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Anticancer Effects of Astaxanthin and α-tocopherol in
Esophageal Cancer Cell Lines

Background/Aims: Astaxanthin (AX) has been attributed with potential for
protecting the organism against different types of cancer due to its anti-oxidant
activity. Also several in vivo and in vitro studies suggest certain naturally
occurring vitamin E (i.e. α-tocopherol) as promising anticancer agents. We
assessed the effect of AX and α-tocopherol (AT) respectively and their
combination on human esophageal cancer cell lines to investigate the
mechanism of anticancer effect and their therapeutic potential. Materials and
Methods: Two human esophageal cancer cell lines (TE-1, TE-4) were exposed
to AX (6 to 10μg/mL) and AT (20 to 100μM) for 24 hours. Quantification
of proliferation was performed by MTT assay. Cell cycle machinery proteins
such as p-AKT, p-p38, cyclin D1, p27 and caspase-3 were investigated by
Western blot. Results: Significant inhibition of cell proliferation of AX and AT
was observed in TE-4 cell line by a dose-dependent manner. Furthermore,
AX and AT as single agents increased the protein expression of p27 and
cleaved caspase-3 in TE-4 cell line. The combination of the two agents
decreased the expression of cyclin D1, however they did not demonstrate
pro-apoptotic effect. Conclusions: AX and AT as single agents are effective
at inhibition of cell proliferation and induce apoptosis by the modulation of
cell cycle machinery proteins in esophageal cancer cell lines. However, our
data could not suggest that their combination has any cooperative apoptotic
effect. (Korean J Helicobacter Up Gastrointest Res 2011;11:170-175)
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agent in various human cancer cell lines. Dietary AX exerted
antitumoral activity in the post-initiation phase of carcinogen-

INTRODUCTION

7

induced oral cancer models. Rats fed a carcinogen (4-NitroquiThere is abundant laboratory evidence that carotenoids possess
1,2

noline-1-oxidase) but supplemented with astaxanthin had a sig-

independent of their

nificantly lower incidence of different types of cancerous

antioxidant activity or potential for conversion to retinoids.

3,4

growth in their mouths than rats fed only the carcinogen by

Recently, the red ketocarotenoid astaxanthin (AX), 3, 30-dihy-

decreasing cell proliferation of nonlesional squamous epithe-

droxy-b, bcarotene-4,40-dione, which is main carotenoid in aquat-

lium, and such effects may be partly due to suppression of cell

ic animals and in seafoods has been found. It does not possess

7
proliferation. On the other hand, the effects of AX have been

a pro-vitamin A activity but attract considerable interest because

studied in human breast cancer cells,

of its potent antitumoral, antioxidant and immunomodulatory

the proliferation of MCF-7 cell line and downregulates bcl-2

activities. They are distinctly different and, at least in some cases,

gene expression. Also, AX inhibited cell growth in a dose- and

potent cancer chemopreventive properties

10

5-9

more potent than that of β-carotene and other carotenoids.

in which AX inhibits

time-dependent manner, by arresting cell cycle progression and
4

by promoting apoptosis in HCT-116 colon cancer cells. And

Increasing evidence suggests that AX is a potent antitumoral

170
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reduced gasatric inflammation via modulation of inflammatory
11

171

ly, drugs were added as single agents at various concentrations
(0.5∼50μg/mL for AX, 5∼150μM for AT), followed by in-

cytokines in a Helicobaccter pylori infected mice model.

Meanwhile, α-tocopherol (AT) is a promising anti-cancer

o
cubation at 37 C, 5% CO2 for 24 hours. After this, 20μL of

micronutrient that has been shown to promote tumor dormancy,

MTT solutions dissolved in 5 mg/mL PBS were added in each

apoptosis and inhibit cellular proliferation in breast cancer, mel-

o
wells and additionally were incubated for 2 hours at 37 C in

12-14

Furthermore, AT showed in-

culture hood. Then we removed media and added 20μL of

hibition of cell proliferation, induction of cell cycle arrest and

DMSO in each well. The resultant product was quantified by

anoma and colon cancer.

