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Akt protein kinase B

4E-BP eukaryotic initiation factor 4E (elF4E)-binding protein
BrdU 5-bromo-2-deoxyuridine

bFGF fibroblast growth factor-basic

calcein AM calcein acetoxymethyl ester

DHC dehydrocostuslactone

EBM-2 endothelial cell basal medium-2
ECGs endothelial cell growth supplements
EGF epidermal growth factor

EGM-2 endothelial cell growth medium-2
ELISA enzyme-linked immunosorbent assay
MMP matrix metalloproteinase

mTORC1 mammalian target of rapamycin (nTOR)-C1
NSCLC non-small cell lung cancer

p70S6K 70-kDa ribosomal protein S6 kinase
PDGF platelet-derived growth factor

PIGF placental growth factor

p-gp p-glycoprotein

Rh-123 rhodamine-123

SIRNA small interfering RNA

TIMP3 tissue inhibitor of metalloproteinase 3
VEGF vascular endothelial growth factor
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¥ 74 (angiogenesis) H& ® 13 feifi F A VA AT F R B uEAR > £
MARFFTET ERBRE AL ERAITAES o LFILY RS £
RO AR F AT > KRR A 0E F ok A G U #U,% fm e ik S
B dm ot PHARAR IS L X EEF IR RS B PR
ATAAPE o FIt o Frdlh ATA VR N B 2 S APM ARG o AR Y o B
Bt iy # BB n g AT Prd A2 B o

Ah2 ey - BIiA A& AfFEdkp Y X ER AF (Saussurea costus (Falc.)
Lipschitz) ¢ % 2~ 4 dehydrocostuslactone (DHC) ¥t & & &7 24 i _i& 7] +
(endothelial growth factors ; EGM-2) 3ldzn § 274 e (% &2 0 3 4 - F %
FI > DHC st fgFrd] A SRR L mie ol 4 2 3§ F VpenA) S o e £
¢ B Bwre cof% (7 0 & invivo matrigel plug assay ® » DHC & #r 488 b chn AT
4 o DHC it 43 & E4r 4] AKt/GSK-3B ~ mTOR swipa it » P &R > cyclin D1 &n
B0 IR F fwmfe i B A OIRLIF S L eh myristoylated (myr)-Akt » DHC Fr] fo

Féi%i A ?Hil]j,;\,u; i CyCIln D1 ?Kgﬁﬁtlﬂ.ﬁrﬁ \}‘"ffﬁ o BH BN AL e

AL LICI 2 DHC > Bl 43 P &g i 4 DHC Fr|imoe 4 £ cni®® o i + %
% *FF 3 # 7 AKUGSK-3B/cyclin D1 122 mTOR & g j& €_DHC 2Rl

oo B AUST ol 2 w F ATL AR B AR R

rm 2 iy = BI%A Adr it arylsulfonamide 574 # MPTO0GO013 ffép % 44
b E 3 B ATE 2B o MPTOGOL3 it PP Bg i L SmPe 8 4 B (T {offn ¢
FpAsa o d AT B R A 15 0 MPTOGO13 &t P &34 % tissue inhibitors of
metalloproteinases 3 (TIMP3) &4 3 » #-‘w?e & 4 TIMP3 siRNA - it 53 i 4

MPTOGO13 #r4|u g A72 cnit* 2 w4 Akt~ ERK 3-9 hgipk it ; f $ 2



* in vivo matrigel plug assay fr*a % 58 $ 4 16§ % © %7 MPTOGO13 g p £
FPETELL B 2 X eniEr o Ft s AP deh MPTOGO13 £- i 7 i # A
% endi F ATA B o

Boa Akt RSB ORoE e taxanes 2 vinca 2 fdk FacE R L ES 0 B L

feng 4 2w F SRS S > TPt 2 F RFFATOE S - MPTOB271

gL

- BrRIMT Y OficE R 2 S EF o BN 2R G RS SFuR
% 0 MPTOB271 ' 7 30 c g chd R E - 2 R Priflsr S imie fhd £ 2 W0 5 30
F > & 3% multidrug-resistant 7 m fz tk NCI/ADR-RES - {1 * j 3\ w2 ik & 47
rhodamine-123 (Rh-123) mﬂi;'l 412 41 # calcein acetoxymethyl ester (calcein AM)
assay ° # . MPTOB271 % &_p-glycoprotein (p-gp) == % ; ¢ *t » MPTOB271 ~
€ FFme GAM B R F 112 mie k= o AP L FIRAMN 2 W BHpLEF
fpfez. T > MPTOB271 & & erlotinib (Tarceva) sc P! B dr4| A 3525 | ‘w2 % fp
A549 fmre end £ oo iRt B % EF MPTOB271 8- B2 B4 o & AR odT
FEM I > Ap T AR dAn FATA 2 R A AL ¥ % 0 #F DHC e
MPTOGO13 ic & ¥ #rF |48 p 2 48 b2 0 ¢ 272 £% »MPT0B271 z;-jfrﬁ U
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Angiogenesis, which is the process of formation of new blood vessels from
pre-existing ones, takes place throughout physiological development, tissue repair,
and reproduction. In pathological conditions, angiogenesis is also essential for tumor
growth and progression to ensure that more oxygen and nutrients are delivered from
the host’s vascular system. Therefore, angiogenesis is a promising target for
anticancer treatments. In this thesis, we focused on the discovery of potential novel
antiangiogenic agents, and further investigated the mechanism of these agents.

In the first part, we investigated the traditional Chinese medicine component
dehydrocostuslactone (DHC) isolated from Saussurea costus (Falc.) Lipschitz, which
has been shown to have anti-cancer activity. DHC has an anti-angiogenic effect in the
matrigel-plug nude mice model and an inhibitory effect on HUVEC proliferation and
capillary-like tube formation in vitro. With respect to the molecular mechanisms
underlying the DHC-induced cyclin D1 down-regulation, we demonstrated that DHC
significantly inhibited Akt expression, resulting in the suppression of GSK-3f3
phosphorylation and mTOR expression. Furthermore, the degradation of cyclin D1
and the abrogation of tube formation induced by DHC were significantly reversed by
constitutively active myristoylated (myr)-Akt. And the co-treatment with LiCl and
DHC significantly reversed the growth inhibition induced by DHC.

Tissue inhibitors of metalloproteinases 3 (TIMP3) were originally characterized
as inhibitors of matrix metalloproteinases (MMPs), acting as potent antiangiogenic
proteins. In the second part, we demonstrated that the arylsulfonamide derivative

MPTO0GO013 has potent antiangiogenic activities in vitro and in vivo via inducing



TIMP3 expression. Treatments with MPTOGO013 significantly inhibited endothelial
cell functions, such as cell proliferation, migration, and tube formation. Subsequent
microarray analysis showed significant induction of TIMP3 gene expression by
MPTO0GO013, and siRNA-mediated blockage of TIMP3 up-regulation abrogated the
antiangiogenic activities of MPTOGO013 and prevented inhibition of p-AKT and
p-ERK proteins. Importantly, MPTOGO013 exhibited antiangiogenic activities in in
vivo Matrigel plug assays, inhibited tumor growth and up-regulated TIMP3 and p21
proteins in HCT116 mouse xenograft models.

MPTO0B271, an orally active microtubule-targeting agent, is a completely
synthetic compound that possesses potent anticancer effects in vitro and in vivo.
MPTOB271 caused depolymerization of tubulin at both molecular and cellular levels
and reduced cell growth and viability at nanomolar concentrations in numerous cancer
cell lines, including a multidrug-resistant cancer cell line NCI/ADR-RES. Further
studies indicated that MPTOB271 is not a substrate of p-gp, as determined by flow
cytometric analysis of Rh-123 dye efflux and the calcein AM assay. MPT0OB271 also
caused G2/M cell-cycle arrest, accompanied by induction of cell apoptosis. We
demonstrated that MPTOB271 in combination with erlotinib significantly inhibits the
growth of the NSCLC A549 cells as compared with erlotinib treatment alone, both in
vitro and in vivo. These findings identify MPTOB271 as a promising new
tubulin-binding compound for the treatment of various cancers.

Taken together, the present studies have highlighted the potential application of
DHC and MPTO0GO013 in angiogenesis-related diseases, such as cancer. And the
anti-tumor agent MPTOB271 may foster novel therapeutic strategies for various

cancer cell lines.
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& g #72 (vasculogenesis 2 angiogenesis)

w g2 ¥ ud A4 5% vasculogenesis % angiogenesis > vasculogenesis
dpend foaind oo F Zd ¢ ik chendothelial progenitors (angioblasts) 4 it =
= R de F B angiogenesis B B e - B AR o F kG AHD
254 F A fE (sprout) s F o F B MATERRIE L F BB 0%k B2 AR e
Koo@ AR - B Rk e 2iEAe (Figure 1-1) o m g ATA LR W AT
i 4 nrad dhed F a2 b A ihd B ks PRt e
oo s Bagipy £& (Chungetal, 2010) » #2@ » 7 & F & 3F & s §AT4
FARFI AR > BV LR~ foleRE M E ek P R 3F S AR

blhe 2 8T B ey~ BOEREEIRAL 1 2 R A A s (Table 1-1)

2. A g AT
1939 # > lde & A f* 4+ B Lo R BT % FRMEEL L ¢ LN
Ard S ehg F e JLRPEET L § A EL F 4 £ T (Ide, 1939) 5 1945 &
Algire & A LR B EH I FEr {LFr»aF7 7 > FREME L0 R ERNF
LT B P 4 & (Algireetal., 1950) - 1971 # > Folkman ¥ 2 ji R ¢
A ddia Mg g 4 = ¥]3 TAF (Tumor Angiogenesis Factor) » ¥ 3% 1) — iEgh
Fg P FHBE ER 1-2mme ¢ ) TAF ifGEw ¢ 3
40 E REATE ik FEERA T F ARG SRR R ek
Flpt ok Frd] 0 TAF g f8-v e g a4 £ (Folkman, 1971) » b - BGR
¢ FATAFTY D S gds > A S AE X ML ] Bk
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fmre 4 £ F]3 (vascular endothelial growth factor ; VEGF) ~ = /[ £ 474 4 & F] 3
(platelet-derived growth factor ; PDGF) ~ é& M 4% 2 * w®e 4 £ F]5 (fibroblast
growth factor-basic ; bFGF) (Folkman, 2007) » 4 izd- 4 £ F]3 2 & T & fmie }
chi L B NP L mre X e L @R S F R e fois 1 ehp &
RN s AF &% %9 % (matrix metalloproteinase ; MMP) Fr
angiopoietin-2 » MMPs {r angiopoietin-2 ¢ 3 4v 2 ¥ A A% (basement membrane)
Gk fE o $wmre b L (extracellular matrix ; ECM) & {7 £ % (remodeling) - i
TP A e vk lmre (pericytes) A o B @ BB A P S (7 (migration)
Z i~ (invasion) - ;=i ¥ G (sprout) > Hmihp 4w g LR e
(tip cell) - & integrins s 4 B k51 ¥u FF L2 L FFRAFAR > » B
7o fexhenp Lnve g 451 stalkcell > &2 fFme 2 >tk n F T 0 A ER
(tube formation) ; #74 chp L wre £ 7 E 23K A ABiTw F o G - WALk F
®¥geop 4 R 2 e (endothelial progenitor cells) - #n & #724 H% F 7 7 & 44
ok fS 0 AT &Y fER mgf& Fr#4]4&] (tissue inhibitor of metalloproteinases ;
TIMPS) #r4| A F &% 30 fE & cd > Adpimre b A Fehecag > Hgklmrz 2 T
Frirm REIRIL F B RANA L FRE 0 A2 0 f R (Figure 1-2)

(Carmeliet et al., 2011; Folkman, 2007; Potente et al., 2011) -

3. m FATA e L it

£ FHTA A - B R E NG P T R ATE TS S0 frenif
Ao ipdt o F ATA FS AN 4w pooTig e 4 @i 12 VEGF (VEGF-A) 3
b » VEGF ~ 43 % ¥ i3 %15 > ligand ¢ 45 VEGF-A + VEGF-B + VEGF-C -
VEGF-D -~ VEGF-E % PIGF (placental growth factor) - receptor P & & VEGFR-1
(fms-like tyrosine kinase ; Flt-1) ~ VEGFR-2 (Fetal liver kinase-1/Kinase insert domain

containing receptor ; FlIk-1/KDR) ~ VEGFR-3 (Flt-4) (Ellis et al., 2008) - ## 7 % 3L
7



VEGF = %4 grmitogenic 2 chemotactic iv* » £ %5 d VEGFR-2 3t 4, @:E > 1%
g T S & & 42 0 (1) Ras/Raf/MEK/ERK MAP kinase pathway 3% 3 & %] £ 3B iR
lmre 34 (2) HEF T PLC-y/PKC » 3 4 fmiz f 4T 35 )k & ~ eNOS 4 I
2w g% (3) &4 focal adhesion kinase (FAK) pathway # 3 focal adhesion
turnover 1 % fmre 4 (7 ; (4) 54 p38/Hsp27 pathway » ¥ 3 actin reorganization
"z ez A% i3 5 (5) phosphatidylinositol 3-kinase (PI3K)/Akt pathway 75 it fa4F fm ¥
177 7% 0 PISK #- PIP, it g4 =0 PIP3 » PIP3ex 51 AKt I 'w?e WS d mifis i @ 5
it > Akt # wc #9751t eNOS » Hi4v Pz il B > T8 & Jy Frd| iliwmbe = v o

H 4e 2wz 13 7% (Figure 1-3) (Ivy et al., 2009) -

4. AT &% 39 p A Ed$1# (tissue inhibitors of metalloproteinase ; TIMPs)

TIMPs £ d 184-194 Bl a7l = > & MMPS eap 4 M3rd] 30 > B o B
EfAfe gy e B R (TIMPL~TIMP2 ~ TIMP3 ~ TIMP4) » H & # 2 £ 1
Al BFHY 2 ERE PREEAR LFILY RIS 8 MMPs & (204 e
B o e AP O TIMP3 M end AP aRRLENS 2P ALK 2 PRSP Al
¢ (Dellaetal., 1996; Qi et al., 2002) > TIMP3 =% % € ¥ 1k sorshy's f% & 4 % 7 2
& (sorsby's fundus dystrophy) » 5 %8 % ¢ #1455 - 3 A 7 % MAF) 5 S156C
IR %% TIMP3 % 2 Frd] MMP e |40 33 2 9% R 00ehil & v g AT o ERF
% % (macular degeneration) r4 2 %3 {24 2 44 (Langton et al., 2000; Tabata
et al., 1998; Weber et al., 1994) -

TIMPs it $3 #r4] B w0 #7597 5 cnMMPs» &2 TIMPs 3#2% = R % | e8> TIMP3
B PR B Ao TIMP3 5§ B imre ob AF 2T (5% ik 4 R L
oo fmre P kgl o ;‘g d 22 heparan-sulfate-containing proteoglycans & & % _#
fhmiz o LR B i - g g P e i & MMPs (membrane-bound MMPs) - i

% MMPs (transmembrane MMPs) 1 TIMPs = B > % & 353 B & 2 & v it
8



%4 (a disintegrin and metalloproteinases ; ADAMS) 11 %2 4 B & 2 & 5v 2% 3
st n fi¥ % % (a disintegrin and metalloproteinases with thrombospondin-like
domain; ADAM-TS)> TIMP3 #43+ - 4 e MMP-2~-MMP-9 ##+4 i * pl# 33 (Nagase
et al., 2006) - TIMP3 jgd #r4] ADAM-17 (TACE) #f 4 & % £ %]+ (epidermal
growth factor receptor ; EGFR) f=%% (ligands) = ectodomain shedding it * > :&m
B> EGFR ™ % ERK =21 & @ vE% i (Murthy etal., 2010) » ¥ #F » TIMP3 it 43
& T wmie & om MR Fl+ X 8 (tumor necrosis factor-receptor 1 ; TNF-a R 1) »
Fas (CD95) ~ TNF-related apoptosis-inducing ligand receptor-1 ; TRAIL-R1 » #.3F %
iz tr? Ly iwe &= a2 (Ahonen et al., 2003; Bond et al., 2000; Bond
et al., 2002; Koers-Wunrau et al., 2013) -

TIMP3 433 5 # e VEGF &2 VEGFR2 % & » Frd|H T35 & @8 > &
w2 RN R G P R B AT TR > 3 ¥ da R TIMP3 ~ & Frd] MMP 0
T* 2 4p B (Qietal,2003) > ¥ ¢t » &5 F 47 % 3 W > TIMP3 ji# 2 ikt

#] VEGFR ~ bFGFR ~ PDGFR % ¥ ¢ #72 (Chenetal., 2014) -

5. W% ¥ (Cell cycle)

mee kR A 5 T BRFE > & 32 GO~ G1 (GAP 1) ~ S (synthesis) ~ G2 (GAP 2)
f= M (mitosis) # > # = ¥] cyclins ~ cyclin-dependent kinases (CDKs) 1 %
cyclin-dependent kinase inhibitors (CDKIs) 724 5= (Figure 1-4) (Davidson et al.,
2010) - CDK e i 7 & 22 cyclins % £ ) % 47 & - flwm?2 ¥ ) & (7 1§42 > cyclins
¢ LT pFRELE 20 2 kA F CDK aiE i § fmre 2. DNA £ 5| ¢ >
RIF a R B k- B e e X B4 K TS g ¢ GE cyclin
D thfds 2 #:% > cylcin D ¢ 2 CDKA/CDKG 25 2 4F £ 4 » &7 Bk 1 & B 45 )
3 E2F 3 & chretinoblastoma (Rb) F-v » # p-Rb 3-v f#7cd E2F » &g E2F 4p

B 2L Flengg g5 1 > @ 35 cyclin E frcyclin A > 443t DNA & = Z.2 Jf e & @ 5
9



it CDK2 > i fmPz ;¥ _G1 #pi& » S ¥ (Figure 1-5) (Musgrove et al., 2011) o p =
e A AKt 3 4 B 7S e 9 % 18 glcogen synthase kinase-33 (GSK-3B) 3 45 cyclin D1
4 35> GSK-3P it 43 # o Bk 1+ ik cyclin D1 # 4 ubiquitination & 4 % f# » Akt
#- GSK-3p serine9 gipi it > 4r4] GSK-3p =& 14 > 3 4c cyclin D1 F-v efg 241
#. 7. (Figure 1-6) (Chang et al., 2003) - # % » & = gcyclin E &2 CDK2 2= 45 &
P F et e kP _GL Hp 2 ~ S ¥ > cyclin A/ICDK2 4§ & 4 ] 118 o2 3F 8 & »
G2 #p (Figure 1-4) (Davidson et al., 2010) -

wie ik d G2 #pie » M ey 39 B % cyclin B 2 CDK1 (Cdc2) » M
B E wreieiig sS4 A > x & 5 prophase ~ metaphase ~ anaphase £ telophase -
B % CDK activated kinase ¢ - Cdk1 Thr161 gif i - I p¥ Cdc25C 2 gipk it ¥ %
¢ #- CdK1 #rd |4 crmi e 12 Thrld/Tyrl5 a5 = 7% it f& e Cdkl > ¥ &7 cyclin B % &

