
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

농학 사 학 논  

 

 

ROS accumulation by PEITC 

selectively kills ovarian cancer 

cells via UPR-mediated 

apoptosis 

 

PEITC에 해 축  산소  인한 

난소암 포주  UPR 매개 사멸  연구 

 

 

 

2015  8월 

 
 

 

울 학  학원 

농업생명과학 학 이 모듈 이  공 

홍 윤 희



 

 i

Abstract 

 

Unfolded protein response (UPR) is crucial for both survival and 

death of mammalian cells, which is regulated by reactive oxygen 

species (ROS) and nutrient depletion. In this study, we 

demonstrated the effect of ROS-accumulation, induced by β-

phenethyl isothiocyanate (PEITC), on UPR mediated apoptosis in 

ovarian cancer cells. We used ovarian cancer cell lines, PA-1 and 

SKOV-3, with different p53 status (wild- and null- type, 

respectively). PEITC caused increased ROS-accumulation and 

inhibited proliferation selectively in ovarian cancer cells, and 

glutathione (GSH) depletion in SKOV-3. However, PEITC did not 

cause any effect in normal ovarian epithelial cells and peripheral 

blood mononuclear cells. After 48 h of PEITC treatment (5 µM), 

apoptotic cell death was shown to increase significantly in the 

ovarian cancer cells and not in the normal cells. The key regulator 

of UPR-mediated apoptosis, CHOP/GADD153 and ER resident 

chaperone BiP/GRP78 were parallely up-regulated with activation 

of two major sensors of the UPR (PERK and ATF-6 in PA-1; 

PERK, and IRE1α in SKOV-3) in response to ROS accumulation 
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induced by PEITC (5 µM). ROS scavenger, N-acetyl-L-cysteine 

(NAC), attenuated the effect of PEITC on UPR signatures (P-

PERK, IRE1α, CHOP/GADD153, and BiP/GRP78), suggesting the 

involvement of ROS in UPR-mediated apoptosis. Altogether, PEITC 

induces UPR-mediated apoptosis in ovarian cancer cells via 

accumulation of ROS in a cancer-specific manner. 

 

Keyword : Unfolded Protein Response, β-phenethyl isothiocyanate, 

ovarian cancer, Reactive Oxygen Species, Apoptosis 
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Introduction 

 

 

Ovarian cancer is the second most common gynecological 

malignancy worldwide and fifth leading cause of death in women in 

the United States (1). About 80% of women are diagnosed at the 

advanced-stage of the disease and therefore have poor prognosis. 

The 5-year survival rate is 30% or less for patients with advanced 

disease (2, 3). This fatality is due to frequent recurrence and 

resistance to chemotherapy (4-6). Chemoresistant cells are shown 

to evade cell death signals in some types of malignancies through 

metabolic alterations and/or by some currently unknown 

mechanisms (7, 8).  

The endoplasmic reticulum (ER) is the major protein-folding site 

in eukaryotic cells and is constantly involved with protein 

processing in cancer cells. The accumulation of unfolded or 

misfolded proteins causes ER stress and activation of the unfolded 

protein response (UPR), which is crucial for the determination of 

cell survival or death under conditions of stress (9-11). Under 

normal circumstances, the UPR carries out its activities using three 

major sensors, pancreatic ER kinase (PKR)-like ER kinase (PERK), 
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activating transcription factor-6 (, and inositol-requiring enzyme 1 

(IRE1) in an interactive manner (12). PERK performs dual roles by 

phosphorylation of eukaryotic initiation factor 2α (eIF2α) and can 

either induce the pro-apoptotic pathway (13) and/or can form 

autophagosomes (14). ATF-6 primarily performs a regulatory role 

through the transcription of ER protein chaperones (15) such as 

binding of the immunoglobulin protein (BiP), also known as 78 kDa 

glucose-regulated protein (GRP78) (16). On the other hand, IRE1 

with tumor-necrosis factor receptor associated factor 2 (TRAF2), 

activates c-Jun N-terminal kinase (JNK) to promote apoptosis 

(17). Out of the signaling molecules downstream of the UPR 

sensors, CCAAT/enhancer-binding protein homologous protein 

(CHOP), also known as growth-arrest and DNA-damage inducible 

gene 153 (GADD153), is considered as an essential factor to 

mediate ER stress-induced apoptosis (18). ER stress induced 

autophagy may lead to either cell survival or cell death. As a 

survival mechanism, autophagy degrades unfolded and misfolded 

proteins and recycles them. Although, when long-term ER stress 

overwhelms protein folding capacity, cell death is activated by 

apoptotic or non-apoptotic means, while autophagy remains as an 

active process (11, 12, 19). However, reducing the level of ER 

stress in different metabolic diseases may have therapeutic 
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potential also, stringent activation of ER stress may be helpful in 

