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Chapter I Abstract
Strategies that enhance autophagy clearance of polyQ accumulation
have become an attractive approach to revive neuronal cell viabilities. In
the part I of the dissertation, a selected autophagic enhancer candidate
was identified as a cell model for polyQ aggregation clearance. The
polyQ diseases were caused by expansion of CAG trinucleotide repeats in
the coding region of gene. After screening a series of triazole derivatives,
a newly identified synthetic compound, 5,5′-(4,4′-(1,3-phenylenebis(oxy))-bis(methylene)-bis(1H-1,2,3-triazole-4,1-diyl))-bis(methylene)bis(3-(naphthalene-1-yl)-oxazolidin-2-one (OC-13), was shown capable
of enhancing clearance of the aggregated polyQ in neuroblastoma cells.
Human neuroblastoma cells SK-N-SH with ectopic expression of ΔCTBP-Q79-EGFP or Httex1-Q97-GFP mutant protein can be cleared of
mutated aggregates without affecting cell viabilities. Treatment of OC-13
increased autophagosome formation and more than 50% the accumulated
aggregates were eradicated as determined by fluorescence microscopy.
Western blot showed that OC-13 converted LC3-I to LC3-II in the
transfected cells and activated autophagy-mediated elimination of polyQ
aggregation. The effects were repressed by autophagic inhibitors.

Autophagic enhancer is also a valid treatment strategy as cancer
therapeutics. In the part II of the dissertation, another newly identified
triazole derivative compound, 4-((5-benzyl-1H-1,2,4-triazol-3-yl)methyl)-7-methoxy-2H-benzo[b][1,4]-oxazin-3(4H)-one (BTO), was
found inhibiting the growth of human NSCLC cells. BTO induced
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autophagic characteristics and inhibited cell growth as shown in MTT
evaluation, colony forming assay and Western blot. The compound
induced autophagosome and autolysosome formation. More experiments
with Annexin V staining and Western blot showed that the drug induced
apoptotic cell death that was related to autophagy activation.
Furthermore, BTO suppressed the growth of xenograft tumors by
activating autophagy-mediated apoptosis as shown in Western blot and
fluorescence microscopy of tumor tissue specimen staining.

The triazole derivatives OC-13 and BTO can be of potential
therapeutic values to treat human diseases.

Keywords: autophagic flux, polyglutamine, aggregates clearance,
triazole, JNK pathway, neuronal disorders, human non-small-cell-lungcancer cells, apoptosis
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Chapter II 中文摘要
本論文目的是鑑定三唑衍生物潛在用於治療神經退化疾病及非
小細肺癌細胞的藥物。多麩醯胺酸造成的神經退化性疾病是因為神
經細胞中基因座上出現過度 CAG 三核甘酸的重複序列所導致的疾
病。利用增加細胞自噬清除多麩醯胺酸堆積，是一種可能的方式用
來治療多麩醯胺酸相關神經疾病。在第一部分的論文中，利用表現
多麩醯胺酸的細胞模式篩選一系列的候選藥物。從一系列三唑衍生
物中篩選出化合物的藥物 OC-13,它可以透過增強自噬特性，清除外
來質體衍生的蛋白質ΔC-TBP-Q79-EGFP 或 Httex1-Q97-GFP 造成多
麩醯胺酸堆積，卻不會影響細胞活性。由螢光顯微鏡下觀察，表現
擴增多麩醯胺酸的細胞經 OC-13 處理增加自噬小體，會清除超過５
０％的蛋白質堆積。由西方墨點法分析顯示，OC-13 促進 LC3-I 轉
換為 LC3-II 以增進自噬體形成，而自噬抑制劑能阻斷 OC-13 清除多
麩醯胺酸的功能。
論文第二部分利用增強細胞自噬主導的第二型計畫性細胞死亡
可以用作於癌症的治療。透過細胞活性分析, colony forming
assay, Annexin V 染色及西方墨點法分析，可以確認另一個三唑衍
生物 BTO 會抑制人類非小細胞肺癌細胞的增生，並能隨著時間及濃
度誘導自噬相關蛋白，並且促進凋亡，這都是透過自噬小體增加與
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溶酶體的形成。利用 Annexin V 染色及西方墨點法分析可以顯示促
進自噬的 BTO 造成肺癌細胞的凋亡。此外由腫瘤組織的西方墨點分
析和螢光顯微鏡中顯示，BTO 可以抑制在小鼠模型中異種移植的
A549 腫瘤生長，並且誘導凋亡和自噬標記物的增生。

這兩種三唑衍生物化合物可以是抑制人類疾病的一種潛在治療
藥劑。

關鍵字:細胞自噬，多麩醯胺酸，聚集物清除，三唑化合物，JNK 訊
息傳遞，神經退化疾病，人類非小細胞肺癌細胞，細胞凋亡
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LIST OF ABBREVIATIONS

3-MA
AD
ALS
ANOVA
Baf A1
BTO
CDDP
DAPI
DMEM
DMSO
Dox
ECL
EDTA
EGFP
ELISA
FACScalibur
FBS
GFP
H&E
H2DCFDA
HD
Httex1
IR
JNK
LC3
mp
MS
mTOR
MTT
NAC

3-Methyladenine
Alzheimer's disease
Amyotrophic Lateral Sclerosis
Analysis of variance
Bafilomycin A1
4-((5-benzyl-1H-1,2,4-triazol-3-yl)-methyl)-7methoxy-2H-benzo[b][1,4]-oxazin-3(4H)-one
Cisplatin
4',6-diamidino-2-phenylindole
Dulbecco's Modified Eagle Medium
Dimethyl sulfoxide
Doxycycline
Enhanced chemiluminescence
Ethylenediaminetetraacetic acid
Enhanced green fluorescent protein
Enzyme-Linked ImmunoSorbent Assay
Fluorescence-activated cell sorting
Fetal bovine serum
Green fluorescent protein
Hematoxylin and eosin
2',7'-dichlorodihydrofluorescein diacetate
Huntington’s disease
Huntingtin exon 1
Infrared spectroscopy
c-Jun N-terminal kinases
Microtubule-associated protein 1A/1B-light chain 3
Melting point
Mass spectroscopy
mammalian target of Rapamycin
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide
N-acetyl-L-cysteine
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NMR
NSCLC
OC-13

PBS
PCNA
PD
PI3KC3
polyQ
RIPA
ROS
SCLC
SDS
SMER
SQSTM1
TBP
TUNEL
β-lap

Nuclear magnetic resonance
non-small cell lung cancer
(5,5′-(4,4′-(1,3-phenylene-bis(oxy))-bis(methylene)bis(1H-1,2,3-triazole-4,1-diyl))-bis(methylene)-bis(3(naphthalene-1-yl)-oxazolidin-2-one)
Phosphate-buffered saline
Proliferating cell nuclear antigen
Parkinson’s disease
Class III phosphatidylinositol 3-kinase
Polyglutamine
Radioimmunoprecipitation assay
Reactive oxygen species
Small-cell carcinoma
Sodium dodecyl sulfate
Small-molecule enhancers of rapamycin
Sequestosome-1
TATA-binding protein
Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay
β-Lapachone

12

Chapter III Autophagy
Macroautophagy (hereafter refer to as autophagy) is one of the major
metabolic pathway mechanism for degradation of cytoplasmic long-lived
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 protein and organelle, development, anti-aging, clearance of
microorganisms, cell death and tumor suppression [3]. The process of
autophagy involves the formation of double-membrane autophagosome
responsible for transporting components to autolysosomes for
degradation [4]. The evidence demonstrates that autophagic process is an
important mechanism to maintain cell homeostasis and assist in cell
survival [5].

The molecular mechanism of autophagy involves several conserved
Atg (autophagy-related) proteins in eukaryotes from yeast to mammalian
cells [6]. Activated autophagy targets and degrades mutant aggregates
that involve Beclin 1 (Atg 6) [7], LC3 (Atg 8) [8] and p62/SQSTM1
(p62) [9, 10]. The central role for autophagic initial step is Beclin 1 that
binds to class III phosphoinositide 3-kinase [11]. The autophagosome
membrane elongation is promoted by lipidation of LC3-I to LC3-II [12].
The ubiquitin-binding scaffold protein p62 is related to autophagosome
formation and degradation in autolysosomes [9, 10].

The autophagy enhancers can be classified as mTOR-dependent or

13

mTOR-independent pathways [13, 14]. In mTOR-dependent autophagy,
Akt/mTOR inhibits autophagosome biogenesis by controlling ULK1
(Atg1 homologues in yeast) complex ubiquitination and phosphorylation
[17, 18]. JNK1/Beclin-1/PI3KC3 pathway is associated with mTORindependent pathway by activating of JNK1 and phosphorylating of Bcl-2
that dissociates Beclin 1 and Bcl-2 complex during autophagy activation
[15].

Several recent reviews indicate that autophagy relates to cancer,
neurodegenerative disorders and other diseases [16]. Basic autophagydeficient in neural cells causes neurodegenerative disease by Atg5
knockout in mice [17]. Some studies suggest that drug-enhanced
autophagy plays a protective role against neurodegenerative diseases in
vivo and in vitro [18]. In cancer cells, some autophagy enhancer induce
cytotoxicity in cancer cells by means of autophagy, such as berberin,
isoliensinine, dauricine and cepharanthine [19].
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Chapter IV
Part I The application and mechanisms to treat polyglutamine
diseases
I.

Introduction

1. Protein aggregation diseases
The formation of mutant protein aggregates induced neural
disorders, like Alzheimer’s, amyotrophic lateral sclerosis, Parkinson’s and
polyQ disease [20]. Diseases of expanded polyQ stretches are hereditary
neurodegenerative disorders caused by abnormal expansion of glutamine
stretches, such as HD and various spinocerebellar ataxias [21, 22]. PolyQ
disease-associated cytotoxicity includes transcriptional alteration,
metabolic dysfunction, proteasome impairment and stress response
abnormalities [23]. Therefore, clearance of mutant polyQ aggregates
promised to reduce cell cytotoxicity and assist in cell survival [24, 25].

2. Triazole derivatives and neurodegeneration
The triazole derivatives were defined for plant protection by
antifungal activity against pathogenic fungi [26, 27]. Some pervious
study demonstrates that triazole derivatives protect neuron viability in
neurodegeneration diseases. The adenosine A(2A) antagonist SCH58261
(triazole derivatives) reduces seizure occurrence and protects numbers of
cell in the hippocampus and piriform cortex [28]. Furthermore,
preclinical studies suggested that A(2A) receptor antagonist SCH58261
improves in motor deficits in PD. The cationic albumin-conjugated
triazole chelating agents inhibit apoptotic cell death and improve amyloid
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beta-induced learning deficits while enhancing autophagic process [29].
The work of the dissertation began with screening of a series triazole
derivatives with expectation of identifying more new compound to
relieve neurodegenerative diseases without affecting cell viabilities.

