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Figure 1. Chemical structure of H154.
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Figure 2. H154 induces apoptosis in HepG2 cells. (A) Cells treated 
with 100 nM H154 for 72 h were stained with DAPI (10 ug/mL of PI, 
100 ug/mL of Rnase A) and showed a typical apoptosis morphology.
(B) Internucleosomal DNA fragmentation was examined in a time- 
and dose-dependent manner. The cells were treated with 100 nM 
H154 for the indicated time periods.

Cancer (also called a malignant neoplasm) is a class of di-
seases in which a group of cells show uncontrolled cell growth, 
invasion and occasionally metastasis, and is a major public 
health problem worldwide. Cancer is a disease of deregulated 
cell proliferation, due to a defect in regulating the cell cycle. It 
is also considered to be a disease of deregulated survival, where 
the continuous input of survival signals is made to suppress 
apoptosis. Therefore, regulation of the cell cycle and apoptosis 
are considered to be effective cancer therapeutic methods.1

In the course of searching for anticancer agents, we became 
interested in the discovery of potential anticancer agents using 
a cell-based high-throughput screening system with a chemical 
library. We reported a preparation of 2-aminothiazole deriva-
tives2-6 in a high-speed parallel format and found that compound 
H154 exhibited significant cell growth inhibition against HepG2 
cells with an IC50 value of 0.040 μM by the MTT assay.7

Apoptosis is important, not only for the chemotherapy of 
cancer cells, but also in tumor chemoresistance involving an 
increased threshold for cell death that would require higher 
doses to destroy the tumor. Therefore, to investigate whether 
H154-induced growth inhibition was associated with apoptosis, 
the cell morphology and DNA damage was examined at various 
concentrations and periods. As shown in Fig. 2, treatment with 
H154 resulted in a small number of typical apoptotic cells, 
namely shrunken cells with fragmented nuclei (apoptotic bodies) 
and clear DNA ladder formation in a dose- and time-dependent 
manner, indicating that the population of cells underwent apop-
totic cell death.

The level of caspase-3 expression in the cells exposed to 
H154 was also measured to determine if compound-induced 
apoptosis is associated with the activation of caspase. The 
western blotting data showed that the level of pro-caspase-3 
remained unchanged in the H154-treated cells. However, the 
levels of the active subunits of caspase expression were in-
creased in a time dependent manner. In order to further quantify 
the proteolytic activity of caspase-3 in the cells, the lysates, 
which were equalized for the protein from the cells treated with 

H154, were assayed for their activity by quantitative detection 
of a fluorometric tetrapeptide substrate. As shown in Fig. 3, the 
caspase-3 activity in the cells increased in a time-dependent 
manner.

The blockade of cell cycle progress by anti-cancer agents 
prevents the proliferation of cancer cells, which is also exploited 
for cancer therapy. To examine whether H154-induced growth 
inhibition was associated with cell cycle regulation, the cell 
cycle distribution was analyzed by flow cytometry. As illust-
rated in Fig. 4, G1 cell cycle arrest was observed, as indicated by 
the time-dependent accumulation of cells in the G1 phase. The 
cells treated with the compound showed 51.9%, 64.8%, 66.8%, 
and 76.8% of cells in the G1 phase at 12, 24, 48, and 72 h, res-
pectively, whereas the control cells treated with DMSO (the 
solvent in which the compound is dissolved) showed 42.7% in 
the G1 phase.
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Figure 3. Caspase-3 activation is involved in H154 induced apoptosis. 
The caspase activities were assayed using Ac-DEVD-AMC as a sub-
strate.

         

                              Con            12             24             48              72

                                           Time (h)

100

80

60

40

20

0

C
el

ls
 (%

)

G2/M
S
G1

Figure 4. G1/S arrest of H154 treated HepG2 cells. After the H154
treatment for the indicated period, the cells were stained with PI and 
analyzed for the DNA content by flow cytometry at each time point.

