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Abstract

Oxyresveratrol is found in mulberry (Morus alba L.) and possesses antioxidant, anti-inflammatory, and antitumor 
activities. However, to the best of our knowledge, relevant studies on the effects of oxyresveratrol on human 
lung squamous cell carcinoma cells are lacking. The aim of this study was to evaluate the antitumor activity of 
oxyresveratrol in human NCI-H520 lung squamous cell carcinoma cells using in vitro and in vivo approaches. Oxy-
resveratrol induced NCI-H520 cell apoptosis in an intrinsic signaling pathway. Therefore, oxyresveratrol resulted 
in enhanced cell numbers at the sub-G1 phase, increased caspase-3 and -9 activities, caused the MMP (mitochon-
drial membrane potential) to collapse, and decreased Bcl-2 and cyclin D protein expressions. In addition, oxyres-
veratrol induced arrest at the S-phase cell cycle in NCI-H520 cells through downregulating the cell-cycle-related 
protein expressions of cyclin A, cyclin B, and cdk2. These results indicated that oxyresveratrol inhibited the prolif-
eration and induced apoptosis by activating an intrinsic pathway in NCI-H520 non-small cell lung cancer cells. Our 
results suggest that oxyresveratrol can be used as an alternative remedy for human non-small-cell lung cancer.
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1. Introduction

Lung cancer (both small cell and non-small cell) is the second most 
common cancer in both men and women. In 2017 in the United 
States, lung cancer was the most common cause of cancer deaths 
among both men and women; about one of four cancer deaths (ap-
proximately 155,870 deaths including 84,590 in men and 71,280 in 
women) were due to lung cancer according to the American Can-
cer Society’s estimates. Among them, non-small cell lung cancers 
(NSCLCs) account for over 85% of lung cancers, and of these, 
approximately 30% are squamous cell carcinomas (SCCs) (Heist 
et al., 2012). In addition, SCC comprises 91% of cases of lung 

cancer due to cigarette smoking (Molina et al., 2012; Alberg et al., 
2005; Ettinger a et al., 2013). Despite major advances in cancer 
therapeutics, survival rates for lung cancer patients have not yet 
improved significantly, even in the targeted therapy era (Sant et 
al., 2003). It is clear that traditional chemotherapeutic agents have 
reached a therapeutic plateau (Carney, 2003), and there is a need 
for tumor prevention in addition to more-effective treatments (Toh 
et al., 2006).

Oxyresveratrol (trans-2,30,4,50-tetrahydroxystilbene), which 
has one more hydroxyl group than resveratrol, is a natural hydrox-
ystilbene found in the mulberry (Morus alba L.). Morus plants, a 
common food and herbal medicine in China, are used as a tradi-
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tional remedy to cure inflammatory diseases (Chen et al., 2013). 
Research has shown that oxyresveratrol has numerous biological 
activities that include anti-cyclooxygenase (Shin et al., 1998), 
anti-rat liver mitochondrial ATPase (Nimmanpisut et al., 1976), 
anti-DOPA oxidase (Song et al., 2007), antitumor (Li et al., 2010; 
Mouihate et al., 2006), antiviral (Galindo et al., 2011; Jagtap et al., 
2010), and neuroprotective activities (Breuer et al., 2006). Previ-
ous studies have shown that oxyresveratrol inhibits protein kinase 
C (PKC), which likely serves as a receptor for tumor promoters 
(Hu et al., 1996). Li et al. (2010) pointed out that oxyresveratrol to-
gether with resveratrol enhanced the cytotoxicity of HT-29 human 
colon cancer cells and also found that oxyresveratrol had about 
2-fold more-potent cytotoxic activity than resveratrol. In addition, 
Wu et al. (2010) indicated that oxyresveratrol exhibited in vitro 
cytotoxicity against a human breast cancer cell line.

However, to the best of our knowledge, the effects of oxyresver-
atrol on human lung SCC cells still lack support from the relevant 
scientific literature. Hence, the aims of this study were to evaluate 
the antitumor activity of oxyresveratrol in human lung SCC NCI-
H520 cells using in vitro and in vivo approaches, and determine 
its mechanisms of action. To obtain insights into its mechanism 
of action, the effects of oxyresveratrol on cell proliferation, the 
cell-cycle distribution, apoptosis, and expression levels of several 
cell-cycle- and apoptosis-related proteins were examined.

