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ER Stress-Mediated Autophagy/Apoptosis Induced &ysaicin
and Dihydrocapsaicin in WI38 Cells

Jeong Gui Ae

Advisor: Prof. Lim Su@hul, Ph.D.

Department of Bio NewuD Development

Graduate School of GhobBlniversity
Endoplasmic reticulum (ER) stress can cause celival or cell death depending on
the type of cell and stimulus. Capsaicin and ital@gue dihydrocapsaicin (DHC)
induced caspase-3 independent/dependent signaltigvays in WI38 fetal lung
fibroblast. Here | describe the molecular mechasiwh the capsaicin and DHC-
induced signaling pathways in WI38 cells.
Capsaicin and DHC caused upregulation of p53 add*ff?. Morphologically, DHC
induced massive cellular vacuolization by dilatafrthe ER and mitochondria. Classic
ER stress inducers elicited unfolded protein respdPR) as well as upregulation of
LC3Il. DHC induced potent ER stress by the actiérBip, IRE1, Chop, elF2a and
caspase-4 activation; to a lesser degree by capsdieatment of 3-methyladenine
(3MA) and bafilomycin Al (BaF1) blocked DHC —indutapregulation of LC3 Il and
redistribution of GFP-LC3. Knockdown ofrel downregulated Chop and LC3lI
induced by DHC. DHC induced rapid and high-susthiddlK/ERK activation, but
capsaicin caused transient activation of JNK/ERKe TINK inhibitor SP600125,
thapsigargin and MG132 downregulated IRE1, Chog,la®3 Il induced by DHC. The
ERK inhibitor PD98059 downregulated only LC3Il. Bking of DHC-induced
autophagy by 3MA induced a high level of apoptatt! death that was completely
inhibited by the pancaspase inhibitor zVAD. Capsasd DHC increased the level of
Akt phosphorylation with time, and the phosphatiiaysitol 3-kinase (PI13K) inhibitors,
wortmannin and LY294002, caused the induction ¢bpliagy via ERK activation. The
results indicate that the differential responsesagfsaicin and DHC in cell protection
are caused by the degree of the UPR and autoplhagyate both regulated by the
extent of INK1/2 and ERK1/2 activation.
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I ntroduction

Capsaicinoids are a complex of pungent ingreditenisd in the red pepper of the
genuscapsicum and representative compounds include capsaicirdémydirocapsaicin
(DHC) that are included in over 80% of pepper etialt has known that capsaicin
selectively induces apoptotic cell death in malignzells, but not in normal cells. The
selectivity of capsaicin is ascribed to the sevigjtiof the plasma membrane electron
transport (PMOR) system to capsaicin in tumor lbedls and transformed cells (Morre
et al., 1995; Machat al.,1999), indicating that reactive oxygen specie®$%Rhave a
role in capsaicin-induced apoptosis. In anothedystexposure to capsaicin induced
apoptosis irras-transformed (H-ras MCF10A) human breast epiheélls, but not in
its parental MCF10A cells, and apoptosis was ragdldy mitogen-activated protein
kinase (MAPK) JNK/p38, suggesting that MAPK may &ax critical role in the
selective effect of capsaicin in malignant cellsafig et al., 2003). However, the
molecular mechanisms of the selective effect orignaht cells by capsaicin are still
unclear. Furthermore, these previous studies hadergcored the prosurvival effect of
capsaicin on normal cells. Therefore, it is of iat to explore the effect of capsaicin
on normal cells for a use as a chemopreventivetalyenur previous report, capsaicin
as well as its analogue DHC was shown to inducpasas3 independent programmed
cell death, autophagy, in HCT116 human colon canells and MCF-7 human breast
cancer cells. However, in WI38 normal fetal lunigrdiblasts, it was found that DHC,
but not capsaicin, greatly induced caspase-3 dittival thus investigated the

molecular mechanisms underlying the effects of agps and DHC on cell survival
2



and cell death in WI38 cells.

The endoplasmic reticulum (ER) performs severakftions including protein
folding and trafficking, and the regulation of iatellular calcium. Upon disruption of
the ER functions by accumulation of unfolded orfolted proteins in the ER lumen,
cells trigger unfolded protein response (UPR) aslfprotective mechanism (Schroder
and Kaufman, 2005; Ma and Hendershot, 2004). ThB ERfhances a protein folding
activity through the upregulation of ER chaperoaed inhibition of protein synthesis.
Under normal conditions, the ER-resident stressaeproteins IRE1, PERK and ATF6
reside in inactive forms by binding to Bip/GRP78owéver, ER-stress causes the
release of the ER-stress sensors from Bip/GRP78tlamdransfer of downstream
signals to the cytoplasm. Autophosphorylated IREfivates the downstream target
XBP1 and in turn, activates several UPR target gefetivated PERK phosphorylates
eiF2a that reduces the protein load of the ER logkdhg translation. Activation of
ATF6 leadgo increased transcription of ER chaperones, inctu@iP/GRP78 that is
involved in stress mitigation. In addition, the UPdtivates the ER-associated
degradation (ERAD) system to maintain ER homeastash this pathway,
misfolded/unfolded proteins are translocated from ER lumen to the cytosol and are
then degraded by the ubiquitin proteosome pathwisleuéser et al., 2005).
Consequently, the UPR contributes to the reduaifdeR-overload and to protection of
the cells against ER stress. However, if the ERtfans are severely affected, cells are
removed by apoptosis. ER stress-mediated apoptsigggered by the activation of
ER-membrane resident caspase-12 in mice and cadpesdiumans, and in turn,

3



activation of caspase-9, caspase-7 and caspasa-&/inchrome c independent manner
(Nakagawaet al., 2000; Raoet al., 2001; Morishimaet al., 2002). Chop is also
involved in ER stress-mediated apoptosis (Zinsehat., 1998; Oyadomari and Mori,
2004).

Autophagy is a cellular defense mechanism that rgcdtom the through
degradation of cytoplasmic constituents and rengcliof cellular constituents.
Starvation-induced autophagy is known to have goitant role in cell survival, while
excessive autophagy can trigger cell death (Bakbre2005; Codogno and Meijer,
2005). During autophagy, cytoplasmic constituents aequestered into double-
membrane vesicles (autophagosomes) which then Wide lysosomes to form
autolysosomes; eventually, the contents of theclessiare degraded by lysosomal
hydrolases. Autophagic cell death is thus charaetéiby the accumulation of vacuoles
(Klionsky and Emr, 2000).

