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Abstract
Background The derivatives of 5,8-quinolinedione have
been shown to exert anticancer activities. A new synthetic
compound 7-chloro-6-piperidin-1-yl-quinoline-5,8-dione
(designed as PT-262) derived from 6,7-dichloroquinoline-5,8-
dione on its anticancer activity was investigated in this study.
Materials and methods PT-262 was synthesized as the
following: triethylamine (0.56 ml, 5.1 mmol) was added
dropwise to a solution of 6,7-dichloroquinoline-5,8-dione
(1.00 g, 4.4 mmol) and piperidine (0.50 ml, 5.1 mmol) in
150 ml of benzene with stirring at room temperature for
5 min, and the solvent was removed using rotary evaporator
to give a dark brown solid. PT-262 was puriWed by Xash
chromatography using 50% ethyl acetate/hexanes to elute
that displayed as brown solids. To examine the induction of
apoptosis following PT-262 treatment, the lung cancer cells
were subjected to apoptotic cell observation, caspase acti-
vation, and mitochondrial functional assays. The protein
levels of phosphorylated ERK and CDC2 after treatment
with PT-262 were analyzed by Western blot.

Results  Treatment with 1–20 �M PT-262 for 24 h
induced cytotoxicity via a concentration-dependent manner
in human lung cancer cells. PT-262 induced the loss of
mitochondrial membrane potential and elevated the
caspase-3 activation and apoptosis. Interestingly, the phos-
phorylation of ERK was inhibited by PT-262. The IC50

value of ERK phosphorylation inhibition was approximate
around 5 �M. Treatment with a speciWc MEK1/2 (the
upstream of ERK) inhibitor, PD98059, increased the PT-
262-induced cytotoxicity in lung cancer cells. Moreover,
PT-262 did not alter the protein expression of tumor
suppressor p53. PT-262 elicited the cytotoxicity and accu-
mulated the G2/M fractions in both the p53-wild type and
p53-null lung cancer cells. The mitosis-regulated protein
levels of cyclin B1 and phospho-CDC2 at Thr14, Tyr15,
and Thr161 were repressed by PT-262 in these cells.
Conclusion PT-262 suppresses the phosphorylation of
ERK and CDC2 associated with proliferation inhibition
via a p53-independent pathway in human lung cancer
cells.
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Introduction

The 5,8-quinolinediones and 6,7-dihaloquinoline-5,8-
diones are useful precursors for producing multiple types of
bioactive products [1]. The derivatives of quinolinediones
have been shown to possess many biological activities
including antitumor and antimicrobial actions [2–6]. It has
been shown that 6-anilino-5,8-quinolinedione (LY83583),
an inhibitor of guanylyl cyclase, inhibits cell proliferation
in tumor cells [5, 6]. 6-Chloro-7-(2-morpholin-4-yl-ethyl-
amino)quinoline-5,8-dione (NSC 663284), a potent inhibi-
tor of CDC25 protein phosphatases, blocks the proliferation
of human breast cancer cells [3, 7]. In addition, lavendamy-
cin is a bacterially derived quinolinedione that displays sig-
niWcant antitumor activity [4]. Therefore, the diVerent
quinolinedione compounds may exert their anticancer
activity through varied anticancer target proteins or
enzymes in cancer cells.

The blockade of survival pathways and the induction of
apoptotic pathways in cancer cells are the important strate-
gies in cancer therapy [8–10]. It has been shown that mito-
gen-activated protein (MAP) kinase pathways regulate
various cellular physiologic events including cell prolifera-
tion, survival, growth arrest, and apoptosis [11]. Extracellu-
lar signal regulated-protein kinase (ERK) is the important
signal pathway to control cancer cell proliferation and
transformation [12, 13]. Moreover, the activation of ERK
plays a critical role in cell adhesion and motility [14]. In
contrast, p53, a tumor suppressor protein, mediates the cell
cycle arrest and promotes apoptosis in cancer cells resulting
in the prevention of cancer development [15–17]. Antican-
cer agents may apply to their activities through the induc-
tion of apoptosis or the inhibition of proliferation in tumor
cells [6, 10, 18]. However, numerous cancer cells contain
the mutations of p53, which resist to the chemotherapy of
cancers. Thus, the development of anticancer drugs for
treatment on the p53-mutational cancers is highly desired.