3. Autophagy and protein aggregation diseases
Some chemical compounds are known up-regulating autophagic
flux, such as SMER10, caffeine, Rapamycin, β-lap and trehalose [20, 3032]. The induced autophagy alleviates toxicities caused by prion, αsynuclein or huntingtin. The approach provides an alternative therapy to
treat the disease. Rapamycin is an mTOR inhibitor that up-regulates
autophagy and clears protein aggregation, while Akt/mTOR pathway is
also important in maintaining cell viabilities [33]. Trehalose impairs
aggregation proteins by JNK1-dependent autophagy pathway [34, 35].
Most autophagic enhancers are cytotoxic. Thus, this work is expected to
discover and identify if more novel chemical compounds that induce
autophagic clearance of aggregate-prone protein without influencing cell
viability.
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II. Material and method
1. Cell culture
Human neuroblastoma SK-N-SH cells were cultured in growth
medium with DMEM (Dulbecco's Modified Eagle Medium) and 10%
FBS (fetal bovine serum, GIBCO) in the humidified atmosphere with 5%
CO2 at 37 °C. In ΔC-TBP-polyQ experiments, 2  104 cells/well in 12well plate were seeded and induced with doxycycline for 4 days. Both
ΔC-TBP-polyQ cells and Httex1-polyQ cells will be treated OC-13 (5, 10
or 20 μM) or vehicle control DMSO 0.2% for 12 to 48 h for all in this
study.

2. Plasmid and transfection
The hemagglutinin-tagged full-length TBP/Q36 and Q79 cDNA
inserts in the pGEM-T Easy (Promega Corporation, Fitchburg, WI,
USA) and pcDNA5/FRT/TO (Thermo Fisher Scientific, Waltham, MA,
USA) vectors were generated similar to previously described [36]. To
manufacture C-terminus-deleted ΔC-TBP/Q79-EGFP construct, the
EcoRI (in the multiple cloning sites (MCS) of pGEM-T Easy)-RsaI
fragment containing N-terminus ΔC-TBP/Q79 (203 amino acids) was
cut from the cloned TBP/Q79 cDNA and fused in-frame with the EGFP
gene between the EcoRI and RsaI sites in the MCS of the pEGFP-N1
vector (Clontech, Mountain View, CA, USA). The Kozak sequence of
the EGFP gene was removed by polymerase chain reaction using the
site-directed primer
CGGGCCCGGGATCCACCGGTCGCCΔGTGAGCAAGGGCGAGGA
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GCTG (Δ = ACCATG). The deleted Kozak sequence was confirmed by
DNA sequencing [37].

In experiments for ΔC-TBP-polyQ, the stable cell lines were
established by transfection with C-TBP/Q36 or C-TBP/Q79 construct
and selected by Blasticidin (20 μg/mL) (Sigma-Aldrich, St Louis, MO)
for 24 h in 60-mm dish plate. EGFP-conjugated ΔC-TBP-polyQ was
expressed by doxycycline (20 μg/mL, Invitrogen) for four days in stable
cell lines.

The two Httex1 constructs, Httex1-polyQ-GFP (Httex1-Q25 and
Httex1-Q97) containing 25 and 97 glutamine repeats, respectively, were
obtained from Professor W. J. Park, Global Research Laboratory,
Gwangju Institute of Science and Technology, Gwangju, Korea. Cells
were seeded at 1  105 cells/well in 12-well for transfection with 1μg
plasmid and 1 μl of T-Pro non-liposome Transfection II reagent (Ji Feng
Biotechnology). The cell models for Huntington’s disease were
established by transfecting cells with Httex1-polyQ-GFP (Q25 and Q97)
plasmid for 24 h. The transfected cells were incubated for 12 h in
growth medium followed by OC-13 treatment.

3. Reagents
The synthetic chemical compounds, OC-13 was dissolved in DMSO
(stock is 10 mM in 4 ⁰C).The chemicals used included autophagy
inhibitor 3-MA (Sigma), DMSO (Sigma), DAPI (Sigma), Tet-On system
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inducer doxycycline (Clontech), Blasticidin (Invitrogen), the acidic
vesicular dye LysoTracker (Invitrogen), RIPA (150mM NaCl, 50mM TrisHCl pH8.0, 25 mM EDTA, protease inhibitors, 0.1% SDS, and 1%
tritonX-100), blotting buffer (25 mM Tris, 192 mM glycine, 20%
methanol), ECL (GE), PBS-T (3.2 mM Na2HPO4, 0.5 mM KH2PO4, 1.3
mM KCl, 135 mM NaCl, 0.05% Tween-20, pH 7.4).

Compound OC-13 was synthesized by adding sodium azide (2.2
mmol), 1,3-bis(ethynyloxy)benzene (1.1 mmol), and CuSO4·5H2O (10
mol%) to the solution of the 5-(iodomethyl)-3-naphthyloxazolidin-2-one
(2.0 mmol) in dimethyl sulfoxide (DMSO; 2 mL). The mixture was
stirred at 80°C until the starting material was consumed as indicated by
thin layer chromatography (5 h). 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 crude product
was further purified by re-crystalizing in methanol. When no precipitate
was observed, the triazole was isolated after extraction with ethyl acetate.
The chemical OC-13 was provided by professor Yao Ching-Fa,
Department of Chemistry, National Taiwan Normal University.

The composite mass spectrum of OC-13
A white solid; melting point (mp): 193°C–195°C. 1H NMR (400
MHz, CDCl3): δ 7.90, (s, 2H), 7.84–7.80 (m, 4H), 7.49 (s, 6H), 7.43 (t,
J=7.8 Hz, 2H), 7.22–7.41 (m, 3H), 6.16 (t, J=9.8 Hz, 3H), 5.20–5.14 (m,
6H), 4.76 (d, J=3.5 Hz, 4H), 4.15 (t, J=9.1 Hz, 2H), 3.93–3.91 (m, 2H);
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13C NMR (100 MHz, CDCl3): 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, 50.5. High resolution mass spectrometry
(electrospray ionization) m/z calculated for C40H34N8O6 M+ 722.2601,

4. FACScalibur analysis
After treatment, the cells were stained with 100 nM LysoTracker for
15 min in growth medium under 37℃ and 5% CO2. In flow cytometric
assay, the LysoTracker stained cells were washed 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) software [38].

5. Immunoblotting
After treatment, cells in 6-cm petri dish have washed with PBS and
lysed with RIPA and stocked in a -20℃ refrigerator. Equal amounts of
sample protein were loaded in SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, 8-12%) and transferred to
nitrocellulose membrane with blotting buffer. Incubation with primary
antibodies included anti-GFP (abomics, M0007), GAPDH (Genetex,
GTX100118), Akt (Genetex, GTX128415), phospho-Akt (Genetex,
GTX128414), phospho-P70S6K (Cell signaling, 9205), phospho-JNK
(SCT, 4668), JNK (Santa Cruz, sc-572), LC3 (MBL, PM036) for 24 h.
The membrane was further probed with secondary antibody (peroxidase-
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conjugate anti-mouse or anti-rabbit IgG) at 1:5,000 for 1 h and detected
with ECL. The densitometry of protein was quantitated by Multi Gauge
(FUJIFILM).

Filter trap assay
Collection of 200 μg total protein was adjusted the final volume to 1
ml with PBS and 1% SDS. Nitrocellulose membranes pre-wet in PBS
with 1% SDS. The samples were allowed to flow through the membrane
by suction in blotting apparatus and washed with wash buffer 1 ml (PBS
+ 2% SDS). Aggregation protein in membrane was detected by
immunoblotting.

6. Quantification of aggregation dots
Cell nucleus were stained with Hoechst 33342 (10 μg/mL) in growth
medium. Fluorescence images was detected by Live-Cell Imaging
microscopy (Leica). The numbers of aggregation dot cells per 500 GFP
positive cells in fluorescence image were counted.

7. Confocal microscopy detection
Cells were seeded in 12-well and treated with drug of different
concentrations. The slides or tissue were washed with PBS twice and
fixed with 4% paraformaldehyde in PBS for 15 min at room temperature.
The slides or tissue were incubated with 1:500 dilution of primary
antibody against LC3 at 4 C overnight. The secondary antibodies
(TRITC or FITC-conjugate anti-mouse or anti-rabbit IgG) to detect
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primary antibody were used at 1:500 dilution in 4 C overnight. Antibody
was diluted in PBS-T. The slides were mounted with 90% glycerol in
PBS. Images were collected by Leica TCS SP2 and analyzed by Leica
confocal software.

8. Statistical analysis
The statistical significance of these data will be compared
between two groups followed by student’s t-test and multiple
comparisons were performed with one-way ANOVA or two-way ANOVA
followed. The P value of less than 0.05 is considered significantly
different.
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III. Results
1. Establishment of inducible polyQ stable cell lines
PolyQ diseases are caused by mutant proteins containing more than
30-40 glutamine repeats [39]. Expanded polyQ protein in cells tend to
induce protein aggregation dots [40]. The established stable clones, Q36
and Q79, were induced with doxycycline to express the EGFP-conjugated
chimeric proteins, ΔC-TBP-Q36-EGFP (Q36-EGFP) and ΔC-TBP-Q79EGFP (Q79-EGFP), respectively. (Figure 1A). After induction, the
recombinant EGFP chimera was expressed in whole cells to form
aggregates in Q79 cells as shown by fluorescence microscopy detection
(Figure 1B). The lysate was collected of both Q36 and Q79 cells
following induction with Dox. In Western blot, the recombinant proteins
Q36 and Q79 from cell lysates showed different GFP recombinant protein
with different sizes as detected by anti-GFP primary antibody (Figure
1C). The results suggested that the inducible polyQ disease cell models
can be established for high-content screening.

2. Autophagic enhancer screening
To identify candidate chemicals by high-content imaging, a panel of
synthetic triazole compounds were screened in cell models. The
autophagy flux by enhancing lysosomal acidification can be detected by
LysoTracker staining [41, 42]. Q79 cells were treated with different
triazole compounds at 20 μM for 48 h and stained with LysoTracker
(Red) for detection by fluorescence high-content imaging and quantitated.
The positive control trehalose is a natural disaccharide that enhances
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autophagy is known being able to reduce polyQ aggregation [43]. Among
them, compounds OC-13, OC-14, YR-21 and YR-72 significantly
induced LysoTracker intensities (Figure 2A), while the polyQ aggregation
intensities were decreased by OC-13 and YR-72 only (Figure 3A) without
loss of cell numbers (Figure 3B). The results concluded that OC-13 and
YR-72 are potential autophagic enhancers without affecting viabilities in
Q79 stable cell line.

To further select better autophagic enhancer, the candidate drugs
was further analyzed by Western blot for autophagy determination. LC3-I
conversion to LC3-II is an autophagic marker [8]. Compounds OC-14,
YR-21 and YR-72 increased the intensities of LC3-II in both Q36 and
Q79 cell line. Only OC-13 induced LC3-II conversion in Q79 cells
(Figure 4A). More analysis of Western blot showed that OC-13 is the
only compound that induced LC3-II/LC3-I intensities in Q79 cells. The
results demonstrated the specificity of OC-13 in inducing autophagy in
cells with expanded glutamine without affecting cell viabilities.

3. More evidence of OC-13-activated autophagy.
To investigate the induced autophagic flux, both Q36 and Q79 cells
were treated with different concentration of OC-13 (5, 10, 20 μM) or
DMSO control for 48 h. OC-13 (Figure 5A) not affect cell viabilities
(Figure 5B) and enhanced intensities of LysoTracker fluorescence (Figure
6A). The effects were time- and concentration-dependent (Figure 6B and
6C). Beclin-1 is a protein for initiation of autophagy and p62 for
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degradation by autophagy [9, 11]. Western blot analysis showed that OC13 increased Beclin-1 and LC3-II/LC3-I ratios and decreased of p62 in
Q79 cells (Figure 7A and 7B). Baf A1 is a late phase of autophagy
inhibitor by interfering degradation of p62 and LC3-II [44]. The
accumulated LC3-II and p62 significantly blocked autophagic flux
(Figure 8A and 8B). Formation of double-membrane autophagosome
puncta was induced by OC-13 (Figure 9A and 9B). The data suggested
that OC-13 induces autophagic flux in Q79 cells.

