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a b s t r a c t

As part of a continuing search for potential anticancer drug candidates, 1-benzyl-3-(5-

hydroxymethyl-2-furyl)indazole (YC-1) was evaluated in the Japanese Cancer Institute’s

(JCI) in vitro disease-oriented anticancer screen. The results indicated that YC-1 showed

impressive selective toxicity against the NCI-H226 cell line. Therefore, the molecular

mechanism by which YC-1 affects NCI-H226 cell growth was studied. YC-1 inhibited

NCI-H226 cell growth in a time- and a concentration-dependent manner. YC-1 suppressed

the protein levels of cyclin D1, CDK2 and cdc25A, up-regulated p16, p21 and p53, increased

the number of NCI-H226 cells in the G0/G1 phase of the cell cycle. Long exposure to YC-1

induced apoptosis by mitochondrial-dependent pathway. In addition, YC-1 inhibited MMP-2

and MMP-9 protein activities to abolish tumor cells metastasis. These findings suggest a

mechanism of cytotoxic action of YC-1 and indicate that YC-1 may be a promising che-

motherapy agent against lung cancer.
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1. Introduction

Cancer can be regarded as a heterogeneous group of

proliferative diseases, resulting from the accumulation of

genetic lesions. Despite considerable advances in our under-

standing of the molecular mechanisms of carcinogenesis,

cancer remains the first or second major cause of death due to

medical causes in the United States as well as many of the

developed world [1,2]. Thus there is an urgent need for new,
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efficacious and specific anticancer approaches. The identifica-

tion of genetic alterations in cancer cells such as mutations in

tumor oncogenes and tumor suppressor genes, the impaired

ability of cancer cells to undergo apoptosis and the discovery

of potent and specific, rationally designed drugs against

molecular targets have developed into the era of targeted

therapy [3].

In our previous works, we have synthesized a series of

1-arylmethyl-3-aryl-imidazole derivatives and found that
yl sulfoxide; ERK, extracellular signal-regulated kinase; FBS, fetal
H2-terminal kinase; MAPKs, mitogen-activated protein kinases;

,5-diphenyltetrazolium bromide; PI, propidium iodide; sGC, soluble
l growth factor; YC-1, 1-benzyl-3-(5-hydroxymethyl-2-furyl)inda-
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1-benzyl-3-(5-hydroxymethyl-2-furyl)indazole (YC-1) was the

most promising anti-platelet agent [4,5]. Subsequent investi-

gation of its action mechanism demonstrated that YC-1 is a

unique NO-independent, and NO-enhancing, activator of

soluble guanylate cyclase (sGC) [6,7]. Because sGC is associated

with many physiological functions, a lot of papers with the

biological functions and pharmacological action of YC-1 have

been reported in the last decade. These discrete effects include

anticancer activity [8]. YC-1’s anticancer effects seem to result

from multiple action, including cell cycle arrest and apoptosis

induction [9,10], anti-angiogenesis [11], anti-inflammation

[12], and inhibition of matrix metalloproteinases (MMPs)

[13]. Animal studies also indicate that YC-1 suppressed tumor

growth and prolonged the medium survival periods in

xenograft animal models carrying various human cancers

(such as non-small cell lung cancer (NSCLC) [11], hepatoma [9]

and prostate cancer [14]).

In this study, YC-1’s cytotoxicity was examined against the

Japanese Cancer Institute (JCI) human cancer cell line panel

combined with database analysis to evaluate the possible

application of YC-1 to cases of cancer. YC-1 exhibited middling

cytotoxicity against 39 human cancer cell lines, but was more

sensitive to NCI-H226 cells. We further investigated the

anticancer mechanisms of YC-1 in NCI-H226 cells. Our results

indicated that cell cycle arrest followed by apoptosis and the

suppression of metastasis are likely to contribute to the

anticancer effects of YC-1 in NCI-H226 cells. Furthermore, the

possible mediating signaling pathways involved were also

evaluated.
2. Materials and methods

2.1. Materials

YC-1 was synthesized and provided by one of our colleagues

(Dr. Fang-Yu Lee). The purity is more than 99.0% by the

examination of HPLC and NMR. In this study, YC-1 was

dissolved in dimethyl sulfoxide (DMSO) to achieve the desired

concentration before each experiment. The final concentra-

tion of DMSO in the culture medium was kept below 0.1%.

