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Abstract

:

Gastric cancer (GC) still represents a relevant health problem in the world for both incidence and mortality rates. Many studies underlined that natural products consumption could reduce GC risk, indicating flavonoids as responsible for the beneficial effects through the modulation of several biological processes, such as the inhibition of cancer antioxidant defense and induction of apoptosis. Since Feijoa sellowiana fruit is known to contain high amounts of flavonoids, among which is flavone, we evaluated the antiproliferative and proapoptotic effects of F. sellowiana acetonic extract on GC cell lines through MTS and Annexin-V FITC assays. Among three GC cell lines tested, SNU-1 results being sensitive to both the F. sellowiana acetonic extract and synthetic flavone, which was used as the reference treatment. Moreover, we evaluated their antioxidant effects, assessing the activity of the antioxidant enzymes supeoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) in polymorphonuclear cells. We found a significant increase of their activity after exposure to both F. sellowiana acetonic extract and flavone, supporting the idea that a diet that includes flavone-rich fruits could be of benefit for health. In addition to this antioxidant effect on normal cells, this study indicates, for the first time, an anticancer effect of F. sellowiana acetonic extract in GC cells.
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1. Introduction


Gastric cancer (GC) represents the fifth-most common cancer in the world, with a high mortality rate [1,2]. To date, gastrectomy, chemotherapy and radiation therapy represent the main therapies for treating GC [3], which success is limited by anticancer drug resistance [4]. A significant role in GC prevention and management is played by a natural diet [5,6]; indeed, many studies highlighted that GC risk was mitigated by the intake of natural products [7]. These evidences were supported by numerous epidemiological studies that evaluated the anticancer activity of natural dietary products, including fruits, soy, vegetables, cereals and several spices [8,9]. Natural products could exert healthy effects due to phytochemicals [10], such as flavonoids. Humans cannot synthesize flavonoids [11], so they must be integrated within the diet. Flavonoids constitute a class of polyphenols that can be divided into the following six subgroup: flavones, flavanones, flavanols, flavonols, isoflavones and anthocyanidins [12]. Accordingly, the cancer risk could be reduced by flavonoids consumption by modulating several biological process, as well as the inhibition of cancer antioxidant defense [13], induction of apoptosis [14] and constraining angiogenesis [15]. In addition, it has been observed that an antimicrobial effect of several flavonoids inhibited Helicobacter pylori growth [16,17]. Although the literature data support the idea that flavonoids consumption inversely correlates with digestive tract cancers, epidemiological evidence remains poor. In a recent meta-analysis, it was reported that a flavonoids-rich diet could reduce GC risk and highlighted a difference between European and American and Asian populations [18,19]. Geographical variability of food intake could explain this diversity. Moreover, it has been demonstrated that flavonoids exert different effects on GC according to their subclass intake and the histological type or localization of GC [20,21]. Recently, we reported the antioxidant, antibacterial and anticancer activity of Feijoa sellowiana acetonic extract, identifying flavones as the most active components [16,22,23]. Feijoa sellowiana (O. Berg) Myrtaceae, also known as Acca sellowiana, originates from the subtropical zone of South America, but it is well-acclimated in California, Florida and Italy and, in general, in mild climate areas. Fruits are edible berries whose nutritional and organoleptic properties are remarkable. F. sellowiana contains many bioactive compounds, such as terpenes, tannins, quinones, steroidal saponins and methyl- and ethyl-benzoate, responsible of the typical strong “Feijoa-like” taste, high amounts of bioflavonoids or vitamin P and (P)-active polyphenols [24]. Pharmacological activities were demonstrated for the acetonic extract and pure substances from F. sellowiana. Among them, interestingly, antibacterial and antifungal activities have been observed [16,25,26,27], hypothesizing, in a more recent paper, also the target [23]. Moreover, in the last years, it has been demonstrated as the pivotal role in bacterial multidrug resistance (MDR) modulation [28], as well as the antibacterial activity related to MDR bacterial strains [29]. Several researchers showed the antioxidant activity on the reactive oxygen species (ROS) production from human peripheral whole-blood phagocytes [24,26,30], from red blood cells [31] and from human intestinal epithelial cells models, demonstrating that the acetonic extract significantly increased lactase and sucrase-isomaltase activity, preventing lipid peroxidation [32]. As for the action mechanism, it has been demonstrated that the anti-inflammatory activity of acetonic extract from F. sellowiana fruit was due to the action in the nitric oxide (NO) pathway. In particular, it was hypothesized that the modulation of inducible nitric oxide synthase (iNOS) enzyme expression was through the attenuation of nuclear factor-κB (NF-κB) and/or mitogen-activated protein kinase (MAPK) activation [33]. F. sellowiana anticancer activity was observed in both solid and hematological cancer cells, reporting no toxicity on normal myeloid progenitors, emphasizing a tumor-selective activity [22]. This effect was also demonstrated in vitro on human intestinal epithelial cells showing cell proliferation inhibition but not cytotoxicity [32]. Since the research concerning the effect of F. sellowiana acetonic extract against GC is limited, we investigated the proliferation inhibition and apoptosis induction by F. sellowiana extract in this kind of cancer. Moreover, we evaluated its antioxidant effect, supporting the idea that including this fruit in a diet may lower GC risk or improve treatment.