The cell cycle arrest mediated by inappropriate activity
of the cyclin-dependent protein kinases (CDKs) can trigger
growth inhibition and apoptosis in cancer cells [3, 19, 20].
The CDK1 (CDC2) interacts with cyclin B1 that has been
shown to play a critical role in the mitotic progression [20–
22]. The formation of CDC2/cyclin B1 complexes is
required for G2 into mitosis [21, 22]. It has been shown that
G2/M phase arrest is exhibited in cells exposed to a variety
of anticancer agents [23–25]. For example, NSC 663284
can block the CDC25C phosphatase resulting in the
decrease of CDC2 kinase activity for inducing the cell
cycle arrest in cancer cells [7].

7-Chloro-6-piperidin-1-yl-quinoline-5,8-dione, a new
derivative of 5,8-quinolinedione, is designated as PT-262.
Among new synthetic compounds in this study, PT-262 is
the most potent to induce lung cancer cell death. Interest-

ingly, PT-262 inhibits the ERK and CDC2 phosphorylation
and induces the G2/M arrest in lung cancer cells. Moreover,
PT-262 is eVective to induce proliferation inhibition and
cell cycle arrest in both p53-wild type and p53-null cancer
cells. These Wndings indicate that PT-262 induces cancer
cell death and growth inhibition via a p53-independent
pathway.

Materials and methods

Synthesis and chemical property of PT-262

BrieXy, triethylamine (0.56 ml, 5.1 mmol) was added drop-
wise to a solution of 6,7-dichloroquinoline-5,8-dione
(1.00 g, 4.4 mmol) and piperidine (0.50 ml, 5.1 mmol) in
150 ml of benzene with stirring at room temperature for
5 min, and the solvent was removed using rotary evaporator
to give a dark brown solid. PT-262 was puriWed by Xash
chromatography using 50% ethyl acetate/hexanes to elute
that displayed as brown solids. The property of PT-262 is
as follows: mp 145–146°C; 1H NMR (300.1 MHz, CDCl3,
�): 9.00 (dd, J = 4.7, 1.7 Hz, 1H), 8.34 (dd, J = 7.9, 1.7 Hz,
1H), 7.60 (dd, J = 7.9, 4.7 Hz, 1H), 3.57 (t, J = 5.1 Hz, 4H),
1.79–1.76 (m, 6H). 13C NMR (125.7 MHz, CDCl3, �):
180.6, 175.7, 154.0, 149.5, 146.6, 134.3, 127.5, 126.5,
122.1, 52.5, 26.3, 23.4; IR (KBr) cm¡1: 2935, 2849, 1690,
1643, 1589, 1558, 1294, 836, 722; MS m/z: 277 (M+ + 1,
36), 154 (100), 136 (83), 55 (80), 93 (31); high resolution
MS (m/z): C14H13ClN2O2, 276.0666. The preparation pro-
cedures and MS and NMR spectra for other compounds
were presented in the supplementary information. All the
compounds were dissolved in 100% dimethyl sulfoxide
(DMSO). The concentration of DMSO was <0.2% in the
control and drug-containing media in each experiment.

Reagents and antibodies

Hoechst 33258, propidium iodide (PI), 3-(4,5-dimethyl-
thiazol-2-yl) 2,5-diphenyl tetrazolium bromide (MTT), and
the Cy3-labeled mouse anti-�-tubulin were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). BODIPY FL
phallacidin was purchased from Molecular Probes Co.
(Eugene, OR, USA). Anti-phospho-CDC2 (Thr-161)
(9114S), anti-phospho-CDC2 (Thr14) (#2543), anti-phos-
pho-CDC2 (Tyr15) (#4539), and anti-phospho-ERK
(9101S) were purchased from Cell Signaling Technology
Inc. (Beverly, MA, USA). Anti-ERK-2 (C-14) and anti-
cyclin D1 were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Anti-p21 (Ab-1), anti-CDC2
(Ab-1), and anti-cyclin B1 (Ab-2) were purchased from
Oncogene Sciences (Cambridge, MA, USA). Anti-caspase-
3 (3004–100) was purchased from BioVision Research
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Products (Mountain View, CA, USA). 2�-Amino-3�-meth-
oxyXavone (PD98059) was purchased from Calbiochem
(San Diego, CA, USA).

