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Abstract
Objective: Amentoflavone is the main component of Selaginella tamariscina widely known as an oriental traditional 
medicinal stuff that has been known to have a variety of medicinal effects such as the induction of apoptosis, anti-
metastasis, and anti-inflammation. However, the effect of amentoflavone on autophagy has not been reported until now. 
The aim of this study was to investigate whether amentoflavone has a positive effect on the induction of autophagy 
related to cell aging.  
Materials and Methods: In this experimental study, the aging of young cells was induced by the treatment with insulin-
like growth factor-1 (IGF-1) at 50 ng/mL three times every two days. The effect of amentoflavone on the cell viability 
was evaluated in A549 and WI-38 cells using 3-(4,5-dimethyl-2-yl)-2,5- diphenyl tetrazolium bromide (MTT) assay. The 
induction of autophagy was detected using autophagy detection kit. The expression of proteins related to autophagy 
and IGF-1 signaling pathway was examined by western blot analysis and immunofluorescence assay.         
Results: First of all, it was found that amentoflavone induces the formation of autophagosome. In addition, it enhanced 
the expression level of Atg7 and increased the expression levels of Beclin1, Atg3, and LC3 associated with the induction 
of autophagy in immunofluorescence staining and western blot analyses. Moreover, amentoflavone inhibited the cell 
aging induced by IGF-1 and hydrogen peroxide. In particular, the levels of p53 and p-p21 proteins were increased in the 
presence of amentoflavone. Furthermore, amentoflavone increased the level of SIRT1 deacetylating p53.                 
Conclusion: Our results suggest that amentoflavone could play a positive role in the inhibition of various diseases 
associated with autophagy and the modulation of p53.         
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Introduction
Amentoflavone used in the study is mainly contained 

in Selaginella tamariscina to have a hemostatic effect, 
anti-inflammatory and anti-cancer effect (1). Selaginella 
tamariscina has been used as an anti-cancer agent and 
contains many different compounds such as biflavonoids 
(2) which are widely present in vascular plants and have 
a variety of physiological activities (3, 4). Amentoflavone 
is a dimer composed of apigenin that has the capability to 
promote the cell cycle arrest and induction of apoptosis 
through the p53-related pathway as well as the induction 
of autophagy in several human cancer cell lines (5). 
However, the role of amentoflavone in the mechanism of 
the induction of autophagy remains unclear. 

Anti-aging studies have focused on manipulation of 
genes involved in histone acetylation, Insulin-like growth 
factor-1 (IGF-1) pathway, and p53 system to suppress 
the senescence as a mean to extend the lifespan of  the 
mammalian model (6, 7). However, the efforts increasing 
longevity in complex animal models do not have a 
sufficient understanding of the life mechanism. On the 
other hand, p53, a tumor suppressor protein, is closely 
related to aging as well as the induction of autophagy 
and apoptosis. In particular, the activated IGF-1 signaling 
is involved in the senescence and cell growth via p53 

protein dependently. The short-term of IGF-1 treatment 
promotes the cell growth by up-regulating PI3K/AKT 
pathway through IGF1R against p53 protein. In contrast, 
the long-term IGF-1 treatment induces the senescence and 
is also very closely related to the development of cancer, 
depending on the concentration of the p53 protein that is 
as a substrate for SIRT1, a histone deacetylase, resulting 
in the inhibition of cell aging caused by long-term IGF-1 
treatment (8, 9).

In recent years, resveratrol or spermidine, calorie 
restriction, and rapamycin have been reported to 
induce autophagy associated with longevity (10). 
Therefore, it is important to study the relationship and 
the mechanism of senescence related to IGF-1, p53, 
and HAT/SIRT1 pathway associated with the induction 
of autophagy to remove the cellular wastes such as 
organelles and macromolecules damaged by internal 
and external stimuli. In addition, the previous study 
reported that there is substantial evidence supporting 
the roles of autophagy in megakaryopoiesis. The 
engagement of transcription factors, cytokines, 
and extracellular stress synergically promotes the 
maturation of megakaryocytes (11). Transcription 
factors, such as SCL, GATA1, GATA2, and NF-E2 
allow the development of megakaryocyte/erythroid 
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progenitor cells (12). The abrogation of autophagy 
from stem cell stage by hematopoietic knockout 
of ATG7 leads to impaired megakaryopoiesis, the 
loss of autophagy caused mitochondrial and cell 
cycle dysfunction, impeding megakaryopoiesis, and 
megakaryocyte differentiation (13).

While the active autophagy process prolongs the cell 
survival and lifespan, the over-activated autophagy 
leads to autophagic cell death (14). In the autophagic 
process, Beclin1 (Atg6) in the initial formation of 
autophagosome acts as a partner of Bcl-2 as an anti-
apoptosis factor that exerts an anti-autophagic effect 
as well as anti-apoptosis (15). Recently, some studies 
in breast cancer cell line confirmed that the expression 
level of Beclin1 is remarkably low and induces the 
tumor activity of cells (16). 

