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Abstract: Patients with COPD develop lung cancer more frequently than healthy smokers.
At the same time, molecular mediators promoting various aspects of cancer cell progression are
still elusive. In this report, we examined whether COPD can be coupled with increased migration
of non-small-cell lung cancer cells A549 and, if so, whether this effect may be related to altered
production and activity of chemokines CCL21, CXCLS, and CXCL12. The study showed that
the migration of A549 cells through the polycarbonate membrane and basement membrane
extract toward a chemotactic gradient elicited by serum from patients with COPD was markedly
higher as compared with serum from healthy donors. The concentration of CCL21 and CXCL12,
but not CXCLS, in serum from patients with COPD was also increased. Experiments in which
CCL21- and CXCL12-dependent signaling was blocked revealed that increased migration of
the cancer cells upon treatment with serum from patients with COPD was mediated exclusively
by CCL21. Collectively, our results indicate that COPD may contribute to the progression of
lung cancer via CCL21-dependent intensification of cancer cell migration.
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Introduction
A considerable body of evidence has been accumulated, which shows that COPD
predisposes to the development of lung cancer.! At the same time, the mecha-
nism underlying increased incidence of cancer in patients with COPD is still not
fully explained. It is generally believed that an important role in this field may be
played by chronic inflammation, during which numerous cytokines, chemokines,
and growth factors exert stimulatory action toward various aspects of cancer cell
progression.>™

One of the most fundamental elements of cancer cell invasiveness, especially in
metastatic tumors, is their ability to migrate.>® When it comes to COPD, the course
of the pathology includes increased secretion of various agents, the activity of which
may, at least theoretically, promote the migration of lung cancer cells.”® In recent
years, much attention has been paid to the role of chemokines as mediators of cancer
cell migration, for example, chemokines CCL21, CXCLS5, and CXCL12 have been
found to contribute to the migratory properties of breast cancer cells.'' The same
chemokines are known to mediate various elements of lung cancer cell progression,
including proliferation,'>"* adhesion,'* and invasion.”® At the same time, their role
in the migration of lung cancer cells, especially in patients with COPD, remains
unknown.

This study was designed to examine whether serum obtained from patients with
COPD with various smoking status (smokers, former smokers, nonsmokers) and
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obstruction stage (according to Global Initiative for Chronic
Obstructive Lung Disease [GOLD] criteria) may stimulate
the migration of non-small-cell lung cancer cells (A549)
in vitro and, if so, whether this effect may be mediated by
chemokines CCL21, CXCLS5, and/or CXCL12.

Materials and methods

Chemicals

Unless otherwise stated, all reagents were purchased from
Sigma-Aldrich Co. (St Louis, MO, USA). Tissue culture
plastics were from Nunc (Roskilde, Denmark).

Blood samples

The experiments were performed using serum samples
obtained from 113 patients with diagnosed COPD.
The disease was confirmed according to GOLD criteria,
which encompassed a clinical signature and a spirometric
confirmation of airway obstruction (post-bronchodilator
forced expiratory volume in 1 second (FEV )/forced volume
vital capacity (FVC) ratio <0.7). Patients were clinically
stable (without disease exacerbation treated with antibiot-
ics and systemic glucocorticosteroids for at least 6 weeks
prior to the study). Exclusion criteria included inability to
perform the spirometric examination, asthma, tuberculosis,
lung interstitial diseases, pulmonary thromboembolism,
and other chronic pulmonary diseases. In addition, the
experiments included 44 healthy age-matched volunteers.
The demographic characteristics of the patients and control
individuals are presented in Table 1. The blood samples were
collected as follows: 20 mL of whole blood from patients
with COPD and healthy volunteers was collected in the morn-
ing (between 6.00 am and 8.00 am) into EDTA tubes, and
then it was centrifuged at 4,000 rpm for 15 minutes at 4°C.
The serum was stored at a temperature of —80°C until used.
The study was approved by Poznan University of Medical

Table | Characteristics of COPD patients and healthy volunteers
(control group)

Patients with Control

COPD (n=113) group (n=44)

Male/female (n) 78/35 27/17
Age (years; mean x SD) 6618 619
Smoking status (n) current/ 40/70/3 13/11/20
former/nonsmoker
GOLD obstruction stage

Mild (n/%) 4/3.54 N/A

Moderate (n/%) 22/19.47 N/A

Severe (n/%) 43/38.06 N/A

Very severe (n/%) 44/38.93 N/A

Abbreviations: SD, standard deviation; GOLD, Global Initiative for Chronic
Obstructive Lung Disease; NA, not available.

Sciences Ethics Committee, and all patients included in the
study gave their written informed consent.

Cancer cell line

The lung cancer cell line A549 was purchased from the
American Type Culture Collection (Manassas, VA, USA)
and propagated in Roswell Park Memorial Institute (RPMI)-
1640 medium supplemented with 10% fetal bovine serum
and antibiotics.