4. Amelioration of Q79-EGFP aggregates by OC-13
The autophagic enhancer OC-13 dissipate the accumulated polyQ.
The aggregation dots were decreased significantly by OC-13 as the
increasing of concentrations (Figure 10A and 10B). The effective
concentration that reduced 50% of aggregation by OC-13 was determined
at 14 μM (Figure 10B). Aggregation protein was accumulated at the
interface of the stack gel and separation gel in Western blot analysis [45].
The lysates of OC-13-treated cells were analyzed by filter trap assay [46]
and Western blot analysis by incubating the membrane blot with GFP
antibody. The insoluble Q79-EGFP aggregates were dissipated by OC-13
(Figure 11A). The levels of the soluble EGFP protein were increased at
the expense of the cumulated aggregates protein in Q79 cells (Figure 11B
and 11C). These data supported that polyQ aggregates can be eliminated
by the autophagic enhancer OC-13.
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5. The autophagic clearance is related to JNK signaling pathway
activation
To find out the mechanism in OC-13-induced autophagy, the
signaling pathways of autophagy was analyzed by Western blot.
Activation of S6K is a downstream for mTOR [47]. OC-13 increased Akt,
S6K, and JNK1/2 phosphorylation in Western blot (Figure 12A). Upregulated JNK phosphorylation induces autophagic flux [15]. Activation
of Akt/mTOR pathway suppresses autophagic flux [14, 48]. The results
suggested that OC-13 induces activation of JNK signaling pathway.

6. Clearance of the Q79-EGFP aggregates by JNK-mediated
autophagy
The polyQ aggregation degradation co-localized with the induced
autophagosome. It is necessary to understand the mechanism for
degradation. SP600125 is an inhibitor for repressing JNK
phosphorylation [49]. 3-MA is an early autophagy inhibitor [50]. Insulin
activates Akt phosphorylation [51]. MG-132 is a proteasome inhibitor
[52]. Pretreatment of JNK inhibitor SP600125, and autophagy inhibitors
Baf A1 and 3-MA impaired clearance of the aggregates, while insulin and
MG-132 did not as shown in fluorescence microscopy (Figure 13A and
B). On the other hand, clearance of insoluble polyQ aggregation were
repressed by SP600125, Baf A1 and 3-MA in Western blot analysis
(Figure 14A and B). Both SP600125 and 3-MA inhibited drug-mediated
autophagosome formation and Baf A1 blocked degradation of
autophagosome (Figure 15A and B). These finding suggested that OC-13
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induces autophagic clearance of the Q79-EGFP aggregates that involved
JNK signaling pathway.

7. Exclusion of nucleus polyQ aggregation
The nuclei aggregation can be eliminated as detected by confocal
microscopy. More experiments were used to determine how nucleus
aggregates were eliminated by drug-induced autophagy. The aggregates
were decreased by OC-13 (20 μM) in confocal microscopy (Figure 16A).
The number of aggregations in nucleus with EGFP positive cells were
counted after 48 h treatment. OC-13 eliminated aggregates more efficient
in nucleus than in cytoplasm (Figure 16B). In Western blot analysis, the
insoluble polyQ aggregation in nucleus was decreased more than
cytoplasm (Figure 16C and D). The previous study showed that nucleus
polyQ aggregation is degraded by proteasome [53]. Pretreatment of
SP600125, Baf A1 and 3-MA impaired clearance of the nucleus
aggregates in Q79 cell. But the proteasome inhibitor MG-132 did not
repress OC-13-mediated clearance of nucleus aggregates (Figure 17A). In
Western blot, degradation of nucleus insoluble polyQ aggregation was
repressed by 3-MA and SP600125. Taken all together, OC-13 eliminates
aggregation in nucleus and cytoplasm by JNK-mediated autophagy.

8. Transient Httex1 polyQ transfection
To further understand if OC-13 eliminates HD aggregates, plasmids
encoding of Htt exon1 including 25 or 97 CAG repeats connected with
GFP were obtained to establish Httex1 polyQ cell models (Figure 18A).
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Human neuroblastoma cells SK-N-SH were transfected with Httex-Q25
and -Q97, respectively, for 24 h and the chimeric proteins were found
expressed. Httex1-Q97 transfected cells exhibited accumulated more
aggregation compared to Httex1-Q25 transfected cells as indicated in
fluorescence microscopy (Figure 18 B). The data indicated that the
established cell models expressing the chimeric proteins Httex1 exon1
Q25 or Q97-GFP protein can be established with polyQ accumulation in
Httex1-Q97 transfected cells that can be used to test the efficiency of OC13.

9. OC-13-induced autophagy in cells transfected with Httex1-Q97
Previous data showed that OC-13 induced autophagic flux in ΔCTBP-Q79 stable cell line and autophagic flux by activation of lysosome.
To identify GFP-positive cells, both Httex1-Q25 and Httex1-Q97
transfected cells were analyzed by flow cytometry (Figure 19A). OC-13
induced Httex1-Q97 transfected cells LysoTracker intensity (Figure 19B
and 19C). Compared with DMSO control, the lysosome fluorescence was
increased by OC-13 after 12 h. The images shown enhanced Httex1-Q97
transfected cells LysoTracker intensities as observed by fluorescence
microscopy in cells transfected with the Httex1 construct (Figure 20A)
and can be quantitated (Figure 20B). The results suggested that OC-13
activates lysosome in cells with expanded polyglutamine.

Next, whether lysosome activator OC-13 assisted in autophagosome
formation in Httex1-Q97 transfected cells. The confocal images revealed
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that OC-13 increased autophagosome puncta in cells expressing Httex1Q97 (Figure 21A). OC-13 decreased p62 (Figure 22A) and induced LC3I to LC3-II conversion (Figure 22B) in Httex1-Q97 transfected cells. PI is
an fluorescent dye to label dead cells [54]. To gate GFP-positive cells,
Httex1-Q25 or Httex1-Q97 transfected cells were stained with PI and
analyzed by flow cytometry (Figure 23A). PI positive cells remained not
increase in Httex1-Q25 or Httex1-Q97 transfected cells (Figure 23B),
indicating OC-13 did not affect cell viability in Httex1 transfected cells
(Figure 23C). This results suggested that OC-13 induced autophagosome
formation and activated lysosome in HD cell model without affecting cell
viabilities.

10. Phosphorylation of JNK and Akt are increased by OC-13 in
Httex1-Q97 transfected cells
OC-13-induced autophagy in Q79 cells is activated by JNK.
Whether, the autophagic signaling pathway can be activated in HD cell
model needs to be addressed. OC-13 induced phosphorylated JNK, Akt
and S6K ratios in HD disease cell model (Figure 24). The results showed
that JNK-mediated autophagy pathway, but not Akt/mTOR-dependent
pathway was activated by OC-13.

11. OC-13 decreased Httex1-Q97 aggregations
To study the clearance of polyQ aggregation protein, more
experiments tested the hypothesis if the autophagy enhancer OC-13
decreased polyQ aggregation protein. By counting fluorescent
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aggregation in 500 Httex1-Q97 expressing cells, the aggregates were
eliminated (Figure 25A) by increasing OC-13 concentrations (Figure
25B). OC-13 decreased the insoluble polyQ accumulation at the interface
between the running and stacking gels [17, 55] as detected by GFP
antibody (Figure 26A). The disappearance of the insoluble polyQ
aggregation was further asserted by filter retardation assay [56]. The
aggregated dots intensities were reduced by OC-13 (Figure 26B) and the
difference to eliminate insoluble Httex1-Q97 aggregation was significant
(Figure 26C).

12. Elimination of Httex1-Q97 aggregation by OC-13-mediated
autophagy
Since the autophagy inhibitor 3-MA inhibits PI3KCIII activation and
downregulates autophagy [50], cells were pretreated with 3-MA for 1 h
before OC-13 treatment. By counting the numbers of aggregates in 500
GFP positive cells, 3-MA significantly repressed OC-13-mediated
clearance of fluorescent Httex1-Q97 aggregates (Figure 27A and 27B). In
Western blot, the eliminated Httex1-Q97 aggregation was significantly
reverted by 3-MA treatment (Figure 28A) as proved by densitometric
analysis (Figure 28B). The results suggested that OC-13-mediated
autophagy is involved to eliminate Httex1-Q97 aggregates in cells
transfected with Httex1-Q97 construct.

13. Elimination of aggregates by JNK-mediated autophagy
To determine the mechanism for OC-13 for aggregation elimination,
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it is necessary to find out if JNK pathway mediated autophagy. The druginduced elimination of Httex1-Q97 aggregates were repressed by
autophagic inhibitor and JNK inhibitor (Figure 29A). By counting of
aggregates in 500 GFP positive cells, 3-MA and Baf A1, and SP60025
blocked the drug-induced polyQ degradation (Figure 29B) and insulin
and proteasome inhibitor MG-132 did not repress degradation of
aggregates by OC-13 (Figure 29B). Both inhibitors for autophagy and
JNK pathway blocked OC-13-induced LC3 puncta formation (Figure
30A). The results showed that Httex1-polyQ aggregations were decreased
by JNK-mediated autophagy.
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IV.

Discussion

Autophagy is a major mechanism for inhibiting aggregated protein in
neurodegeneration disease and it’s required for the central nervous
system. The enhanced autophagy protects the cell soma after axonal
traumatic injury and decreases the number of degenerating neurons in
retinal ganglion cell’s degeneration model [57]. Loss of autophagy in the
central nervous system causes reduction of synapse size and
neurodegeneration [58]. Autophagy is important for neuron survival and
promises therapeutic way for neurodegeneration diseases.

Many neurodegeneration diseases are caused by the intracellular
aggregates of mutant protein. By high-throughput screening and lead
optimization, the therapeutic potential of a triazole derivative OC-13 was
identified capable of eliminating aggregation in polyQ disease cell
models. OC-13 induces autophagy and clears aggregation protein in
neuroblastoma cells transfected with ΔC-TBP-Q79 and Httex1-Q97
constructs. The work first identified that OC-13 eliminated aggregates in
Q79 stable cells. The up-regulated autophagy by inducing JNK
phosphorylation is beneficial that makes OC-13 a promising therapeutic
modality to treat different types of polyQ disease. More experiments
indicate the selected triazole cleared Httex1 aggregations in the
transfected cells by autophagic activation. The results promise new
prospect of the small molecule OC-13 for application in relieving
neurodegeneration.
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Trehalose is a disaccharide that induces autophagic clearance of
polyQ aggregation. The polyQ aggregates can only be decreased by
trehalose at a concentration of 100 mM (Fig 2). It is known trehalose
induces autophagy by activation of JNK1 without Akt/mTOR signaling
pathway [13, 59]. The results show that despite highly induced autophagy
by trehalose, only 20% aggregates intensity was decreased in Q79 cells
and the effects were also visible in nonpathogenic Q36 cells. On the other
hand, the OC-13-decreased Q79 aggregates was determined at 14 μM by
activating JNK but not Akt/mTOR. In addition, the drug activated
autophagy at 20 M maintained cell viability without affecting Q36 cells.
Taken together, OC-13 is an ideal autophagy enhancer compared with
trehalose to clear the expanded polyQ aggregates.

