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apoptosis in a549 cells, a human lung
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Abstract: This essay aims to research the effect of okadaic acid (OA) on A549 cell multiplication, and cell apoptosis
induced by OA was observed by cell morphology. MTT assay, trypan blue exclusion test (TBET), Giemsa staining
method and acridine orange (AO) fluorescence staining assay were applied. The results of cell survival evaluated by
TBET and colorimetric assay with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) showed: The
number of A549 cells was decreased in a dose-dependent manner. Cytomorphology observation of okadaic acid-
treated cells showed that cells became shrinkage and turned round, some cells floated in the nutrient medium with
nucleus agglutination broken, resulting in apoptotic bodies. Above-mentioned results indicated that OA exerted
significantly inhibitory effect on A549 cell multiplication due to the apoptosis induced by OA.
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Introduction

In recent years, there has been a growing harm-
ful red tides outbreak in China and other coun-
tries. Harmful red tides had caused damage to
the stability of marine ecosystems and serious-
ly red tide toxins have already threatened fish-
eries and human health [1]. Okadaic acid (OA)
is known as one major component of diarrheic
shellfish poisoning, the toxins responsible for
the human intoxication. It is a hydrophobic fatty
acid polyether and targets mainly the gastroin-
testinal tract in acute poisoning, causing diar-
rhea and vomit by enrichment of the food chain
or consumption directly produced by marine
dinoflagellates [2, 3]. Previous work demon-
strated that okadaic acid induced apoptosis
and carcinogenesis in different cell lines [4]. It
has already confirmed that okadaic acid treat
can induce apoptosis of human hepatocellular
cell line, colonic epithelial cell line and neuro-
blastoma cell line, etc [2, 5]. Due to this charac-
teristic, our study was then interesting to know
whether OA induces apoptosis in A549 cells, a
human lung adenocarcinoma cell line and non-
target organ tumor cell line of okadaic acid.

Okadaic acid induces apoptosis effects evalu-
ated by growth increment determination and
several cytomorphology observations. These
results were analyzed to ascertain the facts
whether okadaic acid has inhibitory effect on
A549 cell multiplication and discuss the real
cause of this inhibitory effect, then provid-
ing new drugs for the treatment of lung
adenocarcinoma.

Materials and methods
Materials

RPMI-1640 was from Gibco (Grand Island, NY,
USA). Okadaic acid was purchased from Sigma
(St. Louis, MO, USA). Trypsin, MTT, and DMSO
were purchased from Solarbio. Acridine Orange,
trypan blue and Giemsa were purchased from
Sinopharm Chemical Reagent Co., Ltd. Newborn
calf serum was from Thermo.

Cell culture

A549 cells, a human lung adenocarcinoma cell
line, were obtained from Academy of Military
Medical Sciences (Beijing, China). The cells
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Figure 1. Cell survival rates of A549 cells after incubation with OA evaluated
by MTT assay. Cell survival rates were decreased with OA’s concentration

increase and time going on. The concentration of DMSO in solvent control
group is equal to 100 ng/ml OA treated group.
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Figure 2. The effect of solvent for cells survival rates. P > 0.05, solvent con-
trol groups had no difference with respect to controls. Values are the mean *
SD of three experiments performed in triplicate. The concentration of DMSO
in solvent control group is equal to 100 ng/ml OA treated group.

medium was removed. Cells
grown in microtitre plates
were treated with a series dif-
ferent concentration of OA
(20, 30, 40, 50, 60, 70, 80,
90, 100 ng/ml) and incubated
for different periods of time as
described in results. MTT, 5
mg/ml, was added 4 h before
the incubation period ended.
After incubation for another 4
h, the culture medium was
removed and 150 uyl DMSO
was added, and then oscillat-
ed in the dark at room tem-
perature for 15-30 min. The
sample absorbance was read
in ELIASA at wavelengths of
570 nm. Cell viability was cal-
culated as follows: Cell viabili-
ty = (A-B)/ (C-B) x 100%.

A stand for OD value of the
experimental group; B stand
for OD value of the control
group; C stand for OD value of
the solvent control group.