Cell culture

The A549 cell line (ATCC, #CCL-185) was derived from
lung carcinoma that contained the wild type p53. The
H1299 cell line (ATCC, #CRL-5803) has a homozygous
deletion of the p53 gene that was derived from a non-small
cell lung adenocarcinoma tumor. These cell lines were cul-
tured in complete RPMI-1640 medium (Gibco, Life Tech-
nologies, Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS), 100 units/ml penicillin, 100 �g/
ml streptomycin, and L-glutamine (0.03%, w/v), and cells
were incubated at 37°C and 5% CO2.

Cytotoxicity assay

BrieXy, the cells were plated in 96-well plates at a density
of 1 £ 104 cells/well for 16–20 h. Then the cells were
treated with or without PT-262 for 24 h in RPMI-1640
medium. After drug treatment, the cells were washed with
phosphate-buVered saline (PBS), and were re-cultured in
complete RPMI-1640 medium for 2 days. Thereafter, the
medium was replaced and the cells were incubated with
0.5 mg/ml of MTT reagent in complete RPMI-1640
medium for 4 h. The surviving cells converted MTT to for-
mazan that generates a blue-purple color when dissolved in
DMSO. The intensity of formazan was measured at 565 nm
using a plate reader (Molecular Dynamics, OPTImax) for
enzyme-linked immunosorbent assays. Cell viability was
calculated by dividing the absorbance of treated cells by
that of the control in each experiment.

Cell number analysis

The cells were plated at a density of 5 £ 105 cells per 100-
mm Petri dish in complete RPMI-1640 medium for 16–
20 h. Then the cells were treated with 0–10 �M PT-261 or
PT-262 for 24 h. After drug treatment, the cells were
washed twice with PBS and re-cultured in complete RPMI-
1640 medium. The cells were re-cultured for 1–5 days
before they were counted by a hemocytometer.

Apoptosis assay

A549 cells were cultured on coverslip in a 60-mm Petri
dish for 16–20 h before treatment. After treatment with PT-
262, the cells were carefully washed with isotonic PBS (pH
7.4), and incubated with 4% paraformaldehyde solution in
PBS for 1 h at 37°C. The F-actin and �-tubulin were stained
with 20 U/ml BODIPY FL phallacidin and anti-�-tubulin

Cy3 (1:50) for 30 min at 37°C, respectively. The nuclei
were stained with 2.5 �g/ml Hoechst 33258 for 30 min at
room temperature. The number of apoptotic nuclei was
counted by a hemocytometer under a Xuorescence micro-
scope. The cell morphology of apoptosis was conWrmed by
observation of the formation of apoptotic nuclei and bodies.
Five hundred cells were counted in each experiment for the
calculation of apoptotic percentage.

Mitochondrial membrane potential

BrieXy, A549 cells were cultured in 60-mm Petri dish at a
density of 5 £ 105 cells. At the end of treatment, the cells
were washed with ice-cold PBS and were trypsinized. The
cells were collected by centrifugation, and the pellets were
resuspended in 70% ethanol and stored at ¡20°C for 2 h.
After centrifugation, the pellets were incubated with
500 nM DiOC6 at 37°C for 30 min. Finally, the cell pellets
were collected by centrifugation and resuspended in 0.5 ml
ice-cold PBS. The Xuorescence intensities of DiOC6 were
analyzed by a Xow cytometer (FACScan, Becton Dickin-
son, San Jose, CA, USA).

Western blot analysis

At the end of treatment, the cells were lysed in the ice-cold
whole cell extract buVer containing the protease inhibitors
as described [20]. Western analyses of cyclin B1, cyclin
D1, CDC2, phospho-CDC2 (Thr14), phospho-CDC2
(Tyr15), phospho-CDC2 (Thr161), p53, p21, caspase-3,
phospho-ERK, and ERK-2 were performed using speciWc
antibodies. BrieXy, equal amounts of proteins in samples
were subjected to electrophoresis using 10–12% sodium
dodecyl sulfate-polyacrylamide gels. After electrophoretic
transfer of proteins onto polyvinylidene diXuoride mem-
branes, they were sequentially hybridized with primary
antibody and followed with a horseradish peroxidase-con-
jugated secondary antibody (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA). Finally, the protein bands
were visualized using the enhanced chemiluminescence
detection system (PerkinElmer Life Sciences). The soft-
ware of Un-Scan-It gel (Ver. 5.1, Silk ScientiWc, Inc.) was
used to quantify the intensity of each band.

