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Abstract

Cinnamomum verum is used to make the spice cinnamon and has been used as a traditional Chinese
herbal medicine. We evaluated the effects and the molecular mechanisms of cuminaldehyde (CuA), a
constituent of the bark of Cinnamomum verum, on human lung squamous cell carcinoma NCI-H520 cells.
Specifically, cell viability was evaluated by colorimetric assay; cytotoxicity by LDH release; apoptosis was
determined by Western blotting, and morphological analysis with, acridine orange and neutral red
stainings and comet assay; topoisomerase | activity was assessed using assay based upon DNA relaxation
and topoisomerase Il by DNA relaxation plus decatentation of kinetoplast DNA; lysosomal vacuolation
and volume of acidic compartments (VAC) were evaluated with neutral red staining. The results show
that CuA suppressed proliferation and induced apoptosis as indicated by an up-regulation of
pro-apoptotic bax and bak genes and a down-regulation of anti-apoptotic bcl-2 and bcl-XL genes, mi-
tochondrial membrane potential loss, cytochrome c¢ release, activation of caspase 3 and 9, and mor-
phological characteristics of apoptosis, including blebbing of the plasma membrane, nuclear condensa-
tion, fragmentation, apoptotic body formation, and comet with elevated tail intensity and moment. In
addition, CuA also induced lysosomal vacuolation with increased VAC, cytotoxicity, as well as sup-
pressions of both topoisomerase | and Il activities in a dose-dependent manner. Further study revealed
the growth-inhibitory effect of CuA was also evident in a nude mice model. Taken together, the data
suggest that the growth-inhibitory effect of CuA against NCI-H520 cells is accompanied by downreg-
ulations of proliferative control involving apoptosis and both topoisomerase | and Il activities, and
upregulation of lysosomal with increased VAC and cytotoxicity. Similar effects were found in other cell
lines, including human lung adenocarcinoma A549 cells and colorectal adenocarcinoma COLO 205
(results not shown). Our data suggest that CuA could be a potential agent for anticancer therapy.

Key words: Cuminaldehyde, anticancer, NCI-H520 cells, topoisomerase I, topoisomerase II, lysosomal vacuo-
lation, cytotoxicity, xenograft

Introduction

According to Toh et al,, lung squamous cell car-  sensitive to traditional chemotherapeutic agents and
cinoma characterizes 8.8% of cases in lung cancer in  there is a need for better treatment of the disease.
never-smokers [1]. However, the malignancy is not The genus Cinnamomum belongs to the Laura-
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ceae family and comprises over 250 aromatic ever-
green trees distributed mostly in Asia. Cinnamomum
verum is a small evergreen tree in the genus and na-
tive to Sri Lanka. The bark of this plant is used to
make the spice cinnamon and has long been used as a
traditional Chinese herbal medicine for various con-
ditions, such as improvement of the complexion to
make it more youthful, alleviation of fever, inflam-
mation, cough, induction of perspiration, and treat-
ment of circulatory disorders [2, 3]. In our ongoing
study to identify anti-cancer agents from natural re-
sources, cuminaldehyde (CuA), a constituent of the
bark of the plant, was discovered to have a
growth-inhibitory effect in human lung squamous cell
carcinoma NCI-H520 cells.

Cancer is a hyperproliferative disorder. Nu-
merous genetic and epigenetic changes being needed
to drive normal cells toward neoplastic transfor-
mation. These alterations control various signaling
pathways that cooperate to endow cancer cells with a
wide range of biological capabilities necessary for
growing, disseminating and finally killing their host
[4]. Although anticancer drugs may act differently,
apoptosis is the most common and preferred mecha-
nism through which many anticancer agents kill and
eradicate cancer cells [5].

Topoisomerases are enzymes that regulate the
topological states of DNA and play important roles in
maintaining genomic integrity [6]. These enzymes
relax supercoiled DNA by transient protein-linked
cleavages of either one (topoisomerase 1) or both
(topoisomerase II) of the sugar-phosphate backbones
of double-stranded DNA strands [7]. In addition to
apoptosis, topoisomerase is another major target of
anticancer agents [8-11].

This diversity of mechanisms of carcinogenesis
suggests that there are probably multiple processes
that could be effective targets for the prevention of
cancer. In an attempt to understand the effects and
underlying mechanisms of CuA in NCI-H520 cells, we
performed a series of experiments to answer the fol-
lowing questions: a) what are the effects of CuA on
the growth in NCI-H520 cells? b) what are the effects
of CuA on topoisomerase I and II activities? c¢) how
are these activities affected? Our results indicate that
CuA inhibited the growth in NCI-H520. In addition,
CuA inhibited both topoisomerase I and 1I activities,
and induced lysosomal vacuolation with increased
VAC. Finally, CuA induced apoptosis, resulting in the
suppression of NCI-H520 cell growth.

