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ABSTRACT

We previously reported the potential of a novel small molecule (E)-methyl 3-(1-(4-methoxybenzyl)-2,
3-dioxoindolin-5-yl) acrylate (HKL 2-3-15) as an anticancer agent. This study was focused on the molecular
mechanisms by which HKL 2-3-15 exerts its cytotoxic activity in human gastric cancer MGC-803 cells. We showed
that HKL 2-3-15 induced G,/M phase arrest in a time-dependent and dose-dependent manner. Following the
treatment, HKL 2-3-15 also caused Annexin-V staining, suggested HKL 2-3-15 caused apoptosis in MGC-803 cells.
Collectively, our findings demonstrate that HKL 2-3-15, a 5-(2-Carboxyethenyl) isatin derivative, notably inhibits
MGC-803 cell proliferation through the induction of G,/M cell cycle arrest and apoptosis. Its potential as a
candidate anticancer agent warrants further investigation.
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INTRODUCTION

Isatin is an indole derivative widely present erelogusly in both human and other mammalian tissondsflaids
likely as a result of the tryptophan metabolic pati [1-2]. Isatin derivatives possess a wide varatbiological
activities [3-4], such as anticancis-6], antidepressant, anticonvulsant [7], antibdet [8-9], anti-inhibitor,
anti-fungal [10], anti-HIV [11], anti-inflammatoryand sedative-hypnotic, et al [12]. In the lastesall decades,
increasing numbers of researchers from both ingwmtd academia have embarked on the developmemévof
isatin-based anticancer agents. Among them, 5-bi®mamitrophenyl isatin hydrazone and a series of
5-bromo-(2-oxo-3-indolinyl) thiazolidine- 2,4-diosisubstituted derivatives have been reported tibidnticancer
activity against lymphocytic leukemia [1, 7]; N-tmtation of 5,7-dibromoisatin can increase the toytity
against U937 lymphoma cells [5]; and SU11248 (Siiten5-fluoro-3-substituted isatin derivative, basven been
approved by FDA in 2006 for the treatment of ademhcenal carcinoma and gastrointestinal stromalotem
carcinoma and gastrointestinal stromal tumors [13].

We previously reported [2] the design, synthesid amvitro cytotoxicity evaluation of 44 5-(2-carbgethenyl)
isatin derivatives as anticancer agents and idedtthatHK L 2-3-15 exhibits excellent cytotoxic activity against
three different cancer cell lines including K56Z43 nM), HepG2 and HT-29, and the molecular mectmaroé
the cytotoxic activity ofHKL 2-3-15 against the human chronic myelogenous leukemia2kd&éls [14]. In the
present study, the molecular mechanism of the eytotactivity of HKL 2-3-15 against adherent cells (the human
gastric cancer MGC-803 cells) was investigated.
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EXPERIMENTAL SECTION

2.1. Cdll linesand culture conditions

MGC-803 cell line was obtained from the Shanghatitates of Biological Sciences (Shanghai, Chiggls were
grown at 37C in Dulbecco's modified Eagle medium (DMEM) suppésted with 10% fetal bovine serum, 4mM
L-glutamine, 1g/L D- glucose, 110mg/L sodium pyrievand 1% penicillin/streptomycin. Cells were crétaiin a
humidified atmosphere of 5% GOr'he medium was replaced once every third day.

2.2. Cytotoxic activity assay

The cytotoxic activity was measured using the ME$ay as described previously [2]. Briefly, 000f MGC-803
cells were cultured in 96-well plates at a densft$x10' cells/ml for 24 h. Different concentrationstéK L 2-3-15
(1-10000 nM) were added to each well to culture doother 48 h. MTT assay was performed using thermo
microplate reader. The DMSO-treated controls werleutated as a cell viability value of 100%. Théibitory
concentrations (I6z) were obtained by nonlinear regression using GPaphPrism 5.0. For each experimentsolC
value was calculated from three independent assays.

2.3. Cdll cycleanalysis

For the DNA content analysis, 2>¢1€ells were cultured for 24 h and treated witk L 2-3-15 (300 nM) for 3, 6, 12
and 24 h, respectively. Cells were collected arddfiiwith 1 ml of 70% ice-cold ethanol at ‘20 overnight. Cells
then were washed with PBS, incubated with propidiodide (P1, 1 mg/ml), RNase A (2@/ml) for 15 min in dark
at room temperature and analyzed using a FACS @adipgstem (version 2.0, BD) using the CELL Quesigpam
(Becton Dickinson). Results were representativest tfast three independent experiments.