fighting against cancer (20). 

Reactive oxygen species (ROS) have recently been considered 

as central regulators of ER function, especially in UPR signaling in 

various diseases, including cancer (21). Such ROS mediated UPR 

could lead to apoptosis through the activation of PERK. In addition 

to its canonical function, PERK also physically interacts with 

mitochondria associated membrane (MAM) to regulate inter-

organellar crosstalk in ROS-induced cell death (22). ROS have a 

dual role inside cells. In cancer cells, durable ROS determine cell 

survival by inducing several survival pathways responsible for cell 

proliferation, apoptosis suppression, cell migration and invasion, as 

well as suppression of the immune system. High ROS levels, 

however, can be toxic to cancer cells and lead to cell death (23). As 

demonstrated by previous studies, the levels of ROS around 

threshold could determine cell fate to go death or survival and this 

could be target for cancer therapy.  

Several recent studies suggest that dietary phytochemicals may 

offer a chemo-preventive effect against many types of 

malignancies (24). Furthermore, epidemiological evidence showed 

that there is an inverse relationship between the intake amount of 
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dietary isothiocyanates (ITCs) and cancer risk (25, 26). Among all 

the ITCs, β-phenethyl isothiocyanate (PEITC) has reached the 

level of phase 2 clinical trials for lung and oral cancer prevention 

(27, 28). PEITC is a well-known phytochemical found in its 

glucosinolate precursor form in cruciferous vegetables such as 

watercress and broccoli (27, 29). Due to its potential use in 

preventive medicine and as a cancer therapeutic agent, PEITC has 

gained the attention and interest of the cancer research community 

worldwide (27). This particular ITC is a potent generator of ROS 

(30, 31), and it was previously reported that increased levels of 

ROS may activate UPR induced cell death in cancer cells (32). 

However, PEITC induced ROS-UPR mediated killing of ovarian 

cancer cells has not yet been evaluated.  

As such, the present study was conducted to explore the effects 

of PEITC on UPR mediated cellular death in ovarian cancer cells.  
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Materials and methods 

 

1. Reagents and antibodies  

Propidium iodide (PI), NAC (N-acetyl-L-cysteine), DCFH-

DA (6-carboxy-2,7-dichlorodihydrofluorescein diacetate), and 

phenethyl isothiocyanate (PEITC) were purchased from Sigma 

Aldrich (St. Louis, MO, USA) and MTT (3-[4,5-dimethylthiazol-

2-yl]-2,5-diphenyltetrazolium bromide) from Amresco (Solon, OH, 

USA). Fluorescein isothiocyanate (FITC)-labeled annexin V 

(Annexin V-FITC) kit was obtained from BD Biosciences 

Pharmingen (San Diego, CA, USA). Antibodies against ATF-6, and 

IRE1α were purchased from Cell Signaling Technology (CA), P-

PERK, CHOP/GADD153, and PARP from Santa Cruz Biotechnology 

(CA), BiP/GRP78 from BD Transduction LaboratoriesTM, and 

GAPDH from AbFrontier (Seoul, Korea).  

 

 

2. Cell culture 

Human ovarian cancer cell lines PA-1 (p53 wild type) and 

SKOV-3 (p53 null type) were purchased from the American Type 

Culture Collection (Rockville, MD., USA). PA-1 cells were 
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maintained in MEM and SKOV-3 cells were maintained in RPMI 

1640 media. All of the media was supplemented with 10% fetal 

bovine serum (FBS) (Gibco BRL, Life Technologies, Grand Island, 

NY, USA), 100mg/ml penicillin/streptomycin (P/S) (Gibco), and 

maintained in cell culture dishes (SPL, Seoul, Korea) at 37  in a 

humidified atmosphere with 5% CO2. 