Accumulating evidence suggests that ER stresskedi to autophagy (Bernales
al., 2006; Ogataet al., 2006; Yorimitsuet al., 2006; Kourokuet al., 2007). However,
the cellular consequences of ER stress-mediatexplaagy appear to vary depending
on the cell type and stimulus. As relevant in pgéresis, disruption of autophagy may
be a cause of several neurodegenerative disorders as Parkinson's disease,
Huntington disease and Alzheimer's disease (Kaufn002). Under autophagy-
deficient conditions, toxic proteins that accumelah the ER can be effectively
removed by chemically induced autophagy (TeckmahRerimutter, 2000; Fuijitet al.,

2007), suggesting that ER stress-induced autophmayyplay an important role in cell



protection. A recent study showed that autophaduded by classic ER stress inducers
could mitigate ER stress and ultimately cause peadtection. By contrast, autophagy
that was induced by the same chemicals contribistez®ll death in non-transformed
cells (Ding et al., 2007a). However, it is still unclear whether EiRess-mediated
autophagy is involved in cell survival or cell deat

For a better understanding of the capsaicin-indigaaling pathway in normal
cells, we have investigated the molecular mechanisrduced by capsaicin and its
analogue DHC in WI38 cells. As the UPR responsénab&R stress is a cytoprotective
mechanism, | have investigated whether the distéigmaling pathways induced by
capsaicin and DHC in WI38 cells are associated @ihstress. | found that differential
responses to ER stress were caused following tegdtmith capsaicin and DHC, and
the responses were due to the extent of MAPK JNK/ERtivation. Capsaicin
transiently activated JNK/ERK that contributed @il survival. However, a sustained
and high level of INK/ERK activation triggered grsling pathway that lead to cell
death through ER stress-mediated apoptosis. Capsaied DHC also caused
autophagy induction that seemed to counteract ERsstnediated cell death. Therefore,
dual roles of ER stress in cell survival and cedatth might be regulated by the
differential activation of MAPK. To the best of nipowledge, this study provides the
first evidence for a critical step that leads té sarvival or cell death by ER stress in

capsaicin and DHC-treated normal cells.



Materials and Methods

Cell cultures and chemicals. WI38 normal fetal lung fibroblasts were maintained
in RPMI 1640 supplemented with heat-inactivated 1f@¥al bovine serum, 5ag/mi
penicillin and 50pg/ml streptomycin at 37 °C in a 5% €O©95% air-humidified
incubator. The compounds 3-metyladenine and MT{4[3-dimetylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide] were obtained from r8&y (St. Louis, MO USA).
Benzyl-Oxcarbonyl-Val-Ala-Asp-fluoromethyl ketoneMAD) and caspase-3 substrate
(Ac-DEVD-pNA) were purchased from Biomol (PlymouMeeting, PA USA) and
Calbiochem (La Jolla, CA USA), respectively. Otibhemicals used were of the purest
grade available from Sigma.

Cytotoxicity assay. The viability of the cultured cells was determingg use of
the MTT assay. In brief, cells were suspendedcatraentration of 0.5-1 x i@ells/ml.

A 200 ul sample of the cell suspension was seeded on8veell plate. After culturing
overnight, cells were exposed to chemicals for 2After 4 h of incubation with MTT
(0.5 mg/ml), the medium was removed and the formazgstals were dissolved with
DMSO. Absorbance was then measured at 570 nm asirfgLISA microplate reader
(Perkin-Elmer, Waltham, MA USA).

Measurement of caspase 3-like activity. In brief, a caspase-3 substrate (Ac-
DEVD-pNA) was added to the cell lysates in assafyeby 50 mM HEPES, 100 mM
NaCl, 0.1% CHAPS, 10 mM dithiothreitol, 1 mM EDTAQ% glycerol, pH 7.4) and

was incubated for 4 h at 3. Fluorescence signals were measured at 400/510 nm
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excitation/emission, respectively.

Transmission electron microscopy. Cells were fixed with 4% paraformaldehyde
and 0.1%glutaraldehyde in 0.1 M phosphate buffét {p4) and post fixed with 1%
Os04 for 2 h. The cells were then dehydrated witheiasing concentrations of alcohol
(30, 50, 70, 90 and 100 %), infiltrated with LR Whresin two times for 1 h each, and
subsequently embedded in LR White resin. The $@iliblocks were cut into 60 nm
thicknesses and were then stained with uranyl tcetad lead citrate. Samples were
observed under a transmission electron microschgachi H-7600, Hitachi, Tokyo,
Japan).

Flow cytometry and quantification of apoptotic cells. Cells were harvested and
washed twice with cold PBS buffer. After fixatiom 0% ethanol for 30 min at°C,
cells were washed with cold PBS buffer, and resudpe in 1 ml PBS buffer
containing 500 pg/ml propidium iodide (PI). A FACG®c (BD FacsCalibur and
CellQuest software (Macintosh, Facstation; Bectdokidson, Franklin Lakes, NJ
USA) analyzed at least 10,000 events. The sub-&dtiém (apoptotic) was estimated
by gating hypodiploid cells of a non-treated cohte a reference to compare with
treated cells. Apoptotic cells were quantified aftining with Hoechst 33342 (5 pg/
ml). Four independent fields were selected at ran@md cells with condensed or
fragmented nuclei were counted.

Transfection. Dr. Xiao-Ming Yin (University of Pittsburgh Schoaf Medicine,
Pittsburgh, PA USA) kindly provided adenoviral GEE3B. After cells were washed

with OPTI-MEM medium (Invitrogen, Carlsbad, CA), BNvas transfected into cells



using Lipofectamine 2000 according to the supg@igrotocol (Invitrogen). After 4 h of
incubation, the medium was exchanged to a comphetdium containing 10% serum
and antibiotics. The cells were incubated for aditamhal 24 h, treated as indicated in
the figure legends and the cells were then obseuvelér a fluorescence microscope
(Nikon TE2000U; Nikon, Tokyo, Japan). Alternativelgells were transfected with
siRNA corresponding to humadme 1 (5’-CUGCCCGGCCUCGGGAUUU-3 and 5'-
AAAUCCCGAGGCCGGGCAG -3)), Atg5 (5'-GGACGAAUUCCAACUUGUU-3’
AND 5-AACAAGUUGGAAUUCGUCC-3") or control siRNA forEGFP (Ambion,
Austin, TX) using lipofectamine RNAIMAX (Invitroggn according to the
manufacturer’s protocol. Cells were then culturedomplete medium for 48 h before
further analysis.

Immunoblot analysis. Cells were washed with PBS and lysed in 50 mM HEPE
150 mM Nacl, 1% Triton X-100, 5 mM EGTA, 50 mM gbmphosphate, 20 mM NaF,
1 mM NgVO, 2 mM PMSF, 10 pug/ml leupeptin and 10 pg/ml apiati The cell
lysates were then centrifuged, and the proteinesdiwas quantified. Equal amounts of
protein were separated by the use of SDS-polyauigka gel electrophoresis (on 12—
15 % gels), and the separated proteins were traedfto a PVDF membrane and then
immunoblotted with the corresponding antibodies.tiAtg8/LC3 antibody was
obtained from Absent (San Diego, CA USA). Anti-IREand antibodies against Akt,
phospho-Akt, ERkK, phospho-ERK, p38, phospho-p38, mhosphor-p53, mTor, and
phosphor-mTor were purchased from Cell Signalinghfielogy (Danvers, MA USA).