2. Material and methods

2.1. Cell culture

Human lung SCC NCI-H520 cells were obtained from the Biore-
source Collection and Research Center (BCRC 60124) and cul-
tured in RPMI 1640 medium supplemented with 10% (v/v) fetal 
bovine serum (FBS; Gibco, Grand Island, NY) and 1% (v/v) anti-
biotic-antimycotic (Gibco). Cells were incubated in a humidified 
incubator (with 5% CO2 and 95% air) at 37 °C.

2.2. Cell viability assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT, 
Sigma-Aldrich, St. Louis, MO, USA) test is a method for detect-
ing cell viability using a colorimetric assay. To measure the cyto-
toxicity of oxyresveratrol (Sigma-Aldrich) against cell prolifera-
tion, NCI-H520 cells were seeded overnight into a 24-well plate 
in triplicate to allow cell adherence. First, 200 μL of fresh medium 
containing various concentrations of 0.1% DMSO (Control) or 
oxyresveratrol (6.25, 12.5, 25, 50, and 100 μM) was added to the 
culture plate and incubated at 37 °C for 24 h. Following removal of 
the medium from the wells, 200 μL of the MTT reagent (5 mg/mL) 
was added. After 4 h of incubation at 37 °C, the medium was re-
moved, and 600 μL of DMSO was added to dissolve the formazan 
crystals. The absorbance was measured at 540 nm using a micro-
plate reader (Tecan Sunrise). The cell viability ratio (%) was cal-
culated from the following equation: % viability = (absorbance of 
test sample / absorbance of control) x 100%.

2.3. Cell-cycle distribution analysis

Cells were incubated with 0.1% DMSO or various concentrations 
(25, 50, or 100 μM) of oxyresveratrol for 24 h. After treatment, 
cells were trypsinized and fixed in ice-cold 80% ethanol, and then 

stored overnight at -20 °C. Next, cells were washed three times 
in phosphate-buffered saline (PBS) and incubated with 50 μg/mL 
PtdIns and 25 μg/mL RNase A (BD Bioscience, San Jose, CA) 
for 30 min at room temperature in the dark. These stained cells 
were immediately analyzed using a Accuri 5 flow cytometer (Ac-
curi Cytometers) equipped with C6 Accuri system software (Ac-
curi Cytometers). All experiments were performed in triplicate and 
yielded similar results.

2.4. Annexin V-FITC binding assay

An apoptosis assay was performed using the Annexin V-FITC Ap-
optosis Detection Kit (BioVision), according to the manufacturer’s 
instruction. Cells were treated with 0.1% DMSO or various con-
centrations (25, 50, or 100 μM) of oxyresveratrol for 24 h. Cells 
were trypsinized, washed twice with PBS, and subsequently resus-
pended in 500 μL of 1× binding buffer. The cell suspension was 
then incubated with the cultures and stained with 5 μL of FITC-
labeled Annexin V and 5 μL of propidium iodide (PI) for 15 min at 
room temperature in the dark. These stained cells were immediate-
ly analyzed using a Accuri 5 flow cytometer (Accuri Cytometers) 
equipped with C6 Accuri system software (Accuri Cytometers). 
All experiments were performed in triplicate and yielded similar 
results.

2.5. Western blot analysis

Protein expression levels of cell cycle-related proteins (cyclin A, 
cyclin B, cyclin D, and cdk2) and apoptosis-related proteins (Bcl-
2 and Bax) in cells were determined using a Western blot analysis 
according to a method previously described by Li et al. (2016). 
In this study, the primary antibodies were anti-cyclin A (clone 
BF683, CAS: 4656, Cell Signaling), anti-cyclin B (clone GNS1, 
CAS: sc-245, Santa Cruz Biotechnology), anti-cyclin D (clone 
EPR2241(IHC)-32, CAS: 2261-1, Epitomics), anti-cdk2 (clone 
E304, CAS: 1134-1, Epitomics), anti-Bcl-2 (clone 50E3, CAS: 
2870, Cell Signaling), anti-Bax (clone polyclonal, CAS: 2772, 
Cell Signaling), and anti-β-actin (clone C4, CAS: sc47778, Santa 
Cruz).