Measurement of cancer cell migration
Cancer cell migration through a polycarbonate membrane
(8 UM pores) toward the chemotactic gradient generated
by the serum from patients with COPD and from healthy
controls was examined using ChemoTx chambers (Neuro
Probe, Gaithersburg, MD, USA). In brief, the cancer cells
were probed with calcein-AM (5 uM, 45 minutes, 37°C),
and then 4x10* cells were suspended in serum-free growth
medium and applied onto the top side of the filter to form
a hemispherical drop. Afterward, the cells were allowed to
migrate toward the sera for 60 minutes at 37°C. After incu-
bation, the membranes with cells that did not migrate were
removed, and the intensity of fluorescence emitted by the
cells that did migrate through the membranes was recorded
using the Wallac Victor 2 spectrofluorimeter (PerkinElmer
Inc., Waltham, MA, USA). The results of migration obtained
using ChemoTx chambers were verified using Cultrex BME
Cell Invasion Assay (R&D Systems, Inc., Minneapolis, MN,
USA), in which the cancer cells probed with calcein-AM
migrated through the basement membrane extract toward the
sera in the same conditions as described earlier.

In some experiments, the ChemoTx chambers were used
to assess migration toward serum samples preincubated with
specific neutralizing antibodies against CCL21 (2 pg/mL;
R&D Systems, Inc.), a specific inhibitor of the receptor for
CXCL12 (AMD3100, 1 pg/mL; Sigma-Aldrich Co.), or both.
The neutralization procedure was performed on a vertical
rotator for 1 hour at 37°C.

Determination of CCL21, CXCL5, and
CXCLI2 concentration

The concentration of CCL21, CXCLS5, and CXCL12 in the
serum samples was measured using specific DuoSet® Immu-
noassay Development kits (R&D Systems, Inc.) according
to the manufacturer’s instructions.

Statistics
The results were analyzed using GraphPad Prism v.5.0
software. The groups were compared with the Mann—Whitney
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test or with repeated measures of analysis of variance
followed by the Newman—Keuls test as the post hoc. Differ-
ences with a P-value <0.05 were considered significant.

Results and discussion

Although the pathogenesis of lung cancer is well
recognized,'¢ very little is known about the molecular
background of increased incidence of pathology in patients
with COPD. Interestingly, both pathologies are closely
associated with chronic inflammation during which several
agents, mostly of a proinflammatory nature, are produced at
increased level and contribute to various elements of cancer
progression.” One of these elements is the process of cancer
cell migration, the role and mediators of which have been
poorly explored in the context of the relationship between
lung cancer and COPD."” In this report, we addressed this
issue by verifying whether COPD may promote the migra-
tion of lung cancer cells and, if so, whether this effect may
be mediated by altered production and activity of three
chemokines: CCL21, CXCL5, and CXCLI12.

The experiments were performed using A549 non-small-
cell lung cancer cells that were chosen as an experi-
mental model due to their similarity with pulmonary
alveolar type I cells and because non-small-cell lung cancer
constitutes ~85%-90% of lung neoplasms.'®!” The choice
of CCL21, CXCL5, and CXCL12 chemokines was, in turn,
dictated by recent findings pointing to their critical role in the

migration of breast cancer cells®

and in the progression of
lung cancer cells.'>"'% It is worth noting that the receptors for
all these chemokines, that is, CCR7 for CCL21, CXCR2 for
CXCLS5, and CXCR4 for CXCL12, are known to be consti-

tutively expressed on the surface of A549 cells.?*

The experiments showed that, indeed, A549 cells sub-
jected to serum from patients with COPD migrated more
effectively than those exposed to serum from healthy
volunteers. This effect was evident when the cells migrated
either through the polycarbonate membrane (P<<0.0001)
or through the basement membrane extract (P<<0.0001),
thus providing a view on the broader process of cancer cell
invasion (Figure 1A). Interestingly, when the results of
migration were confronted with the smoking status of both
groups of serum donors as well as with the obstruction stage
in the patients with COPD, we found that increased migration
of the cancer cells was to the largest extent determined by
active smoking (Figure 1B) and advancement of the disease
(Figure 1C).

Having established these differences, we compared the
concentration of CCL21, CXCLS5, and CXCL12 in both
groups of sera. The results showed that the concentration
of CCL21 (Figure 2A) and CXCL12 (Figure 4A), but not
CXCLS5 (Figure 3A), in the serum from patients with COPD
was significantly higher than in the control group (P=0.0002,
P=0.0001, respectively). When these results were re-analyzed
with respect to smoking status, the greatest levels of chemo-
kines were recorded for current smokers (CCL21 and
CXCL12) and former smokers (CXCL12) (Figures 2B, 3B,
and 4B). This finding, in combination with analogical results
regarding the migration process, indicates that active smoking
is a major determinant of lung cancer cell progression in
patients with COPD. Patients who did not smoke, or at least
had stopped smoking some time ago, seemed to be relatively
safe from the cancer development. This observation is con-
sistent with the findings of other groups who discovered that
the risk of lung cancer development and mortality rate from
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Figure | Efficiency of lung cancer cell migration toward the chemotactic gradient generated by serum from patients with COPD and from healthy volunteers (Con).
Notes: Cancer cell motility was evaluated in two experimental systems, namely, through the PCM and through the BME (A). Migration of the cancer cells in reference to
smoking status (B) and obstruction stage (C). The asterisks indicate a significant difference as compared with the control group. The experiment was performed with sera
from 32 patients with COPD and from 32 healthy donors. The results are expressed as mean + SEM.

