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In comparison with four tumor cell lines and three non transformed cell types, chronic myeloid leukemia
K562 cells were selectively sensitive to proliferation inhibition by the oxoindole derivative XJW20, as
determined by the MTT assay. Further investigation revealed that XJW20 selectively induced G2/M arrest
and apoptosis in K562 cells. At the molecular level, XJW20-induced G2/M arrest was accompanied by up-
regulation of cyclin B1 and phospho (p)-Cdc25C (Ser216) and down-regulation of CDK1. There is no
change in the expression of CDK2. The increased apoptotic activity by XJW20 was characterized by an

lc()i}; ‘iv:ggfe derivate increase in reactive oxygen species (ROS) generation, the mitochondrial transmembrane potential (AY¥',)
Antitumor dissipation, cytochrome C releasing, apoptotic nuclei (AO/EB double staining) and nuclei condensation
K562 cell line (DAPI-staining). The down-regulation of phosphorylated ERK was also found in XJW20-treated K562
G2/M arrest cells. These molecular events induced by XJW20 may provide insight into the mechanism of action that
Apoptosis led to growth arrest and apoptosis.

Mitochondrial transmembrane potential
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1. Introduction

Cyclin-dependent kinases (CDKs) are key elements of the cell-
cycle progression. CDKs and their associated molecule elements
have been considered as potential targets for anticancer drug
discovery [1-3]. Compounds with an oxoindole parent structure
(Fig. 1, Structure A) were expected to selectively regulate CDKs,
and many potent CDK2 oxoindole inhibitors have been reported
[4,5]. Therefore, we designed and synthesized a series of novel
oxoindole derivates to identify compounds that may serve as an
anticancer therapeutics. XJW20, 3-(3,4,5-trimethoxybenzylidene)-
5-carboethoxy-indolin-2-one (Fig. 1, Structure B), was found to
selectively inhibit the proliferation of K562 chronic myelogenous
leukemia cell line among myeloid and somatic cell lines.

It has been demonstrated that inhibition of CDK4/6, CDK2, and
CDK1 frequently results in arrest at the G1/S and G2/M boundaries.
CDK1 inhibition may augment cell death after mitotic checkpoint
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activation by taxanes or kinesin spindle protein inhibitors [1].
In comparison, highly selective CDK2 inhibition does not have
antiproliferative effects in many cancer cell types [1]. Studies have
shown that initiation of G2 arrest in response to DNA damage
through phosphorylation of Cdc25C on the serine-216 (Ser216)
residue, a primary regulator is critical for G2 checkpoint regulation
[6,7]. The activity of Cdc25C is well known to be negatively regu-
lated by phosphorylation of Cdc25C on Ser216. It has been reported
that compounds, such as protoapigenone, could induce G2/M arrest
by modulating the levels of CDK2 and p-Cdc25C (Ser216) [8]. One
of the network-complexes that regulate the G2 to M transition
has now been revealed to be a Cdc25C-cyclin B1/Cdc2 controlled
switch-like system. At the onset of mitosis, the complexes of cyclin
B1/Cdc2 become active when the dual specificity phosphatase,
Cdc25C, removes inhibitory phosphorylations on Cdc2 [9]. More-
over, the pathway to initiate the prolonged G2/M delay in HCT116
was different from the DNA damage checkpoint pathway, which is
activated through the phosphorylation of Chk1/p-Cdc25C (Ser216)
[9]. Present work, therefore, focused on both CDK1 and CDK2
expressions [10] or cyclin B1 and phospho (p)-Cdc25C expres-
sions.

Moreover, we evaluated the underlying mechanisms involved in
apoptosis of K562 cells treated with XJW20. Recent investigations
have demonstrated that the mitochondrial dysfunction is involved
in apoptosis [11]. An increase of reactive oxygen species (ROS)
[12] and a consequent loss of mitochondrial membrane potential
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Fig. 1. Chemical structure of oxindole (A) and 3-(3,4,5-trimethoxybenzylidene)-5-
carboethoxy-indolin-2-one (XJW20) (B). Structure (B) Ry, -CO,C,Hs; Ry, 3-(3,4,5-
trimethoxybenzylidene).

(AW )were reported as typical phenomena in the process of apop-
tosis related to mitochondria [13].