Anti-Chop and antibodies against ATF4, ATF6, PERKJ5, B-actin andu-tubulin were



purchased from SantaCruz Biotechnology (Santa @#z,USA). Anti-caspase-4 was
obtained from Abcam (Cambridge, UK). Immobilizedbtgins were incubated with
goat anti-mouse IgG and goat anti-rabbit IgG (JacksnmunoResearch Laboratories,
West Grove, PA USA), and signals were detectedgusinchemiluminescence kit
(Amersham Biosciences, Amersham, UK).

Satistical analysis. All experiments were repeated at least three tiemasthe
significance of the differences between treatmantsrespective controls was analyzed

by use of the Studentidest. Values are expressed as the mean + SD.



Results

Antiproliferative effect of Capsaicin and DHC on WI 38 cells. To examine
the cytotoxicity of DHC and capsaicin, WI38 cellen treated for 24 h with
various concentrations of DHC and capsaicin ascatdd in Fig. 1A, and cell
viability was measured using an MTT assay. At 280 the effect of capsaicin on
WI38 was minimal, but DHC significantly decreaséa tviability, and it further
decreased at 400 pM.

To examine the decrease of viability by both conmatsuis associated with cell
cycle arrest, the expression of proteins that eggukell cycle progression were
analyzed by immunoblotting. Cells were treated @0 M capsaicin or DHC up to
24 h. As p53 is involved in cell cycle arrest ambptosis, p53 and p#¥*’ a
downstream target of p53yere analyzed. A small but significant elevation of
phosphorylation of p53 at serine 15 was rapidlyuaeti, but gradually decreased after
6 h. Accumulation of p53 (Do-1) and upregulation fclin- dependent kinase
p21*a"ePt \nere observed at 1 h, and the levels remainedi&edwp to 24 h. The level
of p53 phosphorylation following DHC treatment wasrkedly increased in a time-
dependent manner. Despite of accumulation of pS81) DHC did not affect on the
level of p21@"P* agccumulation up to 6 h, but greatly increased afii@t (Fig.1B).

Next, to examine the apoptosis-inducing effect éfand capsaicin in WI38
cells, cells were treated with 20/ capsaicin or DHC for times, up to 24 h. In DHC
treated cells, caspase-3-like activity increased fime dependent manner and reached
a peak level at 12 h, whereas capsaicin inducetfis@ntly caspase-3 activation at 1 h,

10



but the level of caspase-3 decreased after 1 meandined at a control level (Fig. 1C).
To further determine whether DHC and capsaicin éedapoptotic cell death, cells
were treated with 200M DHC and capsaicin for 24 h and performed a flgtometric

analysis after Pl staining. In capsaicin-treatetlscgercentage of sub-G1 portion
representing apoptotic cells slightly increasedweheer, a sub-G1 content of DNA
significantly increased by DHC treatment. Theselltsesndicate that differential effects
of cell protection can be induced by treatment wipsaicin and DHC in WI38 cells.

DHC, but not capsaicin, induces massive cytoplasmic vacuolization. When
WI38 cells were treated with 200M DHC, massive cytoplasmic vacuoles were
observed on phase-contrast microscopy. After 6 DIHC treatment, vacuoles were
first observed, and nuclear detachment from théeaugnembrane in many cells was
observed (Fig. 2B b, arrowheads). The number ofiei@s increased with time and
peaked at 12 h. After 12 h, most of cells shrardnsgith distinctive large vacuoles,
and the cells ultimately died (Fig. 2A). Very fewtaplasmic vacuoles were seen in
capsaicin-treated cells.

Ultrastructural analysis using transmission electmicroscopy (TEM) was
performed to elucidate further the morphologicahrales induced by capsaicin and
DHC at 6h of treatment. Control cells were seen with a rarappearance of the
nucleus, mitochondria and rough endoplasmic retiou(rER) (Fig. 2B, a). In cells
treated with capsaicin, most of mitochondria reradinntact. The rER was maostly
intact, but some of the organelles were ballooned @ere likely to become

autophagosome vacuoles. It was observed that alacstructure was surrounded by
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the double-membrane structure resembling the riEt adpsaicin treatment (Fig. 2B,
b). Consistent with the results of phase-contrastascopy, large cytoplasmic vacuoles
were observed in the DHC-treated cells. In DHCtadacells, two types of large
vacuoles were observed—one type originated fromditeted rER, the other type
originated from the mitochondria. Most of the rERrev dilated like hollow tubes or
were ballooned at one end. Most of the mitochondrge also dilated and severely
damaged as determined by breakage of cristae, kintately remained as hollow
structures or structures lined with electron denserial that appeared as broken
cristae (Fig. 2B, c). These findings suggest that ¢ytoplasmic vacuoles may have
originated from the rER and mitochondria. Damagédath cell organelles was much
greater after treatment with DHC than with capsaici

Classic ER stressors induce the UPR and autophagy in WI38 cdls. To
investigate whether conventional ER stress induadisit the UPR as well as
autophagy in WI38 cells, cells were treated witlu8 tunicamycin (TM), 0.5uM
thapsigargin (TG), 1M A23187, 1uM MG132 and 20QuM DHC. The level of ER
stress-related proteins, as well as the level o8IL@rotein as an autophagy marker,
was determined by immunoblot analysis. As showi@n3, all of the ER stressors and
DHC upregulated expression of Bip and IRE1, andvaied the ER stress-mediated
apoptotic proteins Chop and caspase-7. In partictdbaversion of LC3 | to LC3Il was
markedly induced in cells treated with TG and MG&B2 the level of conversion was
comparable to that in cells treated with DHC. Thessults indicate that DHC may

induce ER stress and autophagy through a simitaraihg pathway as the pathway

12



induced by the classic ER stressors TG and MG132.

DHC induces a greater extent of the UPR as compared to the use of capsaicin.

To determine the effect of capsaicin and DHC onUR®, the expression of ER stress-
related proteins was examined. As shown in FigldCDreatment markedly increased
the protein level of IRE1 at 1 h and the leveltertincreased with time. Capsaicin also
caused upregulation of IRE1 at 1 h and the protgia maintained at a relatively high
level during treatment, but the extent of upredgaratvas much smaller than seen with
DHC-treated cells. Another ER stress sensor, PERKutophosphorylated and then
phosphorylates the downstream target elF2a. Tredtwiecells with DHC strongly
induced phosphorylation of elF2a at 1 h and therldhel of phosphorylation gradually
decreased. For cells treated with capsaicin, plugfation of elF2a began at 1 h and
peaked at 6 h after treatment. Expression of ABFdownstream target of elF2a, was
upregulated in DHC and capsaicin -treated cellpr&ssion of Bip, an important target
of ATF6, was markedly upregulated within DHDHC treatment and the level of the
protein remained elevated up to 12 h. Treatmenh wépsaicin could also induce
upregulation of Bip expression. These results mgi¢chat DHC is more potent in the
induction of ER stress than capsaicin.

