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Synthesized tetrahydroisoquinoline alkaloid exerts anticancer
effects at least in part by suppressing NF-kB-regulated proteins
in A549 human lung cancer cells
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Abstract. CKD-712, a newly synthesized tetrahydroiso-
quinoline (THI) and an enantiomer (S form) of YS 49 (a
derivative of higenamine) has been reported to suppress
nuclear factor-kB (NF-kB) activity in normal cells. In the
present study, we investigated the anticancer effects of THI at
a low concentration where CKD-712 did not induce cell death
in normal cells. At the range of concentrations used, CKD-712
induced cell growth arrest, and inhibited the invasion and
motility of A549 cells as determined by cell cycle analysis,
a Matrigel-coated chamber assay, and a wound-healing assay,
respectively. CKD-712 suppressed MMP-9, but not MMP-2
and other NF-kB-regulated proteins involved in cancer metas-
tasis such as VEGF. Moreover, CKD-712 induced cell cycle
arrest at G2M phase by suppressing cyclin A, cyclin B and
CDK-1 expression. Taken together, these data suggested that
CKD-712 may exert anticancer effects by suppressing NF-«B
pathways and inducing cell cycle arrest at G2M phase.
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Introduction

Phytochemicals have emerged as a promising therapeutic
option in regulating cancer, as phytochemicals reportedly
exhibit safety and enhance anticancer activity (1-3). The strate-
gies for achieving anticancer effects from natural compounds
have led to much interest. Thus attention has focused on the
identification of new compounds with anticancer activities
from natural compounds without evident toxicities, and the
establishment of their precise mechanisms.
Tetrahydroisoquinoline (THI) alkaloids are derivatives of
higenamine,amajor component of Ranunculaceae thathasbeen
used as a herb for many diseases without reported toxicities.
It has been reported that these alkaloids have pharmacological
actions on inflammation. CKD-712, a newly synthesized
THI and an enantiomer (S form) of YS 49 (a derivative of
higenamine) has been reported to have anti-inflammatory
activity by suppressing nuclear factor-kB (NF-«xB) in normal
cells (4). NF-kB is a well-known transcription factor that is
involved in cancer proliferation, invasion, and angiogenesis.
In addition, NF-«xB activation is closely associated with drug
resistance by enhancing the transcription of anti-apoptotic
proteins that interfere with death signaling. In that context,
the agents harboring an inhibitory effect on NF-xB can
have anticancer activities. This agent was developed for the
cardiovascular disease, and has anti-inflammatory effects (5).
Evidence suggested that inflammation is closely associated
with carcinogenesis. In addition, previous findings suggested
that THI alkaloids exert anticancer effects (6,7). However, the
anticancer effects of CKD-712 have not been reported yet.
Therefore, we hypothesized CKD-712 possesses a certain
anticancer property. In the present study, the anticancer effects
of CKD-712 on A549 human lung cancer cells were examined.

Materials and methods

Cell culture and chemicals. A549 human lung adenocarcinoma
cells from the ATCC (Rockville, MD, USA) were cultured
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in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% FBS (Gibco-BRL, Grand Island, NY,
USA), 100 U/ml penicillin, and 100 pg/ml streptomycin in an
incubator at 37°C in a humidified atmosphere of 95% air and
5% CO,. Molecular mass markers for proteins were obtained
from Pharmacia Biotech (Saclay, France). Antibodies against
c-Myc,Bcl-2,Bcl-xL, XIAP, cIAP-1,cIAP-2,cyclin A, cyclin B,
Cyclin-dependent kinase (CDK-1), VEGF, poly (ADP-ribose)
polymerase (PARP), procaspase-3 and -9, and NF-xB (p65)
were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). Antibody against 3-actin was from Sigma
(Beverly, MA, USA). An enhanced chemiluminescence (ECL)
kit was purchased from Amersham (Arlington Heights, IL,
USA). Any other chemicals not specifically mentioned were
purchased from Sigma Chemical Co., (St. Louis, MO, USA).