BAAF P Wit i s M# > 22 F 554 4 (Figure 1-4) -

B B kg ¥ B4 (microtubule-targeting agents)

Mg bR frmied oA ~E R CALBE - BELFELSDES e
T S4B L Ed ey FTe e it me i d MR s TS B
Fmre P o FP o dedka fg o) oS Zew &+ }Eﬂf(? F gy 0 T}““ B ATt
B At 3t o Mo BT 2 R B S ~ (polymers) o d o % B
# fafcg -9 (tubulin) #7'e < » ¥ 4 microtubule-associated proteins # 3 f& % -
DAME R R AR EN L REL T HE FRFLE T Y -

SRS NOERER S E RS T L 1S CREEE TS SOE RER St

FopiRgE X o Mo L RE 0 Pk R BRI LB E T R PR TUR
FR AR mE A R s R FF LS G M R

(microtubule-stabilizers) % jig¢ 2 #& <& (microtubule-destabilizers) - 1345 £ fic ¢

e

BEE 2 BT A=A 5 vinca {r colchicine Z 4~ » i Fridficd B &  taxol 55 %
10
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Yot B ROE miE A A kgl 544 (Figure 1-7) -

PR B TRt 2 S R F A RR RS L T HES R
F P R R e B i 4 > W - GEFOE RERDE A AR
Fd WEL K mep 2 a3 A B R e L5 e = o e A

e

2§17 ATP binding cassette (ABC) family i & # 2 w2z 3 B 11 cha &

..__V

FE 58 > p-glycoprotein (p-gp) ¥ MDR1 £ Fleng + » 43t ABC family ¢ &
ABCBL1 subfamily » &_# sijic ¥ {hi= & 4 mL%J F-v9 > i 49 #- vinca alkaloids %

taxanes #f % F 4 1) FE Mimie p R AR 2 & AT Y (Figure 1-7) o i a8 B o

Al 7 3 # h R B 8 o fie F ¥ o vinca alkaloids ¢ A%
multidrug-resistance-associated protein 1 (MRP1) i‘sﬁéﬁﬁi&l Atz ¢b 5 taxanes &
MRP2 2 MRP7 3 5 > epothilone B #]#_4% MRP7 47 £ 1 (Breuninger et al.,
1995; Hopper-Borge et al., 2004; Huisman et al., 2005) - d *w?ﬁ%] DR A R
B AL REROTLEE T 83 7R AT PR e F g o i

G B ek Bl oo

7. e k- RS

SEFF I MEp L BPME L A AR S H it 7o
R e A ES o E R Frd A K T o dmie = X LS AR e
= (programmed cell death) - §_im®e FIREE i » B2 F i orp (7
AT ehr s o b S hd & P mre P 4 4 B (nuclear condensation)
3 & g DNA KfgEr A = £ (<200 bp) » B>t imre k= 45 chIk % (Taylor
et al., 2008) -

KURESL a2 e RO e 2 =3 ﬁd ‘w#e ¢ death ligands (&]4- FasL & tumour
necrosis factor-a (TNFa)) ¥ transmembrane death receptors e’ & @ x> # F v

51 adaptor proteins > |4 Fas-associated death domain protein (FADD) > i &
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procaspase-8 2 H s 2¥ % &~ &+ & & A, = DISC (death-inducing signaling complex) -
/& b e caspase-8 & m % it T e caspase-3 ~ caspase-7 0 2 A { - ) < caspase
SR e 2 o AR MR ok A= 2w 4 15 iF caspase-8 K f2 BH3-only
protein BID (BH3-interacting domain death agonist) #; = Truncated BID (tBID) » &
Pt = BRTIE (7 crosstalk o @ eh ABR T 8T GBS R 0 tBID ¢ R ksl R
#%z cytochrome c - # ¥ % = apoptosome (¢ ~7 i# apoptotic protease-activating
factor-1 (APAF1) 4 3 12 % 4p fe $c P =9 caspase-9 homodimers ‘=) (Figure 1-8)

(Taylor et al., 2008) -

N~

BN AT R ehflgid S mie B4 NI G (Gde kst s 2 4 4 K
Fl+ ~DNAH & ~pd g 4) > & it - & % B BH3-only protein family
= A » BH3-only proteins 5 i i 3| & 0 @ & FE & anti-apoptotic B-cell
lymphoma-2 (BCL-2) family members ik = 8% » & f sk 5 & ¢ iR e
BAK-BAX oligomers (BCL-2-antagonist/killer-1 ; BCL-2-associated X protein) ke
= v ipdt oligomers ac o 3F R SRR R I ch 30 00 1 dw ke B B4 cytochrome ¢
Endo G (endonuclease G) ~ Smac/DIABLO (second mitochondrial activator of
caspases/direct IAP binding protein with low pl) ~ AIF (apoptosis inducing factor) - -
® jEk sn g8 # ) k> cytochrome ¢ 7} € 2= apoptosome - & f* i1 caspase-9 iE

# 7 2] T P50 executioner caspase it g fwmfe &= (Figure 1-8) (Taylor et al., 2008)-

8. Wik EGFR &= %

d TR aE? F ot v oo BN 1982 E4ce A 32 E R ARA S
Flzo g e BT o oA 2013 E 73 A F &R ¥ % - = (Figure
1-9) o s $Fd me AT M R A 5 25 e % % (non-small cell lung
cancer ; NSCLC) ~ /] fm#z % 5% (small cell lung cancer ; SCLC) ~ #5% *#% (lung

carcinoid tumor) > 7 4 F 4 % 5 85 %~ 10 — 15% ~ < 5% > NSCLC ~ # £ 4~ &
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squamous cell carcinoma ~ adenocarcinoma 2 % large cell carcinoma

©%® > 97 10% adenocarcinoma s 4 % 3 EGFR %% » i al5 35%
adenocarcinoma ;5 * # 7 EGFR % % EGFR /% receptor tyrosine kinase (RTKSs)
%ﬁr_‘ AT L B WA £ s 3 AINERPRREN 0 R
% & ¥ &t adenocarcinoma-~ Iy ' & 4~ 9ka‘;¥—*§ SPEF R R Y 4 exon
19 s deletion 12 2 % exon 21 7 point mutation (L858R) (Nguyen et al., 2009) > 4z i&
90%¢#7 EGFR kinase mutation &> F it R % o B w & SF i % £ 4 EGFR ¢»
o) G ke o {o H FRPLE 0 L S9 PR % EGFR e 4 @R DUk TR L
B @ (v c FDAZF® * 20758 NSCLC * 2 5 EGFR R %% — &) 4
+ f¥e Z 5 ¢ 35 Gefitinib (Iressa) 4+ Erlotinib (Tarceva) - e & %4 3R 42 i 50%
er1 primarily EGFR TKI-sensitive NSCLC # # = =t % % (second mutation) - %A
EGFR exon 20 # # single base pair change (T790M) - & #d % %} EGFR Fr ]|
A2 4 7 fi# 4 (Kobayashi et al., 2005; Pao et al., 2005) - # is & exon 19 &
resistance mutation » ¢ 4% D761Y 2 L747S 485 < k¥ % (Balak et al., 2006; Costa

et al., 2007) (Figure 1-10) -
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Figure 1-1. Development of a functional vasculature from endothelial progenitor
cells. Endothelial progenitors (angioblasts) differentiate from mesodermal cells during
early vertebrate development. Once formed, angioblasts may acquire arterial (red) or
venous (blue) fates and coalesce to generate the first embryonic blood vessels, the
dorsal aorta and cardinal vein. In zebrafish, the coordinated sorting and segregation of
arterial and venous angioblasts ensures the assembly of distinct dorsal aorta and
cardinal vein vessels. Angioblasts also aggregate to form blood islands, which fuse and
remodel in response to haemodynamic stimuli or inherent genetic factors to generate a
primitive interlaced network of arterial and venous plexi. Following their vasculogenic
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assembly, angiogenic remodelling of the dorsal aorta, cardinal vein and vascular plexi
creates a complex hierarchical network of arteries, arterioles, capillary beds, venules
and veins. Subsequent recruitment of mural cells (pericytes and wvascular
smooth-muscle cells (vSMCs)) stabilizes nascent vessels and promotes vessel
maturation. In addition, the sprouting of lymphatic endothelial cells from venous
vessels (lymphangiogenesis) seeds the lymphatic system (indicated by a dotted arrow).
Moreover, the emergence of haematopoietic stem cells from arterial *haemogenic’
endothelium gives rise to all myeloid and lymphoid blood cell lineages. Vessel
diversity is further augmented Dby tissue-specific specializations that alter key
properties, such as permeability, or modify endothelial cells to generate vascular
networks with new molecular signatures.

Herbert et al. (2011) Nat Rev Mol Cell Biol. Aug 23;12(9):551-64.

15



Table 1-1 Diseases characterized or caused by abnormal or excessive angiogenesis

Organ

Diseases in mice or humans

Numerous organs

Blood vessels

Adipose tissue
Skin

Eye

Lung

Intestines
Reproductive system
Bone, joints

Cancer (activation of oncogenes; loss of tumor suppressors); infectious
diseases (pathogens express angiogenic genes!!12, induce angiogenic
programs!13 or transform ECs!14); autoimmune disorders (activation
of mast cells and other leukocytes)

Vascular malformations (Tie-2 mutation58); DiGeorge syndrome (low VEGF
and neuropilin-1 expression33); HHT (mutations of endoglin or ALK-1 (ref.
69)); cavernous hemangioma (loss of Cx37 and Cx40 (ref. 44));
atherosclerosis; transplant arteriopathy

Obesity (angiogenesis induced by fatty diet; weight loss by angiogenesis
inhibitors19)

Psoriasis, warts, allergic dermatitis, scar keloids, pyogenic granulomas,
blistering disease, Kaposi sarcoma in AIDS patients!14

Persistent hyperplastic vitreous syndrome (loss of Ang-2 (refs. 65,116) or
VEGF164 (ref. 18)); diabetic retinopathy; retinopathy of prematurity;
choroidal neovascularization (TIMP-3 mutation51)

Primary pulmonary hypertension (germline BMPR-2 mutation; somatic EC
mutations’3:75.76); asthma; nasal polyps

Inflammatory bowel and periodontal disease, ascites, peritoneal adhesions
Endometriosis, uterine bleeding, ovarian cysts, ovarian hyperstimulation2®
Arthritis, synovitis, osteomyelitis, osteophyte formation!2

Carmeliet (2003) Nat Med. Jun;9(6):653-60.
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Figure 1-2. The Angiogenesis Process: How Do New Blood Vessels Grow?

The process of angiogenesis in a healthy adult occurs as an orderly series of events:

i. Blood vessels provide nutrients and oxygen throughout the body and are comprised
of an inner lining of closely assembled endothelial cells ensheathed by pericytes,
(the basement membrane) embedded in the stromal compartment (various stromal
cells and extracellular matrix).

ii. In healthy adults, a balance of growth factor signaling maintains endothelial cells
in a quiescent, or resting state.

iii. To monitor and supply sufficient amounts of oxygen to surrounding tissues, blood
vessels have oxygen and hypoxia-induced sensors, or receptors, which allow vessel
remodeling to adjust the blood flow accordingly.

iv. Hypoxia or other endogenous signals activate cells and induce the release signaling
factors (such as VEGF, Ang-2, FGF and chemokines) to promote the growth of
new blood capillaries from pre-existing vessels — a process called angiogenesis.

v. Pericytes detach from the vessel (Ang-2 signaling), and endothelial cells are
activated and lose their close contact as the vessel dilates (VE-cadherin signaling).

vi. In sprout formation, a tip cell is selected (selection influenced by Neuropilin,
VEGF/VEGFR and NOTCH / DLL4 and JAGGEDL1 signaling) which releases

17



Vii.

viii.

matrix metalloproteases (MT1-MMP) to degrade the basement membrane and
remodel the extracellular matrix.
Tip cells are polarized and extend numerous filopodia to guide sprout migration
(via semaphorins, ephrins, and integrins guidance signals) toward angiogenic
stimuli (VEGF gradient). Tip cells are primarily migratory and do not proliferate.
Stalk cells follow the tip cell and proliferate, extending the sprout. Proliferating
stalk cells establish junctions with neighboring endothelial cells and release
molecules such as EGFL7 (an endothelial cell chemoattractant expressed by
proliferating endothelial cells) that bind to extracellular membrane components and
regulates vascular lumen formation.
Fusion of neighboring branches occurs when 2 tip cells encounter each other,
establish EC-EC junctions (VE-cadherin, Ang-1) and form a continuous lumen.
Extracellular matrix is deposited to establish a new basement membrane (TIMPs),
endothelial cell proliferation ceases, and pericytes are recruited to stabilize the new
vessel (PDGFR/PDGF-B, Ang-1).
Once blood flow is established, the perfusion of oxygen and nutrient reduces
angiogenic stimuli (VEGF expression) and inactivates endothelial cell oxygen
sensors, re-establishing the quiescent state of the blood vessel.

Source : The Angiogenesis Foundation.
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Figure 1-3. Activation of VEGFR mediates proliferation, vascular permeability,
cell migration and cell survival, leading to angiogenesis. VEGFR signaling via the
Ras/MEK/ERK pathway induces gene expression and results in cell proliferation.
VEGFR can also signal through PLC-*, which activates PKC by the generation of
diacylglycerol and increases the concentration of intracellular calcium via inositol
triphosphate. Increased intracellular calcium results in induction of vascular
permeability via activation of endothelial nitric oxide synthase and generation of nitric
oxide, but also via activation of cytosolic phospholipase A and prostaglandin
production. Signaling through the focal adhesion kinase pathway leads to focal
adhesion turnover and cell migration. VEGFR signaling through p38 results in heat
shock protein 27 induction, which leads to actin reorganization and cell migration.
Activation of the PI3K pathway maintains cell survival. PI3K catalyzes the conversion
of PIP, to PIPs. In turn PIP3 recruits Akt to the cell membrane where Akt is activated
via phosphorylation. Akt can activate endothelial nitric oxide synthase, which leads to
vascular cell permeability, but the kinase also inhibits the proapoptotic proteins
caspase 9 and BAD, which enhances cell survival. Small-molecule VEGFR inhibitors,
such as the VEGFR?2 inhibitors, block these pathways and thus inhibit angiogenesis.

Ivy et al. (2009) Nat Rev Clin Oncol. Oct;6(10):569-79.
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Figure 1-4. Overview of core cell cycle regulation. Different CDK/cyclin
heterodimer complexes control entry into, and progression through, the four phases of
the cell cycle. Decisions to proliferate (growth factors) or exit the cell cycle
(differentiation signals) are made during G1. The initiation of mitosis (M) is highly
regulated and requires activation of CDK1. Weel mediated phosphorylation keeps
CDK1 inactive and removal of these inhibitory phosphates by cell division cycle 25
(CDC25) allows mitosis to proceed. To prevent premature onset of mitosis, CDC25
activity is inhibited by checkpoint kinases (Chk) mediated phosphorylation and
14-3-3 mediated cytoplasmic retention.

Davidson et al. (2010) Trends Cell Biol. Aug;20(8):453-60.
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Figure 1-5. CDK-dependent functions of cyclin D. The activation of cyclin
D—cyclin-dependent kinase 4 (CDK4) or CDKG®6 initiates the phosphorylation of the
tumour suppressor protein RB and other RB family members (such as p107 and p130),
resulting in the release of E2F transcription factors. In turn, this leads to the
transcriptional activation of E2F-responsive genes that are essential for DNA synthesis,
including cyclin E and cyclin A, which further promote RB phosphorylation by
activating CDK2. Cyclin D—CDK4/CDK6 complexes also indirectly activate cyclin
E-CDK2 by sequestering the CDK inhibitors p21 and p27. Both INK4A and RB also
affect cellular processes other than cell cycle progression, such as centrosome
replication, so that their loss can lead to centrosome amplification and genomic
instability. Similarly, cyclin D—-CDK4/CDKG6 phosphorylates substrates in addition to
RB, thereby regulating a diverse set of end points (shown in the blue boxes).

Musgrove et al. (2011) Nat Rev Cancer. Jul 7;11(8):558-72.
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Figure 1-6. Regulation of cyclin D1 protein stability by the PI3K/Akt pathway.
Cyclin D1 is phosphorylated by GSK-3, which can be prevented by phosphorylation
of GSK-3 by Akt. Phosphorylated cyclin D is translocated from the nucleus to the
cytoplasm and targeted for degradation by ubiquitination.

Chang et al. (2003) Leukemia. Mar;17(3):590-603.
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Figure 1-7. Microtubule formation and the binding sites of microtubule
inhibitors. a, Soluble tubulin dimers, containing one o-tubulin peptide and one
B-tubulin peptide, polymerize to form a microtubule nucleus. Additional dimers are
added head-to-tail and the resulting microtubules are highly dynamic structures
containing a (+) end, characterized by an exposed B-tubulin peptide and a (-) end,
characterized by an exposed a-tubulin peptide. b, Binding sites of microtubule
inhibitors are shown (orange triangles, purple squares and yellow diamonds).
Although vinca alkaloids, such as vinblastine, bind to microtubule ends, colchicine
binds to soluble dimers, which can be incorporated in the microtubules. Taxanes, such
as paclitaxel, bind along the interior surface of the microtubules.

Dumontet et al. (2010) Nat Rev Drug Discov. Oct;9(10):790-803
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Figure 1-8. Caspase activation pathways. Caspase activation by the extrinsic
pathway (route 1) involves the binding of extracellular death ligands (such as FasL or
tumour necrosis factor-a (TNFa)) to transmembrane death receptors. Engagement of
death receptors with their cognate ligands provokes the recruitment of adaptor
proteins, such as the Fas-associated death domain protein (FADD), which in turn
recruit and aggregate several molecules of caspase-8, thereby promoting its
autoprocessing and activation. Active caspase-8 then proteolytically processes and
activates caspase-3 and -7, provoking further caspase activation events that culminate
in substrate proteolysis and cell death. In some situations, extrinsic death signals can
crosstalk with the intrinsic pathway through caspase-8-mediated proteolysis of the
BH3-only protein BID (BH3-interacting domain death agonist). Truncated BID (tBID)
can promote mitochondrial cytochrome c release and assembly of the apoptosome
(comprising ~7 molecules of apoptotic protease-activating factor-1 (APAF1) and the
same number of caspase-9 homodimers). In the intrinsic pathway (route 2), diverse
stimuli that provoke cell stress or damage typically activate one or more members of
the BH3-only protein family. BH3-only proteins act as pathway-specific sensors for
various stimuli and are regulated in distinct ways (BOX 1). BH3-only protein
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activation above a crucial threshold overcomes the inhibitory effect of the
anti-apoptotic B-cell lymphoma-2 (BCL-2) family members and promotes the
assembly of BAK-BAX oligomers within mitochondrial outer membranes. These
oligomers permit the efflux of intermembrane space proteins, such as cytochrome c,
into the cytosol. On release from mitochondria, cytochrome ¢ can seed apoptosome
assembly. Active caspase-9 then propagates a proteolytic cascade of further caspase
activation events. The granzyme B-dependent route to caspase activation (route 3)
involves the delivery of this protease into the target cell through specialized granules
that are released from cytotoxic T lymphocytes (CTL) or natural killer (NK) cells.
CTL and NK granules contain numerous granzymes as well as a pore-forming protein,
perforin, which oligomerizes in the membranes of target cells to permit entry of the
granzymes. Granzyme B, similar to the caspases, also cleaves its substrates after Asp
residues and can process BID as well as caspase-3 and -7 to initiate apoptosis. BAD,
BCL-2 antagonist of cell death; BAK, BCL-2-antagonist/killer-1; BAX,
BCL-2-associated X protein; BID, BH3-interacting domain death agonist; BIK,
BCL-2-interacting killer; BIM, BCL-2-like-11; BMF, BCL-2 modifying factor; HRK,
harakiri (also known as death protein-5); PUMA, BCL-2 binding component-3.
Taylor et al. (2008) Nat Rev Mol Cell Biol. Mar;9(3):231-41.
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Figure 1-10. Effect of Deletions and Mutations in the Epidermal Growth Factor
Receptor Gene (EGFR) on Disease Development and Drug Targeting. Ligand
binding to the EGFR extracellular domain results in receptor homodimerization and
tyrosine phosphorylation, with the phosphate derived from ATP bound within the
kinase catalytic domain. EGFR mutations have transforming potential in preclinical
lung models and can occur early in human lung carcinogenesis. EGFR point
mutations (e.g., L858R) and exon 19 deletions, which occur predominantly in
adenocarcinoma of the lung, are located within the catalytic domain and result in
constitutive EGFR activation. These mutations are associated with increased
sensitivity to EGFR tyrosine kinase inhibitors, such as erlotinib and gefitinib. In
contrast, mutations in T790M (an amino acid located within the ATP binding site of
the EGFR kinase domain) are associated with acquired resistance to these drugs.
EGFR variant 1l mutant deletions occur in the extracellular domain and are
associated with squamous-cell cancer.