The effects of DHC and capsaicin on ER stressmediated apoptosis. As
mentioned abovewhen ER functions are severely damaged, apoptssisduced to
remove damaged cells. As Chop and caspase-12 pasz4) are associated with ER
stress-mediated apoptosis, levels of Chop, andasasp and its downstream target

caspase-7, and—3 were analyzed by immunoblottisghdwn in Fig. 5, the basal level
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of Chop in WI38 cells was barely detected. Expassaf Chop was significantly
induced within 1 h after DHC treatment and the lefehe protein peaked at 6 h and
then still remained elevated up to 12h. ExpressioBhop was also induced within 1 h
after capsaicin treatment, and then expressioreased in a time-dependent manner,
but the expression level was much lower as compiardide level in cells treated with
DHC. In humans, ER stress-mediated apoptosis islatsgl by caspase-4 and is
independent of the mitochondrial pathway. Treatnedértells with DHC also induced a
high level of caspase-4 and caspase-7 activatidrhais determined by the presence of
its cleaved form (p20) and then remained elevatetbi?4 h. Cleaved forms (p18/16)
of caspase-3 were detected at 6 h following DH@ttnent. Treatment of cells with
capsaicin activated caspase-4 and caspase-7 |&titaly low as compared to those of
DHC-treated cells and did not lead caspase-3 dittivaip to 24 h. These results
indicate that the level of ER stress correlateb WiR stress-mediated apoptosis.
Capsaicin and DHC induce ER stressmediated autophagy. Recent findings
indicate that ER stress is a potent inducer of ghagy (Ogateet al., 2006). We
examined whether capsaicin and DHC induce autoph&ggn WI38 cells transfected
with GFP-LC3 were treated with 200M DHC, relocalization of GFP-LC3 was
observed at 4 h after DHC treatment, and the efieat completely blocked by
treatment with the autophagy inhibitor 3MA. Pretmant with BF1, an inhibitor of
fusion between the autophagosome and lysosomesdaggregation of GFP-LC3 and
it was observed as large green florescence dajs §Rj). Treatment with capsaicin also

induced relocalization of GFP-LC3 (data not showim).confirm further the formation
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of autolysosomes by DHC, transfected cells with &ERB were treated with 200M
DHC and were then stained with lysotracker Redthin merged figure, overlapping
was observed between green and red staining (BY. Mext, the induction of
autophagy by DHC and capsaicin was analyzed atrtttein level. Conversion of LC3
from cytoplasmic LC3I to the membrane bound LC2Itnfi occurred at | hr after
treatment with capsaicin or DHC and still remaimdelvated until 24 h. However, the
conversion level of LC3Il protein was much highercells treated with DHC than in
capsaicin-treated cells (Fig. 6C). To demonstrateetiver the induction of LC3lII
protein is regulated by an autophagy gene, cell® wansfected with siRNA against
Atg5 and a control siRNA, and cells were then treatétt WHC for 6 h. The use of
control siRNA did not affect the expression levdl Atg5 after DHC-induction.
However, transfection withtg5 siRNA significantly reduced the Atg5 protein e
compared to the level in DHC-treated cells, and flead to the reduction of LC3II (Fig.
6D).

To examine whether DHC-induced autophagy is medibteER stress, we used
SiRNA againstirel gene as the level of IRE1 was significantly ineezhafter DHC
treatment. Transfection with control siRNA did madfiect the level of IRE1 protein after
DHC-indution. Knockdown ofrel genealmost completely downregulated expression
of IRE1 induced by DHC as determined by immunoblmdlysis, which further caused
the downregulation of expression of Chop and LC@if). 6E). These results indicate
that DHC-induced autophagy in WI38 cells are linkedhe ER stress pathway, and

may be regulated by IRE1.
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Roles of MAPK in ER stress and autophagy induced by capsaicin and DHC.
Previous studies have reported that MAPK has amitapt role in ER stress-mediated
autophagy (Ogatet al., 2006; Uranat al., 2000). Autophagy was also regulated by the
ERK 1/2 pathway (Zhet al., 2007; Aokiet al., 2007). To define the involvement of
MAPK in capsaicin- and DHC-induced autophagy, celtse treated with 200M of
capsaicin and DHC and harvested as indicated iar&igA. A time-course study of
MAPK phosphorylation showed that JNK, ERK and p3@revrapidly activated by
treatment of cells with DHC and capsaicin. Howetae, extent of phosphorylation of
the three kinds of MAPK was greater in DHC-treatedls than in capsaicin-treated
cells. Activation of ERK1/ 2 peaked at 0.5 h aftapsaicin treatment and recovered to
a control level within 1 h, while in DHC-treatedllse the phosphorylation level of
ERK1/2 was markedly increased at 0.5 h and peaketl la and was then highly
sustained until 4 h. The profile of JNK1/2 actieatiwas similar to that of ERK
activation with the use of both DHC and capsaidihere was no difference in the
profile and extent of p38 activation in cells tezhtvith capsaicin and DHC.

In order to investigate the role of MAPK in ER sseand autophagy induced by
DHC, as well as by the classic ER stress induc&samd MG132 (which showed a
similar pattern as DHC in the expression of ERssh®elated proteins and LC3 II; Fig.
3), cells were pretreated with MAPK inhibitors (FEBD®%9 for ERK, SP600125 for
JNK) for 30 min. The cells were then continuousiated with 20uM DHC for 1 h.
As shown in Figure 7B, PD98059 failed to downretpilne expression of IRE1 and

Chop induced by treatment of cells with DHC, but 68125 significantly
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downregulated the level of the protein and evehtudtcreased the level of LC3 I
protein. PD98059 failed to inhibit the activatiofi BR sress-related proteins, but
significantly reduced the DHC-induced LC3lII protéavel. To confirm the regulation
of DHC-induced autophagy by JNK/ERK, cells werensfected with GFP-LC3 and
then cells were pretreated with PD98059 and SP&@®4230 min before treatment
with 200 uM DHC for 4 h. In non-treated control cells, GFP3.Ghowed diffuse
staining with green florescence in the cytoplasrihwi basal level of FGP-LC3 dots.
However, DHC treatment severely induced relocdtimatof GFP-LC3 that was
significantly blocked by SP600125 and PD98059 (Fi@). These results indicate that
DHC can induce IRE1-dependent and IRE1-indeperaeiaphagy through JNK and
ERK activation, respectively.