Trypan blue exclusion test

Cells were seeded in 12-well
plates at 2 x 10* cells/well (1
ml), three parallel samples of
each group. Following 24 h,
48 h and 72 h exposure of

were grown as monolayer cultures in a humidi-
fied atmosphere of 95% air/5% CO, in RPMI-
1640 supplemented with 100 IU/ml penicillin,
100 pg/ml streptomycin, and 10% heat-inacti-
vated newborn calf serum at 37°C. For cell
counting and subculture, cells were dispersed
with a solution of 0.05% trypsin and 0.02%
EDTA. The attached cells were trypsinized after
reaching optimum confluence, and cells in loga-
rithmic growth phase were used for the follow-
ing study.

MTT assay

Cells were seeded in 96-well microtitre plates
at 3000 cells/well (100 pl), eight parallel sam-
ples of each group. Following an additional
incubation of 24 h (37°C/5% CO,), the culture
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cells to OA (34 and 68 ng/ml)

when the culture medium was
removed after incubated 24 h. The cells were
trypsinized, collected and monitored with the
membrane non-permeable dye trypan blue.
Trypan blue exclusion test was used to record
the number of viable cells of each group.

Giemsa staining method detect the apoptosis
of A549 cell evoked by OA

In 6-well plates (2 x 10* cells/well, 2 ml/well),
cells grown on coverslips were incubated for 24
h, three parallel samples of each group. Then
cells were treated with 34 and 68 ng/ml OA for
48 h. After washing with PBS for twice, cells
were fixed in Carnoy during 5-10 min. Finally,
Giemsa staining fluid stained the cells, ddH20
wished twice. Cells were photographed under
ordinary optics microscope.
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A549 cell apoptosis induced

control were significant at P < 0.05; **difference from the control were high- by OA
ly significant at P < 0.01 (Student’ test). Values are the mean + SD of three

experiments performed in triplicate. 34 ng/ml is the 50% inhibited concen-
tration (IC50), 68 ng/ml is 2 x IC50. The concentration of DMSO in solvent

control group is equal to 68ng/ml OA treated group.

Acridine orange (AO) fluorescence staining as-
say assessed nuclear morphology

Nuclear morphology was monitored with acri-
dine orange, a live cell nucleic stain. Briefly, in
6-well plates (2.5 x 10* cells/well, 2 ml/well),
cells grown on coverslips were incubated for 24
h, three parallel samples of each group. The
cells were exposed to OA (34 and 68 ng/ml) at
37°C for 48 h after removing the culture medi-
um. The cells were fixed in 95% ethanol for
10-20 min after washed with PBS (for twice).
Nuclear condensation was observed by stain-
ing with acridine orange under laser scanning
confocal microscope.

Statistical analysis

The data were expressed as means with stan-
dard deviations (SD) for at least three indepen-
dent determinations in triplicate or for each
experimental point. The statistical differences
between treated cells and controls were deter-
mined by the Student t test and the Wilcoxon
Rank Sum test and the levels of P < 0.05 [6].

Results

OA has significant inhibitory effect on A549
cells multiplication

Results of MTT assay showed OA exerted an
increased inhibitory effect on A549 cell multi-
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Staining method discovered
solvent control group cells
were similar to control group
cells that cells’ body were nor-
mal, keeping in contact with
the surrounding cells, with clear and full nuclei
(Figure 4A, 4B). Cells number was evidently
reduced and losing contact with surrounding
cells, cells became round and budded around
the cell membrane when incubated with 34 ng/
ml OA for 48 h (Figure 4C). Exposing in 68 ng/
ml OA, cells were more less and disconnecting
with others, cells turned round, some floated in
the nutrient medium, and significant apoptotic
bodies were surrounding the cells (Figure 4D),
with some broken (Figure 4D).

A549 cells nuclear morphology was observed
by staining with acridine orange under confocal
laser scanning microscope. After A549 cells
were stained by the AO, the RNA of cytoplasm
and nucleolus turned yellowish red. The nucle-
us morphology in solvent control group cells
was large and uniform, similar to control group
cells (Figure 5A, 5B). After treatment with 34
ng/ml OA, karyopyknosis was found and a cres-
cent cap structure distributed throughout the
karyoplasms (Figure 5C). Chromatins were like
that treated with 34 ng/ml OA, but fluorescence
intensity was lower when cells were exposed in
68 ng/ml OA (Figure 5D).