Herbst et al. (2008) N Engl J Med. Sep 25;359(13):1367-80.
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Dehydrocostuslactone (DHC) ptp *> Wako Pure Chemical Industries, Ltd.
(Osaka, Japan) - MPTOGO13 2 MPTOB271 ¢ o 4 ¥ & <« § & H #r§| § = kv &
& I % & o 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) ~
Sulforhodamine B (SRB) ~ FITC-conjugated anti-mouse IgG ~ Propidium iodide (PI)
£ Drabkin's reagent kit p-p Sigma-Aldrich Chemical Co. (St Louis, MO, USA) -
4' 6-diamidino-2-phenylindole (DAPI) p p Roche Molecular Biochemicals
(Mannheim, Germany) - Medium 199 - RPMI-1640 - fetal bovine serum (FBS) ~
penicillin ~ streptomycin &£ p Gibco BRL Life Technologies (Grand Island, NY) -
Endothelial cell growth supplements (ECGs) B p Upstate Biotechnology Inc. (Lake
Placid, NY, USA) - Endothelial cell basal medium (EBM) and endothelial growth
factors (EGM-2) P Clonetics (BioWhittaker, Walkersville, MD) - Matrgel™
basement membrane matrix p£p BD Biosciences (San Jose, CA, USA) - BrdU
labeling and detection enzyme-linked immunosorbent assay (ELISA) kit p& p
Amersham Biosciences (Piscataway, NJ, USA) - TRIzol :##] ~ TIMP3 siRNA £ p53
SiRNA pLp Invitrogen (Carlsbad, CA) - random primer 2 2 M-MLV RT pip
Promega (Madison, WI) -

- % F A8 :CyclinD ptp Calbiochem (San Diego, CA)-CDK2~CDK4-~cyclin
A~ p27 ~ cyclin B1 ~ cdc25C -~ cdc2 ~ Bcl-2 ~ Bel-xL ~ Bax ~ Mcl-1 ~ Bak 2 2 PARP
FEp Santa Cruz Biotechnology (Santa Cruz, CA) - Phospho-p44/42 MAP Kkinase
(Thr202/Tyr204) ~ p44/42 MAP kinase (Thr202/Tyr204) -~ p38 MAP Kkinase ~

phospho-mTOR (Ser2448) - phospho-p70S6K (Thr421/Serd24) ~ phospho-elFAE
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(Ser209) ~ phospho-4EBP1 (Thr37/46) ~ phospho-GSK-3p (Ser9) ~ Akt~ TIMP3 ~ p21 ~
caspase-8 ~ caspase-9 ~ cdc2 (Thrl61) ~ cdc2 (Tyrl5) ~ Aurora A ~ Aurora B ~ PLK1 ~
p53~Bid pp  Cell Signaling Technology (Beverly, MA) - phospho-Akt (Ser473) &
phospho-STAT3 (Tyr705) ptp Epitomics (Burlingame, CA, USA) - STAT3 ~ p53
12 % caspase-7 £ p BD Biosciences (San Jose, CA) - MPM2 (Ser161/Thr97) pip
Upstate Biotechnology Inc. (Temecula, CA) - B-actin & p Millipore (Temecula, CA,
USA) - Caspase-3 Fp Imgenex (San Diego, CA, USA)- = & $uk8 : HRP-conjugated
anti-mouse f- anti-rabbit 19Gs p#p Santa Cruz Biotechnology (Santa Cruz, CA,

USA) -
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*E MR A DR R o

meFd g (MTT) upl 2

fwre & M T hipl 2 4 %P Monsmann (1983) # & ¢ MTT W RlE ;
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MTT fidimbe ¥ ¢ 4 ’«’ﬂ“’ ehfit % dehydrogenase % » @ A& 4 ¥ 4 & formazan
A b cndE M kR T imre FE K o e i £ HLY £ B 1S > 11 0.05 % trypsin/0.02 %
EDTA Jc & m% ¥ dw > #jc & chime 2 % A 10° cells/well #-m v 8 1 96-well
himie 3 & G0 o 4o FRGRE S AT 24 ] pE{S o sede 5 100 ml 3 10 % MTT
solution (0.5 mg/ml) = culture medium > >* 37 °C ehim?e 35 £ 58 45 ¢ (7% 1 o]
P e sl b F e (8 01 DMSO #-mee dmpk > 3 FE T v 10 A4 o @ ¥
enzyme-linked immunosorbent assay (ELISA reader) z# B~ £ 550 nm wx & & %

it o

% 5 EF (SRB) e 2

‘¥ & & ehip] T F_% BB Skehan (1989) % % e SRB 1 iBliE o v Ak & Y
¢ K% 14 0 12 0.05 % trypsin/0.02 % EDTA Jc & fm%e ¥ gt.o » Bz B ehim e Bod i
RPMI (5 % FBS) ® > iz & 5,000 cells/well #-fm% & f 96-well chim Pz 32 % 4
P R R - - Pmie 12 10 % TCA B Z0 A 5 Tz H 4pehite » (FRRE S
A8 o £ 12 10 % TCA Bl %0 12 p ke Rig it Ia iz 4 » 73 0 g ik <04 mg/ml
sulforhodamine B (SRB) > 2. & 12 10 % @ik if i ié ke gz > £ 4¢ » Trizma base 7% ji#
S8 0 1 ELISAreader 3 B~ & 515 nm v sk @ csg it o H ok {8 chdicdy 145

Tz 2 R e fd mre 4 £ agul b %’%’ﬁb P B o

i A= HRE

* % 5 ¥_Cell Death Detection ELISA™-Y® kit (Roche) % =& % 2= o m¥%
B e g 5 5 U lysis buffer #-n e et > 11 200%g A - A48 > B 20ml
i ik 4c o~ streptavidin-coated microplate - £ <4c »  anti-histone-biotin %
anti-DNA-POD 7% — % 3uf8 » B3 3 @A - pFowash 2 {84 » & & &> &

405 nm 3 B~ex sk {E o
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sm¥z # 7333 (Boyden chamber migration assay)

L #-8-um LT & | ez g g * 0.5 % gelatin coating 24 /] PF 0 % - % A
chamber ™ & 4 » 100 uL EGM-2 » #- Boyden chamber % & 47 » I #- HUVECs 3
% 2 EBM-2 & h4e Fp| &S 2 EBM-232 %% @ & % »~ chamber * & > (545
@ij‘%fé’%%“{ff%?i%%iﬁ’ i P 4% ° pEiR? T2 20 44
juﬁﬁ%ﬁ%&%;%ﬁ@%’ﬁ%mmeeﬁ»%&%%ﬂ5%510
min > 3% {1 * PBS i“f SRS R R AR o Fh iR REME TR T
0.1 M sodium citrate solution ;3 f# 3 & % > 12 & %k & 2+ (spectrophotometer) ODss

P romkEuE it we BHAER -

¥ g F 135 % (Tube formation assay)

Matrigel sh 4 5 -20°C 5 FREK ~0~4°C 2Rtk ~>4°C 5 a0k »
TR BT - X 2 R #- Matrigel 4 T 4°C kY o IR SRR G
Matrigel 4 3 96-well 2_ fm¥®2 35 & 4% (50 pliwell) > 27 F# L 521 % LT &
By gt well P oo 2 fir 37°Cenimie s A4 30 4481 1) FFEFRM - #
HUVECs & & *t EGM-2 & ¢t 4 & ip| & F 2. EGM-23: % 2 ¥ »"g {8 #-tm?e (5 X 10*
cells/well) 4¢3 ¢ ‘& coated Matrigel 2. 96 344z ¢ » % 3t 37°C ehlw @ 32 % §§ ¥ 1
% 6-18 /| Pris > ABMCE T BB F A & iR o 3w Image-pro plus $48 £ B

TR RARTT E R RRfoRE g iR

HDAC Biochemical Assay
4t 72 I #a5F HDAC e+ 7% 14 8.4 HDAC Biochemical Assay kit (BPS
Biosciences, San Diego, CA, USA):& {7 - 4] * HDAC1~HDAC2-HDAC4-HDACG -

HDAC8 i & & 3- ¢ ’5E'I€f:€—,ﬁ7f%“,$§%?,} e fE kT A A
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7-amino-4-methylcoumarin o 7 £ #-{%p|3# %+~ HDAC ~ HDAC substrate ™ %
BSA 4r > 96 3¢ 2. 45> 37 °C F J& 30 ~ 4502 {$ 4 » 2X HDAC assay developer»
R F L5 A dse k{43 ELISAreader P =% k3 B (EX/Em = 350 - 380/440

- 460 nm) -

Total HDACs Enzymatic Activity Assay

b e e JR R E 4215 0 o total cell lysate » i v R E 28 I
Fluorometric HDAC Activity Assay kit (BioVision, Mountain View, CA, USA):B| &_‘m
2 ¢ HDAC /&1 - L #-Fp|zaenZ = « 10X HDAC Assay Buffer ~  Protein Extract
12 2 HDAC Fluorometric Substrate 4c » 96 3t eén2 45 ¢ » 3t 37°C &+ & 30 ~ 48 -
2_184e ~ Lysine developer # ik & J& > 3% 37 °C & J& 30 4 45 - & {s >t ELISA

reader * jp| Z_¥ k3 & (Ex/Em = 350 - 380/440 - 460 nm) -

WA B L R 5

Mg B EF %A1 CytoDYNAMIX Screen kit (BKOO6P, Cytoskeleton Inc.,
Denver, CO, USA) - iz g = & e protocol ki& 7 - 7 L #-300 ug tubulin (¥ &>
99%) &>t 100 pl e7G-PEM buffer (80 mM PIPES, 2 mM MgClI;, 0.5 mM EGTA,
1 mM GTP, pH 6.9 plus 15% glycerol) » & # 4 5 A2 T %13 & 4°C o H {8 ¥4k 5
B 06345 5 A 37°C ¢ L% 340 nm sk @ (SpectraMAX Plus, Molecular

Devices Inc., Sunnyvale, CA, USA) » & & 45— = » L% 30 4 45 -

LEFLRL T L EERE
AbB49 ‘m*z ¥ % 7 chamber slight ©# » &4 &2 24 | pFis > 124§ 30-20 °C
" A% F 2 15 A 4> 11 PBSwash = = {4 4c » 0.1 % Triton-X-100 % 37°C e = L

i 48 > # 4 » monoclonal anti-B-tubulin % 37°C Fe 2@ - | B o M
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FITC-conjugated-a-microtubule ¥2 DAPI 4t 12 4 ¢ »PBST wash {$ > 12 Crystal mount
# 5 > % Leica TCS SP2 Confocal Spectral Microscope (Leica, Wetzlar, Germany)

B -

a3 S e RIR) L e 3 # (Flow cytometric analysis)

fm e B e IR 1S 5 T B enim Rz 12k eh 70 % viv ethanol £ 515 2k B 30-20
°Co3 > 3044 b ofmie A g BT 4o~ 0.1 mI DNA % 2% (0.2 M NagHPO,- 0.1
M citric acid buffer, pH 7.8) 30 4 4& 1S gt.w > £ 4 » 1 ml DNA Z ¢ ;% —propidium
iodide staining buffer (0.1 % Triton X-100 ~ 100 ug/ml RNase A ~ 80 ug/ml propidium
iodide (PI) in PBS)»> gk ™ 4 ¢ 30 4 48 #-m 2 i g {5 8870 X ¥z ik > 11 FACScan

F CellQuest program (Becton Dickinson) 4 47 fm®z ¥ #f -

g * BL& iz (Western blot)

Bo— % F ehdv FHR 54 ~ 14 B F ¢0 5X sample buffer » »8jg k¢ &% 5
Akl oo gt Fed FOR ERA T AN SN > 2 12 % sodium dodecyl
sulfate-polyacrylamide gel (SDS-PAGE) t#&-2 7 /A - v F & 5 * SDS-PAGE ;%
LEris o BT R AW 4 H Hf % Bk & % polyvinylidene difluoride (PVDF)
membrane + > ¥ @& B fp F 3Mpapers £ &4 ARG KB EER P LB
PVDF membrane ~ 3M papers % ;% % 35/F * transfer buffer =o 4 B R o fid e 4 p
/2% transfer buffer » 12 350 MA GH TR BT v TS o B4R kB 0 2
| P 18 #- PVDF membrane B~} » {7 4.5 & 4 - 7 L ¥ PVDF membrane =ie
%7 3 % BSA in TBST buffer (20 mM Tris pH7.4 > 150 mM sodium orthovanadate
{=0.05 % Tween-20) @ = > 1 | pr, Me@r2bix R g & o &% » * TBST 3%
Fier gk 30 AdEo E X~ 1 3% BSA B RE Y AT - K IR

Pt TBST Bigiked Atdpensd — fifl > £ 4 » &3 0% - o8 (anti-mouse
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immunoglobulin (IgG) -HRP) % 1 | pF{s » £ 12 TBST 3% 2% 30 ~ 48 > 4c »

ECL™ 3 00 X sk ¥ i il % v 7 o

RNA extraction

fwre LB Rt 0 B Fis 0 1 TRIZOL #2270 4 0.2 ml
chloroform R £353 (s 5 kP L 248 > 7 4 °C .o 12,000 rpm + 7 4 48 > B~
k2 0.5 mlisopropenol iR £353 g4 ¥ kb T 448002 4°C He 12,000

pm L7 A48 4%k 1 F o pellet 5 RNA B REE > 12 75 % P ka B> @&

o

FyE 8 1 DEPC-H0 i3 2 » T4 10 T E

Quantitative reverse transcription-polymerase chain reaction (QRT-PCR)

P~ 1 ug total RNA 4c » 0.5 ug oligo (dT) primer # 70 °C & 4c 44 10 4 45 > ¢
A3k RNA ehz s g4 > & #-oligo (dT) primer % & 2 mRNA } o # 4 » RT buffer
(500 mM~KCI 25 mM MgCl; 4= 200 mM Tris-HCI pH 8.4) ~10 mM deoxynucleoside
triphosphates (ANTPs) = 0.1M DTT> % 42 °C ™ 4r # 5 4~ 45> # ¥ 4 » SuperScript
Il RT (200 units) 4542 °C 50 A 4575 & 4c 44 70 °C 15 A 45 > #4#5 & 4 » RNase H
37 °C 20 & 451 > & = cDNA- B~ 2 ul first strand complementary DNA (CDNA)
4v » 10X CYBR green PCR master mix (Applied Biosystems) % {¥ip|2_ 5'~3"-primer
1.5mM & 4ul 3 15 WA 5 20 pl>mastermix (TagMan One Step RT-PCR; ABI) &
(& guantitative PCR - TIMP3 e x] primer E 7 A
S-TGCTCTCTGTCTCTTTTTTCAGCTT-3' (forward) P b4

5-CTACAGTGTGTTGTCTGCTGCTTTT-3' (reverse) - GAPDH & j A {374 o

FHEEEERERE L (Small interfering RNA (siRNA) transfection)

“7i¢ * 1 stealth RNAduplexes £_d Invitrogen #7& & o A 4" - 47
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#]sm ¥z #& % 6-cm dishes p=+ ) 80 % =% & > F§ = # SiRNA duplexes (200 nM)
1]# lipofectamine® RNAIMAX % » fm#® > =i§ %) 16 | 18 /| p¥ > fj&? 1A N
B ES > RisteFHme 4 £ F A3 EF 0 0 E G > EEEE P silence R0 ehE R

o

[

374 RNA $Echgr 2 3

1 * Click-iT Nascent RNA Capture kit (Invitrogen, Carlsbad, CA, USA) % ~
ATE L S RNA L F R A2 7 protocol & {7 o #-iw ¥ - B3 MPTOG013 (1 puM)
F 0.2 mM 5-ethymyluridine (EU, £_- #& alkyne-modified uridine analog - it 3 7 #%
F AP AR 374 £ RNA ¥ ) A o[BS > 12 TRIZOL #total RNA 4 3
£ % 2 5 ug of EU-labeled RNA 4: ~ 0.5 mM biotin azide i& = click reaction » & &
Pz R TF B30 44 i RNA T 14 0 % RNA ;3 > RNase-free water » 4¢
~ 12 pl of Dynabeads® MyOne™ Streptavidin i& = Biotin-labeled EU-RNA-binding
pull-down assay » & ¥ ™ % fBejg £ &2 beads 5 £ 7 RNA - & * Superscript VILO
cDNA synthesis kit (Invitrogen) » * ¥ :#-22 beads % & 7 RNA £ {7 cDNA

synthesis » & {s 12 QRT-PCR 4 7% %

& FRLBF R

MR T e N4 0’ 4 heparin (10 U/ml)  EGM-2 > DMSO &t # - ¢20.5 ml
Matrigel™ basement membrane matrix = BALB/c-nude % & T L% - A fE »
Matrigel = % & » %% EURFAS ~ $4% > % Matrigel plug 2~ > 5 > 42 % >
4= 04 plug &7l sr B4 d (H&E staining) » ¥ - %4 plug %~ 100 pl
PBS > fI* A2 i R FH-plug 328 it 15 > £ 12 4,000 rpm » 4°C < 10 4 45 >
B~{8 5% 0 1% Drabkin's reagent kit (Sigma) Bl Hri =% 7 & > M E it n F

AENLENE
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P B A5 i (Tumor xenograft model)