 

 

3. Primary culture of human ovarian surface 

epithelial cells 

Human ovarian surface tissues were obtained from non-

malignant patients from Seoul National University Hospital (Seoul, 

South Korea) with Institutional Review Board (IRB) approval (C-

1307-008-502). Tissues were gently washed in PBS (Gibco-BRL, 

Gaithersburg, MD, USA) and placed in a petri dish with surface 

cortex tissue facing down. Dispase (Gibco, Life Technologies) was 

then added at a concentration of 2.4 U/ml in PBS and incubated 

overnight at 4 . Tissue surfaces were gently scrubbed to collect 

isolated cells and washed in PBS at 500g for 4 min in 25 . The 

pellet was suspended in 1:1 mixture of MCDB105 (Gibco, Life 

Technologies) and M199 (Sigma-Aldrich) and cultured in 35mm 
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dishes as described above. Cells up to passage 3 were used for the 

experiments. 

 

 

4. Isolation of peripheral blood mononuclear 

cells (PBMC) 

Isolation of PBMCs from the buffy coat was modified from a 

previously described method (33, 34). Briefly, the buffy coat was 

diluted in PBS (1:1) and slowly layered on top of Ficoll-PlaqueTM–

Premium (GE healthcare, Sweden) followed by centrifugation at 

400 g for 30 min at 20 . The PBMC layer was isolated carefully 

and washed 2 times with PBS (200 g for 15 min at 20 ). The 

isolated cells were counted, and then resuspended in RPMI 1640 

media supplemented with 10% FBS and 100mg/ml 

penicillin/streptomycin. About 2ⅹ106 cells/ml were cultured in 5ml 

polystyrene round bottom tubes (BD Biosciences) and incubated as 

described above. This study was carried out in accordance with the 

protocol approved by IRB of Seoul National University Hospital (C-

1307-008-502). 
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5. Measurement of intracellular ROS 

2’7’-dichlorodihydro-fluorescein diacetate (DCFH-DA; Sigma 

Aldrich) was used to measure intracellular ROS. DCFH-DA is 

cleaved by esterase to DCFH, which is oxidized by hydrogen 

peroxide to form DCF. After exposure to PEITC for 0, 12, and 24 h, 

the exposed cancer cells were incubated in medium with 25 μM 

DCFH-DA for a total of 30 min with vortexing every 10 min at 37  

in the dark. Relative fluorescence intensity of DCF (green) was 

measured using a BD FACS Canto II flow cytometer. DCF 

fluorescence was measured with excitation at 488 nm and emission 

at 525 nm. To confirm the generation of intracellular ROS, cells 

were pretreated for 1 h with 10 mM N-acetyl-L-cysteine (NAC; a 

hydrogen peroxide scavenger) as a negative control prior to 

treatment with PEITC. 

 

 

6. Glutathione Assay  

Glutathione depletion was measured using glutathione assay kit 

according to manufacturer instructions (Cayman Chemical, Ann 

Arbor, MI, USA). Briefly, cells were collected with a rubber 

policeman and homogenized in cold buffer (50mM MES buffer, pH 
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6-7, containing 1 mM EDTA). After centrifugation at 10,000 x g 

for 15 min at 4 °C, an equal volume of the MPA reagent (5 g of 

metaphosphoric acid in 50 ml water, Sigma-Aldrich) was added to 

the sample and mixed by vortexing for deproteination. The mixture 

was incubated at room temperature for 5 min, and centrifuged at > 

2,000 x g for 2 min. The supernatant was collected for glutathione 

detection. A standard curve was prepared for the measurement of 

glutathione level in the samples. 

 

 

7. Cell proliferation assay 

The effect of PEITC on cell proliferation was determined by 

MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide) assay as described previously (35). In brief, SKOV-3, 

and PA-1 cells were plated onto 96-well plates at a density 

between 700 and 3000 cells per well respectively. The cells were 

cultured for 24 and 48 h with various concentrations of PEITC (0, 1, 

2.5, 5, 10, 20, and 40 μM) dissolved in DMSO. Cells were 

incubated with 50 μl of MTT solution (2 mg/ml) for 3 h at 37  in 

the dark. MTT was then removed and cells were solubilized in 100 

µl DMSO for 30 min on a shaker. The optical density was measured 
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at 540 nm using a spectrophotometer (Labsystems Multiskan, 

Labsystems, Helsinki, Finland). 