Blocking of DHC-induced autophagy increases apoptotic cell death that is
completely inhibited by the pan-caspase inhibitor zZVAD. As autophagy is involved
in both cell survival and cell death, we next ajpéed to define the role of autophagy
induced by DHC. For this purpose, cells were tet&tenM 3MA and 4QM zVAD for
30 min and were continuously treated with 200 DHC for 18 h. The treated cells
were then observed by phase-contrast microscopyshssvn in Figure 8A, DHC
treatment caused cell shrinkage and also resuftedsmall number of rounding and
floating cells. Treatment with 3MA, with or withol@HC, enhanced the number of
floating cells. However, when cells were pretreatgtth zVVAD before the addition of
DHC or DHC plus 3MA, the presence of floating celgs not observed. To investigate

further the effect of autophagy blockage on the wtetibn of cell death, we measured
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caspase-3 activity that is a marker for distingimghapoptotic cell death from
autophagy. The effect of 3MA on autophagy blockivas confirmed by immunoblot
analysis for the LC3 Il protein level (Fig. 8B). Ashown in Fig. 8C, caspase-3
activation was significantly increased by treatmehtells with DHC and was seen
with more than a 2.5-fold increase in the presesfc@MA. When cells were treated
with 3MA without DHC, a 7-fold increase in casp&seactivation was seen as
compared to the untreated control. Pretreatmenel$ with 40uM zVAD completely
blocked the caspase-3 activation induced by DHC34 plus DHC, the number of
PI1 positive cells showed a 4-fold increase by DH@pared to the control. However,
treatment of cells with 3MA and DHC markedly incsed the number of PI positive
cells by almost 5-fold as compared to treatmenh WHC alone. The number of PI
positive cells induced by DHC and DHC plus 3MA waduced to the control level by
zVAD (Fig. 8D). These results indicate that blogkiof DHC-induced autophagy can
enhance apoptotic cell death.

PI3k inhibitors induce the autophagy response to capsaicin in a ERK
regulation manner. The PI3K/Akt/mTor/p70 pathway has an important role in
autophagy induction (Aricet al., 2001; Takeuchét al., 2005; Aokiet al., 2007). In a
time course study (Fig. 9A), the phosphorylatiodkt and mTor, a downstream of Akt,
were rapidly induced by capsaicin treatment. Atdf treatment, DHC did not affect on
the level of Akt phosphorylation, rather decreasad it caused dephosphorylation of
mTor. After 3 h of DHC treatment, however, the gituzrylation level of Akt and mTor

showed an increase with time. To examine the pitisgithat the Akt/ mTor pathway is
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involved in autophagy induced by treatment of ceilh capsaicin and DHC, capsaicin
was used as a compound does not significantly taffiec phosphorylation of Akt and
LC3Il protein after 1 h treatment. To examine wieetlthe Akt/ mTor pathway is
involved in in autophagy induced by treatment ofiscavith capsaicin, cells were
treated with the class PI3K inhibitors LY294002 (8@) and wortmannin (uM) for
30 min, respectively. The cells were then furtmeated with 20@M capsaicin for 1 h.
Treatment with both PI3K inhibitors completely bked the phosphorylation of Akt
and its downstream target mTor, thereby resultmggregulation of the expression of
LC3Il. Interestingly, pretreatment with LY294002dawortmannin markedly increased
the level of ERK phosphorylation as compared tattrent with capsaicin alone (Fig.
9B). These results indicate that activation of ERKalso associated with autophagy

induction via the inhibition of the PI3K/Akt/mToathway by DHC.

19



Discussion

The ideal chemopreventive drug will kill malignasdlls but not normal cells. In
this context, capsaicin has attracted attentionaas excellent chemopreventive
compound because of its selective cytotoxicity dnlynalignant cells (Machet al.,
1999; Morreet al., 1995; Kanget al., 2003). Studies have demonstrated that capsaicin
is capable of inducing apoptosis in several tygesancer cells (Zhang al., 2003; Lee
et al., 2004; Junget al., 2001; Loet al., 2005; Sancheet al., 2006). These studies
suggest that treatment of cells with capsaicinamdivate differential pathways that can
contribute to cell survival or cell death dependomgthe cell type, i.e., a normal or
malignant cell. However, previous studies have tsa@ed the molecular mechanisms
underlying cell protection by capsaicin in normall€ In the present study, we show
that WI38 cells are more sensitive to DHC than asgps when both compounds are
used at the same concentration. The differentiatesptibility of the cells to both
compounds is associated with ER stress-mediateut@gis/autophagy that is regulated
by the extent of MAPK JNK/ERK activation. Treatmefittapsaicin and DHC to WI38
cells caused an increase of the levels of autophadyAkt phosphorylation with time,
suggesting that the ER stress response inducedyfsaicin and DHC seems to be
involved in the cell survival.

DNA damage causes induction of DNA repair progra proapoptotic program,
which are regulated by p53. Under low degree of Di#nage, p53 induces cell cycle
progression inhibitior p2£*“*** and then control G1 to S phase entry. However,
extensive DNA damage elicits apoptosis to demiseddmmaged cells (El-Deimst al.,

20



1994; Vousden and Lu, 2002). We found that capsdimiuced p53-dependent p21
expression. Interestingly, despite high level ofivation and accumulation of p53,
DHC did not affect on the p21 expression, but irdlia high level of caspase-7 and-3
activation. Although we did not show direct eviderfor a downstream effect of p53
after DHC treatment, it is possible to speculat 63 induction by DHC treatment
can regulate downstream pathways which can triggirdeath rather than cell cycle
arrest. Indeed, p53 regulates ER stress-mediatedycte arrest and apoptosis through
the action of p2*“** as well as the action of PUMA, NOXA, and bax €tial.,
2006; Scorrano et al., 2003; Zharg al., 2006), respectively. Furthermore,
downregulation of p2¥-“*?! js associated with autophagy induction (Yazbechl.,
2008).Therefore, in this paper, we demonstrated fioav autophagy or ER stress
response is involved in the cell protection indubgaapsaicin and DHC.

Previous studies have reported that capsaicin-galcell death is associated with
apoptosis in cancer cells as demonstrated by DN#ynfientation and caspase-3
activation, and ROS generation seems to be eskfmtisiggering apoptosis (Morret
al., 1995; Junget al., 2001; Zhang 2003; Lest al., 2004; Loet al., 2005). However,
we did not observe ROS generation by treatmenel$ avith capsaicin and DHC but
rather a decreased basal ROS level was seen up &t8r treatment (data not shown),
suggesting that ROS generation may be dependentlbilype. Recent studies have
demonstrated that the use of capsaicin as an agirtise transient receptor potential
vanilloid 1 (TRPV1 that is localized in the plasm@&mbrane and ER membrane)

caused ER stress and cell death in lung cells dsawerotein synthesis inhibition in
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HEK293 cells (Hanet al., 2007; Thomast al., 2007). These events were due to
disturbance of Ca homeostasis in the ER lumen, suggesting thatffeetef capsaicin
on cytotoxicity might be caused by ER stress.

