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Chapter | Abstract

Strategies that enhance autophagy clearance of polyQ accumulation
have become an attractive approactetove neuronal cell viabilitiesin
the part | of the dissertationsalected autophagic enhancandidate
was identified as a cell model for polyQ aggregation clearance. The
polyQ diseasswerecausé by expansion oCAG trinucleotide repeats
the coding region ofjene After screening a series of triazole derivatives,
anewly identifiedsyntheticcompound5 , -G MNj(14-Nlpenylene
bis(oxy))}bis(methylenebis(1H1,2,3triazole-4,1-diyl))-bis(methylene)
bis(3-(naphthalend-yl)-oxazolidin2-one (OC-13), wasshowncapable
of enhancing clearance tifeaggregatdpolyQ in neuroblastoma cells
Human neuroblastoa cellsSK-N-SH with ectopicexpres®n ofpC
TBP-Q79-EGFP oHttex1-Q97-GFPmutant proteircan be cleared of
mutated aggregates without affecticggl viabilities. Treatment of OQ3
increagd autophagosommrmationand more than 50% the accumulated
aggegaes wereeradicatd as determingby fluorescence microscopy
Western bloshowed that O3 converedLC3-I to LC3-1l in the
transfected cells aractivaed autophagymediated eliminationf polyQ

aggregationThe effects were repressed by autophadiditors

Autophagic enhancer &soa valid treatment stratg@scancer
therapeuticsin the part I of the dissertatiomanothemewly identified
triazolederivative compound}-((5-benzyt1H-1,2,4triazol3-yl)-
methyl)-7-methoxy2H-benzo[b][1,4}oxazin-3(4H)-one(BTO), was
found inhibitingthe growthof human NSCLC cells. BT@duced
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autophagic characteristics amdibitedcell growthas shown iMTT
evaluation colony formingassay andiVestern blotThe compound
induceal autophagosome and autolgemneformation.More experiments
with Annexin V staining an@lVestern bloshowed that the drugducel
apoptotic cell death thatasrelated to autophagy activation
Furthermore, BTGuppressed thgrowth ofxenografttumors by
activatingautophagymediatel apoptosisas shown inNVestern bloand

fluorescence microscopy of tumor tisspecimen staining

Thetriazole derivatives O3 and BTO catbe ofpotential

therapeutiocvalues tareathumandiseases

Keywords:autophagic flux, polyglutamine, aggreégsi clearance,
triazole, JNK pathway, neuronal disorddmsiman norsmaltcell-lung-

cancer cellsapoptosis
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Chapter 11l Autop hagy

Macroautophagy (hereafter refer to as autophagy) is one of the major
metabolic pathway mechanism for degradation of cytoplasmiclieed
proteins, damaged organelles, and malformed proteins within lysosomes
[1, 2]. Recent studies demonstrated that autophagy has a have many
physiological roles, such as starvation adaptation, elimination of
aggregation proteiand organelle, development, aaging, clearance of
microorganisms, cell death and tumor suppregs$hrThe process of
autophagy involves the formation of dounhembrane autophagosome
responsible for transporting components to autolysosomes for
degradatiorj4]. The evidence demonstrates that autophagic process is an
important mechanism to maintainlld@omeostasis and assist in cell

survival[5].

The molecular mechanism of autophagy involves severalecoed
Atg (autophagyrelated) proteins in eukaryotes from yeast to mammalian
cells[6]. Activated autophgy targets and degrades mutant aggregates
that involve Beclin 1 (Atg 6)7], LC3 (Atg 8)[8] andp62/SQSTM1
(p62)[9, 10]. The central role for autophagic initial steBisclin 1 that
binds to class Ill phosphoinositidekhase[11]. The autophagosome
membrane elongatias promoteddy lipidation of LC3I to LC3-11 [12].
The ubiquitirbinding scaffoldoroteinp62 is related to autophagosome

formation and degradation in aiytsosomeg9, 10].

The autophagy enhancers can be classified as rdépBndent or
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MTOR-independent pathwayl13, 14]. In mTORdependent autophagy,
Akt/mTOR inhibits autophagosome biogenesis by controlling ULK1
(Atgl homologues in yeast) complex ubiquitination and phosphorylation
[17, 18]. INK1/Beclin1/PI3KC3 pathway is associated with mTOR
independent pathway lactivating of INK1 and phosphorylating of Bl

that dissociates Beclin 1 and Btlcomplex during autophagy activation

[15].

Several recent reviews indicate thatoguhhagy relates to cancer,
neurodegenerative disorders and other disddégsBasic autophagy
deficient in neuratells causes neurodegenerative diseadstdpy
knockout in micg17]. Some studies suggest that darghanced
autophagy plays a protective role against neurodeagéne diseases in
vivo and in vitro[18]. In cancer cells, some autophagy enhancer induce
cytotoxicity in cancer cells by means of autophagy, such agierb

isoliensinine, dauricine and cepharantHihg.
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Chapter IV
Part | The application and mechanisms to treat polyglutamine
diseases

[.  Introduction
1. Protein aggregation disease

The formation of mutant protein aggregates indussural
di sorders, |like Al zhei merPBar knedmyon ¢ © |
polyQ diseas§2(]. Diseases of expanded polyQ stretchiehereditary
neurodegenerate disorders caused by abnormagpansion ofglutamine
stretchessuch as HD andarious spinocerebellar ataxigsl, 22]. PolyQ
diseaseassociated cytotoxicity includes transcriptional alteration,
metabolic dysfunction, proteasome impairment and stress response
abnormalitieg§23]. Therefore, clearance of mutant polyQ aggregates

promisel to reduce cell cytotoxicity and assist in cell surviya#, 25].

2. Triazole derivativesand neurodegeneration

The triazole derivatives wedefinedfor plant protection by
antifungal activiy against pathogenic funf26, 27]. Some pervious
study demonstrasghat triazole derivatives proteseuron viability in
neurodgenerationdiseasesTheadenosine A(2Aantagonist SCH58261
(triazole derivatives) reduces seizure occurrencepantgctsnumbes of
cellin thehippocampus and piriform cort¢f8]. Furthermore,
preclinical studies suggestthat A(2A) receptor antagonist SCH58261
improves in motor deficits iRD. Thecationic albuminconjugated

triazole chelatingagentsnhibit apoptotic cell death and improve amyloid

15



betainduced learning deficitehile enhancing autophagic proc¢29).
The work of the dissertation began wsitreemmg of a friestriazole
derivativeswith expectation of identifying more new compound to

relieveneurodegeneratke diseasesvithout affecting celliabilities.

3. Autophagy and protein aggregation disease

Some chemical compounds are knowrregulating autophagic
flux, such asSMER10, caffeineRa p a my dap and trebalogg0, 30-
32]. The inducechutophagy alleviakt oxi ci ti es caused
synuclein or huntingtin. The approach provides an alternative therapy to
treatthe dsease. Rapamycia an mTOR inhibitothatup-regulates
autophagy and clears protein aggregation, while Akt/mTOR pathway is
also important in maintaining cell viabiliti¢83]. Trehalose impairs
aggregation proteins by JNKdependent autophagy pathw&y, 35].
Most autophagic enhaars are cytotoxic. Thutis work is expectedo
discover anddentify if more novel chemical compounds that induce
autophagic clearance of aggregptene protein withounfluencing cell

viability.
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[I.  Material and method
1. Cell culture

Human neuroblastoa SK-N-SH cellswerecultured in growth
medium with DMEM (Dulbecco's Modified Eagle Medium) and 10%
FBS (fetal bovineserum, GIBCO) in the humidified atmosphere with 5%
CQO; at 37 °C. Ingp GTBP-polyQ experimers;, 23 10*cells/well in 12
well platewereseedednd induced with doxycycline for 4 daysotB
o CTBP-polyQ cells and HttexpolyQ cells will be treated OC3 (5, 10
or 20 ¢higle cordrol DMS® 0.2% for 12 @8 h for all in this

study.