As an autophagy enhancer, the effects of OC-13 were mTORindependent. Rapamycin is a compound known to negatively regulates
mTOR that up-regulates phosphorylation of ULK1 and induces
autophagosome formation [60]. mTOR kinase is a conserved regulator for
cell growth, proliferation, and survival [61]. In this study, OC-13 did not
activate mTOR pathway while maintaining cell viabilities in Q79 and
Httex1-Q97-transfected cells. The drug-mediated autophagy through
mTOR-independent pathway is understood safer than that through
mTOR-dependent pathway. Accordingly, we have identified a harmless
autophagy-inducing compound via mTOR-independent pathway

Phosphorylation of JNK1 initiated autophagy, however the role of
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JNK 2 is unknown in the pathway. JNK1-mediated phosphorylation of
Bcl-2 regulates autophagy during starvation [62, 63]. Recent researches
showed that palmitic acid and ER stress induce JNK2-mediated
autophagy and promote cell survival [64, 65]. OC-13 induces JNK1/2
phosphorylation and autophagosome formation. Whether the OC-13induced autophagy through JNK1or JNK2 or both is unclear. Future
experiments are needed for clearance.

Huntingtin with connection of expanded polyQ tract in the Nterminal exon 1 region caused HD. Httex1 forms aggregates in the nuclei
in neuronal cells [66]. Many compounds that directly or indirectly
upregulate autophagy were applied clinically for neurodegenerative
diseases. Cellular autophagy is a major degradation pathway for
elimination of aggregate-prone proteins in HD [67]. Some mTOR
inhibitors such as rapamycin or its analog induce autophagy to improve
motor neuron function in fly and mouse models of HD [68]. Thus, drugupregulation of autophagy is a promising therapeutic approach for HD
alleviation. The nontoxic compound OC-13 is a likely candidate drug to
treat neuronal disorders by the autophagic clearance of the Httex1-polyQ
accumulation.

Autophagy reduce neurodegenerative disorders by elimination of
protein aggregates. Selective autophagy for aggregates degradation is
regulated at the level of aggregation protein and autophagy-associated
protein such as p62, NBR1, and ALFY [69]. But, until now is little
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known about differential gene regulate for selective autophagy [70]. OC13 induces p62 degradation by autophagy and elimination of polyQ
aggregates in high level of aggregation cells (ΔTBP-Q79 and Httex1Q97). OC-13 possibility induce a selectively degradation for polyQ by
selective autophagy for aggregates degradation.

The findings in this dissertation implied the potential value of an
autophagic enhancer, OC-13, in ameliorating expanded polyQ
aggregation in SK-N-SH cells with ectopic expression of ΔC-TBP-Q79EGFP and Httex1-Q97-GFP. The enhanced autophagic flux is anticipated
to reduce polyQ aggregation by JNK pathway (Figure 31). The results
provide a new dimension of the new compound that promises a new
approach to clear polyQ aggregation in neuronal. More work is needed in
animal models to further validate OC-13.

35

Chapter V
Part II The application and mechanisms to treat human non-small
cell lung cancer cells

I.

Introduction

1. Lung cancer
Lung cancer is a leading cause of cancer-related death not only in
Taiwan also around the world [71]. In 2008, six million new cases of lung
cancer were diagnosed and incidence were 54.20 per 100,000 people and
12.7% of total cancer in the world's [72]. The main types of lung cancer
are SCLC and NSCLC. About 85% to 90% of cases of lung cancer
diagnosis are NSCLC [73]. Patients of NSCLC diagnosis from 2004 to
2008, 69 % had adenocarcinoma, 30 % had squamous cell carcinoma and
1 % had large cell carcinoma in Taiwan [74]. Smokers keep at high risk
for lung cancer compare with never smokers. Tobacco control is very
crucial in both males and females for cigarette smoking-attributable lung
cancer [75, 76]. Conventional chemotherapy and radiotherapy continue to
be the standard treatment for NSCLC patients [77]. However,
chemotherapy resistance decreases the ability to effectively treat
advanced lung cancer [78]. 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 derivatives and cancer
Many bases of triazole compound adjusted caspase-3 and apoptosis
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in cancer [79, 80]. In NSCLC, some triazole derivatives induce apoptosis
and suppress tumor growth and angiogenesis [81, 82]. A triazole
antifungal agent Itraconazole increases formation of autophagosome and
anti-proliferative glioblastoma cells by Akt/mTOR-dependent pathway in
vitro and in vivo [83]. Another triazole analog T-12 induces autophagymediated apoptosis by activation of ROS in vitro and in vivo breast
cancer models [84]. The work determined whether the novel triazole
derivative BTO decreases cancer cell proliferation by autophagy to
eliminate NSCLC.

3. Autophagic cell death
Three types of cell death are defend by Schweichel and Merker,
programmed cell death type II, later called autophagic cell death, is
differentiate from type I (apoptotic) cell death by the existence of rich
autophagic structures in the dying cell [85]. The function of autophagy in
cell death has been a problem of great controversy, resent studies show
that drug-induced autophagy promote cell death in cancer cell [86].
Autophagy in cancer is complex: it can improve tumorigenesis initiation,
overcome resistance of cancer drug in tumors [87]. In addition,
autophagic enhancers induce cell death show encouraging results [88].

4. Cancer and autophagy
As a double-edged sword in cancer treatment, autophagy enhancer
can either be related to cyto-protective autophagy or autophagic cell death
[89]. Autophagic gene loss causes a promotion of the early phases of
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oncogenesis in mice [90]. But, cisplatin-based compounds are first line
drugs in the therapy of advanced NSCLC. Cisplatin induces the
autophagic protection in H460 and A549 NSCLC cell line. Several
previews report the involvement of autophagy in the development of drug
resistance [91]. Moreover, some autophagy compounds enhance cisplatininduced cell death in CDDP-resistant lung cancer [92]. Therefore, we like
to identify more novel small molecule compound to enhance autophagic
cell death in NSCLC.

A new cancer suppresser compound BTO was founded inducing
autophagic cell death enhancer in NSCLC. BTO induced apoptosis in
A549 and H460 NSCLC cell line through autophagy activation. Both
apoptotic and autophagic markers were induced by BTO and the effect
repressed by autophagy inhibitor 3-MA. The results support a novel
active drugs BTO provide a potential alternative to treat human lung
cancer cells by autophagy-modulated cell death.

II. Material and method
1. Cell culture
Human NSCLC cells A549 cells, H460 cells and H1299 cells were
seeded with 3  103 cells/well in 96-well plate, 2  105 cells/well in 12well plate and 1  106 cells/dish in 6 cm dish-plate for MTT assay, flow
cytometer assay or Western blot analysis determination. In all
experiments, NSCLC cells were treated with various concentrations of
BTO (2, 5 or 10 μM) or vehicle control DMSO 0.2% for 48 h for all in
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this study.

2. Plasmid and transfection
GFP-LC3 was acquired from Professor WP Huang, Department
of Life Science, National Taiwan University. For transfection, cells were
seeded at 1  105 cells/well in 12-well with 1 μl of T-Pro Non-liposome
Transfection II reagent (Ji Feng Biotechnology) and1μg GFP-LC3
construct for 24 h in 6 cm dish plate.

3. Reagents
The chemicals as used in this study included autophagy 3-MA
(Sigma), DMSO (Sigma), DAPI (Sigma), the acidic vesicular dye
LysoTracker (Invitrogen), RIPA (150mM NaCl, 50mM Tris-HCl pH8.0,
25mM EDTA, protease inhibitors, 0.1% SDS, and 1% tritonX-100),
blotting buffer (25 mM Tris, 192 mM glycine, 20% methanol), ECL
(GE), PBS-T (3.2 mM Na2HPO4, 0.5 mM KH2PO4, 1.3 mM KCl, 135
mM NaCl, 0.05% Tween-20, pH 7.4). BTO (MW: 347.1) as shown in
Figure 31 were dissolved in DMSO (stock is 10 mM in 4⁰C).
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Synthesis step for BTO

2-(5-methoxy-2-nitrophenoxy)acetonitrile preparation:
In an oven dried round-bottom flask, under a nitrogen atmosphere, 5methoxy-2-nitrophenol (2.0 mmol, 1 equiv) was dissolved in dry acetone
(5 mL) and stirred with anhydrous K2CO3 (2.6 mmol, 1.3 equiv). 2bromocetonitrile (2.4 mmol, 1.2 equiv) was added to the reaction mixture
and refluxed 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 (25 mL), washed with
water (3×10 mL), brine (2×10 mL), and dried over Na2SO4. The solvent
was evaporated and the 2-(5-methoxy-2-nitrophenoxy)acetonitrile
product was purified by flash chromatography on silica gel.

7-methoxy-2H-benzo[b][1,4]oxazin-3(4H)-one preparation:
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To a stirred solution of 2-(5-methoxy-2nitrophenoxy)acetonitrile (2 mmol) in acetic acid (10 mL), powdered Fe
(12 mmol) was added and the reaction mixture was then refluxed for 2 h.
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, EtOAc (20 mL) was
added and was stirred for 2 min and then filtered to remove any iron
impurities. The insoluble iron residue was washed with EtOAc (20 mL).
The filtrate and washings were combined and dried over anhydrous
MgSO4. The solvent was removed under reduced pressure and the crude
7-methoxy-2H-benzo[b][1,4]oxazin-3(4H)-one thus obtained was
purified by column chromatography to obtain the pure product.

7-methoxy-4-(prop-2-yn-1-yl)-2H-benzo[b][1,4]oxazin-3(4H)-one:
In an oven dried round-bottom flask, under a nitrogen atmosphere,
7-methoxy-2H-benzo[b][1,4]oxazin-3(4H)-one (2.0 mmol, 1 equiv) was
dissolved in dry acetone (5 mL) and stirred with anhydrous
K2CO3 (2.6 mmol, 1.3 equiv). Propagyl bromide (2.4 mmol, 1.2 equiv)
was added to the reaction mixture and refluxed 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 (25 mL), washed with water (3×10 mL), brine
(2×10 mL), and dried over Na2SO4. The solvent was evaporated and the
7-methoxy-4-(prop-2-yn-1-yl)-2H-benzo[b][1,4]oxazin-3(4H)-one
product was purified by flash chromatography on silica gel.
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4-((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-7-methoxy-2Hbenzo[b][1,4]oxazin-3(4H)-one:
A mixture of corresponding 7-methoxy-4-(prop-2-yn-1-yl)-2Hbenzo[b][1,4]oxazin-3(4H)-one (1.0 mmol, 1.0 equiv), corresponding
benzylazide (1.2 equiv) and CuI (0.3 equiv) in 1,4-dioxane (3.0 mL) was
heated at 80 oC until completion of the reaction (TLC 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 chromatography using ethyl acetate and petroleum
ether solution to its corresponding products.

The chemical BTO was provided by professor Yao Ching-Fa,
Department of Chemistry, National Taiwan Normal University.

The composite mass spectrum of BTO
A white solid; mp: 139-141 ⁰C. IR (KBr) v/cm-1 2929, 1738, 1675,
1513, 1454, 1402, 1306, 1207, 1148, 1045, 838. 1H NMR (400 MHz,
CDCl3) δ 7.49 (s, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.35–7.34 (m, 3H) ,
7.25–7.22 (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, CDCl3) δ 164.2, 156.7, 146.2, 143.8, 134.5, 129.3, 128.9, 128.3,
123.3, 122.4, 116.8, 108.1, 103.4, 68.0, 55.8, 54.4, 37.7; MS m/z
calculated for C19H18N4O3 (M+H) 350.1373, found 350.1378.
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4. FACScalibur analysis
In Annexin V-FITC and PI double staining analysis for apoptosis,
cells were seeded 2 ×105 cells into12 well for 24 h and treated with
various concentrations of BTO or control DMSO with medium at 37℃
for 48 h. Cells were collected and stained with PI (0.5 µg/mL) and
Annexin-V FITC (0.2 µg/mL, Becton Dickinson) for 30 min at room
temperature in the dark. The early and late phase of apoptosis was
determined by flow cytometer.