15

It

apoptosis as a single agent or 2- to 3-drug combination.

is interesting that dietary AT exerted antitumoral activity in the
post-initiation phase of carcinogen-induced oral cancer models.
We previously performed an in vitro study using synthetic
AX which showed cell cycle arrest and growth inhibition in
16

spectrophotometry using a plate reader at 570 nm using reference at 670 nm. All experiments were repeated 3 times.
4. Western blot analysis
Each two esophageal cancer cells were incubated in 100 mm

Moreover, recent in vivo study re-

dish until 80% growth followed by the treatment. After drugs

ported that dietary AX in combination with AT had cooperative

were added as single agents and as combination at 10μg/mL

17

inhibitory effect on oxidative stress in diabetic rat model.

o
for AX, 100μM for AT, they were incubated at 37 C, 5% CO2

With this background, we designed this study to examine the

for 24 hours. Drug treated TE-4 cells were harvested, washed

effects of AX and AT respectively and double combination on

once with icecold phosphate buffered saline (PBS) and gently

the growth of different human esophageal cancer cells and to

lised for 30 min in ice-cold lysis buffer (1 mM MgCl2, 350

investigate some molecular pathways involved in cell cycle pro-

mM NaCl, 20 mM HEPES, 0.5 mM EDTA, 0.1 mM EGTA,

gression, apoptosis and cell survival.

1 mM DTT, 1mM Na4P2O7, 1 mM PMSF, 1 mM aprotinin,

gastric cancer cell lines.

1.5 mM leupeptin, 1 mM Na3VO4, 20% glycerol, 1% NP40).

MATERIALS AND METHODS

o
Cell lysates were centrifuged for 10 min at 4 C and protein was

separated on 8% to 15% sodium dodecyl sulfate polyacrylamide

1. Materials

gel electrophoresis (SDS-PAGE) gel, transferred onto a poly-

Two human esophageal cancer cell lines (TE-1 and TE-4)

vinylidene fluoride membrane (Millipore Co., Bedford, MA,

were used in this study. Both cell lines were established from

USA), and probed with primary antibodies. The anti-p-AKT,

the primary esophageal squamous cell carcinomas and obtained

anti-p-p38, anti-cyclin D1 monoclonal antibodies were pur-

from the Riken Biosource Center (Tsukuba, Ibaraki, Japan).

chased from Santa Cruz Biotechnology (Santa Cruz, CA, USA),

The cells were maintained in RPMI 1640 medium supple-

and anti-total-caspase-3 and anti-cleaved-caspase-3 monoclonal

mented with 10% fetal bovine serum containing 1% pen-

antibodies were purchased from Imgenex (San Diego, CA,

o

icillin-streptomycin in a 37 C, 5% CO2 humidifier incubator.
2. Reagents

USA). Anti-β-actin antibody (Sigma Chemical Inc., St. Louis,
MO, USA) was used as sample loading control. The blots were
washed with PBS and exposed to horseradish peroxidase-la-

AX obtained from natural extracts was provided by Dr.

belled secondary antibodies for 45 min at room temperature.

Seok-Keun Choi and Sun-Joong Kim (College of Life Science

The immunocomplexes were visualized by the enhanced chem-

& Biotechnology, Korea University) and commercial AT

iluminescence detection system (ECL

(Sigma Chemical Inc., St. Louis, MO, USA) was purchased.

Analysis System, Amersham, Buckinghamshire, UK) and quan-

AX was dissolved in 100μL methanol, and AT was dissolved

tified by densitometric scanning.

TM

Western blotting

in dimethyl sulfoxide (DMSO) as stock solutions and then diluted in DMEM/F12 medium immediately before use.
3. MTT assay
Both cells were inoculated in 96-well plate at a density of
3
5×10 cells/well overnight prior to drug treatment. Subsequent-

RESULTS
1. Effects of AX and AT treatment on cell growth in
human esophageal cancer cells
Using MTT assay, cell death was monitored with physio-
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Fig. 1. Effects of Astaxanthin (AX) and α-tocopherol (AT) on the growth of human esophageal cancer cell lines (TE-1, TE-4) using MTT
assay. (A, B) shows the growth-inhibitory effects of AX (0.5∼50μg/mL) and AT (5∼150μM) in TE-1 and TE-4 cell lines treated
for 24 hours.

logical and pharmacological concentrations of AX and AT after

Cyclin D1 was activated by AX or AT as a single agent, how-

24 hours of treatment. The effects of the AX and AT on the

ever decreased when both were combined. Importantly, p27 and

growth of human esophageal cancer cells are shown in Fig. 1.

cleaved-caspase-3 were decreased by AX or AT alone, how-

In treating different doses of the astaxanthin (0.5∼50μg/mL)

ever, their combination could not exhibit such effect (Fig. 2).

and α- tocopherol (5∼150μM) in TE-1 and TE-4 cell lines
treated for 24 hours, MTT assay showed that AX and AT as

DISCUSSION

single agents demonstrated a dose-dependent inhibition of cell
proliferation in TE-4 cell line. For this cell line, concentrations

Our finding shows that AX and AT may act as growth-in-

of AX and AT higher than 10μg/mL and 100μM were con-

hibitory effect in vitro by dose -dependent manner in TE-4 cell

sidered to be effective in inducing cell growth inhibition. On

line. Several previous in vitro studies reported that purified AX

the other hand, inhibitory effect of AX and AT for cell growth

exhibited growth inhibitory effects in various cancer cell lines,

was minimal in TE-1 cell line.