Molecular events, such as phosphorylation status of ERK, were
also explored. Mitogen-activated protein kinases (MAPKs) are
proline-directed Ser/Thr protein kinases and regulate many cellu-
lar processes including cell proliferation, migration, differentiation,
and death. Three subfamilies of MAPKs, comprising c-Jun N-
terminal protein kinase (JNK), extracellular signal regulating kinase
(ERK)and p38 MAPK, have been identified and are activated by their
upstream MAPK kinase (MKK). The MAPK pathway has been impli-
cated in the response of tumor cells to chemotherapeutic drugs,
such as taxol, etoposide and cisplatin, suggesting that the MAPK
pathway may be a promising target for anticancer drugs. Addition-
ally, the ERK MAP kinase is directly involved in activating Cdc25C
during the G2/M transition [11].

In this study, we investigated the mechanisms of action of
XJW20 by probing these molecular events that are involved in both
cell-cycle progression and apoptosis.

2. Materials and methods
2.1. Cell lines and reagents

Neoplastic cell lines K562, PC-3, MCF-7, A549, and HO8910 were
obtained from the Chinese Academy of Science (China). Endothe-
lial cell line EA.hy926 was the kind gift of Professor Edgell at the
University of North Carolina at Chapel Hill (NC, USA). Mouse embry-
onic fibroblasts (MEF) were prepared from fetus obtained from
the mouse on d 13 of gestation [14]. The human purified leuko-
cytes were freshly isolated from healthy volunteers as literature
described [15] according to rules of the Ethics Committee at Zhe-
jiang University. MCF-7 cell line and MEF cells were maintained
in DMEM (Gibco, Grand Island, NY, USA). Other cell lines were
cultured in RPMI 1640 medium (Gibco, Grand Island, NY, USA)
with 10% heat-inactivated newborn calf serum (Hangzhou Sijiqing
Biological Engineering Materials Co. China), 100 IU/mL penicillin,
and 100 pg/mL streptomycin at 37 °C with 5% CO,. XJW20 was
synthesized by the Institute of Materia Medica at Zhejiang Univer-
sity.

DMSO and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The mitochondrial fluorescent probe 5,5,6,6'-
tetrachloro-1,1’,3,3'-tetra-ethylbenzimidazol-carbocyanine iodide
(JC-1) and the 5-(and-6)-carboxy-2’-7’'-dichlorofluorescin diac-
etate (carboxy-DCFDA) were purchased from Molecular Probes
(Eugene, OR, USA). Fluorescent DNA-binding dyes acridine orange
(AO)/ethidium bromide (EB) and propiaium iodide (PI) were
obtained from Fluka (Switzerland). 4,6-Diamidino-2-phenylindole
(DAPI) was obtained from Grand Island (NY, USA). Stock solutions
of JC-1 (2 mg/mL), DAPI and carboxy-DCFDA (15.0 mmol/L) were
dissolved in DMSO and stored at —20°C. Primary antibodies
against CDK1, CDK2, cyclin B1 were purchased from Boster Bio-
logical Technology Ltd. (Wuhan, China), p-cdc25C (Ser216) from

Epitomics Biological Technology Co. Ltd. (China) and primary
antibodies against ERK1/2, p-ERK1/2, cytochrome C (Cytosol),
GAPDH, HRP-labeled secondary anti-mouse, anti-rabbit antibodies
were purchased from Santa Cruz Biotechnology (CA, USA).

2.2. Cell viability assays

Viability assays were done using the MTT assay. Cell lines were
plated at a density of 5x 10% cells per well on 96-well plates
in 100 L of culture medium. XJW20 was added to a final con-
centration between 0.01-100 wmol/L for 72 h. Then MTT labeling
mixture (50 L, 5mg/mL) was added to each well and incubated
for an additional 4 h. The formazan precipitate was dissolved in
150 L dimethyl sulfoxide and measured with a DTX-880 Multi-
mode Detector (Beckman Coulter, USA) at 570 nm. Assays were
performed in triplicate in three independent experiments. The con-
centration of compound needed to cause 50% growth inhibition
(ICs50) was calculated against untreated cells using the dose-effect
analysis software installed on the microcomputers.