Cell cycle assay

To examine the eVect of PT-262 on the cell cycle progres-
sion, A549 or H1299 cells were plated at a density of
1 £ 106 cells per 60-mm dish in complete RPMI-1640
medium for 16–20 h. Then the cells were treated with
0–10 �M PT-262 for 24 h. At the end of the treatment,
cells were collected and Wxed with ice-cold 70% ethanol
and stored at ¡20°C for overnight. After centrifugation,
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the cell pellets were incubated with 4 �g/ml PI solution
containing 1% Triton X-100 and 100 �g/ml RNase for
30 min. To avoid cell aggregation, the cell solutions were
Wltered through nylon membrane (Becton-Dickinson, San
Jose, CA, USA). The samples were analyzed by a Xow
cytometer (FACScan, Becton Dickinson, San Jose, CA,
USA) using Cell Quest software. The 10,000 cells were
analyzed, and the percentage of cell cycle phases was
quantiWed by a ModFit LT software (Ver. 2.0, Becton-
Dickinson).

Statistical analysis

All results were obtained at least from three separate exper-
iments. Data were analyzed by one-way analysis of vari-
ance (ANOVA), and further post-hoc tests using the
statistic software of GraphPad Prism 4 (GraphPad software,
Inc. San Diego, CA, USA). DiVerences among control and
PT-262 treated samples were compared by one-way
ANOVA with post-hoc Tukey’s tests. A p value of <0.05
was considered as statistically signiWcant.

Results

PT-262 induces cytotoxicity and proliferation inhibition 
in human lung cancer cells

The chemical structures of 5,8-quinolinedione derivatives
or analogues are shown in Fig. 1a. Among these new syn-
thetic compounds, the compound 3 was the most potent to
induce cell death in human A549 lung cancer cells (Fig. 1b,
c). The compound 3 was designated as PT-262. The com-
pound 2 (designated as PT-261), an isomer of PT-262, and
other compounds did not signiWcantly induce cytotoxicity
at the concentrations 10 and 40 �M for 24 h in A549 cells
(Fig. 1b, c). Treatment with 5–40 �M PT-262 for 24 h
reduced the cell viability via a concentration-dependent
manner in A549 cells. The value of IC50 (the concentration
of 50% inhibition of cell viability) was around 5 �M
(Fig. 2). However, the IC50 value of PT-262 toward human
normal lung Wbroblast was >20 �M (data not shown).
Moreover, PT-262 reduced the total cell number in A549
cells (Fig. 3). Treatment with 10 �M PT-262 for 24 h

Fig. 1 A variety of 5,8-quinol-
inediones derivatives or 
analogues on the cytotoxicity in 
human lung cancer cells. (a) 
Chemical structure of 5,8-
quinolinediones derivatives or 
analogues. (b), (c), A549 lung 
cancer cells were treated with 
compounds (10 or 40 �M for 
24 h). After treatment, the cells 
were washed twice with PBS, 
and were re-cultured in fresh 
medium for 48 h. The cell 
viability was measured by MTT 
assay. Results were obtained 
from 3 to 14 experiments and the 
bar represents the mean § S.E. 
p < 0.01 (**) and p < 0.001 
(***), indicate signiWcant 
diVerence between the control 
and drug treated samples
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almost completely blocked the cell proliferation, but PT-
261 did not exert the proliferation inhibition (Fig. 3).

PT-262 induces caspase-3 activation, mitochondrial 
dysfunction and apoptosis in lung cancer cells

To examine the induction of apoptosis following PT-262
treatment, the lung cancer cells were subjected to apoptotic
cell observation, caspase activation, and mitochondrial
functional assays. The apoptotic morphology after treat-
ment with PT-262 was observed by phase contrast micros-
copy. The arrows indicated the apoptotic cells induced by
PT-262 in A549 cells (Fig. 4a, arrows). The apoptotic cells
were increased after treatment with PT-262 at 10 �M for
8–24 h (Fig. 4a). The active forms of caspase-3 (12 and
17 kD) were induced following treatment with 2–20 �M
PT-262 for 24 h (Fig. 4b). ERK-2 protein has been used as
an internal control protein in several studies [20, 26]. The
protein levels of ERK-2 were not altered by PT-262. More-
over, PT-262 induced the loss of mitochondrial membrane
potential (Fig. 4c). Further, to count the apoptotic cell
number after treatment with PT-262, lung cancer cells were
subjected to nuclear and cytoskeletal staining. An example
of apoptotic nuclear fragments was observed by treatment
with PT-262 in an A549 cell (Fig. 4d, arrows). The apoptotic

