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Summary

The aim of this investigation was to determine the influence of cotinine on the non-small-cell
lung cancer line A549. The material for the study was the A549 cell line. The cells were sub-
jected to 24-h incubation with cotinine at doses of 18 and 36 ng/ml. Control cells were incuba-
ted under analogous conditions without the addition of cotinine. Cell viability was determined
and the cells were Mayer hematoxylin stained, embedded in epon, and observed under an elec-
tron microscope. A fluorescent method was used to evaluate F-actin. Cotinine’s action resulted
in alteration of the cytoskeleton, with changes in the organization of F-actin. Also observed was
A549 cell death, presumably due to the activation of apoptotic and mitotic catastrophe pathways.
Moreover, the results at the ultrastructural level suggest that cotinine influences not only the nuc-
leus and cell shape by acting on the actin cytoskeleton, but also plays a crucial role in changes
which include the remaining cellular organelles. Until now, research has been focused on deter-
mining the action of constituents of cigarette smoke, mainly nicotine. From this point of view,
studies on cotinine seem justified. Results of the study allow us to suppose that cotinine, thro-
ugh F-actin, can influence the size and shape of non-small-cell lung cancer cells. There are some
suggestions that cells of the A549 cell line can undergo death through apoptotic and mitotic ca-
tastrophe pathways as a result of cotinine’s action.

cotinine ¢ non-small-cell lung cancer * actin * A549 cell line

Streszczenie

Celem niniejszej pracy byta proba okreslenia wptywu kotyniny na lini¢ komdrkowa A549. Komoérki
linii A549 poddano 24-godzinnej inkubacji z kotyning w dawkach 18 ng/ml i 36 ng/ml. Komérki
kontrolne inkubowano w podobnych warunkach bez dodatku kotyniny. Oznaczono ich zywot-
nos¢, barwiono hematoksylina, zatopiono w eponie, ogladano w mikroskopie elektronowym oraz
zastosowano metodg fluorescencyjna w celu oceny F-aktyny. W wyniku dziatania kotyniny do-
chodzi do zmian cytoszkieletu, o czym $Swiadczg zmiany organizacji F-aktyny. Zaobserwowano
réowniez, ze komorki linii A549 prawdopodobnie ulegaja Smierci w procesie apoptozy oraz ka-
tastrofy mitotycznej. Ponadto wyniki uzyskane na poziomie ultrastrukturalnym sugeruja, ze ko-
tynina dziata nie tylko na jadro komodrkowe i wptywa na ksztalt komoérki poprzez dziatanie na
cytoszkielet aktynowy, ale réwniez odgrywa istotna rol¢ w zmianach, ktére obejmuja pozosta-
fe organella komérkowe. Dotychczas oceniano przede wszystkim wptyw dziatania sktadnikéw
dymu papierosowego, gtéwnie nikotyny, stad zasadne byto podjecie badan z wykorzystaniem ko-
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tyniny. Uzyskane wyniki pozwalaja przypuszczac, ze kotynina poprzez F-aktyne moze wpltywac
na wielkos$¢ i ksztalt komorek linii niedrobnokomérkowego raka ptuc. Sugeruje sig, ze komorki
linii A549 w wyniku dziatania kotyniny moga ulega¢ apoptozie i katastrofie mitotyczne;j.

Stowa kluczowe:

kotynina ¢ niedrobnokomérkowy rak ptuc ¢ aktyna e linia komérkowa A549

Full-text PDF:

Word count: 2324
Tables: -
Figures: 5
References: 29

Author’s address:

http://www.phmd.pl/fulltxt.php?ICID=878278

Agnieszka Zuryfi, Ph.D., Department of Histology and Embryology Nicolaus Copernicus University, Collegium

Medicum in Bydgoszcz, ul. Kartowicza 24, 85-094 Bydgoszcz, Poland; e-mail: azuryn@cm.umk.pl

Abbreviations:

COT - cotinine; CSE - cigarette smoke extract; CYP2A6 - cytochrome P450 2A6; DAPI - 4°,6-

diaminoino-2-fenylindol; FMO - flavin-containing monooxygenase; HBSS - Hank’s Buffered Salt
Solution; HE - H&E (hematoxylin and eosin) stain; NIC - nicotine; NSCLC - non-small-cell lung
cancer; RT - room temperature; TGF-[3 - tumor growth factor 3; TRITC - tetramethylrhodamine-
isothyocyanate; UV - ultraviolet; WHO - World Health Organization

INTRODUCTION

Lung cancer is the most frequent malignant tumor, cau-
sing ca. 1.3 million deaths all around the world [26]. At
present it is believed that the reason for the high incidence
of lung cancer is long-term exposure to airborne carcino-
gens, mostly tobacco smoke. Over 3000 substances, known
carcinogens and including vinyl chloride, methane, alkalo-
ids (nicotine), aromatic hydrocarbons, and heavy metals,
have been identified in the composition of cigarette smo-
ke. In patients with lung cancer who have never smoked,
some factors such as passive exposure to tobacco smoke
(secondhand smoking) and genetic factors have been con-
sidered [18]. Cigarette smoking is one of the most signi-
ficant factors responsible for the increased risk of morbi-
dity due to non-small-cell lung cancer, which comprises
about 80% of lung cancers. The concentration of cotini-
ne, the main metabolite of nicotine, depends on the degree
of the organism’s exposure to cigarette smoke [21]. It was
established that about 70-80% of the nicotine which en-
ters the human organism undergoes transformation to co-
tinine. This process occurs above all in the liver. Cotinine
is produced in a two-stage process in which cytochrome
P450 2A6 (CYP2A6) and cytoplasmic aldehyde oxidase
are involved [8,16]. The effects of lung cancer treatment
are unsatisfactory, which is reflected in statistical data on
patient survival rates and prognoses [26,27]. At the mo-
ment the fight against addiction to cigarette smoking has
the greatest significance in decreasing the number of de-
aths caused by lung cancer. However, there is no one uni-
versal therapy which would give chances of cure. It is po-
ssible that the interrelation of cigarette smoking, cotinine
concentration, and the influence of cotinine on non-small-
cell lung cancer cells would allow a better understanding
of the mechanisms connected with this type of cancer in
the future. Studies involving cotinine in the A549 cell line
would allow us to create a research model for understan-
ding the mechanisms of immortalization and also to create

medications that inhibit and eliminate the cells responsible
for the malignancy of lung tumors in the future.

MATERIAL AND METHODS

Cell culture

The study material was the A549 cell line (non-small-
cell lung cancer line ATCC CL 185), kindly provided
by Kopinski, Ph.D. (Nicolaus Copernicus University,
Collegium Medicum in Bydgoszcz). The cells were grown
in DMEM+GlutaMAX (Gibco) supplemented with 10%
(m/v) fetal bovine serum (Gibco) and antibiotics (a solu-
tion of penicillin and streptomycin) at 37°C in a 5% CO,
atmosphere with stable humidity. Before starting the cul-
ture, the density of cells was 5x10° cells/ml. The cells
were incubated with cotinine for 24 h. The concentrations
of cotinine used were 18 and 36 ng/ml. Control cells were
grown under the same conditions but without the addi-
tion of cotinine to the medium. The experiment was re-
peated three times.

Assessment of A549 cell viability

Five to ten pl of A549 cell suspension in culture medium
was mixed on a microscope slide with a freshly prepared
solution of 2% tripan blue diluted in 0.9% NaCl (1:1 so-
lution) and covered with a coverslip. The number of dying
blue-stained cells was assessed after 3 minutes.