Cell proliferation assays. A549 cells were seeded in 24-well
plates at a density of 5x10* cells/ml, grown to 70% conflu-
ence and then treated with the indicated concentrations of
CKD-712 for 24 h. Control cells were supplemented with
media containing 0.1% DMSO (vehicle control). Cell viability
was determined by the MTT assay.

Flow cytometric analysis. Cells (2x10°) were plated in each well
of six-well plates, and treated with the indicated concentration
of CKD-712 (5-60 pg/ul) for 24 h. The cells were washed twice
with cold PBS and centrifuged at 1,200 rpm for 5 min. The
pellet was fixed in 75% (v/v) ethanol for 1 h at 4°C. The cells
were washed once with PBS and resuspended in cold PI solution
(50 pg/ml) containing RNase A (0.1 mg/ml) in PBS (pH 7.4) for
30 min in the dark. Flow cytometric analysis was performed
using FACSCalibur (Becton Dickinson, San Jose, CA, USA).

Wound-healing assay. The cells were grown to 100% confluent
monolayer and then scratched to form a 100 gm ‘wound’ using
sterile pipette tips. The cells were then cultured in the pres-
ence or absence of CKD-712 in serum-free media for 24 h. The
images were recorded at 12 and 24 h after scratching using an
Olympus photomicroscope.

Cell invasion assay. The 5x10* cells/ml cultured in serum-
free media overnight were loaded onto pre-coated Matrigel
24-well invasion chambers (BD Biosciences, San Jose, CA,
USA) with or without CKD-712. Then, 0.5 ml of medium
containing 20% FBS was added to the wells of the plate
and incubated for 24 h at 37°C in 5% CO,. The cells on
the bottom of the Matrigel were fixed with 10% formalin,
stained with DAPI, and counted. Stained nuclei were then
observed under fluorescent microscope using a blue filter
(magnification, x400).

Gelatin zymography. The gelatinolytic activities of the culture
medium were assayed by electrophoresis with 10% poly-
acrylamide gels containing 1 mg/ml gelatin. Polyacrylamide
gels were run at 120 V, washed in 2.5% Triton X-100 for
1 h, and then incubated for 16 h at 37°C in activation buffer
(50 mM Tris-HCl, pH 7.5, 10 mM CaCl,). After staining with
Coomassie blue (10% glacial acetic acid, 30% methanol and
1.5% Coomassie brilliant blue) for 2-3 h, the gel was washed
with a solution of 10% glacial acetic acid and 30% methanol
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for 1 h. White lysis zones revealed by staining with Coomassie
brilliant blue indicated gelatin degradation by MMP-2 and -9.

Western blot analysis. The cells were gently lysed for
30 min with lysis buffer (20 mM sucrose, 1 mM EDTA,
20 uM Tris-HCI, pH 7.2, 1 mM DTT, 10 mM KCI, 1.5 mM
MgCl,, 5 pg/ml pepstatin A, 10 yg/ml leupeptin, and 2 ug/
ml aprotinin) to prepare the total protein Supernatants were
collected and protein concentrations were determined using
a Bio-Rad Protein Assay kit (Bio-Rad, Hercules, CA, USA).
For the NF-kB (p65) experiment, cytoplasmic and nuclear
proteins were extracted using nuclear and cytoplasmic extrac-
tion reagents according to the manufacturer's instructions.
For the western blot analysis, an equal amount of protein
was subjected to electrophoresis on sodium dodecyl sulfate
(SDS)-polyacrylamide gels and transferred to a nitrocel-
lulose membrane (Schleicher & Schuell, Keene, NH, USA)
by electroblotting. Blots were probed with the indicated
antibodies. The membranes were then incubated with
diluted enzyme-linked secondary antibodies for 1 h at room
temperature. After washing, the membranes were developed
by enhanced chemiluminescence.

Statistical analysis. Each experiment was performed in trip-
licate. The results were presented as the mean values + SD.
Significant differences were determined using the Student's
t-test. Statistical significance was defined as P<0.05.