cells presented that the cytoskeleton of F-actin (green
color) and �-tubulin (red color) was disrupted (Fig. 4d).
Counting the apoptotic cells, the number of apoptotic
events was increased after treatment with 2–10 �M PT-262
for 24 h (Fig. 4d).

PT-262 represses ERK phosphorylation in lung cancer cells

The chemical structure of PD98059 is shown in Fig. 5a.
PD98059 is a speciWc inhibitor of MEK1/2, the upstream
kinases of ERK1/2. Treatment with 2–10 �M PD98059 for
24 h signiWcantly inhibited the phosphorylation of ERK1/2
in A549 cells (Fig. 5b). Also, the protein levels of phospho-
ERK were decreased via a concentration-dependent manner
after treatment with 2–10 �M PT-262 for 24 h (Fig. 5c).
The phosphorylation of ERK proteins included two bands
that indicated ERK-1 (44 kDa) and ERK-2 (42 kDa).
QuantiWcation of Western blots showed that treatment with
PT-262 and PD98059 (2–10 �M for 24 h) signiWcantly
inhibited the phosphorylation of ERK (Fig. 5d). Moreover,
treatment with PD98059 (50 �M for 2 h) or PT-262 (8 �M

Fig. 2 The IC50 value of PT-262 in human lung cancer cells. A549
cells were treated with or without 5–40 �M PT-262 for 24 h. After
treatment, the cells were washed twice with PBS, and were re-cultured
in fresh medium for 48 h. The cell viability was measured by MTT
assay. Results were obtained from 4 to 10 experiments and the bar
represents the mean § S.E. p < 0.01 (**), indicates signiWcant
diVerences between the control and PT-262 treated samples
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for 24 h) signiWcantly reduced cell viability in A549 cells
(Fig. 6). Besides, combination with PD98059 and PT-262
additively increased lung cancer cell death (p < 0.05)
(Fig. 6).

PT-262 does not alter the p53 protein expression 
in the p53-wild type lung cancer cells, and induces 
cytotoxicity in the p53-null lung cancer cells

Immunoblot analysis showed that treatment with 2–20 �M
for 24 h PT-262 did not signiWcantly induce the protein
expression of p53 and p21 in the p53-wild type A549 cells
(Fig. 7a). As shown in Fig. 7b, PT-262 (2–20 �M for 24 h)
decreased the cell viability via a concentration-dependent
manner in the p53-null H1299 lung cancer cells. The IC50

value of PT-262 toward H1299 cells was approximate at
5 �M, which was similar to A549 cells.

PT-262 induces the accumulation of G2/M phases 
in both the p53-wild type and p53-null lung cancer cells, 
and inhibits the phosphorylation of CDC2 proteins

As shown in Fig. 8a, PT-262 (10 �M for 24 h) signiWcantly
decreased the G1 fractions while increased the G2/M frac-
tions in both A549 and H1299 cells. To examine the cell
cycle-regulated protein expression, the cells were subjected
to Western blot analysis. ERK-2 protein was used as an
internal control protein. The total CDC2 protein levels were
not markedly altered by treatment with PT-262 (Fig. 8b).
However, PT-262 (10–20 �M for 24 h) decreased the