2.6. Measurement of the mitochondrial membrane potential 
(MMP)

The MMP was measured using a JC-1 mitochondrial-specific 
fluorescent probe (Invitrogen, Carlsbad, CA, USA) based on the 
method of Li et al. (2016). Cells were treated with 0.1% DMSO 
or various concentrations (25, 50, or 100 μM) of oxyresvera-
trol for 24 h, and then stained with 10 mg/mL of JC-1 at 37 °C 
for 10 min. Cells were washed twice with PBS, and cells with 
an FL-1 (530-nm emission) versus FL-2 (580-nm emission) dot 
plot were quantified using an Accuri 5 flow cytometer (Accuri 
Cytometers) equipped with C6 Accuri system software (Accuri 
Cytometers).

2.7. Caspase-3, -8, and -9 activity assay

After treatment with 0.1% DMSO or various concentrations (25, 
50, or 100 μM) of oxyresveratrol for 24 h, cells were collected 
for measurement of caspase-3, -8, and -9 activities using the ap-
propriate CaspGLOW™ Fluorescein Active Caspase Staining Kits 
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(Biovision, Milpitas, CA, USA), and the protocols were performed 
according to the manufacturer’s instructions.

2.8. In vivo antitumor activity

Animal procedures were approved by the Institutional Animal 
Care and Use Committee (IACUC no. 106-046) of National 
Chung Hsing University. NCI-H520 cells were mixed with 
Matrigel (BD Biosciences) at a 1:1 ratio. Cells (107) were subcu-
taneously injected into the back of nude mice, and tumors were al-
lowed to grow for 8 days until they reached 10 mm3, and then they 
were treated with either the vehicle (10% DMSO + 90% glyceryl 
trioctanoate) or 250 mg/kg of oxyresveratrol (dissolved in DMSO 
and glyceryl trioctanoate, 10:90 v/v) in an intraperitoneal (i.p.) 
injection using 100 mL total volume for 3 weeks. Tumor-bearing 
mice were sacrificed after 30 days. The tumor volume was meas-
ured daily, and it was estimated using the formula: length x width 
x thickness x 0.5 and is expressed in mm3. Tumors were fixed in 
4% formaldehyde for 24 h, subsequently paraffin-embedded, sec-
tioned into 6-μm-thick sections, and examined using hematoxylin 
and eosin (H&E) staining.

2.9. Statistical analysis

Data are expressed as the mean ± standard deviation (SD). An 
analysis of variance (ANOVA) was employed to calculate differ-
ences between multiple groups with Duncan’s test. A p value < 
0.05 was considered statistically significant.

3. Results

3.1. Oxyresveratrol inhibits the proliferation of NCI-H520 cells 
and induced S cell-cycle arrest and apoptosis in those cells

To investigate the potential cell proliferation-inhibitory activ-
ity of oxyresveratrol in human lung SCC, NCI-H520 cells were 
incubated in the absence and presence of various concentrations 
of oxyresveratrol (6.25∼100 μM) for 24 h, and cell viability was 
determined by an MTT assay. As shown in Figure 1a, 25, 50, and 
100 μM oxyresveratrol significantly inhibited the proliferation of 
NCI-H520 cells in a dose-dependent manner. To further examine 
whether oxyresveratrol causes cell death by cell-cycle arrest and/
or apoptosis, NCI-H520 cells were treated with oxyresveratrol at 
25, 50, or 100 μM for 24 h, and then the DNA contents of cells 
were quantitated by flow cytometry of cells stained with PI. PI 
staining was performed to determine whether oxyresveratrol-
mediated cell apoptosis and/or proliferation inhibition was due to 
cell-cycle arrest (Figure 1b). PI staining revealed that oxyresvera-
trol enhanced cell numbers in the sub-G1 phase, where hypodip-
loid (≤2N) fragmented DNA is a marker of apoptosis (Karna et al., 
2011). Data were confirmed by an Annexin V-based apoptosis as-
say. As shown in Figure 1c, the percentage of Annexin V-positive 
staining indicates that 50 and 100 μM oxyresveratrol increased 
early and late apoptotic cells in NCI-H520 cells. Moreover, oxy-
resveratrol also led to the accumulation of cells in the S-phase 
and was associated with a concomitant decrease of cells in the 
G1 phase in a dose-dependent manner (Figure 1b). Thus, results 
showed that oxyresveratrol-mediated cell apoptosis and prolif-
eration inhibition (S-phase arrest) were due to cell-cycle arrest in 
NCI-H520 cells.

