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Abstract

Background and Aim

Phenethyl isothiocyanate (PEITC) derives from vegetables commonly consumed by man and has been demonstrated as a promising chemopreventive agent against several types of cancer. However, the potential in preventing gastric cancer as well as the underlying mechanisms are to date not fully understood. The present study aimed at elucidating the cellular effects induced by PEITC in gastric cancer cells leading to apoptosis.
Methods

The human gastric cancer cell lines Kato-III and MKN74 were employed. Effect of PEITC on cell proliferation was assayed using MTT-assay. Morphology and migration were investigated through a contrast microscope. Cell cycle distribution was analysed using flow cytometry of PI-stained cells. Effect of PEITC on microtubules was studied by confocal detection of Kato-III cells transfected to express GFP-tagged microtubules. Commercial kits were employed to study the effect of PEITC on apoptosis, caspase-3 activity and GSH-content in MKN74 cells. 
Results

Kato-III and MKN74 cells responded, with different sensitivity, dose- and time-dependently in inhibition of cell proliferation to PEITC-treatment. Further, PEITC induced aberrated cell morphologies and inhibited migration of MKN74 cells. Kato-III cells treated with PEITC accumulated in G2/M-phase and displayed a loss of microtubuli with the subsequent formation of apoptotic bodies. Although weak responses, MKN74 cells also became apoptotic, increased caspase-3 activity and suffered a reduction of glutathione-pool.
Conclusions

Our findings demonstrate that PEITC induces disintegration of microtubules in human gastric cancer cells contributing to cell cycle arrest and ultimately apoptosis.
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Introduction

Isothiocyanates (ITCs) are plant phytochemicals deriving from cruciferous vegetables including broccoli, cauliflower, brussel sprouts and watercress. In nature, this class of compound exerts an important role in plant survival as it is produced upon rupture or damage of plant tissue followed by release into the local atmosphere affecting nearby organisms including herbivores and microorganisms



1

. The strong and pungent taste which ITCs harbor supposedly drives herbivores away, whereas the biocidal activity in microorganisms protects the plant from intrusion and infection by microorganisms attempting to enter through the wound. In fact, the chemical nature of ITCs renders these compounds usually volatile and highly reactive in most cell types. ITCs consist of the reactive group –N=C=S linked to an R moiety which dictates potency and physiochemical properties. The reactive group binds spontaneously and conjugates with any accessible sulfhydryl group, making the abundant redox mediator glutathione (GSH) and proteins with accesible unconjugated cysteine residues likely targets for ITCs to antagonize with after entering a cell HYPERLINK  \l "_ENREF_1" \o "Kissen, 2009 #18" 


 ADDIN EN.CITE 
2, 3
. Interestingly, ITCs are chemopreventive in humans against several types of cancer including lung, colon, bladder and stomach shown through epidemiological studies



4-7

. This chemopreventive property of ITCs has given rise to numerous in vitro experiments with different types of cancer cell types as well as in vivo studies with mice and rats in order to elucidate the underlying mechanisms HYPERLINK  \l "_ENREF_4" \o "London, 2000 #121" 


 ADDIN EN.CITE 
8, 9
. However, the underlying molecular mechanisms are still not fully understood. Among ITCs, the variants with an aromatic side group have proven to be the most potent in inhibiting cell proliferation in cancer cells
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. Phenethyl ITC (PEITC; Fig. 1a) derives from watercress and turnips, and is recognized as a potent inducer of apoptosis in cancer cells in vitro and in vivo HYPERLINK  \l "_ENREF_10" \o "Tang, 2005 #6" 
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. Although several cellular effects have been recognised and suggested as important in chemoprevention
 ADDIN EN.CITE 
9, 13
, it is generally accepted that induction of cell cycle arrest and ultimately apoptosis in cancer cells are key elements in cancer cell growth inhibition. Gastric cancer is the 2nd leading cancer cause of death16

. Studies involving PEITC or other ITCs and gastric cancer are limited, but Yang and his colleagues previously reported a PEITC-induced suppression of migration and invasion of gastric cancer cell line AGS by suppressing MAPK and NFkB signal pathways15

. It is most prevalent in Japan, China and Korea, and in Japan it reaches approximately 100 per 100,000 people annually14

 and 4th most common cancer worldwide
Methods
Cell cultures
Non-adherent human gastric cancer cell line Kato-III19

 was purchased from LGC. Adherent human gastric cancer cell line MKN74 was kindly provided by Timothy Wang. Non-adherent Kato-III cells and monolayer culture of MKN74 were maintained in coated 75 cm2 cultivation vessels with RPMI-1640 (Sigma, Norway) and Dulbecco’s modified eagle’s medium (Sigma, Norway), respectively, supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin cocktail (Sigma, Norway) at 37°C and 5% CO2 in a humidified incubator.