Materials and methods

Reagents
RPMI 1640 and fetal calf serum were purchased

252
from GIBCO BRL (Gaithersburg, Md, USA).
Cuminaldehyde (CuA) and dimethyl sulfoxide

(DMSO) were purchased from Sigma-Aldrich, Inc. (St.
Louis, Mo, USA). Antibodies to Bax, Bak, Bcl-2,
Bcl-XL, and B-actin were purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA).

Cell culture

Human lung squamous cell carcinoma
NCI-H520 cells (American Type Culture Collection
HTB-182, American Type Culture Collection, Manas-
sas, VA, USA) were cultured in RPMI 1640 medium,
supplemented with 10% (v/v) FBS, 10 U/mL penicil-
lin, 10 pg/mL streptomycin, and 0.25 pg/mL am-
photericin B at 37°C with 5% CO..

XTT assay for cell viability

A number of methods have been developed for
assaying cell proliferation, such as DNA synthesis and
metabolic activity. Although measurement of DNA
synthesized in the presence of a label is one of the
most reliable and accurate assay types, the obvious
downsides to this method are the hazards and hassle
of using of radioactive materials. Another method
measuring proliferation is the metabolic activity of
cells. The assay is based on the cleavage of the te-
trazolium salt (such as XTT and MTT) to formazan by
mitochondrial dehydrogenases in metabolically active
cells that subsequently changes the color of the media.
The absorption of the media-containing dye solution
can be read using a spectrophotometer.

Cells were seeded in 96-well culture plates (1 x
10* cells/well). After being incubated for 24 h, the
cells were treated with different concentrations of
CuA for 12, 24, and 48 h. The cell viability was de-
termined by the Cell Proliferation Kit II (XTT) (Roche
Applied Science, Mannheim, Germany) following the
manufacturer's protocol. The absorbance was meas-
ured using the Tecan infinite M200 spectrophotometer
(Tecan, Miannedorf, Switzerland) at 492 nm with a
reference wavelength at 650 nm.

LDH-Cytotoxicity Assay

The first morphological evidence of apoptosis
starts with retraction of the cell, loss of adherence,
then convolution of the cytoplasm and plasma mem-
brane, blebbing. Finally, the cell is fragmented into
apoptotic bodies, leading to the release of the cell
content into the surrounding media [12]. One method
of assaying loss of membrane integrity is measuring
the release of cytosolic enzyme lactate dehydrogenase
(LDH) into the bathing medium [13]. This assay was
originally used to quantify cell death occurring via
necrosis [14], but has since been shown to accurately
measure apoptosis [15-17].
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Cells were seeded in 96-well culture plates (1 x
104 cells/well). After being incubated for 24 h, cells
were treated with different concentrations of CuA for
48 h. LDH activity was determined using the
LDH-Cytotoxicity Colorimetric Assay Kit from Bio-
Vision (Milpitas, CA, USA) following the manufac-
turer’s protocol. The absorbance of the samples at 490
nm was measured using the Tecan infinite M200
spectrophotometer (Tecan, Madnnedorf, Switzerland).
Results are represented as the percentage of change in
activity compared with the untreated control.

Nuclear fragmentation assay

Apoptosis is the most common and preferred
mechanism through which many anti-cancer agents
kill tumor cells [5]. In addition, apoptosis also is the
major mechanism of cancer cell death induced by se-
lected polyphenols [18-21]. At the nuclear level,
apoptosis is characterized by the activation of en-
dogenous endonucleases with subsequent cleavage of
chromatin DNA into fragments. Nuclear fragmenta-
tion assay was performed to investigate the possible
mechanism of growth-inhibitory effect of CuA against
NCI-H520 cells.

Acridine orange (AO) is a nucleic acid-selective
metachromatic dye useful for cell cycle determination.
When AO intercalates into dsDNA, the dye fluoresces
green. On the other hand, it fluoresces orange when
interacting with ssDNA or RNA. Apoptotic cells (with
a larger fraction of DNA in the denatured form) dis-
play an orange fluorescence and a reduced green
emission when compared to non-apoptotic interphase
cells. In addition, when AO enter acidic compart-
ments such as lysosomes, the dye becomes protonated
and sequestered. In these low pH conditions, the dye
will emit an orange light when excited by blue light
[22]. Nuclear fragmentation assay is based on the
characteristics of AO and observed under a fluores-
cence microscope. Briefly, the cells were treated with
different concentrations of CuA for 48 h and stained
with 5 pg/mL AO at room temperature. The cells
were then observed under a fluorescence microscope
[23].

Comet assay

Comet assay, a gel electrophoresis-based meth-
od that can be used to evaluate DNA damage in indi-
vidual eukaryotic cells, is sensitive, versatile, and rel-
atively simple to perform. The limit of sensitivity is
approximately 50 strand breaks per diploid mamma-
lian cell. The assay was performed following the pro-
cedure of Olive et al. [24].