HE staining: examination of A549 cell line
morphology in light microscopy

Cells were fixed with 4% paraformaldehyde in HBSS (15
min, RT) and afterwards rinsed with PBS (3x5 min, RT).
Then the cells were embedded in 0.1 M glycine solution
(5 min, RT). Following a double rinsing in PBS, the cells
were stained with Mayer’s hematoxylin (5 min, RT). Then
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the cells were rinsed for 20 minutes under running water.
After that the cells were dehydrated in a series of alcohols
and xylenes. The fixed preparations were examined using
an Eclipse E800 microscope (Nikon, Tokyo, Japan) with
computer imaging system analysis (NIS-Elements softwa-
re version 4.20, Nikon Instruments).

Immunofluorescence: analysis of F-actin organization
in fluorescence microscopy

Cells were fixed with 4% paraformaldehyde in HBSS (15
min, RT) and afterwards rinsed with PBS (3x5 min, RT).
Then the cells were incubated with 0.1 M glycine (5 min,
RT) and rinsed in PBS (3x5 min, RT). To stain the ma-
terial, phalloidin conjugated with a derivative of rodamin
(phalloidin/TRITC, Sigma) was used. The cells were incu-
bated in darkness with 10 uM of stock phalloidin/TRITC
solution diluted 1:5 in 20% methanol (20 min, RT). Nuclei
were counterstained with DAPI (Sigma) at a dilution of
1:25,000 (10 min, RT). In the last stage, the material was
embedded in Gelvatol (Monsanto). For a control, serum
derived from unimmunized mice instead of the first an-
tibody (phalloidin/TRITC) was used to confirm reaction
specificity. F-actin was examined in an Eclipse E800 mi-
croscope with a Y-FL fluorescence attachment (Nikon,
Tokyo, Japan). Computer analysis of fluorescent imaging
was done with the use of NIS-Elements software version
4.20 (Nikon Instruments).

Electron microscopy: ultrastructural analysis of
A459 cells

For ultrastructural analysis, cells were fixed for 1 hour in
3.6% glutaralehyde and then moved to 0.1 M cacodylate
buffer (pH 7.4). Following postfixing for 1.5 hour with 2%
osmium tetrooxide in 0.1M cacodylate buffer, the material
was dehydrated in a graded series of alcohols and embed-
ded in Epon 212. Semi-thin sections were made of all pre-
parations using a Reichert OmU3 ultramicrotome. Parts of
the material selected from the semi-thin sections were cut
into ultrathin sections and then stained with uranyl acetate
and lead citrate. The prepared material was analyzed with n
JEM 100 CX electron microscope (JEOL, Tokyo, Japan).

Statistical analysis

All results were subjected to statistical analysis. After 24
hours of treatment, the number of dead cells and the total
number of cells were analyzed. Quantitative experiments
were analyzed by the Mann-Whitney U test. Statistical ana-
lysis was carried out with Graph Pad Prism software ver-
sion 4.0. Diagrams were made with MS Excel.

ResuLts

A549 cell line viability after cotinine treatment

Statistical analysis did not show statistically significant dif-
ferences in the average percentage of surviving A549 cells
after treatment with the two concentrations of cotinine,
which was confirmed by data obtained from counting dead
cells after 24 hours of incubation with cotinine at doses of
18 and 36 ng/ml (viability: 91.09% and 92.9%, respective-
ly, compared with 90.05% in control cells, Figure 1).
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Figure 1. The influence of cotinine dose on the average percentage of
surviving A549 cells

80
70
60
50
40
30
20
10

0 T T

0 18 36
Cotinine dose [ng/ml]

Number of cells [x10]

Figure 2. The influence of cotinine dose on the total number of cells

However, there were statistically significant differences in
the total number of cells after 24 hours of incubation with
cotinine. The quantitative studies showed that the control
had the highest number of NSCLC cells (ca. 68x10%). After
COT treatment at a dose of 18 ng/ml, the number of cells
decreased (to ca. 45x10%), whereas the lowest number of
cells was observed at 36 ng/ml (Figure 2).