Proliferation study

Cells (5*103) were seeded out in the wells of a 96-well plate before cultivating over night in the case for Kato-III or over two nights for MKN74. The cells were then treated with solvent (0.1% DMSO) or PEITC (Sigma, Norway). At ended treatments, cells were added 100 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma Norway) in a solution of 0.5 mg/ml followed by incubation for 4 h in the growth incubator. The volume was then halfed, and the remaining suspensions were mixed with 100 µl acidified isopropanol for 20-25 min at room temperature before absorbance at 595 nm was measured using a spectrophotometric plate reader.
Morphology study

Using a 6-well plate, 0.5*106 cells were seeded out before incubating either over night (Kato-III) or over two nights (MKN74) before treated with solvent (0.1% DMSO) or PEITC. After 24 h treatment, cultures were investigated using a contrast microscope.

Cell migration study
Using a 24-well plate, 0.1*106 MKN74 cells were seeded out followed by incubating over two nights. In the centrum of a confluent cell culture, a wound was made by denuding an area using a custom modified silicon cell scrape. The cultures were then washed with serum-free DMEM to remove non-confluent cell debris before fresh medium with vehicle control or PEITC was added to the cultures. Migration was monitored by capturing pictures through a contrast microscope.
Cell cycle analysis

For cell cycle analysis, 5 x 105 cells were incubated in 25 cm2 flasks either over night (Kato-III) or over two nights (MKN74) before treatment. Following treatment, cells were harvested and then resuspended and incubated with -20°C chilled pure methanol for 15 min at -20°C. Pelleted cells were resuspended and incubated with 2 ml RNase (200 µg/ml; Sigma Norway) for 45 min at room temperature before pelleted and resuspended in 1.5 ml propidium iodide (50 µg/ml; Sigma Norway). Following 15 min of incubation at room temperature, cell cycle distribution was determined using a Beckman Coulter Gallios flow cytometer with 20,000 cells per sample analyzed. The software Kaluza was used for data handling.
Transfection and analysing GFP-tagged microtubules
Plasmid PAGFP-α-tubulin20

 was purified from overnight culture of transformed Escherichia coli DH5α using Maxiprep kit (QIAGEN, Norway) following the manufacturer’s protocol. DNA concentration was measured using a NanoDrop 1000 (Thermo Scientific). In a 96-well plate, 1.5 x 104 cells were incubated over night and medium was replaced with fresh medium. To each well, a solution of RPMI-1640 without serum added supplemented with 10 µg/ml of plasmid DNA and 4% (v/v) of FugeneHD (Roche, Norway) transfection reagent was added the same volum as the volum of the medium in each well. After over night incubation, cells were harvested and pooled. Transfection efficiency was determined using a Beckman Coulter Gallios flow cytometer with 5,000 cells scanned for fluorescence. For confocal microscopy studies of ITC-treated transfected Kato-III cells, 8 x 104 cells per well were incubated in 4-well microscopy chambers over night.
Apoptosis assay, caspase-3 assay and GSH determination
Using 25 cm2 flasks, 0.5*106 MKN74 cells were seeded out and left for incubation over 2 nights before treatment. Following treatment and harvesting cells, sample preparations and analysis were performed using kits purchased from Sigma (Norway) following the provided protocols. Samples for apoptosis assay were analysed using a flow cytometry, whereas the samples for caspase-3 assay and GSH-determination were analysed spectrophotometrically.
Results