Assay for volume of acidic compartment
Increase in volume of acidic compartment (VAC)

is a common phenomenon of cells that undergo either
apoptotic or necrotic cell death. Elevated VAC could
also be a hallmark of dying cells [25]. To understand
the pathogenetic effects of CuA in NCI-H520 cells, the
VAC assay for lysosomes was carried out as described
previously [23].

Immunoprecipitation assay

Apoptosis is regulated by two major signaling
pathways: the extrinsic and the intrinsic pathways.
One pathway is initiated by death receptors such as
Fas, and the other is activated by molecules (such as
cytochrome c) released from mitochondria (which are
regulated by various proteins, such as those encoded
by the Bcl-2 family genes). Both pathways eventually
converge, leading to activation of the central effectors
of apoptosis: a group of cysteine proteases, called the
caspases, which cleave a number of different sub-
strates [26]. Furthermore, tumors arise more fre-
quently through the intrinsic pathway than the ex-
trinsic pathway because of sensitivity [27]. To inves-
tigate the mechanisms involved in CuA-induced
apoptosis, we initially analyzed the changes in the
levels of the pro-apoptotic proteins Bax and Bak, and
the anti-apoptotic proteins Bcl-2 and Bcl-XL.

Cells were treated with different concentrations
of CuA for 48 h. Mitochondrial and cytoplasmic frac-
tions were separated using the Cytochrome c Releas-
ing Apoptosis Assay Kit (BioVision, Milpitas, CA,
USA) following the manufacturer's protocol. For
Western blotting, the cells were lysed on ice for 40 min
in a solution containing 50 mM Tris, 0.1% SDS, 1%
Triton X-100, 150 mM NaCl, 2 mM EGTA, 2 mM
Na3zVOy, 10 mM NaF, 12 mM B-glycerolphosphate, 16
ng/mL benzamidine hydrochloride, 10 pg/mL phe-
nanthroline, 10 ng/mL aprotinin, 10 pg/mL leupep-
tin, 10 pg/mL pepstatin, and 1 mM phenylmethyl-
sulfonyl fluoride [28]. The cell lysate was centrifuged
at 12,500 xg for 20 min. Fifty pg of total protein, as
determined by BioRad Protein Assay (BioRad, Her-
cules, CA, USA), were resolved on 10% polyacryla-
mide gel electrophoresis and then transferred to Im-
mobilon P membrane using a semidry transfer system
(BioRad, Hercules, CA, USA). The membrane was
blocked with 5% nonfat dry milk in TBS [20 mM
Tris-HCl (pH 7.4) and 250 mM NacCl] for 1 h at room
temperature and then incubated with the desired
primary antibody in TBS containing 3% nonfat milk at
4°C overnight. The membrane was washed three
times with TBS and incubated with appropriate pe-
roxidase-conjugated secondary antibody, and the
immunoreactive proteins were detected using the
Amersham ECL Western Blotting Detection Kit (GE
Healthcare, Buckinghamshire, UK) following the
manufacturer's protocol.
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Assay for caspase activity

Mitochondrial proteins known as SMACs (sec-
ond mitochondria-derived activator of caspases) are
released into cytosol following the increased permea-
bility of the mitochondria membranes. SMAC binds to
IAPs (inhibitor of apoptosis proteins), and thereby
deactivates them, which in turn abrogates the IAPs
from the inhibiting activity of a group of cysteine
proteases called the caspases [26, 29] that carry out the
degradation of the cell.

To further investigate the mechanisms involved
in CuA-induced apoptosis, we analyzed the changes
in activities of key caspases involved in apoptosis. The
assay used here is based on the detection of the
chromophore AFC after cleavage from the labeled
substrate DEVD- and LEHD-AFC by caspase-3 and
caspase-9, respectively. Free AFC emits a yel-
low-green fluorescence (Amax = 505 nm). NCI-H520
cells were treated with different concentrations of
CuA for 24 h and caspase-3 and 9 activities were de-
tected using the Fluorometric Assay Kit from Bio-
Vision (Milpitas, CA, USA) following the manufac-
turer's protocol. The AFC light emission was quanti-
fied using the Tecan infinite M200 spectrophotometer
(Tecan, Mannedorf, Switzerland). Results are repre-
sented as the percentage of change in activity com-
pared with the untreated control.

Mitochondrial membrane potential assay

Mitochondrial dysfunction is involved in the
induction of apoptosis and is central to the apoptotic
pathway. Indeed, the opening of the mitochondrial
permeability transition pore induces depolarization of
the transmembrane potential (A¥W,) and release of
apoptogenic factors [30]. To further investigate the
role of mitochondria in CuA-induced apoptosis, we
analyzed the changes in AWy,

Mitochondrial membrane potential was deter-
mined using the mitochondrial-specific fluorescent
probe JC-1 (Invitrogen, Carlsbad, CA, USA) based on
the method of Reers et al. [31]. JC-1 exists as monomer
when membrane potentials (AWr,) are lower than 120
mV and it fluoresces green (540 nm) following excita-
tion by blue light (490 nm), and as dimer (J-aggregate)
at membrane potentials greater than 180 mV and it
fluoresces red (590 nm) following excitation by green
light (540 nm). NCI-H520 cells were treated with CuA
under the indicated conditions, harvested, and
stained with 25 uM JC-1 at 37°C for 30 min, and ana-
lyzed using a fluorescence microscope and spectro-
photometer. Changes in the ratio of red (590-nm
emission) to green (540-nm emission) fluorescence are
indicative of the mitochondrial membrane potential
changes [31].