2.3. Cytomorphological evaluation by phase contrast microscopy

The selectivity of cytotoxicity of XJW20 on K562 cell line was
also evaluated. K562 cell line, EA.hy926, primary cultured human
leukocytes and MEF were incubated with XJW20 (0.2-0.8 p.mol/L)
for 48h as described above. Then the cells appearance were
observed under an inverted phase-contrast microscope (Leica
DMIL) and recorded using a Leica CCD camera (DC200) (Leica
Microsystems Wetzlar, Germany).

2.4. Morphological evaluation by fluorescent microscopy

For mitochondrial membrane potential (A¥,) detection, the
harvested cells (2 x 10° in 1 mL) were suspended in 0.5 mL of com-
plete medium containing 10.0 p.g/mL of JC-1 for 30 min at 37°C.
JC-1 is a cationic dye that exhibits potential-dependent accumu-
lation in mitochondria, indicated by a fluorescence emission shift
from green (5254 10nm)tored (610 + 10 nm). Cells were observed
under a fluorescence microscope (Leica DMIL) according to their
color and structure [16].

For apoptotic nuclei analysis, cells were labeled with fluorescent
DNA-binding dyes AO/EB double staining, enabling us to perform
high-quality studies of cell morphology, nuclear and chromatin dis-
integration as well as to distinguish viable, early or late apoptotic
and necrotic cells [17,18]. Briefly, cells were harvested and washed
with PBS after the treatment with 0.8 pmol/L of XJW20 or DMSO for
24 or 48 h, stained with 100 p.g/mL AO/EB for 5 min. Then cells were
observed under a fluorescence microscope (Leica DMIL) according
to the color and structure of nuclei.

For DAPI staining, cells were treated with 0.2-0.8 wmol/L of
XJE20 for 48 h and suspended in PBS containing 0.1% Triton X-
100 (for increase permeability) and incubated for 10 min on ice.
The cells were spun down and resuspended at 5000 cells/well in
4% PBS buffered paraformaldehyde solution containing 0.1 ug/mL
DAPIL The nuclei were observed using a fluorescence microscope
(Leica DMIL) at excitation wavelength 350 nm. Nuclei showed clear
brightly condensed (pycnotic) chromatin or fragmented nuclei
were scored as apoptotic cells. A minimum of 500 cells was counted
in each sample [19].

2.5. Flow cytometric analysis

For cell-cycle analysis, cell lines (1 x 108 cellsin 1 mL of medium)
were treated with XJW20 for either 12 or 24 h and then fixed with
70% ethanol at —20°C for at least 12 h. The cells were incubated
in RNase A/PBS (100 pg/mL) at 37 °C for 30 min. Intracellular DNA
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was labeled with PI (50 pg/mL) and analyzed with a FACSCalibur
fluorescence-activated cell sorter (FACS) using CELL Quest soft-
ware (Becton Dickinson, NJ). The cell-cycle profile was obtained
by analyzing 15,000 cells using the ModFIT LT 3.0 program (Becton
Dickinson).

For apoptosis analysis, cell lines were stained with JC-1
or AOJ/EB to differentiate early or late apoptotic cells. Surface
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exposure of phosphatidylserine on apoptotic cells was mea-
sured using an Apo Alert Annexin V-FITC apoptosis detection
kit (BD Biosciences Clontech, CA). Cells were treated accord-
ing to the manufacturer’s instructions and determined with a
Coulter EPICS Elite flow cytometer (Coulter Corporation). The har-
vested cells (2 x 108, 1 mL) were resuspended in 0.5mL complete
medium containing 10.0 pg/mL of JC-1 for 30 min at 37 °C. Samples
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Fig. 2. Cytotoxic effect of XJW20 on leukemic K562 cell line and nontumorous cells. (A) Cytotoxicities were determined by the MTT assay after 48 h of incubation with XJW20
at the indicated concentrations (n=3). (B) Morphological characteristics of cells by phase contrast microscope after 0.2, 0.4, and 0.8 umol/L XJW20 (2-fold, ICso) treatment
for 48 h. It caused significant morphological changes on K562 cell line, but had less effect on the nontumorous cells. DMSO was the negative control. Bar =100 pm.
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(1 x 10%cells/sample) were analyzed by FACSCalibur using an argon
laser (488 nm). A dot-plot of red fluorescence versus green fluores-
cence was drawn. Red fluorescence corresponds to living cells with
intact mitochondrial A%, and green fluorescence to cells with
lost A¥,. Mitochondria depolarization is specifically indicated by
a decrease in the red to green fluorescence intensity ratio. Cells
were stained with AO/EB final concentration 2 wg/mL for 5min.
Annexin V-PI flow cytometry was analyzed with a Coulter Counter
to determine early or late apoptosis.