2.2. Human cancer cell line panel experiment

The system was developed according to the method of the

National Cancer Institute [15,16], modified by the Japanese

Cancer Institute [17,18]. The cancer panel experiment for YC-1

was carried out in JCI, and the inhibition profile was compared

with those of more than 200 standard compounds including

various anticancer drugs. The precise methods of experiments

and data analysis have been described elsewhere [18]. We

briefly showed the cell lines used and the method for detecting

growth inhibition. The following human cancer cell lines were

used in cancer panel experiments: breast cancer HBC-4, BSY-1,

HBC-5, MCF-7 and MDA-MB-231; brain cancer U251, SF-268,

SF-295, SF-539, SNB-75 and SNB-78; colon cancer HCC2998,

KM-12, HT-29, HCT-15 and HCT-116; lung cancer NCI-H23,

NCI-H226, NCI-H522, NCI-H460, A549, DMS273 and DMS114;

melanoma LOX-IMVI; ovarian cancer OVCAR-3, OVCAR-4,

OVCAR-5, OVCAR-8 and SK-OV-3; renal cancer RXF-631L and
ACHN; stomach cancer St-4, MKN1, MKN7, MKN28, MKN45

and MKN74; and prostate cancer DU-145 and PC-3. The cell

lines were cultured in RPMI-1640 (GIBCO/BRL, NY, USA)

supplemented with 5% fetal bovine serum (FBS; GIBCO/BRL),

penicillin (100 units/ml) (GIBCO/BRL) and streptomycin

(100 mg/ml) (GIBCO/BRL) at 37 8C in humidified air containing

5% CO2. Dose–response curves at five different concentrations

between 10�4 and 10�8 M were obtained from computer

analysis. The 50% growth inhibition (GI50), total growth

inhibition (TGI), and 50% lethal concentration (LC50) values

for these cell lines were determined using the sulforhodamine

B (SRB) colorimetric method. Computer processing of these

values produced differential activity patterns against the cell

lines (mean graphs). The mean graph was compared with

those of standard compounds, including various anticancer

drugs, by using COMPARE analysis.

2.3. NCI-H226 cells and cell culture

Human non-small cell lung cancer cell line NCI-H226 was

purchased from the American Type Culture Collection

(Manassas, VA, USA). In this study, the cells were cultured

in RPMI-1640 medium (GIBCO/BRL) supplemented with 10%

FBS (GIBCO/BRL), 100 unit/ml penicillin/100 mg/ml streptomy-

cin and 1% L-glutamine (GIBCO/BRL). All cells were grown in a

humidified atmosphere containing 5% CO2 at 37 8C.

2.4. Measurement of cell growth

NCI-H226 cells were seeded at 5 � 103 cells/well into 96-well

plates. After 24 h incubation to allow for cell attachment, YC-1

with serial dilutions (0.1, 0.5, 0.75, 1 and 2 mM) was added to the

plates, and the plates were incubated for 24, 36 and 48 h. The

cell proliferation was determined by 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) assay. After treat-

ment, cells were washed once with PBS and incubated with

1 mg/ml MTT (Sigma, St. Louis, MO, USA) for 2 h. Then the

formazan precipitate was dissolved in 150 ml dimethyl sulf-

oxide and the absorbance was measured on an ELISA reader at

a best wavelength of 570 nm.

2.5. Cell cycle analysis

NCI-H226 cells were seeded at 2 � 105 cells/well into 12-well

plates. After 36 h incubation to allow for cell attachment, cells

were treated with 2 mM YC-1 for 18, 24 and 48 h. Then both

detached and attached cells were harvested and fixed with

70% ice-cold ethanol at �20 8C overnight. After fixation, cells

were washed with PBS and stained with 1% Triton-X 100

(Sigma), 0.1 mg/ml RNase A (Sigma) and 4 mg/ml propidium

iodide (PI, Sigma) at 37 8C for 30 min in the dark. Samples of

10,000 cells were then analyzed for DNA content by flow

cytometer, using a fluorescence-activated cell sorter (FACS;

Becton Dickinson, San Jose, CA, USA), and cell cycle phase

distributions were analyzed by ModFit software.

2.6. Cell migration assay

Migrations of NCI-H226 cells were measured by the number of

cells migrating through transwell chamber (Corning, NY,
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USA). Transwell inserts with 8 mm pores were incubated with

FBS-free RPMI-1640 medium for 1 h prior to the experiment.