Assays for topoisomerase | and Il activities

Topoisomerases are enzymes that regulate the
topological states of DNA and play important roles in
maintaining genomic integrity [6]. In addition to
apoptosis, topoisomerase is another major target of
anticancer agents [8-11]. Assays for topoisomerase I
and II activities were performed using the method of
Har-Vardi et al. [32].

In vivo tumor xenograft study

Male nude mice (BALB/c Nude; 6 weeks old)
were purchased from the National Science Council
Animal Center (Taipei, Taiwan, ROC) and maintained
in pathogen-free conditions in accordance with rele-
vant guidelines and regulations for the care and use of
laboratory animals of China Medical University.
NCI-H520 cells (5 x 10° cells in 200 pL) were injected
subcutaneously (SC) into the flanks of the nude mice.
Tumors were allowed to develop until they reached
about 75 mm3, at which time treatment was started.
Twelve mice were randomly separated into two
groups. The mice in the CuA-treated group were in-
jected intratumorally with CuA (10 mg/kg body
weight) in a 200 pL volume daily. The control group
was treated with an equal volume of vehicle. After
transplantation, tumor size was monitored at weekly
intervals using calipers, and tumor volume was esti-
mated by the hemiellipsoid model formula: tumor
volume = 1/2(471/3) % (I/2) x (w/2) x h, where [ = length,
w = width, and & = height.

Specimens were analyzed with fluorescent
TUNEL assay using the Quick Apoptotic DNA Lad-
der Detection Kit (Chemicon, Temecuba, CA, USA)
following the manufacturer's protocol.

Statistical analysis

Data are presented as means + standard error.
The evaluation of statistical significance was deter-
mined by one-way analysis of variance (ANOVA)
followed by the Bonferroni #-test for multiple com-
parisons. A P value less than 0.05 was considered sta-
tistically significant.

Results

Effects of CuA on cell morphological changes
When NCI-H520 cells were exposed to 20 uM of
CuA for 48 h, plasma membrane blebbing was ob-

served; cell shrinkage and cell detachment also oc-
curred (Fig. 1B).

CuA inhibits NCI-H520 cell proliferation

We investigated the potential cell proliferation
inhibitory activity of CuA in NCI-H520 cells using the
XTT. As shown in Fig. 1C, CuA inhibited cell prolif-
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eration in NCI-H520 cells in a dose- and
time-dependent manner. Maximal proliferation inhi-
bition was observed at 48 h with an ICsy value of 33.29
pM.

Effect of CuA on the release of LDH in
NCI-H520 cells

CuA was cytotoxic as assessed biochemically by
an increase in LDH content in the supernatant in a
dose-dependent manner.

Nuclear fragmentation assay

Acridine orange (AO) is a nucleic acid selective
metachromatic stain useful for cell cycle determina-
tion, measuring apoptosis, detecting intracellular pH
gradients and the measurement of proton-pump ac-
tivity [33]. The dye differentially stains sin-
gle-stranded nucleic acids orange and dou-
ble-stranded nucleic acids green. Further, in living
cells it serves as a pH indicator, trapped in acidic
compartments, such as lysosomes, which then fluo-
resces a brilliant orange [34]. When NCI-H520 cells
were treated with 20 uM of CuA for 48 h, the result of
AO staining demonstrated that NCI-H520 cells died
by apoptosis with blebbing, nuclear condensation,
and fragmentation. Orange-staining lysosomal vacu-

oles also appeared, but no significant nuclear frag-
mentation in the control group was observed.

DNA strand breakage was investigated by the
Single Cell Gel Electrophoresis assay (SCGE, also
known as the comet assay) at 48 h following treatment
with different concentrations of CuA. Fig. 2C and D
demonstrate that CuA treatment resulted in elevated
tail intensity and moment in NCI-H520 cells.

CuA increases volume of acidic compartments
in NCI-H520 cells

Neutral Red has been used to stain lysosomes
and quantify the volume of acidic compartments
(VAC) in cells [23, 35, 36]. Fig. 3A and B demonstrate
that the CuA treatment resulted in acidic vacuoles in
NCI-H520 cells, as evidenced by positive neutral red
staining. As shown in Fig. 3C, the VAC of
CuA-treated NCI-H520 cells increased in a
dose-dependent manner.