Light microscopic examination of cell morphology

Changes in shape, number, and size of the cotinine-treated
cells were observed compared with the controls (Figure
3A). HE staining seemed to reveal decreased total num-
bers of cells, increased intracellular spaces, and cell shrin-
kage occurring dose dependently. Cells treated with coti-
nine showed a tendency to form clusters (Figures 3B, 3C).
In some cells after COT treatment, mostly at a dose of 36
ng/ml, multiplied nucleolus were observed in comparison
with the control cells as well as characteristic blebs, pro-
bably containing chromatin (Figure 3C).

Analysis of F-actin organization in fluorescence
microscopy

Fluorescence microscopic studies showed the effect of co-
tinine on F-actin distribution in the A549 cells. In the con-
trol cells, F-actin was evenly distributed. The nuclei were
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Figure 3. Light microscopy; A — Control: A549 cells incubated without
cotinine. Close cell-cell contacts were observed, B — A549
cells incubated with cotinine at a dose of 18 ng/ml. Increased
intracellular spaces and multiplied nucleolus in the area of the
nucleus were observed (arrows), C— A549 cells incubated with
cotinine at a dose of 36 ng/ml. Cells with condensed chromatin
and apoptotic blebs were observed (arrows)

located in the central region of the cell and had regular
shapes (Figure 4A). However, after 24 hours of treatment
with COT (18 and 36 ng/ml) they were shrunken (Figures
4B, 4C). Besides cells shrinkage, large cells appeared with
strongly developed stress fibers. In the area of these cells,
lobe-shaped nuclei and micronuclei were observed (Figure
4B). In the majority of both types of cells, i.e. the shrunken
and large cells, F-actin accumulation was observed in the
central part of the cell, in the place of the nucleus.

S50 um

a0 um

Figure 4. Fluorescence microscopy; A — Control: A549 cells incubated
without cotinine (phalloidin/TRITC — F-actin, DAPI — nuclei).
Regular-shaped nucleiin the central part of the cell (arrows) and
evenly distributed F-actin in the area of the cell were observed,
B — A549 cells incubated with cotinine at a dose of 18 ng/ml
(phalloidin/TRITC — F-actin, DAPI — nuclei). Micronuclei in the
area of the cell (arrow), C— A549 cells incubated with cotinine at
adose of 36 ng/ml (phalloidin/TRITC - F-actin, DAPI - nuclei).
Shrunken cells were observed

Ultrastructural analysis of A459 cells

Light microscopy studies were supplemented by ultrastruc-
tural analysis of the A549 cells, which allowed for a more
accurate observation of changes in the cell area after COT
treatment. The most significant changes were observed after
COT treatment at a dose of 36 ng/ml. At the electron micro-
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Figure 5. Electron microscopy; A — Control: A549 cells incubated without
cotinine. Reqularly shaped nucleus and lack of changes in cellular
organelles were observed. Magnification x12,000, B — A549
cells incubated with cotinine at a dose of 18 ng/ml. Irregularly
shaped nucleus, swollen mitochondria (arrow a) and lysosomes
(arrow b) were observed. Magnification x13,000, C— A549 cells
incubated with cotinine at a dose of 36 ng/ml. Nucleoli in the
area of the nucleus (arrow a), dilated endoplasmic reticulum
canals (arrow b), swollen mitochondria (arrow c), and lysosomes
(arrow d) were observed. Magnification x12,000

scopic level, round nuclei were observed in the control cells
(Figure 5A). However, after using COT, changes in the sha-

pe of the nucleus occurred, i.e. the nuclei became dose-de-
pendently less regular and more lobe-shaped (Figures 5B,
5C). With increasing dose, a greater number of nucleoli,
mostly in the cells treated with the higher dose of COT, was
also observed (Figure 5C). Changes in the cytoplasmic area
were also observed, such as damage to mitochondria and
morphological alterations of the endoplasmic reticulum.
Mitochondria were swollen, with a visible disappearance of
cristae. Endoplasmic reticulum canals were dilated. In these
cells there were increased numbers of lysosomes compared
with the control cells (Figure 5C). Studies at the electron
microscopy level showed that all the above changes we ob-
served intensified with increasing dose of COT.