Accordingly, in this study, we investigated whether 
amentoflavone could modulate autophagy related to cell 
aging through the modulation of p53 and SIRT1. 

Materials and Methods
This experimental study was conducted at the 

Department of Applied Chemistry at Dong-Eui 
University (Republic of Korea). In this study, 
Amentoflavone was obtained from Sigma-Aldrich 
(St. Louis, MO, USA). Dulbecco’s modified Eagle’s 
medium (DMEM), trypsin-EDTA, penicillin/
streptomycin/ amphotericin (10000 U/ml, 10000 g/
ml, and 2500 g/ml, respectively), and fetal bovine 
serum (FBS) were obtained from Gibco BRL, Life 
Technologies (NY, USA). A549 (ATCC # CRL-6323) 
and WI38 (ATCC # CRL-75) cells were purchased from 
ATCC. 3-(4,5-dimethyl-2-yl)-2,5- diphenyl tetrazolium 
bromide (MTT) reagent, agarose, and other materials 
were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). 

Cell line and culture

This project was approved by the Ethics Committee 
of Dong-Eui University of Applied Chemistry, Busan, 
Republic of Korea. Cell lines were separately grown 
as monolayers at 5% CO2 at 37˚C in the humidified 
atmosphere using appropriate media supplemented 
with 5% FBS, 2 mM glutamine, and 100 g/ml penicillin-
streptomycin. DMEM was used as the culture medium 
for A549 cells. Cells were passaged 3 times a week by 
treating with trypsin-EDTA.

MTT assay
Cytotoxic levels of amentoflavone were measured 

using MTT method as described previously by Hansen 
et al. (17). The viability of cells was quantified as a 
percentage compared to the control (optical density 
of treated cells/optical density of blank×100) and 
dose-response curves were developed. The data were 
expressed as the mean from at least three independent 

experiments and P<0.05 was considered significant.

Autophagosome detection assay
Autophagy activity was detected using a 

commercially available autophagy/cytotoxicity 
dual staining kit from Cayman Chemical Company 
(Item No. 600140). Autophagy assay was performed 
according to the manufacturer’s protocol. In brief, 
A549 cells were seeded in a 96-well plate at a density 
of 5×104 cells/well in DMEM culture medium and 
incubated overnight at 37˚C. Then, cells were treated 
with different concentrations of amentoflavone 
and tamoxifen as a positive control and incubated 
overnight. On the third day, cells were stained with 
propidium iodide (PI) and monodansylcadaverine 
(MDC) according to the manufacturer’s protocol. 
Autophagic vacuole staining intensity can be detected 
using an excitation wavelength of 335 nm and an 
emission wavelength of 512 nm using microplate 
reader (Tecan Austria GmbH, Austria). The cells were 
also analyzed by fluorescent microscopy according to 
the manufacturer’s protocol. Dead cells are stained by 
propidium iodide and can be detected with a rhodamine 
filter (excitation/emission=540/570 nm). 

Analyses of proteins expression using western blot
Western blotting was performed according to the 

standard procedures. Cells treated with different 
concentrations of amentoflavone were lysed with 
RIPA lysis buffer (Sigma Chemical Co., St. Louis, 
MO, USA). The cell lysates were resolved on a 
4-20% Novex®gradient gel (Invitrogen, USA), 
electrotransferred onto a nitrocellulose membrane 
and blocked with 10% skim milk. The primary 
antibodies (1:1,000) including p-p21(sc-12902, Santa 
Cruz Biotechnology., CA, USA), p53(sc-126X), 
p-p53(9286S, Sell Signaling Technology, MA, USA), 
ac-p53(06-758, Upstate Biotechnology Inc., NY 12946 
USA), Atg3 (sc-393623), Atg7 (2631S, Sell Signaling), 
Beclin1 (3738, Sell Signaling), LC-3 (sc-292354), Bcl-
2 (sc-492-G), β-actin (sc-1616), and their secondary 
antibodies (1:5,000) (sc-1616, sc-2354, sc-2005, Santa 
Cruz Biotechnology, CA, USA) were used to detect 
the respective proteins using a chemiluminescent ECL 
assay kit (Amersham Pharmacia Biosciences, NJ, 
USA) according to the manufacturer’s instructions. 
Protein bands were visualized using AlphaEase®gel 
image analysis software (Alpha Innotech, CA, USA) 
and protein expression was quantified by Multi Gauge 
V3.0 software (Fujifilm Life Science, Japan).

