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Abstract : Oxidative stress in keratinocytes induces cytoprotective events, such as
autophagy and cellular senescence. The present study investigated whether an induction
of autophagy and cellular senescence can be observed in oxidative-stressed
keratinocytes to allow those cells to maintain a cytoprotecitve state. We examined that
the effect of various inhibitors on the induction of both autophagy and senescence in
H,0,-treated HaCaT cells via Western blotting and immunocytochemical assays.
H,0O»-treated cells exhibited increased expression of the senescent markers, p21 and
Decades (Decl), in addition to increased and decreased numbers of
senescence-associated [3-galactosidase (SA-pP-gal) — and Ki-67—positive cells,
respectively. These senescent cells also displayed upregulation of the autophagy marker,
LC3-II. Attenuation of LC3-II expression using 3-methyladenin inhibited H,O,-
autophagy and cellular senescence. Our Western blotting results revealed that
H,0,-induced autophagy was regulated independently by the negative feedback
pathway of a mammalian target of rapamycin. By contrast, H,O,-induced autophagy
and cellular senescence depended on the activation of the p38 mitogen-activated protein
kinase o (MAPKa) pathway mediated by the intracellular reactive oxygen species
(ROS) production. Furthermore, a suppression of autophagy by 3-methyladenine
promoted an induction of apoptosis in H>O,-treated cells, suggesting that autophagy, in
association with the cellular senescence, may induce the cytoprotection under the

oxidative stress. Our findings suggest that the acceleration of both events may allow



stressed cells to maintain the cytoprotective effects and may be regulated, in part, by
p38 MAPK activation through the intracellular production of ROS.
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Introduction

Cells respond to stress via several processes ranging from cytoprotective functions
that activate signaling pathways to cytotoxic events that elicit apoptosis to eliminate
damaged cells. It is becoming apparent that macroautophagy (hereafter referred to as
autophagy), which involves the formation of double-membrane vesicles
(autophagosomes) and facilitates the maintenance of cellular homeostasis through
cytoplasmic and organelle turnover, is a major component of the cellular stress response
2 Cells exposed to oxidative stress exhibit increased autophagy activity ***. However,
the mechanisms by which oxidative stress induces increased autophagy have remained
unclear.

Cellular senescence is a process by which cells remain in a state of cell growth
arrest, but maintain metabolicalic activity with several distinctive morphological
changes, such an enlarged and flattened cell shape and the ability to be visualized using
the widely accepted and used marker, senescence-associated beta-galactosidase
(SA-B-gal) ™. In addition to autophagic induction, oxidative stress also induces cellular

senescence . It has been suggestively reported that the molecular pathways regulating



autophagy and cellular senescence in the cells exposed to oxidative stress may be
interconnected '*'¥.

Oral epithelium of the oral mucosa primarily consists of multilayered renewing
keratinocytes, and this structure forms the extremely important barrier which is
responsible for the defensive responses against various environmental stimulators, such
as heat, cold, trauma, radiation, and infection. Recent studies indicate that autophagy
plays a crucial role on keratinocyte biology and pathology '*'®. Oxidative stress
generates intracellular accumulation of H,O, that could enhance autophagy to eliminate
the oxidative-damaged mitochondria and nuclei, and initiate the cellular senescence in
keratinocytes '*. However, an inducible interaction between autophagy and
keratinocyte senescence remains unclear, under oxidative stress conditions.

The levels of reactive oxygen species (ROS) increase in response to different types
of stresses, including oxidative stress > *". During exposure to oxidative stress,
increased ROS may lead to the acceleration of both autophagy and cellular senescence
22 However, the precise mechanisms of the ROS-mediated induction of autophagy
and cellular senescence during exposure to the oxidative stress remain unclear. This
study aimed to elucidate whether an induction of both autophagy and cellular
senescence, through increased production of intracellular ROS, can be observed in

oxidative-stressed keratinocytes and whether both inducible events can allow stressed

cells to maintain a cytoprotecitve state.