ER stress can cause cell survival and cell deatdkdbawaet al., 2000; Rao,
2001; Morishima, 2002). Disruption of ER functiomdiices accumulation of
unfolded/misfolded proteins in the lumen and subeatly induces the UPR. The UPR
reduces the protein load of the ER through an asmeof protein folding activity,
inhibition of protein synthesis and degradationnaisfolded/unfolded proteins. ER
stress can be induced pharmacologically by usbéefa+ pump inhibitor TG, the N-
linked glycosylation inhibitor TM, the calcium iopbore A23187 and the proteosome
inhibitor MG132 (Rutkowski and Kaufman, 2004). InI38 cells, ER stress inducers
caused the UPR by the activation of Bip, IRE1 ammbC Particularly, expression of
LC3 Il, an autophagy marker, was markedly upregalan cells treated with TG and
MG 132, and in DHC-treated cells, a similar pattefrthe upregulation of the UPR-
related proteins was observed. These results sutpgeOHC can induce ER stress and
autophagy via the same signaling pathway as thevagtinduced by classic ER stress
inducers. DHC-induced ER stress could be determmethe formation of massive
cytoplasmic vacuoles. Under stress, cytoplasmicietization represents the formation
of dilated cytoplasmic orgarnelles such as the EBER mitochondria as well as an
autophagosome (Dingt al., 2007b; Corcelleat al., 2006; Denoyelleet al., 2006;
Tiwari et al., 2006). Our ultrastuctural findings indicatedtth@atment of cells with

DHC caused severe damage to mitochondria, as edddny the breakage of cristae.
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Cytoplasmic vacuoles in DHC-treated cells origidattom the dilated rER and
damaged mitochondria. However, in capsaicin treatdis, most of the mitochondria
and rER showed a normal structure, but some offiRewere seen with dilation.
Morphologically, a marked difference between capraand DHC-treated cells
was observed and we thus compared the expressiehdEER stress-related proteins
by both compounds. The treatment of cells with afas and DHC induced the UPR
through the activation of Bip, IRE 1, elF2A, and I However, the level of the UPR
was much greater in cells treated with DHC tharhwiapsaicin as indicated by the
expression level of ER-stress related proteins.sE&ss-mediated apoptosis is known
to be related with Chop induction as well as witlsgase-12 (or caspase-4) activation
(Oyamadori and Mori, 2004). Treatment of cells WitHC caused a high level of Chop
induction and caspase-4 activation compared toetlobscells treated with capsaicin,
indicating that DHC was able to induce a higherelesf ER stress response than
capsaicin. This finding was further confirmed byyrag the concentration of capsaicin.
When cells were treated with 100—400 uM capsaicin2#4 h, the induction level of
Chop after treatment with 300 uM capsaicin for 24ds comparable that of the Chop
level induced by 200 uM DHC for 6 h (data not shpwithen the ER functions are
severely disturbed, the cells trigger apoptosjzrtect the organism (Rabal., 2004).
The process of autophagosome formation dependsvamnad autophagy proteins,
and expansion of the autophagosome is mediatedvbyubiquitin-like conjugation
systems, Atg8/LC3-PE (LC3 Il) and Atgl12-Atg5 (Shkinit and Klionsky, 2004).C3 |

(18 kDa) is cleaved by Atg4 to produce LC3 Il (IBa, which is localized exclusively
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in the autophagosomal membranes. Previous studes hised GFP-LC3 as an
autophagy marker (Kabe al., 2000; Mizushimaet al., 2001). In this study, GFP-
LC3 dots were observed in WI38 cells after DHC tiresnt. Pretreatment of cells with
3 MA, a blocker of autophagy at the sequestratiep,scaused disappearance of the
GFP-LC3 dots. Moreover, treatment with BaFl, anopliagy inhibitor at the
maturation step, induced formation of large gre&mréscence punctae due to
accumulation of LC3 Il protein in the autophagosbm@mbranes, as has been
previously reported (Yamamot al., 1998). Our ultrastructural analysis shows that
some cytoplasmic organelle was surrounding by tliated rER membrane,
autophagosome (Fig. 2B, b). The Atg5-Atgl2 comperjugates with Atgl6 and is
involved in the extension of an autophagosome. Mtd&tment upregulated expression
of Atg5; however, knockdown dtg5 failed to upregulate expression of Atg 5 and LC3
Il by DHC. Therefore, our results strongly suggihstt DHC activates the autophagy
pathway in WI38 cells.

Recent findings suggest that ER stress is essemiautophagy induction
(Bernaleset al.,2006; Ogataet al., 2006; Yorimitsuet al., 2006; Dinget al., 2007a;
Kouroku et al., 2007; Hoyer-Hansen and Jaattela, 2007). Howdivées,still not still
clear if ER stress-mediated autophagy contribudgsasurvival or prodeath. ERAD is
the primary degradation system for misfolded preten the ER lumen (Meussetral .,
2005). Autophagy, a bulk cellular degradation aystis activated under deprivation of
nutrients or growth factors and is involved in tregradation of the long-lived proteins

and cell organelles. When the amount of unfoldexdeim in the ER lumen exceeds the
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ERAD capacity, cells are required to utilize arealative pathway to mitigate the ER
stress, and the best candidate for such a pattssaytophagy (Friedlanderal., 2000;
Spear and Ng, 2003). One possible explanationhfoptosurvival effect of autophagy
is due to its ability to remove effectively misfeldi proteins in the ER lumen (Teckman
and Permutter, 2000; Bernalesal., 2006; Ogatast al., 2006; Dinget al., 2007a).
Furthermore, blocking of ERAD leads to autophagy amtigation of ER stress and
ultimately protection of cells, suggesting thatagliagy can substitute for ERAD
function and protect cells against ER stress (I¥ingl., 2007b; Fujitaet al., 2007).
However, a recent study showed differential effeft&R stress on cell protection in
cancer cells and normal cells: autophagy inducedclagsic ER stress inducers
contributed to mitigation of ER stress and ultinhateell survival in HCT116 human
colon cancer cells and DU145 prostate cancer dalisthe same stimuli induced cell
death in normal human colon cells and non-transéormurine embryonic fibroblasts
(Ding, 2007a). As with the UPR, we could observiphiagic activity after treatment
with capsaicin and DHC. Treatment of cells with DHi@@luced rapidly and high
sustained autophagy, which was then followed bpa&se-3 activation. In contrast, the
capsaicin-induced autophagy was relatively low carag to the LC3 Il protein level
induced by DHC. | demonstrated that autophagy iadugy DHC treatment of cells
was regulated by the ER stress sensor protein IRE-keen by knockdown &fe 1.
This finding suggests that DHC-induced autophadinied by ER stress. When DHC-
induced autophagy was blocked by treatment of osith 3MA, the number of

apoptotic cells and the level of caspase-3 activatiere increased and these effects
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were completely inhibited by treatment of cells hwigVAD. Therefore, autophagy
induced by capsaicin and DHC has a role in celligal against ER stress.