18
7
19
10,20,21
or prostate
including colon, oral, fibrosarcoma, breast

2. Effects of AX and AT treatment on cell progression
and apoptosis in human esophageal cancer cells

22
cancer. Also, AT as a single agent or combination with other

chemopreventive agents inhibited cellular proliferation and in15,23

duced apoptosis in cell lines of gastrointestinal tract cancer.

To understand the mechanisms of cell growth inhibition by

Our results confirmed the growth inhibitory effect of AX and

AX and AT, we further investigated the effects of AX, AT and

AT in TE-4 esophageal cancer cell line. However, the fixed

their combination on the cell cycle and apoptosis related

concentration of AT (100μM) which inhibited cellular pro-

proteins. TE-4 cell line was treated with AX and AT as either

liferation was higher than that of other study (15μM) which

single agents or their combination for 24 hours. The fixed con-

showed such effect in squamous head and neck cancer cell

centrations for AX (10μg/mL) and AT (100μM) were chosen

line.

for treatment of cells. Immunoblotting was performed to detect

agents induce apoptosis by the modulation of cell cycle machi-

the activation of p-AKT, p-p38, cyclin D1, p27 and caspase-3.

nery protein in esophageal cancer cell line. It is well known

First, AX as a single agent decreased the expression of p-AKT.

that overexpression of cyclin D1 is most frequently associated

However, AT alone or combination of AX and AT increased

with human malignancy and down-regulation of cyclin D1 and

p-AKT. AX alone also increased the expression of p-p38.

concomitant increase in p27 involves the arrest of cell cycle

15

Our findings also suggested that AX and AT as single
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Fig. 2. p-AKT, p-p38, Cyclin-D1, p27kip and Caspase-3 expression in TE-4 cell line treated with Astaxanthin (AX) and α-tocopherol
(AT) for 24 hours. (A) shows representative Western Blot analyses and panels (B∼F) shows densitometric analysis of five different
determinations. Values are expressed as protein/actin ratio.
24

progression at the G0/G1 phase. Our study showed that AX

creased activity of p27. To make a mechanism involving as ar-

and AT as a single agents increased the expression of p27,

rest of cell cycle by AX or AT, further western blot analysis

however could not demonstrate accompanying decreased activ-

of p21

ity of cyclin D1. In contrast, their combination decreased the

cytometer need to be performed.

expression of cyclin D1, however could not accompany de-

waf/cip

or p53, and cell cycle analysis using FACS flow

Recent evidence suggests that AKT signaling pathway
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changes in cell ability to undergo apoptosis and carotenoids
25

may modulate AKT pathway in cancer cells. In our study, AX
alone and induced a decrease in phosphorylated AKT at concentrations of 10μg/mL, which is consistent with the pro-apoptotic effect. Additionally, AX and AT in turn increase the activity of casepase-3. However, there was discrepancy in alteration
of p-AKT and caspase-3 by the treatment of AT and AX/AT
combination. Further analysis of apoptosis induction is needed
by investigating the alterations of inhibitors of programmed cell
death (Bcl-2, Bcl-XL), pro-apoptotic agent (Bax), other caspase
series (caspase-8, 9, 10) and its target protein (poly-ADP-ribose
polymerase (PARP)).
There are three kinases, major MAPKs, JNK, p38 and ERK,
26

which have been shown to regulate apoptosis.

Moreover,

MAPKs signaling cascades has been reported that it play an
27

important role in oxidative stress-induced apoptotic cell death.

In our study, AX increased the expression of phosphorylated
p-38, suggesting a role of pro-oxidant and pro-apoptotic effect.
Previous in vitro study also showed that carotenoids may exert
2
a prooxidant in cancer cells, and our data correspond with ex-

isting theory.
In summary, AX and AT as a single agent showed a dose-dependent inhibition of cell proliferation in TE-4 cell line.
Furthermore, they as a single agent also decreased the expression of p27 and cleaved-caspase-3. The expression of cyclin
D1 was decreased by the combination of both agents, however
their combination could not exhibit more effect of cell cycle
arrest or apoptosis. Further studies are needed to understand
whether or not combination of AX and AT may be of any benefit in helping apoptosis of esophageal cancer cells.
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