Then, cells (1 � 104 cells/100 ml FBS-free medium) were plated

into the upper chambers, and 10% FBS as chemoattractant was

added to the base well. After 24 h incubation to allow for cell

attachment, various concentrations (0.1, 1 and 2 mM) of YC-1 in

RPMI-1640 medium with 10% FBS were placed into the base

well for 48 h. At the end of the experiment, cells were fixed

with ice-cold methanol for 10 min and stained with Giemsa

stain (Sigma) for 30 min. Cells on the upper side of the

membrane were removed using a cotton swab. Then the

migrated cells were counted under a light microscope at �100

magnification.

2.7. Western blot analysis

NCI-H226 cells were seeded at 3 � 105 cells/well into 6-well

culture plates. After 36 h incubation to allow for cell attach-

ment, cells weretreated with 2 mMYC-1for 24, 36and 48 h. Then

both detached and attached cells were harvested and extracted

total protein on ice with an M-PER1 solution (Pierce, Rockford,

IL). Total proteins (15 mg/lane) were separated on 8% SDS-PAGE

(Amersham Pharmacia Biotech, Piscataway, NJ, USA) gel

electrophoresis, and then transferred onto nitrocellulose

membranes (Amersham Pharmacia Biotech). The membranes

were blocked with 5% non-fat dry milk in TBST buffer overnight,

and incubated with the desired primary antibody overnight at

the following dilutions: cyclin D (1:1000), cyclin E (1:1000), CDK2

(1:1000), CDK4 (1:1000), cdc25A (1:1000), p16 (1:1000), p21

(1:1000), p53 (1:1000), Bak (1:1000), Bax (1:1000), Bcl-2 (1:1000),

caspase 3 (1:1000), caspase 8 (1:1000), caspase 9 (1:1000), MMP-2

(1:400), MMP-9 (1:1000) and b-actin (1:1000). Primary antibody

cyclin D, cyclin E, CDK2, CDK4, cdc25A, p16, p21, p53, Bak, Bax,

Bcl-2, caspase 3, caspase 8, caspase 9, MMP-2 and MMP-9 were

ordered from Upstate Biotechnology Inc., Lake Placid, NY, USA,

except for b-actin (Chemicon International, Inc., Temecula, CA,

USA). Subsequently, the membrane was incubated with

appropriate horseradish peroxidase-conjugated secondary

antibodies (Chemicon International, Inc.) for 2 h. The immu-

noreactive protein bands were visualized using enhanced

chemiluminescence detection kit (Perkin-Elmer Life Sciences,

Inc., Boston, MA, USA) and exposed to film. And then, we used

the HP 3770 scanner to capture the images of protein expression

and used KODAK 1D scientific image system to quantify these

Western blot images.

2.8. Statistical analysis

Data are presented as the mean � S.D. of three independent

experiments. Student’s t tests were used to assess the

statistical significance of the differences, with ‘‘p’’ values of

less than 0.05 being considered statistically significant.
3. Results

3.1. Human cancer cell line panel experiment

The differential activity patterns for YC-1 against 39 human

cancer cell lines (mean graphs) are shown in Fig. 1. YC-1
exhibited middling cytotoxic activity, and its means for

log GI50, log TGI, and log LC50 values were �4.81, �4.39 and

�4.09, respectively. However, it is more sensitive to lung

cancer cell line, NCI-H226 and renal cancer cell line, RXF-631L.

YC-1 was active against NCI-H226 cells, and the log GI50,

log TGI and log LC50 values were �6.65, �6.18 and �5.01.

Similar effect was seen in RXF-631L cells, whereas YC-1

showed 4-fold lower log LC50 for NCI-H226 than that for RXF-

631L. Thus the molecular mechanism by which YC-1 affects

NCI-H226 cell growth was further examined in this study. The

COMPARE analysis of the mean graph revealed that there is no

standard anticancer drug with a high correlation coefficient to

YC-1. The top one drug in their rank order of correlation

coefficient is TNP-470 (r = 0.579).

3.2. YC-1 induced cell growth inhibition by G0/G1 phase
arrest in NCI-H226 cells

Exposure to YC-1 in the concentration range of 0.1–2 mM

resulted in a time- and a concentration-dependent inhibition

of cell growth toward NCI-H226 cells. The IC50 value was

approximately 0.75 mM for 48 h (Fig. 2). Then the effect of YC-1

upon cell cycle profiles was analyzed. Exposure to 2 mM YC-1

from 18 to 48 h caused an increase of G0/G1 phase population

from 60.5% to 82.1%, as compared to control cells that showed

46.1% of G0/G1 phase population (Fig. 3). This result demon-

strated that YC-1 induces growth-inhibitory effects via G0/G1

phase arrest. Further the G0/G1 phase-associated protein

expressions were examined (Fig. 4). YC-1 induced significant

increase in the expressions of p16 and p21 with a time-

dependent manner. A marked increase in p53 was also

observed at 24–36 h and reached the maximum activation.