The signaling pathways underlying ER stress-mediatdophagy/apoptosis seem
to depend on cell types and stimulations. The PER2a and IRE1 —INK signaling
pathways are known to regulate ER stress-inductxgbhagy (Ogatat al., 2006; Fujita
et al., 2007; Kourokuet al., 2007). Treatment of capsaicin and DHC causegadicin
of MAPK, especially INK1/2 and ERK 1/2. In capsaitieated cells, phosphorylation
of JINK/ERK was at a relatively low level and traadi, but in DHC-treated cells, a
rapid and highly sustained phosphorylation of INRKEwas seen. Treatment of cells
with the JNK inhibitor SB60025 downregulated thepmssion of IRE1, Chop and
LC3Il induced by DHC as well as by TG and MG132f EIRK inhibitor PD98053
downregulated only the expression of LC3II, suggegsthat DHC-induced autophagy
could be regulated by differential pathways withKildnd ERK, respectively. In
neuronal cell death, ERK-dependent autophagy isvknto have an important role
(Castro-Obregort al., 2004; Zhuet al., 2007; Aokiet al., 2007). By contrast, ERK
activation caused disturbance of the fusion betwagiophagosomes and lysosomes
and ultimately resulted in inhibition of cell dedil autophagy (Corcellet al., 2006).
However, in the present study, DHC treatment inducenversion of LC3 from the
cytosolic LC3l form to the membrane-bound LC3II figr as demonstrated by
transfection with GFP-LC3 and immunoblot analysi; examine whether the
enhancing effect of DHC on upregulation of LC3llsva result of inhibited fusion

between an autophagosome and lysosome, we usedrdglgy Red to examine
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lysosome localization in GFP-LC3-expressing WI38scdn contrast to a previous
study (Corcellet al., 2006), the red-stained lysosomes overlappedtivélgreen GFP-
LC3 punctate localized to autophagosomes, and Bafldited the effect. Furthermore,
an ERK inhibitor blocked the upregulation of the 3lCprotein level and GFP-LC3
dots.

Akt/PKB functions as a critical regulator of celirgival and proliferation, and
inhibition of the PISK/Akt/mTor signaling pathwayiggers autophagy (Aricet al.,
2001; Song et al., 2005; Takeudaial., 2005; Aokiet al., 2007). Treatment of cells
with DHC transiently downregulated at early timeyt ltapsaicin treatment rapidly
increased of the level of Akt/PKB phosphorylatiarddurther increased with time. We
thus examined whether the blocking of the PISK/AKIbr pathway could enhance
autophagy in an ERK-regulated manner. We used itohéb for PI3K including
wortmannin and Ly294002. Although wortmannin and2®4002 are known as
inhibitors of autophagy (Blommaast al., 1997; Akiet al., 2003), but other studies
have reported the compounds act as autophagy ird(ieskelineret al., 2002; van der
Poel et al., 2003; Takeuchit al., 2005). At the concentrations used in our study,
wortmannin and Ly294002 completely inactivated Addad mTor, and ultimately
upregulated expression of LC3Il accompanied by ERivation. Our results with
those of a previous study (Aoki al., 2007) indicate that ERK might be involved in
autophagy induction through the PI3K/Akt/mTor/ sfing pathway. Therefore,
capsaicin-induced ERK activation could be involved an autophagy-signaling

pathway that is independent of the JNK pathway. &lmx, in the current study, we did
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not determine at what step of the autophagy siggalathway ERK is involved. In the
context of our data, | speculate that the difféaednesponses of ER stress on the cell
protection by capsaicin and DHC are caused by tlowings: the transient
downregulation of Akt phosphorylation in DHC treéteells may have synergistic
effect with ER stress pathway on autophagy induactisy which DHC can induce
higher level of autophagy than capsaicin. The othee is that the treatment of
capsaicin and DHC can elicit survival signals tlyiloacting Akt/PKB phosphorylation,
whether it is associated with ER stress or not.

In the present study, although | have not investidjahe effects of capsaicin
treatment on malignant cells, the distinct effetctapsaicin on cell survival/death in
normal and malignant cells can be caused by theatioh level of ER stress and is
currently being investigated. The findings indictitat WI38 cells are more sensitive to
DHC treatment than to treatment with capsaicin tnedeffect was associated with its
high sensitivity to ER stress-mediated apoptosisarophagy. The signaling pathway
of DHC-induced autophagy occurring under ER ststsges some ER stress pathways
and seems to counteract ER stress-mediated apopBmh signaling pathways are

regulated by JINK/ERK activation.
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Figurelegends

Figure 1. Effects of DHC and capsaicin on cell ipeohtion and caspase-3-like
activation in WI38 cells. (A) Cells were treatediwihe indicated concentrations of
capsaicin and DHC for 24 h, and viability was deti@ed using an MTT assay. The
data are expressed as the mean + SD of the avémagethree independent
experiments performed in triplicate. open circlgpsaicin; closed circle, DHC. (B)
Cells were treated with 20M of DHC and capsaicin up to 24 h, and were
harvested and lysed. The lysates were analyzed58r(Do-1), phospho-p53 (ser
15) and p212”®* by immunoblotting using the corresponding antilesdB-actin
was used as a loading control. Immunoblots shownaarepresentative of at least
three independent experiments. (C) The lysatesapedpas described above were
measured for caspase-3-like activity as describeMaterials and Methods. The
data are expressed as the mean * SD of the avémgethree independent
experiments performed in triplicate. open bar, aagps; closed bar, DHC.P <
0.05. (D) Cells were treated with 201 DHC or capsaicin for up to 24 h. The
percentage of apoptotic cells was measured by digi@metry as described in the
Materials and Methods. Sub-G1 representing apapDNA fragmentation was
designated as Mn the data. Results are expressed as the mean a&f Sald-
increase compared to the non-treated control floeetindependent experiments.

Figure 2. Morphological changes induced by treatméth capsaicin and DHC in
WI38 cells. (A) DHC induced massive cytoplasmic walzation. Cells were
treated with 20uM DHC and vacuole formation was examined by phasgrast

microscopy (magnification, x400). (B) Electron naigraphs of WI38 cells at 6 h
treated with DMSO, 20@M capsaicin and 20@M DHC. (a) The control cells
showed intact structures in the mitochondria and.rf®) In the capsaicin-treated
cells, most of the mitochondria (arrowheads) arl (&row) are intact. A vacuolar
structure is surrounded with the double-membranectstre resembling the rER

(star). (c) In DHC-treated cells, various sizes wafcuoles were seen. Some
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mitochondria were dilated and broken cristae lif@tbwing to the mitochondrial
membrane (star). rER-resembling tubular structaobned at one end (arrow).
Bar, 200 nm.

Figure 3. Induction of ER strss-related proteinschgssic ER stress inducers in
WI38 cells. Cells were treated withp®n tunicamycin (TM), 0.5uM thapsigargin
(TG), 1 uM A23187, 1uM MG132 and 200uM DHC. The level of ER stress-
related proteins, as well as LC3II protein as aopluagy marker, was determined
by immunoblot analysig-actin was used as a loading control. Immunoblotsvs

are representative of at least three independemriexents.