Fig. 4 The eVect of PT-262 on 
the apoptotic induction in lung 
carcinoma cells. a A549 cells 
were treated with or without 
10 �M PT-262 for 4–24 h. The 
cells were observed under a 
phase contrast microscope. The 
arrows indicated the apoptotic 
cells. b The total protein extracts 
were subjected to Western blot 
analysis by using anti-caspase-3 
and anti-ERK-2 antibodies. Rep-
resentative Western blot results 
were shown from 1 of 3 separate 
experiments with similar Wnd-
ings. c Mitochondrial membrane 
potential was evaluated by Xow 
cytometry analysis of cells 
stained with DiOC6. Results 
were obtained from 3 to 4 exper-
iments and the bar represents 
mean § S.E. p < 0.01 (**), 
indicates signiWcant diVerences 
between control and PT-262 
treated samples in A549 cells. 
d The �-tubulin, F-actin, and 
nuclei were stained with the 
Cy3-labeled mouse anti-�-tubu-
lin, BODIPY FL phallacidin, 
Hoechst 33258, respectively. 
Arrows indicate the nuclear 
fragments in a PT-262-treated 
cell. After treatment with or 
without PT-262, the apoptotic 
cell number was scored. Results 
were obtained from three 
experiments and the bar 
represents mean § S.E. p < 0.05 
(*), indicates signiWcant 
diVerences between control and 
PT-262 treated samples
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protein levels of cyclin B1 and phospho-CDC2 at Thr14,
Tyr15, and Thr161 via a concentration-dependent manner
in A549 cells (Fig. 8b). PT-262 also reduced the protein
levels of cyclin B1 and phospho-CDC2 proteins in H1299
cells (data not shown). Moreover, treatment with 2–20 �M
PT-262 for 24 h did not alter the expression of cyclin D1
proteins (Fig. 8b).

Discussion

The derivatives of 5,8-quinolinediones have been shown
to inhibit the cell proliferation in human cancer cells;
however, these compounds possess the diVerent mecha-
nisms and act on diVerent targets for their anticancer activ-
ity [5–7]. LY83583, a derivative of 5,8-quinolinedione,
blocks the cell proliferation by inhibiting guanylyl cyclase
in tumor cells [5, 6]. NSC 663284, an inhibitor of CDC25
protein phosphatases, induces the cell cycle arrest of
cancer cells [7]. PT-262 suppresses the protein phosphory-
lation of ERK in lung cancer cells. The eVectiveness of
PT-262 on the inhibition of ERK phosphorylation was at
lower concentration levels (2–10 �M). PD98059 is a well-
known MEK1/2 inhibitor for the repression of ERK
phosphorylation. However, PT-262 did not directly bind to
recombinant human MEK1 protein by in vitro binding
assay and MALDI/TOF-MS analysis (unpublished data).
We suggest that PT-262 may not directly inhibit MEK1/2
kinases. Nonetheless, combination of PD98059 and

PT-262 additively increased cytotoxicity in lung cancer
cells. It has been shown that the activation of ERK exerts
the cell proliferation and anti-apoptosis [12, 13]. We
suggest that the suppression of ERK phosphorylation by
PT-262 may result in the proliferation inhibition and
apoptosis of the human lung cancer cells. However, the
mechanisms of PT-262-inhibited ERK signal pathway
need further investigation.

Anticancer agents exert their activity through the induc-
tion of apoptotic pathways or the blockade of survival path-
ways in tumor cells [6, 9, 10, 18, 27, 28]. PT-262 induced
the decrease of mitochondrial membrane potential and
increased the activation of caspase-3 in lung cancer cells.
The loss of mitochondrial membrane potential has been
indicated mitochondrial dysfunction and subsequent apop-
totic event [29, 30]. Interestingly, PT-262 did not alter the
p53 protein expression and its downstream protein p21.
Moreover, the cytotoxicity and cell arrest were increased by
PT-262 in both the p53-wild type and -null lung cancer
cells. The p53-null lung cancer cells were displayed similar
the IC50 value (»5 �M) of cytotoxicity by compared with
the p53-wild type lung cancer cells. These Wndings indicate
that PT-262 induces the cell cycle arrest and apoptosis via a
p53-independent manner. It is well established that the
numerous cancers are caused by the mutations of p53. The
loss of functional p53 in cancer cells may resist to chemo-
therapy and radiotherapy of cancers. Thus, PT-262 is a
potential developing anticancer drug, which is still eVective
on the p53-mutational cancers.