 

 

8. Detection of apoptotic cells by flow 

cytometry 

Cells were collected by trypsinization with 0.05% Trypsin-

EDTA and washed twice with cold PBS. To include the floating cells, 

prior to trypsinization, culture medium was collected and floaters 

were spun down by centrifugation in FACS tubes (BD Falcon, CA, 

USA) at 4  for 5 min. The cells were then stained with annexin 

V-FITC and PI according to the manufacturer’s instructions (BD 

Pharmingen, CA, USA) on ice. Cells were then analyzed by flow 

cytometry (BD FACSCanto II) within 1 h. 

 

 

9. Western blotting 

Western blotting was performed according to methods 

described in a previous study (35) with minor modifications. In 

brief, after PEITC treatment, ovarian cancer cells were collected 

and washed with PBS and trypsinized with 0.05% Trypsin-EDTA. 
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Cell lysates were prepared as described previously (34). rotein 

quantitative analysis was determined using a BCA assay kit 

(Thermo Scientific, Hudson, NH, USA). Cell lysates with 20 μg of 

protein were loaded onto gels and subjected to 6-15% SDS-PAGE. 

Proteins were then transferred to a nitrocellulose membrane and 

blocked with 5% skim milk in Tris-buffered saline (TBS) 

containing 0.1% Tween-20 for 2 h. The membrane was then 

incubated with specific primary antibodies overnight at 4 , and 

then incubated with peroxidase-conjugated secondary antibodies. 

Signals were visualized using a chemiluminescence detection kit 

(AbFrontier, Seoul, Korea).  

 

 

10. Statistical analysis 

All of the experiments were performed in 3-5 replicates and the 

data expressed as means ± SEM. Student’s t-test and ANOVA with 

bonfferoni's post hoc test were performed for statistical comparison. 

GraphPad Prism 5 and statistical software SPSS 20.0 (SPSS Inc., 

Chicago, IL, USA) were used for the analyses. P value < 0.05 was 

considered statistically significant.  

 



 

 12

Resutls 

 

1. PEITC inhibits growth of ovarian cancer 

cells without inhibiting the growth of normal PBMC 

cells 

PEITC is well recognized for its anti-proliferative activity (28). 

To determine the effect of PEITC on the growth of normal cells, we 

performed an MTT assay with concentrations ranging from 1 to 40 

μM. Selected doses of PEITC were also tested on normal peripheral 

blood mononuclear cells (PBMCs). Both PA-1 and SKOV-3 cells 

showed significant inhibition of cell proliferation upon PEITC 

treatment in a dose- and time- dependent manner. Dose-response 

curve fitting determined the IC50 values of PA-1 and SKOV-3 cell 

lines to be 5.09 μM and 4.67 μM respectively, after 48 h of PEITC 

treatment. To determine the effect of PEITC on normal PBMCs, 

cells were treated with 5 and 10 μM concentrations of PEITC. We 

found no significant effect after 24 h or 48 h of treatment thereby, 

suggesting a cancer cell specific inhibitory effect of PEITC (Figure 

1).  
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2. PEITC triggers ROS accumulation in 

ovarian cancer cells  

We evaluated the effect of PEITC on ROS generation in ovarian 

cancer cell lines, PA-1 and SKOV-3, by flow cytometry using 25 

μM DCFH-DA. We chose to use normal ovarian surface epithelial 

cells (OSE) as a control. The results showed an increase of ROS in 

ovarian cancer cells with no effect on normal OSE. In PA-1 cells, 

the increase of ROS was significantly high at both 12 h and 24 h 

after PEITC treatment. Increased ROS were also observed in 

SKOV-3 cells; however, it was significant only after 24 h of PEITC 

treatment. In addition, ROS accumulation was higher at 24 h in 

SKOV-3 cells compared to PA-1 cells (Figure 2A). Then we 

evaluated GSH level following PEITC treatment. PEITC significantly 

depleted GSH level in SKOV-3. However, PEITC did not have 

significant effect on GSH depletion in PA-1 (Figure 2B). Thus, 

PEITC induces ROS in ovarian cancer cell lines in different 

mechanism. 