3.2. Oxyresveratrol affects cell cycle-associated protein expres-
sions in NCI-H520 cells

To further investigate the cell-cycle arrest of NCI-H520 cells me-
diated by oxyresveratrol, cell cycle-related proteins were exam-
ined. CDK and cyclin control the cell cycle (Tan et al., 2011). 
In order to examine modulators involved in the early cell cycle, 
such as in the sub-G1 phase, cyclin D was detected. As shown in 
Figure 2, oxyresveratrol suppressed cyclin D. This finding sug-
gests that oxyresveratrol inhibited progression of the G0/G1 phase 
and resulted in enhanced cell numbers in the sub-G1 phase (Fig-
ure 1b). Because oxyresveratrol induced S-phase cell-cycle arrest 
in NCI-H520 cells (Figure 1b), this study investigated whether 
the G2-phase cyclin, cyclin B1, was affected by oxyresveratrol. 
Cells were treated with 25, 50, or 100 μM of oxyresveratrol, and 
levels of cyclin B1 expression were analyzed at 24 h after treat-
ment (Figure 2). Cyclin B1 expression decreased after treatment 
with oxyresveratrol, which is consistent with S-phase arrest. This 
fairly uniform decrease in cyclin B1 could explain the ability of 
oxyresveratrol to inhibit G2-phase entry. In addition, cyclin A and 
CDK2 are associated with the S phase of cells. CDC25A activates 
CDK2, which in turn activates the cyclin-CDK complex. The 
cyclin-CDK complex promotes operation of the cell cycle and 
therefore causes rapid cell growth (George Rosenker et al., 2015; 
Tilaoui et al., 2014). Figure 2 shows that oxyresveratrol reduced 
expressions of cyclin A and CDK2 proteins (Figure 3). Therefore, 
oxyresveratrol decreased the proliferation by arresting NCI-H520 
cells in the S phase.

3.3. Oxyresveratrol induces apoptosis primarily via the intrinsic 
mitochondrial pathway and modulates Bcl-2 family protein 
expressions in NCI-H520 cells

To investigate whether the mitochondrial pathway is involved in 
oxyresveratrol-induced apoptosis of NCI-H520 cells, changes in 
the MMP (ΔΨm) and protein expressions of Bcl-2 and Bax were 
analyzed. Changes in the MMP were detected using JC-1, a mi-
tochondrial-specific fluorescent probe. The red fluorescence of 
JC-1 indicates intact mitochondria, whereas green fluorescence 
indicates that the monomeric JC-1 remains unprocessed owing to 
collapse of the MMP (Kwon et al., 2011).

As shown in Figure 4a, oxyresveratrol caused a dose-dependent 
increase in green fluorescence and a concomitant attenuation in 
red fluorescence in NCI-H520 cells, indicating that oxyresveratrol 
triggered a reduction in the MMP. The Bcl-2 family is made up of 
outer mitochondrial membrane proteins that can regulate apopto-
sis by the antiapoptotic protein, Bcl-2, or the proapoptotic protein, 
Bax, in the cell death process (Levy and Claxton, 2017). There-
fore, we analyzed the effects of oxyresveratrol on Bax and Bcl-2 
expressions in NCI-H520 cells. As shown in Figure 4b, oxyres-
veratrol resulted in a significant decrease in the expression of the 
antiapoptotic protein, Bcl-2, while expression of the proapoptotic 
Bax protein was not significantly affected. However, the Bcl-2/Bax 
ratio significantly decreased, which suggests that oxyresveratrol 
induced apoptosis of NCI-H520 cells via a mitochondrial apop-
totic pathway.