Figure 4. Induction of ER strss-related proteingapsaicin and DHC in WI38 cells.
Cells were treated with 200 uM of capsaicin and DdCup to 12 h and were
harvested. The level of IRE1, p-elF2a, ATF4, ATRafd Bip was determined by

immunoblot analysig3-actin was used as a loading control.

Figure 5. Differential effects of capsaicin and DACER stress-mediated apoptosis
in WI38 cells. After cells were treated with 200 (d¥icapsaicin and DHC up to 24
h, lysates were prepared and analyzed for Choppasas4, -7 and -3 by

immunoblotting 3-actin was used as a loading control. * Nonspebiéinds.

Figure 6. DHC induced autophagy in WI38 cells. (&ansfected cells with GFP-
LC3 were pretreated with either 3MA (5 mM) or Ba@D0 nM) for 1 h and were
continuously treated with 200 uM DHC for 6 BHC treatmentinduced massive
punctae of GFP-LC3, and the effect was completehjbited by treatment with
3MA. Pretreatment of BaF1 further accumulated GER3-lin punctae as compared
to cells treated with DHC due to blocking the fotima of autolysosomes. (B)
BaF1 inhibits formation of autolysosomes after tireant with DHC. Transfected
cells with GFP-LC3 were pretreated with either BEQ0 nM ) or vehicle (DMSO)
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for 1 h, treated with 200 puM DHC for 6 h, and tHabeled with Lysotracker Red.
In the resulting images obtained by the use of résoence microscopy
(magnification, 208), the green fluorescence indicates LC3 localized i
autophagosomes and the red fluorescence indidatelsysotracker Red lysosomal
stain. A merged image is also shown. (C) CapsaicthDHC induced conversion of
LC3 from the LC3I form to LC3II form. The extent bC3 conversion was greater
after treatment of cells with DHC than with capsaidD) Silencing of theatgb
gene after downregulation of LC3 Il protein expressFor cells transfected with
atg5-specific siRNA, silencing of thetgs gene was confirmed by immunoblot
analysis. Transfection with nonspecific (NS) siRM&l not affect expression of
Atg5 as compared to the parental control cells, redee knockdown oétgs gene
markedly attenuated the level of Atg5 protein. €atiansfected with control or
atg5-specific sSiRNA were treated with DHC (200 uM) ferh and LC3 Il protein
expression was determined by immunoblotting. Inidacof LC3 Il expression by
DHC treatment was markedly downregulated in ceflagfected wittatg5-specific
SiRNA as compared with control cells transfectedhwnonspecific RNA. (E)
Silencing of thdrel gene downregulated Chop and LC3 Il protein exjppas€ells
were transfected withrel-specific sSiRNA and silencing of thbel gene was
confirmed by immunoblot analysis. Transfection wittnspecific (NS) siRNA did
not affect expression dffel as compared to the parental control cells, whereas
knockdown ofirel gene expression markedly attenuated the levehop@Gnd LC3
Il. Cells transfected with control drel-specific sSiRNA were treated with DHC
(200 uM) for 6 h and then Chop and LC3 Il proteipression was determined by
immunoblotting. The DHC-induced LC3 Il conversiorasvalmost completely
downregulated in cells transfected witiel-specific sSiRNA as compared with
control cells transfected with nonspecific RNA. Thmamunoblots shown are
representative of at least three independent axpeis.-tubulin was used as a

loading control.
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Figure 7. Activation of MAPK by capsaicin and DHECWI38 cells. (A) Cells were
treated with 200uM of capsaicin and DHC for up to 4 h, harvested] #men
analyzed the extent of phosphorylation of ERK, JEiKd p38 by immunoblot
analysis.3-actin was used as a loading control. (B) The eftdcMAPK on ER
stress and autophagy induced by DHC treatments @glfe treated with SP600125
(10 uM) and PD98059 (1@M) for 30 min and were then continuously treatethwi
vehicle, DHC (20QuM), TG (0.5uM) or MG132 (1uM) for 1 h, harvested. The
level of IRE1, Chop, LC3 anfl-actin were determined by immunoblot analysis.
Immunoblots shown are representative of at leastetindependent experiments.
(C) Transfected cells with GFP-LC3 were pretreatéith vehicle, SP600125 (10
uM) and PD98059 (1@M) for 30 min and were further continuously treateith
200 pM DHC for 6 hDHC treatmeninduced massive punctae of GFP-LC3, and
the effect was completely inhibited by treatmerttv@P600125 and PD98059.

Figure 8. The effect of 3MA and zVAD treatment oRlO-induced death of WI38
cells. (A) Cells were pretreated with 3MA (5 mM)2¢AD (40 puM) for 1 h before
the addition of DHC (200 puM). After 18 h, cells wasbserved by the use of phase-
contrast microscopy. Representative photomicrogrdph each treatment (X200).
(B) Pretreatment with 3MA completely attenuated DiH@uced LC3 conversion.
Cells were pretreated with 3MA (5 mM) for 1 h befdhe addition of 200 uM
DHC for 18 h, harvested, and levels of LC3 Il. (ID)e effect of the blocking of
autophagy or apoptosis on DHC-induced caspasei&toh in WI38 cells. Cells
were treated as described in (A), and caspasee3diltivity was measured as
described in Materials and Methods. DHC-inducedbass-3-like activation was
enhanced by the pretreatment of cells with 3MA, easpase-3-like activation was
completely blocked by pretreatment with zVAD. Résdre expressed as the mean
+ SD of the fold-increase in activity as compareithwon-treated controsl from
three independent experimentsP*& 0.005. (D) Cells were treated as described in
(A) and were stained with Hoechst 33342u#ml) and propidium iodide (jtg/ml).
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Cells with fragmented or condensed DNA were coumtedpoptotic cells. Values
are expressed as the mean + SD of the averagenpsgedancrease over non-treated
control cells from three independent experiment®. < 0.005.

Figure 9. Activation of Akt/PKB by capsaicin and BDHand role of ERK on
autophagy induction. (A) Activation of Akt/PKB bypsaicin and DHC. Cells were
treated with 20QuM of capsaicin and DHC, harvested at the indicdite@ points
on the figure, and the lysate were subjected tounahlotting for analysis the level
of Akt/ PKB phosphorylation. (B) Inhibition of thiel-3K pathway enhances the
capsaicin-induced autophagy level and is depermie®RK activation. Cells were
treated with wortmannin (M) and LY294002 (2QM) for 30 min and were further
treated with 20QuM capsaicin for 1 h. Cells were then harvested thedextent of
phosphorylation of AKT, mTor, ERK and LC3 Il wastelenined by immunoblot
analysis.-actin was used as a loading control. The immuriebkhown are

representative of at least three independent axpets.
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Fig. 2A
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Fig. 3
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Fig. 5
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Fig.6A
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Fig.6C
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Fig.7A
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Fig. 8A
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Fig.9A
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