For level of cellular ROS, cells were seeded 2 ×106 cells for 24 h into
6 cm dish plate and treated with various concentration of BTO or control
DMSO with medium at 37℃. Cells were collected and stained with
H2DCFDA (100 µM/mL, Sigma) for 1h at 37℃ in incubator. The ROS
intensity was determined by flow cytometer.

5. Immunoblotting
After BTO treatment, cells were have washed with PBS and lysed
with RIPA and stocked in a -20℃ refrigerator. Equal amounts of sample
protein will be loaded in SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, 8-12%) and transferred to
nitrocellulose membrane with blotting buffer. Incubation with primary
antibodies will include GAPDH (Genetex, GTX100118), Akt (Genetex,
GTX128415), phospho-Akt (Genetex, GTX128414), LC3 (MBL,
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PM036), Bax (Genetex, GTX109683), cytochrome c (Genetex,
GTX108585), PARP (Genetex, GTX100573), p53 (Genetex, GTX70214)
and caspase-3 (Genetex, GTX110543) for 24 h. The membrane was
further probed with secondary antibody (peroxidase-conjugate anti-mouse
or anti-rabbit IgG) at 1:5,000 for 1 h and detected with ECL.
Densitometry of protein was quantitated by Multi Gauge (FUJIFILM).

6.

Animals and treatments

The athymic nu/nu male mice (BALB/c) of 3-4week of age were
obtained from the National Laboratory Animal Center (Tainan, Taiwan)
and housed at the animal facility (Kaohsiung Medical University,
Kaohsiung, Taiwan). Total of 1 × 106 cells suspended in 100 μl of PBS
and Matrigel™ Basement Membrane Matrix (BD Biosciences, San Jose,
CA)) were injected subcutaneously into dorsal legs hypodermic area of
nude mice. Once tumors reached 50 mm3, the mice were injected
subcutaneously with 200 μl of BTO (at a dosage of 1 mg/kg/mouse) or
vehicle control twice a week for 4 weeks. The tumor sizes were measured
at each time points before treatment. The tumor volumes were calculated
following the formula: 1/2 (length × width2). After thirty-five days of
treatment, mice were sacrificed by inhalation and tumors dissected.

7. Histochemical staining
The tumors of nude mice were perfused and fixed with PBS
containing 4% formaldehyde. The sample of tumor was embedded in
paraffin and cut into 5 µm thick tissue sections using a microtome.
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Coronal sections of tumor tissue were mounted on histological slides for
H&E staining.

8. Cell viability assay
Cell cytotoxicity was determined by MTT assay. Cells were seeded
3,000 cells/well in 96-well plate. The culture medium contained various
concentration of BTO or control DMSO and incubated at 37℃ for 48 h.
The cells were incubated with 10 µl MTT reagent (5 mg/mL) at 37℃for 3
h in 90 µl growth medium. After removing supernatant, 100 µl DMSO
into was added each well. The absorbance was determined at 570 nm
wavelength in ELISA reader (Thermo Fisher Scientific, USA).

9. Colony forming assay
Cells were seeded 500 cells into 12-well plate for 24 h and then treated
with BTO at different concentration or vehicle control for 48 h. After
replaced with fresh media kept growing in 0.5 mL medium for 14 day.
Cell colonies were then fixed and stained with 0.5% methylene blue in
ethanol. The number of colonies at each concentration, defined as more
than 50 cells per colony, was counted.

10. Statistical analysis
The statistical significance of these data will be compared between
two groups followed by student’s t-test and multiple comparisons were
performed with one-way ANOVA or two-way ANOVA followed. The P
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value of less than 0.05 is considered significantly different.
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III. Results
1. BTO inhibited cell growth by apoptosis
The effect of BTO (Figure 32A) treatment in inhibiting different
NSCLC cell lines were determined. As shown in MTT assay, BTO
significantly repressed cell viabilities of A549 and H460 cells (Figure
32B). In colony formation assay, BTO suppressed formation of colonies
in different NSCLC cell lines (Figure 32C). The numbers colonies of
A549, H1299 or H460 were significantly inhibited by BTO (Figure 32D).
The ratios of early and late apoptotic populations were determined by
flow cytometry after treating with BTO in A549 and H460 cells (Figure
33A and 33B). The results show that BTO inhibits cell growth by
inducing apoptosis in NSCLC.

2. Enhancement of apoptosis and autophagy characters by BTO
How BTO induced apoptotic or autophagic cell death. By Western
blot analysis, Bax promotes cytochrome c release from mitochondria that
activates procaspase-9 and procaspase-3 that cleaves PARP-1 [93]. Bcl-2
inhibits the function of Bax and Akt is a survival signal [94]. BTO
induced cleaved PARP, Bax, cytochrome c and autophagy maker Beclin1. The survival marker Akt and Bcl-2 were reduced by BTO (Figure
34A). In time study, activation of caspase-3 and cleavage of PARP was
induced 24 h. The anti-apoptotic marker Akt, p-Akt and Bcl-2 were
reduced after 48 h (Figure 35A). BTO increased maker LC3-II and
decreased p62 after 24 h (Figure 35B). This results indicate that BTO
induces apoptosis and autophagic marker.
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The progression of autophagy was also examined by fluorescence
microscopy in A549 cells, the process of autophagy was initiated by
accumulation LC3 to form autophagosome and degrade by fusion with
lysosome and autophagosome [95]. A549 cells were transiently
transfected with GFP-LC3 and treated with various concentration of
BTO. The autolysosome colocalization with GFP-LC3 puncta and
lysosome were indicated at different time-points. LC3 green puncta and
orange autolysosome were increased (Figure 36A and B). Pretreatment
with autophagic inhibitor 3-MA suppressed BTO-induced autophagosome
and autolysosome formation (Figure 37A). The BTO-induced
autolysosome was suppressed by 3-MA can be quantitated after 48 h
treatment (Figure 37B). These results demonstrate that autophagic flux is
induced by BTO in A549 cells.

3. Autophagy-mediated apoptosis by BTO
As shown in Figure 38A and 38B, both early and late apoptosis
population were induced by BTO and repressed by 3-MA. The cleavage
of PARP, increase of Bax and activation of caspase-3 were repressed by
3-MA (Figure 39A) that rescued anti-apoptosis marker. These results
suggested that BTO induced autophagic apoptosis in the human lung
cancer cells.

4. BTO increase ROS in A549 cells
To further confirm the mechanism of BTO-induced autophagic
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apoptosis, the ROS generated intensity was analyzed. H2DCFDA is a
cellular reactive oxygen species detection compound. A549 was stained
with H2DCFDA before being treated with BTO (2, 5 or 10 μM) or
DMSO control for 12, 24, or 48 h. The increased BTO concentrations
induced ROS (Figure 40A). The stained H2DCFDA intensity was
induced by BTO (Figure 40B). ROS inhibitor NAC repressed BTOinduced ROS (Figure 41A), autophagy (Figure 41B) and cell death
(Figure 41C). A549 was stained with H2DCFDA after pretreating with
NAC 5 mM for 1 h and treating with BTO 10 μM or DMSO control for
24 h. These results showed that BTO induces ROS-mediated autophagic
cell death.

5. BTO repressed growth in nude mice bearing xenograft tumors
To further confirm the autophagy enhancer BTO affects in tumor
growth, A549 were injected into the dorsal legs hypodermic area of nude
mice. The mice were injected subcutaneously every 3–4 days at a
concentration of 1 mg/kg per mouse. Compared to control, nude mice
treated with BTO showed significant reduction of tumor volumes (Figure
42A). After 35 days of treatment, xenografts tumors were removed from
sacrificed nude mice (Figure 42B). The tumor sizes differed significantly
between control and BTO treatment (Figure 42C). BTO treatment mice
did not show a significant difference in body weight (Figure 43A). The
apoptosis marker cleavage PARP was induced and anti-apoptosis Bcl-2
and Akt were reduced in BTO treated mice (Figure 43B). Histological
examination (H&E staining) revealed apoptotic body (arrows) in tumor
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sections treated with BTO (Figure 43C). These results indicate that BTO
inhibits xenografts tumors growth by inducing apoptosis.

The xenografts tumor tissues were analyzed by
immunohistochemistry. The proliferation marker PCNA intensity and
autophagic marker LC3 puncta were increased by BTO in tumor tissue
specimens (Figure 44A and B). BTO induced p53 intensity and
translocation to nucleus in tumor tissues (Figure 45A) that is related to
apoptosis [96]. TUNEL assays is an apoptosis test by detection of DNA
fragmentation [97]. The TUNEL-positive cells were increased by BTO
treatment in tumor tissues (Figure 45B). Taken together, BTO induces
apoptosis and autophagy in xenografts tumor.
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IV. Discussion
BTO induces autophagic apoptosis and inhibits cell growth in vitro
and in vivo models of NSCLC. BTO enhanced apoptosis as shown by
Western blot analysis, 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 and LysoTracker in A549
at 24 h. The effects were suppressed by autophagy inhibitor 3-MA and
ROS inhibitor NAC. The findings suggested that the novel drug induced
autophagy-dependent apoptotic cell death by ROS in human NSCL cells.

Autophagic enhancer may contribute to cancer therapy. An
autophagic gene Beclin1 inhibits tumorigenesis and induces apoptosis
[98]. Many autophagic enhancer drugs induces autophagy and cell death,
such as Etoposide, Rapamycin and AZD8055 [99-101]. Etoposide inhibits
cell viability by Bcl-2 repression and caspase-7 activation, 3-MA and
over expression of Bcl-2 inhibit activation of caspase-7 and cell viability
inhibition [102]. Rapamycin induces autophagic cell death by repression
of Akt and S6k phosphorylation, 3-MA and Akt enhancer inhibit
Rapamycin-induced autophagy [99]. The autophagy enhancer AZD8055
inhibits cell viability by repression of Akt and S6k phosphorylation [101].
BTO reduced Akt phosphorylation and induced autophagic apoptosis in
vivo and in vitro.

ROS is identified as signaling molecules to up-regulate autophagy
[103]. ROS stimulate autophagy through multiple signaling pathways
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including activation of ATM and HIF-1α to up-regulate autophagy
associated protein by suppression of mTOR and ATG4A [104]. 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 possible mechanism for BTO-induced autophagy.

Many drugs induce autophagic apoptosis by ROS. Carnosol induces
ROS-mediated autophagy and apoptosis in triple negative breast cancer
[106]. Plumbagin promotes autophagic apoptosis and in prostate cancer
cells via reduction of PI3K/Akt/mTOR and ROS-associated pathway
[107]. 3-AWA promotes autophagy to apoptosis by activation of ROS and
inhibition of Bcl-2 in prostate cancer cells [108]. ROS inhibitor, NAC,
represses BTO-increased autophagosome and cell death. BTO is an
enhancer for ROS-mediated autophagic apoptosis in human lung cancer.