Results

CKD-712 significantly suppresses cancer cell proliferation,
but does not induce either apoptosis or cancer cell death in
A549 lung cancer cells. According to a previous report, we
used an amount <100 ug/ml where CKD-712 did not show
cyctotoxicity in the normal cells (5). We assessed the anti-
cancer effects at a concentrations of 5-60 ug/ml where the
growth of A549 cells was not significantly suppressed. The
MTT assay revealed that CKD-712 significantly suppressed
cell proliferation in a dose-dependent manner (Fig. 1A). To
confirm whether CKD-712 induces apoptosis, we performed
DAPI staining and measured cells with sub-G, DNA content.
DAPI staining revealed that no definite apoptotic cell death
(Fig. 1B). However, marked cell cycle changes were noted at
the indicated concentrations of CKD-712 in 48 h (Fig. 1C).
The increasing fraction of the cells with sub-G, DNA content
as CKD-712 was negligible. We assessed the anticancer effects
of CKD-712 at the concentration of 30 ug/ml. The MTT assay
revealed that CKD-712 inhibited the cell proliferation up to
60%, but did not induce caspase induction and PARP cleavages
(Fig. 1D). This finding was confirmed by caspase inhibitors
(Fig. 1E). These findings suggested that CKD-712 suppresses
A549 cell proliferation, but CKD-712 did not induce apoptosis
or any other type of cell death.

CKD-712 significantly suppresses cyclin A and B expression
as well as CDC2 expression in A549 lung cancer cells. To
investigate the molecular mechanisms for the S and G2M
arrest, we assessed the expression levels of cyclin A, cyclin B,
and CDK-1. Western blot analysis revealed that CKD-712
suppressed the expression of cyclin A, cyclin B, and CDK-1
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Figure 1. Anti-proliferative activity of CKD-712 in A549 human lung cancer cells. The cells were seeded at a density of 5x10* cells/ml. Cell growth inhibition
was measured by MTT assay. The cells were treated with the indicated concentrations of CKD-712 for 48 h. (A) Cell viability was assessed by the MTT assay.
The growth inhibition and cytotoxicity CKD-712 are shown at the indicated concentrations. (B) After fixation, the cells were stained with DAPI solution to
observe apoptotic body. Stained nuclei were then observed under fluorescent microscope using a blue filter (magnification, x400). (C) Using flow cytometry, the
cells with sub-G, DNA content representing the cells undergoing cell death were also analyzed. (D and F) Equal amounts of cell lysate (30 ug) were resolved
by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed with the indicated antibodies. The proteins were
visualized using an ECL detection system. 3-actin was used as an internal control. (E) Cell viability was assessed using the MTT assay. The data are shown
as the mean + SD values of three independent experiments. "P<0.05 between the treated and untreated control group.

(Fig. 1F), suggesting that suppression of the expression of
cyclin A, cyclin B, and CDK-1 is one of the mechanisms for
CKD-712-induced cell cycle arrest.

CKD-712 inhibits the invasion as well as migration of A549
lung cancer cells. Cancer cell invasion is the key event in
metastasis, thus we performed the invasion test to determine
the anticancer effects of CKD-712 on A549 cells in vitro.
CKD-712 inhibited cell invasion in a dose-dependent manner
as measured by Matrigel invasion assays (Fig. 2A). In addition,
CKD-712 inhibited cancer cell migration in the wound-healing
assay at a concentration of 20 yg/ml (Fig. 2B). These findings
suggest that CKD-712 effectively suppressed A549 cell inva-
sion and migration.

CKD-712 inhibits the expression of MMP-9 in A549 lung
cancer cells, but not MMP-2. To investigate the changes at
the molecular level, we assessed the expression levels of
MMP-2 and -9, which are key molecules for cancer invasion
involved in by the proteolytic digestion of the extracellular

matrix (ECM) (8,9). The activities of MMP-2 and -9 secreted
in media using gelatin zymography analyses were measured,
which revealed that CKD-712 predominantly suppressed
the expression of MMP-9 gene in a dose-dependent manner,
whereas no changes were identified in MMP-2 expression
(Fig. 2C). These data suggested that CKD-712 inhibits A549
cell invasion at least in part by suppressing MMP-9.

