CD44v6
expression was found in the alveolar spaces, corresponding to type II
pneumocytes, however the prostate tissue showed no CD44v6 staining
(Figure S1). More information of tissue characterization is available in
the supplementary material.

3.2. Recovery rates of the methodology using H820 pulmonary cell line as a
model

Recovery rates using a double density-gradient (Histopaque- 1119
and 1.058 g/mL Ficoll) and positive immunomagnetic enrichment of
epithelial cells in our spiking experiments were in the range of 37–42%

Fig. 3. Differences in the BODEx index depending on the isolation of CPCs in blood samples. Bars represent means and SEM. * p < 005. CPC+: CPCs isolation; CPC-:
no CPCs isolation.
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in calculations based on the total number of cells recovered. Detection
of CK+/CD44v6 cells by immunocytochemistry was carried out as
described above. The results of this in vitro determination model for
detection of CPCs in whole blood are shown in Table 1.

3.3. Determination of CPCs in healthy volunteers

We could not detect CK/CD44v6-expressing cells in any of the
samples from healthy donors.

3.4. Determination of CPCs in patients with COPD

Seventeen patients with COPD were included in the CPC determi-
nation study. The baseline characteristics COPD patients involved in the
stuyd are shown in Table 2.

In 6 of the patients (35·29% of the total), the presence of CPCs in
peripheral blood was demonstrated, with a detection rate of 1 CPC/106

hematopoietic cells. Fig. 1 shows CPCs from COPD patients. Table 3
shows the characteristics of the patients in whom CPCs were isolated as
well as those in whom CPCs were not isolated.

Patients with CPCs showed a tendency toward worse lung function,
more moderate and severe exacerbations in the previous year, more
intensity of symptoms as measured by the CAT questionnaire, and a
greater annualized decline in lung function, although none of these
results were statistically significant (Fig. 2). Patients with CPCs in
peripheral blood showed a greater severity of the disease as evaluated
using the multidimensional BODEx index (Fig. 3).

4. Discussion

The results of this study demonstrate for the first time that it is
feasible to isolate CPCs in peripheral blood from patients with COPD.
CPCs were isolated in more than a third of patients with stable COPD,
and patients in whom CPCs isolation was possible had some features of
more severe disease. Taking all these results into account, CPCs isola-
tion could be a promising biomarker for pathophysiological processes
specific to the lung parenchyma.

COPD is characterized by a progressive loss of lung function due to
pulmonary parenchyma and airway alterations (Rennard and
Drummond, 2015), and a tool to evaluate a priori which patients are
likely to suffer an accelerated loss of pulmonary function leading to
incapacity and death has been a matter of recent investigations, some of
them with promising results (Guerra et al., 2015; Zemans et al., 2017).
Alterations that occur in the lung parenchyma as a consequence of
exposure to tobacco smoke and the development of the disease have
been previously described (McDonough et al., 2011; Cosio et al., 2009).
and biomarkers related to degradation of the extracellular matrix are
associated with higher mortality in patients with COPD (Sand et al.,
2016; Stolz et al., 2016). However, these biomarkers are not specific
enough to lung parenchyma and may reflect other pathological pro-
cesses in other organs. Our method is based on the detection of loss of
lung integrity due the destruction of epithelial lung tissue. The initial
processes following injury include, among other factors, epithelial cell
spreading to peripheral blood (Crosby and Waters, 2010). According to
this, our study proposes the isolation and detection of epithelial cells
using epithelial markers, as CK or EpCAM. These results have been
observed in other similar studies in which the presence of CTCs in
peripheral blood of breast cancer patients was analysed (Gaforio et al.,
2003; Cristofanilli et al., 2004) based on CK expression. However, in
our study, the interest was focused in epithelial non-tumoral cells, being
one of exclusion criteria the absence of tumoral disease. Furthermore,
none of the patients included in the study have developed cancer from
sample extraction so far. Therefore, with the objective to elucidate the
origin of these cells, simultaneously to the use of CK marker, an anti-
body CD44v6 was included, which it is overexpressed in pneumocytes
type II (Kasper et al., 1995; Yoo et al., 2005). The combination of both

antibodies, confirmed the pulmonary origin of these circulating epi-
thelial cells. We did not find simultaneous expression of these markers
in white cells. The white cells were identified by nuclear staining and
morphology, clearly different to epithelial cells (Fig. 1).

On the other hand, the presence of epithelial cells in peripheral
blood have not been reported in physiological conditions, at least in
enough amounts to be detected, and our negative controls confirmed
the absence of epithelial cells in healthy donors. We were able to detect
epithelial cells in patients with COPD instead, especially in patients
with severe COPD.

The in vitro model showed that our methodology recovered between
37% and 45% of the CPCs discharged into the blood, so it is possible
that some of the patients exhibited false negatives. In fact, despite that
our methodology demonstrates the feasibility to detect these CPCs in
COPD patients, it is still necessary to improve this method including
more markers and automated methodologies to increase isolation rates.
Therefore, this first proof of concept could lead to technical develop-
ments to improve the diagnostic performance of the test.

To our knowledge, there are no published studies that report the
isolation of CPCs in COPD patients. However, this methodology has
been used for monitoring of metastatic lung cancer through detection of
CTCs as a biomarker in subjects without COPD (Morrow et al., 2016)
and with COPD (Ilie et al., 2014).

Our study also has some limitations, the main one being its small
sample size, since it is a "proof of concept" study. As a proof of concept,
we only aimed to determine the feasibility of the technique in COPD
patients, not to determine the outcomes of those patients in whom CPC
were isolated. Accordingly, we do not know if those patients in whom
CPCs were not isolated in blood were due to a false negative, due to
moderate recovery efficiency of the method, or that they did not pre-
sent CPCs at the time of the study. Other unknown factors are the
average lifetime of CPCs within the bloodstream and the temporal
stability of the biological signal studied. These findings should be va-
lidated in future studies in order to define the usefulness of the isolation
of CPCs for the management of COPD.

5. Conclusion

We present a novel finding by a non-invasive, reproducible and
easy-to-obtain method: the existence of CPCs in the peripheral blood of
patients with COPD. Future studies are necessary to understand the
processes that lead to their presence and their diagnostic, prognostic
and therapeutic implications.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.critrevonc.2019.02.
003.
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