Autophagy enhancer reverses cisplatin-resistance in the human lung
cancer cell line. ROS-mediated autophagic enhancer Gambogic acid
enhances antitumor by cisplatin treatment in resistant lung cancer cells
[109]. Rapamycin promotes cisplatin-mediated cell death in resistant
A549 cells by Akt and S6k inhibition [92]. In this work, we found that
BTO induces autophagy and represses activation of Akt and level of p62.

Level of Bcl-2 is important for the mechanism of autophagy to
programmed cell death [110]. And ROS may promote autophagy-

52

dependent cell death [114]. Inhibition of PI3K/Akt/mTOR signaling
pathways promotes autophagic cell death [115, 116]. Phosphorylation of
Akt/mTOR is an important signal for metabolism and cell survival [111].
BTO increases autophagy, inhibits Akt signaling and decreases Bcl-2 by
ROS pathway in lung cancer.

A triazole derivatives BTO actives ROS-mediated autophagic
apoptosis in vivo and in vitro. The study asserts the autophagy enhancer
BTO as a potential candidate to treat a subset of lung cancer (Figure 46).
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Chapter VI Conclusion
Autophagy can be relayed by different proteins, such as LC3 and
p62. The JNK-regulated autophagy and autophagic adapter p62 recruits
protein aggregates that was degraded by autolysosome, while alleviating
neuronal disorders [69]. Despite current available numerous approaches,
more work is needed to dissolve polyQ aggregates through autophagy
without affecting cell viabilities [70]. OC-13 reduced p62 and induced
autophagy degradation in cells with ectopic expression of ΔTBP-Q79 and
Httex1-Q97 aggregates without injuring neuronal cells. While more
experiments involving animal studies are needed, OC-13 may become a
feasible candidate to treat neurodegenerative diseases.

Although autophagy can induce cell survival mechanism, some
recent studies demonstrated that autophagy can promote cell death. The
mechanism of autophagy to programmed cell death is not wellunderstood. Previous studies indicated that between with Beclin 1 and
Bcl-2 interaction regulates autophagic apoptosis [110]. BTO-induced
ROS inhibits the survival signaling and level of Akt and phosphorylation
of Akt. BTO-inhibited A549 cells growth, inhibits Akt signaling and
decreases Bcl-2 by ROS-mediated autophagy pathway for lung cancer in
vivo and vitro.

OC-13 induces JNK and autophagy pathway to protect cell viability
without loss of Bcl-2 and o Akt phosphorylation. BTO decreases level of
Bcl-2 and phosphorylation of Akt by increasing of ROS-mediated
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autophagic apoptosis. Perhaps loss of Bcl-2 and Akt phosphorylation are
key factors for survival and cell death between OC-13 and BTO induced
autophagy. This dissertation provides two differential autophagic
enhancer between clearance of aggregation protein and cell death. The
two compounds are good implications to treat numerous diseases by
enhancing autophagy.
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Chapter VII Figures
A