BARR ST P o B HCTL16 "6 e & ASA49 # % fmbe 11 4 j3 b
¢h= 34 » BALB/c-nude (£ SCID) mice # 2% o %% w? £ + 1 150 mm° p &
W Bl FFREHEBFA AL BHEUCIRS T o FRERL A F3
o % — &% control &5 & ) &4~ R e 18 WA 3 # (1% carboxymethyl
cellulose + 0.5% Tween 80 > 0.2 mL/mouse) > % 23 & 54 & w > 5 | 22 5 & >
B EE L R Rk By HhRg e ko A 0 10 %7 12AE 5 R E E > 4 paraffin i®
e By A5 mmE S o 2EF R HEE 2 CD3L 4 ¢ o 304 B Bk i3

R FBA Y ged T B A

i R % (Invivo metastatic model)

ERREEA R &Y 0 X K HCT-116 (1 x 107 cells/ml) 2 4+ » 4 3% <
male SCID mice ek %% » # | &4 2d 2> & 248 32 FFECIRET A
| (1% carboxymethyl cellulose + 0.5% Tween 80 - 0.2 mL/mouse) & # i~
MPTOGO13 (25 mg/kg) » @ % Ak — =t o &% 42 k4 | &> BdU g > PR i

I F 23 4% formaldehyde » & fZ2 Bg ficd (Optima) T -8 584 o g £ & 5

(@>1mm) - & #gfed 2 2 8 o

Fped B0H

CD-1 (Crl.) =~ & (+ %2n = 4) % p »*Lasco (Taipei, Taiwan) * % ;p|-T
MPTOB271:=% 4 % + & > MPTOB271;% **polyethylene glycol 400/ethanol/water
(60/5/35, VIV) > & 121§ 5% 3 &+ 3% (2.0 mg/kg) #7 » o) BLE#F% > v pRA AR 5
0.5% methylcellulose (MC) /water » = & /|- & v JR %+ MPTOB271 0.26 ml (10

mg/kg) o] RAld B2 #2816 P L7 80 ¥4 84 #Fmike
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W] B i A AT 5 832515304 4831515246
924 27 ) pEisicd » v JREBA I L EFH LS w 15304421152
4-6~9~24~27 ) pFisqcd > &% 91 * LC-MS/MS (API4000; PE Sciex, Concord,
ON, Canada) % » #p{x (reverse-phase ODS column) % 4 +sMPT0B271¢0s ¥ jk
& » i * WinNonlin Professional program (version 5.2, Pharsight Corp., Mountain

View, CA,USA) 3+ & I Tan ¥ kR 2 B &4 Fiphf Sdc -

B A
M R BREFENMTIEE £ EEEL (mean £ SD) # T ioE + TiHEHE

# £ (mean £ SEM) %5 > ¥ & * one-way ANOVA frttest; 4§ P <0.05 pF=r

Iy

ARG R

"tﬂ
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Dehydrocostuslactone;%%T d Fr$]AKt/GSK-3%2 mTOR &2 4, &

RERCL FER AUt R

Dehydrocostuslactone Suppresses Angiogenesis In Vitro and
In Vivo through Inhibition of Akt/GSK-3[3

and mTOR Signaling Pathways

PL0S One. 2012;7(2):€31195.
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E T

@ %@ %< 4 dehydrocostuslactone (DHC) #_j&_ Saussurea costus (Falc.)
Lipschitz »~ &g d ken> pwv e Gomf Hpugpeniaft o mn 374 A2 £ 2 &
B AR A Y A g g =0 IR DHC i 49 54 #r4 Akt/glycogen synthase
kinase-33 (GSK-3pB)/cyclin D1 122 mTOR signaling pathway # ¢ = m?z i¥ #p iz
¥ % GO/Glphase> & # fam ¢ A724 1F% o 5 2L & matrigel-plug & = F 2 i3 >
DHC & 7 P Bgdrdla g R72 cni®® > pbob o 8% & A R ig ) 4 e (human
umbilical vein endothelial cells ; HUVECS) ¥ % Ik B 4p B {33 #r4]d EGM-2 #7
sldeenim?z 3 2 2 ¢ 7252 o DHC it #4933 = %2 i3 12§ & GO/G1 phase » &
cyclin D1~cyclin A~cdk2 3-v 5 % I ~ 3] retinoblastoma 3-v cgipk it » gt b »
DHC it 43 P B¢ 44| Akt ~ GSK-3B » MTOR egiph iv » 4 ‘wi% § R £ IF G5
i e myristoylated (myr)-Akt » DHC Fri sm¥e 3 2~ 5 922 = enfird] (5% 1 & gt
o ocyclin D1 sh& R3ti Sk i m wAR o ¥ b o B L lwie & F AEJ2 LiCl %
DHC » » w49 P g4 35 & DHC Friflimie 4 L eni®® o R P &% > AP T HE
4 Akt/GSK-3p/cyclin D1 12 2 mTOR signaling pathway £_DHC & & ik ie » 7]

PR AT AR R i AT AR A
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FogER

The traditional Chinese medicine component dehydrocostuslactone (DHC)
isolated from Saussurea costus (Falc.) Lipschitz, has been shown to have anti-cancer
activity. Angiogenesis is an essential process in the growth and progression of cancer.
In this study, we demonstrated, for the first time, the anti-angiogenic mechanism of
action of DHC to be via the inhibition of cell cycle progression at the GO/G1 phase
due to abrogation of the Akt/glycogen synthase kinase-3p (GSK-3B)/cyclin D1 and
MTOR signaling pathway. First, we demonstrated that DHC has an anti-angiogenic
effect in the matrigel-plug nude mice model and an inhibitory effect on human
umbilical vein endothelial cell (HUVEC) proliferation and capillary-like tube
formation in vitro. DHC caused GO/G1 cell cycle arrest, which was associated with
the down-regulation of cyclin D1 expression, leading to the suppression of
retinoblastoma protein phosphorylation and subsequent inhibition of cyclin A and
cdk2 expression. With respect to the molecular mechanisms underlying the
DHC-induced cyclin D1 down-regulation, this study demonstrated that DHC
significantly inhibits p-Akt expression, resulting in the suppression of GSK-3f3
phosphorylation and p-mTOR expression. These effects are capable of regulating
cyclin D1 degradation, but they were significantly reversed by constitutively active
myristoylated (myr)-Akt. Furthermore, the abrogation of tube formation induced by
DHC was also reversed by overexpression of Akt. And the co-treatment with LiCl and
DHC significantly reversed the growth inhibition induced by DHC. Taken together,
our study identified Akt/GSK-3p and mTOR as important targets of DHC and thus

highlighted its potential application in angiogenesis-related diseases, such as cancer.
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)

Dehydrocostuslactone (DHC) &_i# st ¢ & 2 K 4 v & 20 — > fHA3°
sesquiterpene lactone 472 4= 5 3 & F_j&_Saussurea costus (Falc.) Lipschitz 4
Ko o e 3 F ST ET DHC 5 3 #u8 U ~ RAFIPE ~ 8B & 2 o
Fibenfe® H BRI INLFRF I A o B Gaw g ¢ H R DHC i P e
FIP K g lmre i 4 oA HF 5 2 R E S > T RS 4o 1 & human
promyelocytic leukemia cells (HL-60) ¢ » DHC ¢ fe .t tumor necrosis factor
(TNF)-a % ¥ IxBa gifs {8 217 % > A& hepatoma % % Jpiw® e @ » F
endoplasmic reticulum stress > & 5' & fm®2 @ ¢ 4] signal transducers and activators
of transcription 3 (STAT3) 3% it o g2 2% DHC 2 4% 4vig &c & invitro 2 invivo ¥ >
prylgd £ nier > P A d A G AL F 3 DHC 2% it it ot AT

4 oo Tt AFERIIPN AL e S ¥ % 0 373 DHC Frdili F R74 il o
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Dehydrocostuslactone #r4|H p &  A72 eHiT*

» 0 FE T DHC £_F 7 mufrdla g 72 > 345 2L 2 Matrigel plug assay - 4~
F B k3= DHC Bk B p ch#¥rz o A F % {1* co-plug # Matrigel £ & ¢ A7
44 EFFRENE DHC Z48 £ 1547~ C57TBL/6 /] BLA ™ » j& P ¥ L & 4c
ZFop A FL F 2 (Figure 3-1A) > 4p & > DHC P Bgdrdla g 474 F 7 &
TRk B AR BE A endie ] TE o gl ob s S i B ) o0 Matrigel plug $8 4 SE 7 sk 8
% ¢ (Masson's Trichrome staining) - 4 3 DHC it P & dr ] ¢ 2 & F1F “734
A= i B L g v (Figure 3-1A) - & {5 i@ * Drabkin's reagent kit & = & s
LFz & SR DHC s P R drdla ¢ AT F]3 1 g oo g 2 = @ B0

27 £ (Figure 3-1B) -

Dehydrocostuslactone #r4] % *} & g #72 cHit*

B ATA PiBARY 0 P ALt L UG e AR iR B 7 B2
YR AR AT AR T B AT o M SR A1* -k 5o functional assays k45 3
DHC #sh 27 grdlu § 2 P> 5 L AR K E A2 (crystal violet
assay) (Figure 3-2A) % BrdU incorporation labeling assay (Figure 3-2B) ¢ > DHC
(0.3-10 puM) i F" BT 4 ik B 40 B 1 eiadrd] EGM-2 3% Hehim e # 2 2 DNA g
=5 H Glgg ~ %2 24 2% 3.0uM - &7 k4% transwell assay % tube formation
assay k#£3F DHC i & fw®2 £ 17 2 4| f5 &4 1 2 58 - Figure 3-2C % 5+ DHC it
Fk R AP M LR BRI AE L ¥ F oA (v sha S o 4% Image-pro plus #i#8 %€
{6 > DHC % 3>5>10puM it » % 5 54.0% > 76.2% > 98.6% «cr4|42 & (Figure

3-2D) o #X @ o DHC £r¥tp & 'm®e 4% (70§ P B en@2 % (Figure 3-2E and 2F) -
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Dehydrocostuslactone it # 3F R & % chim e ¥ 3

T3t DHC Frqlimse 2 £ eni®* o R g 1% i3t e kAt DHC &
TEEP Bk kg4 Edrd] o § 27 e DHC EJ2 18 /| BEis > it 49
B 4o N L mve o GO/GL #p e At o b e SIG2/M #) v At (Figure 3-3A, 3B,
and 3C) o ¥ ¢b4 pliE 7 DHC fimie &redb e i T > S22 = chie® 5 Ra > §
Flieehimie ¥2 DHC AJ2enim? 302 F P AEenE B > 4 DHC RAJZ thim e ‘e &) th
Wi k= IR % o JLPIEF] 5450 0 2 & F]F {oe 5 (Supplementary Figure 3-1) o
e #F71 DHC $13thw e 8 GO/GL 43 3-d RS > 4 3 DHC it 53 1 & 5 %
B2 kR AP R 18 PR R 0 cyclin D1 =h4 3 (Figure 3-4Aand 4B) » & ¥ Fr4] 2
T F0 Rb it o cyclin A% cdk2 shE e 12 ) FERSS 0 Ra 0 3

tix e pr 8L 0 DHC 2t cdkd4 7 3 & jicen@ 38 (Figure 3-4A) -

DHC #d AKUGSK-3p pathway i¢ # cyclin D1 j# > 2 3 & #r#

W Ty e B F 53 RSt £ F1F o 2 35 platelet-derived growth
factor (PDGF) -~ bFGF (Burgering et al., 1995; Franke et al., 1995) ~ VEGF (Gerber
et al., 1998) - Fh 3 7% iv serine/threonine kinase Akt - % 7 - # & i DHC
Fla B AT i ;ﬁd g 7 5 BEE KELE DHC $2 Akt 75 14 et 85 Bp A
fm¥e 2 DHC it 49 & F PFRY 2 Jk & 4p B 123 $r 4] EGM-2 3 ¥ Akt & serine 473
epEfa it (Figure 3-5A) » 5 7 Frin Akt 22 A dr e 4 £ 2 w2 ik ) -9 cyclin
D1 #4358 » #- HUVECs # 24 # 3 1475 1 4] & < myristoylated (myr) - Akt » 8 {3
i 4 DHC 3rdlimee 4 £ £% chi Mo h L2 L ®F »c% (Figure
3-5B) ; f1* LY294002 (Akt Fr4]#]) i® % positive control » £2 #& 4 vector ey 4
s vt o over-expression Akt 5 DHC aJ2 18 > & P &2 3 4e cyclin D1 «4 3 (Figure

3-5C)
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Akt it 3 %‘gvﬂ % GSK-3B erserine 9 gipa it X f w3 H E 14> GSK-3p g
cyclin D1 4% proteasome "% f#i& @ 2% 47 w2 3 ¥ (Diehl et al., 1998) - &2 3 %5
#5 31 DHC #r4| Akt crgips v 5.F € 3 GSK-3B papk it > > g & 4 £ P o
#-tmie g2 DHC 15 > ¢ P Bgdrd] GSK-3B ermnpeis > T2 B3 P2 kR AP M
M eni®*  (Figure 3-5D); 28 @ » 22 #& 4 vector =y ] e %] b di> over-expression Akt
thin ¥ EI2 DHC 5 0 € P B3 4 GSK-3p chgipic it (Figure 3-5D) » ¥ ¢ » 41 #
S AR e 2 R %% o DHC 3 $end £ e % B € 44 Akt e 497 F i
(Figure 3-6A) ; % Bt 2. ¢k > over-expression Akt i 84 F i DHC fEggsfa ¢ ¢
vpA; 2 ehi®* (Figure 3-6B) o 5 7 i - H#E R & DHC #rdl ¢ 74 (7 (£ % 42
¥ > GSK-3B § 44 ¥ iF 5 Akt T PEeheffector » -l be Ie PR g2 GSK-3B i 444
#1#) LICl &2 DHC > # it P & & #& DHC 4 £ Fr4] i * X 50% (Figure 3-6C) °
BRI RE > A DHC #rdlwe 2 £ fedfh § F A 2 ier ¢

Akt/GSK-3p/cyclin D1 pathway % 7 4p % & & chd & o

DHC#r#]cyclin D14 3.2 mTOR pathway#p B

Aktenzn 4 @ 2R BT Y 4 £ T3 3 Emammalian target of rapamycin
(MTOR)-Clés it B ff e > ¥ ¢ fdd £ Aktenim®e ¢ > mTORCLE? & 4 &
1 (Gingras et al., 1998; Hahn-Windgassen et al., 2005) - mMTORC1:E it » ¢ ¥ 3k
4-emopamil-binding protein (EBP)-1gips it > F]@ /& it 7 elF4E > & 3 4ccyclin D1
engi 4% (Rosenwald et al., 1995) - % 7 =% mTORCL1 & DHC#r+]cyclin D14 e
¢ 4% & > B ELE kFLRMTORCLT #5am 4 3-v - 5 JLDHCH: 47 P &Ffv 41
EGM-23% #mTORZ 4, §& /3 engific i > &40 : mTOR ~ p70S6K ~ 4EBP 12 % elFAE >
TP LR EERAPM EaiTr (Figure 3-7TA) o fover-expression Aktsp g
wmre ¥ o 8 gk Aovectorengr 4] )l ik o DHC¥ > mTOR ™ 253 4 & &+ gifik i eh

v A Rprd)iTr o 4P BEenk #& (Figure 3-7B) o I % & % 4 &)z 3 2
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o 2 H pAJEDHCH e B a2 T o #-im i X e g2 rapamycin 2 DHC it #
st DHC 2 £ #r4]iT* (Supplementary Figure 3-2) - %% & 1+ %% » AKU/mTOR
signaling pathway® it 7 %2 & DHC%’ng Fralcyclin D14 /i = 4 & $rd|cniE

TP o
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Ji

R R B A R O ik df o g 274 (Folkman, 2002) 0 Flt o it S
Eofin AT NELHFRPARL &> BT e+ FERNAREAFEL T 0
B LG e R IR U R R R L - B AAR R LI AR
v & &~ §k 2% (El Sayed, 2005) - & AF 5 ¢ - LB ? 2L 4 DHC >
BAEP foR b B dun F ATA 0I5 L 4] * matrigel plug assay > 7§ DHC
BREPN B FOEAR AR M gl FATA o 4 T3 ¢ 4v o fexenograft mouse
models® - DHC#t #r413% 7 % I ffsg a4 £ (Hsu et al., 2009; Hung et al.,
2010; Kuo et al., 2009) - F]pt » DHC#Fr#w g A7 e i® % » 7 50 B2 a8 8y 18 B
s P - AR gd % — k5 anin vitro assays o &g w DHCHr 1 #f . ¢ 8
AR A N L mied B2 TEF AR T 2P REE G - RiEo4pF 9> DHC
ttranswell assay ® ¥t m%e #% (T RL 5 P B cndrd [ (8% > 1% & 3 L BEE S F IR
DHCst & it p & %2 ® p38% ERK1/253 4, (Supplementary Figure 3-3A)

* scratch wound healing assay k £ & f2:oDHC¥**HUVECS# (7 eni® # » F K
4 A £ e A2 SB203580 (p38#r#4|#]) % DHCi: o & #r#|HUVECS 5 i3
(Supplementary Figure 3-3B) - iz#* % & & ;- DHCE2 ¢ 43 74| PI3K/Akt pathway >
® AKEL AR I PE > p3BetaE 1+ Ay T HUVECSH e & - gt o
A RIDHCRE A4 B EF HdrdIh L oo 4 £ 2 Jfd § B8 HT) ~ RILas ¢

4 2 o

She
_.\‘\
4..

S LfEE & hiFis - > ] RDHCH ¥ 1
HUVECs/$ GO/G1#p & » SHp » pt 3 % 222w 787 7 — IR > DHCxt 12 = 5L w72
14 £ $rd] (Kuo et al., 2009) - Cyclin D18 Jf 7 7 &4k ehf 554 B8R % 3

v R ik g %’F‘]d B CDK4% £ m i8¢ Pz X GO i )\;{:\a 4 FEE
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cyclin D1 p g im®e @ | 5 £ 8 chd & » 1T 87 7 B 77 over-expression cyclin
D1 & fagm e B 5 B %% (Fu et al., 2004) » F]pt > -5 cyclin D14 i vk
AR LG AN 2 R E mped B e AT4 (Hanai et al., 2002; Yasui et al.,
2006) - 277 7 S % BT /ed2DHC= /) pF1S > iﬁé‘é P &g b cyelin D1end 3R o
TEFRAEZEPEARMAL S BB e TR H R B12] PR AR iR
DHC 3% #8 % ° cyclin D14 333 & HUVECs 2 & ] » 3 2 gL 18 % Afegga ¢
A gE Rt d o
B }gkféva‘x%Aktﬁﬂ;‘% LS ¥ e GLSEH criB R & A
dmfe el 4 Aow £ 72 ¥ 2 4k (Jiang et al., 2008; Jiang et al., 2000; Kanda et al.,
1997; Skeen et al., 2006) > & Fg-h w0 87 3 & FePI3K/AKE 4 585 cndr ) &) £_5% 4
s g ATA G A G D PR 2 & 2 20 F (Hamada et al., 2005; Phung et
al., 2006; Schnell et al., 2008; Tsai et al., 2010; Yuan et al., 2008) - % p & fm?2 X 7|
£ F]+ ot 0 AKtg = FE it PDKLgp& it Akt=7T308 residue * mTORC27]
& Akt3S473 residuesifis it (Sarbassov et al., 2005) » i& BAEEL T chi ¥ & 5 4P
&g 72 HRAKL protein kinasesnz > 75 14 o AKET PFena &2 4 G &
MTORC1 %2 GSK-3B » /# it i#/mTORC1 ¢ %’%’E’ B oRearph it @S & F-v S6K12
AEBP1 » %3 %cyclin D14 3 igse nve 2 £ (Nelsen et al., 2003; Rosenwald et
al., 1995) » ¥ ¢k Akts ¢ gipd it 2 P4 |GSK-3B s 4 k fe ik cyclin D1%% 2 (Diehl
et al., 1998; Diehl et al., 1997) » F]ut » Fr4|Akte3n & g jT ¢ HE3cyclin D1 d
GSK-3B"% f2 &% F_5 > mTORCLengE v * » i&2m g ->cyclin D1eh3-v £ o &
F 7 B = 77 DHC & AKt/GSK-3p/cyclin D13t & i = chi® * Mf gtz b s DHC &
HUVECs* - i 74| Akt &-Serd73gipi it » 42 R|IDHCF it 2 mTORC2E_3 4p i
L oo dole B R Y PO 0 AKUERIE 1 JEd B R B end K B A
TP EEEPIBK g o A AR T ¢ o B I 4 myr-AKtP BE R 4 fm e )oen

p-Serd73 Akt > F = i % £ PIBK#r 4] #|LY294002:4p B A7 1 5 % H4p tn e >
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b i * Akt Kinase activity assay > % ILDHC ¥ # it #r4 | AKtgfk it X B e 4
(Supplementary Figure 3-4) » F]}* » A= 3 &p|DHC¥ it £ - ®PI3K kinase#r !