Materials and Methods

Reagents and antibodies

SB203580 (4-[4-fluorophenyl]-2-[4- methylsulfinylphenyl]-5- [4-pyridyl]
1H-imidazole SB) was purchased from LC Laboratories (Woburn, MA, USA).
3-Methyladenine (3-MA), N-acetylcysteine (NAC), pifithrin-o. (PFTa), Hoechst 33324,
and the monoclonal antibody against f3-actin (ACTB) were purchased from Sigma (St.
Louis, MO, USA). Antibodies against Decades (Decl) and p21Cipl/WAFl (p21) were
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Antibodies
against p38 mitogen-activation protein kinase o (p38 MAPKa), phosphorylated p38
MAPKa (p-p38 MAPKa), phosphorylated p70S6K (p-p70S6K), phosphorylated
4E-BP1 (p-4E-BP1), phosphorylated AKT (s473) (p-AKT), Ki-67, p53, phosphorylated
p53 (p-p53), cleaved poly (ADP-ribose) polymerase (PARP), B-cell lymphoma 2
(Bcl-2), and Bcl-2-associated X protein (Bax) were purchased from Cell Signaling
Technology (Delaware, CA, USA). Rabbit polyclonal antibodies against
microtubule-associated protein light chain 3 (LC3) and beclin-1 (BECN1) were
purchased from MBL (Tokyo, Japan). Annexin V, Alexa Fluor 568 conjugate, Alexa
Fluor 488-conjugated goat anti-rabbit IgG and rabbit anti-mouse IgG were purchased

from ThermoFisher Scientific (Commonwealth, MA, USA).



Cell culture

HaCaT cells, a human keratinocyte line, were maintained in high-glucose
Dulbecco’s modified Eagle’s medium (DMEM; Wako, Osaka, Japan) supplemented
with 10% (v/v) fetal bovine serum (FBS; HyClone Laboratories, Inc., South Logan, UT,
USA) and 1% penicillin and streptomycin (Anti-Anti; Invitrogen, Carlsbad, CA, USA)
at 37°C in a humidified incubator with 5% CO,. For H,O, stimulation, HaCaT cells at
approximately 80% confluence were exposed to 300 uM H,0, diluted in DMEM

supplemented with 10% FBS for 0 - 72 h.

Cell viability assay

To determine cell viability, HaCaT cells treated with or without H,O, were washed
with phosphate-buffered saline (PBS), harvested from the dishes via trypsinization,
resuspended in PBS, and diluted 1:1 in 0.4% trypan blue solution. Cell viability was
calculated using a Countess” Automated Cell Counter (Invitrogen) according to the

manufacturer’s procedures.

Senescence-associated 3-galactosidase (SA-B-gal) staining
SA-B-gal staining in HaCaT cells was performed using a Senescence Cells
Histochemical Staining Kit (Sigma-Aldrich), according to the manufacturer’s

instructions. Positive senescent cells were identified as colored cells using light



microscopy. A hundred cells were counted in 5 random fields to determine the

percentage of SA-f-gal positive cells.

Immunocytochemistry

Antibodies against Ki-67, LC3, and cleaved PARP were used in
immunocytochemistry. Cultured cells on 10-well glass slides were fixed with 4%
paraformaldehyde for 10 min and washed in 0.1% Triton X-100 in PBS for 15 min. The
cells were incubated with primary antibodies for 2 h at room temperature. After washing
with PBS, the cells were incubated with anti-mouse IgG or anti-rabbit IgG with Alexa
Fluor 488 at room temperature for 45 min. Furthermore, we performed a double
immunofluorescent staining on the fixed cells comprising mixtures of cleaved PARP
and annexin V. After an incubation of anti-cleaved PARP antibody, the cells were
incubated a mixture of anti-rabbit IgG antibody conjugated to Alexa Fluor 488 and
annexin V conjugated to Alexa Fluor 568. To visualize the nuclei, cells were

counterstained with Hoechst 33324.

Western blot analysis
The cells were lysed in Cell Lysis Buffer (Cell Signaling Technology) containing a
1% protease/phosphatase inhibitor cocktail (Cell Signaling Technology). The protein

content was measured using a protein assay kit (Pierce, Hercules, CA, USA). Protein



samples (15 ug), together with a protein marker (Precision Plus Protein Western C
Standards; Bio-Rad, Richmond, CA, USA), were separated on 12% Mini-protean TGX
gels (Bio-Rad) for 30 min at 200V.The separated proteins were transferred to a
polyvinylidene fluoride membrane for 3 min using the Trans-Blot Turbo Transfer
system (Bio-Rad) with Trans-Blot Transfer Packs. Western blots were processed on the
iBind Western System (Life Technologies, Carlsbad, CA, USA). The incubated
membranes were developed using an enhanced chemiluminescence system (Signal Fire
Plus ECL Reagent; Cell Signaling Technology). The band density was quantified using

the NIH-Image J software and normalized to that of ACTB.