However, it was not detectable at 48 h. In contrast, cyclin D

was gradually inhibited with a time-dependent manner, and

became undetectable at 48 h. CDK4, CDK2 and cdc25A protein

levels were significantly suppressed in YC-1-treated cells,

which gradually decreased up to 48 h. However, the cyclin E

expression level was not clearly detected in the control and

YC-1-treated cells.

3.3. Long exposure to YC-1 induced apoptosis

During the cell viability assay, we observed that either high

concentration of YC-1 treated or long exposure to YC-1

significantly induced cell death. Thus, we suggested that

YC-1 perhaps induced apoptosis. It was verified by mor-

phological changes (e.g., cell shrinkage and plasma mem-

brane blebbing) and sub-G1 cells accumulated (Fig. 5A and

B). The possible role of caspase was evaluated to ascertain

whether or not caspase family activation participated in the

apoptosis induced by YC-1 (Fig. 6A). Thirty-four kilodaltons

active fragment of caspase 9 was detected at 36–48 h and

then 17-kDa active fragment of caspase 3 was detected at

48 h compare with control. However, 42 kDa fragment of

procaspase 8 only decreases without active fragment

appearance. Further, we also found that YC-1 caused a

significant increase in Bak through all treated periods, and a

detectable decrease in Bcl-2 was observed at 36–48 h

(Fig. 6B). However, the up-regulation of Bax protein only

observed at 48 h.



b i o c h e m i c a l p h a r m a c o l o g y 7 5 ( 2 0 0 8 ) 3 6 0 – 3 6 8 363
3.4. YC-1 suppressed tumor cells metastasis activity in
NCI-H226 cells

The cancer cells metastasis effects were investigated by cell

migration assay. After being exposed to YC-1, number of cells

migrated was significantly decreased less than that treated

with vehicle (Fig. 7A). Then, Western blot showed that YC-1

significantly inhibited the activities of MMP-2 and MMP-9

through all treated periods (Fig. 7B).

3.5. YC-1 induced cytotoxic effect via a sGC/cGMP-
independent pathway

To assess whether cGMP-dependent pathway participates in

YC-1’s growth-inhibitory effect, the effect of 1H-(1,2,4)-
Fig. 1 – Differential activity patterns for YC-1 against 39 human c

and LC50). Delta: logarithm of the difference between the MG-M

logarithm of the difference between the log X of the most resist
oxadiazolo(4,3-a)-quinoxalin-1-one (ODQ, a selective sGC

inhibitor, Sigma) and KT5823 (a selective inhibitor of cGMP-

dependent protein kinase, Sigma) on the YC-1-induced

cytotoxic effect were examined. As shown in Fig. 8, both

ODQ and KT5823 did not reverse YC-1’s cytotoxic effect.

3.6. Effects of MAPK inhibitors, PD098059, SP600125 and
SB203580 in YC-1-induced growth inhibition

Mitogen-activated protein kinases (MAPK) subfamilies (extra-

cellular signal-regulated kinase (ERK), c-Jun NH2-terminal

kinase (JNK) and p38) have been reported to play crucial roles

in cell death and survival [19]. ERK1/2 also has been

confidently implicated in the regulation of a variety of cellular

processes. To determine the role of MAPKs signaling cascades
ancer cell lines. MG-MID: mean of log X values (X = GI50, TGI,

ID and the log X of the most sensitive cell line. Range:

ant cell line and the log X of the most sensitive cell line.



Fig. 2 – Time- and dose-dependent curves of YC-1 in MTT

reduction capacity of NCI-H226 cells. Cells were treated

with YC-1 at 0.1, 0.5, 0.75, 1 and 2 mM for 24, 36 and 48 h.

Each value is presented as mean W S.D. of six independent

experiments.

Fig. 4 – Effect of YC-1 on G0/G1 phase regulated protein

expressions in NCI-H226 cells. Cells were treated with

2 mM YC-1 for 24, 36 and 48 h. Then, cells were harvested

and subjected to Western blot.
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for YC-1’s cytotoxic effect, we have used the ERK specific

inhibitors (PD98059), JNK specific inhibitor (SP600125) and p38-

MAPK specific inhibitor (SB203580) on the sustained activation

of MAPKs and cytotoxic effect by YC-1 were examined (Fig. 9).