                                     0          12         24         48        72 (h)

            

p53

p21

β-actin

                                      0        12         24          48        72 (h)

            

Cdk2

β-actin

Figure 5. Protein levels of p53, p21and Cdk2 were examined by 
Western blot analysis at the indicated time points after a treatment 
with 100 nM H154.

The activation of the p53 protein as a transcription factor 
initiates a program of apoptosis and cell cycle arrest.8,9 A major 
player in p53-mediated G1 arrest is the p21 gene product that 
inhibits cyclin E-Cdk2.10 This cyclin-dependent kinase then acts 
on the Rb protein to depress the activity of E2F1 that promotes 
the transcription of genes involved in preparing a cell to progress 
from the G1 to S phase in the cell cycle. Several p53-regulated 
genes also enhance the secretion of cytochrome c into the cyto-
plasm from the mitochondria (bax, noxa, puma), often in a 
tissue-specific manner. Cytochrome c interacts with APAF-1 (a 
p53-regulated gene) to initiate a protease cascade, which leads 
to the activation of caspase-9 and then caspase-3 followed by 
apoptosis.11,12 This is the intrinsic apoptotic pathway that is 
initiated by a number of stress signals that activate the p53 path-
way. In addition to the intrinsic pathway, p53 regulates a series 
of genes that initiate the dead-receptor-induced extrinsic path-
way, resulting in the activation of caspase-8 and -3 and apop-
tosis.13,14 Therefore, to examine that p53 dependent activation 
is involved in the apoptotic process and cell cycle arrest, the 
protein expression of p53 and p21 was evaluated. As shown in 
Fig. 5, the amounts of the p53 and p21 proteins were increased 
by H154 in a time-dependent manner, suggesting that the induc-
tion of these proteins is partly essential for compound-induced 
cell cycle arrest and apoptosis in a p53-dependent manner. The 

effect of H154 on the level of Cdk2 protein expression, which 
allows the cells to transit from the G1 to S phase, was also inve-
stigated. However, the H154 treatment did not cause any change 
in the level of Cdk2 expression (Fig. 5).

Previous studies reported that 2-aminothiazole derivatives 
possess inhibitory activity against kinases, such as Cdks, by 
competing at the ATP binding site.2-6 It was suggested that Cdk2 
controls the G1/S transition in mammalian cells. However, this 
compound resulted in no change in the level of Cdk2 expression 
and did not have an inhibitory efficacy for several kinases in 
addition to Cdk2 (data not shown). Since H154 has a potent 
antiproliferative activity and apoptosis in human hepatoma 
HepG2 cells, H154 is a promising new lead for the develop-
ment of novel therapeutic agents for the treatment of cancer. 
Studies on the specific cellular mechanism of the action of this 
compound are currently underway.

Experimental Section

Cell culture. The human hepatoma HepG2 cells were obtain-
ed from the American Type Culture Collection. They were 
maintained in the logarithmic phase of growth in DMEM me-
dium containing 2 mM L-glutamine and 4.5 g/L glucose (GIBCO 
BRL, Grand Island, NY) supplemented with heat inactivated 
10% fetal bovine serum (GIBCO BRL), at 37 oC in a 5% CO2- 
95% air humidified incubator.

Cytotoxicity tests of H154. The compound H154 was di-
ssolved in DMSO and stored as aliquots at ‒20 oC until use. To 
assess the effect of compound on HepG2 cells, the cells (2 × 104 
cells/well) were first seeded in 96-well, flat-bottomed plates 
in triplicate. On the next day, different concentrations of com-
pound were added to a final volume of 200 μL of growth me-
dium/well. DMSO was then added to the control wells at equal 
volumes to the compound. The plates were incubated at 37 oC 
in a 5% CO2- supplemented atmosphere for 24 h. The medium 
was then removed and replaced with 150 μL of 0.5 μg/mL of 
MTT (Sigma-Aldrich Chemical Co., USA) in growth medium. 
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The plates were then incubated for 4 h at 37 oC. The reduced 
MTT dye was dissolved in 150 μL DMSO per well. The optical 
density (OD) was read using an ELX800 Universal Microplate 
reader (Bio-Tek Co., CA, USA) at 570 nm. The percentage in-
hibition was calculated as: % inhibition = (1 ‒ ODtest/ODcontrol) × 
100%.