) 2 PDK1 Kinasedr#/]#| > @ ic 59 et p 2 Wb e ¢ 272 pie® o

W4 5 7 A oF mTORCLeis i 7 7 & % F|Akten# &7 > # # bldod £ 7]
F oo M Rk R4 B PMTORCL & ¥ 2l FlE 40 ¢ £ 4y

‘wrz thk s (Engelman, 2009) o k@ > & 47 7 % % &7 #& 2 myr-Aktic & #DHC
¥ MTORZ 4, B s endrd] 7% > & 7 AKUMTOR#: 32 /5 £ DHC® -* cyclin D1
V- BEE R o i Y kg LR EDHC fpmiz ¥ chl v e ¢ J2
NF-kB-STAT3r % 3£ % B 4% /& 4 (ER stress) (Hsu et al., 2009; Kuo et al., 2009;
Ohetal., 2004) > * 4+ 2. b - NF-kBefoi i+ § 24 37 § 72 B3 A Flehd R B
T i v HDHCHTA 2 chfan § AT (7% 5 - Teh e &2 ol O
over-expression myr-Akt ¢ f* & = 4 DHC 4 £ e 17 % » £ 57 DHCH#r 4] AktiE i
EDHCE g & fmoe 3 4 e &8 > § E20 00 > B DHCH S # v ik 35 ¢ 12
foddds At p fol b B ATE hiT R o

REN RS AT H RDHCE EATH O Rl 2 & FF A0E A e
& F #7242 > DHCi = HUVECs s m e 3 # # § & GO/G1 » * ;ﬁ- d 34
AKUGSK-3B% MTOREL IS % FE a4l b 2 48 #F ch 6 374 o FPb o 2t B % Bfor

DHCE L § 4 B4 enid e ¥ &5 30 > hisfai §ATLAPM 5
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Figure 3-1. DHC inhibits angiogenesis in a mouse matrigel model. C57BL/6 mice
were injected subcutaneously with matrigel mixed without (control, CTL) or with
DHC (1 uM and 10 uM). A, upper panel, plugs were excised from the mice after a
week and photographed. Bottom panel, histological analysis was performed using
Masson-Trichrome staining from the excision of matrigel plug. B, Quantification of
the hemoglobin content of matrigel plugs by spectrophotometer measured at 540 nm.
Data represent the mean + SEM from five independent experiments. * P < 0.05 and
*** P <0.001 versus control.
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Figure 3-2. Impairment of in vitro angiogenesis by DHC. HUVECs were treated
without (control, CTL) or with DHC (0.3-10 uM) in EGM-2 medium. A, After 72 h of
incubation, cells were stained with crystal violet and determined the inhibition of cell
proliferation by the absorbance at 550 nm. B, DNA synthesis was assessed by BrdU
incorporation assay. C, representative photographs of capillary-like structures
formation of CTL and DHC-treated HUVECs on matrigel under microscope
(magnification is X100). D, Quantification of the total tube length of capillary-like
structures by image analysis software. Data represent the mean + SEM from three
independent experiments. ** P < 0.01 and *** P < 0.001 versus control. E, effect of
DHC on cell migration using a transwell assay. F, the graph shows quantitative
analysis of the migrated cell numbers in tranwell assay. Data represent the mean +
SEM from three independent experiments. ## P < 0.01 versus basal.
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Figure 3-3. Effect of DHC on cell cycle. A, HUVECs were starved for 24 h, and then
were treated without (control, CTL) or with DHC (3-10 uM) for 18 hr. After cells
were labeled with propidium iodide, DNA content was analyzed by flow cytometry. B
and C, cell population in GO/G1 and S/G2/M phase were quantified. Data represent
the mean + SEM from four independent experiments. * P < 0.05, ** P < 0.01 and ***
P < 0.001 versus control.
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Figure 3-4. Effect of DHC on expression levels of cyclins and CDKs. A, after
starvation for 24 hr, HUVECs were pretreated without (control, CTL) or with DHC
for 60 min and then incubated with EGM-2 at indicated time. Cells were harvested,
analyzed by western blot and probe with antibodies. B, cyclin D1 expression was
inhibited by DHC in a concentration dependent manner. Actin expression served as a
loading control. Data represent from three independent experiments.
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Figure 3-5. Cyclin D1 is a critical target of DHC-mediated cell cycle arrest
through Akt/GSK-3B pathway. A, Western blot analysis of Akt phosphorylation
inhibited by DHC with the indicated times and concentrations. B, HUVECs were
transfected with either vector or myr-Akt, starved for 24 hr, and then pretreated with
DHC for 1hr followed by incubation in EGM-2 medium for 10 min. Cells were
harvested and analyzed protein expression by western blot. C and D, western blot
analysis of cyclin D1 expression and GSK-3B phosphorylation in HUVECs
transfected with the indicated plasmids and then treated with DHC (3 and 5 uM) and
Ly294002 (10 uM) for 6 hr. Data represent from three independent experiments.
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Figure 3-6. DHC inhibited cell proliferation and tube formation through
Akt/GSK-3B pathway A, crystal violet assay. Treatment of vector group with DHC
(3 uM) in EGM-2 medium significantly decreased cell proliferation numbers
compared with untreated vector group. Akt overexpression significantly increased cell
proliferation in DHC-treated group. B, tube formation assay. Treatment of vector
group with DHC (3 uM) abrogated tube formation compared with vector control
(CTL) group. Akt overexpression partial reversed the inhibitory effect. C, crystal
violet assay. HUVECSs were treated with DHC (3uM) and/or LiCl (10 mM). NaCl (10
mM) was as an osmolality control. Data represent from three independent
experiments.
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Figure 3-7. Effect of DHC on mTOR signaling downstream pathway. A, Western
blot analysis of phosphorylation of mTOR, p70S6K, elF4E and 4EBP in HUVECs
treated with DHC for the indicated times and concentrations. B, after transfected with
the indicated plasmids, HUVECs were starved for 24 hr and then pretreated with
DHC followed by 10 min of EGM-2 incubation. Phosphorylation of mTOR and 4EBP
were analyzed by western blot. Data represent from three independent experiments.
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Supplementary Figure 3-1. Effect of DHC on early and late stage of HUVECs
apoptosis was detected by flow cytometry with Annexin-V-FITC/PI dual staining.
A representative histogram of flow cytometric analysis using double staining with
annexin-V (FITC-A) and Pl (PE-A). HUVECs were treated with DHC (5 uM) in
EBM-2 basal medium for 4hr or 24hr. The lower right quadrants represent the cells in
the early stage of apoptosis. The upper right plus left quadrants contain the cells in the
late stage of apoptosis and necrosis. Data represent from three independent
experiments.
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Supplementary figure 3-2. Rapamycin increased the anti-proliferative effect
induced by DHC. Crystal violet assay. HUVECs were treated with DHC (3 uM)
and/or rapamycin (3 uM). Inhibition of mTOR activity increased the anti-proliferative
effect of DHC. Data represent from three independent experiments.
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Supplementary figure 3-3. Effect of DHC on HUVECs migration. A, Western blot
analysis of the protein expression of p-p38, p-ERK1/2, CHOP in DHC-treated
HUVECs with the indicated times and concentrations. Data represent from three
independent experiments. B, HUVECs migration after DHC treatment was accessed
by wound-healing assay. Upon reaching 95% confluence, the HUVEC monolayer was
scratched and cell debris was removed. Cells were cultured with EGM-2 medium and
preteated with PD98059 (10 uM) or SB203580 (10 uM) for 30 min, and then cells
were treated with DHC (3 or 5 uM). After incubation for 16 h, cells were stained with

crystal violet and photographed.
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Supplementary figure 3-4. DHC did not inhibit Akt kinase activity. Akt Kinase
activity kit was purchased from Enzo Life Sciences. Data represent from three
independent experiments.
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FogER

Tissue inhibitors of metalloproteinases 3 (TIMP3) were originally characterized
as inhibitors of matrix metalloproteinases (MMPS), acting as potent antiangiogenic
proteins. In this study, we demonstrated that the arylsulfonamide derivative
MPTO0GO013 has potent antiangiogenic activities in vitro and in vivo via inducing
TIMP3 expression. Treatments with MPTOGO13 significantly inhibited endothelial
cell functions, such as cell proliferation, migration, and tube formation, as well as
induced p21 and cell cycle arrest at the GO/G1 phase. Subsequent microarray analysis
showed significant induction of TIMP3 gene expression by MPT0GO013, and
siRNA-mediated blockage of TIMP3 up-regulation abrogated the antiangiogenic
activities of MPT0GO013 and prevented inhibition of p-AKT and p-ERK proteins.
Importantly, MPT0GO013 exhibited antiangiogenic activities in in vivo Matrigel plug
assays, inhibited tumor growth and up-regulated TIMP3 and p21 proteins in HCT116
mouse xenograft models. These data suggest potential therapeutic application of

MPTO0GO013 for angiogenesis-related diseases such as cancer.
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B v g FATE AR T BB B Rrs FARAC R T AR
s 3% (Ferraraetal., 2005) » i B+ & % w 477 B RARY MR T2
EEEHL R F A S mR e B e g ATA kv b4eivascular endothelial
growth factor-A (VEGF-A) % basic fibroblast growth factor (b0FGF) » %’ﬁ d B8
® F AR iR ke B AT 0 PRt HGEPR L BT B A B w g E R
752 (Folkman, 2007) » #714 »> & # #72 £.& & © B3 B enguh g s R heh
(Miao et al., 2012) -

W3 Y BT L FATA hp & 3 njﬁ 4 matrix metalloproteinase (MMP)
family #-im ¥ ¢ 2 7% 12 0 F]pt > MMP 22 MMP ] 39 &g cniEng ~ 45
w FATA &3 £ &4 Jd (Lockhart et al, 2003; Nagase et al., 2006) - Tissue
inhibitor of metalloproteinase-3 (TIMP3) 43t TIMP #2%¢ » B 4 % £ eap 2
M 7 MMP protease $#r#] 30 » 22 H & e TIMP 32502 B v % F » TIMP3 &_

fmre b L E e A v (Pavioff et al., 1992) o At ¥ 432 ¢ > TIMP3
o PR e L w2 AR £ L mre i s sk 43 (Della
et al., 1996; Qi et al., 2002) > & ** TIMP3 3 »zdr#] MMP e/ |2 » & B2 50 4
RS E R A JEd PP 2 £ R 2 f 7 R g T B4 (Zeng et al,
1998) o B mIL it o TIMP3 4R35 5 45 4 dhal g 274 {rrffg 4 & #r) -
(BenEzra, 1997) » F]pt > g e o F L TIMP3 A FIL RMT » £ 2 JEd H4cid
¢ MMP eE % BaE B e B fedg 45 (Shinojima et al., 2012) - ¢+ ¢+ > TIMP3
% % ¢2 Sorshy’s fundus dystrophy 2 sz dp b 2 5 — fE5 safnid it & T AR
RRTA w g e Js (submacular choroidal neovascularization) (Langton et al.,

2000; Tabata et al., 1998; Weber et al., 1994) -
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A~ B P 3 ¢ o ¥ 3 7 arylsulfonamide 4+ 4 # MPT0GO013
(3-[1-(3,4-dimethoxy-benzenesulfonyl)-1H-indol-5-yl]-N-hydroxy-acrylamide)
(Figure 4-1 A) fkli b 2288 ¢ e § #4724 5% » MPTOGOL3 i 4 ¥ 47 % & -
3 4 7 HDAC #4141 (Laietal., 2012) » 2@ » gt i & 4~ $5b R 8 472 ehif

o RARER o FI 0 AF BN L L% 0 3731 MPTOGO13 Fedla F AT
4 et o
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MPTOGO13 & 4 #$r#l.i & #74

SR A R SRR 120 ﬁ;'rs{i BATA & AR gttt 2 R F] S
Fd BaEp L Sa e e P LG Apy £& k4 (Folkman, 2007) - &
Ao AFF A B Rk R A e B 2 %G % 71 arylsulfonamide #7 4 4 eh

i B ATA F N Rlore i EGM-2 medium ¢ g2 gt kS ehit &4 T2 0] BEES

FI* BRELHT R EESF w2 EniTh o R T I, At P
MPTOGO13 (Figure 4-1A) £ 4 #36 #r$]mee 3 4 ¢hiE* > Glgo = 0.14 % 0.01 uM
(Table 4-1 2 Figure 4-1B) » ¢t > ##7 7 E# MPTO0GO013 > A8 p g8 b8 7 {
FN e B ATA B o 2 3t o 5 0 % MPTOGO13 $3tu g #72
HoApfr o - ke JUEF ok 5L {1 5-bromo-2-deoxyuridine
(BrdU) incorporation assays g% % 5w 2 £ 2. DNA & = # 3% - 2 MPTOGO013
FJ2 48 | pF > BrdU-labeling reagent #-#{s 18 -] pF+4r » - Figure 4-1C % 7%
MPTOGO13 i 123k & 4p B i34 & %2 DNA & & (Glsg = 0.19 + 0.02 pM) «
¥ 0 A3 AU Matrigel assay * %% MPTOGO13 $3 5f x § F Vp B4 = HiF
* 5 % MPTOGO013 2 i 6 - P¥2. HUVECs #& 3 Matrigel-coated 7 96 well
3z, 3 2 MPTOGO13 A2 18 /) P> & EGM-2 44 %2 @ » it 43 P %2 3% % HUVECs
G AL G RS R L s F F 2R 49 F #  MPTOGOL3 12 ik A 4p B
M @ gg ) H oxas 4 (Figure 4-1D) » 1% 8% A 47 8048 (Image-Pro® Plus) #
I BRI AT Z A E 2R R 0 & Figure 4-1D = Bl% % - R

MPTOGO013 % 0.3~ 13 uM shfrd|f24 A &) 5 44.3% (P < 0.05) - 68.8% (P <

‘—\\1-
\4-

0.005) ~ 90.6% (P < 0.001) o d »*p & mPe endf it § (70 4 &5 4 M B
%o

(angiogenic sprouting) H_=& ‘f e > i 4] *  Boyden chamber assays
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MPTOGO13 3+ fm % 44 (7 e 38 > #-'m#e 2 MPTOGO13 /&JZ 6 - pF 18 » iv 12k
R AP M M drd] EGM-2 3% Eonimiz 45 17 (Figure 4-1E) o 57 & 1+ B 5% > Ko7

MPTOGO13 %8¢t & 5 53 4 efgin g AT 8% o

MPTO0GO013 3% % HUVECs i&# & G0/G1 ¥y

» 7 ¥F3 MPTOGO13 E_F s FEzgim e 3 4 > 24 i) % 7 3\ o e ik 4 P o P
T F %Ko o MPTOGO13 &¢ 43 )k & % P& [ 4p B 13 3+« HUVECs & GO/G1
B enimie oot o TR0 SIG2IM Hp cndmiz o4 vt (Figure 4-2A,Band C) - 4%
%o AFTF A% F 2 BB k4F 34 MPTOGO13 %3t GO/GL # 24 4 F-v % Tng
& MPTOGO13 &t 12k & 2 PR Ap BE 143+ P7 Bg 3 4 p21 (Wafl/Cipl) 2 p27 e~
v % I 0 cyclin D1 en% b (Figure 4-2D)- ¢ ¢k > Cyclin A 2 phosphorylated
Rb 3-v £33 12418 ] Eé?,‘—“"i"‘ AT 'R > fRa > MPTOGO013 44+t CDK4 1
RF AR .
MPTO0GO013 fﬁ’d 3 4 TIMP3 %k e s ? Fr4

%7 i- HFIIMPTOGOI3 g 2 R “F A drs #4724 cnie* 5 > § &4
i ]* microarray analyses % 3= A p & %z ¢ > MPTOGO13% e § T2 47
B enfk T & AN > flw e 2 MPTOGO13 24 F# {8 > Supplementary Figure 4-1
Bom A Fl4 menR g 4 45 (clustering analysis) » & % 45 /i MPTOGO135¢ 3 3 *¢ 4
i F AT K F & 0 bl4e D IGFBP32 TIMP3 » 8 b Bag sk § 474 chfk 7] »
¢ $£ANGPT2 ~ FGF2 ~ Fltl'z 2 PLAUR (Table 4-2) -

5 7 FEzumicroarraysnig % > AF 3 1% quantitative RT-PCR assay)+ % & =
& 2hi2 kA2 47 TIMP355mRNAZ 3-v % I - Figure 4-3A% 4-3B%g -+ MPT0GO013 %
B F a4 TIMPIMRNAG A IR » 6 5 342 l87% » ¥ ¥ kR 2 PR 4p B [0

FETIMP3cn3-v £ 3 o 5 7 & — % # 34 MPTOGO133 4 TIMP3 4 3. 815 iF
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transcriptional & &_post-transcriptional levels » #% i 4 * Click-iT® Nascent RNA
Capture kit (Invitrogen, Carlsbad, CA, USA) *k #:z 774 = chRNA » T H#-H o g )
% o Figure 4-3C % 5 MPTOGO134c F* 2% 34 4 37 & = ehTIMP3 mMRNA L 3R > 4
i Al 14 o gt R % 4y 1 MPTOGO13 £ 3% 4§ 4 3% 7% it (transcriptional
activation) &3 ¥ TIMP3e% 3 o % 7 /23R TIMP3 442 & MPTOGO13+r 45 ¥ #

it P i EEFFER A > AT A B asiRNAR p & mre e
TIMP34 31 ™ » 3 4 »c % 4oFigure 4-3D#77% » ¥ ¢t » Figure 4-3E = Bl &1 & p
R fmre 12 MPTOGO013 /402 18 ] B 18 it 14 )k & 4p B 143741 BrdU mq,\ » > @ SiTIMP3
fric 8 e EMPTOGOL34r §IDNA & & s #  (Figure 4-3E + 1) 5 ' 0t 2
‘b5 SITIMP3 &t 43 P &g 3% & MPTOGOL13%r 4 km#2 4% {7 eni® *  (Figure 4-3F) > if
2 g7 3 ko TIMP3# i #7 4| VEGF ™ #5 3-v > PIBK/AKt2 ERKt & B2/ 0 %k
#ivs gAT2 (Qietal,2003) o  # > £siCTLz %48 422 ™ > Figure 4-3D 4
T Ak J2ZMPTOG013 w2 # > TIMP3 K Fleniu B v 12 B g 3 4o Akt 2 ERK e
fa s # I gt *%’?Eﬁ.:}P MPTOGOl3qjﬁd WA TIMP3 4 3R > # ® | T 2%