Cells were pretreated with or without aforementioned inhibi-

tors for 1 h and then were stimulated with or without YC-1 for

48 h. YC-1-induced cytotoxic effects were completely and partly

abolished by PD98059 and SP600125, respectively. However,

SB203580 did not reverse the YC-1-induced cytotoxic effect.
4. Discussion

In previous studies, YC-1 was identified as an agent posses-

sing versatile pharmacological actions including anticancer
Fig. 3 – YC-1 induced G0/G1 arrest in NCI-H226 cells. Cells

were treated with 2 mM YC-1 for 18, 24 and 48 h. After

treatment, the cell cycle populations were examined by

flow cytometry. The data is presented as mean W S.D. from

three independent experiments.
activity [8]. In order to search more YC-1’s anticancer

applications, we initially investigated this effect of YC-1

employing human cell line panel screening. The human cell

line panel screening can potentially produce several results.

Firstly, the panel may be used to identify compounds which

possess the ability to affect the growth of human cancer cell

lines. YC-1 was found to exhibit more selective inhibition on

the cell growth of NCI-H226 cells. Most drugs with the same

mechanism of action will show similar fingerprints against a

cancer cell line database, thus the mean graph of the test

compound can be matched to that of a standard anticancer

drug and then the potential target or mechanism of action

may be identified. The COMPARE analysis showed that YC-1

was only middling correlations with TNP-470 (r = 0.579). This

result suggests two alternative possibilities: first, YC-1’s

mode of action perhaps involves that of TNP-470; second, YC-

1 perhaps has a unique mode of action. In this study, we

conclude that YC-1 possess multiple anticancer action

mechanisms toward NCI-H226 cells, including G1 arrest of

cell cycle, apoptosis and anti-metastasis.

As for the mechanism by which YC-1 arrests the cell cycle,

the G0/G1 phase specific regulatory protein expressions were

analyzed. YC-1 caused a decrease in cyclin D, CDK4, CDK2 and

cdc25A and an increase in p16, p21 and p53 to block the cell

cycle at G0/G1 phase. p16 can bind and inhibit cyclin

D-associated kinase (CDK4) to arrest the cell cycle at mid G1

phase, and p21 negatively regulate cyclin D/CDK2, 4 and cyclin

E/CDK2 complex activity to arrest the cell cycle at late G1

phase. Further, cdc25A phosphatase is up-stream regulated

protein to CDK2. Thus we demonstrated that YC-1 arrests the

cell cycle at mid G1-late G1-S transition, thereby causing G1



Fig. 5 – YC-1 induced apoptosis in NCI-H226 cells. (A)

Morphological observation. Cells were treated with 2 mM

YC-1 for 48 h, and examined using a phase contrast

microscope (magnification T200). (B) Sub-G1 cells

population analysis. After treatment with 2 mM YC-1 for

18, 24 and 48 h, then the sub-G1 cells population was

examined by flow cytometry. The data are presented as

mean W S.D. from four independent experiments.
#p < 0.001 compared with control.

Fig. 6 – Apoptosis effects of YC-1 on the expression of

apoptosis-associated proteins in NCI-H226 cells. (A)

Caspase activations. (B) Bcl-2 family proteins expression.

Cells were treated with 2 mM YC-1 for 24, 36 and 48 h.

Then, cells were harvested and subjected to Western blot.
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arrest in NCI-H226 cells. After G1 arrest, YC-1 induced

apoptosis in NCI-H226 cells. YC-1 induced a cleavage of pro-

caspase 9 and pro-caspase 3, but the active fragment of

caspase 8 was undetectable. Caspase 3 is known to be an

effector caspase, whose activation or processing triggers

apoptotic cells to the ‘‘point of no return’’, whereas, caspase

9 and caspase 8 are known to be initiator caspase, which may

promote apoptosis in response to mitochondria and death-

inducing signals from cell surface receptors, respectively [20].

So that, YC-1-induced apoptosis might correlate with mito-

chondrial pathway. Further, the Bcl-2 family as the pivotal

regulators of the mitochondrial pathway can either induce or

inhibit the change of mitochondrial membrane potential and

the release of cytochrome c into cytosol [21]. YC-1 induced an

up-regulation effect in pro-apoptotic Bak and Bax. In contrast,

a down-regulation effect in anti-apoptotic Bcl-2 was observed

during YC-1 induced apoptosis. These results verified that YC-

1-induced apoptosis indeed through mitochondrial-depen-

dent pathway. Recent studies had evidenced that other

processes in tumor progression (e.g., invasion or metastasis)

perhaps are also potential targets for the development of

anticancer drug [22]. Agents blocking the formation of

metastasis will provide greater changes of survival for cancer
patients. One family of enzymes that has been shown over the

years to play a role in tumor progression is MMPs, and a

number of studies have linked elevated MMP-2 and MMP-9

levels with an increased metastasis [23]. YC-1 shows sig-

nificantly inhibited the MMP-9 expression and partially

inhibited the MMP-2 expression, thereby suppressing the cell

migration.