Analysis of protein expression using immunofluores-
cence staining 

Cells were seeded onto a slide chamber and were 
incubated overnight at 37˚C. Then, the cells were 
treated with different concentrations of amentoflavone. 
After 24 hours of incubation, cells were fixed with 10% 
formalin for 15 minutes at room temperature followed 
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by the permeabilization with phosphate buffer solution 
(PBS) containing 0.5% tween 20 (0.5% PBS T-20) 
and washed three times by 0.1% PBS T-20. The cells 
had preconditioning process with 5% Donkey normal 
serum and immunofluorescence staining with primary 
antibodies (anti-Atg7, anti-p53, anti-p-p21, anti-p-
mTOR) (1:500) for 24 hours at room temperature. 
After, the cells were then washed with 0.1% PBS T-20 
three times for 5 minutes, respectively and treated with 
the secondary antibodies (donkey anti-rabbit conjugated 
CY3, donkey anti-goat conjugated CY3, donkey anti-goat 
conjugated FITC, donkey anti-rabbit conjugated CY3, 
donkey anti-goat conjugated FITC, donkey anti-mouse 
conjugated FITC, donkey anti-rabbit conjugated CY3) 
(CY3 1:400, FITC 1:200) at room temperature for 1 hour. 
The cells were then washed with 0.1% PBS T-20 three 
times and PB once for 5 minutes, respectively. Finally, 
the slide was spread using DAPI solution and examined 
using iRiS™ Digital Cell Imaging System (Logos 
Biosystems, Annandale, US).

SA-β-galactosidase staining 
According to the method of Tran (8), WI38 and A549 

cells were incubated in a 24-well plate format under a 
serum starvation state for 4 days, then exposed to 5 
ng/mL of IGF-1 treatment for 6 days as a long-term 
treatment or 10 μM H2O2 treatment for 24 hours. After 
the treatment for 24 hours with a proper concentration 
of amentoflavone, the cell culture medium was 
aspirated and the cells were twice washed with PBS. 
After the last rinse, PBS was replaced with 250 μl of 
4% paraformaldehyde (PFA) for the fixation. The cells 
were incubated for 5 minutes at room temperature. 
The 4% PFA was aspirated and the cells were washed 
two times for 5 minutes each at room temperature with 
gentle shaking with 500 μl of PBS. Each well was 
exposed to 250 μl of SA-β-gal staining solution. The 
cells were incubated in the dark in a 37˚C incubator. 
The reaction was terminated when the cells were 
stained as blue-green. To terminate the reaction, the 
staining solution was aspirated and replaced with 
distilled water. The cells were washed for the second 
time with distilled water. After the last wash, 500 μl 
of distilled water was added to each well and the plate 
was observed under the microscope.

Statistical analysis
Data were analyzed using Student’s t test for paired data 

(comparison with the control group) and MEGFL. Data 
are represented as the mean of values ± S.D and obtained 
from three independent experiments (*P<0.05, **P<0.01, 
***P<0.001).

Results
Effect of amentoflavone on the cytotoxicity

The cytotoxic effect of amentoflavone was investigated 
using MTT assay. Amentoflavone above 8 μM exhibited 

the cytotoxicity in cancerous human lung fibroblasts (A549 
cells) as shown in Figure 1A. In addition, amentoflavone 
above 1 μM showed the cytotoxicity in normal human 
lung fibroblasts (WI38 cells) as shown in Figure 1B. 

Fig.1: Effect of amentoflavone on cell viability. A. Amentoflavone was 
treated to A549 cells and B. Amentoflavone was treated to WI38 cells. The 
cells were treated with amentoflavone at the indicated concentration and 
the cell viability was determined by MTT assay after 48 hours. Data are 
presented as the mean of values ± SD obtained from three independent 
experiments. The level of significance was identified statistically (*; 
P<0.05, **; P<0.01, ***; P<0.001) using Student’s t test. 

 
Effect of amentoflavone on the formation of 
autophagosome 

The effect of amentoflavone on the formation of 
autophagosome was investigated by the degree of MDC 
absorbed into autophagosome by the action of autophagy. 
Amentoflavone above 2 μM displayed a remarkable 
fluorescence image in A549 cells as shown in Figure 2A. 
It was observed that it induced autophagy by 1.7-fold 
increase compared with tamoxifen treatment group used 
as a positive control in Figure 2B. In order to examine its 
cytotoxicity at the same time, the cells were stained with 
PI. Amentoflavone above 2 μM showed PI staining 
that means the cell death as shown in Figure 2C. 

A

B
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Fig.2: Effect of amentoflavone on formation of autophagosome in A549 cells. The cells (1×105 cells) were treated with amentoflavone at the indicated 
concentration. The level of autophagosome formation was evaluated in the presence of amentoflavone or tamoxifen. A. The autophagosome was 
stained by MDC and the damaged cells or dying cells were stained by PI, B. The effect of amentoflavone on autophagy was analyzed by the fluorescence 
measurement of autophagic vacuole. The cells showing autophagic vacuoles were quantified by fold increase in green detection reagent signal, and C. The 
effect of amentoflavone on the cell viability was analyzed by the fluorescence measurement of dead cells stained by propidium iodide. Data are shown 
as the mean of values ± SD obtained from three independent experiments. The level of significance was identified statistically (**; P<0.01, ***; P<0.001) 
using Student’s t test. MDC; Monodansylcadaverine and PI; propidium iodide.