Given that blebbing of the plasma membrane,
nuclear condensation, fragmentation, and apoptotic
body formation are characteristic morphologic fea-
tures of apoptosis [37], the morphological changes
observed in our study suggest CuA did induce
apoptosis in NCI-H520 cells (Fig. 1 and 2).
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Fig. 1. Effects of CuA on cell morphology and growth in NCI-H520 cells. (A and B) Effect of CuA on cell morphology. Cells were treated with 0 (A) or 20 uM (B) of CuA for 48
h, respectively. When NCI-H520 cells were exposed to 20 pM of CuA, plasma membrane blebbing (arrows), cell shrinkage and cell detachment were observed. (C) Effect of CuA
on proliferation. NCI-H520 cells were treated with CuA at the indicated conditions. Cell proliferation inhibitory activity was evaluated by the XTT assay. (D) Effect of CuA on
the release of LDH in NCI-H520 cells. The cell culture medium was collected after 48 h of treatment with the indicated concentrations of CuA. Light absorptions were analyzed
at 340 nm using Tecan infinite M200 spectrophotometer. Data are expressed as means * standard error of mean, n = 3. *Indicates a significant difference (p < 0.05) from control.

CuA, cuminaldehyde.
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Fig. 2. CuA-induced nuclear fragmentation in NCI-H520 cells. (A and B) Acridine orange staining. Cells were treated with CuA 0 and 20 uM, respectively, for 48 h, then stained
with acridine orange. Orange vacuoles in cells showed that they were acidic. (A) Representative control group with intact green nucleus suggesting a good cell viability; (B)
Representative test group treated with 20 uM CuA in which nuclear fragmentation (back arrows), lysosomal vacuolation (white arrows), and blebbing (arrow heads) were
observed. (C and D) Comet assay. Effect of CuA on tail intensity (C) and moment (D) in comet assay. NCI-H520 cells were treated with CuA at the indicated conditions for 48
h. Cells were embedded in agarose and DNA was then unwound in an alkaline solution and subjected to electrophoresis. Cells were then stained with DAPI and analyzed under
fluorescence microscopy using automated analytical software (Comet Assay 2.0; Perceptive Instrument, UK). Data are expressed as means * standard error of mean, n = 350.

*Indicates a significant difference (p < 0.05) from control. CuA, cuminaldehyde.
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Fig. 3. CuA increased VAC in NCI-H520 cells. NCI-H520 cells were treated with 0,
or 20 uM of CuA for 48 h, then stained with neutral red. (A) Control group. There
were no obvious vacuoles in cells. (B) NCI-H520 cells treated with 20 uM of CuA for
48 h. The acidic red vacuoles in cells were observed. (C) CuA increased VAC in a
dose-dependent manner. NCI-H520 cells were incubated with the indicated con-
centration of CuA for 48 h and data were analyzed with a spectrophotometer. Data
are expressed as means * standard error of mean, n = 3. *Indicates a significant
difference (p < 0.05) from control. CuA, cuminaldehyde.

CuA suppresses growth of NCI-H520 cells by
execution of apoptosis through activation of
the mitochondrial pathway

To investigate the mechanisms involved in
CuA-induced apoptosis, we initially analyzed the
changes in the levels of pro-apoptotic proteins Bax
and Bak, and anti-apoptotic proteins Bcl-2 and Bcl-XL.
Immunoblotting analysis revealed significant change
in the expressions of both pro-apoptotic and an-
ti-apoptotic proteins. CuA-treated NCI-H520 cells
expressed increased Bax and Bak protein levels, but
decreased Bcl-2 and Bcl-XL protein expressions (Fig.
4A).

Then, we further investigated the role of mito-
chondria in the CuA-induced apoptosis in NCI-H520
cells. Since early apoptotic cell death often involves
release of cytochrome ¢ from mitochondria into cyto-
sol, the cytosolic fraction of cytochrome c protein was
determined with Western blotting. The results show
that the cytosolic fraction from the untreated

http://lwww.jcancer.org



Journal of Cancer 2016, Vol. 7

257

NCI-H520 cells contained no observable cytochrome
¢, whereas it did become detectable after 48 h of
treatment with CuA in a dose-dependent manner
starting from a concentration of 10 pM in NCI-H520
cells. Furthermore, expression of mitochondrial cy-
tochrome ¢ changed in the opposite direction (Fig. 4B).

We then investigated the mitochondrial dys-
function by measuring mitochondrial membrane po-
tential A¥r, in CuA-treated NCI-H520 cells using the
mitochondria-specific dye JC-1, both microscopically
and spectrophotometrically. As shown in Fig. 4C,
CuA induced the loss of mitochondrial membrane
potential, as indicated by decreased A¥., in a
dose-dependent manner.

Caspases, or cysteine-dependent  aspar-
tate-directed proteases, are a family of cysteine prote-
ases that play important roles in apoptosis. As shown
in Fig. 4D, the activities of both caspase-3 and -9 in-
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creased in a dose-dependent manner in CuA-treated
NCI-H520 cells. This is consistent with the mitochon-
drial depolarization and release of cytochrome c from
mitochondria into the cytosol.