2.6. Western blot analysis

Following treatment, cells were washed with PBS and then
lysed with lysis buffer (250mM Tris-HCl, pH 8, 1% NP-40 and
150 mM Nacl). Equal amounts of extracts were fractionated on a
12% or 15% SDS-polyacrylamide gel. The separated proteins were
electrophoretically blotted onto a nitrocellulose membrane (Pierce
Biotechnology, Rockford, IL, USA). Blots were incubated with
a primary antibody and the secondary horseradish peroxidase-
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Table 1

Chronic myeloid leukemia K562 cells were selectively sensitive to
proliferation inhibition by the oxoindole derivative XJW20 (72h
treatment), as determined by the MTT assay. Values are averages
of at least three independent determinations.

Cell type ICs0 (emol/L, means +S.D.)
PC-3 51.85+4.87

K562 0.40+0.06

MCF-7 188.10+£2.33

A549 >500

HO8910 47214551

conjugated antibody. Primary antibodies used in this study
were against CDK1, CDK2, cyclin B1, p-Cdc25C (Ser216), ERK1/2,
p-ERK1/2, cytochrome C (Cytosol) and GAPDH. HRP-labeled sec-
ondary anti-mouse or anti-rabbit antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). The detection
reagent ECL was purchased from Israel, Beit, Haemek Ltd. (Kibbutz
Beit Haemek, Israel).
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Fig. 3. XJW20 induced G2/M arrest in K562 cells (n=3). (A and B) Cell-cycle distributions after treatment with 0.2, 0.4, and 0.8 mol/L XJW20 12 or 24 h, DMSO as the negative
control. Cell-cycle distributions were assessed by propidium iodide staining. The DNA contents of 15,000 events were analyzed by flow cytometry. (C) Western blot analysis
of expressions of CDK1, CDK2, p-Cdc25C, cyclin B1 after treatment with 0.8 wmol/L XJW20 12, 24, 48 h. (D) Western blot analysis of expression of ERK and p-ERK decreased

after treatment with 0.8 wmol/L XJW20 1, 2, and 3 h. "P<0.05 and “P<0.01.
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Fig. 3. (Continued).

2.7. Detection of intracellular ROS generation

The production of intracellular ROS was measured using the
oxidation-sensitive fluorescent dye carboxy-DCFDA. An increase
in green fluorescence intensity is used to quantify the generation
of intracellular ROS. After adding carboxy-DCFDA at a final concen-
tration of 15 M to the culture medium, the cells were incubated
at 37 °C for an additional 30 min, harvested, washed with PBS, and
observed under a fluorescence microscope (Leica DMIL) according
to their color and structure or measured immediately with FAC-
SCalibur using an argon laser at 488 nm and a 525-nm band pass
filter.

(A)

(B

Green Fluorescence%

2.8. Statistical analysis

All data were expressed as mean +S.D. Differences between
groups were generally examined for statistical significance using
one-way ANOVA analysis with post hoc of Dunnett’s test. A P-value
less than 0.05 denoted a statistically significant difference.

3. Results
3.1. XJW20 has cytotoxic effect on K562 cells

Several cell lines (K562, PC-3, MCF-7, A549, and HO8910)
were screened against oxoindole derivate library using MTT
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Fig. 4. XJW20 stimulated ROS production in K562 cell line (n=3). Cells were treated with 0.8 wmol/L XJW20 for 1-3 h. DMSO was the negative control. After treatment, cells
were washed, and incubated in complete medium containing carboxy-DCFDA for 30 min, and then they were analyzed by (A) fluorescence microscope or (B) flow cytometry.
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cell viability assay. After 72h treatment, XJW20 was found
to specifically inhibit the growth of K562 (ICsq=0.40 M)
(Table 1).