Effect of amentoflavone on the expression of Atg7 and 
autophagy-related proteins

In order to confirm the effect of amentoflavone on 
the induction of autophagy, the expression of Atg7, 
an autophagic marker, was examined in A549 cells 
using immunofluorescence analysis. Cell nuclei were 
labeled with blue DAPI fluorescence dye and the target 
protein Atg7 was stained with a red CY3 fluorescence 
dye as shown in Figure 3A. It was confirmed that 
amentoflavone at 4 μM exhibited a higher red image 
than tamoxifen at 20 μM used as a positive control, 
indicating that amentoflavone could induce a higher 
expression of Atg7 protein related to induction of 
autophagy. Western blotting was also carried out to 
examine the level of autophagy-related proteins by 
amentoflavone. Amentoflavone at 8 μM remarkably 
increased the levels of LC3, Becline1, and Atg7 
involved in the formation of autophagosome in A549 
cells as shown in Figure 3B and 3C. Moreover, it was 
found that it can increase the levels of above-mentioned 
proteins at a higher level than the tamoxifen group. 
However, amentoflavone decreased the level of Bcl-2 

protein, an anti-autophagy marker, and did not affect 
the level of Atg3. 

Effect of amentoflavone on the expression of proteins 
related to p53 signaling pathway

In order to investigate the effect of amentoflavone 
on p53 signaling pathway involved in the senescence 
mechanism, immunofluorescence for p53 and p21 
proteins were performed in this study. The nucleus of 
A549 cells was stained with DAPI, and the p-p21 and 
p53 proteins were labeled with green FITC and red 
CY3 fluorescence dyes, respectively. Amentoflavone 
treatment above 2 μM or 4 μM remarkably increased 
the levels of p53 protein and p-p21 proteins, 
respectively, as shown in Figure 4A. The effect on the 
level of proteins related to p53 signaling pathway was 
examined using western blot analysis. Amentoflavone 
above 2 μM increased the level of p53 as shown in 
Figure 4B and C. Similarly, the level of p-p21 protein 
was enhanced in the presence of amentoflavone above 
2 μM. However, amentoflavone above 2 μM decreased 
the level of acetyl-p53.

A

C

B
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Fig.3: Effect of amentoflavone on the expression of Atg7 and autophagy-
related proteins. A. The images of Atg7 immunofluorescence-stained 
A549 cells were shown by the red color. The arrows show Atg7 has 
been localized to the cell cytosol (scale bar: 100 µm), B. The effect 
of amentoflavone on protein expressions of LC3, Bcl-2, Beclin1, Atg3, 
Atg7, and β-actin was analyzed by western blot, and C. The level of 
proteins expression was quantified by Multi Gauge V3.0 software. Data 
are presented as the mean of values ± SD from three independent 
experiments. The level of significance was identified statistically (***; 
P<0.001) using Student’s t test. 

Fig.4: Effect of amentoflavone on the expression of proteins related 
to p53 signaling pathway. A. The images of p53 (FITC) and p-p21 (CY3) 
immunofluorescence-stained A549 cells were shown by the green 
and red color, respectively. Arrows show p53 and p-p21 have been 
localized to the cell cytosol or nuclear (scale bar: 100 µm), B. The 
effect of amentoflavone on protein expressions of p-p21, p53, ac-p53, 
and p-p53 was analyzed by western blot, and C. The level of protein 
expressions was quantified by Multi Gauge V3.0 software.
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Immunofluorescence analysis for the effect of 
amentoflavone on expression of SIRT1 

The anti-aging effect of amentoflavone was investigated 
by the analysis of SIRT1 protein expression involved in 
the senescence mechanism using immunofluorescence 
staining. The nucleus of the cell was stained with DAPI, 
and the SIRT1 protein was labeled with a red CY3 
fluorescence dye, respectively. Resveratrol treatment 
used as a positive control showed the highest level of 
SIRT1 protein in the treatment groups as shown in Figure 
5. Although the effect of amentoflavone on the level of 
SIRT1 was lower than that of the resveratrol treatment 
group, it remarkably increased the level of SIRT1 
compared with the blank group.  

Fig.5: Immunofluorescence analysis of the effect of amentoflavone on 
expression of SIRT1. The images of SIRT1 (CY3) immunofluorescence-
stained A549 cells were shown by the red color. The cells were cultured 
in the presence of amentoflavone and detected with a rabbit polyclonal 
antibody against SIRT1. Arrows show SIRT1 has been localized to the cell 
cytosol. Res stands for resveratrol used as a positive control in this study 
(scale bar: 100 µm).