PEITC inhibits cell proliferation and cell migration of gastric cancer cells
Treatment of the gastric cancer cell lines MKN74 and Kato-III with PEITC resulted in a time- and dose-dependent inhibition of cell proliferation shown through MTT-assay (Fig. 1b). Treatment of confluent MKN74 cells with PEITC in the concentration range 1-100 µM for 24, 48 and 72 h yielded IC50 values of 23.9, 17.8 and 15.6 µM, respectively. The same treatment of the non-confluent cell line Kato-III resulted in IC50 values of 12.4, 8.4 and 7.6 µM, respectively. Thus, these cell lines varied in PEITC-sensitivity. The morphologies of the treated cell cultures appeared to be aberrated following PEITC-treatments (Fig. 1c). Although Kato-III cell line is generally characterised as a non-adherent cell line, a low degree of confluency can be observed in culture. Treatment with 10-30 µM PEITC for 24 h led to a dose-dependent detachment of the confluent cells. The MKN74 cells also showed the same effect with an increasing detachment of cells with increasing concentration of PEITC added to the cell cultures. Furthermore, small blebs resembling apoptotic blebs could be seen surrounding some of the cells in the case of the non-confluent Kato-III cells. These observations were also time-dependent as seen when cells were incubated for 48 and 72 h (data not shown). Further, we investigated the migration ability of MKN74 cells treated with PEITC by creating an artificial denuded site in confluent cell cultures followed by treatment with vehicle control, 2.5, 5, 10 or 20 µM PEITC for up to 8 days. A gradually decrease in migration of cells to the denuded site with increasing PEITC concentration was observed (Fig. 1d). Treatment with 2.5 µM PEITC showed a somewhat decrease in the migration, which was significant in cultures treated with 5 µM PEITC. Cultures treated with 10 and 20 µM PEITC resulted in no migration and a high degree of cell detachment in the case of 20 µM. PEITC was chosen for these experiments as it previously has been shown to be among the most potent ITCs tested
PEITC disrupts microtubular filaments and induces a shift in cell cycle distribution in gastric cancer cells
To investigate the effect of PEITC on cell cycle distribution in Kato-III cells, cell cultures were treated with 5 or 10 µM PEITC for 12 and 24 h (Fig. 2a). Flow cytometric analysis of harvested cells from 12 h treatment showed a trend in a decline of cells residing in G1-phase and an increase in cells in G2/M-phase. This trend was confirmed when cells were treated for 24 h with an increase in cells in G2/M-phase from 23% in the vehicle control to 40% in the culture treated with 5 µM and 37% in the culture treated with 10 µM PEITC. The cells residing in G1-phase were reduced from 48% to 43% and 38% in 5 and 10 µM treated cultures, respectively. However, when MKN74 cells were treated with 1-50 µM PEITC for 24 h no effect on the cell cycle distribution was observed (data not shown). When treatment was increased to 48 h, a weak shift of cells from G1-phase to S- and G2/M-phase was observed (Fig. 2a). Because of multiple possible binding targets for ITCs in a cell including GSH and numerous proteins with accessible sulfhydryl groups, the underlying mechanisms of a shift in cell cycle distribution may be hypothesised to be several. Previous studies have shown that ITCs may bind to and lead to the subsequent degradation of tubulin, the monomer in microtubules essential for mitosis and cell division introducing a target likely to be associated with an accumulation of cells into G2/M-phase
 ADDIN EN.CITE 
12, 21
. To investigate the effect of PEITC on microtubules in gastric cancer cells, we transfected Kato-III cells with a plasmid encoding GFP-tagged alpha-tubulin which allowed the microtubules to be visualised under a confocal microscope (Fig. 2b). The transiently transfected cells indeed responded to treatment with 15 µM PEITC involving a disintegration of the microtubular over a 25-35 min period followed by the formation of apoptotic blebs surrounding the cells (Fig. 2b,c). Cells treated with vehicle control were observed for up to 1 h without any appearent changes in the microtubular network or formation of apoptotic blebs (Fig. 2d), which suggests that treatment of Kato-III cells with PEITC leads to deformation of microtubular filaments to presumably contribute to a shift in the cell cycle distribution and ultimately apoptosis.
The effects of PEITC on apoptosis, caspase-3 and glutathione in MKN74 cells
As MKN74 cells responded differently to PEITC treatments compared to Kato-III cells when assayed for the effects on proliferation, cell cycle distribution and appeared to form less apoptotic blebs, these cells were further investigated in order to elucidate if these cells in fact became significantly apoptotic by PEITC treatments. Subjecting MKN74 cells treated with PEITC for 48 h to a flow cytometry-based apoptosis assay kit resulted in an increase in the relative number of apoptotic cells from 10% in the vehicle control treated culture to 13% and 16% in the cultures treated with 5 and 15 µM, respectively (Fig. 3a). The weak response in apoptotic cells coincided with the findings when PEITC-treated MKN74 cells were analysed for caspase-3 activity (Fig. 3b). Cells were treated with 5-15 µM PEITC for 48 h before harvested and analysed for caspase-3 activity which revealed a weak dose-dependent effect of PEITC on caspase-3 activity in MKN74 cells. Further, we investigated the effect of PEITC on the GSH-pool of MKN74 cells as ITCs readily bind to the sulfhydryl group of GSH which may disturb the intracellular redox balance in cells. The reduction of total intracellular GSH in MKN74 cells treated with 1-5 µM PEITC for 5 h was approximately 20% and, surprisingly, did not respond dose-dependently (Fig. 3c). This reduction was presumably insufficient to disturb the intracellular redox homeostasis and further induce secondary effects such as increased reactive oxygen species (ROS) level. Flow cytometric analysis of MKN74 cells treated with 1-5 µM PEITC for 5 h showed no significant differences in ROS levels (data not shown).
Discussion