2. Materials and Methods


2.1. Plant Material and Purification of the Active Compound


Feijoa sellowiana (O. Berg) (Myrtaceae) fruits were collected from the Botanical Gardens of Naples (Italy). The identification was done by Prof. Adriana Basile, Department of Biology, University Federico II of Naples. A voucher specimen (NAP 96-125) was deposited at the Herbarium Neapolitanum (NAP), Botanical Garden, University Federico II of Naples. The acetonic extraction of F. sellowiana fruits was performed as previously described by Basile et al., 2010 [16].




2.2. Blood Collection and Polymorphonuclear Leukocytes (PMN) Isolation


Between 08.00 and 09.00 a.m., three healthy fasting donors were subjected to peripheral blood sampling with K3EDTA vacutainers (Becton Dickinson, Plymouth, UK). A discontinuous gradient, consisting of 100% (density 1.1294 g/mL) and 70% (density 1.090 g/mL) isotonic Percoll (Pharmacia, Uppsala, Sweden) in calcium and magnesium-free phosphate-buffered saline, pH 7.4 (PBS; Sigma-Aldrich, Saint Louis, MO, USA), was used to isolate PMNs [34]. Subsequently, the samples were centrifuged for 20 min at 250× g at room temperature. The PMN layer was collected and washed twice in PBS. May Grunwald Giemsa-stained cytocentrifuged smears were used to determine purity of the isolated PMNs, while the trypan blue dye exclusion test was employed to check cell viability. Both ranged between 90% and 95%.




2.3. Antioxidant Enzymes Activity Measure in PMN Cells


A commercial kit (BioAssay System, San Diego, CA, USA) was used to determine the superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) enzymatic activity in PMN cells. The activity of enzymes was expressed as U/L [35]. Acetonic extract was tested at the concentration of 567.7 µg/mL, and synthetic flavone (F2003; Sigma-Aldrich) was tested at the concentration of 21.6 µg/mL, which is the effective dose 50 (ED50) value (apoptosis rate of SNU-1 cells) reported in Table 1.




2.4. Cell Culture and Reagents


The human GC cell lines AGS (ATCC® CRL-1739™), SNU-1 (ATCC® CRL-5971) and KATOIII (ATCC® HTB-103) were obtained from ATCC (Manassas, VA, USA) and routinely cultured. In particular, AGS cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, GIBCO, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; GIBCO, Grand Island, NY, USA), 1% l-glutamine and 1% ampicillin/streptomycin. SNU-1 were maintained in RPMI 1640 supplemented with 10% FBS and 1% ampicillin/streptomycin. KATOIII cells were grown in Iscove’s modified Dulbecco’s medium (IMDM; GIBCO, Grand Island, NY, USA) with 20% FBS (GIBCO, Grand Island, NY, USA), 1% l-glutamine and 1% ampicillin/streptomycin. A humidified atmosphere at 37 °C containing 5% CO2 was used as the optimal culture condition. Flavone was dissolved in dimethyl sulfoxide (DMSO) at the stock concentration of 10,000 μg/mL. F. sellowiana acetonic extract was resuspended in DMEM to obtain a stock solution of 10,000 μg/mL.