Analysis of intracellular ROS production

A fluorescent assay of intracellular ROS production was determined using a
CellROX" Green Reagent (Invitrogen) according to the manufacturer’s manual. The
production of intracellular ROS was detected as green-stained cells via fluorescence

microscopy.

Statistical analysis
A statistical analysis used STAT VIEW (STAT VIEW for Windows, version 5). The
analysis was performed with one-way analysis of variance (ANOVA) and Scheffe’s

multiple comparison test or Student’s t-test to determine the statistical differences



among the samples. Data are presented as the mean + standard deviation (SD) and P

values < 0.05 were considered to be statistically significant.

Results
Induction of cellular senescence in HaCaT cells exposed to H,0;

Exposure of cells to H>O; can result in stress induced premature senescence (SIPS)
*_To investigate whether oxidative stress can induce in cellular senescence in HaCaT
cells, we treated cultured HaCaT cells with 300 uM H,O, for 0—72 h. We first examined
the effect of H,O; on the viability of HaCaT cells via trypan blue dye exclusion (Fig.
1A), wherein we observed a significant decrease in the cell viability during the
treatment with H,O,. After 12 and 24 h of exposure to H,O,, cell viability was
decreased by approximately 20% and 40%, respectively. Fig. 1B shows the
representative phase contrast images of HaCaT cells treated with or without H,O,.
H,O»—treated cells exhibited an enlarged cell size and the accumulation of cytoplasmic
granules, reflecting some of the morphological characteristics of cellular senescence
25-27)

SA—P—gal is the most widely known biomaker of cellular senescence **. We
examined SA—f—gal staining in HaCaT cells treated with or without 300 uM H,O, for
24 h (Fig. 2A). Microscopic analysis revealed an increase in the number of SA—f§ —gal—

positive HO,—treated cells (0.0 + 0.0% [control] versus 11.2 + 4.4% [treated]; n=3, p =

10



0.025) (Fig. 2B). We also examined changes in the number of Ki-67—positive cells
among H,O,—treated cells, as a recent study has proposed that Ki-67 as a candidate
marker for cellular senescence **. Immunofluorescence analysis revealed a decrease in
the number of Ki-67-positive cells among those treated with 300 uM H,O, for 24 h
(39.9 £ 5.5% [control] versus 11.2 + 3.2% [treated]; n =3, p = 0.041) (Figs. 3Aand B).
These results suggest that H,O,-treated cells may have a decreased proliferative activity.
We next performed Western blotting assay of senescence-related proteins in HaCaT
cells treated with or without 300 uM H,O,. The protein expression levels of p21 and
Decl, the established markers for senescence 13, 30), were enhanced after 24 h of H,O,
treatment (Fig. 4). These results are in accordance with those of phase contrast imaging,

SA-B-gal staining, and Ki-67 immunostaining.

H0:; treatment induces autophagy in HaCaT cells

Cellular stress induces autophagy in cells as one of cellular survival program .
We examined whether 300 uM H,O, could induce autophagy in HaCaT cells. LC3
exists in two molecular forms, LC3-I (18 kDa) is cytosolic, whereas LC3-1I (16 kDa)
binds to the autophagosomal membrane and serves as a marker of defective
autophagosome formation *".

Following treatment with 300 uM H,O, for 0 - 72 h, respectively, LC3-II

expression increased in a time-dependent manner, peaking at 24 h, and then declining

11



(Fig. 5). A time point of 24 h for increased LC3-II expression is in line with that for
senescence induction.

Autophagosome formation was examined further by fluorescence microscopic
analysis of immunocytostaining with anti-LC3 antibody. The amount of LC3-II directly
correlated with the number of autophagosomes >*. H,0,-treated cells exhibited
characteristic punctate LC3-II fluorescence, whereas the green fluorescence of untreated
(control) cells remained cytosolic and diffuse (Fig. 6A). As shown in Fig. 6B, the
number of autophagosomes increased in HaCaT cells treated with 300 pM H,0O,
compared with that in untreated (control) cells (4.5 = 1.8 % [control] versus 59.2 +
9.6% [treated]; n = 3, p = 0.016). These results indicate that HaCaT cells treated with

H,0, can induce both senescence and autophagy in HaCaT cells.