To confirm the selected cytotoxic effect, nontumorous cells,
such as endothelial cell line, primary cultured MEF and leuko-
cytes, were also evaluated. Cytotoxicity was determined by the
MTT test after 48h of incubation with XJW20. When incu-
bated with XJW20 (0.2-0.8 wM), the growth of K562 cells was
markedly inhibited, while the growth rate of other cells were not
changed (Fig. 2A). Cell morphology was captured by phase con-
trast images after treatment with 0.2, 0.4, 0.8 wmol/L of XJW20
48h (Fig. 2B). The morphological analysis revealed a remark-

(A-1)

6h

able difference between XJW20-treated K562 and nontumorous
cells.

3.2. XJW20 induces G2/M arrest in K562 cells

Cell-cycle analysis revealed that XJW20 induces G2/M arrest in
K562 cells (Fig. 3). As demonstrated in Fig. 3A and B, following
12 h treatment, percentages of G2/M phase cells increased from
17.19%+1.45 to 22.40%+0.83 (0.2 uM), 22.62%+2.38 (0.4 uM),
and 44.33%+1.96 (0.8uM), respectively. For 24 h treatment, the
percentages of G2/M arrested cells were substantially increased
from 8.87%+2.16t016.71%+1.99 (0.2 wM), 54.93% + 0.80 (0.4uM),
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Fig. 5. Mitochondrial membrane potential and cytochrome C release effects of XJW20 on leukemic cell line K562. Cells were treated with or without 0.8 pmol/L XJW20 for
6 or 12 h. (A) The mitochondrial membrane potential (A¥,) was measured using the JC-1-staining, in which depolarization is indicated by a switch from the red to green
fluorescence intensity. (a and c) Vehicle control and (b and d) exposed to XJW20. (B) A loss of mitochondrial A%, in cells was detected by flow cytometry. Vehicle incubation
12 h (control) and XJW20 for 6 or 12 h, the green fluorescence intensity indicated the cells with low mitochondrial A¥,, while the red one indicated the stable mitochondrial
AV, L: cells with low mitochondrial AY¥y,. (C) Cytochrome C release as affected by XJW20 in K562 cells. (D-1) Fluorescence microscope detection with AO/EB double
staining (vital cells with green, and apoptotic cells with orange (early) or red (late) fluorescence intensity); cleft structure of nucli (b and d) or solvent control (a and c). (D-2)
Apoptotic cells were determined by Annexin V-PI flow cytometry after DMSO or 0.8 umol/L of X]W20 treatment for 48 h. (E) Nuclei (DAPI-staining) showed clearly brightly
condensed (pycnotic) chromatin or fragmented nuclei were scored as apoptotic cells indicated by arrows in (b, c and d). “P<0.01 and Bar =100 pm. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of the article.)
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80.23% +3.45 (0.8 wM), respectively. These data suggest that
XJW20induces G2/M arrest in a time and concentration-dependent
manner.

3.3. XJW20-induced G2/M arrest is accompanied with altered
cyclin B1-CDK1 expression and Cdc25C activation

Since cyclin B1-CDK1 is known to be critical for the G2/M tran-
sition, its expression levels were determined upon treatment by
Western blotting analysis. As shown in Fig. 3C, upon the treatment
with 0.8 uM XJW20 for 12, 24, and 48 h, the expression of CDK1
decreased in a time-dependent manner, coinciding with the effec-
tive mitotic-arresting process. The amount of p-Cdc25C (ser216),
which down-regulates the activity of CDK1, was increased dramat-
ically. There was a modest increase in the expression of cyclin B1
and no change in the expression level of CDK2. These molecular
events may contribute to the G2/M arrest induced by XJW20.

3.4. XJW20 induces oxidative stress at early stage

Mitochondria are sensitive to changes in cellular redox state,
and ROS can cause mitochondrial dysfunction. K562 cells were
treated with 0.8 wM XJW20 for 1-3 h, then stained with carboxy-
DCFDA, visualized by a fluorescence microscope (Fig. 4a) and
analyzed by flow cytometry (Fig. 4B). The results in Fig. 4 showed
that XJW20 could induce generation of ROS in a time-dependent
manner.