 

 

3. PEITC induces apoptotic cell death in 

ovarian cancer cell lines 
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In figure 3, we showed PEITC induced apoptotic cell death in 

PA-1 and SKOV-3 cells using the criteria of positive Annexin V-

PI staining and Poly-ADP Ribose Polymerase (PARP) cleavage. In 

PA-1 cells,  no significant apoptotic cell death was observed by 

Annexin V-PI staining after 24 h but, it was significant (up to 10%) 

after 48 h of treatment. On the other hand, in SKOV-3 cells, we 

observed more than 10% cell death after 24 h and more than 20% 

after 48 h (Figure 3A). Western blot analysis revealed that the 

cleaved fragment of PARP was slightly increased in PA-1 cells 

after 24 h of PEITC treatment, but, it was more prominent in 

SKOV-3 cells (Figure 3B). These data suggest that upon PEITC 

exposure, ovarian cancer cell line PA-1is more resistant to 

apoptotic cell death than SKOV-3. 

 

 

4. ROS scavenger, N-Acetyl Cysteine 

(NAC), reverses PEITC-induced cell death in ovarian 

cancer cells 

To determine whether PEITC induced cell death is mediated by 

ROS or not, we treated cells with the ROS scavenger, NAC, alone or 

in a combination with PEITC for 24 h. For SKOV-3 cells, PEITC 
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induced cell death was above 10%, while NAC reduced the cell 

death to less than 5% (Figure 4A). PARP cleavage was consistent 

with the Annexin V-PI data, where cleaved PARP was detected 

upon PEITC treatment, and eliminated with the addition of NAC 

(Figure 4B, C). In PA-1 cells, cell death determined by Annexin 

V-PI staining was not significant for any treatment group (Figure 

4A). However, although cleaved PARP was observed in PEITC 

treated cells alone, it was subsequently abolished in cells pretreated 

with NAC (Figure 4B, C). 

 

 

5. PEITC induces unfolded protein response 

(UPR), attenuated by NAC, in ovarian cancer cells 

To determine whether PEITC induces the UPR, we investigated 

several crucial UPR markers namely P-PERK, ATF-6, IRE1α, 

CHOP/GADD153, and molecular chaperone BiP/GRP78. In a time 

dependent manner, two major arms of UPR (P-PERK, and ATF-6) 

were found to be activated in SKOV-3 cell line (with null type p53), 

whereas ATF-6 and PERK were activated in PA-1 cells (with wild 

type p53). Interestingly, IRE1α was decreased time-dependently in 

PA-1 cells. However, expression levels of downstream target 
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molecules, CHOP/GADD153 and BiP/GRP78, were increased in both 

cell lines, suggesting an activated ER stress-mediated UPR 

response with PEITC treatment (Figure 5A). To determine whether 

this response is ROS-related or not, we treated cells with the ROS 

scavenger, NAC for 24 h (a time point when UPR response was the 

highest). We found an attenuating effect of NAC for P-PERK, 

IRE1α, and downstream molecules CHOP/GADD153 and BiP/GRP78 

in SKOV-3 cells. In PA-1 cells, NAC treatment also reduced 

PEITC induced expression of P-PERK, ATF6, CHOP/GADD153, 

and BiP/GRP78 (Figure 5B). Western blot bands were quantified 

and displayed as bar graphs (Figure 5C, D). Altogether, UPR 

activation by PEITC is likely mediated by ROS in ovarian cancer. 

 



 

 17

Figures 
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Figure 1 Inhibitory effect of PEITC on growth of ovarian 

cancer cells with no effect on that of normal peripheral blood 

mononuclear cells (PBMC).  