Effect of amentoflavone on cell aging in A549 cells and 
WI38 cells 

The effect of amentoflavone on aging of A549 cells was 
investigated using SA-β-galactosidase staining assay as 
a senescence marker. In this study, the aging of cells was 
induced by the short-term of treatment with H2O2 at 10 μM. 
H2O2 treatment showed a higher blue staining image than 
the blank group, indicating that H2O2 can induce the cell 

aging as shown in Figure 6A. However, amentoflavone 
treatment remarkably decreased the blue staining image 
induced by H2O2, indicating that the cell aging induced 
by H2O2 is inhibited by amentoflavone. The effect of 
amentoflavone on senescence was also examined using 
SA-β-galactosidase staining assay normal lung fibroblasts 
(WI38 cells). The senescence of WI38 cells was induced 
by the long-term treatment of 5 ng/mL of IGF-1 or the 
treatment with H2O2 at 10 μM. The IGF-1 treated group 
exhibited a good phenotype of the cellular senescence 
showing a strong blue staining with a wide flattened shape, 
a typical shape of the aged cell as shown in Figure 6B. 
H2O2treated group showed the phenotype of the cellular 
senescence but the shape of the aged cell was slightly 
less than the IGF-1 treated group. It was observed that 
the amentoflavone treatment group above 2 μM reduced 
the degree of blue staining and increased the cell size into 
the wide flattened shape, indicating that amentoflavone 
reduces the senescence.  

Fig.6: Effect of amentoflavone on senescence-associated (SA)-β-galact
osidase staining in A549 cells and in human lung fibroblast cells (WI38). A. 
After the cells were treated with amentoflavone and H2O2 (10 μM) for 24 
hours, SA-β-gal staining was carried out (scale bar: 100 μm). The senescent 
cells were stained by the blue color and B. After the cells were treated with 
amentoflavone and IGF-1 (5 ng/mL) for 6 days or H2O2 (10 μM) for 24 hours, 
SA-β-gal staining assay was carried out (scale bar: 100 µm). 

A
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Discussion
As various studies on longevity have progressed, a 

variety of pathways associated with aging have been found 
and some gene manipulations succeed the life extension 
of the simple model such as the nematode (18) .In recent 
years, autophagy is closely related to the aging. Fasting 
related to IGF-1 pathway and rapamycin associated 
with mTOR mechanism necessarily require autophagy 
process for the life extension (19). Therefore, this study 
focused on the investigation whether the inductive effect 
of amentoflavone, a biflavonoid compound contained in 
Selaginella tamariscina, on autophagy could modulate the 
senescence induced by the long-term of IGF-1 treatment 
via p53 and SIRT1 signaling pathway.

In the first place, the effect of amentoflavone on the 
induction of autophagy was determined by the formation of 
autophagosome that is the first step in autophagy process. 
Beclin1 (Atg6) and class Ⅲ phosphatidylinositol 3-kinase 
(PI3 kinase) form a complex with Vps34, creating inactive 
form of the autophagosome (20).  Amentoflavone increased 
the formation of such autophagosome and, remarkably, also 
enhanced the level of Beclin1 in A549 cells. Amentoflavone 
exhibited a higher effect than tamoxifen used as a positive 
control in forming autophagosome. Amentoflavone is believed 
to promote the formation of the initial autophagosome by 
increasing not only the extension of the phagophore and the 
expression of LC3 (Atg8) protein promoting the formation 
of autophagosome but also the expression of Atg7 activating 
its ubiquitination. Ubiquitin-like protein of Atg8 exists in a 
complex form (Atg8-PE) with phosphatidylethanolamine 
(PE) in autophagic membranes (or phagophore) and 
mediates the fusion portion of liposomes containing Atg8-
PE and tethering in in vitro system (21). Therefore, the 
positive effect of amentoflavone on the expression of LC3 
and Atg7 proteins could affect even after the formation 
autophagosome, and the effect of amentoflavone on a later 
stage of autophagy should be further studied. 

These findings confirm that amentoflavone strongly 
promotes the autophagy process in the early stage, in 
particular by increasing the formation of autophagosome 
than tamoxifen by increasing the level of the Beclin1, 
Atg7, and LC3 proteins. Moreover, a previous study 
reported that the crosstalk between autophagy and 
apoptosis can be modulated by the interaction between 
Bcl-2 family proteins and Beclin1, a Bcl-2 interacting 
protein that promotes autophagy (22). 

On the other hand, it was previously reported that 
apigenin. The monomer of amentoflavone, inhibits 
mTOR, an autophagy repressor, and its downstream target 
p70S6K, but does not alter the level of Beclin1, (23). In 
addition, it was found that the induction of autophagy by 
apigenin-mediated AMPK activation is accompanied by 
the inhibition of the mTOR signaling pathway as a potent 
chemopreventive agent (24).