B

C
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Figure 1. Establishment of polyQ disease cell models.
(A) Plasmid construction of ΔC-TBP/Q36 and Q79. The ΔC-TBP
constructs with enclosure of 36 or 79 glutamine repeats by conjugating
with EGFP at 3’-end were established. (B) The fluorescent images of
ΔC-TBP-Q36 or Q79 stable cell line. ΔC-TBP-Q79 cells expressed
more aggregation dots than ΔC-TBP-Q36 cells after treating with DOX
(20 µg/mL) for 4 days. (Scale bar = 20 μm) (C) Western blot analysis
detected polyQ-EGFP protein expression. Comparing with different
cloning of stable cell line and detection of recombination protein after
cells treated with doxycycline 20 µg/mL for 4 days.
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Figure 2. Screening of autophagy enhancing chemicals
(A) Image of Q79 cells for screening compounds by high-content
imaging detection. Lysosome activator were selected by LysoTracker
staining. The nuclei were stained by DAPI (blue) and activated lysosomes
stained by LysoTracker (Red). (Scale bar = 100 μm) (B) The candidate
chemicals displayed different lysosome staining. Compounds OC-13,
OC-14, YR-21 and YR-72 activated lysosome activity lysosome.
Quantitation of LysoTracker fluorescence intensity determination by
high-content imaging. (**P < 0.01, unpaired Student's t-test as compared
with vehicle control DMSO, N=3)
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Figure 3. Changes of cell viability and aggregation intensities by
candidate compounds.
(A) Cell number counting. Compounds OC-04, OC-10, OC-13, YR-72
and YR-297 maintained cell viabilities in Q79 cells. High-content images
were stained DAPI in nucleus and counted. (B) Quantitative
aggregation intensities. Aggregation intensities were decreased by OC13, OC-14 and trehalose. (**P < 0.01, unpaired Student's t-test as
compared with vehicle control DMSO, N=3)
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Figure 4. The variations of autophagy markers.
(A) Western blot analysis detected LC3-II protein. OC-14, YR-21 and
YR-72 induced LC3-II in Q36. OC-13, OC-14, YR-21 and YR-72
induced LC3-II in Q79 cells. Cells was treated with candidate chemicals
at 20 µM for 48 h. (B) Quantitative densitometry of LC3-II/LC-I in
Western blot. OC-13 and OC-14 specifically induced autophagy in Q79
cells.
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Figure 5. The candidate chemical OC-13 and cell viability
determination
(A) The chemical structure of OC-13. (B) Determination of viable cell
number. Q36 and Q79 cells were treated with 5, 10, 20 µM or DMSO
control for 48 h after induction by Dox for 4 days. Cells were trypsinized
and collected. And the numbers of viable cells were counted (**P <0.01,
one-way ANOVA, compared with vehicle control DMSO).
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Figure 6. Activation of lysosome by OC-13.
(A) Image of LysoTracker staining. OC-13-activated lysosome was
detected by fluorescence microscopy. Activated lysosomes in Q79 cells
were stained by LysoTracker after treatment with OC-13 (5, 10 or 20 µM)
or DMSO. (Scale bar = 100 μm) (B) Flow cytometric analysis. The
Lysotracker fluorescence was determined by flow cytometric analysis,
OC-13 increased LysoTracker (FL1-H) intensity in Q79 cells. The top
panel indicated Q36 (top left) or Q79 (top right) cells treatment with 20
µM of OC-13 for 0, 12, 24, or 48 h. The bottom panel indicated Q36 (low
left) or Q79 (low right) cells was treated with 5, 10, 20 µM or DMSO
control for 48 h. (C) Quantitation of temporal changes of LysoTracker
fluorescence. OC-13 significantly increased LysoTracker fluorescence
intensity in Q79 cells. (*P<0.05, **P<0.01, Student’s t-test, compared
with 0 h). (D) Quantitation of LysoTracker fluorescence intensities
with increasing OC-13 concentrations. OC-13 was increased
LysoTracker fluorescence intensities in Q79 cells in a dose-dependent
manner. (*P <0.05, **P <0.01, one-way ANOVA, compared with vehicle
control DMSO, N=5).
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Figure 7. Induction of autophagy markers by OC-13.
(A) Western blot analysis autophagic marker. OC-13 induced
conversion of LC3-I to LC3-II, level of Beclin 1 and degradation of p62
in Q79 cells. Q36 or Q79 cells were treated with OC-13 (5, 10 or 20 µM)
or DMSO control for 48 h. (B) Densitometric analysis of LC3-II/LC3-I
on Western blot. OC-13 induced conversion of LC3-I to LC3-II in
significant increasing manner. (*P <0.05, **P <0.01, one-way ANOVA,
compared with vehicle control DMSO, N=5)
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Figure 8. Inhibition of autophagy by Baf A1.
(A) Western blot analysis for autophagic flux. OC-13 induced
autophagic flux, degradation of p62 and LC3-II were repressed by Baf A1
in Q79 cells. Q79 cells were pretreated with Baf A1 1 nM and treated
with OC-13 (5, 10 or 20 µM) or DMSO control for 48 h. (B)
Densitometric analysis of LC3-II/LC3-I on Western blot. Baf A1
repressed degradation of LC3-II in significant increasing manner. (*P
<0.05, **P <0.01, two-way ANOVA, N=5)
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Figure 9. Autophagosome formation and aggregates clearance by
OC-13.
(A) The confocal microscopy analysis of autophagosome puncta. OC13 increased autophagosome in Q79 cells. Q79 cells were treated with
OC-13 (5, 10 or 20 µM) or DMSO control for 48 h. Nucleus was stained
with DAPI (blue), Q79-EGFP (green) was expressed and autophagosome
was stained by LC3 antibody and secondary antibody conjugated with
TRITC (red) in Q79 cells. (Scale bar = 10 µm) (B) Counting of LC3
puncta. OC-13 induced formation of autophagosome with increasing
OC-13 concentrations. (*P <0.05, **P <0.01, one-way ANOVA,
compared with vehicle control DMSO, N=3)
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Figure 10. Elimination of Q79 aggregation dots by OC-13.
(A) Fluorescence microscopy analysis for Q79 aggregation dots. OC13 decreased aggregation dots (arrows) in Q79 cells. Q79 cells were
treated with OC-13 (5, 10, 20 µM) or DMSO control for 48 h. (scale bar
= 20 µm) (B) Counting of aggregation dots in Q79 cells. The dots
numbers were counted in the 500 EGFP positive cells at each
concentration. (**P < 0.01, one-way ANOVA as compared with vehicle
control DMSO, N=7)
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Figure 11. Elimination of the insoluble EGFP by OC-13.
(A) Western blot analysis and filter trap assay for Q79 insoluble
EGFP. OC-13 decreased insoluble EGFP and increased soluble EGFP in
Q79 cells by Western blot analysis and filter trap assay. Protein lysates of
the Q36 and Q79 cells was collected by treating with 5, 10, or 20 µM of
OC-13 for 48 h. In filter trap assay, the insoluble pellets were collected
and lysed in sodium dodecyl sulfate buffer. (B) Densitometric analysis
of Q79 insoluble EGFP. OC-13 induced elimination of Q79 insoluble
EGFP in significant increasing manner. (C) Densitometric analysis of
Q79 soluble EGFP. OC-13 increased Q79 soluble EGFP in significant
increasing manner. (*P <0.05, **P < 0.01, one-way ANOVA as compared
with vehicle control DMSO, N=5)
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Figure 12. Activation of JNK pathway.
(A) Western blot analysis for OC-13-induced signaling pathway in
Q79. OC-13 induced phosphorylation of Akt, S6k and JNK in Q79 cells.
Protein lysates of the Q36 and Q79 cells was collected by treating with 5,
10, or 20 µM of OC-13 for 48 h.
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Figure 13. Elimination of Q79 aggregation by JNK pathway and
autophagy.
(A) Fluorescence microscopy analysis for Q79 aggregation dots.
Autophagy and JNK inhibitor repressed OC-13-mediated elimination of
aggregation dots (arrows) in Q79 cells. Q79 cells were pretreated with
200 nM insulin, 20 µM 3-MA, 1 nM Baf A1, 10 µM Sp600125 or MG132 for 24 h and treated with OC-13 20 µM or DMSO control for 48 h.
(scale bar = 20 µm) (B) Counting of aggregation dots in Q79 cells.
Elimination of aggregation dots was repressed by autophagy and JNK
inhibitor in significant increasing manner. The dots numbers were
counted in the 500 EGFP positive cells at each concentration. (*P <0.05,
**P < 0.01, two-way ANOVA, N=5)
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Figure 14. Elimination of the insoluble EGFP as affected by
inhibitors.
(A) Western blot analysis for Q79 insoluble EGFP. Autophagy and
JNK inhibitor repressed OC-13-mediated elimination of insoluble EGFP
in Q79 cells by Western blot analysis. Protein lysates of the Q79 was
collected by pretreating with inhibitor and treating with 20 µM of OC-13
for 48 h. (B) Densitometric analysis of Q79 insoluble EGFP.
Autophagy and JNK inhibitor repressed OC-13-mediated elimination of
Q79 insoluble EGFP in significant increasing manner. (*P <0.05, **P <
0.01, two-way ANOVA, N=5)
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Figure 15. The increase of autophagosomes by JNK pathway.
(A) Confocal microscopy analysis of autophagosome puncta.
Autophagy and JNK inhibitor repressed OC-13-induced autophagosome
in Q79 cells. Q79 cells were pretreated inhibitor and treated with 20 µM
OC-13 or DMSO control for 48 h. Nucleus was stained with DAPI (blue),
Q79-EGFP (green) was expressed and autophagosome was stained by
LC3 antibody and 2° antibody connection with TRITC (red) in Q79 cells.
(Scale bar = 10 µm) (B) Counting of LC3 puncta. Autophagy and JNK
inhibitor repressed OC-13-induced formation of autophagosome in
significant increasing manner. (*P <0.05, **P <0.01, two-way ANOVA,
N=3)
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Figure 16. Elimination of nucleus Q79 aggregation.
(A) Confocal microscopy analysis for Q79 aggregation dots. OC-13
decreased nucleus aggregation dots in Q79 cells. Q79 cells were treated
with OC-13 (5, 10 or 20 µM) or DMSO control for 48 h. Nucleus was
stained with DAPI (blue), Q79-EGFP (green) was expressed and
lysosome was stained by LysoTracker (red) in Q79 cells. (Scale bar = 10
µm) (B) Counting of nucleus aggregation dots. OC-13 decreased
nucleus and cytoplasmic aggregation dots in Q79 cells by significant
increasing manner. The nucleus or cytoplasmic dot numbers were counted
in the 500 EGFP positive cells at each concentration. (C) Western blot
analysis for nucleus insoluble EGFP. OC-13 induced elimination of
insoluble nucleus EGFP in Q79 cells by Western blot analysis. Both
nucleus and cytoplasmic protein lysates of the Q79 was collected after
treating with 5, 10 or 20 µM of OC-13 for 48 h. (D) Densitometric
analysis of Q79 insoluble EGFP. OC-13 eliminated of nucleus insoluble
EGFP as the concentrations were increased. (*P <0.05, **P < 0.01, oneway ANOVA as compared with vehicle control DMSO, N=5)
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Figure 17. Clearance of nucleus Q79 aggregation by autophagy and
JNK pathway.
(A) Counting of nucleus aggregation dots. Autophagy and JNK
inhibitor suppressed OC-13-mediated clearance of nucleus and
cytoplasmic aggregation dots in Q79 cells by significant increasing
manner. The nucleus or cytoplasmic dots numbers were counted in the
500 EGFP positive cells at each concentration. (*P <0.05, **P < 0.01,
two-way ANOVA as compared with vehicle control DMSO, N=5) (B)
Western blot analysis for nucleus insoluble EGFP. Autophagy and
JNK inhibitor suppressed OC-13-induced elimination of nucleus and
cytoplasmic insoluble EGFP in Q79 cells by Western blot analysis.
Nucleus and cytoplasmic protein lysates of the Q79 cells was collected by
pretreating with 10 µM of 3-MA for 24 h and treating with 20 µM of OC13 for 48 h.
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Figure 18. Establishment of Httex1 Q25 and Q97 cell models.
(A) Plasmid construction of Httex1-Q25 and Q97. The polyQ in Nterminal huntingtin fragments contained various repeats of huntingtin
exon. Httex1-Q25 and Q97 constructs joined with GFP at 3’-end. (B)
Image of cells with transient transfection of Httex1-Q25 and Q97.
Cells transfected with Httex1-Q97 contained more visible aggregation
dots (arrows) than those with Httex1-Q25 after 24 h. (scale bar = 20 μm)
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Figure 19. Increasing of autolysosome by OC-13 in Httex1-Q25 and
Q97-transfected cells.
(A) Gating the GFP positive cells. The major populations in SSC/FSC
and GFP positive population were gated in cells transfected with Httex1Q25 and - Q97. (B) Flow cytometric analysis. Lysotracker fluorescence
was determined by flow cytometric analysis, OC-13 increased
LysoTracker (FL1-H) intensity in Httex1-Q97-transfected cells. Both
transfected cells were treated with OC-13 (5, 10 or 20 µM) or DMSO
control for 12 h. (C) Quantitative LysoTracker fluorescence
intensities. OC-13 increased LysoTracker fluorescence intensities in
Httex1-Q97-transfected cells. (*P <0.05, **P <0.01, one-way ANOVA,
compared with vehicle control DMSO, N=5).
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Figure 20. Activation of lysosomes by OC-13 in Httex1-Q97
transfected cells.
(A) Image of lysosome puncta in Httex1-Q97-transfected cells. OC-13
induced activation of lysosome by fluorescence microscopy. Httex1-Q97
transfected cells were treated with 5, 10 or 20 µM of OC-13 or DMSO
control for 12 h and stained with LysoTracker. Nucleus was stained by
DAPI (blue) and activation of lysosomes were stained by LysoTracker
(Red). (Scale bar = 100 μm) (B) Quantitative of lysosome intensity.
OC-13 induced LysoTracker fluorescence intensities in Httex1-Q97transfected cells. The LysoTracker fluorescence intensities were
quantized by imageJ in fluorescence microscopy image. (**P < 0.01,
one-way ANOVA as compared with vehicle control DMSO, N=3)
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Figure 21. Formation of autophagosome in Httex1-Q97 transfected
cells.
(A) Confocal assay for autophagosome. Formation of autophagosome
were increased after treatment with 5, 10 or 20 µM of OC-13 and DMSO
control for 12 h in Httex1-Q97 transfected cells. Httex1-Q97 transfected
cells were treated with 5, 10 or 20 µM of OC-13 or DMSO control for 12
h. Nucleus was stained with DAPI (blue), Httex1-Q97-GFP (green) was
expressed and autophagosome was stained by LC3 antibody and 2°
antibody connection with TRITC (red) in Q79 cells. (Scale bar = 10 µm)
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Figure 22. Induction of autophagic markers in Httex1-Q97
transfected cells by OC-13.
(A) Western blot analysis autophagic marker. OC-13 induced
conversion of LC3-I to LC3-II and degradation of p62 in Httex1-Q97
transfected cells. Httex1-Q25 and Q97 transfected cells were treated with
OC-13 or DMSO control for 12 h. (B) Densitometric analysis of LC3II/LC3-I on Western blot. OC-13 induced conversion of LC3-I to LC3II in significant increasing manner. (*P <0.05, **P <0.01, one-way
ANOVA, compared with vehicle control DMSO, N=5)
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Figure 23. Maintenance of cell viability in Httex1-Q97 transfected
cells.
(A) Image of death cells in Httex1-Q97 transfected cells. Death cells
were indicated by PI staining (arrows) in Httex1-Q97 transfected cells.
Httex1-Q97 expression cells were stained with PI 0.5 µg/mL. (Scale bar =
20 µm) (B) Flow cytometric analysis. To Gate the GFP positive cells,
ratio of PI positive cells was determined by flow cytometric analysis. OC13 decreased PI positive cells (M1) in Httex1-Q25 and Httex1-Q97