The dietary plant phytochemical PEITC is thought to contribute to chemoprevention against several types of human cancer diseases alongside with other plant phytochemicals enriched in a diet with cruciferous vegetables. Moreover, PEITC has also been suggested for clinical treatment of cancer as it may cure resistance to cancer drugs and thus sensitize cancer cells to these drugs
7

. Furthermore, the broccoli-derived sulforaphane was reported to eradicate the gastric cancer-related bacterium H. pylori from a gastric cancer cell line and presumably reduced the cell count of these bacteria in the stomach of human patients22

. It is therefore important to understand the underlying mechanisms upon the PEITC-entry to a cancer cell. In the present study we showed a disintegration of microtubular filaments in gastric cancer cell line Kato-III as a mechanism presumably contributing to the subsequent cell cycle arrest and apoptosis induced by PEITC. Previous studies with ITCs and stomach cancer have shown an inverted correlation between intake of ITC-rich diet and risk of cancer
18, 23
. Prevention of chemically induced gastric cancer in mice by SFN was linked to the nrf2-gene as nrf2 knock out mice did not respond equally strong in cancer prevention to an SFN-rich diet29

, which again points to the importance of the basal GSH-level which presumably may vary with cell types. Thus, the reduced sensitivity in MKN74 cells might be explained through an elevated basal level of GSH-content in consistency with no elevation of ROS-levels yet a weak but significant reduction in GSH-content following PEITC-treatment. In conclusion, the present study demonstrates PEITC as a potential inhibitor of gastric cancer cell growth, and presents new insight into the underlying molecular mechanisms.28

. These observations were accredited the elevated basal level of NRF2 in the lesser sensitive cell line, as an elevated level of NRF2 also results in and increase in GSH-level rendering the cells more resistant to PEITC. Important features of cancerous cells are the elevated level of ROS21

. In prostate cancer cells, PEITC was shown to induce G2/M cell cycle arrest as well as downregulation of gene expression of alpha- and beta tubulins24

. Although our findings are the first to show the loss of microtubular filaments in gastric cancer cells treated with PEITC, in lung cancer cells, Mi and colleagues identified alpha- and beta tubulins, monomers of microtubuli as binding targets for PEITC
Acknowledgments and potential conflicts of interest

Acknowledgments

We would like to thank Kristin Grendstad Sæterbø for help with flow cytometric analyses, and Timothy Wang for kindly providing MKN74 cell line. This study was supported by The Norwegian Research Council project 184146 “a systems biology approach for modelling of plant signalling and host defence” and a PhD grant from The Norwegian University of Science and Technology to Anders Øverby. The authors declare no competing interests.
References

[1]
Kissen R, Bones AM. Nitrile-specifier Proteins Involved in Glucosinolate Hydrolysis in Arabidopsis thaliana. J Biol Chem. 2009; 284: 12057-70.

[2]
Kawakishi S, Kaneko T. INTERACTION OF OXIDIZED GLUTATHIONE WITH ALLYL ISOTHIOCYANATE. Phytochemistry. 1985; 24: 715-8.

[3]
Mi LX, Wang XT, Govind S, et al. The role of protein binding in induction of apoptosis by phenethyl isothiocyanate and sulforaphane in human non-small lung cancer cells. Cancer Res. 2007; 67: 6409-16.

[4]
London SJ, Yuan JM, Chung FL, et al. Isothiocyanates, glutathione S-transferase M1 and T1 polymorphisms, and lung-cancer risk: a prospective study of men in Shanghai, China. Lancet. 2000; 356: 724-9.

[5]
Seow A, Yuan JM, Sun CL, Van den Berg D, Lee HP, Yu MC. Dietary isothiocyanates, glutathione S-transferase polymorphisms and colorectal cancer risk in the Singapore Chinese Health Study. Carcinogenesis. 2002; 23: 2055-61.