2. Plasmid andtransfection

The hemagglutinkiagged fulllength TBP/Q36 and Q79 cDNA
inserts in the pGEM Easy (Promega Corporation, Fitchburg, WI,
USA) and pcDNAS5/FRT/TO (Thermo Fisher Scientific, Waltham, MA,
USA) vectors were generated dianito previously describe®6]. To
manufacture @erminusd e | e t-EBB/QTPEGFP construct, the
EcaRl (in the multiple cloning sites (MCS) of pGEWIEasy}Rsd
fragment containing M e r mi ATBRQ78(C03 amino acids) was
cut from the cloned TBP/Q79 cDNA and fusedrame with theeGFP
gene between the EcoRI and Rsal sites in the MCS of the pRGFP
vector (Clontech, Mountain View, CA, USA). The Kozak sequence of
the EGFP gene was removed by polymerase chain reaction using the
site-directed primer
CGGGCCCGGGATCCACCGGTCGCC®BCAAGBASCAAGG
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GCTG (g = ACCATG). The del eted Kozak
DNA sequencing37].

In experiments fogp CTBP-polyQ, thestable cell lines were
establishedby transfection withoC-TBP/Q36or £C-TBP/Q79construct
and selected by Bl a-@ldrichcStdouisyM@)20 € g/ n
for 24h in 60-mm dish plateEGFRconjugatedp CTBP-polyQ was
expressedbydoycycl ine (20 e€g/ mL, l nvitrog:

cell lines.

The twoHttex1 constructsHttex1-polyQ-GFP (Httex1-Q25and
Httex1Q97) containing25 and 97 glutamine repeats, respectivelre
obtained fronProfessoW. J. Park, Global Researchldaratory,
Gwangju Institute of Science and Technold@wangju Korea.Cells
wereseeded at 1 1 cells/well in 12well for transfectiorwith 1 € ¢
plasmid and. ¢ |-Pranén-lipbsome Transfection Il reagent (Ji Feng
Biotechnology) The @Il modesforHunt i ngt orel®es di sease
established by transfecting cells wiilttex1-polyQ-GFP (Q25 and Q97)
plasmid for 24 h. The transfected cells were incubated forid2

growth medium followed by OQ3 treatment.

3. Reagents

The synthetic chemical compounds, @Q8wasdissolvedn DMSO
(stock is 10 mM in £C).The chemicals used includlautophagy

inhibitor 3MA (Sigma), DMSO (SigmaDAPI (Sigma), TetOn system

18



inducer doxycycline (Clontechilasticidin (nvitrogen), the acidic
vesicular dye LysoTrackelr(vitrogen, RIPA (150mM NacCl, 50mM iis-
HCIl pH8.0,25mM EDTA, protease inhilors, 0.1%SDS, and 1%
tritonX-100), blotting buffer (25 mM Tris, 192 mM glycine, 20%
methanol), ECL (GE), PB% (3.2 mM NaHPQ,, 0.5 mM KHPQ,, 1.3
mM KCI, 135 mM NacCl, 0.05% TweeR0, pH 7.4).

Compound O€13 was synthesized/ladding sodium azide (2.2
mmol), 1,3bis(ethynyloxy)benzene (1.1 mmol), and CuSO45H20 (10
mol%) to the solution of the-Bodomethyl}3-naphthyloxazolidin2-one
(2.0 mmol) in dimethyl sulfoxide (DMSO; 2 mL). The mixture was
stirred at 80°C until the stang material was consumed as indicated by
thin layer chromatography (9. After cooling the reaction mixture,
crushed ice was added and the resulting precipitate filtered, washed with
excess of water and dried to obtain the desired triazole. The crdigcpr
was further purified by rerystalizing in methanol. When no precipitate
was observed, the triazole was isolated after extraction with ethyl acetate.
The chemical O€13 was provided by professor Yao ChiRg,

Department of Chemistry, National Taiwliormal University.

The composite mass spectrofimOC-13

A white solid;melting poirt (mp): 193°Ci 195°C. 1H NMR (400
MHz, CDCI 3s)2H), 184780 @nQ4H), 7.49 (s, 6H), 7.43 (t,
J=7.8 Hz, 2H), 7.227.41 (m, 3H), 6.16 (t, J=9.8 Hz, 3H), 5i%014(m,
6H), 4.76 (d, J=3.5 Hz, 4H), 4.15 (t, J=9.1 Hz, 2H), BDS1 (M, 2H);
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13C NMR (100 MHz, CDCI3): 159.4, 155.8, 144.5, 134.4, 132.9, 130.2,
129.6, 129.0, 128.6, 127.2, 126.6, 125.6, 124.9, 124.8, 122.0, 107.8,
102.2, 71.4, 61.6, 52.2, 508igh resoltion mass spectrometry
(electrospray ionization/z calculated for GeH3sNsOs M+ 722.2601,

4. FACScalibur analysis

After treatmentthe cellswerestained withLOO nM LysoTracker for
15 min in growth medium under 87 and 5% CQ. In flow cytometric

assaytheLysoTracker stained cellserewashed with PBS twice,
trypsinized and measured by FACScalibur (BD) with FL3 intensity
detection at 670 nm. FL3 intensity mean were acquired and analyzed with

CellQuest (BD) softwar|[38].

5. Immunoblotting

After treatment, cells in-8m petri disthavewashed with PBS and
lysed with RIPAandstocked in a20¢ refrigerator Equal amounts of

sample protein wreloaded in SDSPAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis18%) and transferred to
nitrocellulose membrane with blotting buffer. Incubation with primary
antibodies includéanttGFP (abomics, M0007), GAPDH (Genetex,
GTX100118), Akt (Genetex, GTX128415), phosphkt (Genetex,
GTX128414), phosph®70S6K (Cell signaling, 9205), phospdNK
(SCT, 4668), INK (Santa Cruz-5€2), LC3 (MBL, PM036)for 24 h.

The membranevasfurther probed with secondary antibody (peroxedas
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conjugate antmouse or artrabbit IgG) at 1:5,000 fot h and detected
with ECL. The censitometry oproteinwasquantitated by Mui Gauge
(FUJIFILM).

Filter trap assay

Coll ection of 200 &g totalktoprotein

ml with PBS and 1% SDS. Nitrocellulose membraneswegin PBS

with 1% SDS. The samples were allowed to flow through the membrane
by suctionin blotting apparatuand washed with wash bufféml (PBS

+ 2% SDS)Aggregation protein in membrane was detected by

immunoblotting.

6. Quantification of aggregationdots

Cell nucleuswverestained with Hoechs83342( 1 0 € g/ mL)
medium. Fluorescence imageasdetected by LiveCell Imaging
microscopy (Leica). The numbers of aggregation dot cells per 500 GFP

positive cells in fluorescence imagerecounted

7. Confocal microscopy detection

Cellswereseededn 12-well andtreaed withdrugof different
concentrationsThe slideor tissuewerewashed with PBS twice and
fixed with 4% paraformaldehyde in PBS for 15 min at room temperature.
The slidesor tissuewereincubated with 1:500 dilution of primary
antibody against LC3 at 4C overnightThe £condary antibdds
(TRITC or FITC-conjugate antmouse or artrabbit IgG)to detect

21
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primary antibodywere usedt 1:500 dilution in 4C overnight. Antibody
wasdiluted in PBST. The slidesveremounted with 90% gicerol in
PBS. Imagswerecollected by Leica TCS SP2 and analyzed by Leica

confocal software.