2.5. Cell Proliferation Assays


Cell proliferation was estimated using an MTS assay. About 5000 cells (AGS and KATOIII) and 10,000 cells (SNU-1) were seeded in 200-µl medium per well in a 96-well plate. Cells were incubated for 24 h and subsequently treated with increasing concentrations of flavone (0, 5, 50 and 100 μg/mL) or F. sellowiana acetonic extract (0, 5, 50 and 500 μg/mL). After 24 and 48 h of treatment, 20 μL of the CellTiter 96 AQueous One Solution Reagent (Promega Corp., Madison, WI, USA) was added into each well, and cells were incubated at 37 °C for 1.5 h. Following incubation, absorbance was read at 490 nm using a VICTOR Nivo Multimode plate reader (PerkinElmer, Inc., Waltham, MA, USA).




2.6. Cell Apoptosis Analysis


Cells were seeded in 6-well plates and cultured to 70% confluence. The cells were subsequently treated with flavone or F. sellowiana acetonic extract using the same concentration and time points of the MTS assay. Cells were harvested, washed twice in cold PBS, centrifuged at 1500 rpm and then resuspended in 1X binding buffer. Cells were double-stained using FITC Annexin-V Apoptosis Detection Kit I (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer’s instructions. Cells were incubated for 15 min at room temperature in the dark, and apoptosis was detected using a Navios flow cytometer (Beckman Coulter, Miami, FL, USA). The data analysis was performed by Kaluza analysis software v2.1.




2.7. Statistical Analysis


Absorbance data from the MTS assay were converted as the percent of viability of untreated controls. Counts from the flow cytometry evaluation of apoptosis were reported as a percent fold increase as compared with the untreated controls. Data were reported as mean ± SE. Differences between treatments and control groups were estimated by one sample t-test. Effective dose 50 (ED50) was calculated by fitting data with a log-logistic model using the drc R package [36]. P-values < 0.05 were considered significant. Analyses were performed using R software.





3. Results


3.1. Antioxidant Enzymes Activity Measured in PMN Cells


To evaluate the possible use of F. sellowiana fruits as nutraceutical, functional food or, perhaps, even in the pharmacological field, we assessed its antioxidant activity on PMNs, which can be considered, albeit with obvious precautions and caution, a model of normal cell response to the treatment. Therefore, the antioxidative enzymes status was measured by SOD, CAT and GPx activities in PMN cells treated with F. sellowiana acetonic extract and flavone. The activity of antioxidant enzymes in PMN cells rises after exposure to both the F. sellowiana extract and flavone, as compared to the control (samples not treated) (Figure 1). In particular, the activity of SOD, CAT and GPX enzymes was greater in PMN cells treated with flavone compared to the F. sellowiana acetonic extracts.




3.2. Cell Proliferation Assays


Subsequently, we evaluated the effects of F. sellowiana acetonic extract on the GC cell line growth (AGS, KATOIII and SNU-1). In particular, cells were treated with three different concentrations of F. sellowiana acetonic extract (5, 50 and 500 µg/mL) or flavone (5, 50 and 100 µg/mL) for 24 and 48 h. Flavone treatment was used as a reference to evaluate the efficacy and potency of the acetonic extract. The effect on cell proliferation was assessed by MTS assay. As shown in Figure 2, the F. sellowiana acetonic extract induced a significant decrease in SNU-1 cell proliferation in a dose- and time-dependent manner, with a maximum effect at 500 µg/mL and after 48 h of treatment, whereas no growth inhibitory effects were observed in AGS and KATOIII cells. The flavone effect was significant as early as after 24 h and at lower doses (50–100 µg/mL) as compared to the F. sellowiana acetonic extract. Furthermore, flavone seems to be more effective also to inhibit AGS and KATOIII cell proliferation.




