Pterostilbene in Gastrointestinal Cancer Cells
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Pterostilbene (PTE) is a natural sterbenoid contained in blueberries that has an antioxidant effect. In contrast, PTE also
generates oxidative stress in cancer cells and provides an antitumor effect.
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| 1. Introduction

Pterostilbene (PTE), a known nutritional ingredient in blueberries, is a natural dimethylated analog of resveratrol (RES) .
Compared to RES, which is the same stilbenoid, PTE has a higher bioavailability and a high blood retention for a long
duration, which results in stronger effects than RES [2I8], pue to its antioxidant effects, PTE is expected to be useful for
the prevention of carcinogenesis, neurodegenerative diseases, inflammatory diseases, hyperlipidemia, and vascular
disorders, as well as for improving diabetes I[2. Extensive research has been conducted on the application of PTE to
cancer treatment. PTE inhibits cancer growth, anti-apoptotic survival, metastasis, and cancer cell stemness; however, the
mechanism has not been completely clarified 23],

The mechanism of action of PTE revealed so far is diverse. Its actions in cancer include arrest of cell cycle in S and G2/M
phase, induction of apoptosis by reactive oxygen species (ROS) and autophagy, suppression of matrix metalloproteinase-
2/-9 expression and sphere formation, and inhibition of cell surface fibronectin polymerization, which diminishes the
metastatic potential €& The cancer-related factors and signal transduction pathways that PTE suppresses are also
diverse, and include Janus kinase-2/signal transduction and activator of transcription-3, human telomerase reverse
transcriptase, c-Myc, mutant epithelial growth factor receptor, protein kinase B (also known as AKT), multiple drug
resistance-1, sirtuin-1, DNA methyltransferase, extracellular signal-regulated kinase, cyclin D1, mammalian target of

rapamycin, metastasis-associated protein, and nuclear factor-«B SILUMUAAUIAISIIENLT |y addition, PTE activates
autophagy, mutated in the Ataxia telangiectasia mutated/Ataxia telangiectasia and Rad3-related/Checkpoint kinase-1/p53
pathway, and sirtuin-1 pathway L3I18I1920] \oreover, PTE affects promoter DNA methylation, histone modifications, and
microRNAs, resulting in alteration of epigenetic gene expression 29,

2. Effect of Pterostilbene (PTE) on Cell Proliferation and Stemness in
Gastrointestinal Cancer Cells

The effect of PTE on cell proliferation was examined using three gastrointestinal cancer cell lines, namely HT29, MKN74,
and CT26 (Figure 1A). Dose-dependent growth inhibition was observed in all three cell lines, including at the low
concentration of 10 uM of PTE. Next, we examined the gene expression of four types of stem cell markers to evaluate the
effect of PTE on stemness (Figure 1B). Expression of the four markers decreased in a dose-dependent manner in all cell
lines. The effect of PTE on stemness was also examined by sphere assay (Figure 2). In both CT26 cells (Figure 2A) and
HT29 cells (Figure 2B), sphere formation was suppressed in terms of the number and size in a dose-dependent manner.
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Figure 1. Effect of pterostilbene (PTE) on cell proliferation and expression of stem cell markers in cancer cell lines. (A)
Cell proliferation was assessed by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium,inner salt (MTS) assay. Cells were treated with PTE for 48 h. (B) Apoptosis was assessed by ethidium
bromide (EtBr) staining. Insert, CT26 cells treated with PTE for 48 h were stained with EtBr. Arrow head, apoptosis body.
Scale bar, 20 pM. (C) mRNA expression of stem cell markers; nucleostemin (NS), CD44, Kip2, and CD133 were
examined by RT-PCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was amplified for loading standard. Lower
panels were semi-quantification of stem cell marker expression examined by RT-PCR. Error bar, standard deviation from
three independent examinations. Statistical difference was calculated by ordinary analysis of variance. * Statistical
difference from PTE (0 uM). PTE, pterostilbene; IC50, 50% inhibitory concentration.
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Figure 2. Effect of PTE on sphere formation in cancer cell lines. Sphere formation was examined in 10,000 cells with or
without PTE treatment for 7 days. (A) CT26 cells. (B) HT29 cells. Pictures were images of phase-contrast microscopy.