Discussion

The human non-small-cell lung cancer cell line A549 was
derived in the early 1970s. In the 1980s it was used above
all in investigations with herpes simplex virus [19]. Since
then, this cell line has been found to be useful in many
different studies. Foster et al. [12] pointed out that due
to their properties, which are characteristic of pulmona-
ry alveolar type II cells, non-small-cell lung cancer cells
constitute an attractive research model for the characteri-
zation of the metabolism and mechanisms of drug trans-
port to the pulmonary epithelium. Nowadays, the NSCLC
A549 cell line is used in studies on the influence of chemi-
cal agents on cancerous processes. Xiao-hua et al. [25] de-
monstrated that cantharidin exerts an inhibitory effect on
the proliferation of A549 cells. Tai et al. [20] used A549
cells in experiments with an enzyme responsible for bio-
logical prostaglandin inactivation. The NSCLC A549 cell
line also constituted a model in research conducted by
Katakura which was related to the cellular senescence pro-
gram and its application to anticancer therapy. Katakura
showed that TGF-f is a cellular senescence-inducing fac-
tor. He identified 86 independent senescence-associated
genes in A549-derived cells and established novel cell li-
nes from A549 cells [10].

Many studies used A549 cells as a model for establishing
the influence of elements of cigarette smoke. Hoshino et
al. showed that cigarette smoke extract at a concentration
of 5% and lower initiates apoptosis in the A549 cell line.
However, at higher concentration (10%) it is responsible
for necrosis [7]. It is necessary to remember that cigarette
smoke contains 4000 different agents, and each of them
appears in different concentrations depending on the smo-
king conditions and the kind of cigarette [2]. Similar results
were obtained by Ramage et al. which showed an increased
number of apoptotic cells after cigarette smoke and nico-
tine treatment [17]. The influence of cigarette smoke on
cellular senescence in non-small-cell lung cancer was stu-
died by Tsuji et al. Using a liquid cigarette smoke extract
solution, they demonstrated that a sublethal dose of ciga-
rette smoke causes the appearance of a phenotype indica-
tive of cellular senescence in pulmonary alveoli cells [22].
However, Klein et al. suggested the occurrence of a mi-
totic catastrophe as a response to stress conditions, which
can also lead to cellular senescence [11].

In recent years, the NSCLC A549 cell line has become the
model cell line for testing many cancer drugs and agents
that cause lung cancer. Statistical data show that smoking
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cigarettes is the main cause of morbidity due to lung can-
cer [26]. It is known that nicotine, one of the main consti-
tuents of cigarette smoke, undergoes transformation to coti-
nine with the participation of cytochrome P450 [1,8,23,29].
In vitro studies on the A549 cell line showed that nicoti-
ne causes an increase in the number of apoptotic cells [7,
17]. However, Dasgupta et al. suggested that nicotine in-
hibits apoptotic processes induced by taxol, cisplatin, and
gemcytabin [4]. There are also observations that nicotine
inhibits apoptosis induced by opioids, etoposide, cispla-
tin, and UV [9,13,14,28].

In the present study we investigated the influence of cotini-
ne, the main metabolite of nicotine synthesized in the or-
ganism, on the non-small-cell lung cancer A549 cell line.
Research to date has been focused on evaluating the ac-
tions of constituents of cigarette smoke, mainly nicotine
[5,7,17,22]. Cotinine, as a derivative of nicotine, is a good
object for studies related to its influence on cells derived
from the human organism, especially because its concentra-
tion in smokers is significantly higher [1,3,8,12,16,23,29].
From this point of view, studies that aim to explain a rela-
tionship between cotinine’s action and changes in the A549
cell line seem justified. Our study is the first to estimate the
influence of cotinine on F-actin in A549 cells.

The results obtained in this study indicate that cotinine, at
the doses applied, significantly influences NSCLC cells.
The morphological changes observed after cotinine treat-
ment may suggest a cellular response to stress conditions.
Cells with a phenotype indicative of mitotic catastrophe
were also detected. Observations similar to those we ob-
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