Ovarian cancer cell lines were incubated with vehicle and various 

concentrations of PEITC (1, 2, 5, 10, 20 and 40 μM) for 24 h or 48 

h. PA-1, and SKOV-3 cells were plated onto 96 well plates at a 

density between 700 and 3000 cells per well, respectively. Normal 

PBMC were treated with selected concentrations of PEITC (5 and 

10 μM). Cellular proliferative activity was measured by MTT assay 

(A-B). Corresponding IC50 value against each cell line after 24 h 

and 48 h of PEITC treatment is presented in the table (C). 
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Figure 2 PEITC causes ROS accumulation only in ovarian 

cancer cell lines, not in normal OSE (ovarian epithelial cells).  

Normal OSE and cancer cell lines (PA-1 and SKOV-3) were 

incubated with either vehicle or 5 μM of PEITC for 12 h or 24 h 

and ROS accumulation was detected by flow cytometry using 25 

μM DCFH-DA (A). Cells were collected after PEITC treatment for 

24 h, and GSH level was measured using glutathione assay kit (B). 

Values are means ± SEM (**P < 0.01 vs. vehicle control).  
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Figure 3 PEITC induces apoptosis in ovarian cancer cells.  

PA-1 and SKOV-3 were incubated with vehicle or 5μM of PEITC 

for 24 or 48 h. Apoptotic cell death was measured by Annexin V & 

PI straining using flow cytometry. Bar graph represents the mean 

percentage of apoptosis (A). PARP cleavage was detected in PA-1 

and SKOV-3 cells after time dependent of PEITC treatment by 

western blotting (B). Cleaved PARP bands were determined by 

densitometry of bands using ImageJ software and, statistical 

analysis was performed by SPSS 20.0 software (C). Values are 

means ± SEM (*P < 0.05, **P < 0.01 vs the vehicle control). 
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Figure 4 ROS scavenger, N-Acetyl Cysteine (NAC), inhibits 

PEITC-induced apoptotic cell death.  

Ovarian cancer cell lines, PA-1 and SKOV-3, were incubated with 

vehicle, 10 mM NAC, 5 μM of PEITC and NAC with PEITC for 24 h 

respectively. During treatment, NAC was added 1 h before PEITC. 

Apoptotic cell death was detected by annexin V & PI straining using 

flow cytometry (A). PARP cleavage was detected in PA-1 and 

SKOV-3 cells after 24 h of PEITC treatment, with or without the 

addition of NAC by western blotting (B). C, control (DMSO, the 

vehicle) group; N, NAC treated goup; P, PEITC treated group for 24 

h; N+P, NAC and PEITC treated group. NAC was treated for 1 h 

before 5 μM PEITC treatment. Cleaved PARP bands were 

determined by densitometry of bands using ImageJ software, and 

statistical analysis was performed by SPSS 20.0 software (C). 

Values are means ± SEM (**P < 0.01 vs the vehicle control).
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Figure 5 PEITC induces unfolded protein response with 

attenuation of UPR by antioxidant, NAC, in SKOV-3 and PA-1 

ovarian cancer cells.  

Cells were harvested at indicated hours after 5 μM PEITC 

treatment. Western blotting was performed to detect 3 arms of UPR 

(P-PERK, IRE1α, ATF-6), molecular chaperone GRP78 and 

GADD153 in (A). With or without 1 h pretreated 10 mM NAC. C, 

control (DMSO, the vehicle) group; N, NAC treated goup; P, PEITC 

treated group for 24 h; N+P, NAC and PEITC treated group. NAC 

was treated for 1 h before 5 μM PEITC treatment (B). P-PERK, 

IRE1α, ATF-6, GADD153, and GRP78 bands were determined by 

densitometry of bands using ImageJ software. We analyzed 

statistical difference of triplicate experiments using ANOVA with 

bonfferoni's post hoc test and performed using SPSS 20.0 software 

(C, D). Values are means ± SEM (*P < 0.05, **P < 0.01 vs the 

vehicle control). 
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Discussion 

 

In the present study, PEITC treatment induced activation of 

UPR and apoptotic cell death in SKOV-3 and PA-1 ovarian cancer 

cell lines. PA-1 was more resistant to the induction of UPR and 

apoptosis, than SKOV-3 cells. Addition of antioxidant, NAC, with 

PEITC suppressed the UPR and apoptosis in both cell lines, 

especially SKOV-3. PEITC also induced generation of ROS and 

potent anti-proliferative activity in these cell lines with no 

significant effect on normal OSE. These results suggest that PEITC 

may have selectively anticancer effect on ovarian cancer cells 

through ROS mediated UPR.  