8. Statistical analysis
The statistical significance of these data will be compared
bet ween two gr oup $testamdnlltiplved by st ude
comparisonsvere performed with ongvay ANOVA or twoway ANOVA
followed. TheP value of less than 0.05 is considered significantly

different.
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[ll. Results
1. Establishment of induciblepolyQ stable cell lines

PolyQ diseases are caused by mutaotgmins containing more than
30-40 glutaminerepeatg439]. ExpandedoolyQ proteinin cellstend to
induce proteiraggregatiordots[40]. The established stable clones, Q36
and QB, were induced with doxycycline to express the E@6Rjugated
chi meric -IBP®B6EGRPLQ36E(E P) & BRIQ78C
EGFP (Q79EGFP), respectivelyFigurelA). After induction the
recombinanEGFPchimerawasexpressd in whole celito form
aggegaesin Q79 cels as showrby fluorescence microscoletection
(FigurelB). The lysate was collectexf both Q36 and)79 cels
following induction with Dox In Western blattherecombinanproteins
Q36 and Q79%rom cell lysateshowed differenGFPrecmmbinantprotein
with differentsizes asdetected bynt-GFP primary antibod{Figure
1C). Theresultssuggestdthattheinducible polyQ disease cell models

can beestablisledfor high-contentscreeimg.

2. Autophagic enhancer screening

To identify candidte chemicalby high-content imaginga panel of
synthetic trazole compounds werscreenedn cell modes. The
autophagy fluby enhancing lysosomal acidificaticanbe deteced by
LysoTrackerstaining[41, 42]. Q79 cells were treated withfferent
triazde compoung at 20eM for 48h and staiedwith LysoTlracker
(Red)for detectionby fluorescencéigh-content imagin@nd quantated

The positive contralrehalose is a natural disaccharide #dtance
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autophagys known beingable toreduce polyQ aggregatiga3]. Among
them, @mpound*OC-13, OC-14, YR-21 andYR-72 significantly

induced LysoTracker intensis (Fgure2A), while the polyQ aggregation
intensitieswere decreased YC-13andYR-72 only (Figure3A) without
loss of cell number@igure3B). The resultconcludedthatOC-13 and
YR-72 are potential autophagic enhasseithout affectingviabilitiesin

Q79 stable cell line.

To further selecbetter autophagic enhancehe candidate drugs
wasfurtheranalyzedoy Western blofor autophagy determinatiobC3-|
conversion to LC3l is anautophagic mker [8]. Compounds O€14,
YR-21 and YR72increased thatensities ol.C3-Il in bothQ36and
Q79 @&ll line. Only OC-13inducedLC3-II conversionn Q79 cels
(Figure4A). More analysis oWestermblot showedhatOC-13is the
only compound thainducedLC3-1l/LC3-I intensitiesn Q79cells. The
results demonstradghe specificity ofOC-13in induang autophag in

cellswith expandedylutaminewithout affectingcell viabilities.

3. More evidenceof OC-13-activated autophagy

To investigateheinduced autophagic flydothQ36 and Q7%ells
were treated witldifferent concentration d®C-13 (5, 10, 20e Mor
DMSO controlfor 48h. OC-13 (Figure5A) not dfect cell viabilities
(Figure 5B and enhanced intensities of Lg$racker fluorescence (Figure
6A). The effects were timend concentratiodependent (FiguréB and

6C). Beclin-1 is a proteirfor initiation of autophagandp62for
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degradation by autophag9, 11]. Westernblot analysisshowed thaOC-
13 increaseeclin-1 and LC3II/LC3-I ratiosand decreaseaf p62in
Q79cells(Figure7Aand7B). Baf Alis alate phase chutophagy
inhibitor by interferingdegradation of p62 and LA8[44]. The
accumulatd LC3-1l and p62ignificantlyblocked autophagic flux
(Figure 8Aand8B). Formation & doublemembrane autophagosome
puncta was induceoy OG13 (Figure 9Aand9B). Thedatasuggested
thatOC-13 induces autophagic flux @79cels.

4. Amelioration of Q79-EGFP aggregates by O€l3

Theautophag enhance©C-13 dissipate the accumulatedlyQ.
Theaggregation dots @redecreasedignificantlyby OG13 as the
increasing otoncentratioa (Figure 10Aand10B). The effective
corcentrationthat reduced 50% of aggregation®¢-13 was determined
at 14 M(Figure 10B) Aggregation proteinvas accumulated ¢éhe
interface of the stack gel asdparatiorgel in Western bloanalysig45].
Thelysates of OCl3-treded cellswereanalyzedoy filter trap assay46]
andWestern bloaanalysisby incubating thenembranélot with GFP
antibody Theinsoluble Q79EGFP aggregateseredissipated by O3
(Figure 11A. The levels of the soluble EGFP protaiereincreasedt
the expense dhecumulatedaggregates protein Q79cells (Figure 11B
and110). These dataupported thagbolyQ aggregatesan beeliminated
by theautophagc erhancerOC-13.
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5. The autophagic clearance is related to JNK signaling pathway

activation

To find out the mechanism in G3-induced autophagihe

signaling pathways ofautophagywas analyzed bWestern blat
Activation of S6K is a downstream for mTQ&7]. OC-13increased Akt,
S6K, and JNK1/2 phosphorylationWestern blo(Figure 12A).Up-
regulted JNK phosphorylation inducastophagic flu§15]. Activation
of Akt/mTOR pathwaysuppresseautophagic flu§14, 48]. The results
suggestdthatOC-13 induces activation of JN&ignaling pathway

6. Clearance of the Q79EGFP aggregatedy JNK-mediated
autophagy

ThepolyQ aggregatiodegradatiorco-localizedwith theinduced
autophagosomdt is necessaryo understandhe mechanisnior
degradationSP600125 isininhibitor for repressingINK
phosphorylatiorj49]. 3-MA is anearlyautophagy inhibitof50]. Insulin
activaesAkt phosphorylatiorj51]. MG-132 is a proteasome inhibitor
[52]. Pretreatment of JNK inhibitor 500125, and autophagy inhibitors
Baf A1 and 3MA impaired clearance of theggregatesvhile insulinand
MG-132did notas shownn fluorescence miascopy (Figure 13And
B). On the other hand]earance oinsoluble polyQaggregatiorwere
repressethy SP600125,Baf A1 and 3MA in Western bloanalysis
(Figure 14AandB). Both SP600125and3-MA inhibited drugmediated
autophagosome formation aBdf Al blocked degradation of

autophagosome (Figure 124dB). These finding suggestthatOC-13
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inducesautophagiclearance of the Q7BGFP aggregatdbatinvolved

JNK signaling pathway.

7. Exclusion of nucleuspolyQ aggregation

The nuclei aggregation can bkminated as detected by confocal
microscopyMore experimentsvereused to determine homucleus
aggregatswere eliminatedy druginduced autophagyheaggregates
were decreased by GT3 (20&eM) in confocal microscopy (Figure 16A).
The rumber ofaggregatioain nucleuswith EGFP positivecells were
countedafter48 htreatmentOC-13 eliminaedaggregatemore efficient
in nuclausthan incytoplasm(Figure 16B) In Western bloanalysisthe
insoluble polyQaggregation in nucleusasdecreasedore than
cytoplasm (Figure 16@ndD). Theprevious study shoadthat nucleis
polyQ aggregation is degraded by proteasfimdk Pretreatment of
SP600125, Baf Aland3-MA impaired clearance of theicleus
aggregates Q79 cell. But the proteasome inhibitor M@32did not
repress O€l3-mediated clearance of nucleaggregates (Figure 17Ah
Western blotdegradabon of nuclaisinsoluble polyQaggregatiorwas
repressed by-81A and SP600125aken all togetheOC-13 eliminates
aggregation in nucleus and cytoplasm by Jih&diated autophagy.