3.5. XJW20-induced apoptosis is characterized by the
mitochondrial transmembrane potential (AW ) dissipation,
cytochrome C release, apoptotic nuclei (AO/EB double staining) or
nuclei condensation (DAPI-staining)

Cells were treated with 0.8uM XJW20 for 6 or 12h,
the mitochondrial membrane potential (A¥,) was measured
using the JC-1-staining. The depolarization is indicated by a
switch from the red to green fluorescence intensity. Cells
showed more green fluorescence intensity at 12h than at
6h (Fig. 5A-1 and A-2). And the loss of mitochondrial mem-
brane potential in cells was confirmed by flow cytometry
(Fig. 5B).

To determine whether cytochrome C released was accompa-
nied by altered mitochondria, its expression level was determined
by Western blot analysis (Fig. 5C). As shown in Fig. 5C,
cytochrome C was released into cytoplasm in a time-dependent
manner.

Typical apoptosis features in XJW20-treated cells were observed
with AO/EB (Fig. 5D) and DAPI (Fig. 5E). In the case of AO/EB
staining, upon treatment with 0.8 WM XJW20, the double stain-
ing of the orange or red color and cleft structure of nuclei
was seen (Fig. 5D-1). Apoptotosis was further confirmed by
Annexin V-PI flow cytometry (Fig. 5D-2). In the case of DAPI
staining, 48 h post treatment by 0.2-0.8 uM XJW20, nuclei
were condensed (pycnotic) in a concentration-dependent manner
(Fig. 5E).
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4. Discussion

This study found that XJW20, a novel oxoindole derivative, has
selective cytotoxic activity in the chronic myelogenous leukemia
K562 cell line, but has hardly any cytotoxicity in several other neo-
plastic cell lines and myeloid or somatic cell lines. Focusing on
cell-cycle progression and apoptosis, the present results demon-
strated that G2/M arrest and apoptosis induced by XJW20 might
contribute to its cytotoxcity in K562 cells.

Cell-cycle regulation is intricate, and the cell-cycle progres-
sion is tightly regulated by the synthesis/degradation, associa-
tion/dissociation, translocation between cytoplasm and nucleus,
and the phosphorylation/dephosphorylation of various protein reg-
ulators [5,9]. CDKs are key elements of cell-cycle progression. CDKs
and their associated molecule elements have been considered as
potential targets for anticancer drug discovery [1-3]. G2/M arrest
has been shown to be a protective mechanism that ensures orderly
and timely repair of damages and prevents inappropriate mitotic
entry. G2/M checkpoint is the most prominent effect of many
anticancer agents in tumor cells when they have sustained DNA
damages induced by therapeutic agents.

The present results revealed several molecular events, such as
ROS generation, phosphorylation of ERK1/2, phosphorylation states
of Cdc25C, and expression of CDK1, involved in the mechanism of
XJW20-induced G2/M arrest may change the mode of signal trans-
duction after survival promotion pathway, and ERK MAP kinase is
directly involved in activating Cdc25C during the G2/M transition
(11).

Chemotherapy-induced oxidative stress is one of the mecha-
nisms that kills cancer cells [20]. Kinetics studies revealed that ROS
generation and phosphorylated ERK down-regulation appeared
in XJW20-treated K562 cells simultaneously. As tumor cells are
actively engaged in energy metabolism and ROS generation dur-
ing energy metabolism, cells are more dependent on the essential
enzyme superoxide dismutase to protect cells from oxidative dam-
age by converting superoxide anion to H0,, and followed by
catalase to H, 0. Excessive ROS generation may change the mode of
signaling transduction in the cells after treatment with XJW20. The
MAPK pathway has been implicated in the response of tumor cells
to chemotherapeutic drugs, such as taxol, etoposide and cisplatin,
suggesting that the MAPK pathway may be a promising target for
anticancer drugs. It has been reported that JNK plays an important
role in IQDMA-mediated G2/M arrest and apoptosis of K562 can-
cer cells[21]. The ERK pathway is generally considered as a survival
promotion pathway and ERK MAP kinase is directly involved in acti-
vating Cdc25C during the G2/M transition [11]. Down-regulation of
phosphorylated ERK should determine K562 cell fate after exposure
to XJW20.