3.3. Cell Apoptosis Analysis


Based on the MTS results, we investigated whether apoptotic mechanisms were involved in the observed loss of proliferation in SNU-1 cells. As demonstrated in Figure 3, 500 µg/mL of F. sellowiana acetonic extract caused a significant decrease in the live cell rate, as well as a statistically significant increase of apoptotic cells both at 24 and 48 h compared to the untreated control. F. sellowiana acetonic extract induced apoptosis only at the highest concentration; it also induced necrosis in a similar manner at higher percentages.



Finally, comparing the effects of different doses of flavone, we confirmed the MTS data showing that flavone treatment resulted in a significant increase of apoptosis in the SNU-1 gastric cancer cell line in a time- and dose-dependent manner (Figure 4). In particular, after 48 h of treatment, flavone was shown to be effective to reduce the percentage of live cells at lower doses compared to 24 h exposure. Conversely, the duration of the treatment with F. sellowiana acetonic extract did not influence the apoptotic effect.



Although both compounds increased the apoptosis rate, SNU-1 cells resulted in being more sensitive to flavone than the F. sellowiana acetonic extract, as evident from the ED50 values reported in Table 1.





4. Discussion


It is well-known that plant extracts bear bioactivities that, due to their high selectivity and, often, their capacity to be biodegradable in nontoxic products, can be applied similarly to other usual chemical drugs [37,38]. In particular, several studies described the important biological properties of extracts from the F. sellowiana fruit, including a strong antimicrobial (also against H. pylori) and antioxidant activity [16,25,26] and significant nephro- and hepatoprotective, anti-inflammatory and antidepressant effects [39,40,41], as well as relevant anticancer activity [22,42,43]. In a previous study, Leuzzi et al. demonstrated a protective effect of F. sellowiana fruit extract on gastric mucosa [44]. Furthermore, several studies remarked that the main biological activities of F. sellowiana extract, such as antitumor, antimicrobial and anti-inflammatory effects, could be ascribable to several compounds. Among them, it is widely believed that flavone plays a very important role [16,22,33].



Indeed, epidemiological studies associated flavonoid ingestion to a lower risk of different types of cancer, including GC [45]; nonetheless, there is a risk of chronic disease [46]. Moreover, flavonoids seem to have no adverse effects, even at high dosages, and they are not chemically degraded by human stomach milieu [47]. Therefore, in the last years, the capacity of flavonoids to inhibit cell proliferation and/or induce apoptosis in human cancer cells has driven many researchers to investigate their potential as anticancer drugs. Increasing data revealed that one of the most active flavonoids was found to be flavone [22,48].



Based on these evidences, and considering the possible, still little-known, role played by F. sellowiana acetonic extract in the gastrointestinal tract, we investigated its anticancer effects, as well as its antioxidant activity, comparing them with those determined by the well-known flavone.



In this study, we demonstrated that, among three different gastric cancer cell lines, the F. sellowiana acetonic extract displayed antiproliferative effects and a concomitant apoptosis induction on SNU-1 cells. On the contrary, AGS and KATOIII cancer cells were poorly responsive to this treatment, according to previous studies that emphasized a cell line-specific sensitivity to F. sellowiana extract [22].



These evidences were supported also by some different characteristics between the cell lines used for the experiments. Indeed, since SNU-1 are ERBB2-positive cells, we can speculate that the apoptotic effects induced by the F. sellowiana acetonic extract could be similar to those induced by other flavonoids in other ERBB2+ tumor cell lines [49,50].



In agreement with the well-established anticancer activity of flavone and structurally related flavones in other types of cancer [51,52,53], we found that flavone was also able to induce apoptosis in all the three gastric cancer cell lines we used, reaching the maximal activity at 100 µg/mL. Moreover, the different behavior of the gastric cancer cell lines could reflect, once again, the strong gastric cancer heterogeneity.