8. Transient Httex1 polyQ transfection

To further understand if OC3 eliminaes HDaggregats plasmids
encoding oHtt exonl including 251097 CAG repeats connected with
GFPwere obtainedo establishHttex1 polyQ cell modelgFigure BA).
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Humanneuroblastoma cells SK-SH were transfected with HtteQ25
and-Q97, respectivelyffor 24h and the chimeric proteins were found
expressedHttex1-Q97 transfectedells exhibitedacamulatedmore
aggregaon compared tdttexl-Q25transfectedtells asndicatedin
fluorescence microscop¥igurel8 B). The datandicated thathe
establibied cell models exprdsg the chimeric proteinbittexlexonl
Q25 or Q97GFP proteircan be establisheglith polyQ accumulationn
Httex1:Q97transfectedellsthat can beisedto test the efficiencpf OC-
13.

9. OC-13-induced autophagy incells transfectedwith Httex1-Q97
Previous data showed that €@ induced autophagic flux iqp G
TBP-Q79 stable cell line and autophagic floxxactivation of lysosome.
To identify GFRpositive cellspothHttex1-Q25andHttex1-Q97
transfectedtellswere analyzed bffow cytometry(Figure19A). OG13
inducedHttex1:Q97transfectedellsLysoTracker intensityHigure19B
and190). Compared with DMSO contrailhelysosome fluorescenceas
increased by O@3after12 h Theimagesshown enhancedttex1-Q97
transfectedtells LysoTrackerintensities agbserved byluorescence
microscopy ircellstransfectedvith the Httex1construct(Figure20A)
andcan be quantitate@Figure20B). The resuk suggested that OC3

activaeslysosome ircells with expanded polyglutamine

Next, wheher lysosome activator QL3 assisted in autophagosome

formation inHttex1-Q97 transfected cell$he confocal images revealed
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that OG13 increased autophagosome puncteeiis expressingttexl-
Q97 (Figure21A). OC-13 decreased p6igure22A) andinducedLC3-

| to LC3-1l conversion(Figure 2B) in Httex1-Q97transfecteatells Pl is
an fluorescendlye to label dead cel[84]. To gat GFP-positive cells,
Httex1-Q25or Httex1:Q97 transfectedcellswerestained with Pl and
analyzed bylow cytometry Figure 23A. Pl positive cellsemainechot
increasan Httex1-Q25or Httex1-Q97 transfecteatells (Figure 23B,
indicatingOC-13 did not affect ell viability in Httex1transfectedells
(Figure 230Q. This resultssuggestedhat OG13 inducel autophagosome
formationand activatedysosoman HD cell modelwithout affecting cell

viabilities.

10. Phosphorylation of JINK and Akt are increased by OC13 in

Httex1-Q97 transfected cells

OC-13-induced autophagy Q79 celldgs activated by JNK.

Whethertheautophagic signaling pathwagan beactivatedn HD cell
modelneeds to baddressedOC-13 induced phosphorylatedNK, Akt
and S6K ratisin HD disease cell modéFigure24). Theresults showed
that INKkmediated autophagy pathwdputnot Akt/mTORdependent
pathwaywasactivated by O€L3.

11.0C-13decreaseHttex1-Q97 aggregatiors
To study theclearance of poly@ggregation protein, more
experiments tested the hypothesithe autophaggnhancer O3

decreasegolyQ aggregation protein. By countirfigiorescemn
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aggregation in 508ittex1-Q97 expressing cellfheaggregates were
eliminated Figure25A) by increasingOC-13 concentrationgFigure
25B). OG 13 decreasetheinsoluble polyQaccumulatiorat the interface
between the running and stacking ddlg 55| as detected by GFP
antibody Figure26A). Thedisappearance dfieinsoluble polyQ
aggregation wahirther assertelly filter retardation assd¥6]. The
aggregate dotsintensitieswerereducedoy OG13 (Figure26B) andthe
differenceto eliminate insolubldHttex1-Q97 aggregation was significant

(Figure BC).

12. Elimination of Httex1-Q97 aggregationby OC-13-mediated

autophagy

Sincethe autophagynhibitor 3-MA inhibits PI3KCIII activation and

downregulate autophagy50], cells werepretreated with 3VIA for 1 h
before OC13 treatmentBy counting the numbers of aggregaite$00
GFP positive cells3-MA significantly repressed O@3-mediated
clearance ofluorescenHttex1-Q97 aggregas(Figure27A and27B). In
Westernblot, the eliminated Httex1Q97 aggregation was significantly
reverted by VA treatment Figure BA) as proved bydensitomeic
analysig(Figure28B). The results suggest¢that OG13-mediated
autophagy isnvolvedto eliminaie Httex1-Q97 aggregas incells

transfected withHttex1-Q97 construct

13. Elimination of aggregates by JNkmediated autophagy

To determinehe mechanism fa®C-13 for aggregation eliminatign
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it is necessaryo find out if INKpathwaymediated autdpagy The dug-
induced elimination oHttex1-Q97 aggregatesere repressed by
autophagic inhibitor and JNK inhibitoFigure29A). By counting of
aggregates in 500 GFP positive ceBdviA and Baf A1,andSP60025
blockedthedruginduced polyQ degradatidifrigure29B) andinsulin

and proteasome inhibitddG-132did not repress degradation of
aggregates by OC3 (Figure29B). Both inhibitors for atophagy and
JNK pathwayblocked OCG13-inducedLC3 puncta formatioiiFigure
30A). The results showed th#tttex1-polyQ aggregatiom weredecreased
by JNK-mediated autophagy
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I\VV. Discussion

Autophagy is a majomechanisnfor inhibiting aggregéedprotein in
neuroé gener ati on di sferdhs eentralmedvoust 6s r equi
systemThe enhancedutophagy protects thelt soma after axonal
traumatic injury and decreases the number of degenerating neurons in
retinal gangl i on ¢5d.lLésdcf autbghaggintke at i on
certral nervous system causes reduction of synapse size and
neurodegeneratidm8]. Autophagy is importarfor neuron survival and

promisegherapeutic way for neurodegeneration diseases

Many neurodegeneration diseases are caused by theelhtlar
aggregates of mutant proteBy high-throughput screening and lead
optimization the therapeutic potential aftriazole derivativeOC-13 was
identified capabl®f eliminating aggregation ipolyQ diseaseell
models OC-13 induces autophagy anbkais aggregation protein in
neuroblastomaellstransfeceéd withnC-TBP-Q79andHttex1Q97
constructsThe workfirst identified that OCL3 eliminated aggregates in
Q79stablecells. Theup-regulaedautophagyy induang JNK
phosphorylation i®eneficial that make®C-13 a promising therapeutic
modalityto treatdifferent types opolyQ diseaseMore experiments
indicate the selected triazole clearedeiditaggregations in the
transfected cells by autophagic activation. The results promise new
prospect of the small molecule €@ for application in relieving

neurodegemation.
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Trehalose is a disaccharitteat induces autophagic clearance of
polyQ aggregationlhe polyQ aggregates canly be decreased by
trehalose at a concentration1dfO nM (Fig 2). It is known tehalose
induces autophagy by activation of INK1 withakt/mTOR signaling
pathway[13, 59]. The results showhat despite highly induced autophagy
by trehaloseonly 20% aggregates intensity was decreased in Q79 cells
and the effects were also visible in nonpathogenic Q36 cells. On the other
hand, the O€l3-decreased Q79 aggregates was determinbticdil by
activating JNK but noAkt/mTOR. In addition, the drug activated
autophagy at 26M maintained cell viability without affecting Q36 cells.
Taken together, OQ3 is an ideal autophagy enhancer compared with

trehalose to clear the expanded polyQ agapes)