Fig. 5 EVect of a speciWc 
MEK1/2 inhibitor, PD98059, 
and PT-262 on the inhibition of 
ERK phosphorylation in lung 
carcinoma cells. a The chemical 
structure of PD98059. b A549 
cells were treated with 0–50 �M 
PD98059 for 24 h. c A549 cells 
were treated with 0–10 �M  
PT-262 for 24 h. At the end of 
treatment, the total protein 
extracts were subjected to 
Western blot analysis. d The 
relative protein intensity was 
quantiWed Western blot. Results 
were obtained from 3 to 4 
experiments and the bar 
represents mean § S.E. p < 0.05 
(*) and p < 0.01 (**), indicates 
signiWcant diVerences between 
control and PT-262 or PD98059 
treated samples
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The interaction of CDC2 and cyclin B1 plays an impor-
tant role in the mitotic progression [21, 22]. Activation of
CDC2 is through the phosphorylation of Thr161 by CDC2
activating kinase (CAK) and the dephosphorylation of
Thr14 and Tyr15 by CDC25C phosphatase [31]. NSC
663284 has been shown to inhibit the activity of CDC25
protein phosphatases and blocks the proliferation of tumor
cells [3, 7]. Moreover, NSC 663284 blocks the CDC25C
phosphatase resulting in the decrease of CDC2 kinase
activity for inducing cell cycle arrest [7]. We found that
PT-262 reduced the protein levels of cyclin B1 and
increased the G2/M arrest in lung carcinoma cells. Interest-
ingly, the phosphorylated sites of CDC2 at Thr14, Tyr15,
and Thr-161 were inhibited by PT-262. Comparing with
NSC 663284, PT-262 shows a diVerent role on the regula-
tion on CDC2 and may be not mediated by the inhibition of
CDC25C. Furthermore, PT-262 reduced the levels of phos-
pho-CDC2 and cyclin B1 proteins in both the p53-wild type
and p53-null lung cancer cells. These observations suggest

that the suppression of cyclin B1 protein expression and the
disruption of CDC2 phosphorylation by PT-262 participate
in the cell cycle arrest and growth inhibition through p53-
independent pathway in human lung cancer cells.

In this study, the novel synthetic compounds of 5,8-qui-
nolinedione derivatives or analogues were compared by
cytotoxicity assay toward to lung cancer cells. Among these
new synthetic compounds, PT-262 is the most potent to
induce lung cancer cell death. It has been shown that the
cytotoxicity of vitamin K3 and related quinines is the direct
arylation of cellar thiols, leading to the inhibition of sulfhy-
dryl-dependent proteins [32–36]. A chloride substituent and
an amino group leads to a considerable perturbation of the

Fig. 6 EVect of a speciWc MEK1/2 inhibitor, PD98059, on the PT-
262-induced cytotoxicity in lung carcinoma cells. The cells were pre-
treated with 50 �M PD98059 for 2 h prior to exposure to 8 �M PT-262
for 24 h. After treatment, the cells were washed twice with PBS, and
were re-cultured in fresh medium for 48 h. The cell viability was mea-
sured by MTT assay. The bar represents the mean § S.E. #p < 0.05
indicates between control and PT-262 treated samples. *p < 0.05 indi-
cates signiWcant diVerences between PT-262 alone and pre-treatment
with PD98059
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Fig. 7 EVect of PT-262 on the cytotoxicity in the p53-null H1299 lung
cancer cells and the p53 protein expression in the p53-wild type A549
cells. a A549 cells were treated with 0–20 �M PT-262 for 24 h. After
drug treatment, the total protein extracts were subjected to Western
blot analysis. The relative fold of protein intensity under each treat-
ment was from the average of three independent experiments. b H1299
cells were treated with 2–20 �M PT-262 for 24 h. After treatment, the
cells were washed twice with PBS, and were re-cultured in fresh medi-
um for 48 h. The cell viability was measured by MTT assay. Results
were obtained from three experiments and the bar represents the
mean § S.E. p < 0.05 (*) and p < 0.01 (**), indicate signiWcant diVer-
ence between the control and PT-262 treated samples
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electron distribution in heteronaphthoquinones and that this
electrostatic eVect is likely to provide a better match for the
complementary surface in the enzyme binding pocket. We
suggest that the unique chemical structure of PT-262 by the
existence and position of chloride could therefore represent
a speciWc for the electronic conWguration, which is neces-
sary to achieve strong protein inhibition and induces cancer
cell death. Nevertheless, the precise chemical reactions of
bio-molecules between PT-262 need further examination.

In conclusion, we develop a new synthetic compound,
which aVects on the apoptotic induction and the cell cycle
arrest via a p53-independent pathway in human lung cancer
cells. It is an important new modality of anticancer mecha-
nism from the derivatives of 5,8-quinolinediones through
the blockade of ERK and CDC2 phosphorylation.
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