The induction of cellular senescence regulated by H,0;-induced autophagy

To elucidate whether autophagy could regulate oxidative stress-induced senescence
through the expression of senescent markers, the expression of LC3-II in HaCaT cells
was pharmacologically downregulated using 3-MA, an inhibitor of PI3K class III >,
prior to their exposure to H,O,. HaCaT cells were preincubated with 5 mM 3-MA for 2
h and then treated with 300 uM H,O, for 24 h. 3-MA pretreatment reduced the

expression of LC3-II (Fig. 7). In line with the Western blotting data, 3-MA diminished

the formation of LC3 puncta (Fig. 8). As shown in Fig. 9A, the percentage of

12



LC3-positive autophagosomes was remarkably diminished in 3-MA pretreated HaCaT
cells (50.7 £ 6.5% [H,O,-treated] versus 13.7 £ 6.1% [3-MA pretreated]; n=3,
p=0.0082). These results indicate that 3-MA pretreatment can pharmacologically reduce
the induction of autophagy in H,O,-treated HaCaT cells.

We next investigated whether the pharmacological suppression of autophagy could
affect H,O,-induced cellular senescence in HaCaT cells. Fig. 7 shows that 3-MA
pretreatment attenuated the expression of both p21 and Decl. In line with the Western
blotting data, the intensity of both SA-f-gal and Ki-67 staining indicated anti-senescent
activity. 3-MA-—pretreated cells exhibited less SA-f-gal staining than cells that were not
pretreated after exposure to H>O, (4.5 + 1.5 % [3-MA- pretreated] versus 11.8 +3.9 %
[no 3-MA-—pretreamtnet]: n=3, p=0.035) (Fig. 9B left). By contrast, the number of
Ki-67-positive cells was elevated among HaCaT cells pretreated with 3-MA compared
with the findings for cells that were not pretreated (42.4 + 6.9 % [3-MA—pretreated]
versus 11.0 + 3.2% [no 3-MA—pretreatment]: n=3, p=0.024) (Fig. 9B right). These
findings suggest that autophagy may regulate oxidative stress-induced senescence

through p21 and Decl expression.

H0:-induced autophagy in HaCaT cells is regulated independently by the

mammalian target of rapamycin (mTOR ) pathway

13



Recent studies indicated that autophagy was activated during starvation and
oncogenic stress-induced senescence in association with negative feedback in the
mTOR pathway *». We therefore investigated whether H,O, treatment could accelerate
autophagy suppressed by the mTOR pathway through analysis of the levels of
p-p70S6K, p-4E-BP1, and p-AKT (s473), as p70S6K and 4EBP1 are the downstream
targets of mTOR complex 1 (mTORC1) and p-AKT (s473) is a phosphorylated product
of mTOR complex 2 (mTORC2) 33 HaCaT cells treated with H,O, increased the
autophagy activity, as the H,O»-treated cells displayed increased expression of both
LC3-1I and BECNI (also known as Atg6) (Fig. 10). BECNI1 is involved in the
formation of the autophagosomes '***. Conversely, the levels of p-p70S6K, p-4E-BP1,
and p-AKT expression were not changed by the treatment of HaCaT cells with H,O»
treatment (Fig. 10). These findings indicate that unlike starvation and oncogenic stresses,
H,0, may promote autophagy independently of the negative feedback regulation of the

mTOR pathway.

Production of intracellular ROS can mediate H;0:-induced autophagy and cellular
senescence

Growing body of the evidence has revealed that the intracellular ROS production is
implicated in mediating the induction of both autophagy and cellular senescence in

: 34,35 . .
response to various cellular stresses *****>. We examined the effect of intracellular

14



ROS production on the induction of both autophagy and cellular senescence. First, we
investigated whether the HaCaT cells treated with 300 uM H,O, for 24 h induces a
persistent increase in the intracellular production of ROS by the fluorescent assay of
CellROX reagents. As shown in Fig. 11, H,O»-treated cells displayed increased levels
of intracellular ROS, whereas its production was attenuated in the cells treated with or
without H,O, and NAC. These findings indicate that NAC may function as an effective
antioxidant to inhibit the H,O,-induced intracellular ROS production.