CKD-712 suppresses NF-kB activity, and NF-xB-regulated
proteins involved in cancer proliferation, and angiogenesis
in A549 lung cancer cells. The NF-xB pathway is involved
in cancer cell proliferation, invasion, and metastasis (10,11).
MMP-9 expression is preferentially regulated by NF-«xB (12).
We hypothesized that the stimulatory effects of TNF on inva-
sion and MMP-9 expression were driven by NF-kB activation.
In addition, we previously suggested that CKD-712 suppressed
NF-«B activation in normal cells (5). In the present study, we
investigated again whether CKD-712 inhibits NF-«kB activation
using western blot analysis, which revealed that TNF enhanced
NF-«B translocation into the nucleus and CKD-712 inhibited
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Figure 2. A dose-dependent inhibitory effect of CKD-712 on the invasion of A549 human lung cancer cells. (A) Effects on invasion of A549 cells. A549 cells
were treated with CKD-712 (0-60 pg/ml) for 18 h in a Matrigel-coated Transwell assay. The Matrigel invasion chambers were incubated for 24 h. P<0.05 vs.
control. (B) Cells were grown to 100% confluency on 30-mm cell culture dishes coated with collagen and then serum-starved for 24 h with or without CKD-712
for 24 h. After creating a linear scratch with a pipette tip, serum-free media with or without CKD-712 was added. Images of the etched area in a Petri dish
were captured at intervals of 0, 12 and 24 h. Data were representative of three independent experiments. (C) Secreted MMP-2 and -9 proteins measured by
gelatin zymography. Cells were incubated for 24 h with CKD-712 (0-400 pg/ml). Values are presented as the means + SD from three independent experiments.

“P<0.05 vs. control.

the TNF-induced NF-kB activation. Additionally, the inhibi-
tory effects on TNF-induced NF-«B activation were not as
marked as that shown in the cells treated with CKD-712 alone
(Fig. 3A). We measured the levels of NF-kB-regulated proteins
associated with cancer proliferation, invasion, angiogenesis,
and anti-apoptosis in A549 cells. We found that CKD-712
suppressed NF-kB-regulated proteins involved in cancer cell
proliferation (c-Myc and COX-2), anti-apoptosis (Bcl-xL,
XIAP, cIAPI1, cIAP2), and angiogenesis (VEGF) (Fig. 3B).
These gene products are known to be regulated by NF-«xB,
thus we investigated the effect of CKD-712 on these molecules.
Western blot analysis revealed that CKD-712 suppressed these
proteins. The results suggested that CKD-712 may suppress
MMP-9 as well as other NF-kB-regulated proteins that have
been associated with cancer metastasis.

Discussion

The aim of the present study was to investigate the anti-
cancer effects of CKD-712 on human lung cancer cells and,
to determine whether CKD-712 exerts anticancer effects
at the doses where the anti-inflammatory effects were
shown (5). A previous report demonstrated that CKD-712