3.4. Oxyresveratrol induces apoptosis through a caspase path-
way in NCI-H520 cells

Caspases involved in apoptosis are generally divided into two 
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Figure 1. Effects of oxyresveratrol on (a) cytotoxicity, (b) cell cycle progression, and (C) apoptosis of NCI-H520 cells. NCI-H520 cells were treated with 
oxyresveratrol for 24 h. The cytotoxicity was analyzed by an MTT assay, and cell cycle distributions were then analyzed by flow cytometry. Apoptosis in NCI-
H520 cells was examined by Annexin V-FITC/propidium iodide (PI) binding and analyzed by flow cytometry. Data are presented as the mean ± SD of three 
experiments each conducted in triplicate. **p < 0.01 and ***p < 0.001 compared to the DMSO-treated group.
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categories: initiator caspases (such as caspases-2, -8, -9, and -10) 
and effector caspases (such as caspases-3, -6, and -7) (Shi, 2002). 
Caspases-8 and -9 can initiate downstream protease activity, while 

the downstream one in the implementation of apoptosis, caspase-3, 
can destroy cellular proteins and DNA. NCI-H520 cells were treat-
ed with 25, 50, or 100 μM oxyresveratrol for 24 h, and then cas-
pase-3, -8, and -9 activities were quantitated by flow cytometry. 
Figure 4 indicates that oxyresveratrol significantly increased cas-
pase-3, -8, and -9 activities in dose-dependent manners. Therefore, 
treatment with oxyresveratrol can activate caspases-3, -8 and -9, 
thereby leading to apoptosis.

3.5. Oxyresveratrol inhibits NCI-H520 tumor growth in nude 
mice

To validate our in vitro results, the anticancer effect of oxyres-
veratrol in human lung SCC xenograft mice was evaluated. NCI-
H520 cells were subcutaneously injected into the back of nude 
mice. Oxyresveratrol at 250 mg/kg via an i.p injection signifi-
cantly inhibited tumor growth from days 17 to 30 compared to 
vehicle-treated mice (Figure 5b). Notably, treatment of mice with 
oxyresveratrol may have led to some degree of harm to the experi-
mental mice, but in this study no mice exhibited obvious abnor-
mal behaviors or died for non-tumor factors, suggesting that this 
dose of oxyresveratrol was not toxic for i.p. injections in mice. 
Moreover, we measured the wet weights of the tumors, and results 
showed that oxyresveratrol significantly reduced tumor weights 
compared to vehicle-treated mice (Figure 5c). These results in-

Figure 2. Effects of oxyresveratrol on cell-cycle-related proteins in NCI-
H520 cells. NCI-H520 cells were treated with 25, 50, or 100 μM oxyresver-
atrol for 24 h, and then whole-cell lysates were prepared and subjected to 
Western blotting using antibodies against the indicated proteins. β-Actin 
was used as a loading control. Bands were analyzed by ImageJ software 
(National Institutes of Health) and normalized to β-actin.

Figure 3. Effects of oxyresveratrol on caspase-3, -8, and -9 activities in NCI-H520 cells. NCI-H520 cells were treated with 25, 50, or 100 μM oxyresveratrol 
for 24 h and then the activities of caspases-3, -8, and -9 were determined by flow cytometry. Black line: mock control of DMSO-treated cell control; red line: 
cells treated with oxyresveratrol. Data are presented as the mean ± SD of three experiments each conducted in triplicate. *p < 0.05, **p < 0.01, and ***p < 
0.001 compared to the DMSO-treated group.
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dicate that oxyresveratrol also inhibited the growth of small lung 
cancer cells in vivo.