In this study, amentoflavone inhibited the protein 
expression of Bcl-2, which is consistent with the previous 

report that Bcl-2 not only acts as an anti-apoptosis factor 
but also functions as an anti-autophagy factor (25), 
indicating that amentoflavone could induce apoptosis. 
Amentoflavone decreased the level of Bcl-2 protein 
which inhibits the formation of Bcl-2-Beclin1, complex 
and promotes the dissociation of Beclin1, leading to the 
induction of autophagy as well as apoptosis which is 
promoted by the inhibition of Bcl-2 protein (26). At this 
point, the action mechanism of amentoflavone on the 
induction of autophagy is distinct from that of apigenin.

The previous studies have suggested that amentoflavone 
has a great development potential as an anti-cancer drug 
on apoptosis in this inductive effect (25, 27). Our findings 
also suggest that amentoflavone could be developed 
as a potential anti-cancer drug. Although p53 induces 
apoptosis, it is a tumor suppressor protein which is closely 
involved in the development of cancer (28). Moreover, 
p53 protein is closely related to the aging mechanism 
(29). SIRT1 and p53 proteins have been reported to play 
a key role in the senescence induced by the insulin-like 
growth factor-1 (8). The activity of SIRT1, suppressed 
by the treatment of IGF-1 in the long-term, reduces 
the deacetylation of p53, resulting in the induction of 
senescence. In another report, SIRT1 suppresses the 
senescence in normal cells such as HDF, but it induces 
the senescence in some cancer cells such as MCF-7 and 
H1299 by inhibiting their growth and proliferation (30, 
31). Thus, SIRT1 is an important factor in determining 
the activity of p53 (8). The activation of p53 protein is 
made by the SIRT1, as a histone deacetylase, that directly 
deacetylates p53 protein (32). In this study, amentoflavone 
increased the level of p53 protein, matching the increase 
of p-p21 expression activated by the p53 transcription 
factor. However, the level of acetyl-p53 protein was 
decreased by amentoflavone. 

Although the expression of p53 is increased by 
amentoflavone, the activation of the p53 protein by the 
increased SIRT1 is believed to be offset. Therefore, this 
result is explained to be caused by the increased expression 
of SIRT1. The previous studies on the interaction of SIRT1 
with p53 protein support that amentoflavone increases 
the level of p53 protein, but rather its increase in SIRT1 
level explains very well our result that it could induce 
autophagy higher than apoptosis (8, 33). Moreover, most 
of aging studies have reported that the accumulation of 
p53 protein causes the aging of cells, but the explanation 
on the aging of an organism is not sufficient yet by the 
accumulation of p53 protein alone. In fact, p53 protein 
inhibits the aging of cells, and the inhibitory effect of the 
cell aging by p53 protein disappears by nutrin3a, a p53 
inhibitor (34). Finally, the study on the premature aging 
of WI38 cells induced by H2O2  and the long-term of IGF-
1 confirmed that amentoflavone could inhibit the aging 
of these cells. In this study, we investigated to observe 
the effect of amentoflavone on the induction of autophagy 
at the protein level, and how the induction of autophagy 
affects the aging of the cell. 
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Conclusion
Amentoflavone increases the expression of Beclin1, 

Atg7, Atg8, and LC3 proteins but decreases the expression 
of Bcl-2, leading to the promotion of initial autophagy 
by contributing to the formation of autophagosome. 
Furthermore, the inductive effect of autophagy by 
amentoflavone reduced the senescence. In addition, the 
levels of p53 and SIRT1 proteins were increased in the 
presence of amentoflavone. Therefore, these results 
suggest that amentoflavone increases the survival rate of 
cells by the induction of autophagy, which is expected as 
a potential candidate inhibiting various diseases related to 
autophagy and cell aging. 

Acknowledgments 
We wish to thank Professor Yunghee Oh for the kind 

advice and help on the experiment of this study. We don’t 
have any financial support and conflicts of interest in this 
study.

Authors' Contributions
M.-M.K.; Contributed to the conception and design, 

all experimental work, data, and statistical analysis 
interpretation of the data and overall supervision. H.-J.P; 
Contributed to experimental work and the interpretation of 
data. All authors read and approved the final manuscript.

References
1. Di Carlo G, Mascolo N, Izzo AA, Capasso F. Flavonoids: old and 

new aspects of a class of natural therapeutic drugs. Life Sci. 1999; 
65(4): 337-353.

2. Zhang YX, Li QY, Yan LL, Shi Y. Structural characterization and 
identification of biflavones in Selaginella tamariscina by liquid chro-
matography-diode-array detection/electrospray ionization tandem 
mass spectrometry. Rapid Commun Mass Spectrom. 2011; 25(15): 
2173-2186. 