[6]
Tang L, Zirpoli GR, Guru K, et al. Consumption of raw cruciferous vegetables us inversely associated with Bladder cancer risk. Cancer Epidemiology Biomarkers & Prevention. 2008; 17: 938-44.

[7]
Moy KA, Yuan J-M, Chung F-L, et al. Isothiocyanates, glutathione S-transferase M1 and T1 polymorphisms and gastric cancer risk: A prospective study of men in Shanghai, China. Int J Cancer. 2009; 125: 2652-9.

[8]
Zhang YS. Cancer-preventive isothiocyanates: measurement of human exposure and mechanism of action. Mutat Res-Fundam Mol Mech Mutagen. 2004; 555: 173-90.

[9]
Cheung KL, Kong AN. Molecular Targets of Dietary Phenethyl Isothiocyanate and Sulforaphane for Cancer Chemoprevention. Aaps J. 2010; 12: 87-97.

[10]
Tang L, Zhang YS. Mitochondria are the primary target in isothiocyanate-induced apoptosis in human bladder cancer cells. Mol Cancer Ther. 2005; 4: 1250-9.

[11]
Jakubikova J, Bao YP, Sedlak J. Isothiocyanates induce cell cycle arrest, apoptosis and mitochondrial potential depolarization in HL-60 and multidrug-resistant cell lines. Anticancer Res. 2005; 25: 3375-86.

[12]
Mi LX, Xiao Z, Hood BL, et al. Covalent binding to tubulin by isothiocyanates - A mechanism of cell growth arrest and apoptosis. J Biol Chem. 2008; 283: 22136-46.

[13]
Navarro SL, Li F, Lampe JW. Mechanisms of action of isothiocyanates in cancer chemoprevention: an update. Food Funct. 2011; 2: 579-87.

[14]
Lozano R, Naghavi M, Foreman K, AlMazroa MA, Memish ZA. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010 (vol 380, pg 2095, 2012). Lancet. 2013; 381: 628-.

[15]
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. Ca-a Cancer Journal for Clinicians. 2005; 55: 74-108.

[16]
Forman D, Burley VJ. Gastric cancer: global pattern of the disease and an overview of environmental risk factors. Best Practice & Research in Clinical Gastroenterology. 2006; 20: 633-49.

[17]
Yang MD, Lai KC, Lai TY, et al. Phenethyl Isothiocyanate Inhibits Migration and Invasion of Human Gastric Cancer AGS Cells through Suppressing MAPK and NF-kappa B Signal Pathways. Anticancer Res. 2010; 30: 2135-43.

[18]
Fahey JW, Haristoy X, Dolan PM, et al. Sulforaphane inhibits extracellular, intracellular, and antibiotic-resistant strains of Helicobacter pylori and prevents benzo a pyrene-induced stomach tumors. Proc Natl Acad Sci U S A. 2002; 99: 7610-5.

[19]
Sekiguchi M, Sakakibara K, Fujii G. ESTABLISHMENT OF CULTURED CELL LINES DERIVED FROM A HUMAN GASTRIC CARCINOMA. Japanese Journal of Experimental Medicine. 1978; 48: 61-8.

[20]
Tulu US, Rusan NM, Wadsworth P. Peripheral, non-centrosome-associated microtubules contribute to spindle formation in centrosome-containing cells. Curr Biol. 2003; 13: 1894-9.

[21]
Geng F, Tang L, Li Y, et al. Allyl Isothiocyanate Arrests Cancer Cells in Mitosis, and Mitotic Arrest in Turn Leads to Apoptosis via Bcl-2 Protein Phosphorylation. J Biol Chem. 2011; 286: 32259-67.

[22]
Wu W-j, Zhang Y, Zeng Z-l, et al. beta-Phenylethyl isothiocyanate reverses platinum resistance by a GSH-dependent mechanism in cancer cells with epithelial-mesenchymal transition phenotype. Biochem Pharmacol. 2013; 85: 486-96.

[23]
Yanaka A, Fahey JW, Fukumoto A, et al. Dietary Sulforaphane-Rich Broccoli Sprouts Reduce Colonization and Attenuate Gastritis in Helicobacter pylori-Infected Mice and Humans. Cancer Prevention Research. 2009; 2: 353-60.

[24]
Ho C-C, Lai K-C, Hsu S-C, et al. Benzyl isothiocyanate (BITC) inhibits migration and invasion of human gastric cancer AGS cells via suppressing ERK signal pathways. Human & Experimental Toxicology. 2011; 30: 296-306.