has suppressive effects on the activated NF-kB in normal
cells (5). We found that CKD-712 suppressed cancer cell
invasion and migration through suppression of MMP-9 at
the concentration where cytotoxicity was not evident in
normal cells. Invasion is the first step of cancer metastasis,
for which the process includes proteolytic digestion of the
ECM, and cell migration through the basement membranes
to reach the circulatory system. In particular, MMP-2
(gelatinase-A) and MMP-9 (gelatinase-B) are important in
the proteolytic digestion of the basement membrane. We
clearly demonstrated that CKD-712 had inhibitory activi-
ties by suppressing the expression of MMP-9 in A549 cells.
Gelatin zymography showed that CKD-712 predominantly
suppressed MMP-9 expression compared to MMP-2. This
finding can be supported by previous studies showing that
MMP-9 appeared to be much more influenced by NF-xB
activation than was the case for MMP-2 (13,14), and MMP-9
promoter contains NF-xB binding sites (12). In addition, we
have demonstrated that CKD-712 inhibited VEGF, which is
important in cancer neovascularization and angiogenesis.
Natural compounds (15) or dietary agents (16) carrying anti-
NF-kB activity have also shown similar effects on cancer
cells although the dominant target was different.
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Figure 3. Effects of CKD-712 on NF-kB and NF-«kB-regulated protein.
(A) Inhibitory effects of CKD-712 on TNF-a-induced NF-«B translocation
into the nucleus. Cells were pretreated with CKD-712 (1 pM) for 1 h and
then treated with TNF-a (10 ng/ml) for 30 min. Following treatment, nuclear
and cytoplasmic fractions were extracted from total cell lysates and protein
levels were determined by western blot analysis. (B) Cells were treated with
CKD-712 for 24 h at the indicated concentration. Whole-cell extracts were
prepared, and 30 ug of the whole-cell lysate was analyzed by western blot
analysis using antibodies against various NF-xB-regulated proteins involved
in cancer cell proliferation (c-Myc and Cox-2), anti-apoptosis (Bcl-xL, XIAP,
cIAP1 and cIAP2), and angiogenesis (VEGF). Data are representative of two
independent experiments.

1145

The present result have shown that CKD-712 inhibited
NF-«kB activity and NF-kB-regulated proteins involved in
cancer survival and proliferation. The primary role of TNF
consists in the regulation of immune cells, and TNF was able
to induce interleukin (IL) production, apoptotic cell death,
and inflammation to inhibit tumorigenesis. TNF induces cell
death through the extrinsic pathway in certain cancer cells
(13). However, most cancer cells are resistant to TNF-induced
cell death by activation of NF-xB followed by the enhanced
transcription of anti-apoptotic proteins that interfere with cell
death signaling (14). Moreover, paradoxically the patients with
advanced and metastatic cancers have higher serum levels of
TNF than those with early stage cancer (12) that are associated
with cancer progression (12,15). Therefore, NF-xB can a good
therapeutic target for the treatment of advanced cancer. We
hypothesized that if NF-«B is suppressed by less toxic drugs,
TNF induces apoptosis of cancer cells. This may prove to be an
alternative approach for the treatment of patients with metas-
tasis or advanced patients without showing serious side effects.
Thus, we investigated the anticancer effects of CKD-712 with
a special focus on NF-kB and the NF-xB-regulated gene which
is involved in cancer progression and metastasis.

The study has certain limitations. First is that we did
not clearly examine the mechanisms by which CKD-712
manifests its other anticancer effects such as cell cycle arrest.
Most of the agents with anti-NF-xB activity were associated
with cyclin D1 suppression (17,18). Therefore, cell cycle arrest
by CKD-712 was considered a distinct anticancer activity.
Another limitation is that we did not fully elucidate the reason
for CKD-712 not exerting prominent anticancer effects in
terms of apoptosis. Further study is required to elucidate the
underlying mechanisms.

In conclusion, this study suggests that CKD-712 exerts
anticancer effects at least in part by inhibiting NF-xB activa-
tion and downstream proteins (Fig. 4). CKD-712-induced cell
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Figure 4. Schematic representation of the anticancer effects of CKD-712 on A549 human lung cancer cells. Following activation of NF-kB pathways, CKD-
712 inhibited IxBa phosphorylation followed by the inhibition of NF-kB-regulated proteins involved in cancer cell proliferation, anti-apoptosis, invasion,
and angiogenesis. In addition, CKD-712 induces G2M cell cycle arrest by suppressing cyclin A and B and CDK-1. Taken together, these data suggested that
CKD-712 may exert anticancer effects by suppressing NF-kB pathways and inducing cell cycle arrest at G2M phase.
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cycle arrest is another mechanism for these anticancer effects.
This study therefore provides evidence that CKD-712 may
exert anticancer effects on human lung cancer.
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