Discussion

MTT assay showed that A549 cells survival
rates decreased with the increasing of OA’s
concentration, presenting an evident time
dependent and dose dependent manner. The
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Figure 4. Giemsa staining method detected the apoptosis of A549 cell evoked by OA. A: Control; B: Solvent control;
C: 34 ng/ml; D: 68 ng/ml. a, b: apoptotic body; c: broken cells. Values are the mean + SD of three experiments
performed in triplicate. The concentration of DMSO in solvent control group is equal to 68 ng/ml OA treated group.

IC50 calculated for the toxin was 34 ng/ml
(42.23 nmol/ml). For recent years, the chemo-
therapy drug cisplatin has been the doctors’
first line of defense against tumors, especially
for the lung. It often combined with other drugs
due to drug resistance, and cisplatin-based
combined therapy has achieved a significant
effect [8]. The IC50 incubating A549 cells with
cisplatin or curcumin alone for 48 h is sepa-
rately 0.966 ug/ml and 18.4 umol/ml, but the
inhibition rate is 55.31% when cells exposed to
1 mg/L DDP in combination with 10 pmol/L
CUR and 2 mg/L DDP in combination with 5
pmol/LCUR for 48 h, and a better lethal effect
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has been shown [9, 10]. The IC50 that A549
cells incubated with erlotinib for 48 h is 200
umol/L [11], and tetrandrine’s is 4.43 mg/ml
[12]. The IC50s of above-mentioned toxins are
higher than OA when treated A549 cells alone
or in combination for the same time. So OA has
a potential to develop into a new treatment for
human lung adenocarcinoma due to it has a
better lethal effect for A549 cell in a lower
concentration.

Normal living cells’ plasma membrane keep
intact, it can’t discover blue staining under the
microscope by reason that trypan blue can not
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Figure 5. Acridine orange fluorescence staining assay assessed nuclear morphology. A: Control; B: Solvent control;
C: 34 ng/ml; D: 68 ng/ml. Values are the mean + SD of three experiments performed in triplicate. The concentration
of DMSO in solvent control group is equal to 68 ng/ml OA treated group.

across cell membranes. When cell membrane
penetrability is increasing, trypan blue can
enter dying cells and showed blue stained
under the microscope [13, 14]. So trypan blue
exclusion test was used to analyze cell viability.
In our research, the results of TBET were con-
sistent with the results of MTT. It's further evi-
dent that OA has significant inhibitory effect on
A549 cells multiplication.

Giemsa staining is a composite dye composed
of the azure and eosin. Nuclei were stained into
purple while cytoplasm and nucleolus were
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dyed into bluish violet when cells were tinted
with Giemsa staining. In this study, we can see
that cell number was evidently reduced and los-
ing contact with surrounding cells, cells became
round, cells dyed more deeply, and nuclei were
marginalized and budded around the cell mem-
brane when incubated with 34 ng/ml OA for 48
h. Exposed in 68 ng/ml OA, cells were more
less and disconnecting with others, some float-
ed in the nutrient medium, and significant
apoptotic bodies were surrounding the cells,
with some broken. There was no nuclear stain-
ing proved that nuclei were fragmented. This
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assay proved that A549 cells obviously died
when exposed into 34 ng/ml or 68 ng/ml OA
and the primary cause was OA could induce cell
apoptosis.

Acridine Orange, a vital fluorescent dye, enters
cells through the cytoplasmic membrane and
intercalates into DNA and RNA, resulting in
strong staining of complex, the complex pro-
duce kelly and yellowish red (not shown) sepa-
rately [2, 15, 16]. Karyopyknosis and crescent
cap structure distributed throughout the karyo-
plasms when treated with 34 ng/ml OA (the
early period of apoptosis). After exposed in 68
ng/ml OA, chromatins were like that treated
with 34ng/ml OA, but fluorescence intensity
was lower. Maybe because apoptotic bodies
were phagocytosed and digested by surround-
ing cells, resulting in nuclear fragmentation
and cytoclasis (the late period of apoptosis).
The cells incubated with OA showed typical
morphological change of apoptosis once again
testified that OA could kill A549 cells due to
apoptosis.

In conclusion, the results clearly demonstrate
that OA has significantly inhibitory effect on
A549 cell multiplication and cells had a high
sensitivity to OA. Apoptosis is the main cause of
this effect. This research was preliminarily
proved that OA had the potential to be a new
treatment of human lung adenocarcinoma.
However, further studied are need to define the
exact role of OA.
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