4. Discussion

Polyphenols and flavonoids are abundant in plants. Previous stud-
ies have demonstrated that they have potential uses in treating or 
preventing cancer, and therefore they may be chemopreventive 
and antiproliferative agents(Shukla et al., 2014; Priyadarsini, and 
Nagini, 2012; Surh, 2003; Yang et al, 2001; Watson et al, 2000; 
Middleton et al , 2000). Oxyresveratrol (trans-2,30,4,50-tetrahy-
droxystilbene), a natural hydroxystilbene, is present in Morus alba 
(mulberry) (Lorenz et al., 2003). Moreover, pharmacological stud-
ies showed that oxyresveratrol given orally has a bioavailability 
of about 50% (Qiu et al., 1996). Oxyresveratrol is a naturally oc-
curring oxidative analog of resveratrol (Ban et al., 2006). Similar 
to resveratrol, oxyresveratrol possesses many beneficial pharma-

cological activities such as antitumor (Li et al., 2010; Mouihate 
et al., 2006), antiviral (Galindo et al., 2011; Jagtap et al., 2010), 
antioxidant (Lorenz et al., 2003), hepatoprotective (Ban et al., 
2006), COX-inhibitory (Shin et al., 1998; Su et al , 2002), and 
neuroprotective activities (Breuer et al., 2006). In addition, oxy-
resveratrol can enhance the immune system (Xu et al., 2014) and 
can lower blood fat (Xu et al., 2014) and blood sugar (Xu et al., 
2014) levels. Hu et al. (Hu et al., 1996) showed that oxyresvera-
trol inhibits protein kinase C, which probably serves as a receptor 
for tumor promoters, and also found that oxyresveratrol showed 
non-competitive inhibition (Nishizuka, 1984). Likewise, Li et al. 
(2010) pointed out cell proliferation-inhibitory activities of oxy-
resveratrol and resveratrol in HT-29 human colon cancer cells and 
found the cytotoxic activity of oxyresveratrol to be about 2-fold 
greater than that of resveratrol. Furthermore in an in vitro assay, 
Wu et al. (2010) reported that oxyresveratrol has anti-breast tumor 
cell activity. However, to the best of our knowledge, there has been 
no study focusing on the effects of oxyresveratrol on human lung 

Figure 4. Effect of oxyresveratrol on the mitochondrial pathway of apoptosis in NCI-H520 cells. NCI-H520 cells were treated with 25, 50, or 100 μM oxy-
resveratrol for 24 h. (a) Disruption of the mitochondrial membrane potential. Data are presented as the mean ± SD of three experiments each conducted in 
triplicate. **p < 0.01 and ***p < 0.001 compared to the DMSO-treated group. (b) Bcl-2 and Bax were examined by a protein gel blot analysis. β-Actin was 
used as a loading control. Bands were analyzed by ImageJ software (National Institutes of Health) and normalized to β-actin.



Journal of Food Bioactives | www.isnff-jfb.com 137

Chuang et al. Oxyresveratrol inhibits the growth of human lung squamous cell carcinoma cells

SCC cells.
In this study, we first found that oxyresveratrol suppressed the 

growth of NCI-H520 cells in a dose-dependent manner (p < 0.05) 
(Figure 1a). Furthermore, we also demonstrated that the ability of 
oxyresveratrol to suppress cancer cell growth was mainly achieved 
through the mechanisms of apoptosis and suppressing cell prolif-

eration. The effect of oxyresveratrol on the cell cycle was studied, 
and it was found that oxyresveratrol arrested NCI-H520 cells at 
the sub-G1 and S phases (Figure 1b). Furthermore, oxyresveratrol 
caused an increase in cells in the S phase and a corresponding de-
crease of cells in the G1 phase. To further confirm the S-cell cycle 
arrest mediated by oxyresveratrol, S-cell cycle-related proteins 

Figure 5. Oxyresveratrol inhibited NCI-H520 tumor growth in nude mice. NCI-H520 cells (107) were subcutaneously injected into mice and allowed to grow 
up to approximately 10 mm3 in size. Oxyresveratrol (250 mg/kg) and a vehicle control were administered intraperitoneally daily for three weeks until day 30 
(n = 5). Photograph of tumor tissues (a), the time course of tumor sizes (b), and the tumor weight on day 30. Quantified data are presented as the mean ± 
SD (n = 5). *p < 0.05 and **p < 0.01 of comparisons between the vehicle and oxyresveratrol groups.



Journal of Food Bioactives | www.isnff-jfb.com138

Oxyresveratrol inhibits the growth of human lung squamous cell carcinoma cells Chuang et al.