Western blotting analysis revealed decreased expression of LC3-1I and BECNI1 in
NAC treated cells (Fig. 12). A decline in the production of intracellular ROS was also
affected in senescence-related proteins. As shown in Fig. 13, the expression of p21 and
Decl was decreased in the cells treated with H,O, and NAC compared with that in cells
treated with H,O; alone. These findings suggest that ROS-induced cellular senescence

may be suppressed in parallel with the reduction of ROS-induced autophagy.

Upregulation of p38 MAPK via ROS production increases H,0:-induced autophagy
and p21 expression

Recent studies suggest that H,O,-induced p21expression may be regulated by the
p53/p21 pathway or by the activation of p38 MAPKa 3649 We first examined whether
H,0,-induced intracellular ROS production is related to both p53 and p38 MAPKa in

HaCaT cells. As shown in Fig. 14, increased expression of both p-p53 and p-p38

15



MAPKa was observed in HyO,-treated cells. Their activation was inhibited by the
specific ROS inhibitor NAC, indicating that p53 and p38 MAPKa expression in
H,0,-treated cells are activated by intracellular ROS production.

We next examined the involvement of the p53/p21 pathway in the upregulation of
p21 expression in H,O»-treated cells using the p53-specific inhibitor PFTo *". PFTa
treatment inhibited p-p53 expression in H,O»-treated cells, whereas p21 expression
remained elevated (Fig. 15). These findings suggest that H,O,-induced p21 expression
may be upregulated independently by the p53 pathway. To elucidate the effect of p38
MAPK activation on p21 expression in H,O»-treated cells, we assessed the changes in
p21 expression in the cells treated with or without SB 203580, a specific inhibitor of
p38 MAPK "**¥). In addition to decreased p-p38 MAPKa expression, SB203580
treatment attenuated the expression of both p21 and LC3-II in H,O,-treated cells (Fig.
16), suggesting that p38 MAPK activation may regulate, at least in part, both p21and
LC3-II expression during the oxidative stress. Inhibition of p38 MAPK activity reduced
the percentage of SA-f3-gal-positive cells H,O»-treated cells with (5.4 £ 1.6 % [H,0,
and SB203580 treatment] versus 12.2 + 3.6 % [H»O, alone]: n=3, p=0.038) (Fig. 17
left). Furthermore, SB 203580 treatment increased the percentage of Ki-67-positive
cells than the cells without the inhibitor (37.6 + 6.5 % [H,O, and SB203580 treatment]

versus 20.3 + 6.3 % [H,O; alone]: n=3, p=0.041) (Fig. 17 right). These findings suggest
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that both autophagy and cellular senescence induced by the oxidative stress may be

mediated, in part, by p38 MAPK activation via intracellular ROS production.

Autophagy suppression attenuates capacity of H;O-treated cells to protect to the
cellular stress

An induction of both autophagy and cellular senescence can lead to the
cytoprotective effects under various stress conditions. To elucidate whether both
autophagy and senescence are contributed to the cellular adaptation in H,O,-treated
cells, we examined an apoptotic cell death in autophagy-depleted cells. We first
performed a dual cytochemical method to cytochemically detect apoptotic cells using a
mixture of flurorescence-labelled annexin V and cleaved PARP antibody. Both annexin
V and cleaved PARP are well-known as a cytochemical marker for apoptosis. In
H,0Os-treated cells with 3-MA pretreatment, annexin V and cleaved PARP were
observed as cytoplasmic and intranuclear fluorescence, respectively, while the cells
untreated or treated with H,O, alone showed no fluorescence (Fig. 18). In Western
blotting assays (Fig. 19), the expression of cleaved PARP and Bax, known as apoptotic
markers, were accelerated by 3-MA pretreatment. In contrast, the expression of Bcl-2,
anti-apoptotic marker, was decreased in 3-MA-pretreated cells. These results indicate

that a reduction of autophagy by 3-MA-pretreatmnet promotes an induction of apoptotic

17



cell death in H,O,-treated cells, suggesting that autophagy, in association with the

cellular senescence, induce the cytoprotection under the oxidative stress.

Discussion

In this study, we demonstrated that oxidative stress induced both cellular senescence
and autophagy in human keratinocytes via intracellular ROS-mediated p38 MAPK
activation. We presented three lines of evidence to support this concept. First,
H,0,-treated HaCaT cells exhibited an acceleration of both cellular senescence and
autophagy. Second, pharmacological innibition of autophagy attenuated the induction of
cellular senescence. Third, downregulation of intracellular ROS production and p38
MAPK activation revealed decreased the expression of both autophagy- and
senescence-related factors.