As an autophagy enhancer, the effects ofI3Gvere mTOR
independentRapamycin is a compound known to negatively regulates
MTOR that ugregulates phosphorylation of ULK1 and indsice
autophagosome formatig60]. mTOR kinase is a conserved regulator for
cell growth, proliferation, and survivihl]. In this study, O€13did not
activatemTOR pathwayvhile maintainingcdl viabilitiesin Q79 and
Httex1-Q97-transfectectells The dug-mediated autophagy through
MTOR-independent gahway is understoodafer tharthat through
MTOR-dependent pathwaiccordingly, wehaveidentified a harmless

autophag-inducing compond via mTOR-independent pathway

Phosphorylation of INKihitiated autophagyhowever the role of
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JNK 2 isunknown in thepathway. JNKimediated phosphorylation of
Bcl-2 regulates autophagluring starvation 62, 63]. Recent researches
showedthat palmitic acid and ER stress induce JNK@diated
autophagy and promote cell surviy@#l, 65]. OG13 induces JNK1/2
phosphorylation and autophagosome formattwhetherthe OC-13-
induced autophagy through JNK21or JR&r both is uncleafuture

expermentsare needed for clearance

Huntingtinwith connection oexpanded pol tract in the N
terminalexon 1regioncausedHD. Httex1forms aggregatas the nuclei
in neuronal cell$66]. Many cmpounds that directlgr indirectly
upregulate autophagyere applied clinically foneurodegenerative
disease<LCellular autophagy is a major degradatpathway for
eliminationof aggregatgrone proteingn HD [67]. SomemTOR
inhibitors such asapamycin or its analog induce autophagy to improve
motor neuron functiom fly and mouse models &fD [68]. Thus, drug
upregulation of autophagy is a promising therapeuticaaagr forHD
alleviation The nontoxiccompoundOC-13 is alikely candidate drugp
treatneuronal disorders kthe autophag clearance of thelttex1-polyQ

accumulation.

Autophagy reduce neurodegenerative disorders by elimination of
protein aggregateSelective autophagy faggregatedegradations
regulated at the level @iggregatiorprotein and autophaegssociated

protein such as p62, NBR1, and ALF&9]. But, until now is little
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known about differential gene regulate $alective autophagy’0]. OC-

13 induces p62 degradation by autophagy andreition of polyQ
aggregates in high | e@Q®landditexdaggr egat
Q97). OCG13possibilityinduce a selectively degradation for polyQ by

selective autophagy for aggregates degradation

The findings in this dissertation implied the potahtialue of an
autophagic enhancer, @13, in ameliorating expanded polyQ
aggregationinSKN-SH cel Il s with ec-TBPRYC expr es
EGFP and HttexD97-GFP. The enhanced autophagic flux is anticipated
to reduce polyQ aggregatidny INK pathway(Figure31). The results
provide a new dimension of the new compound that promises a new
approach to clear pgl) aggregation in neuronal. More work is needed in

animal models to further validate GIG3.
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Chapter V
Part || The application and mechanisms toreat human nonsmall

cell lung cancer cells

[.  Introduction
1. Lung cancer

Lung cancer is a leading cause of cafretated death not only in
Taiwan also around the wor@1]. In 2008,six million new cases of lung
cancer were diagnosed and incidence were 54.20 péllDPeople and
12.7% of total cancer in the worlda2]. Themain types of lung cancer
are SCLCandNSCLC. About 85% to 90% of cas of lung cancer
diagnosis are NSCL({73]. Patients oNSCLCdiagnosis from 2004 to
2008,69 % had adenocarcinoma, @hadsquamous cell carcinoma and
1 % had &rge cell carcinoma in Taiwdii4]. Smokers keep at high risk
for lung cancecompare with never smokefbacco control is very
crucial in both maleand femaledor cigarette smokingttributable lung
cancel 75, 76]. Conventional chemotherapy and radiotherapy continue to
bethe standard treatment for NSCLC patidiig. However,
chemotherapy resistance decreases the ability to effectively treat
advanced lung cancgr8]. Despite recent advances in development of
therapeutic strategy for lung cancer, it still remains incurable and thus a

novel therapeutic approach is urgently needed.

2. Triazole derivativesand cancer

Manybases otriazolecompoundadjustedcaspase3 and apoptosis
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in cancel[79, 80]. In NSCLC, some tiazole derivativesnduce apoptosis
andsuppress tumor growth and angiogenf&is82]. A triazole

antifungd agent ltraconazolmcreases formation of autophagosome and
antiproliferativeglioblastoma cellby Akt/mTOR-dependent pathwawg
vitro andin vivo[83]. Anothertriazole analod-12 induces autophagy
mediated apoptosis by activation of RDitro and in vivo breast

cancer modelg84]. The workdetermine whetherthe noveltriazole
derivativeBTO decreases cancegll proliferationby autophagyo

eliminate NSCLC

3. Autophagic cell death

Three types of cell deatire deénd by Schweichel and Merker,
programmedatell death type I, later called autophagic cell death, is
differentiate from type | (apoptotic) cell death by the existence of rich
autophag structures in the dying cdB5]. The function of autophagy in
cell death has been a problem of great controversy, resent studies show
that druginduced autophaggromote cell death in cancer cg3k].
Autophagy in cancer is complex: it can improve tumorigenesis initiation,
overcome resistance of cancer drug in tunf@vs. In addition,

autophagic enhancers induce cehitieshow encouraging resul&sg].

4. Cancerand autophagy
As a doubleedged sword in cancer treatment, autopreatharmcer
can either be related to cypootective autophagy or autophagic cell death

[89]. Autophagic gene loss causes a promotion of the early phases of
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oncogenesis in mid®Q]. But, cisplatinbased compounds aresii line

drugs in the therapy of advancl&CLC. Cisplatininducesthe

autophagic protection in H460 and A549 NSCLC cell line. Several
previews report the involvement of autophagy in the development of drug
resistancg¢91]. Moreover some autophagy compounds enhansglatin
induced cell death in CDDResistant lung cancg®2]. Therefore, we like

to identify morenovel small molecule compournd enhance autophagic

cell death ilNSCLC.

A new cancer suppresseompound BTO wafunded inducing
autophagic cell death enhancer in NSCLC. BTO indagmptosis in
A549 and H460 NSCLC cell lindarough autphagyactivation Both
apoptotic and autophagic markeavereinduced by BTO anthe effect
repressed by autophamhibitor 3-MA. Theresults sppott a novel
active drugs BT(providea potential alternative to treat human lung

cancer cells by autophaggodulatedcell death.

[I.  Material and method
1. Cell culture

Human NSCLC cell$549 cells, H460 cells and1299 cellsvere
seededvith 33 1Ccells/well in 96well platg 23 1P cells/well in 12
well plate and B 10°cells/dish in 6 cm disiplate for MTT assayflow
cytometer assay aWesterrblot analysisdeterminationin all
experimentsNSCLC cellswere treatedvith various cogertrations of

BTO(2,50rD ¢ M) icte contoleDMSO 0.2% fod8 h for all in
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this study.