#-v PI3K/Akt2 ERKzt oo A g ATA g e

MPTO0GO013 %‘ﬁ‘d H 4 TIMP3 & Rk riliifge EA72 2 2 &

AFF GG AP MPTOGO13 3w ¢ 2724 2 £ F]F 2 Ba & * 7
Matrigel plug assays - & £ » #-nu/numice » = % % > - 2 % 4 & F]3F ~ Matrigel
£ MPTOGO13 (1 uM 2 10 uM) /3 & (DMSO) =R &8 » f& » 3| BLA T
- 2503 AL TS5 Matrigel RE S fEr AT 0 BEFCIREA OB AL
MPTO0GO013 (25 mg/kg/day % 50 mg/kg/day) - = = & » #-] El4k 4 {8 B~ 1) Matrigel
plug » & ® ;& (7> 7 % 4 hematoxylin and eosin (H&E) /% f. 7 w3t d & g%
kv CD31- 3% % - f1* NIH Image J software (Bethesda, MD) =z_&

CD31-positive 1% 4 » fig st 5 B % % ¢ & _Matrigel plug *t g% 5 - Figure 4-4A
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kot v JR MPT0OGO13 2 %2 co-plug MPT0GO013 ‘F”’i i PRE R Pl B ATA B R 7
G 24 & F]F e et 2. T > hematoxylin and eosin (H&E) % ¢ 22 CD31 %
¢ » FiEgom MPTOGO13 j > 7 Matrigel plug © s & 54 (Figure 4-4B) o #-ig
i P~ 0y e Matrigel plug i& 7 2% 7 R kFR a4 § 472 > MPTOGO013 & 10
UM ER T drdls f ATA SRR Y 96% 0 2t ¢h > v PR¥% A 25 mglkg/day % 50
mg/kg/day MPTOGO13 i i 3| P B da § 74 cni®® o PR R 4 3 4]

84%2% 97% (Figure 4-4C) -

gt E oo AR AP <% E g HCTL16 fwie 2
B oo iE- i MPTOGO13 £ 7w E B M2 £ 2 o gAT2 o RieF &

WHAEY > v PR%EA MPTOGO13 e RiZ3 A4 Ta Mgk > ¢ HEHELRE (n
F

I

= 8; Figure 4-4D T Bl) > 47/ BV N L L BH EIT o A& B irdle
HCT116 *f & %4 & 15 X 2 & $l4g:F 2,000 mmds Ka tle- BREFE G
MPTO0GO013 (50 and 100 mg/kg/day) =] & %% %8 #% 7] ** 1,000 mm? (Figure
4-4D 1+ ®l) e 5 0 L iE- R MPTOGO13 $f7¢ 5 4 & fru ¥ 2724 e iF

NP LR AT e FATS kRe k9 CD3L EirdlledaR T o T
JR¥%A MPTOGO13 it P° & ps > 4 3R CD31 e § #c P (Figure 4-4E) o gt ¢k > 12

§ 7 BB AT RS AN Ofhdd o FEE 1 MPTOGO13 2l p drs

‘—M?

2 fedrd g 4 & enie® o Figure 4-4F BEm % f %+ %3 MPTOGO13 /] & 4 }
R ok 0 1 g et s T > MPTOGOL3 it M AF 3 4c TIMP3 hi-v 4 3 »
A RREF P21 hov A S o L FATA PR £ 2 B L e 2
ERagie R b §ApE £ & héd (Folkman, 2002) - i 2 edp i F

A FpiE € W Ao leie chit o A 0 ] & 5 receptor tyrosine Kinase &

Sunitinib 2 % anti-VEGFR2 antibody DC101 & 2% % & 5 #rd] h 0 2 & HiE* >

'F_

- B & b)Y frg iaaerE oA (Ebos et al., 2009; Paez-Ribes et al., 2009) -
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Ft o AFFF i * lung tumor metastases model k= A48 MPTOGO13 >+
e A R o L #- X % gk e HCT-116 i1 5+ 3 severe combined
immunodeficiency (SCID) mice ek # 5% > ffpime a1 » 2 2B 4oT PREA %
A& MPTOGO13 (25 mg/kg) » & & % — =t » & S & B> &) Bk s B i
BEGEG A o e b dpiz. T 0 B3 25 mg/kg MPTOGO13 P° & ¢ 0 1 %R
Fom g H P 3 2R (Figure 4-4G, 4H) » ¥ ¥ & > 5 sgend € (Figure
4-41) o Sw g 1 g% > MPTOGO13 2 = #7h st Sy dgd 5 soda ¢ AT2 3o

TIMP3 chd 3 » [eggd & F]F i o g AT2 > @ g B4 & ahjrd]
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A

b= & It

TIMP3 %1997 5 LA T P 2 W o ¢ A74 hfrd | (BenEzra,
1997) » @ 3F 5 & 1k > TIMPs A%30 5 Z 4 Frd] MMP B i ki irn ¢ 372
(Akahane et al., 2004; Hoegy et al., 2001) ¢ 28 @ » B 3T F AR k4% 5 < 1;%#;] 41> TIMPs
v S B H AL rd] MMP E i b= 2 Ap ki e e gt ¢k > TIMP3
rgla g ATA iE 0 REF A & F 34 VEGF &2 VEGFR % & » ki 3ldr 4]
VEGF # # w3 4 fo# (7enie* > 2 AL MMP #rdlEa i (Qi et al,
2003) - 7] B Pagh i fmre mouse embryonic fibroblasts (MEFs) % 2 TIMP3
A Flend o LG € %7 hepatoprotective EGFR ligand shedding 12 2 H# ™ 2% 3
v ERK1/2 «hwgipe it (Murthy et al., 2010) » ¢t ¢t > 1% lentivirus & B F ¥
(mensenchymal cells) i & # 3 TIMP3 ¢ # 3 ERK {r Akt Bipk it g >
(Koers-Wunrau et al., 2013) > @ %3F % 7 kb f@spagg® > TIMP3 5% £ T 3
(Gu et al., 2008; Shinojima et al., 2012) - gt *F » % % v;’%jﬁ 1A & FS g en
PIBK/AKt 2 Ras/Raf/[ERK 3t & B jz > &t ¥ fw¥e GL/S #p g d ~ wre 3 4 2 p
Rlmfef7e » 2 R § %8 { £ 8 dra g (Jiang et al., 2008; Skeen
et al., 2006; Ussar et al., 2004) - f&k % %= 3 &+ PIBK/Akt 2 ERK 2 4 g 3 e
eyl # AR 4l FATA Fo0 © i Rdedtag 4 £ (Murphy et al., 2006;
Wang et al.,, 2012a) - &&= 3 ¢ > siTIMP3 P &g & & MPT0GO013 #r+] Akt f=
ERK #ips i eni®* » & 57 TIMP3 £_MPT0G013 € & eikie F-v - 4iié¢ Table 4-2
Bgor MPTOGO13 > 7 3% 5 o # A74 40 M HA F14 R > SITIMP3 5¢ PP B 4 4%
MPTOGO13 #r#4]e7 DNA & = 2 ‘m® # {7 > #7100 38 % MPTOGOL13 #3 3 4r e
TIMP3 1 echdan FATA 8% 7 » g0 A R bk d o ANy FIRT

MPTOGO013 & jiceriE > MMP-2 §v MMP-9 h3-v £ 3R > A m > d ** & boyden
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chamber ‘m# # (7§ % ¢ > SITIMP3 it {4 p Lim* e $ (7 > 56 Fo PBE K
¢ membranes » F]gt o P dE R ¥ MPTOGO13 #r+] MMPs i * m?;ﬁk B
MPTOGO013 #& 5 =x & it #* o

Microarray =4 17 %+ MPTOGO13 3% %7 3% % % | ehu ¥ #74 a0l B4
o & 3% IGFBP3 12 2 TIMP3 - # # - insulin-like growth factor binding-protein 3
(IGFBP3) tedr#] VEGF 3 $enp L fmwe 3 £ 112 jag H474 (7% 2. 44 > 8 @
hiEd 2 /I% %7 (Franklin et al., 2003; Iwatsuki et al., 2005) - #« # 3 1| *
quantitative RT-PCR #x:: MPTOGO13 %+t IGFBP3 mMRNA # @58 » # |
MPTOGO13 &: 3% # IGFBP3 mRNA 3§ 4c ¥ 4 $r4]ech= & 2 % (Supplementary
Figure 4-2A) - XA » # BrdU incorporation assays ® - SilGFBP3 ¥ it $8 4 & ##&
MPTOGO13 ¢ == DNA & = #ri|chi®* (Supplementary Figure 4-2B) o F]pt » 3% i
127 IGFBP3 » 7 ?E)gk%? MPTOGO13 #x g A7 eniF % » fe F /7 4p >+ TIMP3
X REd o

i3 § A 7 4F # MPTOGO13 & - i #7478 ch HDAC #4141 » & ¥ &8I 2 &8
e drdlrEm 4 £ (Laietal, 2012)c A 3 » F2in i MPTOGO13 74| HDAC &
1425 & ~ *~ HDAC #r#]# SAHA (Supplementary Figure 4-3 and Supplementary
Table 4-1) > ¢t ¢t > MPTOGO013 fpt A fm#2 2 "z e > 7‘5’5 ie 7 B2 4 4 TIMP3 mRNA
2 F-v B4 IR BEZR SAHA 2 MPTOGO13 £ 5 4p iz HDAC subtypes #r /& 1460
Bost oo e B SAHA v A gB et 2 R A HE TIMP3 A Fl& Fv Fei R
(Supplementary Figure 4-4) o F]gt » AF7 7 Jaip|pt i€ * £_MPTOGO013 4 7 %Vrﬁm
T o

A3 41 * SRB assay k3= MPTOGO13 %3t £ f87 ¢ A #f Mg mre 4 £ eniF
* » Supplementary Table 4-2 & 7+ MPT0GO013 #: #74] A549 ~ HCT-116 - Hep3B -
MDA-MB-231 ~ PC-3 11 2 SK-OV-3 74 £ > Glsg ix B 4 %] % 0.44~0.34~0.57 -

0.32~0.42~0.35 uM » d *> MPTOGO13 w2 ¢ 3 Glsp £ 5 e AL JmPz ¢ e
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S mrEHB MBI &Y 0 AT R 4% MPTOGOL3 e B i

A
'

e

\
-+

¥l R o

FEN R AR BT g % T Ao AR Y AE AR IATH i
& FF74 #F MPTOGO13 0 fop A& fm¥e ¢ 3 5 24 & F] (tumor suppressor
gene) TIMP3 2 7 > @ & fg$r4| 2 T 25 PIBK/AKt 2 ERK it & g s o
Matrigel plug assays 14 % *i 2 RFH 7 % > A 7 #F 7 MPTOGO13 748 p
FUER L FATA IEF o P M T S R B A TR U RS ) &’
MPTOGO13 sc P* 23 4r p21 %2 TIMP3 3-v e 3R o Ft > p meni % 4 57
MPTOGO13 § &4 ¥ 5 - BATA cigiE Fde > hiofra FAT2 AP M B 5 > blde
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Figure 4-1. MPT0GO013 inhibits angiogenesis in vitro.
A, Chemical structure of MPT0GO013. B, HUVECs were treated without (control,
77



CTL) or with MPTO0GO013 at the indicated concentrations in EGM-2 medium.
Inhibition of cell proliferation was measured by crystal violet assay after 72 hrs. C,
DNA synthesis was determined by BrdU incorporation assay. In B and C, 100% = OD.
D, Left panel, representative photographs of tube formation of HUVECS treated with
or without MPT0GO013 on matrigel under microscope (magnification is X100). Right
panel, quantitative analysis of the total tube length by Image analysis software
(Image-Pro® Plus). For total tube length 100% = um. E, Left panel, inhibitory effect
of MPT0GO013 on cell migration using a boyden chamber assay. Right panel,
quantitative analysis of the migrated cell numbers. 100% = number of migrating cells.
Data represent the mean = SEM from three independent experiments. * P < 0.05, ** P
<0.01 and *** P < 0.001 versus control.
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Figure 4-2. MPTO0GO013 induces cell cycle arrest in the GO/G1 phase.
A, After starvation for 24 h, HUVECs were then treated without (control, CTL) or
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with MPT0GO013 (1 uM) for the indicated time interval. After labeling with propidium
iodide, DNA content was analyzed by flow cytometry. B, HUVECs were treated with
or without the indicated concentrations of MPT0GO013 for 18 h and were analyzed by
flow cytometry for cell cycle distribution. C, Quantification of cell population in
GO/G1 and S/G2/M phase. In A, B and C, 100% = percent of cells. D, HUVECs
incubated in EGM-2 medium were treated with or without MPTOGO013 at indicated
times. Cells were harvested and analyzed protein expression by western blot. Data
represent the mean + SEM from three independent experiments. * P < 0.05 and ** P
< 0.01 versus control.
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Figure 4-3. Induction of TIMP3 expression by MPT0GO013 inhibits angiogenesis.
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A, Quantitative RT-PCR analysis of TIMP3 mRNA expression in endothelial cells
treated with or without MPTOGO013 for 6 h. B, Top panel, Western blot showing
induction of TIMP3 protein expression by MPT0GO013 at indicated times. Bottom
panel, The dose-dependent induction of TIMP3 protein in HUVECs treated with or
without MPTO0GO13 at indicated concentrations for 6 h. C, Nascent RNA was labeled
and isolated from HUVECs using Click-iT Nascent RNA Label and Capture Kit
(Invitrogen), and then the nascent TIMP3 mRNA was measured using Quantitative
RT-PCR. In A and C, 100% = 2¢“?. D, Western blot showing that silencing TIMP3
reversed the inhibition effect of phosphorylated Akt and ERK induced by MPT0GO013.
E, BrdU incorporation assay. Left panel, MPT0GO013 dose-dependently inhibited
BrdU incorporation after 18 h incubation. Right panel, HUVECs tranfected with
SITIMP3 increased DNA synthesis after treatment with MPT0GO013 for 18 h. F, Left
panel, boyden chamber chemotaxis assay. Silencing TIMP3 in HUVES rescued the
inhibitory effect of MPT0GO013 on migration. Right panel, quantitative analysis of the
migrated cell numbers. Sodium citrate was used to solve crystal violet and then
detected absorbance with 550 nm wavelength. In E and F, 100% = OD. Data represent
the mean £ SEM from three independent experiments. * P < 0.05, ** P < 0.005 and
*** P < 0.001 versus control.
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Figure 4-4. MPT0GO013 inhibits the in vivo angiogenesis and tumor growth.
A, Nude mice were injected subcutaneously with matrigel mixed without (control,
CTL) or with MPT0G013 (1 uM and 10 uM) or oral (p.0.) administration with
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MPT0GO013 (50 mg/kg/d). Plugs were excised from the mice after a week and
photographed. Sections of H&E stained Matrigel plugs were examined by light
microscopy. The Matrigel plugs were subjected to CD31 immunohistochemical
staining. Brown color, CD31-positive blood vessels. B, Quantification of
CD31-positive area. 100% = pixels. The data are representative of five randomly
chosen independent fields using the National Institutes of Health (NIH) Image J
software (Bethesda, MD). *** p < 0.001 as compared with the control group. C,
Quantification of the hemoglobin content of matrigel plugs by spectrophotometer
measured at 540 nm. 100% = OD. Data represent the mean + SEM from five
independent experiments. * P < 0.05 and ** P < 0.005 versus control. D, Effect of
MPTO0GO013 on the growth of HCT116 colon tumor xenografts in BALB/c nude mice.
Top panel, Tumor growth is presented as the mean tumor volume (mm®) + S.E.
Tumor volume was determined by caliper measurements and was calculated as the
product of 12 x length x width®. Bottom panel, body weight (g) of the mice. Each
value represents the mean of at least five animals. ***, p < 0.001 as compared with
the control group. E, CD31-stained sections of blood vessels from a xenograft tumor.
Brown color, CD31-positive blood vessels. F, Western blot analysis of TIMP3 and
p21 expression in tumor tissue. G, MPT0GO013 reduced lung cancer cell metastasis in
vivo. Proliferating HCT-116 cells were injected into the lateral tail vein of SCID mice
that received vehicle or MPT0GO013 (25mg/kg) by oral administration every other day
(n = 4 in each group). Representative images of metastatic lung nodules from mice
after treated without (control, CTL) or with MPT0GO013 for 6 weeks. Arrows indicate
surface lung nodules. H, Macroscopic lung surface nodules (& > 1 mm) were
counted under a dissected microscope (Optima) in each group. Black bar represent the
average. I, Quantification of gross weight of individual lungs.
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Table 4-1. Anti-proliferative effects of
MPT0GO013 and several synthetic
arylsulfonamide derivative compounds
in HUVECs.

Compound Gl,, (uM £ SD)
MPT0GO013 0.14 £ 0.01
MPT0GO017 0.60 £ 0.05
MPT0G018 0.98 +0.28
MPT0GO019 1.40 £ 0.14
MPT0G031 4.63+0.15
MPT0G032 3.64+0.25
MPT0G033 4.34 +0.22
MPT0G034 6.49 +0.12
MPT0G036 1.45 £ 0.07
MPT0G037 2.03+0.06
MPT0G038 15.75 £ 0.08
MPT0G039 14.45 £ 0.09
MPTOEO014 0.47 £ 0.02
MPTOE028 0.15 £ 0.01
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Table 4-2. Angiogenic-related genes down-regulated and up-regulated by MPT0G013 in endothelial cells.