(cyclin A and cdk2) were examined (Figure 2). We also found that 
oxyresveratrol reduced cyclin A and cdk2 levels, which had an ef-
fect on S-cell cycle arrest. Oxyresveratrol-induced inhibition of 
cyclin A and cdk2 likely resulted in decreased progression through 
the S phase.

Although cells can die through non-apoptotic mechanisms, 
an intact apoptotic pathway is the most common and preferred 
route, and induction of apoptosis is necessary for many chem-
otherapeutic agents (Aleo et al., 2006). In addition, the major 
mechanism of several polyphenols leading to cancer cell death 
is apoptosis (Miura et al., 2008; Liu et al., 2009; Yoon and Liu, 
2007; Zheng et al, 2013). Oxyresveratrol increased early apop-
totic cells and late apoptotic cells in NCI-H520 cells based on 
percentages of Annexin V-positive staining (Figure 1c) and sub-
G1 phase cells (Figure 1b), respectively. Accordingly, cells were 
treated with oxyresveratrol for 24 h, and then cyclin D was also 
suppressed (Figure 2), indicating that oxyresveratrol inhibited 
progression of the G0/G1 phase and resulted in enhanced cell 
numbers at the sub-G1 phase. Overall, these data show that apop-
tosis was involved in the response of NCI-H520 cells to oxyres-
veratrol treatment.

Apoptosis is a programmed form of cell death and can be 
generally divided into an extrinsic (death receptor-mediated) or 
intrinsic (mitochondrial) pathway. In the intrinsic signaling path-
way, oxyresveratrol treatment led to the processing of caspases-3 
and -9 in dose-dependent manners (p < 0.05) (Figure 3). In or-
der to elucidate whether oxyresveratrol activates the mitochon-
drial pathway, we examined the valence between proapoptotic 
and antiapoptotic expressions. Oxyresveratrol decreased Bcl-2 
expression, an antiapoptotic protein, but did not affect Bax pro-
tein, a proapoptotic protein (Figure 3b). In addition, loss of the 
MMP is an indicator of apoptosis (Liu et al, 2017). Therefore, 
JC-1 fluorescence dye can be used as an indicator to evaluate 
the permeability of mitochondria membranes in NCI-H520 cells 
treated with oxyresveratrol. As shown in Figure 3a, treatment with 
oxyresveratrol significantly increased the intensity of green fluo-
rescence in NCI-H520 cells in a dose-dependent manner, suggest-
ing that oxyresveratrol induced reductions in the MMP. There-
fore, oxyresveratrol activated the intrinsic apoptotic pathway by 
altering the expression level of the Bcl-2 protein embedded in the 
mitochondrial membrane, inducing mitochondrial potential loss, 
and activating caspases-9 and -3 in NCI-H520 cells. Our study 
has elucidated a novel anticancer mechanism of oxyresveratrol in 
NCI-H520 cancer cells of inducing S phase arrest and apoptosis 
in an in vitro test. In addition, our study also found that oxyres-
veratrol can inhibit NCI-H520 tumor growth in nude mice by an 
i.p. injection (Figure 5).

In conclusion, our results indicated that oxyresveratrol’s sup-
pression of cancer cell growth is mainly achieved through the 
mechanisms of apoptosis and suppressing cell proliferation. Fur-
thermore, oxyresveratrol induced NCI-H520 cell apoptosis in an 
intrinsic signaling pathway through increasing caspase-3 and -9 
activities, decreasing the Bcl-2/Bax ratio, and causing the MMP 
to collapse. In addition, oxyresveratrol-mediated inhibition of cell 
proliferation was due to inducing S-phase arrest through down-
regulating expression levels of cyclin A, cyclin D, and cdk2. These 
results indicated that oxyresveratrol inhibited proliferation and in-
duced apoptosis by activating an intrinsic pathway in NCI-H520 
non-small cell lung cancer cells. Therefore, the study provides 
convincible data to demonstrate a new mechanistic pathway of 
oxyresveratrol against human non-small-cell lung cancer, further 
research is merited, and oxyresveratrol and its derived compounds 
can be applied as alternative remedies for human non-small-cell 
lung cancer.
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