CuA inhibits topoisomerase | activity in
NCI-H520 cells

Inhibition of topoisomerase 1 activity in
NCI-H520 cells by CuA was achieved in the presence
of increasing concentration of CuA (Fig. 5A, lanes 3-5)
or camptothecin (CPT, lane 6), a known specific in-
hibitor of topoisomerase I [38-40]. Fig. 5A shows that
the conversion of the supercoiled plasmid pUC 19 to
the relaxed form, decreased in a dose-dependent
manner in the presence of CuA or CPT (compare lanes
3-6 with lane 2). These results show that the DNA
relaxation activity of NCI-H520 cell nuclear proteins
was inhibited by CuA.
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Fig. 4. Cuminaldehyde induced apoptosis through the mitochondrial pathway in NCI-H520 cells. (A and B) Cells were treated with the indicated concentrations of
cuminaldehyde for 48 h. Levels of Bax, Bak, Bcl-2, Bcl-XL, and cytochrome ¢ were evaluated by Western blotting using specific antibodies; the cytoplasm and mitochondria
fractions were extracted from cell pellets. (A) Expressions of Bcl-2 family proteins. (B) Release of cytochrome ¢ from mitochondria into cytosol. (C) Cuminaldehyde induced
mitochondrial depolarization. (C, left) Cells were treated with the indicated concentrations of cuminaldehyde for 24 h and AW was analyzed by JC-1 using fluorescence
microscopy: (Left, upper part) Control cells with intact mitochondria fluorescencing red; (Left, lower part) Most cuminaldehyde-treated cells fluorescencing green, suggesting the
loss of AWm; (Right part) Cells were treated with the indicated concentrations of cuminaldehyde for 24 h and AW was analyzed by JC-1 using spectrophotometer. (D) Activations
of caspase-3 and -9. Cells were treated with the indicated concentrations of cuminaldehyde for 24 h and activities of caspases-3 and -9 were determined fluorometrically using
fluorescence-labeled synthetic substrates. Data are expressed as means * standard error of mean, n = 3. *Indicates a significant difference (p < 0.05) from control. CuA,

cuminaldehyde.
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Fig. 5. Inhibition of NCI-H520 topoisomerase | and Il activities by CuA. (A) CuA inhibited topoisomerase | activity in NCI-H520 cells. Nuclear proteins from NCI-H520 cells
were added to a specific topoisomerase | reaction mixture in the presence of the indicated concentrations of CuA (lanes 3-5), or 60 ptM CPT (lane 6), or the vehicle (1% DMSO,
lane 2). Lane 1: pUC19 DNA only. (B) CuA inhibits topoisomerase Il activity in NCI-H520 cells. DNA relaxation assay (upper part) and decatenation assay (lower part): Nuclear
proteins from NCI-H520 cells were added to a specific topoisomerase Il reaction mixture in the presence of the indicated concentrations of CuA (lanes 3-5) or 60 pM VP-16,
a specific topoisomerase Il inhibitor (lane 6), or the vehicle (1% DMSO, lane 2). (Lane 1) Supercoiled pUC19 DNA (upper part) or kDNA (lower part) only. kDNA is a large
network of plasmids, and when it is analyzed by gel electrophoresis, it penetrates only slightly into agarose gel (result not shown). Upon decatenation by topoisomerase Il, mini
circles monomers of kDNA were formed (lower part, lanes 2-6). CPT, camptothecin; CuA, cuminaldehyde; S and R, supercoiled and the relaxed forms of the pUC 19 plasmid

DNA, respectively; VP-16, etoposide.

CuA inhibits topoisomerase Il activity in
NCI-H520 cells

Inhibition of topoisomerase II activity in
NCI-H520 cells by CuA was examined in the presence
of increasing concentration of CuA (Fig. 5B, lanes 3-5)
or 60 uM etoposide (VP-16, lane 6), a known inhibitor
of topoisomerase Il [39]. Fig. 5B, upper part, shows
that the conversion of the supercoiled plasmid pUC 19
to the relaxed form, decreased in a dose-dependent
manner in the presence of CuA or VP-16 (compare
lanes 3-6 with lane 2). These findings show that the
DNA relaxation activity of NCI-H520 cell nuclear
proteins was inhibited by CuA. Moreover, the effect
of CuA on topoisomerase II in NCI-H520 cells was
further evaluated with the decatenation assay. De-
catenation activity involves the releasing of mono-
mers (minicircle DNA) from the kinetoplast DNA
(kDNA, a large network of plasmid). The nuclear
proteins extracted from the NCI-H520 cells contained
topoisomerase II, which converted kinetoplast DNA
to monomer DNA molecules (Fig. 5B, lower part,
compare lane 2 with lane 1). The conversion of ki-
netoplast DNA to monomers decreased in a
dose-dependent manner in the presence of CuA
(compare lanes 3-5 with lane 2) or VP-16 (compare
lane 6 with lane 2). These results indicate that the de-
catenation activity of NCI-H520 cell nuclear proteins
was inhibited by CuA.