Accession no. Gene name Symbol Log, ratio P value
NM_001118887.1* angiopoietin 2 ANGPT2 -5.070807 1.775799E-33
NM_003868.1 fibroblast growth factor 16 FGF16 -3.335650 1.230107E-24
NM_001005377.2** plasminogen activator, urokinase receptor PLAUR -2.804592 6.221146E-19
NM_002632.4 placental growth factor PGF -2,720818 2.332189E-14
NM_002006.4 fibroblast growth factor 2 (basic) FGF2 -2.678274 5.808877E-16
NM_002658.3*** plasminogen activator, urokinase PLAU -2.296566 1.236864E-6
NM_001160031.1* fms-related tyrosine kinase 1 (vascular endothelial growth factor receptor)  FLT1 -1.494546 8.563744E-08
NM_000245.2¥ met proto-oncogene (hepatocyte growth factor receptor) MET -1.305731 2.999884E-7
NM_001146.3° angiopoietin 1 ANGPT1 -1.137254 0.0004765304
NM_001024847.21 transforming growth factor, beta receptor Il (70/80kDa) TGFBR2 -1.055459 5.6T4958E-7
NM_203339.1¢ clusterin CLU 1.844688 2.429692E-6
NM_000362.4 TIMP metallopeptidase inhibitor 3 TIMP3 3.415408 1.198377E-22
NM_000598.4% insulin-like growth factor binding protein 3 IGFBP3 4.038052 3.817849E-34

HUVECs were treated with 10 uM MPT0GO013 for 24 hr, then the total RNA was extracted for microarray analysis. Each unique splice variant of
the gene was also tested. Different accession numbers are given.
* ANGPT2: NM_001147.2,NM_001118888.1

“PLAUR: NM_002659.3

***PLAU: NM_001145031.1

*FLT1: NM_001160030.1

¥MET: NM_001127500.1

£ ANGPT1: NM_001199859.1

tTGFBR2: NM_003242.5

#CLU: NM_001831.2,NM_001171138.1

YIGFBP3: NM_001013398.1
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CTL MPT0G013

.

Supplementary Figure 4-1. Hierarchical clustering analysis of microarray data
comparing MPTO0GO013-treated group and untreated in HUVECs. Total RNA of
HUVEC:s treated with or without 10 pM MPT0GO013 for 24 hours was extracted and
analyzed by Human OneArray. Genes significantly different, with P < 0.05 after the
treatment, were pooled and used to generate heat maps. Up-regulated and
downregulated genes are represented in red and green, respectively.
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Supplementary Figure 4-2. A, Quantitative RT-PCR analysis of IGFBP3 mRNA
expression in endothelial cells treated without (control, CTL) or with MPT0GO013 for
12 hr. B, BrdU incorporation assay. HUVECs tranfected with silGFBP3 slightly
increased DNA synthesis after treated with MPT0GO013 for 18 hr.
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Supplementary Figure 4-3. HDAC assay with HeLLa or HUVECSs nuclear extract
was carried out by using the HDAC Fluorescent Activity Assay Kit (BioVision,
CA, USA) according to manufacturer’s instructions. A, Inhibitory effects of
pan-HDAC activity in MPT0GO013- and SAHA-treated HelLa nuclear extract protein.
B, Inhibition of pan-HDAC activity by MPT0GO013 and SAHA. After treated with the
indicated concentrations of MPTOEOQ13 or SAHA for 24 h, the nuclear proteins from
HUVECs were extracted to analysis the inhibition of pan-HDAC activity. Data
represent the mean £ SEM from three independent experiments. * P < 0.05, ** P <
0.01 and *** P < 0.001 versus control.
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Supplementary Figure 4-4

A, Left Panel, quantitative RT-PCR analysis of TIMP3 mRNA expression in
endothelial cells treated without (control, CTL) or with MPT0G013 and SAHA for 6
hr. Right panel, Western blot showing induction of TIMP3 protein expression by
SAHA at indicated concentration. B, CD31-stained sections of blood vessels from a
xenograft tumor. Brown color, CD31-positive blood vessels. C, Western blot analysis
of TIMP3, Ac-H3 and p21 expression in tumor tissue.
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Supplemental Table 4-1. Inhibitory effect on HDAC activity by MPTOG013 and SAHA.

Compound HDAC1 HDAC2 HDACS HDAC4 HDAC6
Class | Class lla Class llb
ICsp (NM £ SE)
MPTOGO013 56.7+25 | 1259+ 5.1 . 3322.8 +£480.5 . >10000 56.5+26
SAHA 1184 £ 11.1 506.5 £ 35.6 >10000 >10000 13.5+2.8
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Supplemental Table 4-2. Anti-proliferative effects
of MPT0GO013 in various cancer cell lines.

Cell line Glso (MM £ SD)
A549 0.44 +0.029
HCT-116 0.34 £ 0.027
Hep3B 0.57 £ 0.049
MDA-MB-231 0.32+0.014
PC-3 0.42+0.014
SK-OV-3 0.35+0.019

Mean £ SD (n = 3)
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Orally active microtubule-targeting agent, MPTOB271, for the
treatment of human non-small cell lung cancer, alone and in

combination with erlotinib

Cell Death Dis. 2014 Apr 10;5:e1162.
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FogER

Microtubule-binding agents, such as taxanes and vinca alkaloids, are used in the
treatment of cancer. The limitations of these treatments, such as resistance to therapy
and the need for intravenous administration, have encouraged the development of new
agents. MPTOB271 (N-[1-(4-Methoxy-benzenesulfonyl)-2,3-dihydro-1H-indol-7-yl]
-1-oxy-isonicotinamide), an orally active microtubule-targeting agent, is a completely
synthetic compound that possesses potent anticancer effects in vitro and in vivo.
Tubulin polymerization assay and immunofluorescence experiment showed that
MPTOB271 caused depolymerization of tubulin at both molecular and cellular levels.
MPTOB271 reduced cell growth and viability at nanomolar concentrations in
numerous cancer cell lines, including a multidrug-resistant cancer cell line
NCI/ADR-RES. Further studies indicated that MPTOB271 is not a substrate of
p-glycoprotein (p-gp), as determined by flow cytometric analysis of rhodamine-123
(Rh-123) dye efflux and the calcein acetoxymethyl ester (calcein AM) assay.
MPTO0B271 also caused G2/M cell-cycle arrest, accompanied by the up-regulation of
cyclin B1, p-Thrl61l Cdc2/p34, serine/threonine kinases polo-like kinase 1, aurora
kinase A and B and the downregulation of Cdc25C and p-Tyrl5 Cdc2/p34 protein
levels. The appearance of MPM2 and the nuclear translocation of cyclin B1 denoted
M phase arrest in MPTOB271-treated cells. Moreover, MPTOB271 induced cell
apoptosis in a concentration-dependent manner; it also reduced the expression of
Bcl-2, Bcel-xL, and Mcl-1 and increased the cleavage of caspase-3 and -7 and poly
(ADP-ribose) polymerase (PARP). Finally, this study demonstrated that MPTOB271

in combination with erlotinib significantly inhibits the growth of the human non-small
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cell lung cancer A549 cells as compared with erlotinib treatment alone, both in vitro
and in vivo. These findings identify MPTOB271 as a promising new tubulin-binding

compound for the treatment of various cancers.
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% & chd d (Hawkins et al, 2010) - 37 % fehk + & & chficd fRie o Gl
taxanes2 vinca? fdg » s R EME B L 0 FP R A ¥ B E TS ERKE
g T & 2 fE it (Stanton et al., 2011) - A ACE oAl €34 Hwmre ir Hp B F
& G2IMEp » ¥ 95 » fm¥e B = 2 2E= 5= g2 (Mollinedo et al., 2003; Schmidt et
al., 2007) -

TR R E S ATRA Y RISRORER A S LEP G F L
Fat @ g 4 (Perez, 2009) - &4 & 4 2 N7 i A0 4 M B 1%1%
EEem Ao & E b ot 2% - Btk 4 pe (Gottesman, 2002) - % 3
VR— 52 54 FRig S MR e fogR S o Taxanes® H @ jicE e F b L
il M E i8R £ xﬁ,ﬁ%] 41 §TiF p-glycoprotein (p-gp)/ multidrug resistance (MDR)
protein (Dumontet et al., 1999) - @& F & * e ¢ 1% ¥ % - paclitaxel 2
vinblastine 3% AP-gpeX B0 Ft 0 B R S W e R F R iy e #
PrRaE o F & G a d R e b B g 4 (Fojo etal., 2007; Kavallaris,
2010; Murray et al., 2012) » j* ¢k » 5 — @Bk KoE_p W ip Lt B4 L JF (@ F FR T B
®A > m EiiEarR F & (Gelderblom et al., 2001; Koolen et al., 2010) -
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MPTOB271 #r4| m¥e i B &

i in vitro polymerization assay » » MPTOB271 (Figure 5-1A) it 53 #r bk g
® & (Figure 5-1B) » p* 8% »c% &2 fic# 4 f£ % %+ (microtubule-destabilizing
agents) colchicine % vincristine #p 2 ;¥ b @ * fg F & T F P
(microtubule-stabilizing agents) paclitaxel ic i#:& 4% & & (Figure 5-1B) - £ ;F'k )
FUI* LB R d 2 e R ACE R ELE MPTOB271 $42 ime p chpicd 2 7 2

5%

i

&% > Figure 5-1C &1 MPTOB271 iy #3% AB49 lwme cijird fwbe # 38 » igi

Bm MPTOB27L fesfpim®e ¢ § i & e end B & o

MPTOB271 % invivo ¥ £ ¢ JR2 8 ¥ * crid R 4 & Fr A

Figure 5-1D %+ CD-1 £ &# 7% ;1 542 v JR MPTOB271 5 » # [ w iRk R
BT R %o B % B 0 MPTOB271 ¢ fRenE F 8P 5 2/ BF > 4p 35 7% 01 S
E X GHCIRAMT Y X5 26% - F ¢ PR & & 20 mg/kg MPTOB271 -
AP P R A AP R T ZE 15 A4 0 MPTOB271 1T #5 Cmax
% AUC(.o7y 4 % #_402 ng/ml 2 558 ng-h/ml » i&— % 4] * X % NSCLC cell line
ABA49 7 s B RS A5 4 F % 0 k3= MPTOB271 & invivo «hi®* > Figure 5-1F %
7T URRES MPTOB27L it id = B AR B 124 g 2 £ Frdli®r > 100 2 58]

B E 10% -

MPTOB271 % invitro #r# (& m 4 £ 2 3f Hwre 3 &
41 * Sulforhodamine B (SRB) assay % ;& MPTOB2714r 4|/ fm P2 4 £ 1iF
* - Figure 5-2A % 7+ MPTOB271 & A549 -~ AsPC-1 -~ HCT116 - Hep3B -
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MDA-MB-231 -~ PC3 ~ SKOV3:2 2 NCI/ADR-RES ‘m#z cnGlsg 4 %] 5 27.9 ~ 23.3 »
210 ~ 35 -~ 190 ~ 204 ~ 185 % 18 nM o F| *
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay ¥ &
MPTOB271 » 5 3Rt B ¥ 474 4 §f R fm %2 $hch73 38 F  ICsof B & 21-73 nM

(Figure 5-2B) -

Paclitaxel 2 vincristine$+**NCI/ADR-RESm%s 4 £ it ®
#SRB2 MTT assay® - % JLMPTOB271 fmultidrug-resistant cancer cell line
NCI/ADR-RES F # & 3 5 #r 4] »x % » £ 2 - paclitaxel 2 vincristine %
NCI/ADR-RES ‘w #2 ® e1Glso4 %] €.7.67 + 1.23 uM% 8.16 + 0.85 uM (Figure
5-2C) » % ;= MPTOB271 ¢4 # 54 + paclitaxel # vincristiness % % o &7 % » 2
P RSN dm e R MPTOB27144 >t rhodamine-123 (Rh-123) #NCI/ADR-RES
fe A 0 > rhodamine-123 (Rh-123) . p-gperd £ 4 &)L B o B-ln e gl
p-gp# 1] #| verapamil 2 cyclosporine A - it 43 P &2 3 4c Rh-123en & 4 » 2R @ >
MPTOB271%ri2 3 ¢+ i * (Figure 5-2D) - calcein acetoxymethyl ester (calcein AM)
AP-gpeF kX F 0 ¥ F kER p-gpév’ﬂié’ﬁg?];‘é'ri » T Frdlp-gpen T * ¢ u;‘%‘d
Multidrug Resistant Assay ® calcein AM % # X B| £ - 4rFigure 5-2E#7 7% >
verapamil 2 cyclosporine A" B3 4c fm#e ey Sk L 0 4p £ > MPTOB271% 7
¥ calcein AM =y 11 o 24 i i — 9% 1 * SRB assayipl:#verapamil 2 MPTOB271 &
& rJ2NCI/ADR-RES ‘w2 e’ 5% (Supplementary Figure 5-1) > % 3i.verapamil - 7
¢ 3 4 MPTOB2714 4| fm ™ 3 4 chi® ¥ » izt i % &7 m MPTOB271 4% £ #Fp-gpid

& P 2 o

MPTOB271# ‘%z ik ¥F iz § M3y

)
=

T\4

S R F AN E W e I R FL A 1 R e R
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'z MPTOB271 % fm #2 1% ) i& {7 2 58 > #-Ab49 'w #2 12 MPTOB271 /232031 72-):
P w PR AR B3 % dove R AR G2IMEP > 2 F P AR A 40 M BESsUb-Glim e £ >
% 57 fmre &= (Figure 5-3A) o 5 7 By f#MPTOB2713 H G2/IM ) fm %o i% i i
o AP F S EELE A $5G2/MEF B £ v 0 % ILMPTOB2713 Eeyclin B -
p-Thrl61 Cdc2/p34 ~ serine/threonine kinases polo-like kinase 1 (PLK1) 12 % aurora
kinase A ~ aurora kinase Be3-v 4 35 » j& -> Cdc25C ~ p-Tyrl5 Cdc2/p34 3-v 4 3 »
A AR < § 3 4 mitosis-specific MPM2 39 % 3R (Figure 5-3B) » p* #b » #4-A549
‘w7 e T2 MPTOB271 R i B ¥ = 3 4 fw #2 % cyclin Blen3-v % # (Figure

5-3C)

MPTOB2713 % A549 m%e & =

# im 4] » Cell Death Detection ELISA™™ kit # ¢ #l % cytoplasmic
histone-associated DNA fragments % =iz MPTOB2713% # cimre = o 2 % &1 »
MPTOB271 /3248 | B 15 ic k& & 4P B 123+ 3 4r AB49 m #2 cnDNA fragments (Figure
5-4A) ; & ¢t > MPTOB271 i 12 )k & 4p B 13 3% ¥ caspase-3 2 # T 7 poly
(ADP-Ribose) polymerase (PARP) =i 1+ (Figure 5-4B) o 2 i & — # ¥F 3
MPTOB271 %t fiim e /% = F-v chB: 4 » 4 ILMPTOB271 4% BF 7 49 M 130 %
A549m% @ Bcl-2 ~ Bel-xL% Mcl-1¢4 35 (Figure 5-4C) « #* ¢ » #-A549 'm ¥ i/§ B
Z LMcl-15 53 £ #PARP & it 2 w35 7% 5 » % 7 MPTOB271 £_i5 i v 41

Mcl-1¢4 38 % 3% ¥ ¥ &= (Figure 5-4D) -

MPTOB2715 4c A549 jm #¢ pS3 s b
Apig - I F 3 & BRE S MPTOB27144 > p53:eng2 58 » 48 BLA4-A549 'm
2 o 32 MPTOB271 i P? &g 3 4 p53 3-v %2 pb3 - Serl5gi s it 74 3L (Figure

5-5A) » #k @ » i * pb3 small interfering RNA (SiRNA) #r+#] %% epb3 4L F] & IR >
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I @ F EPARPeE I 2 e 3 5 5 (Figure 5-5B) o gt #F > AR - AT
MPTOB271 & # v human NSCLC cell lines 48 #F ‘m®e & B 5 o 4] MTT
assay ° # JL#-H1299 m*z $kx (null p53) % H226 ‘w® tx (mutant p53) k2
MPTOB271 » ic P At > mPe 35 5 > £ 5 kR4 M 120 ICs4 % 5 0.110 £ 0.014

uM and 0.046 + 0.003 uM (Figure 5-5C) -

MPTOB271#r#]A5495m%e ¢ 3= § 1475 i ehSTATS3

ET Ok AP FMPTOB27144 > AS49m %2 ¥ 35 i M ik i cnSTAT3 g2
2 o yeFigure 5-5D #7+ > MPTOB271 it 14 pF B 4p BE 3= P BF 7 4] STAT3 &
tyrosine705 w4 it > 41 * PathScan Phospho-STAT3 (Tyr705) Sandwich ELISA
kit > = £ &z 9 MPTOB2714+~+4|STAT3 tyrosinegipi i* eni® * (Figure 5-5E) - #X

Moo B-im e g A 3 S (Y enSTAT3 E Ay & f 1 AB49eim P2 13 5 & (Figure

5-5F) -

MPTOB271# erlotinib & & & * 3 2R % 80 7H 3 S dr R Imoe 2 K ihie?
Erlotinib = #3 7 & 7 »<i/>fradvanced NSCLC» ie 5 4r ¢ 2 24 #2& |+ (Wang
et al.,, 2012b) » F]pt > A iR EF MPTOB271 erlotinib & & @ s { 3 »xdr
erlotinib-resistant human NSCLC A549:wm*z # £ » 4rFigure 5-6A% Supplementary
Figure 5-2#751 » 41 * enzyme immunoassay:* iz histone-associated DNA fragments -
erlotinib (5 uM) ¥ MPTOB271 (0.0125:40.025 uM) & & k2 fm 2 e b » 22 % 3o
Hpes menjpiz T > s ER{PED@E= > &S A4 E R B 1
#Harg % ® > MPTOB271% erlotinib & & 5 v H fh b 2 Rk { P & /e 5
4 L prdirck > F 2 2 B R £ (Figure 5-6B and 6C) - izt & % & or &
MPTOB271 erlotinib¥t=+erlotinib-resistant NSCLC cell lines3 { 4% cradr | %

4E ok o
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= 8 3t

EAFE Y MPTOB27TLAE R 2 - BIrdlilcg RENESF I ¥ AL Bk
etk & R e bk FUR PP B ENPURG AL 0 B4 AT g dp ) Bk e
i b 2 mie MRS 0 Bl4eDNAJE § ~ KRBT 2 HeE AU o ph3 fdm e K i ¢
PiF- BER & d (Stewartetal, 2001) » A5~ 5 %% &7 0 MPTOB2711 5 &
AR 3 EpS3d-v Ao e £ 1% SIRNAFrHIpS3 & F] 4 M1 & j [2 )
MPTOB271:% = enim® &= >t b > MPTOB271 +A549 (wild-type p53)~H1299 (p53
null) 122 H226 (p53 mutant) 7 4p i e1Cso e > % 5= MPTOB271 s, i® * £2ph3
i T B REAPM L o TRk % i Sy e F 4 o b4opaclitaxel 0 F & £
LR L SER SR RN SEIE 18 TR Sl S Re T Ity U G
WEP ¢ FRESREF B2 A 5m% (Dumontet et al., 2010; Gelderblom et al.,
2001) 0 @ BiEH AL Y o MPTOB271:c ¥ 7 @ sipicy s B 3 f2 R » ¥ ¥ H -
BrIRART * 2 AP $3NSCLC % & #4518 4 7 »aenE o

B - AR, ATRA R L E AL 0 MDR p-gp A&
multidrug-resistant tumor cellsi® & 4 JLen/m?e 5 Fen » T 0 § iV B 05 = o
11 & Mk 0 MDR3-v R # 5 fifde e P g 4 > & ¢ 3 7B (Nieto
Montesinos et al., 2012) » 3% % fic g #h ¥ & F 8 L pgpeh X | > F] &
multidrug-resistant cancer cells® - F & 35 { & & £ 4 v Pl § chime )k
& (Fojoetal., 2007) > #% if* 41 * p-gp % multidrug resistance-associated protein (MRP)
1% B> Rh-123% calcein AM > 3 (F45 4k (B it & 2MDR 30 e 3 i %
fssmfz P> esterasest #9 #-calcein AM%q 2 2 =icalcein > @ f 3 di 5 ik d F X
(Canitrot et al., 1995; Shapiro et al., 1998; Szakacs et al., 1998) » 2% i e’ & &g 7 &