3. Banerjee T, Valacchi G, Ziboh VA, van der Vliet A. Inhibition of TN-
Falpha-induced cyclooxygenase-2 expression by amentoflavone 
through suppression of NF-kappaB activation in A549 cells. Mol 
Cell Biochem. 2002; 238(1-2): 105-110.

4. Kim HP, Son KH, Chang HW, Kang SS. Anti-inflammatory plant 
flavonoids and cellular action mechanisms. J Pharmacol Sci. 2004; 
96(3): 229-245.

5. Sung B, Chung HY, Kim ND. Role of apigenin in cancer prevention 
via the induction of apoptosis and autophagy. J Cancer Prev. 2016; 
21(4): 216-226. 

6. Peleg S, Feller C, Ladurner AG, and Imhof A. The metabolic impact 
on histone acetylation and transcription in ageing. Trends Biochem 
Sci. 2016; 41(8): 700-711.

7. Rai P, Troen BR. Cellular and molecular aging. In: Gordon DA, 
Katlic MR, editors. Pelvic floor dysfunction and pelvic surgery in 
the elderly. New York: Springer; 2017; 39-52.

8. Tran D, Bergholz J, Zhang H, He H, Wang Y, Zhang Y, et al. Insulin-
like growth factor-1 regulates the SIRT1-p53 pathway in cellular 
senescence. Aging Cell. 2014; 13(4): 669-678. 

9. Korotchkina LG, Leontieva OV, Bukreeva EI, Demidenko ZN, Gud-
kov AV, Blagosklonny MV, et al. The choice between p53-induced 
senescence and quiescence is determined in part by the mTOR 
pathway. Aging (Albany NY). 2010; 2(6): 344-352.

10. Jain P, Sharma P, Shrivastava A, Saran S. Dictyostelium discoideum: 
A model system to study autophagy mediated life extension. Topics in 
biomedical gerontology. Singapore: 2017; Springer; 35-55.

11. Deutsch VR, Tomer A. Megakaryocyte development and platelet 
production. Br J Haematol. 2006; 134(5): 453-466.

12. McDonald TP, Sullivan PS. Megakaryocytic and erythrocytic cell 
lines share a common precursor cell. Exp Hematol. 1993; 21(10): 
1316-1320.

13. Cao Y, Cai J, Zhang S, Yuan N, Li X, Fang Y, et al. Loss of au-
tophagy leads to failure in megakaryopoiesis, megakaryocyte 
differentiation, and thrombopoiesis in mice. Exp Hematol. 2015; 
43(6): 488-494.

14. Gomes LC, Odedra D, Dikic I, Pohl C. Autophagy and modular re-
structuring of metabolism control germline tumor differentiation and 
proliferation in C. elegans. Autophagy. 2016; 12(3): 529-546.

15. Cao Y, Klionsky DJ. Physiological functions of Atg6/Beclin 1: a 
unique autophagy-related protein. Cell Res. 2007; 17(10): 839-849.

16. Levine B, Kroemer G. Autophagy in the pathogenesis of disease. 
Cell. 2008; 132(1): 27-42.

17. Hansen MB, Nielsen SE, Berg K. Re-examination and further de-
velopment of a precise and rapid dye method for measuring cell 
growth/cell kill. J Immunol Methods. 1989; 119(2): 203-210.

18. Metheetrairut C, Suthammarak W. Caenorhabditis elegans, an in-
vertebrate model organism for biomedical research. Siriraj Med J. 
2016; 67(3): 149-154.

19. Jung CH, Ro SH, Cao J, Otto NM, Kim DH. mTOR regulation of 
autophagy. FEBS Lett. 2010; 584(7): 1287-1295. 

20. Juhász G, Hill JH, Yan Y, Sass M, Baehrecke EH, Backer JM, et 
al. The class III PI (3) K Vps34 promotes autophagy and endocyto-
sis but not TOR signaling in Drosophila. J Cell Biol. 2008; 181(4): 
655-666.

21. Nakatogawa H, Ichimura Y, Ohsumi Y. Atg8, a ubiquitin-like protein 
required for autophagosome formation, mediates membrane teth-
ering and hemifusion. Cell. 2007; 130(1): 165-178. 

22.  Erlich S, Mizrachy L, Segev O, Lindenboim L, Zmira O, Adi-Harel 
S, et al. Differential interactions between Beclin 1 and Bcl-2 family 
members. Autophagy. 2007;3(6): 561-568.

23. Ruela-de-Sousa RR, Fuhler GM, Blom N, Ferreira CV, Aoyama H, 
Peppelenbosch MP. Cytotoxicity of apigenin on leukemia cell lines: 
implications for prevention and therapy. Cell Death Dis. 2010; 1: 
e19. 

24. Tong X, Smith KA, and Pelling JC. Apigenin, a chemopreventive 
bioflavonoid, induces AMP‐activated protein kinase activation in 
human keratinocytes. Mol Carcinog. 2012; 51(3): 268-279.