2. Plasmid andtransfection

GFRLC3 wasacquiredirom ProfessoiVP Huang, Department
of Life Science, National Taiwan Universifyor transfectiongellswere
seeded at 1 1Ccells/well in 12well with 1 & |-PramNonlifosome
Transfection Il reagent (Ji Feng Biotechnologgll € QFP-LC3

constructfor 24 hin 6 cm dish plate

3. Reagents

The chemicals as used in tisidyincluded autophagy VA
(Sigma), DMSO (SigmaDAPI (Sigma), the adiic vesicular dye
LysoTracker (hvitrogen), RIPA (150mM NaCl, 50mMris-HCI pH8.0,
25mM EDTA, prdease inhibors 0.1%SDS, and 1% tritonxL00),
blotting buffer (25 mM Tris, 192 mM glycine, 20% methanol), ECL
(GE), PBST (3.2 mM NaHPQ,, 0.5 mM KHPQ;, 1.3 mM KCl, 135
mM NaCl, 0.05% Tweei20, pH 7.4)BTO (MW: 347.]) asshownin

Figure31 weredissoledin DMSO (stock is 10 mM inC).
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Synthesis step for BTO

‘ F /AcOH

O OH Bromoacetonitrile \C[ et \C[ k
dry acetone
i NO,

NO, K,CO;

Propargyl bromide

@) 0) ‘
\Oi k Benzylazide O\©io
- Copper iodide k
N @]

1,4-dioxane N O
N 80 °C \

%N
\ / N

K,CO
Acetonel R

2-(5-methoxy2-nitrophenoxy)acetonitrilpreparation:

In an oven dried rountdottom flask, under a nitrogen atmosphere, 5
methoxy2-nitrophenol(2.0 mmol, 1equi) was dissolved in dry acetone
(5 mL) and stirred with anhydrous,B0O; (2.6 mmol, 1.3equiv). 2
bromocetonitrile (2.4nmol, 1.2equiv) was added to the reaction mixture
and refluxed fluxed until the completion of the reaction. The progress of
the reactiorwas monitored by TLC. After the completion of the reaction,
the reaction mixture was diluted with ethyl acetater(®9, washed with
water (3x10mL), brine (2x10mL), and dried over N&Q,. The solvent
was evaporated and thg2methoxy2-nitrophenoxy)aetonitrile

product was purified by flash chromatography on silica gel.

7-methoxy2H-benzo[b][1,4]oxaziF3(4H)-onepreparation:
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To a stirred solution d-(5-methoxy2-
nitrophenoxy)acetonitrilé2 mmol) in acetic acid (1tL), powdered Fe
(12 mmol) was addd and the reaction mixture was then refluxed for 2
The progress of the reaction was monitored by TLC. After completion of
the reaction, the reaction mixture was cooled to room temperature and the
acetic acid was removed under reduced pressure, Et@Aal(Pwas
added and was stirred foman and then filtered to remove any iron
impurities. The insoluble iron residue was washed with EtOAe{2D
The filtrate and washings were combined and dried over anhydrous
MgSO4. The solvent was removed under redugressure and the crude
7-methoxy2H-benzolb][1,4]oxaziFB(4H)one thus obtained was

purified by column chromatography to obtain the pure product

7-methoxy4-(prop-2-yn-1-yl)-2H-benzo[b][1,4]oxaziF3(4H)one

In an oven dried rountdottom flask, undea nitrogen atmosphere,
7-methoxy2H-benzolb][1,4]oxaziFB(4H)-one (2.0 mmol, 1equiv) was
dissolved in dry acetone (BL) and stirred with anhydrous
K2CGO; (2.6 mmol, 1.3equiv).Propagyl bromid€2.4 mmol, 1.2equiv)
was added to the reaction mixture aafluxed fluxed until the
completion of the reaction. The progress of the reaction was monitored by
TLC. After the completion of the reaction, the reaction mixture was
diluted with ethyl acetate (28L), washed with water (3x1@L), brine
(2x10mL), and dred over NaSQ,. The solvent was evaporated and the
7-methoxy4-(prop-2-yn-1-yl)-2H-benzo[b][1,4]oxaziF3(4H)-one

product was purified by flash chromatography on silica gel.

41



4-((1-benzyt1H-1,2,3triazok4-yl)methyl)-7-methoxy2H-
benzol[b][1,4]oxaziFf3(4H)one

A mixture of corresponding-ihethoxy4-(prop-2-yn-1-yl)-2H-
benzol[b][1,4]JoxazifB(4H)}one (1.0 mmol, 1.0 equiv), corresponding
benzyhzide (1.2 equiv) and Cul (0.3 equiv) in-Hibxane (3.0 mL) was
heated at 8@C until completion of the reaction CC analysis). The
reaction was allowed to reach RT. The mixture was filtered under the high
vacuum pump and washed with ethyl acetate (10.0 mL) and solvent was
removed under vacuum to afford the crude product and it was purified
through a column chromataghy using ethyl acetate and petroleum

ether solution to its corresponding products

The chemical BTO was provided by professor Yao Cliiag

Department of Chemistry, National Taiwan Normal University.

The composite mass spectroffBTO

A white solid; mp 139141 xC. IR (KBr) v/icm1 2929, 1738, 1675,
1513, 1454, 1402, 1306, 1207, 1148, 1045, 838. 1H NMR (400 MHz,
CDCI 3) U 7.49 (s, 1H) j73amaz),(d, J
7.257.22 (m, 2H), 6.57 (d, J = 8.8, 2.7 Hz, 1H), 6.53 (d, J = 2.7 Hz, 1H),
5.46 (s, 2H), 5.11 (s, 2H) , 4.55 (s, 3H) , 3.75 (s, 3H); 13C NMR (100
MHz , CDCI 3) u 164. 2, 156. 7, 146. 2,
123.3,122.4, 116.8, 108.1, 103.4, 68.0, 55.8, 54.7; BFSm/z
calaulated for CGgH18N4O3 (M+H) 350.1373, foun®50.1378.

42



4. FACScalibur analysis
In Annexin AFITC and Pl double staining analy$is apoptosis,

cells were seeded21( cells into12 well for 24 h and treated with
variousconcentratioaof BTO or control DMSO with medium at 87

for 48 h. Cells were cdted and stained with PI (0.5 pg/mL) and
AnnexinV FITC (0.2 ug/mL, Becton Dickinson) for 30 min at room
temperature in the dark. The early and late phase of apoptosis was

determined bylow cytometer

For level of cellular ROScellswere seeded 21 cells for 24 h into

6 cm dish plate and treated witariousconcentration of BTO or control

DMSO with medium at 37 . Cells were collected and stained with

H,DCFDA (100 puM/mL,Sigma) for 1h at 3¢ in incubatorTheROS

intensitywas determinedy flow cytometer

5. Immunoblotting

After BTO treatment, cellsverehavewashed with PBS and lysed
with RIPAandstocked in a20¢ refrigerator Equal amounts of sample

protein will be loaded in SDBAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis18%) and transferred to
nitrocellulose membrane with blotting buffer. Incubation with primary
antibodies will inclué GAPDH (Genetex, GTX100118), Akt (Genetex,
GTX128415), phosphékt (Genetex, GTX12841)4L.C3 (MBL,
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PMO036) Bax (GenetexGTX109683, cytochromec (Genetex
GTX108585, PARP (GenetexGTX100573, p53(GenetexGTX702149
and caspas8 (GenetexGTX110543 for 24h. The membraneas
further probed with secondary antibody (peroxidesejugate antmouse
or anttrabbit 1IgG) at 1:5,000 fot h and detected with ECL.
Densitometry oproteinwasquantitated by Mui Gauge (FUJIFILM).