Elevation of the cGMP levels can be achieved by YC-1

through direct activation of sGC [5], whereas many YC-1-

mediated responses went through a cGMP-independent path-

way as previously described [24]. In this study, we indicated

that YC-1 induced NCI-H226 cells growth-inhibitory effect by

sGC/cGMP-independent signal pathway. In contrast, YC-1’s

growth-inhibitory effects were completely inhibited by

PD98059. These results suggest that MEK/ERK pathway is

involved in YC-1-induced NCI-H226 cells growth inhibition.

YC-1’s growth-inhibitory effect was also partially inhibited by

SP600125 but was not reversed by SB20358 suggesting that the

apoptosis by YC-1 was mediated through c-Jun NH2-terminal

kinase signal transduction pathway. Thus, we demonstrated

that YC-1’s growth-inhibitory effects are mainly mediated by

extracellular signal-regulated kinase and JNK cascades, but

are independent of sGC/cGMP-medicated pathway, producing

alternative possible thinking that YC-1 at the dosages used for

cancer chemotherapy does not produce the cGMP-mediated

pharmacologic actions (e.g., increasing bleeding time and

hypotension). Previously, no serious toxicity was observed in

nude mice treated with YC-1 over a 2-week period [25].



Fig. 7 – YC-1 inhibited tumor cell metastasis in NCI-H226 cells. (A) Tumor cells migration inhibition. Cells were loaded into the

top chamber and treated with vehicle, 0.01, 0.1, 1 and 2 mM YC-1 for 48 h. Migrated cells were stained and counted under a

light microscope. The mean W S.D. of the relative migration rate (normalized to vehicle-treated cells as 100%) from four

independent experiments is shown. #p < 0.001 compared with control. (B) Effect of YC-1 on MMP-2 and MMP-9 protein

expressions. Cells were treated with 2 mM YC-1 for 24, 36 and 48 h. Then, cells were harvested and subjected to Western blot.
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In conclusion, a clear picture of the molecular ordering of

YC-1-induced events in NCI-H226 cells has emerged. YC-1

induced a decrease in cyclin D, CDK4, CDK2 and cdc25A and an

increase in p16, p21 and p53 to block the cell cycle at mid G1-
Fig. 8 – YC-1 induced cell death via a sGC/cGMP-independent p

with ODQ or KT5823 for 1 h, and then co-treated with YC-1 for

detected by MTT assay. The data is presented as mean W S.D. f

with control (with FBS).
late G1-S transition thereby causing G1 phase arrest, coincided

with Bcl-2-related proteins regulation and was followed by

mitochondria-triggered caspase cascades activation and the

onset of apoptosis. In addition, YC-1 also suppressed cell
athway in NCI-H226 cells. Cells were pretreated without or

48 h. Effect of cell growth inhibition. The cell growth was

rom three independent experiments. #p < 0.001 compared



Fig. 9 – YC-1 induced cell death by the JNK and ERK

cascades in NCI-H226 cells. Cells were pretreated without

or with inhibitors (PD98059, SP600125 or SB203580) for 1 h,

and then co-treated with 2 mM YC-1 for 48 h. The

concentrations of PD98059, SP600125 and SB203580 are

10, 15 and 10 mM, respectively. The data is presented as

mean W S.D. from three independent experiments.
#p < 0.001 compared with control. �p < 0.001 compared

with YC-1 used alone.
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migration via down-regulating of MMP-2 and MMP-9 activities.

These series of events confirmed above human cell line panel

screening results producing one possibility, indicating that

YC-1’s mode of action involves that of TNP-470. Many reports

previously indicated that TNP-470 possess anticancer activity

medicating by G0/G1 arrest [26], NO-enhancing to induce

apoptosis, and cell migration inhibiting [27]. But TNP-470

produced neurotoxicity at dose where anticancer activity was

seen in clinical trial [28]. Thus YC-1 is more worth investigat-

ing further in terms of its clinical applications in cancer

therapy.
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