25. Hwang IS, Lee J, Jin HG, Woo ER, Lee DG. Amentoflavone stimu-
lates mitochondrial dysfunction and induces apoptotic cell death in 
Candida albicans. Mycopathologia. 2012; 173(4): 207-218. 

26. Guruvayoorappan C, Kuttan G. Amentoflavone stimulates apopto-
sis in B16F-10 melanoma cells by regulating bcl-2, p53 as well as 
caspase-3 genes and regulates the nitric oxide as well as proin-
flammatory cytokine production in B16F-10 melanoma cells, tumor 
associated macrophages and peritoneal macrophages. J Exp Ther 
Oncol. 2008; 7(3): 207-218.

27. Pei JS, Liu CC, Hsu YN, Lin LL, Wang SC, Chung JG, et al. Amen-
toflavone induces cell-cycle arrest and apoptosis in MCF-7 human 
breast cancer cells via mitochondria-dependent pathway. In Vivo. 
2012; 26(6): 963-970.

28. Brown JM, Wouters BG. Apoptosis, p53, and tumor cell sensitivity 
to anticancer agents. Cancer Res. 1999; 59(7): 1391-1399.

29. Chen Z, Trotman LC, Shaffer D, Lin HK, Dotan ZA, Niki M, et al. 
Crucial role of p53-dependent cellular senescence in suppression 
of Pten-deficient tumorigenesis. Nature. 2005; 436(7051): 725-730.

30. Ota H, Tokunaga E, Chang K, Hikasa M, Iijima K, Eto M, et al. Sirt1 
inhibitor, Sirtinol, induces senescence-like growth arrest with at-
tenuated Ras–MAPK signaling in human cancer cells. Oncogene. 
2005; 25(2): 176-185.

31. Huang J, Gan Q, Han L, Li J, Zhang H, Sun Y, et al. SIRT1 over-
expression antagonizes cellular senescence with activated ERK/
S6k1 signaling in human diploid fibroblasts. PLoS One. 2008; 3(3): 
e1710. 

32. Solomon JM, et al. Inhibition of SIRT1 catalytic activity increases 
p53 acetylation but does not alter cell survival following DNA dam-
age. Mol Cell Biol. 2006; 26(1): 28-38.

33. Kamel C, Abrol M, Jardine K, He X, McBurney MW. SirT1 fails to 
affect p53-mediated biological functions. Aging Cell. 2006; 5(1): 
81-88. 

34. Efeyan A, Ortega-Molina A, Velasco-Miguel S, Herranz D, Vassi-
lev LT, Serrano M. Induction of p53-dependent senescence by the 
MDM2 antagonist nutlin-3a in mouse cells of fibroblast origin. Can-
cer Res. 2007; 67(15): 7350-7357. 


	bt0010
	_Hlk497768080
	_GoBack
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_13
	_ENREF_16
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_25
	_ENREF_26
	_ENREF_28
	_ENREF_31
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_39
	_ENREF_40
	OLE_LINK50
	OLE_LINK53
	OLE_LINK54
	OLE_LINK57
	OLE_LINK58
	OLE_LINK7
	OLE_LINK8
	OLE_LINK55
	OLE_LINK56
	OLE_LINK63
	OLE_LINK43
	OLE_LINK44
	OLE_LINK19
	OLE_LINK20
	OLE_LINK31
	OLE_LINK32
	OLE_LINK35
	OLE_LINK36
	OLE_LINK15
	OLE_LINK16
	OLE_LINK64
	OLE_LINK33
	OLE_LINK34
	OLE_LINK39
	OLE_LINK40
	OLE_LINK21
	OLE_LINK22
	OLE_LINK3
	OLE_LINK4
	OLE_LINK13
	OLE_LINK14
	OLE_LINK1
	OLE_LINK2
	OLE_LINK45
	OLE_LINK46
	OLE_LINK47
	OLE_LINK48
	OLE_LINK62
	_ENREF_3
	_ENREF_4
	_ENREF_6
	_ENREF_7
	_ENREF_14
	_ENREF_18
	_ENREF_21
	_ENREF_25
	_ENREF_27
	_ENREF_33
	OLE_LINK29
	OLE_LINK28
	OLE_LINK26
	OLE_LINK27
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_ENREF_3
	_ENREF_6
	_ENREF_7
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_25
	_ENREF_29
	_ENREF_30
	_GoBack
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	OLE_LINK10
	_ENREF_2
	_ENREF_3
	_ENREF_6
	_ENREF_8
	_ENREF_10
	_ENREF_12
	_ENREF_14
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_28
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_35
	_ENREF_36
	_ENREF_38
	_ENREF_39
	_GoBack
	_GoBack
	_Hlk514817022
	_Hlk514550375
	_Hlk514550646
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_GoBack
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_12
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_28