6. Animals and treatments
Theathymicnu/numale mice (BALB/c)of 3-4week of age were
obtained from the National Laboratory Animal Center (Tainan, Taiwan)
and housed at the aninfatility (Kaohsiung Medical University,
Kaohsiung, Taiwan)lotalof 1x1°c el | s suspenP88®d in 10
and Matrigel E Basement Membrane Matr
CA)) were injected subcutaneously into dorsal legs hypodermic area of
nude mice. Once tumors reached 50thre mice were injected
subcutaneousiwi t h 2 0T (at d dosade of B rfigy/mouse) or
vehicle control twice a week for 4 weekehe tumor sizeweremeasured
at each time points before treatment. The tumor volumes were calculated
following the formula: 1/2lengthx width?). After thirty-five days of

treatment, mice were saficed by inhalation antumors dissected.

7. Histochemical staining
Thetumors of nude micewvereperfused and fixed with PBS
containing 4% formaldehyde. The sampldwhor wasembedded in

paraffin and cuinto 5 pum thick tissue sections using a microtome.
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Coronal sections diimortissueweremounted on histological slides for

H&E staining.

8. Cell viability assay
Cell cytotoxicity wasdeterminedy MTT assay. Cells were seeded

3,000cells/well in 96well plate. Theculture mediuntontainedvarious

concentrdon of BTO or control DMSO and incubated3® for 48 h.

Thecells were incubated with 10 pul MTT reagentn{g§/mL) at37¢ for 3

hin 90 ul growth medium. Afteemovingsupernatantl00 pl DMSO
into was adde@ach well. The absorbance was determined at 570 nm

wavelength in ELISA reader (Thermo Fisl@mientific, USA).

9. Colony forming assay

Cells were seeded cells intol2-well plate for 24h andthentreated
with BTO at different concentration @ehicle control for 48 h. After
replaced with fresh media kept growingdirb mL mediumfor 14 day.
Cel colonies were then fixed and stained with 0.5% methylene blue in
ethanol. The number of coloniaseach concentratipdefined asnore

than50 cells per colony, was counted

10. Statistical analysis

The statistical significance of these data will be compdretween
t wo groups f oltitestanehaltipbe yomparisorberat 6 s
performed with onavay ANOVA or twoway ANOVA followed TheP
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value of less than 0.05 is considered significantly different.
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lll. Results
1. BTO inhibited cell growth by apoptosis

Theeffect of BTO(Figure32A) treatmenin inhibiting different
NSCLC cell linesveredeterminedAs shown in MTT assasTO
significantly repressed cell viabilities of A549 and H460 dgtigure
32B). In colony formation assay, BTSuppressedormationof colonies
in differentNSCLC cell lines Figure 2C). Thenumbers colonies of
A549, H1299 or H460 were significantly inhibited by BTEiqure 2D).
The ratis of early and late apoptotic populatgoneredeterminedyy
flow cytometryaftertreatingwith BTO in A549 and H46@ells (Figure
33A and33B). Theresultsshowthat BTO inhibits cell growtlby
inducing apoptosign NSCLC.

2. Enhancement of apoptosis and autophaggharactersby BTO
How BTO inducel apoptotic or autophagic cell deaBy Western
blot andysis, Bax promots cytochromec release from mitochondrithat
activates procaspafeandprocaspases that cleave®ARP-1[93]. Bcl-2
inhibits the function bBax andAkt is asurvivalsignal[94]. BTO
induced cleaved PARP, Baxytochrone c andautophgy maker Beclin
1. Thesurvivalmarker Akt and BeR were reducetly BTO (Figure
34A). In time study activation of caspas&and cleavage ofARP was
induced 2. Theanti-apoptoticmarker Akt, pAkt and Bclt2 were
reducel after48h (Figure $A). BTO increasednaker LC3Il and
decreased p62 after 24 Fgure BB). This resultsndicatethat BTO

induces apoptosis and autophagic marker.
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Theprogressiorof autophagy waalsoexamined by fluorescence
microscopy in A54%ells, he processf autophagywvasinitiated by
accumulatiorLC3 to form autophagosomanddegrade by fusion with
lysosome and autophagosoff&]. A549cells weretransienty
transfected with GFHRC3 and treated witlarious concentration of
BTO. The aitolysosome colocalization with GHRC3 puncta and
lysosomewereindicatedat different timepoints LC3 greenpuncta and
orangeautolysosome were increas¢bdigure HA andB). Pretreatment
with autophagic inhibitor -MA suppressed BTénduced autophagosome
and autolysosom®rmation(Figure FA). TheBTO-induced
autolysosomeavas suppessed by A can bequartitatedafter 48 h
treatmen{Figure ¥B). These results demonskdhat autophaig flux is

induced byBTO in A549cells

3. Autophagy-mediatedapoptosisby BTO

As shown inFigure38A and38B, bothearly and late apoptosis
populaton were induced by BTO and repressed WA Thecleavage
of PARP,increase oBax andactivation of caspase were repressduly
3-MA (Figure 39) thatrescué anttapoptosis markemhese results
suggestdthatBTO induced autophagapoptosis in the huam lung

cancer cells.

4. BTO increase ROSNn A549 cells

To further confirmthe mechanism of BTdhduced autophagic
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apoptosisthe ROSgeneratedntensity was analyzetH2DCFDAIs a
cellular reactiveoxygenspeciesdetectioncompound. A549 was stained
with H2DCFDA beforebeingtreated with BTQ2, 5or 10eM) or
DMSO control for 12, 24, or 48. TheincreasedTO concentrations
inducedROS(Figure40A). The stainedH2DCFDA Intensity was
inducead by BTO (Figure40B). ROS inhibitor NAC repressed BTO
induced ROSFigure41A), autophagyFigure41B) and cell deth
(Figure41C). A549 was stained witHi2DCFDA after pretreating with
NAC 5 mM for 1 h and treating with BTO ¥WM or DMSO controffor
24 h Theseaesultsshowed that BTO induces R@&ediatedautophagic

cell death

5. BTO repressed growth in nude mice bearig xenograft tumors

To further confirm th@autophagyenhancer BTQ@iffects in tumor
growth, A549were injected into the dorsal legs hypodermic area of nude
mice The mice werénjectedsubcutaneouslgvery 3 4 daysata
concentration ol mg/kgper mouseCompared to controhude mice
treated with BTGshowedsignificant reluction oftumor volumesKigure
42A). After 35 days of treatment, xenografts tumors were removed from
sacrificednudemice (Figure 438). The tumorsizes differed significantly
between combl and BTO treatmer(Figure 4Z). BTO treatmenimice
did not show a significardifferencein body weight(Figure 8A). The
apoptosis marker cleavage PARP was induced aneapoptosis BeP
andAkt were reducedh BTO treated micé€Figure 48B). Histological

examination H&E staining)revealedapoptotic body (arrows) itumor
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sectiondreated with BTO (Figure3C). These results indicateatBTO

inhibits xenografts tumorgrowthby inducingapoptosis.

The xenograftsumor tissuesvereanalyzedby
ImmurohistochemistryThe poliferation marker PCNAntensity and
autophagic marker LC3 puncta were increased by BitOmor tissue
specimengFigure 4 andB). BTO inducedo53intensityand
translocatiorto nucleusin tumor tissuegFigure 43\) that is relagd to
apoptosig96]. TUNEL assayss an apoptosis test lmetecion of DNA
fragmentatiorf97]. The TUNEL-positive cellsvere increased by BTO
treatment intumor tissuegFigure 418). Taken togetheBTO induces

apoptosis and autophagyxenograftgsumor.
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IV. Discussion

BTO induces autophagic apoptosis and inhibits cell grawiitro
andin vivomodels of NSCLC. BTO enhaad apoptosis as shown by
Western blotnalysis, colony formation assay and Annexin V at 48 in
NSCLC. The effect is caused by the enhanced autophagy as proved by the
increased autolysosome puncta staining by LC3 andlltgs&er in A549
at 24 h. The effectwere suppressed by autophagy inhibitdv A and
ROS inhibitor NAC. The findings suggested that the novel drug induced
autophagydependent apoptotic cell death by ROS in human NSCL cells.