DNA fragmentation analysis. Cells grown at a density of 2 × 
106 cells/mL in 100 mm dishes were exposed to the compound 
at various concentration and periods. The genomic DNA was 
prepared using a Wizard Genomic DNA Purification Kit (Pro-
mega, Madison, WI). The DNA was precipitated with isopro-
panol, separated in 1.5% agarose gel and visualized by UV 
illumination after ethidium bromide staining.

Morphological analysis. After treating the cells seeded on 
sterile microscope slides with the compounds, the cells were 
washed with PBS and fixed with paraformaldehyde for 30 min. 
The cells were stained with a DAPI solution (10 μg/mL of PI, 
100 μg/mL of Rnase A) for 10 min. The morphology of the cells 
was examined by Leitz phase-contrast microscopy or Zeiss live 
cell imaging fluorescence microscopy.

Flow cytometry analysis. Exponentially growing cells were 
diluted and 2 × 106 cells were seeded in 10 mL of the culture 
medium in 100 mm culture dishes. The cells were exposed to 
100 nM of the compound for various times, and centrifuged at 
800 g for 5 min. The pellets were mixed with a 1:1 (v/v) mixture 
of PBS and 0.2 M Na2HPO4 with 0.1 M citric acid (pH 7.5), 
and fixed with ice-cold ethanol at 4 oC for 1 h. The cells were 
washed twice with PBS and resuspended in 1 mL of a staining 
solution containing 50 μg/mL PI with 100 μg/mL DNase-free 
RNase A. The cell suspensions were incubated at room tempera-
ture for 1 h, and 10,000 cells were analyzed on a FACScalibur 
flow cytometer (Becton-Dickinson).

Western blot analysis. The cells were solubilized in a sus-
pension of aPRO-PREPTM protein extraction solution (Intron 
Biotechnoly Inc, Korea), and incubated on ice for 1 h. The cell 
lysates were centrifuged and the protein content was determin-
ed using a commercially available kit (BioRad, Mississauga, 
Canada). After SDS-polyacrylamide gel electrophoresis, 75 μg 
of the proteins were transferred to an immobilon nitrocellulose 
membrane (Millipore) at 200 mA for 3 h at 4 oC. The blots were 
probed with polyclonal rabbit p53, polyclonal mouse p21, beta- 
actin antibodies (Cell Signalling Tech., Beverly, MA) and poly-
clonal rabbit Cdk2 (Santa Cruz, CA). The immune complexes 
were detected using the anti-mouse or anti-rabbit peroxidase- 
conjugated secondary immunoglobulin G antibody (Boehou-
ringer Mannheim, Mannheim, Germany) and visualized using 
Electrochemiluminescence Western Blotting Detection Rea-
gents (Amersham, Piscataway, NJ).

Caspase activity assay. The caspase-3 activity was estimated 
from the liberation of fluorescent AMC after degrading the 
peptide substrate (Ac-DEVD-AMC) specific to caspase-3. The 
substrate was added to the cell lysates in an assay buffer (50 mM 
HEPES, 100 mM NaCl, 0.1% CHAPS, 10 mM dithiothoureitol, 

1 mM EDTA, 10% glycerol, pH 7.4) and incubated for 3 h at 
37 oC. Cleavage of the peptide substrate was monitored with 
excitation and emission at 380 nm and 460 nm, respectively. 
The results are expressed as the percentage change in activity 
compared to the untreated control.

Statistical analysis. All values are expressed as the mean ± 
S.D. compared to the controls. Significant differences were esti-
mated using a Student's t-test. Statistical significance was set 
to P < 0.05. A statistics software program Graphpad prism 5.1 
(Graphpad software, Inc, USA) was used for data analysis.
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