CuA inhibits growth of NCI-H520 xenograft in
nude mice

To determine whether CuA suppresses growth
of the NCI-H520 xenograft, equal numbers of
NCI-H520 cells were injected subcutaneously into
both flanks of the nude mice. Tumor growth sup-
pression was obvious in mice treated with 10
mg/kg/day of CuA, where ~45% reduction in tumor

size was found, in contrast to mice treated with the
vehicle (Fig. 6B). In addition, no significant effect was
found when the mice were treated with 4 mg/kg/day
of CuA (results not shown). None of the CuA treat-
ments caused any significant decrease in diet con-
sumption or body weight change (data not shown)
compared with control mice. To gain insight into the
mechanism of the antitumor effect of CuA in vivo, we
harvested the NCI-H520 xenograft from vehicle- and
CuA-treated mice and assessed cell death using the
TUNEL analysis. As shown in Fig. 6A in the right
parts, compared with tumors of vehicle-treated mice
(upper part), elevated TUNEL-positive cells that
suggest apoptosis, were found in the tumors of the
CuA-treated mice (lower part).

Discussion

Epidemiological and experimental studies have
consistently shown that there is a correlation between
regular consumption of fruits and vegetables and
prevention of developing lifestyle disorders, such as
cardiovascular disorders and cancer [41, 42]. Phyto-
chemicals, such as polyphenols and flavonoids which
are abundant in fruits and vegetables, seem to possess
many of the desirable qualities for preventing cancer
and could have great potential as chemopreventive
and antiproliferative agents [43-48]. Cinnamomum
verum has been traditionally used for treating dys-
pepsia, blood circulation and inflammatory disorders,
including gastritis [49, 50]. CuA, a constituent of the
bark of the plant, could be such a natural agent.
However, till now very few studies on CuA have been
published, and to the best of our knowledge, there has
been no report focusing on its effects on topoisomer-
ase I and II activities. The current study thus aimed at
investigating the antiproliferative activity of CuA and
elucidating its underlying mechanisms.
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Fig. 6. CuA suppressed growth and induced apoptosis in NCI-H520 xenograft.
Animals bearing pre-established tumors (n = 6 per group) were injected intra-
tumorally with CuA (10 mg/kg/day) or vehicle. During the 50-day CuA treatment,
tumor volumes were monitored using calipers and apoptosis was assessed by TUNEL
assay. (A) Left: Representative tumor-possessing nude mice from the control (upper
part) and CuA-treated (lower part) groups. (A) Right: CuA induced apoptosis in
NCI-H520 xenograft by TUNEL assay. Representative TUNEL assays of tumors from
the control (upper part) and CuA-treated (lower part) groups. (B) Means of tumor
volume measured at the indicated number of days after implantation. CuA,
cuminaldehyde.

In this study, we first examined the effect of CuA
on the growth of human lung squamous cell carci-
noma NCI-H520 cells. We found that CuA suppressed
the proliferation of NCI-H520 cells in a dose- and
time-dependent manner. Although cells can die by
non-apoptotic mechanisms, apoptosis is the most
common and preferred mechanism through which
many chemotherapeutic agents kill and eradicate
tumor cells [5]. In addition, apoptosis has been re-
ported as the major mechanism of cancer cell death
induced by selected polyphenols [18-21]. Our results
suggest that CuA effectively induced apoptosis as
indicated by a change in Bax/Bcl-2 ratios, loss of AWy,
release of cytochrome ¢ from the mitochondria into
cytosol, activations of caspase-3 and -9 (Fig. 4), and
morphological characteristics of apoptosis, including
blebbing of the plasma membrane, nuclear condensa-
tion, fragmentation, and apoptotic body formation as

shown in various stainings and comet assay (Fig. 1
and 2).

Mitochondria are crucial to multicellular life and
apoptosis often involves the release of cytochrome c
from mitochondria into cytosol. Apoptosis-inducing
agents that target mitochondria may affect them in
various ways. They may induce the formation of
membrane pores leading to mitochondrial swelling,
or increase the permeability of mitochondrial mem-
brane, resulting in the release of apoptotic effectors
from mitochondrial into cytosol. The released cyto-
chrome ¢ binds to apoptotic protease activating fac-
tor-1 (Apaf-1) and dATP, which then bind to
pro-caspase-9 to create a protein complex called
apoptosome. The apoptosome cleaves the
pro-caspase-9 to its active form of caspase-9. The ac-
tivated caspase-9 in turn activates effector caspase-3,
thereby initiating a cascade of proteolytic events [51].
Furthermore, the activities of different genes deter-
mine the cell’s decision to activate its self-destruction
program. Apoptosis regulator Bcl-2 is a family of
evolutionarily related proteins that is involved in the
regulation of mitochondrial outer membrane perme-
abilization pore (MOMP), and can be -either
pro-apoptotic (such as Bax and Bak) or anti-apoptotic
(such as Bcl-2 proper and Bcl-xL). Proper execution of
the decision of apoptosis requires the coordinated
expressions of the involved genes. Regarding the key
events in the induction of apoptosis, the present study
demonstrates that CuA induced the release of cyto-
chrome ¢ from mitochondria into cytosol in a
dose-dependent manner. Moreover, the up-regulated
expressions of Bax and Bak taken together with the
down-regulated expressions of Bcl-2 and Bcl-XL in
response to CuA treatment, the collapse of A¥n, the
up-regulated activities of most upstream protease of
intrinsic apoptotic pathway, caspase-9, and the effec-
tor caspase-3 suggest the involvement of these pro-
teins in CuA-induced apoptotic cell death.