A number of papers have provided indirect or circumstantial evidence for the
collateral induction of autophagy and senescence. However, these studies reported
controversial results regarding the effect of autophagy on the induction of cellular
senescence ' 1% 1>3% Some groups have suggested that accelerated autophagy may

. . 14,15
induce the cellular senescence in stressed cells '* >

, whereas others have proposed an
association of autophagy impairment with the induction of senescence in stressed cells

19 Our findings of a close relationship between autophagy and cellular senescence

provide additional support for the former hypothesis.
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It is well known that cellular senescence is primarily manipulated through the
canonical p53/p21 signaling pathway > *?. We confirmed that increased production of
intracellular ROS facilitated p-p53 expression in H,O,-treated cells. Treatment with
PFTa, a specific inhibitor of p53, reduced p-p53 expression in the H,O,-treated cells,
whereas no effect was observed on p21 expression. These findings suggest that
increased expression of p21 due to oxidative stress may be regulated via the
pS3-independent signaling, although a recent study demonstrated that increased
transcriptional activity of p53 leads to upregulation of p21 *. In our Western blotting
assay, we also found increased expression of p-p38 MAPK in oxidative stressed cells,
indicating that intracellular ROS production in response to H,O; treatment can induce
p38 MAPK activity. Moreover, p21 and LC3-II expression in the H,O,-treated cells was
decreased by treatment with an inhibitor of p38 MAPK, indicating that the expression of
autophagy and senescence markers induced by the oxidative stress is regulated in part
by the p38 MAPK activation. These findings suggest that the association between
autophagy and cellular senescence, induced by the oxidative stress, may be mediated by
p38 MAPK activity through the increased production of intercellular ROS.

It was generally acknowledged that, under the cellular stress, the cells undergo a
series of genetic and metabolic changes that allow them to the induction of the
cytoprotective functions ****. Consistent with these studies, we showed that HaCaT

cells suppressed autophagy by pretreatment with 3-MA revealed upregulation of
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apoptotic markers, such as cleaved PARP, annexin V, and Bax, by cytochemical and
Western blotting assays, indicating that inhibition of autophagy augments cytotoxicity
by triggering apoptosis. Despite present controversies on the exact role of autophagy

and cellular senescence in the process of the cellular stress **

, either by cell
protection or contrarily by inducing cell death, a majority of studies have been indicated
that autophagy is a protective mechanism associated with increased anti-apoptotic
effects '> 22”49 Our data suggest that the oxidative-induced autophagy, in association
with the induction of cellular senescence, may contribute to facilitate the cytoprotective
effects on stressed cells. Recent studies have indicated the correlation between p21 and
cell cycle control ¥ ~**. It has been known that p21 actively arrests cell cycle
progression in GO or G1 phase. Therefore, our results indicating the cytoprotective
effect may be the result of cell cycle arrest by an upregulation of autophagy-induced
p21 expression under the oxidative stress, while the addition of 3-MA may restore cell
cycle progression.

A possible limitation of this study could be the lack of evidence regarding a direct
pathway or factors controlling the interrelationship between autophagy and cellular
senescence in oxidative stressed cells. However, we examined the indirectly decreased
expression of senescent factors, p21 and Decl, via pharmacological inhibition of

autophagy. Moreover, we speculated that upregulation of both atuphagy and senescence

activity was mediated by p38 MAPK activation. However, the mechanism by which the
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38 MAPK pathway can regulate both events remains unclear. Further studies are
warranted to examine the mechanisms of cross-talk between autophagy and cellular
senescence in the oxidative stressed keratinocytes.

In conclusion, the findings of this study will shed additional light on the interaction
between autophagy and cellular senescence in oxidative stressed cells. The acceleration
of both events may allow stressed cells to be cytoprotective and may be regulated, in

part, by p38 MAPK activation through the intracellular production of ROS.
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Figure Legends

Figure 1. Effect of H,O; treatment on HaCaT cells

(A) Cell viability was determined by trypan blue dye exclusion at the indicated times

following treatment with 300 pM H,O,. All values are presented as the means + SDs

from five independent studies. *Significantly different at P < 0.05 compared with 12-72
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hours (ANOVA followed by Scheffe’s test). There are no significantly difference in
groups jointed to horizon bars. (B) Representative phase contrast images of
morphological changes in HaCaT cells treated with or without 300 uM H,O, for 24 h.
Arrows show the cytoplasmic granules. Bar = 50 um.