Compounds with an oxoindole parent structure were expected
to selectively regulate CDKs [4,5]. This study showed down-
regulation of CDK1 and up-regulation of phosphorylated Cdc25C in
XJW20-treated K562 cells, which could contribute to G2/M arrest.
However, there was no change in the expression of CDK2 in XJW20-
treated K562 cells. Inhibition of CDK1 and CDK2 frequently results
in arrest at the G1/S and G/M boundaries. CDK1 inhibition may
especially augment cell death after mitotic checkpoint activation
by taxanes, but highly selective CDK2 inhibition does not have
antiproliferative effects in many cancer cell types [1]. With XJW20-
treatment, the G2/M arrest was accompanied with the increase
in cyclin B1. Since the activity of Cdc25C is negatively regulated
by phosphorylation of Cdc25C on the serine-216 residue [8,9],
we evaluated the phosphorylation states of Cdc25C in K562 cells
after treatment with XJW20. One of the network-complexes that
regulate the G2 to M transition has been revealed to be a Cdc25C-
cyclin B1/Cdc2 controlled switch-like system [9]. At the onset of
mitosis, the complexes of cyclin B1/Cdc2 become active when the

dual specificity phosphatase, Cdc25C, removes inhibitory phos-
phorylations on Cdc2. Once active the cyclin B1/Cdc2 complexes
phosphorylate Cdc25C, which enhances its phosphatase activity
[22]. This study suggested that G2/M arrest in k562 cells treated
with XJW20 was related to an increase in cyclin B1 expression and
phospho (p)-Cdc25C (Ser216) activation, as well as a decrease in
CDK1 expression. Thus, we presumed that fast growth and short
cell cycle might contribute to K562 cells for the high sensitivity to
XJW20.

Intracellular ROS generation increased in K-562 cells with
XJW20 treatment, which may have participated in a set of
responses that lead to apoptosis through enhanced intracellular
ROS [12], driving the cell to an oxidative stress-induced cell death.
Consistent with previous reports [16,20], XJW20 induced apoptosis
was characterized by mitochondrial A¥, dissipation, cytochrome
C release apoptotic nuclei formation and nuclei condensation.

Apoptosis can be exerted through two different signaling path-
ways, namely the mitochondrial pathway and the cell death
receptor pathway. Preservation of the mitochondrial A¥, was
crucial for the prevention of photoreceptor apoptosis; its loss was
parallel to the increase in photoreceptor apoptosis during early
development in vitro and upon oxidative damage. The key ele-
ment in the mitochondrial pathway is the efflux of cytochrome
C from the mitochondria to the cytosol. Once cytochrome C is
released into the cytosol, cytochrome C together with Apaf-1 acti-
vates caspase-9, and the latter then activates caspase-3. XJW20
treatment induced a decrease of mitochondrial A¥, at an early
treatment stage, which might associate with K562 cell apoptosis.
Cytochrome C release is a hallmark of mitochondrial dysfunction,
and XJW20 could induce the release of cytochrome C after the
mitochondrial AW, decreases. This further confirmed that XJW20-
induced apoptosis in K562 cells occurs through the mitochondrial
pathway.

Furthermore, we used AO/EB staining, which allows the identi-
fication of viable, apoptotic and necrotic cells based on color and
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Fig. 6. Schematic drawing with proposed mechanisms by which XJW20 can arrest
proliferation of K562 cells. The cartoon compiles the results and conclusions of this
report. The cartoon compiles the results and conclusions of this report.
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appearance. Our data confirmed an induction of apoptotic death in
XJW20-treated K562 cells. It could be of significance in identifying
another anticancer mechanism (together with the cell-cycle arrest)
of XJW20. That is, the novel CDK inhibitor also caused apoptosis in
K562 cells. The multiple targets of XJW20 may play an essential role
in enhancing efficiency in K562 cells and reducing chemoresistance
in CML chemotherapy.

In conclusion, our study demonstrated that the cytotoxic effect
of XJW20 in K562 cell line appears to be through G2/M phase
arrests and intracellular apoptosis. XJW20 inhibited cell growth of
K562 cells, arrested cell cycle with alteration in phosphorylated
ERK, phosphorylated Cdc25C, CDK1 protein expression. Decreased
mitochondrial A%, and ROS induction at a much earlier stage pos-
sibly played an important role in XJW20 induced apoptosis (Fig. 6).
XJW20 could be a potentially effective therapeutic target against
CML cells for further study.
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