 

The anti-proliferative effect of PEITC on cancer cells is well 

documented. It has been observed that PEITC inhibits proliferation 

in different gynecological malignancies including SKOV-3, TOV-

21G, and OVCAR-3 ovarian cancer cells (28, 36). PEITC is a well-

tolerated phytochemical for normal cell both in vitro and in vivo 

studies (37). In the previous study, IC50 value of PEITC for 

endothelial cells was more than 100 µM, suggesting cancer cell 

specific cell death by PEITC (28). PEITC is a well-known ROS 
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inducer in cancer cells without any potential adverse effect on 

normal cells (30, 37). Consistent with previous studies, there was 

no significant effect on normal PBMC cells up to 10 µM 

concentration of PEITC in cell viability and ROS generation assays.  

 

PEITC was used as ROS generator in pancreatic cancer cell line 

previously (30, 31). It was observed that PEITC treatment 

generated ROS in normal ovarian epithelial cell (T72) transfected 

with H-Ras (31). The present study also found increased level of 

ROS upon PEITC treatment in PA-1 and SKOV-3 cells. However, 

ROS accumulation was almost two times higher in SKOV-3 than in 

PA-1. High level of ROS can induce apoptosis, possibly through 

UPR pathway (38) which might explain the enhanced apoptotic cell 

death in SKOV-3. The difference of ROS production, UPR pattern 

and apoptotic cell death between these two cell lines can be linked 

to the respective genotype in response to PEITC. In non-small cell 

lung cancer cells, mutated p53 expressing H1299 cell line was 

shown to be more sensitive to PEITC than A549 cells with wild 

type p53 (39). In contrast, other study observed p53 dependent 

PEITC induced apoptotic cell death in transformed mouse epithelial 

cell, JB6 C1 41 (40). Thus, it remains to be determined whether 

p53 status is closely linked to the ROS-UPR mediated apoptosis in 
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cancer cells. 

 

One of the generating ROS mechanisms by PEITC is a depletion 

of GSH. A role of GSH is known to detoxify ROS within cells. We 

assessed the GSH concentrations in these cell lines (PA-1 and 

SKOV-3) after PEITC treatment for 24 hours. It showed little 

increase in PA-1 cell line, while showing the significant decrease in 

SKOV-3 (P = 0.019) (Figure 2B). Accumulating evidence reported 

that PEITC is rapidly conjugated with GSH, causing a depletion of 

the GSH pool, and subsequently inducing cell death through 

oxidative stress (23, 27). The depletion of GSH can be also 

achieved by targeting its synthesis. After serine synthesis in cells, 

serine is converted by a glycine intermediate to produce either 

inosine monophosphate (IMP) to generate purines (GMP and AMP) 

or GSH (41). Maddocks et al. found that the activated p53 induces 

transient p21-dependent cell cycle arrest allowing a recovery in 

GSH pools rather than IMP generation in p53+/+ colon cancer cell 

line. Conversely, these were not observed in either p53-/- or 

p21-/- isogenic cancer cells (42). It is known that p53 is involved 

in the regulation of antioxidant mechanism and energy metabolism 

(43). Under the stressed conditions, p53 induces the expression of 

glutaminase, resulting in mitochondrial respiration and energy 
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generation. In addition, glutaminase activated by p53 plays a role in 

antioxidant defense by increasing reduced GSH level, leading to a 

decrease of ROS level in cells (44). In our study, PEITC increased 

oxidative stress through ROS accumulation in ovarian cancer cells. 

However, a different pattern in GSH depletion and ROS generation 

was shown between PA-1 with p53 wild type and SKOV-3 with 

p53 null type. Because p53 activated by PEITC may supply a GSH 

pool to PA-1 (data not shown), PEITC-induced ROS generation 

was lower in PA-1 than SKOV-3, and GSH was significantly 

depleted in SKOV-3 due to an absence of p53. ROS imposed by 

PEITC could activate ER stress sensors in different mechanism in 

PA-1 and SKOV-3, contributing to induction of apoptosis. GSH-

ROS antioxidant defense mechanism seems to contribute to 

different sensitivity of PEITC in ovarian cancer cells. 