NCI/ADR-RES ¥z ¢ > MPTOB2717% £ 5*Rh-123: % ## £ calcein . jm?s p ¥
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%k > AL J)* SRB assayip|:# 7 verapamil£ MPTOB271 & & % NCI/ADR m ¥z @
eni®*  (Supplementary Figure 5-1) » verapamil£2 MPTOB271 & & e1Glsp 5 16 nM >
LT L E R hd Eprdai sk 2 H pAIT Ap 11 0 i & 5 8- MPTOB271¥ a4
Lp-gpdiy L FTif ek e S

hole B v chpicd e %“gd ot dm e ik A 473 ILMPTOB271% 0k & 4P
BE 132 G2IMEP FL 7 > 3 ¥ 3 4e 354 B 4 TR 3e 39 MPM-2:ch3-d 238> ¥ -
BG2/MHp effiz J-v Ecyclin BL > G2 pF g time HR > % F 36 a A B4 ¢ 1
#AE I et (Gavetetal., 2010) /€ d = & BEiZ & 47 857 MPTOB2710 &g 3
seeyclin Bl fm?e 1 ) chgd 4 IR 0 a5 57 FMPTOB271AJE chim e ¥ & 5iA
o Cdc2/p348_— 1 fwre kM s 0 A BB 2T P in e G2 chik 7 &2 G2IM D
shfb e 0 B4 § 4R $4n 11 Cdc2/p34 kinasesis 12w 7 ik df H grcyclin Bl & 14
2 H ALt i gyl i (Coulonval et al., 2011) » 2% i 3 ILMPTOB271p &g jp >
p-Tyrl5 Cdc2/p34 2 3 4+ p-Thrl6l Cdc2/p342 3R > 14 % cyclin Bl 4e » e &
$+Cdc2/p34:h4 3 §2 48 » PLK-1% aurora kinase A and B & 54 4 2 P 8% 1 i
1 (Malumbres, 2011) » fovf 4 iw?e @ > PLK-18 G2/M#p & #% ch % #p 18 v -

B REAET R e iBAR & 45T 50 Hebdeds s RN A 2 e A

# (cytokinesis) » Aurora kinase Az B¥+>t ¢ ww B cns 3t~ 5 354 A ARG B
E R M AL pht e = R e A B E % 2 0 (Andrews et al., 2003;
Lensetal., 2010)> %7 3 & % & -r MPTOB271 4 b fF 4p RBf 123+ 3 4 PLK-1~ Aurora
Kinase Az Beg-v £ IR > { e L 457 NP a8 - MPTOB2713% $A549 /w2 iz
&+ M o

AP R BT R 0 o e e B IF B S J B MPTOB271 i 5318 =
4R e F i 4e (P k- sub-Gl #p) > AL IR MPTOB271 7 & 3 4o
cytoplasmic histone-associated DNA fragments » { sc3&9 7 MPTOB271 3% ¥ 7

A549 ¥z %= o Cysteine proteases (caspases) 5d v RfEEF T v > @ o
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k= ¢ b5 4p % £ & a0k F > death receptor-mediated pathway 2
mitochondrial-mediated pathway *rsg 751 caspase-3 > I & ¥ H ik PARP 7 1)
(Fan et al., 2005) > # {5 % &5+ MPTOB271 # A549 ‘m® @ - p AE # &
caspase-3 % -7 er;E i o e gram j* (R iE caspase-8 % -9 «*r 3| > caspase-8 £ -9 ¥ i
f AB49 fmre = ¢ s FAtt B epd oo Mel-1 s SaFEal N B b AR S Eeh
‘wre &= (Thomas etal., 2010) » #-‘m % 32 MPTOB271 P & & > Mcl-1 & A549
e P end I b s AE R & IR Mcl-1 R i dm e = I % 0 % e Mcl-1 '
& MPTOB271 :f # mre k= chE & 4 ¢ o

STAT3 &+ 384 dupimie ¢ E I PIE 1L chy T8 8L g e |3
iph > acetyl STAT3 ¢ B X e i > Gd B AF|end Mk RiE w2 4 2 55
oo gt b o STAT3 » s Bl 2 R AME L > Az 75 > B2 z’v’ﬁ;’%é
SO RMcE R B4R 0 g e ¢ tyrosine phosphorylation-induced activation of
STAT3 (Tyr705) » jz > STAT3 /& it il > &2 H nve 3 Mepiv* 4p ki (Aggarwal
etal., 2006; Liu et al., 2011; Walker et al., 2010)> & 7 # » 2% 3 30 MPTOB271
FF g STAT3 & Tyr705 chgipi it > f AS49 ‘wrz 4 4 STAT3-C 548 > ¥ iy
BC HERR A 3 m e thd BT o £ 7 STAT3 & MPTOB271 3% ¢ A549 ‘m¥z &
= FwmAEmbed > B v o 22 AN P o

B3 e g%s’ﬁ%;t’ o AT ik b en X SR ¢ 45 NSCLC > ¢ i & £
JEGFR » I 558 7 2 ehdpik » ¢ PR EGFR tyrosine kinase inhibitor Erlotinib

(Terceva, Roche, Mannheim, Germany) st %3 ¥ i# 423 22 EGFR chm?2 . domain

‘\’J\\-

43 R EGFR ehp MR o Frd|E TS S R me A rd £ o L
i 82 2% erlotinib 4% @ & #f# 57 NSCLC & § e & 2 4df £ 4% § EGFR
% % enadvanced NSCLC i b0 A HUEEFEF > L F B IrFS4 TR H
F »= (Francis et al., 2010; Sangodkar et al., 2010; Uribe et al., 2012) > % 7 5. pPRFEE

feR 35 30 P R E B & # MPTOB271 2 erlotinib & & &2 erlotinib-resistant
104



human NSCLC A549 w?s tk » it 3 4 4ffpre® » 2 4] * cell death detection

A

ELISA assay kit > % % &z ¥ fbi¢ * erlotinib & ;2 P 3gi¢ & AB549 % 7= #X
@ > MPTOB271 £ erlotinib & # 2 & 4 4 7% » 4 AB4Q B R # 4 | HF %
# 4 5 P|- ki % o erlotinib & i Fr ] g chie B > v 82 MPTOB271 & i 4v
A4 a4 ek o B8 R 545 0 MPTOB271 ¢ erlotinib & & % advanced
NSCLC £} »c% } ¥ durhd Bz o

WAL S A g % 45 0 MPTOB27L £ B #1°0 p-gp £ § FS % 1o
W4 A BUE LR v R Rehfic 4 8 LE S MPTOB271 & human NSCLC
e IECE BOE B R B B F G A B X e e = LR
ootk A RE R A4 MPTOB271 &2 erlotininb & i 4] 6 4 £ (e

o PR E R F L o5 B8 4% BT MPTOB271 & NSCLC # 3 #4741
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Figure 5-1. A, chemical structure of MPTOB271. B, effect of MPTOB271 on tubulin

polymerization. Purified tubulin in reaction buffer was incubated at 37°C in the

absence (control, CTL) or presence of increasing concentrations of MPTOB271, 10

uM paclitaxel, 10 uM colchicine or 10 uM vincristine. Assembly of microtubules was
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then measured over 30 min at 1-min intervals at an absorbance of 340 nm using a
spectrophotometer. C, immunofluorescence staining of microtubules in A549 cells.
Cells were treated with vehicle (DMSO), 0.3 uM MPTO0B271, paclitaxel or vincristine
for 24 h. Cells were labeled with a B-tubulin antibody and a FITC-conjugated
anti-mouse 1gG antibody, were counterstained with 4,6-diamidino-2-phenylindole
(DAPI) and observed by confocal microscopy. Left, DAPI; middle, microtubule
network; right, merged microtubule network and DAPI. D, PK properties, plasma
concentration versus time profiles of MPTOB271 after i.v. (2 mg/kg) and p.o. (20
mg/kg) dosing of fasted male CD-1 (Crl.) mice. E. efficacy of MPTO0B271, dosed
orally, on tumor xenografts. Upper panel, tumor growth of A549 xenografts in nude
mice that were orally treated with or without MPTOB271 (5, 10, 20 mg/kg). Tumor
growth is presented as the mean tumor volume (mm?®) + S.E. Tumor volume was
determined using caliper measurements and was calculated as the product of 1/2 x
length x width?. Lower panel, body weight (g) of the mice. *, p < 0.05 and ** p < 0.01
as compared with the control group.

107



A. 1A549 Gl :27.9£1.2nM B. 1A5491C, 1 35,8 % 0.4 nM
2 AsPC-1Gl,, :23.3£0.4nM 2AsPC-11C, : 73+ 1.8nM
3HCT116 Gl,,: 21.0£1.3 nM 3HCT116IC, 1228 0.9nM

a 4 Hep3B Gl : 36.5£2.9 nM 100 4Hep3B IC, : 43£1.2 M
l 5 MDA-MB-231 Gl : 19.0 £ 0.4 nM 5§ MDA-MB-2311C,, : 28.9£ 1.7 nM
35 o 6PC3 Gl :20.4£0.9nM = 804 6PC3IC,,: 61.7£4.30M
= 3 7 SKOV3 Gl,,: 18.51.2nM 2 7 SKOV3IC,, : 39.6 £ 1.5 nM
E e 8 NCI/ADR-RES Gl : 18.0 £ 0.8 nM : 8HLEOIC,, :34.3£53nM
E 25 & 604 9 NCIADR-RES IC,, : 21.0 0.8 nM
rN-.. m 40 4
g 1 £
& 10 1 = 2,
=
5
0 T T T T T T T T 1 2 3 7 8 9
1 2 3 4 5 6 T 8
c. aclitaxel [uM]
120 A [ vincristine [uM]
100 4
g
= 801
3
2 60
9 ***H*
3 401
20 1
u J
cTL 1 3 10 [uM]
D.
BLK . RHO RHO+CYCLO - RHO+VPL
2 g =4 g
™~ ™3 Lo
100.00%  0.00% 73.30%  27.04% i .20%
o ] 3 R PR ZC B 92.96%
s —+— 5 J 5 3 } 5
z 1 [0 Mz 2 3 [T | [ o 7 Ml 1 M2 a
1 5] ) o i o
an—v—mm—v—mw——mv a-v—wﬂ*-—m« uE
0% 10" 10?10 1t 10° 10" 1w0?  1w0* 10t 10° 10" 12 10* w0f 10° 10" 10 10*  10?
FL1-H FL1-H FL1-H FL1-H
o RHO+B2710.025 o RHO+B2710.05 o RHO+B2710.1 o Vincristine 30
&1 g 8 &
s 74.09%  26.17% ” 78.21%  22.01% g i T819%  2203% 8 74.55%  25.79%
5 s R | | 5 | |
E (T E W
8 3 8 i (] 8 [ 1 2
oi—-*—q o-r—n—*ww
1% 10 10f w0® et 10° 10! w? e et 1% 10 1w0? w0®
FL1H FL1-H FL1-H
E.
400 -
*
& 3001
3 1CTL
5 * 2 MPTOB271 [0.025 pM]
5 200, 3 MPTOB271 [0.05 uM]
£ 4 MPTOB271 [0.1 pM]
8 § Vincristine [30 pM]
2 & Verapamil [100 pg/ml]
1001 7 Cyclosporine [20 pM]
04
1 2 3 4 5 6 7

Figure 5-2. A, various types of human cancer cells were
CTL) or with the indicated concentrations of MPTOB271 for 48 h. Then, cell growth
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inhibition was determined using the SRB assay, and the Glso of each cell line is
expressed as the mean + S.E. of four independent determinations. B, the cytotoxic
effects of various human cancer cell lines were determined using an MTT assay. The
ICso of each cell line is expressed as the mean = S.E. of four independent
determinations. C, NCI/ADR-RES cells were treated with the indicated concentration
of paclitaxel or vincristine for 48 h, and cell growth was determined by the SRB assay.
Data are expressed as the mean = S.E. of at least three independent experiments. ***
p < 0.01 as compared with the control group. D, effect of MPTOB271 on p-gp activity.
NCI/ADR-RES cells were pre-treated with or without MPT0B271 (0.025, 0.05, 0.1
uM), verapamil (50 uM), cyclosporine A (10 uM) or vincristine (30 uM) for 1 h and
then co-treated with 10 uM rhodamine 123 (Rh-123). After 1 h incubation at 37°C,
cells were washed with PBS, collected by trypsinization and detected by flow
cytometry. E, NCI/ADR-RES cells were incubated in the absence or presence of the
indicated agents for 30 min and then stained with calcein AM fluorescent dye.
Fluorescence was measured at an excitation wavelength of 485 nm and an emission
wavelength of 535 nm.
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Figure 5-3. A, effect of MPTOB271 on cell cycle progression. A549 cells were
exposed to 0.3 uM MPTOB271 for the indicated times and then stained with PI to
determine the proportion of DNA. Data acquisition and analysis were performed on a
FACScan flow cytometer. The data are expressed as the mean = S.E. of at least three
independent experiments. B, the effect of MPTOB271 on G2/M cell cycle regulatory
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proteins. A549 cells were treated with 0.3 uM MPTO0B271 for the indicated times.
Whole cell extracts were subjected to SDS-PAGE and immunoblotted with the
indicated antibodies. C, treatment with 0.3 uM MPTOB271 for the indicated times.
Nuclear lysates were subjected to Western blot analysis using an antibody specific for
cyclin B1.
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Figure 5-4. A, measurement of apoptosis. A549 cells were treated without (control,
CTL) or with the indicated concentration of MPTOB271, and oligonucleosomal DNA
fragmentation was quantitatively assessed with the Cell Death ELISA™™Y® Kit.
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Apoptosis was enhanced in relation to control cells. Data are expressed as the mean +
S.E. of at least three independent experiments. ***, p < 0.001, as compared with the
control group. B, A549 cells were exposed to serial concentrations of MPTOB271 for
48 h, and whole cell lysates were collected and immunoblotted with antibodies
against caspase-3, -7, -8 and -9 and PARP. C, after treatment with vehicle or
MPTOB271 (0.3 uM) for the indicated times, A549 cells were harvested and lysed.
Equal amounts of lysate protein were run on an SDS-PAGE gel, transferred to
nitrocellulose membrane and incubated with the indicated antibodies. D, effect of
ectopic Mcl-1 on MPTOB271-induced cell apoptosis. A549 cells were transfected
with vector or Mcl-1 plasmid for 24 h and then incubated with or without MPT0B271
for 48 h. Whole cell lysates were subjected to Western blot analysis, and cell viability
was measured by the SRB assay.
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Figure 5-5. A, the effect of MPTOB271 on p53 expression and phosphorylation in
A549 cells. Cells were treated without (control, CTL) or with MPT0B271 (0.3 uM)
for the indicated times, and whole cell extracts were prepared and underwent Western
blot analysis using the indicated antibodies. B, A549 cells were pretreated with or
without p53 siRNA for 24 h and then incubated with or without MPTOB271 (0.1 uM)
for 48 h. Upper panel, total cellular lysates were subjected to Western blot analysis of
p53 and PARP. Lower panel, cell viability was measured by the SRB assay and
expressed as a percentage of the untreated control. C, concentration-dependent effect
of MPTOB271 on cell viability. H1299 and H226 cells were treated with or without
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the indicated concentration of MPTOB271 for 48 h, and the cytotoxic effect was
determined with the MTT assay. Data are expressed as the mean + S.E. of at least
three independent experiments. *, p < 0.05; ** p < 0.01 and *** p < 0.001 as
compared with the control group. D, the effect of MPTOB271 on STAT3
phosphorylation in A549 cells. Cells were treated with MPTOB271 (0.3 uM) for the
indicated times, and whole cell extracts were prepared and analyzed for STAT-3
phosphorylation (at Tyr’®). E, A549 cells were treated with various concentrations
(0.025-0.1 uM) of MPTOB271 for 24 h, after which the level of STAT3 tyrosine
phosphorylation in cells were measured using the PathScan® Phospho-Stat3 (Try705)
Sandwich ELISA kit and spectrophotometry at 450 nm. Data represent the mean +
S.E. of at least three independent experiments. *, p < 0.05; *** p < 0.001 as compared
with the control group. F, the effect of ectopic STAT3 on MPT0OB271-induced cell
apoptosis. A549 cells were transfected with vector or STAT3 plasmid for 24 h and
then incubated with or without MPTOB271 for 48 h. Whole cell lysates were
subjected to Western blot analysis, and cell viability was measured by the SRB assay.

115



4 p=<0.001

p<0.001

Enhancement of apoptosis
(fold)
R

0 5
0 125 25 125 25

Erlotinib [uM]
MPTO0B271 [nM]

B.
12009 -®- Control
-O- MPT0B271 (20 mg/kg, po, q2d)
-~ Erlotinib (25 mg/kg, po, qd)
__ 10001 -A- mPTOB271 + Erlotinib
E 800 -
[+1]
E 600+
°
>
5 400
£
3
= 200 -
0
0
C.
30 1
25 +
S 20 A
g
3 15 1
2
)
o 101 _e control
a -0~ MPTO0B271 (20 mg/kg, po, q2d)
5 9 -%- Erlotinib (25 mg/kg, po, qd)
—A~ MPTOB271 + Erlotinib
0 L Ll L L L] L
0 5 10 15 20 25 30
Days

Figure 5-6. In vitro and in vivo antitumor activity of MPTOB271 in combination with
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erlotinib. A, A549 cells were treated with erlotinib (5 uM) in combination with
MPTOB271 (0.0125 or 0.025 uM) for 48 h, and cell apoptosis was measured using the
Cell Death ELISAP-Y® kit. Data are expressed as the mean + S.E. of at least three
independent determinations. B, A549 xenograft model. A549-tumor-bearing nude
mice were treated with vehicle, MPTOB271 (20 mg/kg/d by oral gavage g2d),
erlotinib (25 mg/kg/d by oral gavage once a day), or MPTOB271 in combination with
erlotinib. Tumor was excised when the tumor size reached 1200 mm?®. C, the body
weight of the mice measured daily during the first week and then at the days of
administration. *, p < 0.05; ** p < 0.01 and *** p < 0.001 as compared with the
control group.
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Supplemental figure 5-1. Antiproliferative effect of MPTO0B271 in combination
with erlotinib in NCI/ADR-RES cells using SRB assay. NCI/ADR-RES cells were
treated without (control, CTL) or with verapamil, MPTOB271 or paclitaxel at
indicated concentrations for 48 hours. And then cells were fixed and stained with SRB.

The protein-bound dye was subsequently extracted with 10 mM trizma base to
determine the absorbance at a wavelength of 515 nm.
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Supplemental figure 5-2. Apoptotic effects of MPTOB271 in combination with
erlotinib in several human non-small cell lung cancer cells. PC-9, H460 and
H1975 NSCLC cells were treated with or without erlotinib, MPT0B271, and
combination of MPTOB271 and erlotinib for 24 hours. Cell apooptosis was analyzed
by Cell Death Detection ELISAPY® kit (Roche Diagnostics).
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