Error bar, standard deviation from three independent examinations. Statistical difference was calculated by ordinary
analysis of variance. Scale bar, 50 um. TE, pterostilbene.



| 3. Effect of PTE on Generation of Reactive Oxygen Species (ROS)

Intracellular levels of 4-hydroxynonenal (4-HNE) were determined for evaluating ROS generation by PTE treatment
(Figure 3A). In all three cell lines, 4-HNE concentration increased in a PTE dose-dependent manner. Furthermore, we
investigated the gene expression of heme oxygenase (HO)-1, which is known to be a rescue protein against oxidative
stress [2122] (Figure 3B). In CT26 cells, a high concentration of PTE (100 pM) induced heme oxygenase-1 (HO-1)
expression; however, in HT29 and MKN74 cells, low- and high-concentrations of PTE (10 and 100 pM, respectively)

induced HO-1 expression.
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Figure 3. Effect of PTE on oxidative stress in cancer cell lines. (A) 4-hydroxynonenal (4-HNE) levels were measured by
enzyme-linked immunosorbent assay (ELISA). Cells were treated with PTE for 48 h. (B) mRNA expression of heme
oxygenase-1 (HO-1) was examined by RT-PCR. GAPDH was amplified as a loading standard. Right panel was semi-
quantification of HO-1 expression examined by RT-PCR. Error bar, standard deviation from three independent
examinations. Statistical difference was calculated by ordinary analysis of variance. PTE, pterostilbene; HNE.

Hydroxynonenal; HO, heme oxygenase.

Next, we examined the effect of PTE on mitochondrial membrane potential and mitochondrial ROS generation (Figure 4).
The mitochondrial membrane potential of all cell lines increased in a PTE-dose-dependent manner (Figure 4A,B).
Furthermore, ROS derived from mitochondria also increased in a PTE-dose-dependent manner (Figure 4A,C).

PTE (uM) 0
A (uM)

membrane potential

Mitochondria Mitochondria

EE 120 *P<00 7 E 2 e
o * L4 —_
5 100 - /,./ @0 * Vi
E # g # (=] rd L7

80 %/ x 20 - =
B 7 r
gxsn £ . E
T
£ =40 810
232 g
5 E20 g i
o o
£8 0 = .l

n. 0 10100 0 10100 0 10100 100 010100 010100

CT26 HT29  MKN74 T26 MKN74



Figure 4. Effect of PTE on mitochondrial function in cancer cells. Mitochondrial membrane voltage and mitochondrial
reactive oxidative species (ROS) were examined by tetramethyl rhodamine (TMRE) and dihydrorhodamine (DHR),
respectively. Cells were treated with PTE for 48 h. (A) Fluorescence images of TMRE and DHR. TMRE image was
merged with phase-contrasted image. Scale bar, 25 pm. (B,C) Semi-quantification of mitochondrial membrane potential
(TMRE) and mitochondrial ROS (DHR), respectively. Error bar, standard deviation from three independent examinations.
Statistical difference was calculated by ordinary analysis of variance. PTE, pterostilbene; TMRE, tetramethyl rhodamine;
ROS, reactive oxidative species; DHR, dihydrorhodamine 123; FI, fluorescence intensity.

Finally, to examine whether PTE-induced ROS generation causes cytotoxicity, cells were treated with vitamin E or N-
acetyl-L-cysteine (NAC) to suppress ROS generation (Figure 5). The generation of mitochondrial ROS was almost
completely suppressed to the control levels by vitamin E and NAC (Figure 5A,B). The concurrent treatment with PTE and

vitamin E or NAC showed that the PTE-mediated inhibition of cell proliferation was rescued by vitamin E and NAC (Figure
5C).
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Figure 5. Effect of vitamin E on PTE-induced oxidative stress in cancer cell lines. Cells were treated with or without PTE
(10 pM) and/or vitamin E (10 pM) and/or N-acetyl-L-cysteine (NAC) (5 mM) for 48 h. (A) Mitochondrial ROS was
assessed by MitoROS (red color). MitoROS image was merged with phase-contrasted image. (B) Cell proliferation was
assessed by MTS. (C) Semi-quantification of mitochondrial ROS. C, control; P, PTE; PE, PTE+vitamin E; PN, PTE+NAC.
Error bar, standard deviation from three independent examinations. Statistical difference was calculated by ordinary
analysis of variance. Scale bar, 25 ym. PTE, pterostilbene; ROS, reactive oxidative species; Fl, fluorescence intensity;
NAC, N-acetyl-L-cysteine; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium.
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