transfected cells. Httex1-Q25 (left) or Q97 (right) transfected cells were
treated with 5, 10 or 20 µM of OC-13 or DMSO control for 12 h. (C)
Quantitative of ratio of PI positive cells in increasing of OC-13
concentrations. OC-13 was decreased PI positive cells in Httex1-Q25
and Httex1-Q97 transfected cells. (*P <0.05, one-way ANOVA,
compared with vehicle control DMSO, N=5).
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Figure 24. Activation of JNK, Akt and S6K in Httex1-Q97
transfected cells.
Western blot analysis for autophagy signaling pathway.
Phosphorylation of JNK, Akt and S6K were induced by OC-13. Httex1Q97 transfected cells were treated with OC-13 (5, 10 or 20 µM) or
DMSO control for 12 h.
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Figure 25. Elimination of aggregations in Httex1-Q97 transfected
cells.
(A) Fluorescence microscopy analysis for Httex1-Q97 aggregation
dots. OC-13 decreased aggregation dots (arrows) in Httex1-Q97
transfected cells. Httex1-Q97 transfected cells were treated with 5, 10 or
20 of µM OC-13 or DMSO control for 12 h. (scale bar = 20 µm) (B)
Counting of aggregation dots in Httex1-Q97 transfected cells. OC-13
decreased Httex1-Q97 aggregation dots in significant decreasing manner.
The dots numbers were counted in the 500 GFP positive cells at each
concentration. (**P < 0.01, one-way ANOVA as compared with vehicle
control DMSO, N=5)
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Figure 26. Elimination of the insoluble Httex1-Q97 aggregates by
OC-13.
(A) Western blot analysis for insoluble from protein. In interface of
stacking gel, Httex1-Q97 insoluble from protein was decreased after
by OC-13. Httex1-Q97 transfected cells were treated with 5, 10 or 20
µM of OC-13 and DMSO control for 12 h. (B) Filter retardation
assay. The insoluble Httex1-Q97 was decreased by OC-13 in filter
retardation assay. The insoluble pellets were collected and lysed in
sodium dodecyl sulfate buffer. (C) Quantitation of insoluble from
polyQ-EGFP densitometry. The insoluble form polyQ-EGFP were
decreased by OC-13 in a dose-dependent manner with significant
difference. (**P < 0.01, one-way ANOVA as compared with vehicle
control DMSO, N=3)
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Figure 27. Clearance inhibition of aggregation.
(A) Fluorescence microscopy analysis for Httex1-Q97 aggregation
dots. Autophagic inhibitor blocked OC-13-mediated clearances of
aggregation dots (arrows) in Httex1-Q97 transfected cells. Httex1-Q97
transfected cells were pretreated inhibitor 3-MA at 10 µM for 1 h and
treated with OC-13 at 20 µM or DMSO control for 12 h. (scale bar = 20
µm) (B) Counting of aggregation dots in Httex1-Q97 transfected cells.
3-MA inhibits OC-13-induced clearance of Httex1-Q97 aggregation dots
in significant decreasing manner. The dots numbers were counted in the
500 GFP positive cells at each concentration. (**P < 0.01, two-way
ANOVA as compared with vehicle control DMSO, N=5)
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Figure 28. Clearance inhibition of insoluble Httex1-Q97.
(A) Western blot analysis for insoluble Httex1-Q97. OC-13-mediated
clearance of Httex1-Q97 insoluble from protein was repressed by
autophagy inhibitor. Httex1-Q97 transfected cells pretreated 10 µM 3-MA
1 h after treatment with 20 µM OC-13 and DMSO control for 12 h. (B)
Quantitation of insoluble from polyQ-EGFP Densitometry. 3-MA
significantly repressed OC-13-mediated clearance of Httex1-Q97
insoluble from protein. (**P < 0.01, two-way ANOVA as compared with
vehicle control DMSO, N=3)
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Figure 29. Elimination of Httex1 aggregation dots by JNK pathway
and autophagy.
(A) Fluorescence microscopy analysis for Q79 aggregation dots.
Autophagy and JNK inhibitor repressed OC-13-mediated elimination of
aggregation dots (arrows) in Httex1-Q97 transfected cells. Httex1-Q97
transfected cells were pretreated with 200 nM insulin, 20 µM 3-MA, 1
nM Baf A1, 10 µM Sp600125 or MG-132 for 1 h and treated with OC-13
at 20 µM or DMSO control for 12 h. (scale bar = 20 µm) (B) Counting
of aggregation dots in Httex1-Q97 transfected cells. Elimination of
aggregation dots was repressed by autophagy and JNK inhibitor in
significant increasing manner. The dots numbers were counted in the 500
GFP positive cells at each concentration. (*P <0.05, **P < 0.01, two-way
ANOVA as compared with vehicle control DMSO, N=5)
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Figure 30. The increase of autophagosomes by JNK pathway in
Httex1-Q97 transfected cells.
(A) Confocal microscopy analysis of autophagosome puncta.
Autophagy and JNK inhibitor repressed OC-13-induced autophagosome
in Httex1-Q97 transfected cells. Httex1-Q97 transfected cells were
pretreated inhibitor and treated with OC-13 at 20 µM or DMSO control
for 48 h. Nucleus was stained with DAPI (blue), Q79-EGFP (green) was
expressed and autophagosome was stained by LC3 antibody and
secondary antibody connection with TRITC (red) in Httex1-Q97
transfected cells. (Scale bar = 10 µm)
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Figure 31. Summary of OC-13 induced polyQ clearance by
autophagy.
OC-13 induced autophagic marker and flux to reduce nucleus and
cytoplasm polyQ aggregation by JNK activation in Httex1- and TBPpolyQ expression neuroblastoma SK-N-SH.
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Figure 32. Inhibition of cell proliferation in human non-small cell
lung cancer cells.
(A) The chemical structure of the compound BTO (B) MTT assay for
cell viability. BTO inhibited the cell viability of A549 and H460 cells as
indicated. A549, H1299 and H460 were treated with BTO (2, 5 or 10 μM)
or DMSO control. The relative cell viabilities were converted from the
absorbance of drug-treated cells against that of DMSO control. (C)
Colony formation assay for cell proliferation. BTO inhibited cell
proliferation in A549, H1299 and H460 colonies. 500 cells were growth
in fresh medium for 15 days after cells treated with BTO. (D)
Quantitative analysis of colony formation assay. BTO significantly
inhibited proliferation cell in NSCLC by dose-dependent manner. The
number of colonies, defined as more than 50 cells per colony, was
counted. (*P <0.05, **P < 0.01, one-way ANOVA as compared with
vehicle control DMSO, N=5)
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Figure 33. Activation of apoptosis by BTO.
(A) Flow cytometry for apoptosis assay. BTO induced apoptosis in
A549 and H460. A549, H1299 and H460 cells were treated with BTO for
48 h and assayed by double staining with Annexin V-FITC/PI. The
percentage of the upper right quadrant indicated late apoptosis and the
lower right early apoptosis. (B) Quantitative analysis for apoptosis
population. Population cells of early (dark) and late (light) apoptosis
were quantized by flow cytometry. (*P <0.05, one-way ANOVA as
compared with vehicle control DMSO, N=5)
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Figure 34. Activation of autophagy and apoptosis by BTO.
(A) Western blot analysis for autophagy and apoptosis. OC-13
induced apoptosis marker cleavage PARP, Bax and cytochrome c and
reduced anti-apoptosis maker Akt and Bcl-2 in A549 and H460 cells.
Autophagy maker Beclin 1 was induced by BTO in A549 and H460 cells.
Protein lysates of the A549, H1299 and H460 cells was collected by
treating with 2, 5 or 10 µM of BTO for 48 h. Numbers underneath
signified relative intensities compared with that of DMSO vehicle
control.
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Figure 35. Apoptosis and autophagy in adenocarcinoma.
(A) Western blot analysis for apoptosis. OC-13 induced apoptosis
marker cleavage PARP, Bax and cytochrome c and reduced anti-apoptosis
maker Akt and Bcl-2 in A549 and H460 cells. Autophagy maker Beclin 1
was induced by BTO in A549 and H460 cells. Protein lysates of the A549
and H460 cells was collected by treating with 2, 5 or 10 µM of BTO for
48 h. Numbers underneath signify relative intensities compared with that
of DMSO vehicle control treatment at 12 h
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Figure 36. Formation of autophagosome and autolysosome by BTO.
(A-B) Confocal microscopy analysis for apoptosis BTO induced
formation of autophagosome (Green) and autolysosome (Orange) in A549
cells. A549 cells were treated with BTO at 2, 5, 10 µM or DMSO control
for 48 h and 10 µM for 12, 24, 48 h. Nucleus was stained with DAPI
(blue), autophagosome was indicated by GFP-LC3 (green) expression
and lysosome was stained LysoTracker in A549. (Scale bar = 10 µm)
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Figure 37. Repression of autophagic flux by 3-MA.
(A) Confocal microscopy analysis for autophagy. Autophagic inhibitor
3-MA repressed formation of autophagosome (Green) and autolysosome
(orange) in A549. A549 cells were pretreated with 10 µM 3-MA and
treated with BTO at 10 µM or DMSO control for 48 h. The nucleus was
stained with DAPI (blue), autophagosome was indicated by GFP-LC3
(green) expression and lysosome was stained LysoTracker in A549.
(Scale bar = 10 µm) (B) Quantitation of autolysosome puncta.
Formation of autolysosome (Orange) was induced OC-13 and suppressed
by 3-MA in significant increasing manner. Counting of autolysosome was
indicated by colocalization with LC3-GFP puncta and LysoTracker. (*P
<0.05, two-way ANOVA, compared with vehicle control DMSO, N=3)
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Figure 38. Inhibition of BTO-mediated apoptosis by 3-MA.
(A) Flow cytometry for apoptosis assay. 3-MA inhibited BTO-induced
apoptosis in A549. A549 and H1299 cells were pretreated 3-MA for 24 h
and treated with BTO for 48 h and assayed by double staining with
Annexin V-FITC/PI. The percentage of the upper right quadrant indicated
late apoptosis and the lower right early apoptosis. (B) Quantitative
analysis for apoptosis population. Population cells of early (dark) and
late (light) apoptosis were quantized by flow cytometry. (*P <0.05, twoway ANOVA, compared with vehicle control DMSO, N=3)
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Figure 39. BTO-induced autophagic apoptosis in A549.
(A) Western blot analysis for autophagic inhibitor. 3-MA repressed
OC-13-mediated apoptosis marker, anti-apoptosis maker and autophagy
maker in A549 and H460 cells. Protein lysates of the A549 and H460
cells was collected by treating with 10 µM of BTO for 48 h. Numbers
underneath signify relative intensities compared with that of DMSO
vehicle control treatment of each cell line.
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Figure 40. Increase of ROS intensity by BTO.
(A) Flow cytometric analysis for ROS. ROS was increased by treatment
with BTO by flow cytometric analysis. Cellular ROS was detected by 10
µM H2DCFDA for 1 h after treating with BTO (2, 5 or 10 µM) for 12, 24
or 48 h. Positive control was indicated by H2O2 and negative control was
indicated by NAC. (B) Quantitative analysis of ROS intensities. BTO
were induced ROS intensity by time and dose-dependent manner. Mean
of ROS intensity was quantized by flow cytometric. (*P<0.05, **P <
0.01, one-way ANOVA as compared with DMSO for 12 h, N=3)
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Figure 41. Inhibition of autophagy by NAC.
(A) Flow cytometric analysis for anti-ROS. NAC inhibited BTOinduced ROS. Cellular ROS was detected by staining with 10 µM of
H2DCFDA for 1 h after pretreating 5 mM of NAC for 1 h and treating
with BTO (2, 5 or 10 µM) for 12, 24 or 48 h. Mean of ROS intensity was
quantized by flow cytometric. (*P<0.05, one-way ANOVA as compared
with PBS, N=3) (B) Confocal microscopy analysis for autophagy
inhibition by ROS. ROS inhibitor NAC repressed formation of
autophagosome (green) and autolysosome (orange) in A549. A549 cells
were pretreated with 5 mM of NAC for 1 h and treated with 10 µM of
BTO or DMSO control for 48 h. Nucleus was stained with DAPI (blue),
autophagosome was indicated by GFP-LC3 (green) expression and
lysosome was stained LysoTracker (red) in A549. (Scale bar = 10 µm)
(C) MTT assay for ROS repression by NAC. NAC suppressed BTOmediated inhibition of cell viability. A549 cells were pretreated with 5
mM of NAC for 1 h and treated with BTO (2, 5 or 10 µM) or DMSO for
48 h. (*P<0.05, two-way ANOVA as compared with PBS, N=3)
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Figure 42. Inhibition of tumor growth in nude mice xenografts.
(A) Determination of tumor size. Tumor growth was inhibited by BTO
(1 mg/kg/mouse). BTO were injected subcutaneously every 3 or 4 days
for four weeks. (B) The excised tumor xenografts of A549. BTO
decreased excised tumor xenografts of A549. (C) Quantitative analysis
for volume of excised tumor. The decreased tumors volume by BTO
treatment as excised from nude mice. (*P <0.05, **P < 0.01, unpaired
Student's t-test as compared with PBS, N=3)
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Figure 43. Increase of apoptosis in nude mice xenografts.
(A) Determination of body weight of mice. The average body weight of
mice showed no significant change as compared with PBS and BTO
treatment. (B) Western blot analysis for tumor apoptosis. Protein
lysates of the extracted tumors were analyzed by Western blot, BTO
induced apoptosis and reduced proliferation markers. (C) H&E staining
of tumor. The tumor sections reduced cell densities by inducing apoptotic
body (white arrows) after BTO treatment. (Scale bar = 50 μm)
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Figure 44. Decrease of proliferation and increase of autophagy in
tumor.
(A) Confocal microscopy analysis for proliferation. The proliferation
marker PCNA was decreased by treatment with BTO. Nucleus was
stained with DAPI (blue) and PCNA stained by PCNA antibody and
secondary antibody connection with FITC (green) in tumor tissues of
xenografts tumor. (Scale bar = 50 µm). The areas of inset were amplified
to the right. (Scale bar = 20 µm) (B) Confocal microscopy analysis for
autophagy. Autophagy marker LC3 puncta was increased by treatment
with BTO. Nucleus was stained with DAPI (blue), LC3 was stained by
LC3 antibody and secondary antibody connection with FITC (green) in
xenografts tumor. (Scale bar = 50 µm). The areas of inset were amplified
to the right. (Scale bar = 20 µm)
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Figure 45. Promotion of apoptosis marker in tumors.
(A) Confocal microscopy analysis for p53. Tumor suppressor marker
p53 was increased and transported to nucleus by treatment with BTO.
Nucleus was stained with DAPI (blue), p53 was stained by p53 antibody
and secondary antibody connection with TRITC (red) in xenografts
tumor. The areas of inset were amplified to the right. (Scale bar = 50 µm).
The areas of inset were amplified to the right. (Scale bar = 20 µm) (B)
Confocal microscopy analysis for apoptosis. TUNEL positive cells
were increased by treatment with BTO. Nucleus was stained with DAPI
(blue) and apoptosis cells were stained by TUNEL (green) assay in
xenografts tumor (scale bar = 50 µm). The areas of inset were amplified
to the right. (Scale bar = 20 µm)
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Figure 46. Summary of BTO induced autophagy.
BTO induced autophagic marker and flux to promote apoptosis and
reduce proliferation by increasing of ROS level in A549 non-small cell
lung cancer.
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