Our results also indicate that CuA induced
vacuolation with elevated VAC. Increase of VAC has
been reported to be a common phenomenon of cells
that undergo either apoptotic or necrotic cell death
and could be a hallmark of dying cells [25]. Since
apoptosis is an ordered process, the increase of VAC
could be responsible for the self-digestion during the
course of cell death [25].

Type I topoisomerases act by creating a transi-
ent single-stranded break in the DNA double helix
molecule, followed by either a single-stranded DNA
passage or controlled rotation about the break. Type I
topoisomerases are involved in all DNA processes
that involve tracking systems and play important
roles in maintaining genomic integrity [6]. Further-
more, elevated levels of topoisomerase I mRNA, pro-
tein, and catalytic activity are seen across human tu-
mors [52].
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Type Il topoisomerases act by generating a
transient double-stranded DNA break, followed by a
double-stranded DNA passage event. Type II topoi-
somerases function in numerous DNA processes and
are required for recombination, the separation of
daughter chromosomes, and proper chromosome
structure, condensation, and decondensation [6]. The
enzyme is increased dramatically during cell prolif-
eration and peaks in G2/M. The resulting transient
double-stranded break could lead to fragmentation of
the genome with chromosomal translocations and
other DNA aberrations [7, 53].

In addition to cell cycle regulation, topoisomer-
ase is another major target of anticancer agents [8-11].
The chemotherapeutic agent etoposide kills cells by
stabilizing the transient intermediate cleavage com-
plex. The accumulation of cleavage complexes leads
to the generation of permanent DNA strand breaks
that fragments the genome and results in the activa-
tion of death pathways [54]. Apoptosis has been
demonstrated to be the most efficient death-pathway
in tumor cells after topoisomerase II is inhibited [55].
Our findings documented that CuA inhibited topoi-
somerase I and II activities in a concentra-
tion-dependent manner (Fig. 5), which in part, could
be a mechanism driving the cells to apoptosis. While
the majority of topoisomerase inhibitors are selectiv-
ity target either topoisomerase I or II [56], our study
clearly shows that CuA inhibited both topoisomerase
I and II activities in NCI-H520 cells. It is generally
accepted that carcinogenesis is a multi-step process.
Studying the effects of CuA on VAC and topoiso-
merase I and II in NCI-H520 cells in this process may
provide new information on the pathological process
of cancer. However, further work is needed to eluci-
date the specific underlying mechanism of the inhibi-
tion, possible mutagenic effects, and others for clinical
usage as a chemopreventive or anticancer agent
against lung squamous cell carcinoma and/or other
malignances.

Therapy-induced cytotoxicity and other associ-
ated side effects of anticancer drugs are major con-
cerns of chemotherapy. Therefore, the ideal drug
should selectively kill cancer cells and not damage the
healthy ones. None of the CuA treatments caused any
significant decrease in diet consumption or body
weight change compared with control mice. These
results provide convincing proof of the protective
effect of CuA treatment against NCI-H520 xenograft
growth in nude mice without any observable toxicity;
this suggests that CuA has an antiproliferative action
in NCI-H520 cells and can potentially serve as an an-
tiproliferative agent for cancer.

Conclusion

Collectively, our data clearly indicate that CuA
induced apoptosis and also suppressed tumor cells
growth and the associated biomarkers. The molecular
events associated with the tumor suppression effect of
CuA include not only the downregulation of cell pro-
liferative controls involving apoptosis and both
topoisomerase I and 1I, but also the upregulation of
lysosomal vacuolation with increased VAC and cyto-
toxicity.

In conclusion, the present study provides fun-
damental information on the growth suppression ef-
fect of CuA in NCI-H520 cells, which suggests a
short-term model for the evaluation of potential an-
ti-cancer pharmacological modulators against lung
squamous cell carcinoma. In fact, similar effects were
also found in other cell lines, including human lung
adenocarcinoma A549 cells and colorectal adenocar-
cinoma COLO 205 (results not shown). Our findings
provide a justification for the development of CuA as
a safe and effective anti-cancer agent against carcino-
genesis.
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