Figure 2. H,0, induces senescence in HaCaT cells

(A) Representative senescence-associated [3-galactosidase (SA-pB-gal) staining of
HaCaT cells treated with or without 300 uM H,0, for 24 h. Bar = 50 pm. (B)
SA-B-gal-positive cells were quantified by counting more than 100 cells for each
sample. All values are means + SDs from three independent studies. The control cells
exhibited no detectable SA-f3-gal staining. * Significantly difference at P < 0.05
compared with untreated cells (Student’s t-test).

Figure 3. Effect of H,O; treatment on proliferative activity in HaCaT cells

(A) Representative immunofluorescent images Ki-67-positive cells treated with or
without 300 pM H202 for 24 h. Bar = 50 um. (B) Ki-67-positive cells were quantified
by counting more than 100 cells for each sample. All values are means + SDs from
three independent studies. * Significantly difference at P < 0.05 compared with
untreated cells (Student’s t-test).

Figure 4. p21 and Decl expression in H,O;treated HaCaT cells

Western blot analyses of p21 and Dec1 in HaCaT cells treated with 300 uM H,O, for

the indicated times. B-actin (ACTB) was used as a loading control. The band density
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was quantified and normalized to that of ACTB on 0 hour.

Figure 5. Induction of autophagy in HaCaT cells by H,O, stimulation.

Western blot analysis of microtubule-associated protein light chain 3 (LC3 II)
expression in HaCaT cells treated with 300 uM H»O, for the indicated time periods.
B-actin (ACTB) was used as a loading control. The band density was quantified and
normalized to that of ACTB on 0 hour.

Figure 6. Accumulation of autophagosomes in H,O,-treated cells

(A) Representative immunofluorescence images of the accumulation of
autophagosomes in HaCaT cells. The cells were incubated in the absence or presence of
300 uM H»O, for 24 h, fixed in 4% paraformaldehyde, and immunolabeled with
anti-LC3 antibody (1:100 dilution) followed by Alexa Fluor 488-conjugated goat
anti-rabbit IgG (1:250 dilution, green). Hoechst 33342 was used for nuclear staining
(blue). Bar = 100 pm. Ctr, untreated (control) cells. H,O,, treated cells. (B) Graph
displays the percentage of HaCaT cells with LC3-positive autophagosomes. All values
are means + SDs from five independent studies. * Significantly difference at P < 0.05
compared with untreated cells (Student’s t-test).

Figure 7. Pretreatment with 3-methyladenine (3-MA) attenuates H,O,-induced
autophagy and senescence.

HaCaT cells were treated with 5 mM 3-MA for 2 h. After pretreatment, the cells were

exposed to 300 uM H,0O, for 24 h. Representative Western blotting images of
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microtubule-associated protein light chain 3 (LC3 I and II), p21, and Decades (Dec1)
are shown. B-actin (ACTB) blot is included as a loading control. The band density was
quantified and normalized to that of ACTB on cells treated without both H,0, and
3-MA.

Figure 8. LC3 expression in HaCaT cells pretreatment with or without
3-methyladenine (3-MA).

Representative fluorescence images of punctate LC3 expression in HaCaT cells. Bar =
50 pm.

Figure 9. Pretreatment with 3-methyladenine (3-MA) attenuates H,O,-induced
autophagic and senescent factors

(A) Graph displays the percentage of HaCaT cells with punctate LC3 expression. All
values are means + SDs from five independent studies. Parallel bar indicates no
significant difference. *Significantly different at P < 0.05 compared with untreated and
3-MA- treated cells (ANOVA followed by Scheffe’s test). (B) The graphs display
quantification of the percentages of senescence-associated [3-galactosidase (SA-pB-gal) —
and Ki-67- positive cells. The data are presented as means + SDs from five independent
experiments. Parallel bar indicates no significant difference. *Significantly different at P
< 0.05 compared with untreated and 3-MA-treated cells (ANOVA followed by

Scheffe’s test).
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Figure 10. No effect of H,O; treatment on mammalian target of rapamycin
(mTOR) pathways to increase autophagy.