[25]
Yin P, Kawamura T, He M, Vanaja DK, Young CYF. Phenethyl isothiocyanate induces cell cycle arrest and reduction of alpha- and beta-tubulin isotypes in human prostate cancer cells. Cell Biol Int. 2009; 33: 57-64.

[26]
Azarenko O, Okouneva T, Singletary KW, Jordan MA, Wilson L. Suppression of microtubule dynamic instability and turnover in MCF7 breast cancer cells by sulforaphane. Carcinogenesis. 2008; 29: 2360-8.

[27]
Trachootham D, Zhou Y, Zhang H, et al. Selective killing of oncogenically transformed cells through a ROS-mediated mechanism by beta-phenylethyl isothiocyanate. Cancer Cell. 2006; 10: 241-52.

[28]
Syed Alwi SS, Cavell BE, Donlevy A, Packham G. Differential induction of apoptosis in human breast cancer cell lines by phenethyl isothiocyanate, a glutathione depleting agent. Cell stress & chaperones. 2012; 17: 529-38.

[29]
De Nicola GM, Karreth FA, Humpton TJ, et al. Oncogene-induced Nrf2 transcription promotes ROS detoxification and tumorigenesis. Nature. 2011; 475: 106-U28.



Figures

[image: image1.png]100} pemcan 100 pErcaan 100} percrm
s 1Co0-12 4y 1C50-6 4t G507 6yt
£ i3 i3
Kaoll £ 50 50 50
§ 2 2 2
o a0 OB
1 10 100 10 w1 10 100
PEITC ) PETC M PETC M)
E0T perrcom 100 perre sen L]
S 75| 1csozzomm 25| 1Cs0=17 5t 5] o
H
ks 2 50 50 50
§ 25 25 25
.
o W L oft
1 10 100 10 w0 1 10 100
PETC ) PETC M PETC M)
C DMSO
- -

DMsO





Figure 1 PEITC influences cell proliferation, cell morphology and cell migration of human gastric cancer cells. (a) Chemical structure of PEITC. (b) PEITC-induced inhibition of cell proliferation of human gastric cancer cell lines Kato-III and MKN74 treated with 1-100 µM PEITC for 24, 48 and 72 h. IC50 values were calculated from logistic sigmoidal regression curves shown in the figure. (c) Changed morphologies in Kato-III and MKN74 cell cultures following PEITC-treatment exemplified with 24 h treatments. (d) PEITC inhibits the migration of MKN74 cells to a denuded site. Pictures were captured after 1, 4 and 8 days of incubation with vehicle control, 2.5 µM or 5 µM PEITC.
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Figure 2 PEITC induces cell cycle arrest in gastric cancer cells presumably by disintegrating the microtubular array. (a) Cell cycle distribution of Kato-III cells treated with vehicle control, 5 or 10 µM PEITC for 12 and 24 h, and MKN74 cells treated with vehicle control or 5-15 µM PEITC for 48 h. Treated cells were stained with PI before analysed using flow cytometry. Black bars represent cells in G1-phase, light grey bars represent cells in S-phase and dark grey bars represent cells in G2/M-phase. Mean ± s. d., n=3, *p<0.05 (unpaired one-tail t-test). (b) PEITC induced a loss of microtubular filaments in Kato-III cells transfected to express GFP-tagged microtubules. Cells with intact microtubular network displayed time-dependent a reduction in filaments when treated with PEITC exemplified with 15 µM in the figure. (c) Subsequent to loss of the entire microtubular network was the formation of apoptotic blebs surrounding the cells. (d) Transfected cells treated with vehicle control (0.1% DMSO) were inspected for up to 1 h without displaying any aberrations in microtubular filaments. Bars represent 1 µm.
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Figure 3 Effect of PEITC on apoptosis, caspase-3 activity and GSH in MKN74 cells. (a) MKN74 cell cultures treated with 5 or 10 µM for 48 h showed a significant increase in apoptotic cells compared to vehicle control (0.1% DMSO). Mean ± s. d., n=4, *p<0.05. (b) Treatment with 5, 10 and 15 µM PEITC for 48 h also led to an increased activity of caspase-3 activity. Mean ± s. d., n=4-6, *p<0.05. (c) Analysis of total intracellular GSH-content revealed a minor decrease induced by 1, 2.5 and 5 µM PEITC for 5 h. Mean ± s. d., n=3-4, *p<0.05. Statistical analyses were according to unpaired one-tailed t-test.