Our study supplied novel insights into the anticancer activities of the F. sellowiana acetonic extract related to gastric cancer.



Regarding the antioxidant properties, the choice to use PMNs to evaluate the effect of the extract on the activity of antioxidant enzymes is due to the fact that these cells represented a study model to evaluate the antioxidant response in previous studies on F. sellowiana extracts [26].



As for the anticancer effect, our results show that the antioxidant activity of SOD, CAT and GPX enzymes are higher in PMN cells treated with flavone compared to the F. sellowiana acetonic extracts. We can hypothesize that the greater activity of it could be ascribable to a lesser amount of pure flavone or to different molecules present in the extract that reduced the bioavailability of flavone. Alternatively, it can be due to the presence of other substances in the acetonic extract of F. sellowiana capable of negatively influencing the activity of antioxidant enzymes; or, simply, as already hypothesized about the antitumor activity, in the acetone extract, there may be substances capable of causing cellular suffering.



Our data, which showed an action on the activity of some antioxidant enzymes, provided a further step in the construction of the framework on the bioactivity of F. sellowiana. In fact, in addition to the inflammation reduction mediated by iNOS downregulation [33] and the direct antioxidant activity mediated by disaccharidases [32], the acetone extract and, even more, the flavone present in it could contribute to the antioxidant effect through an enzymatic-mediated way.



Recently, the development of novel functional foods or nutraceuticals has sped up stimulated by a strong awareness about the strict correlation between diet and health status/disease prevention favoring. Since F. sellowiana fruits contained several components with beneficial effects on health, such as dietary fibers, vitamins, antioxidants, minerals and iodine, as well as rich in bioflavonoids (vitamin P) [24,54], it could be suitable to this purpose. Overall, the antitumor activity demonstrated on a vast panel of cell types and the results reported in the present work led us to advocate the possible application of F. sellowiana in the pharmaceutical, nutraceutical and/or functional food fields.
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Figure 1. Effect of Feijoa sellowiana acetonic extract and flavone on the activity of antioxidant enzymes in polymorphonuclear cells. (a) Superoxide dismutase, (b) catalase and (c) glutathione peroxidase. Data were presented as mean and standard error and were analyzed with a paired t-test. Bars not accompanied by the same letter were significantly different at p < 0.05. 
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Figure 2. Effects of three different concentrations of F. sellowiana acetonic extract or flavone on cell proliferation. AGS, KATOIII and SNU-1 cells were treated for 24  h (a) and for 48 h (b). MTS assay was used to determine cell proliferation. Data were expressed as % of the number of viable, metabolically active cells compared to the control. Data were presented as mean and standard error of three individual experiments and analyzed with one sample t-test. * p < 0.05, ** p < 0.001 and *** p < 0.0001. 
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Figure 3. F. sellowiana acetonic extract induced apoptosis on SNU-1 cells. Cells (2.5 × 105) were treated with increasing concentrations of F. sellowiana extract for 24 and 48 h. The amount of apoptotic cells was determined by flow cytometry. The apoptosis rate was estimated in comparison to the untreated cell. Data were presented as mean and standard error of three individual experiments and were analyzed with a one-sample t-test. * p < 0.05 and ** p < 0.001. 
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Figure 4. Flavone induces apoptosis in SNU-1 cells. Cells (2.5 × 105) were treated with increasing concentrations of flavone for 24 h and 48 h, and the amount of apoptotic cells was determined by flow cytometry. The apoptosis rate was estimated in comparison to the untreated cell. Data were presented as mean and standard error of three individual experiments and were analyzed with a one-sample t-test. * p < 0.05, ** p < 0.001, *** p < 0.0001 and **** p < 0.00001. 
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Table 1. Effective dose 50 (ED50) values of the Feijoa sellowiana extract and flavone in SNU-1 cells.
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	ED50 Values

24 h
	(µg/mL)

48 h





	F. sellowiana

Extract
	1031.6

(p = 0.67)
	567.7

(p < 0.0001)



	Flavone
	59.7

(p < 0.0001)
	21.6

(p < 0.0001)
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