HaCaT cells were either treated with vehicle (Dulbecco’s modified Eagle’s medium
with 10% fetal bovine serum) as a control (Ctr) or with 300 uM H,O, for 24 h.
Representative images of Western blotting analysis are shown. Levels of selective
autophagic proteins (LC3 and Beclin-1, BECN1), the mTOR complex 1-phosphorylated
products p-p70S6K and p-4E-BP1, and the mTOR complex 2- phosphorylated product
p-AKT (s473) were analyzed by Western blots. $-actin (ACTB) was used as a loading
control. The band density was quantified and normalized to that of ACTB on untreated
cells (control).

Figure 11. Intracellular reactive oxygen species (ROS) production in H,O,-treated
HaCaT cells.

HaCaT cells were either treated with 300 uM H,O; alone or 300 uM H,O, plus 100 mM
N-acetylcystein (NAC) for 24 h. The cells treated with medium alone were control (Ctr).
Representative immunofluorescence images are shown to demonstrate an intracellular
ROS production (green). Nuclei were stained with Hoechst 33324 (blue). Bar = 50 pm.
Figure 12. Intracellular reactive oxygen species (ROS) production regulates the

induction of autophagy.
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Levels of autophagy-related factors, LC3-I and II and Beclin-1 (BECN1) analyzed by
Western blotting. $-actin (ACTB) was used as a loading control. The band density was
quantified and normalized to that of ACTB on untreated cells (control).

Figure 13. Intracellular reactive oxygen species (ROS) production regulates the
induction of cellular senescence.

Levels of the senescence-related factors, p21 and Declwere analyzed by Western
blotting. B-actin (ACTB) was used as a loading control. The band density was
quantified and normalized to that of ACTB on untreated cells (control).

Figure 14. Acceleration of p38 mitogen-activated protein kinase oo (MAPKo)
activity in H,O,-treated HaCaT cells.

HaCaT cells were either treated with 300 uM H,O; alone or 300 uM H,0, plus 100mM
NAC. Immunoblotting assay was performed with antibodies against p53,
phosphorylated -p53 (p-p53), p38 MAPKa, and phosphorylated-p38 MAPKa. 3-actin
(ACTB) was used as a loading control. The band density was quantified and normalized
to that of ACTB on untreated cells (control).

Figure 15. Effect of PFTa on p-p53 and p21 expression in H,O,-treated HaCaT
cells.

Levels of p-p53 and p21 expression analyzed by Western blotting. $-actin (ACTB) was
used as a loading control. The band density was quantified and normalized to that of

ACTB on untreated cells (control).
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Figure 16. Effect of SB203580 treatment on the expression of p-p38 MAPKa., p21,
and LC3 in H,O;-treated cells.
Western blotting analysis. The B-actin (ACTB) was used as a loading control. The band

density was quantified and normalized to that of ACTB on untreated cells (control).

Figure 17. Effect of SB203580 treatment on SA-f-gal positive and Ki-67 positive cells
Graphs display the effect of SB203580 treatment on the percentage of SA- f3 -gal
positive (left) and Ki-67 positive (right) cells. The data are presented as means = SDs
from three independent experiments. Parallel bar indicates no significant difference.
*Significantly different at P < 0.05 compared with untreated and SB203580-treated
cells (ANOVA followed by Scheffe’s test).

Figure 18 A suppression of autophagy induces apoptosis in HO,-treated cells
HaCaT cells were treated with or without 5 mM 3-MA for 2 h. After pretreatment, the
cells were exposed to 300 uM H,O; for 24 h. Dual flurorescent images of cleaved
PARP (green) and annexin V (red) in the cells untreated (control) or treated with H,O».
The nucleus was stained with Hoechst 33324 (blue). Bars = 100 um. Ctr, control
(untreated); 3-MA, 3-Methyladenine.

Figure 19 Autophagy suppression induces apoptotic markers in H,O,-treated cells.
HaCaT cells were treated with or without 5 mM 3-MA for 2 h. PARP, cleaved PARP,

Bcl-2, and Bax were analyzed by Western blotting. The B-actin (ACTB) was used as a
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loading control. The band density was quantified and normalized to that of ACTB on

untreated cells (control). Ctr, control (untreated); 3-MA, 3-Methyladenine.
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