 

PEITC showed apoptotic cell death both in PA-1 and SKOV-3 

cell lines. These results are in agreement with a pervious study 

where PEITC induced apoptotic cell death in these cell lines (32). 

However, in the present study, the apoptotic effect of PEITC was 

less prominent on PA-1 than on SKOV-3, suggesting comparative 

resistance of PA-1 to PEITC induced apoptosis. This might be p53 

related signaling pathway, the important one against cellular stress 
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such as oxidative and DNA damaging stresses. The apoptotic cell 

death in these cell lines was reversed by the ROS scavenger, NAC. 

A number of studies are consistent with our results, ROS mediated 

cell death in many types of cancer cells (37, 45, 46). 

 

We demonstrated the first evidence that PEITC induced ROS 

activates UPR-mediated cell death in ovarian cancer cells. In 

several studies PEITC has been shown to generate ROS (30, 31) 

triggering ER stress with subsequent UPR (11, 19, 38, 47). In the 

present study, upon PEITC treatment, BiP/GRP78, an ER stress 

marker, increased in a time dependent manner in both cell lines. In 

SKOV-3, two sensors of UPR (P-PERK, IRE1α) became active 

with the upregulation of CHOP/GADD153. In PA-1, ATF-6 and 

PERK of UPR were activated, the CHOP/GADD153 was induced as 

early as 12 h after PEITC treatment. CHOP/GADD153 is an 

important pro-apoptotic transcription factor closely associated with 

UPR (48, 49), especially P-PERK-eIF2α pathway (49). Thus, it 

could be explained that increased level of CHOP/GADD153 was 

observed in PA-1 and SKOV-3. NAC treatment along with PEITC 

reduced the expression of UPR sensors (P-PERK and IRE1α in 

SKOV-3, P-PERK and ATF-6 in PA-1) with decrease of 

CHOP/GADD153 expression in both cell lines. All these results 



 

 32

taken together, the potential role of PEITC-induced ROS could play 

a critical role in UPR mediated apoptosis of these ovarian cancer 

cells (Figure 5B).  

 

In conclusion, this study strongly demonstrated that PEITC can 

cause death through ROS driven UPR activity. It induced apoptosis 

selectively in ovarian cancer cells and inhibited cellular proliferation 

along with the generation of ROS. Also, NAC treatment attenuated 

this effect suggesting that the response to the metabolic stress by 

PEITC could be regulated by ROS in ovarian cancer. Thus, this 

study showed the cancer specific effect of PEITC on ovarian cancer 

cells. ROS and ER stress seem to be responsible for anticancer 

effects of PEITC on cancer cells and could be targeted for selective 

therapeutic strategy. 
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국  

 

소포체(endoplasmic reticulum, ER) 스트 스에 한 미 힘 단 질 

(unfolded protein response, UPR)  포  생존결 에 장히 

요한 역할  하는데 이는 른 사  인해 생 는 

산소(reactive oxygen species, ROS)나 양공  부족 상에 

해 조 다. 본 연구에 는 난소암 포주에  β-phenethyl 

isothiocyanate (PEITC)에 해 축 는 산소가 미 힘 단 질 

 매개  포사멸  도한다는 것  인하 다. p53 타입이 다른 

 가지 난소암 포주를 사용하 다. PEITC는  가지 난소암 

포주에  모  산소를 축 시켰고, 증식  억 하 지만 상 

난소 상피 포  말  액 단핵 포에 는 향이 없  증명하 다. 

미 힙 단 질 매개 포사멸 작  핵심 조 자인 

CHOP/GADD153과 소포체  샤페  단 질인 BiP/GRP78이 미 힘 

단 질  주요 인 PERK, ATF6, IRE1α가 PEITC에 해 

축  산소  인해 나란히 상향조   다. NAC 처리 

시에는 미 힘 단 질 이 회복  인하 고 이는 산소가 

미 힙 단 질  매개 포사멸에 여하고 있  알  있다. 

결  이러한 연구결과는 PEITC가 산소  축  통해 

미 힘 단 질  일 키고 이것이 암 포 특이 인 포사멸  

도하여 항암효과를 지닌다고 시한다.  
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