2.4. Flow cytometric analysis of apoptosis

Apoptotic cells were assayed by the Annexin-V-FIAfbptosis Detection Kit (BD Biosciences, USA) adliag to

the manufacturer’s instructions. In brief, MGC-888ls were treated with DMSO &KL 2-3-15 (300 nM) for 1 h.
Cells were harvested, washed twice with ice-col&RBd resuspended in 1xBinding buffer at a conatoir of

1x1C cells/ml. Cells were stained with |8 of Annexin-V-FITC and 5ul of PI (50 ug/ml) for 15 min at room
temperature in the dark and analyzed by flow cytoyne

RESULTSAND DISCUSSION

3.1 TheMGC-803 treated with HKL 2-3-15 cell growth curve

To examine the inhibitory effects ¢fKL 2-3-15 (Fig.1A) on MGC-803 cells, the cell number assay is uged t
investigate the inhibitory effect ¢1KL 2-3-15 on proliferation of cancer cells. MGC-803 cellsrevéncubated in
the absence or presence of various concentratibhiKa 2-3-15 (30, 100, 300 nM) for 24, 48, 72, 96, 120 h,
respectively, and then cell growth curve of MGC-8@8s was determined. As shownhig. 1B. The MGC-803
cell growths could be significantly inhibited anesl inhibitory effects were in a dose-dependent@an

3
3 %0
B ——DMSO
Br % 60 30nM
< == 100nM
HKL 2-3-15 2 40 ——z00uM
1C5,=80 nM 2

(MGC-803 cells) ——

Oh 24 48 72 96 120h
time

Fig. 1. Thecell growth curve of HKL 2-3-15-treated M GC-803 cells. (A) Sructureand in vitro cell proliferation inhibitory activity of
HKL 2-3-15. (B) Cell growth curveinduced by HKL 2-3-15 (30, 100, 300 nM) treatment for 24, 48, 72, 96 and 120 h were observed

3.2HKL 2-3-15induced G2/M cell cycle phase arrest in M GC-803 cells

To determine whether the influence @KL 2-3-15 on cell cycle distribution was related to the @ase in cell
viability, flow cytometric analysis was performe#fls shown inFig. 2A, the exposure téiKL 2-3-15 caused a
significant increased cell fraction in, phase (peaked at 6 h) and a decreased celidinaict G/G; phase in a
time-dependent manner. The percentage of cells/id @hase increased by 2.5-fold after the cells tnaated with
300 nMHKL 2-3-15 for 6 h, and the percentage of cells isINEphase increased after the cells were treated fro
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30 nM to 300 nMHKL 2-3-15 for 6 h Fig.2B). These results demonstrated tH& L 2-3-15 has cell proliferation
inhibitory effect and can induce the cell cycleeatrof MGC-803 cells in €M phase.
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Fig. 2. HKL 2-3-15 induced the cell cycle arrest of MGC-803 cellsin Go/M phasein a time- and dose- dependent manner. (A)M GC-803

cellsweretreated with 300 nM HKL 2-3-15. (B) MGC-803 cells were treated with 30, 100, 300 nM HKL 2-3-15 for 6 h. At thetime or

concentration pointsindicated, cellswere labelled with Pl and their DNA content was deter mined using FACS analysis. The data was
presented as mean of three independent experiments

3.3 HKL 2-3-15 induced apoptosisin M GC-803 cells
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Fig. 3. HKL 2-3-15 induced apoptosisin MGC-803 cellsin a time- and dose-denpendent manner. (A) MGC-803 cellswere treated with

300 nM HKL 2-3-15. (B) MGC-803 cellswere treated with 30, 100, 300 nM HKL 2-3-15for 6 h. At the time and concentration points

indicated, cellswerelabeled with Annexin-V-FITC and Pl and apoptosis was deter mined using FACS analysis. Data was shown asthe
mean of threeindependent experiments. The cell percentage in each phase of cell cycle wasindicated

Flow cytometric analysis showed that apoptoticscalere observed iHKL 2-3-15-treated MGC-803 cells when
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double labelled with annexin-V-FITC and FHig. 3A). The apoptotic rates (Annexin V+/PI-) in 300 VKL
2-3-15-treated MGC-803 cells for 1-48 h were increasemmfrl4.0 to 80.8 of the total cells, furthermoreg th
apoptotic rates (Annexin V+/PI-) in 30-300 ni¥K L 2-3-15-treated MGC-803 cells for 48 h were increased from
17.8 to 80.8 of the total cells, whereas only 19&8its were observed as apoptotic cells in therobi(Fig.3B).
These results suggested thBL 2-3-15 inhibited the proliferation of MGC-803 cells bydincing apoptosis in a
time- and dose-dependent manner.

CONCLUSION

In our previous studyHKL 2-3-15 has been found to be an excellent cytotoxic aggatinst human chronic
myelogenous leukemia cells K562 (€3 nM) [14]. In this study, the cell growth curvegll cycle arrest and
apoptotic events of MGC-803 cells when treated WikL 2-3-15 were investigated. Firstly, our study showed that
HKL 2-3-15 caused MGC-803 cell number decreased significattijmpared to DMSO-treated cellBig. 1),
indicated thaHK L 2-3-15 might inhibit the cell proliferation of MGC-803 it® Flow cytometric analysis showed
thatHK L 2-3-15 caused the cell cycle arrest of the MGC-803 drliS,/M phase. @M phase accumulation peaked
at 6 h afteHKL 2-3-15 treatment. We also found thdK L 2-3-15 caused typical apoptosis in MGC-803 cells. In
summary, the exposure of MGC-803 cellHK L 2-3-15, a novel 5-(2-carboxyethenyl) isatin derivativeuis in
cell growth inhibition which is concomitant withuersible G/M cell cycle arrest and apoptosis at doses asalew
80 nM. Further optimization of the structure to noye the bioavailability and solubility is ongoing.
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