Autophagic enhancer may contribute to cancer therapy. An
autophagigene Beclinl inhibits tumorigenesis and induces apoptosis
[98]. Many autophagic enhancer drugs induces autophagy and cell death,
such as Etoposide, Rapamycin and AZD8[¥%101]. Etoposide inhibits
cell viability by Bcl-2 repression and caspasectivation, 3VIA and
over expression of B& inhibit activation of caspaséand cell viability
inhibition [102. Rapamycin induces autophagic cell death by repression
of Akt and S6k phosmrylation, 3MA and Akt enhancenhibit
Rapamycininduced autophaghp9]. The autophagy enhancer AZD8055
inhibits cell viability by repression of Akt and S6k phosphorylafibon].
BTO reduced Akt phosphorytian and induced autophagic apoptasis

vivo and invitro.

ROS is identified as signaling molecules teragulate autophagy

[103. ROS stimulate autophagy through multiple signaling pajtsw
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including activation of ATM and HIA U  t-regulatgautophagy
associated protein by suppression of mMTOR and AT[A0A4]. In
transcriptional regulation, ROS activate transcription factor such as HIF1,
p53, NRF2, PERK and FOXO3 to induce autophagy associated protein
[105. BTO increases level of ROS and formation of autophagosome.

ROS is a pssiblemechanism for BT@nduced autophagy.

Many drugs inducewdophagc apoptosidy ROS. Carnosol induces
ROSmediated autophagy and apoptosis in triple negative loaaser
[106]. Plumbagin promotes autophagic apoptosis and in prostate cancer
cells via reduction of PI3BK/Akt/mTOR and R&fSsociated pathway
[107]. 3-AWA promotes autophagy to apoptosis by activation of ROS and
inhibition of Bcl2 in prostate cancer ce[l$08. ROS inhibitor,NAC,
represses BTdncreased atophagosome and cell deaBTO is an

enhancer foROSmediated autophagic apoptosis in human lung cancer.

Autophagy enhancer reverses cispla@nsistance in the human lung
cancer cell line. RO$ediated autophagic enhancer Gambogic acid
enhances antitnor by cisplatin treatment in resistant lung cancer cells
[109. Rapamycin promotes cisplatmediated cell death in resistant
A549 cells by Akt and S6k inhibitiof®2]. In this work, we found that

BTO induces autophagy and represses activation of Akt and level of p62.

Level of Bcl2 is important forhe mechanism of autophagy to

programmed cell deafd1d. And ROS may promote autophagy
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dependent cell death [114hhibition of PISK/Akt/mTOR signaling
pathways promotesutophagi cell death [115, 116Phosphorylation of
Akt/mTOR is an important signal for metabolism and cell sunjivai].
BTO increases autophagy, inhibits Akt signgland decreases B2lby

ROS pathway in lung cancer.
A triazolederivatives BTO actives ROediated autophagic

apoptosisn vivoandin vitro. The study asserts the autophagy enhancer

BTO as a potential candidatetreat a subset of lung can¢€igure 49.
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Chapter VI Conclusion

Autophagycan be relayedy different proteinssuch a4.C3 and
p62 TheJNK-regulated autophagy amaditophagic adapt@62recruits
protein aggregates that was degraded by autolysqsuinie alleviating
neuroral disorderd69]. Despite current available numerous approaches
more work is needed to dissolve polyQ aggregates thr@uddphagy
without affectirg cell viabilities[70]. OC-13 redued p62andinduced
autophagydegradationn cellswith ectopicexpression ofgf BP-Q79 and
Httex1-Q97 aggregatswithout injuring neuronal celldVhile more
experiments involving animal studies are nee@®d,13 maybecome a

feasiblecandidatdo treat neurodegenerative diseases.

Although autophaggan inducecell survival mechasim,some
recent studiedemonstratethat autophagy can promote cell dedthe
mechanisnof autophagy to programmed cell deathas welt
understoodPrevious studiesdicatel thatbetweenwith Beclin 1and
Bcl-2 interactionregulatesautophag apoptoss [11(. BTO-induced
ROS nhibitsthe survivalsignalingand level of Aktand phosphoryladn
of Akt. BTO-inhibited A549 cells growthinhibits Akt signaling and
decreases B& by ROSmediatecautophagyathwayfor lung cancein

vivo and vitra

OC-13 induces JNK and autophagy pathwayrotect cell viability
without loss of Bcl2 and o AktphosphorylationBTO decreases level of

Bcl-2 and phosphorylation of Akt by increasing of R@®8diated

94



autophag apoptosisPerhapdoss of Bcl2 and Aktphosphorylatiorare
key factors for survival and caleath between O3 and BTO induced
autophagyThis dissertatiorprovides two differential autophagic
enhaner between clearance of aggregation protein and cell desgh.
two compounds are good implications to treat numerous diseases by

enhancing autophagy.
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Chapter VII Figures
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Figure 1.Establishment of polyQ disease cell models

(A) Plasmid construction ofgp CTBP/Q36and Q79. Thep CTBP
constructs with enclosure of & 79 glutamine repeals/ conjugating
with EGFP at 8end were establishe(B) The fluorescentimages of
o CTBP-Q36 or Q79 stable cell lineqp CTBP-Q79 cells expressed
more aggregation doth ta n -TBREQ36 cells aftetreating withDOX
(20 pg/ml) for 4 days(Scalebar =2 ¢ (@))Westernblot analysis
detected polyQEGFP protein expression Comparing with different
cloning of stable cell line andetection of ecombinéion proteinafter

cellstreaedwith doxycycline 20 pg/mL for 4 days.
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Figure 2. Screening of autophagy enhancing chemicals
(A) Image of Q79 cells for screening compounds by higtontent
Imaging detection.Lysosome activator were selected by LysoTracker
staining. Tke nuclei were stained by DAPI (blue) and activated lysosomes
stained by LysoTr acke(B)Th®R@mulidate ( Scal e
chemicals displayed different lysosome stainingcompounds O€13,
0OC-14, YR-21 and YR72 activated lysosome activity lysosome.
Quantitation of LysoTracker fluorescence intensity determination by

high-content imaging. (**P < 0.01, unpaired Studentsst as compared
with vehicle control DMSO, N=3)
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Figure 3. Changes of cell viability and aggregation intensi¢s by
candidate compounds

(A) Cell number counting. Compound$C-04, OCG10, OG13, YR-72
and YR297 maintained cell viabilities in Q79 cells. Higbntent images
werestained DAPIn nucleusand countedB) Quantitative
aggregationintensities Aggregationntensitiesweredecreased by OC
13, OG14 and trehalos€** P < 0.01, unpaired Student$est as

compared with vehicle control DMS®=3)
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Figure 4. The variations of autophagy markers.

(A) Westernblot analysisdetected LC3II protein. OC-14, YR-21 and
YR-72 induced LC3Il in Q36. OCG13,0C-14, YR-21 and YR72
induced LC3Il in Q79 cells. Cells was treated witAndidate chemicals
at 20uM for 48 h.(B) Quantitative densitometry of LC3-1I/LC -1 in
Western blot. OC-13 and OG14 specifially inducedautophagy in Q79

cells
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Figure 5. The candidate chemicalDC-13 and cell viability

determination

(A) The chemical structure of OG13.(B) Determination of viable cell
number. Q36 and Q79 cells were treated with 5, 10, 20 uM or DMSO
control for 48h after induction by Dox for 4 days. Cells were trypsinized
and collected. And the numbers of viable cells were counted (**P <0.01,

oneway ANOVA, compared with vehicle control DMSO).
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