Abbreviations: BME, basement membrane extract; Con, control; GOLD, Global Initiative for Chronic Obstructive Lung Disease; PCM, polycarbonate membrane; RFU,

relative fluorescence units; SEM, standard error of the mean.
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Figure 2 Effect of COPD on the concentration of chemokine CCL21 in blood serum.
Notes: The chemokine level was analyzed in serum samples from all patients with COPD and healthy donors (A) as well as from donors divided according to smoking status
(B) and obstruction stage (C). The asterisks indicate a significant difference as compared with the Con group. The results are derived from the chemokine measurements in
sera obtained from |13 patients with COPD and from 44 healthy volunteers. The results are expressed as mean + SEM.

Abbreviations: Con, control; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SEM, standard error of the mean.
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Figure 3 Effect of COPD on the concentration of chemokine CXCLS5 in blood serum.

Notes: The chemokine level was analyzed in serum samples from all patients with COPD and healthy donors (A) as well as from donors divided according to smoking status
(B) and obstruction stage (C). The results are derived from the chemokine measurements in sera obtained from 112 patients with COPD and from 44 healthy volunteers.
The results are expressed as mean + SEM.

Abbreviations: Con, control; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SEM, standard error of the mean.
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Figure 4 Effect of COPD on the concentration of chemokine CXCLI2 in blood serum.
Notes: The chemokine level was analyzed in serum samples from all patients with COPD and healthy donors (A) as well as from donors divided according to smoking status
(B) and obstruction stage (C). The asterisks indicate a significant difference as compared with the Con group. The results are derived from the chemokine measurements in
sera obtained from 92 patients with COPD and from 44 healthy volunteers. The results are expressed as mean + SEM.

Abbreviations: Con, control; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SEM, standard error of the mean.
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this disease decline significantly in a function of the time that
has passed since the patient ceased smoking.?>%*

As per the GOLD criteria, the level of CCL21 and CXCL12
started to increase in patients in stage 2, 3, and 4 of the disease,
that is, patients in whom the obturation became significant.
Conversely, the results for patients with early disease (stage 1)
were comparable with the healthy controls, suggesting that the
severity of COPD corresponds with the promigratory capa-
bilities of the studied chemokines (Figures 2C, 3C, and 4C).
This conclusion is in agreement with the observations of
other authors who evidenced that lung tumorigenesis is most
profound in patients with advanced obturation.?

In order to confirm that CCL21 and/or CXCL12 truly con-
tributed to increased migration of the cancer cells in response
to serum from patients with COPD, we conducted interven-
tion studies in which CCL21- and CXCL12-dependent
signaling was blocked using specific neutralizing antibodies
and a specific peptide, respectively. These tests revealed that
the efficiency of cancer cell migration was reduced to a level
comparable to that of the control group upon neutralization
of CCL21 (P=0.0002). Conversely, when the intervention
concerned CXCL12 signaling, the migration of cancer cells
remained unchanged (Figure 5).

To the best of our knowledge, our report is the first to show
that chemokine CCL21 may contribute to increased migration
of A549 cancer cells in actively smoking patients with COPD.
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Figure 5 Efficiency of lung cancer cell migration upon neutralization of CCL21- and
CXCLI2-related signaling.

Notes: The asterisk indicates a significant difference as compared with the Con
group. The hashes (#) indicate a significant difference as compared with cells exposed
to serum from patients with COPD not subjected to CCL2I/CXCLI2 signaling
neutralization. The experiment was performed with sera from 25 patients with
COPD and from 25 healthy volunteers. The results are expressed as mean * SEM.
Abbreviations: Con, control; RFU, relative fluorescence units; SEM, standard
error of the mean.

Taking into account that COPD is a chronic inflammatory
process associated with increased secretion and activity
of numerous chemokines, for example, CXCL8, CCL2,
CXCLS5, and CXCL10,” our study provides information on
the other chemokines, that is, CCL21 and CXCL12, whose
level increases in the course of this pathology. This finding is
in line with earlier reports that showed the causative involve-
ment of various COPD-related chemokines in vital aspects
of lung cancer cell progression, such as proliferation,?
adhesion,?! and angiogenesis.?’” On the other hand, the lack
of'a full reduction of cancer cell migration to the level in the
control group may suggest that there are some other factors
(chemokines?) involved in the promigratory capabilities of
serum from patients with COPD.

Conclusion

Taken together, our study identified chemokine CCL21
as an important mediator of increased migration of lung
cancer cells in patients with COPD. This finding increases
our knowledge on the background of lung cancer develop-
ment during COPD and, at the same time, points to a new
molecular target whose neutralization could be considered an
element of management in dealing with this kind of tumor.
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The authors report no conflicts of interest in this work.
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